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STONE AND WEBSTER IONICS PROCESS 
S u l f u r  d i o x i d e  s c r u b b e r s .  S t o n e  and W e b s t e r  l o n i c s  

P r o c e s s .  ( F i r a l  r e p o r t )  ( C o m p a r i s o n  o f  s e v e r a l  
different t ypes  of scrubbers f o r  use w i t h  t h i s  
process), 150S (PB-189377) 

STRETFORL PRDCESS 
[Removal of] sul fur  from gas for less than 1 1/2  cent per 

m i l l i on  cubic feet (St re t ford  process consists of  
a s h i n g  s o u r  gas with q u i n o n e  s o l u t i o n ,  r e a c t i o n  o f  H2S 
to forn, S and hydroquinone, oxidation of hydroquinone 
t o  quinone, and removal of S by filtration), 1246 

Beavon sulphur removal process for purifying Claus plant 
t a i l  g a s  ( C a t a l y t i c  h y d r o g e n a t i o n  of SO 2 t o  H2S 
followed by o x i d a t i o n  to s u l f u r ) ,  1642 

C l e a n i n g  coke -oven  gas by the S t r e t f o r d  p r o c e s s ,  1325 
High  e f f i c i e n c y  r e m o v a l  o f  HzS f r o e  f u e l  g a s e s  and 

p rocess  gas s t r e a ~ s  ( D e s c r i p t i o n  o f  S t r e t f o r d  p r o c e s s ) ,  
2034 

Hydrogen sulfide removal [from coal gas] by the Stretford 
liquid purification process (H~S absorbed by alkaline 
solutions of anthraquinonedieulfonic acids; dissolved 0 
o x i d i z e s  HIS t o  S; Na v a n a d a t e  i n c r e a s e s  c a p a c i t y  o f  
s o l u t i o n  f o r  HIS and r a t e  o f  p r o d u c t i o n  o f  S ) ,  1258 

Hydrogen s u l f i d e  removal by t h e  S t r e t f o r d  liquid 
purlfication process (Use of aqueous alkaline solution 
o f  Na s a l t s  o f  a n t h r a q u i n o n e d i s u l f o n i c  a c i d s  t o  
p r e c i p i t a t e  S; IB references), 1236 

Reducing s u l f u r  c o n t e n t  o f  e f f l u e n t  gas s t reams 
( C a t a l y t i c  h y d r o g e n a t i o n  o f  e f f l u e n t  t a i l  g a s  f rom 3 -  
s t a g e  modified Claus process), 2117 

STRETFORD PROCESS/ECONOMICS 
Stretford process (Sweetening of natural and i n d u s t r i a l  

g a s e s  b y c o m p l e t e  r e m o v a l  of H s u l f i d e  and p a r t i a l  
removal  of organic S compounds~, 1950 

STRONTIUM OXIDES/SORPTIVE PROPERTIES 
React iv i ty  of SO z with supported metal oxide: alumina 

s o r b e n t s  ( 3 4 3 o c ) ,  2144 
SULFATES/PRECIPITATIDN 

Treatment of waste gas c o n t a i n i n g  flammable sulfur 
compounds (Gas is burned and passed through metal 
h a l i d e  solution to  p r e c i p i t a t e  metal s u l f i t e  and 
sulfate), 20B4 

SULFATES/PR3DUCTION 
Presen t  s t a t d s  of t e c h n i c a l  deve lopments  in 

desulfur izaton of waste g a s  (Development of 4 najor 
d e s u l f u r i z a t i o n  t e c h n i q u e s :  dry  a b s o r p t i o n ,  wet 
a b s o r p t i o n ,  use of a c t i v a t e d  C, and c o n t a c t  o x i d a t i o n ) ,  
1452 

Recovery of sulphur in a marketable form from flue gases 
(Recovery of S by Fulham--Simon--Csrves process in  
which  f l u e  gas r e a c t s  d i r e c t l y  w i t h  ammonia l i q u o r ,  and 
s o l u t i o n  i s  p rocessed  to  g i ve  ammonium s u l f a t e  and S) ,  
1308 

SULFATES/REMOVAL 
D e s u l f u r i z a t i o n  of h i g h - s u l f u r  c o a l s  by h y d r o s e p s r a t i o n  

(Modification of centrifugal s e p a r a t i o n  of coa l  fines 
In heavy medium, slow-moving c e n t r i f u g a l  t h i c k e n e r s ;  
r e m o v a l  o f  51.1Z o f  s u l f i d e  S,  65 .3~  o f  s u l f a t e  S, and 
1 9 . 4 g  o f  o r g a n i c  S ) ,  1428 

SULFIDES/PRODUCTIO~ 
P r o d u c t i o n  o f  ammonium s u l f i d e  f r o m  the  h y d r o g e n  s u l f i d e  

gas o f  v a c u u m - c a r b o n a t e  d e s u l f u r i z a t i o n  [ o f  coke gas ]  
( P i l o t  p l a n t  c o n s t r u c t e d  t o  o b t a i n  hydrogen s u l f i d e  
from coke gas and combine i t  w i t h  ammonium h y d r o x i d e  t o  
form ammonium s u l f i d e ) ,  1366 

SULFIDES/REMOVAL 
Chemical purification o f  gases ( F a c t o r s  a f f e c t i n g  r e m o v a l  

o f  s u l f i d e  i m p u r i t i e s  by Fe o x l d e s ) t  3703 
D e s u l f u r i z a t l o n  o f  coals (By o x i d a t i o n  o f  s u l f u r o u s  

compounds by means o f  a m i x t u r e  o f  0 ( a i r )  and s team;  
n o t  s u i t a b l e  f o r  c o k i n g  c o a l s ) ,  536 

D e s u l f u r i z a t l o n  o f  h i g h - s u l f u r  c o a l s  by h y d r o s e p a r a t l o n  
( M o d i f i c a t i o n  o f  c e n t r i f u g a l  s e p a r a t i o n  o f  coa l  f i n e s  
In  heavy m e d i u m ,  s l ow-mov ing  c e n t r i f u g a l  t h i c k e n e r s ;  
removal  o f  51.I~ o f  s u l f i d e  S,  85 .3% o f  s u l f a t e  S ,  and 
19 .4Z o f  organic S) ,  1428 

Lower ing  the s u l f u r  c o n t e n t  o f  coke b~ h e a t i n g  to  h igh  
t a m p e r a t u r e s  (46X of s u l f i d e  S removed at 11000 and 50-  
70~ at  1 5 0 0 0 ;  o r g a n i c  S e l i m i n a t e d  i n  a m o u n t s  o f  1 . 6 Z  
s t  1100 ° s 20Z a t  1 6 0 0 s ) ,  1560 

R a a c t i o n s  of o r g a n i c  s u l f u r  compounds i n  town gas w i t h  
m e c h a n i c a l l y  a c t i v a t e d  = - f e r r i c  o x i d e .  I .  E t h y l  
mereap tan  (Above 350 ° t o t a l  S in  e t h a n e t h l o l  is 
c o n v e r t e d  to  Fee i n  s o l i d  phase mnd gas i s  f r e e d  f r o m  
S ) ,  1442 

Removal o f  o r g a n i c  sulfur compounds f r e e  gas m i x t u r e s  f o r  
s y n t h e s i s .  X l I ,  Rmmova] o f  e t h y l  = e r c a p t a n  and e t h y l  
s u l f i d e  f r o m  h y d r o g e n ,  n a t u r a l  g a s ,  and  c r a c k i n g  g a s  
( E t h y l  mercap tan  e a s i l y  removab le  by Fe~ N I ,  Cu, Rnt 
Or,  AI, and Mg c a t a l y s t s ;  d i e t h y |  s u l f i d e  r e m o v a b l e  by 
Cu and Nl c a t a l y s t s ) ,  686 

S o l v s t l o n  and  h y d r o g e n a t i o n  of c o a l  i n  p a r t i a l l y  
h y d r o g e n a t e d  h y d r o c a r b o n  s o l v e n t s  (Removal o f  o r g a n i c  
end I n o r g a n i c  S compounds) ,  1601 

S u l f i d e s  removal  f r o m  f u e l  gases c o n t a i n i n g  no o x y g e n ,  
1388 

SULFIDES/RCASTING 
Tempera tu re  c o n t r o l  o f  e x o t h e r m i c  r e a c t i o n s  (Use o f  

f Iu id ized s o l i d  t e c h n i q u e  in r e a c t o r  d i v i d e d  i n t o  2 
s e c t i o n s ;  use o f  p rocess  in m a n u f a c t u r e  o f  p r o d u c e r  gas 
f rom c o a l  or  in r o a s t i n g  o f  s u l f i d e  o r e s ) ,  3914 

SULFINOL PROCESS/ECONOMICS 
S u l f i n o l  p rocess  ( r emova l  o f  a c i d i c  gas c o n s t i t u e n t s  such 

as H s u l f i d e ,  C d i o x i d e ,  and mercap tans  f rom n e u t r a l ,  
r e f i n e r y ,  and s y n t h e s i s  g a s e s ) ,  1962 

SULFITES/PRECIPITATION 
Trea tmen t  o f  waste gas c o n t a i n i n g  f lammab le  s u l f u r  

compounds (Gas is  burned and passed t h r o u g h  meta l  
h a l i d e  s o l u t i o n  t o  p r e c i p i t a t e  meta l  s u i f i t e  and 
sulfate), 2084 

SULFITES/PRODUCTION 
F l u e - g a s  d e s u l f u r l z a t i c n  process y i e l d i n g  c a l c i u m  s u l f i t e  

as a b y - p r o d u c t  (S o x i d e s  removed by u s i n g  a b s o r p t i o n  
c o l u m n ;  d e g r e e  o f  d e s u l f u r i z a t i o n  was 9 3 Z ) ,  2124 

SULFITES/RECOVERY 
Proc. Assoc. Prey. Ind. Pub. Nuisance, Symp. (Method is 

v e r y  s a t i s f a c t o r y ) ,  1656 
SULFITES/SOLUBILITY 

Flue gas d e s u l f u r i z a t i o n  by We l lman - -Lo rd  p rocess  (Use o f  
c a u s t i c  s o d a  wash to a b s o r b  S d i o x i d e ;  p rocess  t a k e s  
advan tage  of d i f f e r e n c e  i n  s o l u b i l i t i e s  o f  Na s u l f i t e  
and YaH s u l f i t e ) ,  1657 

SULFREEN PROCESS/REACTiON HEAT 
S u l f r e e n  p rocess  ( D e s u l f u r i z a t i o n  o f  r e s i d u e  g a s ) ,  7390 

SULFUR/ABSORPTION 
Consumpt ion o f  compressed a i r  in  an a p p a r a t u s  f o r  

r e m o v i n g  s u l f u r  in gases w i t h  a s o l u t i o n  c o n t a i n i n g  
sodium carbonate and arsenic (Increase in AS 
concentration increases stability of s o l u t i o n ) ,  1684 

SULFUR/CHEMICAL REACTIONS 
COED [ c h a r - o i l - e n e r g y - d e v e l o p m e n t ]  char  d e s u | f u r l z a t i o n  

(S c o n t e n t  o f  char  reduced from 3 to  l ess  than  0 .6X by 
r e a c t i o n  w i t h  H a t  1600OF in  p resence  o f  c a l c i n e d  
d o l o m i t e ) ,  1447 

Combust ion of s u l f u r - c o n t a i n i n g  coal (Cases p u r i f i e d  by 
pass ing  S - c o n t a i n i n g  f u e l  and 0 under  s u r f a c e  o f  bo th  
c o n t a i n i n g  melted CaD and Fe; S r e a c t s  t o  form CaS t h a t  
is  removed and p rocessed  to g i ve  S or H s g l f i d e ) ,  7152 

SULFUR/CHEMICAL STATE 
O b s e r v a t i o n s  c o n c e r n i n g  organic and o t h e r  fo rms of s u l f u r  

in c o a l s  c o n t a i n i n g  l a r g e  amounts of s u l f u r ,  267 
SULFUR/CHEMISTRY 

C h e m i s t r y  of s u l f u r  i n  coal (Review with 38 references), 
1235 

SULFUR/DISTRIBUTI9~ 
D i s t r i b u t i o n  of c a r b o n ,  hyd rogen ,  n i t r o g e n ,  s u l f u r ,  and 

oxygen in  the h y d r o g e n a t i o n  p r o d u c t s  o f  an eocene brown 
coa l  (110  a f t  end 470 ° in  p resence  o f  FeeOs) , 2206 

D i s t r i b u t i o n  o f  s u l f u r  i n  t he  c o m b u s t i o n  o f  coa l  and 
coke,  268 

D i s t r i b u t i o n  o f  coa l  s u l f u r  among the l o w - t e m p e r a t u r e  
p r o d u c t s  of i t s  d i s t i l l a t i o n ,  7067 

Effect of a d d i t i o n  of d o l o m i t e  on c a r b o n i z a t i o n  and 
combus t i on  of coal ( s u l f u r  d i s t r i b u t i o n ) ,  69 

S u l f u r  d i s t r i b u t i o n  in t he  combus t i on  o f  coa l  and coke in  
the l i g h t  o f  r e c e n t  r e s u l t s  of r e s e a r c h  on s u l f u r  
compounds of calcium and magnesium, 7414 

SULFUR/FILTRATION 
Removal of hydrogen s u l f i d e  from c o k e - o v e n  gas,  g e n e r a t o r  

gas,  o i l  r e f i n i n g  gas,  e x p a n s i o n  gas, and a i r  
( S o l u t i o n s  o f  Fe ( I I I )  complexes o f  a m l n o c a r b o x y l i c  
a c i d s  absorb H s u l f i d e  which i s  o x i d i z e d  t o  n o n v o l a t i l e  
S compounds) ,  1391 

SULTUR/OXIDAIION 
Chemical desulfurization of coal. Repor t  of b e n c h - s c a l e  

d e v e l o p m e n t s .  1 ( D e s u l f u r l z a t i o n  o f  c o a l  by M e y e r ' s  
p rocess  in  wh ich  p y r i t i c  S i s  o x i d i z e d  as e l e m e n t a l  S 
and as Fe s u l f a t e ;  preliminary d e s i g n  and cos t  e s t i m a t e  
f o r  l O O t o n / h r  d e s u l f u r i z a t l o n  p l a n t ) ,  1887 

Gas d e s u i f u r l z a t l o n  (S compounds (COS, C d i s u l f i d e ,  
e n t r a i n d  and  v a p o r i z e d  S,  and H s u l f i d e )  o x i d i z e d  t o  C 
d i o x i d e  and  S d i o x i d e ) ,  2128  

Oxidation o f  p y r i t i c  s u l f u r  in b i t u m i n o u s  c o a l  ( E f f e c t s  
o f  t e m p e r a t u r e ,  airflow (O)  r a t e ,  and s i z e  of c o a l  
p a r t i c l e s ) ,  350 

P u r i f i c a t i o n s  o f  f u e l s  (Removal o f  S f rom S - c o n t a i n i n g  
f u e l s  u s i n g  bed o f  CaO a n d / o r  Mg p a r t i c l e s ) ,  2143 

Removal of s u l f u r  f rom coa l  by a i r  o x i d a t i o n  i t  5 5 0 - 4 5 0 0  
( A p p r o x i m a t e l y  50g  o f  S was p y r i t e ;  o x i d a t i o n  a t  350,  
4 0 0 ,  and 4 5 0 e ) ,  1678 

SULFUR/PRECIPITATION 
Hydrogen s u l f i d e  removal by t he  S t r a t f o r d  l i q u i d  

p u r i f i c a t i o n  p rocess  (Use o f  aqueous a l k a l i n e  s o l u t i o n  
o f  Na s a l t s  o f  a n t h r a q u l n o n e d l s u l f o n i c  a c i d s  t o  
p r e c i p i t a t e  S; 18 r e f e r e n c e s ) ,  1236 

R e g e n e r a t i n g  a l k a l i n e  s o l u t i o n s  used f o r  d e s u l f u r i z e t l o n  
o f  coke oven gas (HaS I s  absorbed by a l k a l i n e  s o l u t i o n  
c o n t a i n i n g  c a t a l y s t ) ,  2057 

SULFUR/PRODUCTION 
C h e m i c a l  b y - p r o d u c t s  f rom c o a l  ( P r o d u c t i o n  o f  s l k m n l e ,  

a r o m a t i c s ,  H, ammonia, S t ap  a c i d s ;  c o n c e p t u a l  a l l -  
chemica l  r e f i n e r y ) ,  7380 ( P B - 1 8 0 8 7 8 )  

Chemical  p u r i f i c a t i o n  o f  gas and  s u l f u r  r e c o v e r y  p r o g r e s s  
and new a p p l i c a t i o n s  (Rev iew o f  methods o f  
p u r i f i c a t i o n ;  d i s c u s s i o n  of  dry  and w e t  m e t h o d s  and  
advan tages  and d i s a d v a n t a g e s  o f  e a c h ) ,  913 

Claus process (Conversion of H s u l f i d e  to high purity S), 



?359 
C l e a n a i r  prcces~ (RecoverN o f  S f rom C l a u s  plan% t a i l  

ga~), 194~ 
Coal gastfica±ion. Design of a coal-oil-gas refinery 

(process for pr~Juc[ng 100,000 bbl/da~ of light 
refiner~ liquid, plpelina ~ss, liquefied petroleum gas~ 
~o~venf refine4 =Oal, S, and chemicals), 5383 

D£sulfuriZ~±is~ of [ rOan  ] gas and sulfur-recover~ 
proc~nss [Review), 56~ 

H-oil- ~Dd H--co~i-processes (Use of fluldlzed catalyst), 
6go? 

Lac,l i~ ~ ~ourc£ of natural ~az and sulfur (Gas contains 
l i g h ~  hydrecarhon~ with 1S.Z~ H2S and 9.6 COs; H25 
removed hy Girbotol process and converted to S by Claus 
methud)~ 1!53 

Natural da~ vrote~sing plant (Separation of gaseous 
compound~ and liquid condensate; production Of fuel 
gas, stabilized condensate for gasoline blending, low 
pre~su:e qas for industrlal and domestic fuels, and 
elemental S; des absorbed from gaseous streams with 20~ 
aqueous monce%hanclamine and oxidized tO S), 1142 

~0~ c o n v e r t e d  t c  sulfur in stackgas cleanup route 
(Catalvtlc reduction u~in~ natural gazes r e d u c i n g  
ege~; conversion eff~clenc~ is 90~ or better), 1790 

Stretford p r o c e s s  (Sweetening Of natural and industrial 
gase~ bucc~p[e%e removal of H sulfide and partial 
removal of organic 5 compounds), 1950 

E u l f u r  production and ~as purificatlon (Scrubbing with 
K~CO~ s o l u t i o n ,  removal of HaS by Fee03), 233 

Takahax prcces~ (Removal of Up to 99.9% of H sulfide from 
ga~ s~r£amz particularlg those w~th low initial H 
s u l f i d e  concentration and/or h i g h  C d i o x i d e / H  s u l f i d e  
r a t i o ~ ) ,  1951 

U ~ i l i z a t i o n  o f  sulfur f rom g a s e s  formed in d i s t i l l a t i o n  
of coal (Production o f  S and HaSO ~ from H2S from coal), 
830 

W~ p u r [ f i c a ~ [ o n  f o r  the re~mval o f  s u l f u r  from gas 
(Oxid~tioD of absorbed HaS to S bN alkaline solution of 
~Fe(C~)~), 320 

Applied%ion of the Stretford process %0 the removal of 
hudrogen ~ulfJde at high pressure (Absorbent solution 
of Ha anthr~quinodisulfena~e and Na carbonate; 
equipment), IJ~9 

C~eaaalr process (~ecover~ at S from Claus plant tail 
g a ~ ) ,  ig46 

Coal gas pur~|'i~a~ion is th~ Leopoldau gas works (Gas 
scrubbed with solu%Ic~ containing free ammonia, 
combined ammcnie, thlcsulfate, sulfate, thioeyanate, 
hydrcqen ~u[fide~ end hydroqu[none), 1383 

Coal Gasification. Evaluating %he hi-gas SHG process 
(Production cf synthetic natural gas), 5328 

Co~l g~ciflceticn for clean power production (Coal 
gasifiel i s  2-~ta~e fluidized bed process by using a i r  
and ~ t e a ~  a t  l~O-21OOCF and 10-200 aim; fuel gas 
d~s~Ifurined at 1400-!80OOF using limestone o r  
d o l ~ i t e ) ,  5409 

C o e l - c i l - ~ a s  refiner~ o f f e r s  SNG, refinery f e e d s  low- 
s u l f v r  f u e l  e l i  ( P r e c e s s  d e s i g n ,  o p e r a t i n g  v a r i a b l e s ,  
c o s ~ ,  p r o d u c t  value~ and e c o n o m i c  f e a s i b i l i t y  o f  
coal-conversion complex for production of high-Btu gas, 
ilqui4 feedstock for petrolem refinery~ and low-S fuel 
for p~wer plast~ Were examined), 5473 

Combustion af h i g h - s u l f u r  coal i n  a f l u i d i z e d  bed reactor 
(Co~b~t[e~ t~ke~ place i n  reactor comprising 
ge~ficatien, combust[on~ and heat--recovery zones; 
fluidized bed of cal end limestone; effluent within CO; 
CoS produced), 5246 

Desulfurlzin9 fuel via metal cxide~ (Reaction rate 
studies relevant tO desulfurization of coal or  oil 
before complete combustion; S in converted to HaS which 
Is removed  by reaction with mgtal oxide; S from metal 
~u|f~de can be recovered as SO e or S)~ 1488 

Desulfuriza~io~ method cf ges containing hydrogen sulfide 
(Use ~f solution of Na carbonate and Na bicarbonate as 
absorbent), 1811 

Gasifier and desulfurizer for carbonaceous materials (Co 
o x i d e  and similar reactive oxides used f o r  gasifying 
and desulfurlzing carbonaceous materials with use of 
alp as regenerative fluid; S gases converted to Co 
sulfides, and S then recovered and Co oxide 
regenerated), 5Z3S 

lFP proces~ (Removal ef H sulfide and S dioxide from 
Claus unlt %a[I gas and stack clean-up to reduce amount 
o f  S dioxide), 7392 

Ne~ processes. 5. Desulfurization of coal gas. Claus-t~pe 
desulfu~iaat[cn (Japanese petroleum refinerv plant)s 

On de~ulph~rlaatlon end removal o f  s u l p h u r  from smoke 
ceses in Japan (Economics of S recovery; methods of 
desulfurization)s 1441 

On TEC/IFP sulfur oxide removal from stack gas process 
(Tokyo En~ineerln~ Co./Instltut F r a n c a i s  du Petrol 
me%hod for removing S cxldes consists of c o o l i n g  waste 
ga~ and sbscrblng S oxides with ammonium sulfate 
fllewed t y recovery of S from ammonium sulfate 
solu~icn~ use of Claus process), 1923 

Pilot plant f o r  solvent refining of coal (Flowshee% for 
extraction of  S from coal; coal dissolved in coal-based 
solvent ut 1000 p~ l  and 427 ° in p r e s e n c e  o f  H; s o l u t i o n  
filtered and filtrate evaporated for recycling), 733! 
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P u r i f i c a t i o n  o f  f u e l  g a s e s  (Remova l  o f  S compound,  s u c h  
a s  CSa, COS, t h i o l s ,  %h iophe ne ,  and HaS, and  by v i r t u a l  
elimination of C0), 1307 

P u r i f i c a t i o n  of sulfur dioxlde-containing waste gases 
with sulfur recovery (Use of solutions containing 
benzoic acid, nicotinic acid, or dibutyl hydrogen 
phosphate and their Na or K salts or urea or thiourea 
in w a t e r  of organic solvents), 2138 

Recovery o f  sulphur in a marketable form from flue gases 
(Recovery of S by Fulham--Simon--Carves process in 
which flee gas reacts directly with ammonia liquor, and 
solution is processed to give ammonium sulfate and S)~ 
1303 

R e c o v e r y  o f  s u l f u r  f r o m  c o k e  o v e n  g a s .  C r i t i c a l  r e v i e w  o f  
m e t h o d s  ( D r y  and we% p r o c e s s e s  o f  S r e c o v e r y  f rom c o k e -  
o v e n  gas with s c h e m a t i c  flow diagrams), 1424 

R e c o v e r y  o f  s u l f u r  f rom h y d r o g e n  s u l f i d e - c o n t a i n i n g  g a s e s  
( R e c o v e r y  f r o m  c o a l  g a s ,  o i l  g a s ,  o r  p r o d u c e r  g a s  i n  3 -  
s t e p  p r o c e s s ;  d i l u t e  NaeCOs u s e d  a s  a b s o r b e n t  f o r  HeS; 
HeS stripped from absorbent by Seaboard process; gas 
t h e n  s c r u b b e d  w i t h  s o l u t i o n  o f  p i c r i e  a c i d  and  NaaCO s 
to oxidized HaS to S)~ 1283 

Recovery of sulfur from coke oven gas (Ammonia interfered 
in H sulfide recovery and in debenzeniaation process; 
optimal S recovery obtained when pH we~ kept 2% 7°8--8°2 
and when HCN elimination was reduced), 1386 

Recovery of sulfur from gas streams containing hydrogen 
sulfide end sulfur dioxide (Treatment of stack gas with 
w a t e r ) ,  2026 

Regenerating alkaline solutions used for desulfurization 
of coke oven gas (HaS is absorbed by alkaline solution 
containing catalyst)~ 2057 

Removal of hydrogen sulfide from gases and sulfur 
recovery (Gas is first scrubbed with absorbent liquor 
(e.g°, aqueous triethanolamine); residual Hs3 is then 
removed by Fe o r  Hn oxide), 1308 

Removal of hydrocyanic acid and organic sulfur compounds 
from coke-oven gas (Gas purified by scrub6ing with 
solution containing As and hydroquinone or 
naphthoquinone), 2028 

Removal of hydrogen sulfide from industrial or natural 
gases with recovery of elemental sulfur (S recovered 
from HaS-containlng gas with minimum amount of 
thiosulfate formation by absorption i n  H3BOz so lu t ion  
c o n t a i n i n g  o x i d a t i o n  catalyst; e q u i p m e n t ) s  1173 

Removing SO e from stack gases (Review of full-scale and 
prototype processes with respect to stage o f  
technological development, process design and 
operations advantages, disadvantages, and economic 
feasibility), 7440 

Shell Claus off-gas treating(Scot) process (Increase o f  
S recovery efficiency from Claus units), 73gi 

SO s free two-stage coal combustion process (Coal S is not 
oxidized under reducing conditions existing during 
combustion), 1745 (PC-all888) 

Solids from wet limestone scrubbing of power plant stack 
gases s 1922 

Sulfreen process (Desulfurization of resldue gas), 7390 
Sulfur recovery in the manufacture of pipeline gas from 

coal (Overall S recoveries are 91 and 81% fur low- and 
high-S c o a l s ,  resp.)s 5163 

SULFUR~REDUCTION 
New Shell process treats Claus off-gas (SCOT Process for 

removal of residual S present in off-gas o f  Claus-type 
S recovery units), 2078 

SULFUR/REMOVAL 
[Removal of] sulfur from gas for less than 1 1/2 cent per 

m i l l i o n  c u b i c  fee% (S%re%ford process consists o f  
eshing sour gas with quinone solution, reaction of HaS 
to form S and hydroquinone~ oxidation of hydPoquinone 
to quinone, and removal of S by filtration), 1245 

Actions, reactions, and side reactions of catalytic 
sulfur removal (Reduction of organic S to 2.8-3.9 
grains/100 ft 3 in a Holmes--Haxted plan% using catalyst 
bed)s 1074 

Advanced c o a l  gasification system for electric power 
generation. Annual technical repor%~ August 9~ 1972- 
June 30~ 1973. Research and development report No. 81s 
interim report No. 1 (Development of economic, 
efficients nonpollutlng power plants], 5411 (NP-20074] 

Advanced coal gasification s~stem for electric power. 
Annual technical report for the period August 9, 1972- 
June 30, 1973. Research and development report No. 81s 
interim report No. 1 (Fluidlzed bed process using coal, 
air s end steam for gasification and limestone/dolomlte 
for desulfurlzation)s 5412 (NP-20128) 

A i r  p o l l u t i o n  and %he c o a l  industrM (Desulfurization o f  
fuels and flue gases)s 1417 

Attempted removal of sulfur from coal and coke  (NONE)s 
1553 

Basle methods of removing sulfur from coal (Review ef 
methods; electrostatics thermal treatment in absence of 
0 to give H sulfides leachlng wlth acids or alkalines, 
and leaching i n  presence o f  ferrobacillus ferroxldans; 
34 references)s 1500 

Behavior of sulfur in the process of coal chlorination 
(Removal of S (particularly SO~--) from coal by 
chlorlna%ion), 1145 
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B e h a v i o r  o f  s u l f u r  compounds In  c o a l  d u r i n g  t r e a t m e n t  
m i t h  8 s o l u t i o n  of  sodium In smmonlo ( a s e p l e l  of  c o a l  
t r us ted  I t  -35 to -40 s under dry Ni t reatment  reduced 
amount or s p r a l i n e  i s  p y r i t e  and m8 organ ic  
o o m p o u n d s t ,  1465 

ClOl g e l  (Remove| Of S by bog Fe ore or • mix ture  OF 
FIIO l lnd NIs{Oat  , 420 

C a t a l y t i c  p u r i f i c a t i o n  of  gases (Removal  o f  8 by p a s s a g e  
i t  400 t o  6000 o v e r  i c a t a l y s t  c o m p r i s i n g  PesOs (50 -  
801) end ZnO ( 4 0 - 2 0 1 ) ) ,  660 

C m t s l y t i c  e f f e c t  of  a d d l t l o n a  o f  o r g a n i c  end I n o r g a n i c  
aubstencea on the r e mova l  of  s u l f u r  in the c o k i n g  of  
c o a l  ( C a t a l y t i c  e l i m i n a t i o n  o t  8 in c o k i n g  p r o c e s s  by 
a d d i t i o n  o f  Inorgan ic  compounds such as MgCOs, CeO, 
AISOs,  NH~CI, end CUCII) ,  1086 

Chemical d e a u l f u r i z a t i o n  o f  c o a l .  Report oF bench-sca le  
developments.  I ( D e s u l f u r J z e t l o n  o f  c o a l  by ~eyeres 
procmaa  In which  p y r i t i c  S Is  o x i d i z e d  es e l e m e n t a l  S 
end l a  Fe l U l f i t e l  p r e l i m i n m r ¥  d e s i g n  end coo t  e s t i m a t c  
For lOOton/hr  d m s u i F u r l z a t l o n  p i l a f ) ,  1687 

Chemicml p u r l F l c l t l o n  OF gem and s u l f u r  r e c o v e r y  progress 
Ind new I p p l l c s t l o n l  (Review o f  methods of  
p u r i f i c a t i o n ;  d l l c u l l l o n  OF dry end wet methods end 
advant lges  and dlsedvantmges o f  Imch). 913 

C i t y  Co l lege s tud ies  o f  the ¢oe lp l ex  ( O u t l i n e  o f  work on 
r e a c t l c n  cF coa l  w i t h  H; k l n e t l c s  o f  C g a a I F l c s t l o n ;  
F e l t  fluidlzed bed ;  e g g l o m e r c t i n g  F l u l d l z e d  beds ;  S 
a b s o r p t i o n  k l n e t l c i ;  pane l  bed F i l t e r  and f l o w s h e e t  end 
Syltmm s tud lms) ,  3112 (PB-229101/1) 

C o a l .  Bisch  magic  ( T e c h n o l o g l e c  o f  c o a l  d e s u l F u r l z a t i o n ,  
coa l  g c s / t i ¢ s t l o n ,  cnd s u l f u r  d l o a l d e  e m / I s i o n  c o n t r o l  
sre d e s c r i b e d ) ,  1765 {PB--213 032/6) 

Coal can y i e l d  l o w - s u l f u r  Fuel o i l  (Use o f  H-coal process 
to  produce Fusl o i l  end crude naphtha) .  693S 

COIl c o n v a r i i o n  ( T w o - s t a g e  p roce i s ;  in t / r s t ,  f i n e l y  
d i v i ded  c o a l  l |  suspended Ln l i q u i d  coke-oven product  
( I t  671 o ) In c o n t a c t  w / t h  H; In Imcond,  f l n m l y  d l v l d e d  
coml i e  l i que f tmd  a t  427-616 o under 141-703 arm; H i8 
r e c y c l e d ) ,  7009 

Coil  gms ml 8 s u b s t i t u t e  For eyn thes ls  gml in the  
F l l c h e r - - T r o p s c h  syn thes i s  (Removal of  0 from c o a l  gaC 
by pmll lgm over  Cu t u r n l n g s  mt 320-50o; gas f reed  o t  S 
by p a s s a g e  o v e r  a l k a l i z e d  FesOs I t  260C; c a t a l y s t  o f  
100 Co, S ThOs, 8 MgC, 80 k i e l e l g u h r ) ,  6671 

Cool g m s i F i c l t t o n  (Review of  coal  g a s i f i c a t i o n  
fundamentals including co81 c h a r s c t e r i s t i c m ,  c o a l  
procmsllng! chlMlcml r m a c t l o n l ,  and thermodyneml¢l ;  los  
end high Stu gms p r o d u c t i o n ) ,  5481 (NP-20097) 

Coal p r m p a r a t i o n  fo r  l y n t h e t / c  l i q u i d  F u e l s ,  6394 
COED [ c h c r - o i l - m n m r g y - d e v e l o p m e n t ]  chmr d e s u l F u r l z s t l o n  

(S content  o f  char reduced From 3 to leas than 0.6X by 
r e a c t i o n  w i t h  H i t  1600OF in presence o t  c a l c i n e d  
d o l o m i t e ) ,  1447 

Coke o f  low s u l f u r  c o n t e n t  f r e e  s u l f u r - r i c h  c o a l  (Coke 
d e s u I F u r / z m d  8t  420-500 c In presence o f  i n e r t  gms mnd 
water  vmpor) ,  1340 

Combustion of s u l f u r - c o n t a i n i n g  coal  (Gases purified by 
pmssing S - c o n t a i n i n g  fuel mad 0 under surFcce o f  both 
c o n t a i n i n g  m e l t e d  CmO and Fm; S reac ts  to Form CmS tha t  
Is removed mnd processmd tO g ive  S or  H mulF ldet ,  7152 

Consumption of  comprmssed a i r  in mn eppmratus f o r  
removing s u l f u r  in g a c e s  wi th  a s o l u t i o n  c o n t a i n i n g  
Iodium cmrbonmte and s rsen ic  (Xncresse in As 
concmntrmtlon i n c r e a s e s  s t a b i l i t y  o f  s o l u t i o n ) ,  1684 

Cont ro l  o f  m l k a l l n i t ¥  in d ry -box  p u r i f i c a t i o n  (EF fec t s  on 
r emova l  o f  HCN mnd S),  409 

C o n v e r s i o n  o f  c o l t  s u l f u r  t c  v o l a t i l e  s u l f u r  compounds 
d u r i n g  c a r b o n i z a t i o n  in s t r e a m s  o f  gases ( S u l s J r  
e l l e i n c t i o n  wi th  v i r e o s  g a s e s  mt l O 0 0 o c ) ,  334 

D e s u l F u r a t i o n  ot the J iu  Vmlley coal bM mechanicml  and 
magnetic methods ( C o a l  c o n t a i n s  2.6-3 .2X S, which I s  
u s u a l l y  r e t a l n m d  in  coke mlde From I t ) ,  1389 

D e s u l f u r i z 8 t l o n  o f  g lses and recovery  o f  e lementary 
s u l f u r ,  1184 

D e l u l f u r i z a t l c n  of  c o a l  ( T r e a t m e n t  wi th  s t m e m - - o f l  e t  
360oC), 540 

D e s u l F u r i z a t i o n  of  gas cnd processes f o r  recovery  o f  
sulfur (Rmv/mv), 699 

D e s u l F u r l z a t i o n  of  s o l l d  F ue l s  (Removal o f  S by m i x i n g  
w i t h  8 c c e p t c r  s o l i d s  such sa m e t a l l l c  o x l d e s ;  HnO I s  
p r e f e r r e d ) ,  1093 

D e s u l f u r i z s t i o n .  4 .  Tak ing  c o a l ' s  s u l f u r  out ( R e v i e w  w i t h  
nc - e f e r e n c e s ) ,  1683 

Desu f u r l z e t i o n  of  w a s t e  games end Fumls ( L i t e r a t u r e  
survey i n c l u d i n g  l e g i s l a t i v e  measures, cost  
c a l c u l a t i o n s ,  and p r o c e s s e s ) ,  1947 

D e s u l f u r l z s t i o n  o f  gas  end p r o c e s s e s  f o r  r e c o v e r y  of  
s u l f u r  (Revlmw o f  i n d u s t r i a l  p r o c e s s e s  For s u l f u r  
r e c o v e r y ) ,  572 

D e s u l f u r i z i n g  and coking h i g h - s u l f u r  coa l  (Convers ion  of  
S to  H s u l f i d e ,  which Is d r i ven  o f f ) .  1398 

D e e u l F u r l z a t / o n  dur ing  c o k i n g  (By passing H, d e s u l t u r / z e d  
coke-oven gms, or  gaseous h y d r o c a r b o n s  through coke 
dur ing cok ing ,  up to 541 oF i n i t i a l  S can be removed),  
1311 

D e s u l f u r i z c t l o n  in the g a s l t i c a t l o n  o f  coa l  (By 
condensing Fe cmrbonyl on the coal  p r i o r  to 
g a s i f i c a t i o n ) ,  893 

D e s u l f u r l z c t l o n  o f  l ow- tempera tu re  c i r b o n l z a t i o n  char (At  
1100 to 17001F and >5 atm)0 938 

D e l u l f u r i s s t i c n  o f  ecke. SIX ( E f f e c t l v e n e e s  of  AlsOs. 
HsHoO~, Fe t u r n i n g s ,  CraOs, end e lumins te  I o l u t i o n  For 
s u l f u r  removal In coking o p e r a t i o n ) ,  1021 

D e s u l t u r i s l n g  ooke-oven gas by 8 c t i v s t e d  ocrbon (1? 
r l F a r e n c e 8 ) ,  4862 

D e s u l f u r l z a t i o n  o f  c o i l  (Troatement  o f  mobs co818 w i th  
squcouc PI s+ s o l u t i o n  removes 40-75~ o f  8 content  
through n e a r l y  complete ox idmt ion  o f  p y r i t i c  S) ,  16?7 

Dmsu iFur l ss t lon  o f  cmrbure ter  gas (By pmasege over 
l imestone or  d o l o m i t e ) ,  988 

D e s u l t u r L z a t l o n  oF f u e l  o i l s  ( C o a t i ) ,  1914 
D e s u l f u r i z i n g  f u e l  ( D e s c r i p t i o n  o f  a p p a r a t u s  and 

process ) ,  2082 
D e c u l f u r i z l n g  coc l  (At  300-$00 psi and 300-350c),  942 
D e c u l F u r l z m t l o n  o t  coal d u r i n g  coklng by the ac t i on  o f  

hydrogen (Coal  sample heated in quar tz  tube In c u r r e n t  
o f  H wh i l e  i nc reas ing  temperature from 350-400 ° to  880 ° 
at  r a t e  o f  So/mint ,  1168 

D e a u l f u r i e e t l o n  o f  h i g h - s u l f u r  coaim bv hydromepmratlon 
( H o d i f l c e t l o n  o t  c e n t r i f u g a l  l e p e r m t t o n  o f  coal  F i n e s  
in heavy medium, s low-Bor ing  c e n t r i f u g a l  t h i c k e n e r s ;  
rmmoval o f  51.1~ o f  s u l f i d e  S, 85.3X o f  mul le ts  S, and 
19.41 of  o r g a n i c  S), 1428 

D e s u l f u r i z i n g  gases (Using mix tu re  Of Me or Cu or  t h e i r  
ox ides ,  hyd rox ides ,  or  cerbonmtms d ispersed in 
c a r r i e r ) ,  566 

D e s u l t u r i z a t i o n  dur ing  coking process o f  coa ls  
(Ca rbon i z ing  t ec ta  c a r r i e d  out at 400-10000 In precence 
o f  gaseous reagents iN ,  H, end C d i o x i d e ) ,  mot ive H 
sources ( t e t r s l i n ,  l s o p r o p y l  a l c o h o l ,  cyc lohexane) ,  Fe 
compounds, and o ther  d e s u l u r i z i n g  agen ts ) ,  1453 

D e s u l f u r i z a t i o n  o f  c o i l s  from V s l e s - J l u l u /  by c e n t r i f u g a l  
s e p a r a t i o n ,  1445 

D e s u l f u r l z a t i o n  o f  u n c l a s s i f i e d  c o a l  F i n e s  by means of l 
combined g r a v i t y - F l o t a t i o n  method (F lowsheet  end 
numerous  t a b l e s  o f  d a t e ) ,  960 

D e a u l t u r i z i n g  gases (By passing through bed o f  l a v a  Foam 
impregnated w i t h  PesOs), 892 

D e s u l f u r i z s t i o n  o f  coal ( H i x t u r e  o f  equal volume o f  S- 
bear ing coal  end ca l c i ned  l imestone t r e a t e d  mith H in  
t l u l d i z e d  bed s t  600-8000 end I arm; most p y r i t e  S, ca 
34X o rgan ic  S, end some s u l f a t e  S removed), 1701 

D e s u l f u r i z e d  fue l  From coal  by implant  g l S l f i c m t l o n  (Two- 
s tage,  l upe rp ressu re ,  O-blown c o a l  g a s / f l a t  f o r  
p r o d u c t i o n  of  p i p e l i n e  g a s  I s  d e s c r i b e d ) ,  5268 

D e s u l t u r i z a t i o n  o f  i n d u s t r i a l  gms ( C a t a l y t i c  convers ion  
o f  S to HaS p r i o r  to removal ;  Pb ox ide c a t a l y s t ) .  894 

D e s u l F u r l z a t i o n  o f  coal  (By heat ing  f o r  12 to 16 hrs a t  
3500 under 610 em in m cu r ren t  o f  a i r  end steam),  613 

D e s u l F u r i z a t i o n  o f  gases (Removal  of  S using i ron  ox ide  
on s i l i c a  gel In r o t a t i n g  drum-shaped 8ppermtus),  786 

D e s u l f u r / z a t i o n  o f  coke ( L a b o r a t o r y  p rocedure ) ,  950 
D e s u l f u r i z e t i o n  o f  c o a l - o i l  mix tu res  by a t t r i t i o n  

g r i nd i ng  w i t h  sc t l vmted  i ron  powder, IA20 
D e s u l f u r i z e  coal (Treatment  o f  c o a l  wi th  caus t i c  soda 

s o l u t i o n  decreased S content  from 4 to 11), 1570 
Desu lphu r t se t l on  o f  Fine  coke charges In a c u r r e n t  o f  

hydrogen, 2121 
Developments In the complete removal o f  s u l f u r  From c o a l -  

d l s t l l l a t l o n  g a s e s .  The a u t o p u r l f i c a t i o n  process end 
the S taa tsmiJnen-Ot to  process ( E c o n o m i c s ) ,  ?21 

Dry p u r i f i c a t i o n  ot  i l l u m i n a t i n g  gas (Decreased 
eFF ic iency  o f  S removal w i th  FetOa),  864 

Economic e v a l u a t i o n  of  S p r o c e s s  t o  p r o d u c e  e s h l e s s ,  low-  
s u l f u r  f u e l  from c o a l ,  1487 (EN-266) 

E f f e c t  of  the h e a t i n g  r i t e  on the d m s u l f u r l z a t l o n  o f  
c o i l s  d u r i n g  coklng (Reduced coklng ra tes  a t  300-400 o 
end 400-6000  c o n t r i b u t e d  to  d e s u l f u r l z e t l o n  of  c o a l s ) .  
1692 

E f f e c t  o f  molten caus t i c  on p y r i t i c  s u l f u r  in b i tuminous 
coal  ( P y r i t e  $ conver ted to s u l f i d e s  tha t  mre so lub l e  
in molten caus t i c  and are c o m p l e t e l y  removed), 1361 

EFFect o f  coal  gas on the removal o f  s u l f u r  from Assam 
c o a l  (Use o f  SiO s end AIIOS) , 842 

Elimination of  s u l f u r  from c o a l  by m i c r o b i a l  ac t i on  
(Increase in o x i d a t i o n  o f  p y r i t e s  by F e r r o b m c l l l u s  
t e r r o o x i d a n s ) ,  1227 

E l i m i n a t i o n  o f  sulfur d u r i n g  c a r b o n i z a t i o n  o f  c o i l ,  404 
E l i m i n a t i o n  o f  s u l f u r  f rom c o a l  w i t h  m o l e c u l a r  h y d r o g e n ,  

1139 
Eva lua t i on  o f  b e t a  r a d i a t i o n  ms • hydrogenat ion  c a t a l y s t .  

I n t e r i m  t e c h n i c a l  s ta tus  repor t  No. 3, September l - -  
December 31, 1962 {Hydroc rack ing  of c o a l  d e r i v a t i v e s ) .  
2980 (NYO-lO186) 

Eva lua t i on  o t  SOs-cont ro l  processes.  Task No. S f i n c l  
r epo r t  ( P r e l i m i n a r y  process d e s i g n s  and economic 
e v a l u a t i o n s  o f  12 SOs-cont ro l  p r o c e s s e s ) ,  1609 ( P 8 -  
204711)  

Exper iments on the removal o f  su lu r  from coal  and coke,  
1380 

E x t r a c t i o n  oF s u l f u r  From coke-oven gms mad the 
manufacture o f  s u l f u r i c  ac id (Removal o f  S by C o l l i e  
NHs process;  HsSO ~ produced by Chemfebau wet con tac t  
process From recovered HaS ; equipment) ,  1076 

E x t r a c t i o n  and u t i l i z a t i o n  o f  fuel-gas s u l f u r  (Plowshemts 
and 20 rcFmrences),  SO1 

E x t r a c t i o n  t rea tment  o f  coal  ( U s i n g  h y d r o g e n a t e d  
naphthalene and p y r i d l n e .  ~ashlng w i th  MaOH, heat ing  to 
>1500C in presence OF ZnO), 591 



713 SULFUR/REMOVAL F l c t a t { c n  of p~rlte frc~ ccsl (Removal of pNrltes from 
coal  b~ 2-sts~e f r o t h  flsta~Icn)s 2141 

Flcta~icn of coals cf h igh  sulfur content (Effects of 
Cr(NO=)~,  FeSO~, KMnO~, CuSO~, a~d NaeSiO~ on 
floatabllit~ in rele%Io~ to removal o f  sulfur compounds 
and p~Ite], 1071 

?luldized-bed d~ulfurlza%Icn c f  noncoklng c o a l s  ( A i r -  
s~ea~ traatmen~ cf ns~coklng c o a l s  in fluldlzlng 
shamhez], 1318 

For:allan and present ~talu~ of the Ruhrgas A.G. of Essan 
(Desulfurlzat[~n sf gas ~ith bog Fe o r  iuxmase), 681 

Freelng ~as~ f r ~  s u l f u r  co~pcunds (Sulfur absorption bN 
compounds such as ferric hydrsxldss), 395 

F u e l s  wi th  low sulfur comtemt and amokeles~ fuels 
(Revle~; stake and S dloxld£ emlsslons]s 150~ 

Gas desulfu~Izatlon by am~onla wash and conversion of 
hydrcgem sulfide tO sulfur o r  ammonium sulfate 
(Desulfurlzation of coklng off-gas)~ 91~ 

Ga~ purlflcatien, especially desulfurlaatlon and sulfur 
recaver~ (Re~lew of methods for removing dust, %at, 
NHa, CaHs, NO~ end S. 55 raferences]s 544 

Gas purif~catloz tower with continuous revivlfica%ion 
(Fo r  rezoual  of S from coRe-oven gas), 829 

Gas pu~iflcatis~ and golfer recovery by the Gastechnik 
process (Review c f  Gastechnlk process), 1060 

Gas-purlfulng materials (Removal of S or HCN from coal 
~as o~ producer gas u s i n g  porous nodules of Fe oxides 
and sawdust t~ whlch [s added resin-contalning 
agglome~ant tha~ forms Gel in the mass]s 480 

Gaslfica~Icn of car~osaseous sclld fuels (CaO mixed with 
solIi fu~l cr made Into water s l u r r y  wlth it and 
allowed t~ raac~ w£th O-contalnlng gas to  produce CO 
fre~ cf 5; C~ ~ rege~sr~ted), 4591 

H~crccr~c¥tn~ Of low-tender, tore coal  tars. S. 
H~drccrackin~ of a neu~ra! oil fraction (250-350 o ] (Use 
~f  c a t a l y s t s  ccmte in in~  Ni~ Co, and Mo on mo lecu la r  
sieves a~d silica-alu~ina c r a c k i n g  catalyst)s 6906 

h y d r o g e ~  sulfide removal [fro~ coa l  gas] by the Stratford 
liquid purification prases~ (HaS absorbed by alkaline 
s o l u t i o n s  cf anth~aquincn~dlsu|fonlc acids~ dissolved O 
oxidizes HaS to 8; Na vanedete increases capacity of  
sclu~Icn for HaS and rate of productlon of S)s 1258 

H~droge~atl~ cf COED process coal-derlved oils 
(H~drcg~n~tloD at ZOO0 p s i g  over fixed bed of Ni--Mo 
c a t e l W s ~  S r~m~val), 6940 

H~drcgenatis~ cf coal (At >i00 aim using catalyst which  
promo%e~ hyd:c~anaticn and desulfuPization~ catalyzed 
hydrc~emation of extracted oils at <2805C and >50 a%m], 
2£43 

l=prouement of the arse~ic-s~da purification process f o r  
rsmculn~ sul fur  (Concentration of ASaO 3 of 33.~ g/l 
reco~msnded), i36~ 

influence Of vol~tile constituents on desulfurization of 
c~a l  d,~rln~ low-temperature ~asifica%ion (Removal of S 
in ookln~ ecal is more dlfficult because of tendency tO 
~inter), 1057 

lnve~tigatlcn cf the chemical composition, properties and 
¢cthod~ Of treatment of p r i ~ a r ~  taps Of Cheliablnsk 
brown coal. II. Composition of the llght-tar fraction 
end ~be s%ahiIizatlon cf b~nzine bN hydrogenation (At 
4000 and 1QO atmospheres pressure using HoS e or CoS as 
c a % a l y ~ ] ,  2,~99 

k i n e t i c  s ~ u d i e ~  on ~he p ~ r o i y s l s ,  d e s u l f u r i z a t i o n s  and 
g a s i ~ J c a t i c ~  ef coals w i t h  emphasis on the non- 
Iscthermal kl~etic ~ethod. Final report on phase 2, see 
also report d~ted Apt 1969, PB- - la5  882 (Research on 
sulfa? c o n t r o l  bH mea~s of coa l  gasification], 5152 
(P8-2 !1  33a) 

Kinetics Of the h~d~o-remcval of sulfurs ox~gen~ and 
nitrcGe~ fr ,z~ a low temperature coal tar (Batch 
h ~ d r a g e n c l ~ l ~  of S, O, and N compounds i n  presence of 
W sulfide c~tai~st indicates that the haters-atoms can  
be completel~ re,cued at 500 ° and 1500 p s i ;  13 
refer~nce~)s 1431 

Laboratory research on metallurgical coke prepared bN 
desulf~rlzetion of coke containing inorganic additives 
b~ the action of steam ou oalclum sulfide, I~74 

Lcw sulfur fuel b~ prassurlzad entrainment carbonization 
of coal (Pressure carbonization at 1900OF and 400 pslg 
mathematical model useful in predicting S content o f  
c h a r s ) ,  19~ 

Lcw-s~Ifar char a~ a co-product in coal g a s i f i c a t i o n  ( I n  
a gasifieaticn-desulfurizatlon operatlon}s 6317 (PB-- 
214 16~/0) 

Lcw-sulfu~ char a~ a co-product in coal gasification 
( U s i n g  calcium carbonate as S accpetor in 
desu[furiz~tlcn phase of gaslflcation-desulfuriza%ion 
o p e r a t i c n ) ,  1787 (P8-214152] 

Lowerlm~ the sulfur content of coke b~ heating t o  high 
temperatures (45~ ef sulfide S removed at II000 and 50- 
70~ s t  15000: organic S ellminated i n  amounts of 1.6~ 
at i!00 ~ ~ ~0~ at 1600s], 1560 

Lowering the sulfur content o f  coke du r ing  the eoklng o f  
coals and =harges (Addltlon of 5-10g black oll or 
hydrocarbon condensate f rom extraction o f  natural gets 
eokin s charge aided transfer of S to volatile products 
and reduced S conten t  af coke by I0--20~)s 1446 

Lowering the sulfur content of  coals 1370 
Method for the removal of sulfur from Assam coal 

ccntalnlng sulfur m a i n l y  in  the organic fSrm ( A d d i t i o n  
of CaD and CaCI z and coring in a current of M), ~02 

M i l k - o f - l i m e  wash o f  p r o d u c e r  g a s  (CaO r e q u i r e m e n t s  In  
milk-of-llme tot S and COw removal], Slg 

Modern sHstems for gas purification (Review of processes 
f o r  HaS and o rgan ic  S removal)9 757 

Natural-gas d e a u l f u r l z a t t o n .  IU. arCh-sponge 
d e s u l f u r i z e % i o n  g a i n s  p o p u l a r i t y 5  955 

Newest s u l f u r - r e c o v e r y  process (Process  cannot be c a r r i e d  
out wlth gases containing excesslva amounts of COal, 
1055 

Operation of the Thylox p~ocess wlth coal gas containing 
hydrogen cyanid e (Reaction of HaS wlth thloarsanatas], 
911 

Options on sulfur removal processes are still wide open 
(Review wlth Ii references on removal of S from fossil 
fuels], i766 

Physical desu~furlzation of coal - major considara%l~ns 
for SO/sub x/ emission control. Conference paper 
(Econcmlc analysls), 1584 

Pilot plan% for solvent reflnlng of coal (Flowsheet for 
extras%ion cf S from coal; coal dlssolved in coal-based 
solvent at 1000 pal and 427 ° in presence of H; solutlon 
filtered and filtrate evaporated for recycling), 7351 

Pollution-free foals (Coal liquids extrao%ad wlth solvent 
and lighter hydrocarbons are distilled off], 2062 

Posslbllltles of elimlnatlng pyritic sulfur while 
enriching coal from %he Balkan coal basin (Use of 
flotation end centrifugation), 1349 

Possibillties and experiments for decreasing the sulfur 
content in coke. I (Carbonlza%ion of coal at 400-1000 ° 
with H as fluldizing gas]~ 1448 

Posslbili%ies and limits%ions of s±epwlse coal flotation 
for lowering the fine conoretlonary inters%ratlfled 
sulfur pyrites content, 906 

Possibility of lowering the sulfur c~ntent of 
metallurgical coke during dry quenchlng (Blowing of ask 
wlth alr or alr-steam mixture), 1347 

Possibilities o f  desulfurlzing some Polish power coals by 
gravity pPeparatlon (S is in form of pyrltes s sulfate, 
and organic compounds)s 1694 

P~ellminary pilot-plant tests of sulfur removal from 
Tangorln coal  during aarbonlzations 972 

Problem of sulfur in  coal. Its effects during combustion 
andcarbonizatlsn (Removal of S durlng carbonization by 
passage of H, water gass steamy aemonia, or CO %hrough 
%he charge. Addltion of NaaCQ 3 and NaOH is effective at 
5000 but no% at 800o}, 549 

Problems in lowering %he sulfur content of coke during 
its produc t i on  (Review; 38 references]s 142~ 

Process and apparatus f o r  desulfurlzatlon o f  industrial 
gases, waste airy or waste waters (Using a washlng 
sola%ion containing NaaSeO a and small quantities of 
metal quinones)s 633 

Process fo~ %he desulfurization of hydrocarbons (Patent], 
2149 

Process for hydrodesulfurization of coal in a turbulent 
flow fixed-bed reactor (Operational feasibilit~ of 
turbulent flow ca%alysls peaked bed reactor 
demonstrated for hydrodesulfuriza%Ion of 3 coals 
slurried |n tar vehlcle and 1 coal in self-generated 
recycle oil], 1633 

Production of eleo%rlcity via coal and coal-char 
gasification. R and D raport No. 55, Intarlm rapsr± No. 
3 (First phase of study of potential process 
alternatives for convertlng coal cr coal char Into 
electricity via the production of low B%u gas for 
combust ion i n  an advanced combined gas--and--steam 
%urblne power cycle], 5480 (NP-20076) 

Produc t i on  of low-sulfur fuel from sulfur-bearlng coals 
and oils. Patent appllcation No. 273 567 (Fluidized bed 
catalytic process)~ 1741 

Production of low-btu gas from coal In comblna%ion with 
advanced power cyclas (Efficiency incraasea high- 
temperature desulfurizatlon), 5325 (P5-228857/9) 

Production of the hydrocarbon oils from industrlal gases. 
Is (Removal o f  S i n  production o f  hydrocarbon olls from 
CO and HI, 397 

PurlfIcation of coke-oven gas (Removal of wa%er~ %ar~ 
naphthalene, and aulfar], 624 

Purification o f  compressed coke-oven gas (Sxldlzer unit 
for removal of NO, coolers and bubble cap benzene 
washerss dry S ramovers coolers, naph%halene washers, 
and low-tempera%ore coolers %0 keep low point at 6o1, 
1313 

Purification o f  compressed coke-oven gas (Ammonia 
condensation, S removal, benzena scrubbings and 
separation of naphthalene and light h~drocarbons in gas 
at i0 to 12 a%m compared with a%m-pressure process], 
I~14 

Purifisatlon of coke oven and other fuel gases from 
sulfur, 1200 

Purlflcations of fuels (Removal of S from S-aon%alning 
fuels using bed of CoO and/or Hg partlcles), 2143 

Puriflca%ion of gases and vapors and recovery of sulfur 
(Gases containing organic S compounds, gum formats, 
hydrocarbonss etc. s are purified by passage through bed 
of preheated r e f r a c t o r y  aalids), ii16 

Purifylng h y d r o c a r b o n s  (At 320 to SSOoC using actlva%ed C 
and p o w d e r e d  Nl or  Cu), 563 
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P u r i f y i n g  coke -oven  gas from s u l f u r  (Us ing  Fe2Os, 
s o r p t i o n  in Naz333, and T h y l o x  process), 559 

Purifying gases of sulfur by using waste products from 
acetylene manufacture (Producer gas cooled and scrubbed 
with s a t u r a t e d  aqueous solution of 3a(OH)2), 956 

P u t t i n g  to  ,work the n a t u r a l  gas d e p o s i t s  at  Lacq (Gas 
c o n t a i n s  20~ by volume HzS and 9.7~ COz; acidic gases 
removed ~y mono- and d i e t h a n o l a m i n e ~  c o n v e r s i o n  o f  HzS 
to S by Claus process, and recovery of higher 
hydrocarbons), 1157 

Pyritic sulfur removal from coal using solutions 
containing ferric i ons  (FeCl] s o l u t i o n  is used; not  
n e c e s s a r y  to  use h igh  p r e s s u r e  end t e m p e r a t u r e s ) ,  1755 

Recent  movement of dasulfurlzation in USA (Comparison of 
Japanese and Amer ican d e s u l f u r i z e t i o n  t e c h n o l o g y ) ,  2053 

Recent  wet p rocesses  f o r  remov ing  s u l f u r  f rom coke -oven  
gas ( O x i d a t i o n  o f  H~S to S; Fe ~++ or  MnSCw as 
c a t a l y s t s ) ,  602 

R e c o v e r i n g  s u l f u r  f rom gas (NONE), 731 
Recovery  and u t i l i z a t i o n  o f  n i t r o g e n  and s u l f u r  produced 

In  coa l  c a r b o n i z a t i o n  (Recove ry  as u s e f u l  p r o d u c t s ) ,  
688 

Recovery of sulfur from flue gas by the use of ammoniav 
793 

Recovery of sulfur from hydrogen sulfide contained in 
gases r i c h  in  carbon d i o x i d e  (Review w i t h  36 
r e f e r ences ) ,  8E6 

Recovery  of sulfur from f l u e  gas by the  use of ammonia; 
summary o f  the  p r o b a b l e  c o s t s  o f  the  p r o c e s s ,  831 

Recovery  o f  s u l f u r  f rom gases w i t h  t h i o a r s e n a t e  
s o l u t i o n s ,  859 

Recovery  o f  s u l f u r  f rom c o a l - d i s t i l l a t i o n  gases 
( S c r u b b i n g  w i t h  NH.OH at  pH 8 in  p resence o f  a i r  t o  
oxidize HzS to S ) ,  1183 

Recovery  o f  s u l f u r  f rom hydrogen s u l f i d e - c o n t a i n i n g  gases 
( R e c o v e r y  f rom coa l  gas,  o i l  gas,  or  p roduce r  gas in  3 -  
s t ep  p r o c e s s ;  d i l u t e  Na2CO 3 used as abso rben t  f o r  H2S ; 
HaS s t r i p p e d  from a b s o r b e n t  by Seaboard p r o c e s s ;  gas 
then  scrubbed w i t h  s o l u t i o n  o f  p l c r i c  ac id  and NaeCO 3 
to  o x i d i z e d  HzS to  S ) ,  1263 

Recovery  of e l e m e n t a r y  s u l f u r  from f u e l  gases (By 
p r e c i p i t a t i o n  u s i n g  o x i d e s  o f  N),  703 

Reducing s u l f u r  c o n t e n t  o f  e f f l u e n t  gas s t reams 
( C a t a l y t i c  h y d r o g e n a t i o n  o f  e f f l u e n t  t a i l  gas f rom 3-  
s tage  modified Claus process), 2117 

Reducing t he  s u l f u r  c o n t e n t s  o f  coals and cokes 
( R e d u c t i o n  o f  S c o n t e n t  by t r e a t m e n t  w i t h  e t h y l e n e  a t  
1100 ° in  oven;  p r o p a n e - b u t a n e  m i x t u r e  used a t  8 0 0 o ) ,  
1013 

Reduc ing the  s u l f u r  c o n t e n t  o f  town gas (Use o f  Cu 
t h l o m o l y b d a t e s  mounted on g r a n u l a r  b a u x i t e  as c a t a l y s t ;  
c o s t  f i g u r e s ) ,  1017 

Reduc ing  the  s u l f u r  c o n t e n t  o f  Donets  c o a l s  ( C o n s t r u c t i o n  
of i n d u s t r i a l  p l a n t s ) ,  1019 

Reduc ing  the  s u l f u r  c o n t e n t  o f  coa l  ( O r g a n i c  S (40Z  o f  
t o t a l )  canno t  be removed by physical means; r ema inde r  
iS p y r i t e s ;  c o s t s  to  be i n v e s t e d  to  remove S f rom s o l i d  
f u e l  l a r g e l y  o u t w e i g h s  l oss  and i n ~ u r y  to  equ ipment  due 
to  S d i o x i d e  c o r r o s i o n ) ,  1452 

Reducing the  s u l f u r  c o n t e n t  in  c o a l s  o f  the Moscow B a s i n ,  
1687 

R e d u c t i o n  o f  s u l f u r  in m inus-28-mesh b i t u m i n o u s  c o a l  
( P y r i t i c  S o c c u r s  in increasing amounts in h i g h - g r a v i t y  
fractions), 1362 

R e d u c t i o n  of the  sulfur c o n t e n t  o f  coa l  (Comparison of 
heavy -med ia  s e p a r a t i o n ,  p r e p a r a t i o n  on a washer g r i d ,  
end f l o t a t i o n  methods f o r  S r e m o v a l ) ,  902 

R e d u c t i o n  o f  t he  s u l f u r  c o n t e n t  in  brown c o a l s  o f  the  
N o r t h  Bohemian Brown Coal D i s t r i c t  ( P y r i t e  o x i d a t i o n  in  
c a l  g r a i n s  c o n a i n i n g  4 . 5 9 - 1 8 . 1 0 1  S s t u d i e d  by h e a t i n g  
in electric f u r n a c e ,  shock h e a t i n g  in supe rhea ted  
s team,  h i g h - f r e q u e n c y  h e a t i n g ,  and e l e c t r i c  d i s c h a r g e ) ,  
1691 

R e f i n i n g  moto r  f u e l s  by h y d r o g e n a t i o n .  I 1 .  Removal o f  
s u l f u r  and  s t a b i l i z a t i o n  o f  g a s o l i n e s  f rom p r i m a r y  t a r s  
(Use of MuSe, MoSz + CzOs, and CrzOs as c a t a l y s t s ;  
h v d r o g e n a t l o n  a t  20 a t m .  p r e s s u r e  and 4 4 0 0 ) ,  7073 

R e g i o n a l  d e m o n s t r a t i o n  program f o r  maximum use o f  h i gh  
s u l f u r  coa l  and m a i n t e n a n c e  o f  a i r  q u a l i t y  s t a n d a r d s  
(Me thods  f o r  r e d u c i n g  s u l f u r  o x i d e s  e m i s s i o n s  f rom 
c o a l - f i r e d  u t i l i t i e s ) ,  200 (WASH-1337-4)  

Removal and r e c o v e r y  o f  s u l f u r  f rom gases ( N o n o x i d l z i n g  
gases f r e e d  o f  S by t r e a t m e n t  w i t h  V d e r i v a t i v e s  such 
as a c i d s ,  o x i d e s ,  p r e v i o u s l y  o x i d i z e d  s u l f i d e s ,  a nd  
vanmdates o f  Cu, Ni, or  Cr ;  bes t  r e s u l t s  f rom VeO m w i t h  
NIO, CuO, and CrzOs; r e g e n e r a t i o n  o f  remgents)~  4246 

Removal by a c t i v e  ca rbon  o f  s u l f u r  f rom waste  gases 
o b t a i n e d  d u r i n g  p r o d u c t i o n  o f  town gas I n  t he  L u r g i  
g e n e r a t o r  (S removed In  2 abso rbe rs  connec ted  i n  
s e r i e s ) ,  1319 

Removml Of s u l f u r  f rom coa l  by the f l o t a t i o n  p r o c e s s  
( L m b o r a t o r y  f l o t a t i o n  u n i t  des igned  f o r  t e s t i n g  p rocess  
o f  f l o t a t i o n  o f  p y r i t i c  m a t e r i a l  in  c o a l ) ,  1680 

Removal o f  s u l p h u r  f r o m  c o a l  by t r e a t m e n t  w i t h  hyd rogen  
( E f f e c t s  o f  r e a c t i o n  t e m p e r a t u r e ,  p r e s s u r e ,  s o l v e n t  
t y p e ,  and s o l v e n t  t o  coa t  r a t i o  on p r o c e s s ) ,  2095 

Removal o f  s u l f u r  f rom c o a l ,  904 
Removal of sulfur d l o x t d e l  f rom gases .  979 

Removal of sulfur and hydrogen  sulfide from gases 
( F a t e n t s  f o r  us ing  V2Ds, Fezaa,  and AlzO3 as 
catalysts), 931 

Re~oval of hydrogen sulfide from industrial or natural 
gases ~ith recovery of e l e m e n t a l  s u l f u r  (S recovered 
from t i e S - c o n t a i n i n g  gas w i t h  minimum amount of 
t h i o s u l f a t e  f o r m a t i o n  by a b s o r p t i o n  in  HsBO a s o l u t i o n  
c o n t a i n i n g  o x i d a t i o n  c a t a l y s t ;  e q u i p m e n t ) ,  1173 

Re .ova l  o f  HzS from coke -oven  gas by e p r e s s u r e -  
r e c i r c ~ l a t i n g  method,  934 

Removal of hydrogen sulfide and o t h e r  a c i d  i m p u r i t i e s  
from gases (Use of aqueous solution of alkali metal 
carbonate and bicarbonate c o n t a i n i n g  s u b s t i t u t e d  or 
u n s u b s t i t u t e d  h y d r o x y -  or  p o l y h y d r o x y b e n z e n e s ) ,  1206 

Removal o f  s u l f u r  f rom coa l  by t r e a t m e n t  w i t h  hyd rogen .  
Phase I .  The e f f e c t  o f  o p e r a t i n g  v a r i a b l e s  and raw 
m a t e r i a l  p r o p e r t i e s .  Research and deve lopment  r e p o r t  
No. 77t interim report No. I (Effects of reaction time 
and t e m p e r a t u r e ,  p r e s s u r e ,  s o l v e n t  t y p e ,  and s o l v e n t  
coa l  r a t i o ) ,  1991 ( N P - 2 0 1 3 8 )  

Removal o f  s u l f u r  f rom coa l  by a i r  o x i d a t i o n  a t  350 -450  o 
( A p p r o x i m a t e l y  50~ o f  S was p y r i t e ;  o x i d a t i o n  a t  360.  
400,  end 450o ) ,  1678 

Removal o f  hydrogen s u l f i d e  f rom gases (Gas i s  washed 
w i t h  aqueous a l k a l i n e  s o l u t i o n  of some 
a n t h r a q u i n o n e d i s u l f o n i c  a c i d s  to  o x i d i z e  HaS and 
l i b e r a t e  S; pH o f  wash ing  s o l u t i o n  i s  8 . 5 - 9 . 5 ) ,  1181 

Removal o f  s u l f u r  f rom gases (Gases f l o w  a t  450 -550  o ove r  
a l k a l i n e  e a r t h  o x i d e s ;  h y d r o x i d e s ,  or  c a r b o n a t e s  
c o n t a i n i n g  Nt o r  Co; a r o m a t i c  S from t h l o p h e n e  changed 
to HzS), 1120 

Removal o f  o r g a n i c  s u l f u r  compounds f rom gases (Removal 
o f  S compounds a t  1 2 0 - 4 0 o ;  gases passed t h r o u g h  
cylinder c o n t a i n i n g  a l t e r n a t i n g  layers of AlcOa and 
ThC z or  Co02; HaS o x i d i z e d  to S and sepa ra ted  by a c t i v e  
C) ,  1299 

Removal o f  s u l f u r  f rom gases ( S - c o n t a i n i n g  gas i s  led  
ove r  Ni c a t a l y s t s  and then  over  o x i d e s ,  h y d r o x i d e s ,  o r  
c a r b o n a t e s  o f  a l k a l i n e  e a r t h  m e t a l s  a t  300-50 ° w i t h  
smal l  amounts o f  0 t o  o x i d i z e  HzS t o  S ) ,  936 

Removal o f  s u l f u r  f rom gases (Gases f l o w  a t  400 -500  o ove r  
a l k a l i n e  e a r t h  h y d r o x i d e s ,  o x i d e s ,  c a r b o n a t e s ,  or  
b i c a r b o n a t e s  t o g h e t h e r  w i t h  0 ) ,  1122 

Removal o f  hydrogen s u l f i d e  from gas b V us ing  an o r g a n i c  
oxygen c a r r i e r  (HaS o x i d i z e d  to  HeO and S; comp le te  
removal possible because reaction i s  not reversible), 
1068 

Removal o f  s u l f u r  f rom coa t  gases (Use o f  i r o n  h y d r o x i d e  
o r  a c t i v a t e d  carbon s o r b e n t ) ,  732 

Removal o f  s u l f u r  f rom gases (Use o f  o x i d i z e d  and 
s u l f u r a t e d  Ni c a t a l y s t s  f o r  h y d r o g e n a t i o n  o f  o r g a n i c  S 
compounds w i t h  f o r m a t i o n  o f  HAS), 1224 

Removal  o f  s u l f u r  f rom c o a l  by t r e a t m e n t  w i t h  h y d r o g e n . -  
Phase I .  The e f f e c t  of o p e r a t i n g  v a r i a b l e s  end  raw 
m a t e r i a l  p r o p e r t i e s .  Research and deve lopmen t  r e p o r t  
No. 77,  i n t e r i m  r e p o r t  No. 1 (325  and 400oc a t  600 and 
1200 p s l g ,  r e s p e c t i v e l y ) ,  1992 (NP-19947 )  

Removal of sulfur from ch imney gases (Compar i son  of llme 
wash, l i m e  s l u d g e ,  and d i l u t e  NH~OH or  HeO c o n t a i n i n g  
Mn s a l t s  m e t h o d s ) ,  401 

Removal o f  s u l f u r ,  vanad ium,  and a l k a l i e s  f rom h e a t i n g  
and combus t i on  gases (Gases p u r i f i e d  by r e a c t i o n  w i t h  
bas i c  compounds such as CaD o r  MgC a t  600-8000;  
c a t a l y s t s  such as FeeOs o r  VeOs used to  o x i d i z e  SOw to  
S03 ) ,  1303 

Removal  of h y d r o g e n  s u l f i d e  f r o m  f u e l  g a s e s  ( T r e a t m e n t  
w i t h  Fe o x i d e ) ,  937 

Removal o f  p y r i t i c  s u l f u r  f rom c o a l  by b a c t e r i a l  a c t i o n  
( W i t h  s m a l l  s i z e s  o f  c o a l  more t h a n  aDZ o f  p y r i t e s  was 
removed; mechanism o f  p y r i t e  removal  by b a c t e r i a  i s  
discussed), 1317 

Removing hydrogen s u l f i d e  f rom g a s e o u s  m i x t u r e s  
( C o n t a c t i n g  the gas w i t h  s u l f u r o u s  a c i d  In  p resence  o f  
a c t i v a t e d  c a r b o n ) ,  393 

Removing s u l f u r  f rom h y d r o c a r b o n s  ( A i r  p o l l u t i o n  
p r e v e n t e d  by c a r r y i n g  ou t  c o m b u s t i o n  in  f l u i d i z e d  bed 
o f  CaO o r  MgO; S d i o x i d e  formed i s  c o n v e r t e d  t o  
s u l f a t e s ) ,  2116 

Removing s u l f u r  by the c a t a l y t i c  o x i d a t i o n  o f  the  gases 
( G a s e s  c o n t a i n i n g  HaS9 CHaSH, and COS o x i d i z e d  w i t h  a i r  
o r  0 to  HsO, COat end SOw ove r  c a t a l y s t ) ,  1211 

Removing s u l f u r  f rom the  e x h a u s t  gases o f  f i r e d  f u e l s  
c o n t a i n i n g  s u l f u r  and s i m u l t a n e o u s l y  p r e p a r i n g  s u l f u r i c  
a c i d  ( M i x i n g  of mmmoniumt K, o r  Na n i t r a t e s  w i t h  
e x h a u s t  g a s e s  t o  fo rm s u l f u r i c  a c i d ) ,  2114  

S i n  f u e l  g a s e s ,  620 
S e l e c t i o n  of the opt imum amount o f  Rmney n i c k e l  c a t a l y s t  

a d d i t i v e  f o r  t he  d e s u l f u r l z m t i o n  o f  w e s t e r n  Donets 
Bas in  c o a l s  (Coa l  hea ted  to  250 ° f o r  v a r i o u s  t i m e s  in  
p resence  o f  v a r i o u s  amounts o f  c a t a l y s t ;  equat ions  
g i v e n  f o r  c a l c u l a t i o n  o f  most e f f e c t i v e  mmount o f  
c a t a l y s t  and opt imum f i n a l  S c o n t e n t ) ,  1681 

S e p a r a t i o n  o f  s u l f u r  d i s p e r s e d  i n  a q u e o u s  s o l u t i o n s  o f  
o t h e r  s u b s t a n c e s ,  1026 

S e p a r a t i o n  o f  s u l f u r  and  ammonia  f rom h o t  g a s e s  ( C o k e -  
oven gas;  gas c o o l e d  and washed w i t h  8mmonlmca l  
s o l u t i o n  t o  a b s o r b  Hen and  HCN; g i n  s c r u b b e d  t o  r e m o v e  
NHa), 1027 

S i m i l a r i t y  between the  e l e c t r o c h e m i c a l  e l i m i n a t i o n  Of 
s u l f u r  f rom coa l  end f rom d l b e n z o t h l o p h e h e  t 1429 

SNG - where w i l l  I t  come f r o m ,  and  how much w i l l  i t  c o s t  



715 SULFUR COHPOUNDS/REMQVAL (Coal ga~(fie,~tion and desulfuriea%ion of resultant 
f u e l  gas], 17~9 

S~= free twc-st~e coal combustion process (Removal of 
~ u l f u r  f rom c o a l  under reducing ccndltions existing 
d u r i n  9 ccmbu=tion), 17~2 (PS---211 838) 

S o l v e r [ o n  o f  cca[ in  b~-product streams (Coal solubilized 
*n hi~hl~ arn~at[c p£treleu~ b~-prsduc% streams %o 
produce eo~[ solutio~ baying low viscosity with 
d e c r e a s e d  a~h a~d S ccn%e~t), 47 

S o l v e n t - r e f i n e d  cse[ process for clean utility fuel 
(Discussion cf produc%ic~ cf solvent-reflned coal and 
as de-ebbed, Iow-S fuel for elestric u%ilities)~ 7360 

S~ecicl ~¢udy of sulfur removal and recovery from feels. 
Repor t  pre~er,%ed bH the organizing committee of the 
stud~ %o %he Counsil of the Institute of Fuel, 958 

Stepwi~e desull?urlzati~n of fluidized coke with steam and 
hydro~es~ I0!~ 

Study C~ desi~I1 and co~t analysis of 3 prototype coal 
cleani~ G pla~t (R£mov~[ of sulfur rom coal), 1482 (PB- 
1966~I) 

Stud~ on de~ig~ asd oust anaiysls of a prototype coal 
cleanin~ pleat. Supplement (Removal of sulfur from 
coal), 1483 [P5-1956~4) 

Suitabilit~ of French iron oxide deposits for gas 
p u r i f i c a t i o n  (Removal of  sulfur from manufactured gas)~ 
~03 

S u l f u r  behavior and sequest£ring of sulfur compounds 
during coal carbonization, gasification, and combustion 
(theoretical, exp~rlmental, and practical problems 
a~soc[eted ~ith /£suIfurization of coal), 1571 

S u l f u r  behav[cr and sequestsring of sulfur co~pounds 
d u r i n g  COal carbonization, gasification~ and 
c o m b u s t i o u .  F i n a l  report (Desulfurization and 
gasification of Bituminous coal, lignite, unthrasita, 
and pyrite). 5217 (PB---211 ~81) 

Sulfur cos%eat of c~k~ for ~e%allurgic~l p u r p o s e s  and 
possibilities of decreasing the sulfur coolant (Review 
of de~ulfur(zation of petroleum coke), 1504 

Sulfur impurik~ in town 9as, I07~ 
Sulfur Io~ses in ~ulfur--remowin s apparatus (S balances 

for vaczum--carbonate and As--soda methods), IS65 
5u|~ur recaverN b~ Ic~-%e~perature reoirculated-gas 

carbonization Of hick-sulfur brown coals, 754 
Sulfur reductlo, t~rough improved coal washing practices 

(S c ~ t e ~ t  redused by crushing c o a l ,  washing in 
h N d r e u l l c  c l a s s i f i e r  t a b l e  c i r c u i t ,  and using 
h~droclmn£1heauy-~ediu~ unit combinatlon)~ 1873 

Sulfur reduction potential of the coals of the United 
State~ (Efficlenc~ of staqe crushing and specific 
qravltu ~eparation)~ i~66 (PB-210949) 

Sulfur red~c~iou of Illinoi= coals. Washability tests 
(Fgri~e S ce~aved b~ washing), 1490 

> o l f u r  redua~ion of Illinois coals. Washability studies. 
II, 1679 

Sulfur reductlcn fro~ fluidlza%ion coke (laboratory 
p h a s e )  (~% 650-F50 ° and with mixture of 70~ steam and 
50~ air a~ fluid|zuriCh a~en%, a ~ o u t  30~ of S may be 
e[Imlnated), I~S5 

Sulfur reduc%ios of Illinois coals. Washability studies. 
i, 15~4 

S u l f u r  r smoVal  f rom coal (Coal treated w i t h  HNO 3 o r  lO~ 
NeOC[ before caking), 1768 

Sulfur removal from fuel ~ase~ b~ dr~ methods (Chemistry 
cf the process u s i n ~  Fe cxide)~ 862 

Sulfur removal from ga~es for the synthesis Of 
h~drocarh<~n~ (Usins Cu, Al, Cr, W, Hn, He, or V as 
eat~i~st), 7~0 

S u l f u r  r e m u v a l  f r o ~  g a s e s ,  1377 
S u l f u r  r e m o r a !  f rom c o k e - o v e n  g a s  by t h e  T h y l o x  p r o c e s s  

s u l f u r  r e . o v a l  f rom s ~ n t h e t i c  g a s e s  ( S u r v e y  w i t h  47 
referenee~), 1083 

Sulfur remo;al from combustion gases (Splinters of Mn- 
c c ~ % ~ n i n ~  Fe and/or ca~t steel used %0 remove S), 1044 

Sulghur removal durinq fluldized bsd combustion (Use of • 
l[mestonm f o r  sulfer removal), 1890 

Sulphur re.oval durin~ fluidised bed combustion 
(Combustion in flu~dized beds of llme under both 
cxld~zing a~d reducing conditions), 1621 

Surve~ o f  sulfur reduction in Appalashian r e g i o n  coals by 
stage crushin~ (Review of data on effect of c r u s h i n g  
high-S cools for liberation of impurities; significant 
S reductlens when c o a l  is crushed to 14-mesh %up size; 
51 references), 1~90 

Svnthlel process converts coal In%o clean f u e l  o i l  
( H u d r c d e ~ u l f u r i z a t i o n  f o r  e e n v e r t l n g  c o a l s  i n t o  
n c n p o l l u ~ i n @  f u e l  e l l  w i t h  v e r y  low S and a s h  
contents), 6891 

Technical and esoncmics aspects of l i q u i d  p u r i f i o a % i o n ,  
772 

T e c h n o l o g l c a l  p o s s i b i l i t i e s  f o r  %he s e p a r a t i o n  o f  various 
f e r ~ s  o f  s u l f u r  f rom c o a l  ( S e p a r a t i o n  by m e c h a n a l  
means), 1430 

Ten years of experience at the pressure-gasification 
plant at Most (Czschoslovakla) (Gaslfica%ion ratio of 
stea~ tc oxygen), 4188 

The Franz Fischer method for s~nthe%le gasoline 
manufacture in Germany (Methods for removal of S from 
water gas end catalysts %ha% g~ve yields up %0 70 
percent of theoretlcal)~ 5747 

Total sulfur below i0 gralns/lO0 e u .  ft., 542 

T o w e r - l i k e  s c r u b b e r  f o r  t h e  r e m o v a l  o f  s u l f u r  f r o m  g a s e s  
by use of iron hydroxlde-con%aining masses, 790 

Treatment of sulfur-containing gases such as water gas 
(Mix±ure with water vapor at 400 to 600oC passed over a 
mixture of ferric and Zn oxides), 580 

Use of sulfur from coals (Review of practice in sulfuric 
acid production from pyrites: steam-alP desulfurization 
o f  c o a l ) ,  1503 

Vapor-phase hydrogenation of oils derived from coal and 
oil shale (Gasoline from middle oil from hydrogenation 
of bituminous coal using German Mo--Zn--Cr catalyst; Co 
molybdate especially effective catalyst for S removal), 
6811 

Washability of coklng coals with reference to sulfur and 
nitrogen contents and %o the coke but%on index, 900 

Washability examinations of core samples of San Juan 
Basin coals, New Mexico and Colorado. Report of 
investigations (Removal of sulfur oxides from coal), 
1853 ( P B - - 2 0 g  008) 

SULFUR/SQLVENT EXTRACTION 
Extraction of sulfur from the hydrogen sulfide of coke- 

oven and other gases by means of activated oharcoal~ 
323 

SULFUR/SULFUR DIFlXIDE 
Options on sulfur removal processes are still wide open 

(Review with 11 references on removal of S from fossil 
fuels)~ 1766 

SULFUR CgHPOUNDS/CHEM!CAL REACTIONS 
Kinetics of the hydro-removal of sulfur, oxygen, and 

nitrogen from a low temperature coal tar (Batch 
hydrogsnolysis of S, g ,  and N compounds in presence of 
W sulfide catalyst indicates that the haters-atoms can 
be completely removed at 500 o and 1500 psi; 13 
refarences)~ 1431 

SULFUR C~MPFlUNDS/CgMBUSTIFlN 
Tree%sent of waste gas containing flammable sulfur 

compounds (Gas is burned and passed through metal 
halide solution %0 precipitate metal sulfi%e and 
sulfate), 2084 

SULFUR COMPOUNDS/FILTRATION 
Removal of hydrogen sulfide from coke-oven gas, generator 

gas, oil refining gas, expansion gas, and air 
(Solutions of Fe (III) complexes o f  aminocarboxyllc 
acids absorb H sulfide which is oxidized %0 nonvolatile 
S compounds), 1391 

SULFUR COMPOUNDS/HYDROGENATION 
Desulfurization o f  aromatic hydrocarbons (S impurities 

removed from coal tar or fractions containing CaHe, 
CeHsCHs, and CLoH s in vapor phase by hydrogenation to 
H2S in presence o f  catalyst), 1285 

SULFUR COMPOUNDS/OXIDATIUN 
Ellmlna%ion o f  s u l f u r  from coal by microbial action 

(Increase in oxidation of p~rltes by FerPobaclllus 
ferrooxidans), 1227 

SULFUR CQMPOUNDS/REDUCTION 
New Shell process %reals Claus off-gas (SCOT Process for 

removal of residaal S present in off-gas of Claus-type 
S recovery units), 2078 

SULFUR COMPOUNDS/REMUVAL 
Barium carbonate-asbestos catalyst (Use of catalyst to 

remove COs and 0 from manufactured fuel gas as well as 
most of S-containing gases), 712 

Behavior o f  sulfur compounds i n  coal during treatment 
with a solution of sodium in ammonia (Samples of coal 
treated at -35 to -40 ° under dry N; treatment redused 
amoun%of S present as pyrite and as organic 
c o m p o u n d s ) ,  1456 

B e h a v i o r  of %he s o - c a l l e d  o r g a n i c  c o k e  s u l f u r  i n  c o k e  at 
temperatures o v e r  I000 ° (Volatilization o f  o r g a n i c  
sulfur compounds a% 1500 to 2000 o in N or H 
atmosphere), 541 

Catalysts for purification o f  gases (H~drogena%ion 
catalysts used i n  purlfica%ion o f  gases), 1043 

Coal technology: key %0 clean energy. Annual report, 
1973-74 (Produe%lon of synthetic fuels from coal), 5567 
( H P - 2 0 0 7 8 )  

Con%act of gases and fluidized solids (Process and 
equipment t o  cause reaction between gases and fluldlzed 
solid particles particularly applicable %0 removal o f  
H2 S or other S compounds from fuel gas), ~296 

Continuous dr~ me%hod f o r  removal of sulfur compounds 
from gasess 1300 

Decomposing sulfur compounds in gases and in byproducts 
%herefrom (Removal of fixed or organl¢S by %tea%men% 
with Ha internall~ generated), 417 

Dedication of the Dots%on pressure gasification plant for 
bituminous c o a l  ( L u r g l  gas p r o d u c e r  modified so coals 
of Ruhr ~eglon could be gasified with O and steam at 
20 -30  a%m), 4301 

Desulfurizing agent (Al-eontaining clays), 784 
Desulfurize%ion of coke. II (Ey introductlon of water 

vapor and NHs durlng eoking)s g64 
Desulfurizatlen o f  aromatic hydrocarbons (S impurities 

removed from coal %at or fractions containing CaHs, 
CoHsCHs, and C.sHs i n  v a p o r  phase by hydrogenation to 
HaS i n  presence of catalyst), 1285 

Economic feasibility stud~ of coal desulfurize%ion. 
Volume Ii, 1378 (PB-176846) 
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......................................................... 
Economic f e a s i b i l i t y  s t u d y  o f  c o a l  d e s u i f u r i z e t i o n .  

Volume lw 1379 (PB-176845) 
G a s - c l a s n l n g  a p p a r a t u s  (Use o f  h i g h  gas v e l o c i t y ) ,  884 
Gas p u r i f i c a t i o n .  1. Removal o f  hyd rogen  s u l f i d e  f r o m  gas 

by c o m e a e c i a l  d e s u l f u r i z a t i o n  c a t a l y s t s  (Use o f  
a c t i v a t e d  Cs ferric ox ida~  o r  ZnO; c o m b i n a t i o n  of wet 
a n d  d r y  d e s u l f u r l z s t l o n  method recommended f o r  v a r i o u s  
S compounds i n  gas)~ 1364 

H y d r o g e n a t i o n  o f  ca rbon  monox ide  w i t h  s i m u l t a n e o u s  
p r o d u c t i o n  o f  f u e l  gas ( S o l i d  f u e l  ( a . g .  c o a l )  g a s i f i e d  
u n d e r  p r e s s u r e  o f  20 -30  atm w i t h  0 and s team;  S 
compounds removed by wash ing  w i t h  CRsOH o r  CsHsOH)t 
4346 

M o l e c u l a r  s i e v e  p r o c e s s  ( D e h y d r a t i o n  end remova l  of C 
d i o x i d e  and  S c o m p o u n d s  f r o m  n a t u r a l  g a s ) ,  1953  

P r o d u c t i o n  o f  c a r b o n  m o n o x i d e  e n d  h y d r o g e n  f r o m  s o l i d  
ca rbonaceous  fuels, 5178 

P u r i f i c a t i o n  o f  h y d r o g e n - c o n t a i n i n g  s y n t h e s i s  g a s e s  
(Remova l  o f  COz and S - c o n t a i n i n g  l m p u r l t i e s ) ~  852 

P u r l s o l  p r o c e s s  ( R e m o v a l  o f  a c i d  g a s e s  from s y n g a s  and  
n a t u r a l  g a s  s t r e a m s  u s i n g  p h y s i c a l  a b s o r p t i o n  In N- 
e a t h y l p ~ r r o l l d o n a ) s  1966 

R e d u c t i o n  of t he  sulfur c o n t e n t  of c o n c e n t r a t e s  in the 
Donets  Bas in  c o a l - c o n c e n t r a t i o n  p l a n t s ,  1055 

R e f i n i n g  o f  d i e s e l  f u e l  by c a t a l y t i c  h y d r o g e n a t i o n  
(Remova l  o f  S compounds by c a t a l y t i c  h y d r o g e n a t i o n ) ,  
952 

R e g e n e r a t o r  p rocess  f o r  t he  s e p a r a t i o n  o f  coke -oven  gas 
( C o k e - o v e n  gas a f t e r  remova l  o f  t a r  and ammonis~ i s  
c o o l e d  to  e l i m i n a t e  i m p u r i t i e s  such as benzene1 S 
co=pounds ,  ca rbon  d i o x i d e ,  wa te r~  nd me thane)s  1351 

Removal o f  hyd rogen  s u l f i d e  f rom c o k e - o v e n  gas ,  g e n e r a t o r  
gas ,  p r e s s u r e  gaswork  gas~ e x p a n s i o n  g a s ,  and a i r  (Fe 
( [ I I )  comp lex  o f  t r i s  ( c a r b o x y m e t h y l )  amine r e a c t s  w i t h  
H s u l f i d e ;  H s u l f i d e  c o n v e r t e d  to  n o n v o l a t i l e  S 
compound)w 1392 

Removal or  s u l f u r  compounds f rom gases ( 5  compounds 
adso rbed  on s o l i d  a d s o r b e r s ;  o r g a n i c  S compounds 
adso rbed  on d o l o m i t e } ,  1166 

Removal o f  s u l f u r  compounds f rom gases (Use  o f  r e a c t i o n  
p r o d u c t s  o f  i s o c y c l i c  monchydroxy  compounds w i t h  a l k a l i  
me ta l  s a l t s  o f  p e r o x y d i s u i f u r i c  a c i d ) ~  943 

Removal o f  v o l a t i l e  s u l f u r  compounds f rom f u e l  gas (Use 
o f  s c r u b b e r  c o n t a i n i n g  s o l v e n t  9 such as p e t r o l e u m  or  
coa l  t a r  o i l s  d i s t i l l i n g  a t  2 2 0 - 3 6 0 o ) ,  1372 

Removal o f  i n o r g a n i c  s u l f u r  compounds f rom i n d u s t r i a l  
gases (Gas passed o v e r  c a t a l y s t  o f  FeeOs and CaSO~), 
1047 

Removal o f  s u l f u r  compounds f rom f u e l  gas (Two a b s o r p t i o n  
s t a g e s  w i t h  c y c l i n g  a b s o r b e n t s ) ,  1773 

Removal o f  s u l f u r  compounds f rom i n d u s t r i a l  gases (Use o f  
I . G .  a c t i v e - c h a r c o a l  p rocesss  G i r d l e r - - G i r b o t o l  
p r o c e s s ,  Koppmrs Seaboard  p r o c e s s ,  S t a n d a r d  O i l  F e r r o x  
p r o c e s s ,  Koppers  T h y l o x  p rocesss  and c a u s t i c - w a s h  
p r o c e s s ) ~  770 

Removal o f  s u l f u r  compounds f rom gases (By  passage 
t h r o u g h  a c a t a l y s t  t o w e r  c o n t a i n i n g  k i e s e l g u h r  V2Os, 
Kz~,  and P)~ 983 

Removal o~ s u l f u r  compounds f rom c o k e - o v e n  gas by 
a b s o r p t i o n  i n  an i n f i l t r a t i v e  manganese o re  ( ~ b s o r p t i o n  
st  8 0 0 - 5 0 0 ) ,  1685 

Removing s u l f u r  compounds f rom gaseous f u e l s ,  w i t h  the  
r e c o v e r y  o f  e l e m e n t a r y  s u l f u r s  749 

Repor t  on the  remova l  o f  s u l f u r  compounds f rom town gas 
down to  10 g r a i n s  pe r  100 c u b i c  f e e t  ( A c t i v e  C p rocess  
f o r  benzene e x t r a c t i o n  t o  remove t h i o p h e n e  and some 
CSz; c a t a l y t i c  p r o c e s s s  to  remove CS 2 and l i t t l e  o f  
t h t o p h e n e } 1  441 

S e p a r a t i o n  of gas m i x t u r e s ~  e s p e c i a l l y  d e s u l f u r i z i n g  
c o m b u s t i o n  gases ( D e s c r i p t i o n  o f  a p p a r a t u s ;  gases 
t r e a t e d  w i t h  a d s o r b e n t s ,  e . g . ,  s i l i c a  ge l  i m p r e g n a t e d  
w i t h  Fe o x i d e ) ,  1342 

S team-oxygen  g a s i f i c a t i o n  o f  v a r i o u s  U.S.  c o a l s  ~Process  
f o r  making s u p p l e m e n t a l  n a t u r a l  gas f rom c o a l ;  remova l  
o f  S compounds f r o m  p r o d u c t ) s  5270 

Study on d e s i g n  and cos t  a n a l y s i s  o f  a p r o t o t y p e  coa l  
c l e a n i n g  p l a n t .  Supplement~ 1479 ( P 8 - 1 9 6 6 3 4 )  

Sulfur b e h a v i o r  and s e q u e s t e r i n g  Of  S U l f U r  compounds 
d u r i n g  coa l  c a r b o n i z a t i o n v  g a s i f l c a t l o n ~  and c o m b u s t i o n  
( T h e o r e t i c e l j  e x p e r i m e n t a l ,  and practical p r o b l e m s  
a s s o c i a t e d  w i t h  d e s u l f u r l z a t l o n  o f  c o a l ) s  1571 

S u l f u r  d i o x i d e  (Removal  o f  s u l f u r  compounds f rom f l u e  
gases by d e c o m p o s i t i o n  to  SOz) , 1100 

S y n t h e s i s  gas ( S o l i d ,  l i q u i d ~  o r  gaseous f u e l  bu rned  w i t h  
i n s u f f i c i e n t  O; CO 2 and dus t  removed end r e m a i n i n g  
gases l i q u e f i e d  and f r a c t i o n a t e d  to  g i v e  CH~, s y n t h e s i s  
gas~ and N) ,  4339 

Three wags t o  p u r i f  V gas (Remova l  o f  S compounds f rom 
n a t u r a l  gas by use o f  amines ,  Fe sponge t o r  hot  KzCO];  
a d v a n t a g e s  end d i s a d v a n t a g e s  o f  each method ;  
e c o n o m i c s ) ,  1116 

T r e a t m e n t  o f  b o i l e r - f l u e  gases (Remova l  o f  s u l f u r  
compounds by t r e a t m e n t  w i t h  NH s i n  a c l o s e d  c y c l e ) ,  631 

Use o f  s u l f u r - r i c h  ] i g n i t e  (Remova l  o f  s u l f u r  compounds 
f rom c o a l ,  l i g n i t e ~  coa l  gas ,  f l u e  gas ,  and coke -oven  
g a s ) ,  978 

SULFUR COMPOUNDS/VOLATILITY 
Removal o f  v o l a t i l e  s u l f u r  compounds f rom f u e l  gas (Use 

o f  s c r u b b e r  c o n t a i n i n g  s o l v e n t ~  such as p e t r o l e u m  or  
c o a l  t a r  d i l l  d i s t i l l i n g  a t  2 2 0 - 3 6 0 0 ) ,  1372 

SULFUR DIOXIDE/ABSORPTION 
A b s o r b i n g  s u l f u r  d i o x i d e  f rom i n d u s t r i a l  waste  gases 

( P r e s e n c e  of s m a l l  amounts  o f  Naw Kt o r  ammonium 
h y d r o x i d e s  i n c r e a s e s  a b s o r p t i o n  o f  s u l f u r  d i o x i d e  to  
80 -90~  in  c o m p a r i s o n  w i t h  ?O-80Z w i t h  z i n c  h y d r o x i d a ) t  
1332 

A b s o r p t i o n  o f  s u l f u r  d i o x i d e  f rom f l u s  gas i n  a b u b b l e r -  
t y p e  a b s o r b e r  ( S t u d y  i n  l a b o r a t o r y  a b s o r b e r  w i t h  4 -6  
p e r f o r a t e d ) ,  961 

A b s o r p t i o n  o f  s u l f u r  d i o x i d e  f rom gases ( E q u i p m e n t  and 
t a c h n i q u e ) l  996 

S e l e c t i v e  a b s o r p t i o n  o f  a c i d  gases (H IS  s HCNs and SOs 
abso rbed  f rom gaseous m i x t u r e s  c o n t a i n i n g  COx by 
l i m i t i n g  t i m e  o f  c o n t a c t  w i t h  a l k a l i n e  s c r u b b i n g  medium 
to  l e s s  than  0 .05  sec )s  198 

SULFUR DIOXIDE/ADSORPTION 
A d s o r p t i o n  o f  s u l f u r  d i o x i d e  f rom gases ( L o w - t e m p e r a t u r e  

coke f rom m i n e r a l  o r  brown coa l  used ss a b s o r b e n t  a f t e r  
p a r t i a l  o x i d a t i o n  w i t h  O o r  O - c o n t a i n i n g  gases b e f o r e  
c l r b n n i m a t l o n ) t  1130 

E f f e c t  o f  s u l f u r  o x i d e s  on g l a s s  f i b e r  f i l t e r s  
( C o m p a r i s o n  o f  g l a s s  and q u a r t z  f i l t e r s  f o r  SOz 
a d s o r p t l o n ) ~  1660 

I m p r o v i n g  t he  s u l f u r  d i o x i d e  a d s o r p t i o n  c a p a c i t y  o f  a 
x y l i t e  l o w - t e m p e r a t u r e  coke t h r o u g h  a c t i v a t i n g  
a d d i t i v e s  ( E f f e c t i v e n e s s  o f  Cue He, Mn, Vs and Co as 
a c t i v a t i n g  a d d l t l v e s } t  1896 

S t u d i e s  o f  t he  e f f e c t i v e n e s s  o f  t he  s o r p t l o n  o f  SOs on 
ion  e x c h a n g e r s .  I - l a b o r a t o r g  s t u d i e s  ( E f f e c t i v e n e s s  
o f  a n i o n  exchange r  ( w o f a t l t e ) ) ~  1897 

SULFUR DIOXIDE/CHEHICAL ANALYSIS 
V a l i d a t i o n  o f  improved  c h e m i c a l  methods f o r  s u l f u r  o x i d e s  

measurements  f rom s t a t i o n a r y  s o u r c e s ,  1801 ( P S - - 2 1 5  
88711) 

SULFUR DIOXIDE/CHEMICAL REACTIONS 
Fluidized bed reactors (Pollution control applications o f  

f l u i d i z e d  bed r e a c t o r s  e re  d i s c u s s e d ) s  1762 
H s t h e m a t i c a l  m o d e l l i n g  o f  t he  l i m e s t o n e - s u l f u r  d i o x i d e  

r e a c t i o n  i n  a f l u i d i z e d - b e d  c o m b u s t o r ,  1961 
N e u t r a l i z a t i o n  o f  a c i d  gas components  (Remova l  o f  S 

d i o x i d e  and HCI u s i n g  HgO o r  Mg h y d r o x i d e  w i t h  V o x i d e  
c a t a l y s t ) ,  2137 

S u l f r e e n  p rocess  ( D e s u l f u r i z a t l o n  o f  r e s i d u e  gas)s  7390 
SULFUR DIOXIDE/CHEHISORPTION 

A b s o r p t i o n  o f  S O 2 - b y  a l k a l i n e  s o l u t i o n s  i n  v e n t u r i  
s c r u b b e r  sys tems ( f i n a l  r e p o r t )  ( D i f f e r e n t i a [  e q u a t i o n s  
c a l c u l a t e d  ~ e l a t l n g  t o t a l  p r e s s u r e 9  l i q u i d  v e l o c i t y s  
and  S d i o x i d e  c o n c e n t r a t i o n  i n  l i q u i d  a l o n g  w i t h  a x i a l  
d i r e c t i o n  and s o l v e d  n u m r i c a l l y  f o r  p e r f o r m a n c e  
p r o f i l e d ) ,  2004  ( P B - 2 2 4 0 0 2 / A S )  

P r e s e n t  s t a t u s  o f  t e c h n i c a l  d e v e l o p m e n t s  i n  
d e s u l f u r i z a t o n  o f  waste  g a s  ( D e v e l o p m e n t  Of 4 m a j o r  
d e s u l f u r i z a t l o n  t e c h n i q u e s :  d r y  a b s o r p t i o n s  wet 
a b s o r p t i o n ,  use o f  a c t i v a t e d  C, and c o n t a c t  o x i d a t i o n ) ,  
1462  

R e a c t i v i t y  o f  SU e w i t h  s u p p o r t e d  m e t a l  o x i d e :  a l u m i n a  
s o r b e n t s  I 3 4 3 o c ) ~  2144 

Removal of  SD 2 f r o m  f l u e  gas m i x t u r e s  w i t h  f i b e r s  
c o n t a i n i n g  p o l y m e r i c  amines ( S t y r e n e -  
d i m e t h y l a ~ i n o p r o p y l m a l e l m l d e  (SDH) used a s  s o r b e n t  f o r  
S dioxide; absorption increased with increased moisture 
and d e c r e a s e d  t e m p e r a t u r e ) s  1485 

Sulfur dioxide absorption kinetics in alkaline solutions 
u n d e r  f o a m i n g  c o n d i t i o n s  ( A b s o r p t i o n  k i n e t i c s  f o r  
sodium c a r b o n a t e  and sodium s u l f l t e  s o l u t i o n s ) ~  1714 

SULFUR DIOXIDE/CONTROL 
Assessment o f  SO= c o n t r o l  a l t e r n a t i v e s  and i m p l e m e n t a t i o n  

p a t t e r n s  f o r  the  e l e c t r i c  u t i l i t y  i n d u s t r y .  See a l s o  
P B - - 2 0 7 - 0 8 ,  1936 ( P B - - 2 2 4  1 1 9 / 8 )  

C o a l .  B l a c k  m a g i c  ( T e c h n o l o g i e s  o f  c o a l  d e s u l f u r i z a t l o n ,  
coa l  g a s i f i c a t i o n ,  and s u l f u r  d i o x i d e  e m i s s i o n  c o n t r o l  
a re  d e s c r i b e d ) ,  1765 ( P B - - 2 1 3  0 3 2 / 6 )  

P i l o t  s c a l e  i n v e s t i g a t i o n  o f  a V e n t u r l - t y p e  c o n t r a c t o r  
f o r  remova l  of SD 2 by the l i m e s t o n e  w e t - s c r u b b i n g  
p r o c e s s .  F i n a l  r e p o r t ,  1606 ( P 8 - - 2 0 9  0 2 3 )  

S u l f u r  d i o x i d e  e m i s s i o n  c o n t r o l  f o r  i n d u s t r i a l  power 
p l a n t s  ( E f f i c i e n c l s s  a n d  economic  f e a s i b i l i t i e s  o f  d r y  
a d d i t i v e  i n j e c t i o n  s y s t a m ~  w e t  s c r u b b i n g  w i t h  l i m e ,  
s o d a  a s h  s c r u b b i n g 9  a n d  c a u s t i c  s o d a  s c r u b b i n g  w i t h  
l ime  r e g e n e r a t i o n ;  p i l o t  p l a n t  f o r  l l m e  r e g e n e r a t i o n  
s y s t e m ) t  1543 

SULFUR DIOXIDE/CORROSIVE EFFECTS 
Reduc ing  the  s u l f u r  c o n t e n t  o f  coa l  ( O r g a n i c  S (40X o f  

t o t a l )  canno t  be removed by p h y s i c a l  means; r e m a i n d e r  
i s  p y r i t e s ;  c o s t s  t o  be  i n v e s t e d  t o  remove S f r o m  s o l i d  
f u e l  l a r g e l y  o u t w e i g h s  l o s s  end i n j u r y  to  e q u i p m e n t  due 
t o  S d i o x i d e  c o r r o s l o n ) t  1452 

SULFUR DIOXIDE/OXIDATION 
C a t a l y t i c  p u r i f i c a t i o n  o f  waste  g a s e s  o f  i n d u s t r i a l  

p l a n t s  to  remove s u l f u r  d i o x i d e  (Remova l  o f  5 d i o x i d e  
i n c r e a s e s  w i t h  i n c r e a s i n g  O c o n c e n t r a t i o n  i n  gas e n d  
d e c r e a s e s  w i t h  S d i o x i d e  c o n c e n t r a t i o n ;  V c a t a l y s t  more 
e f f i c i e n t  than  Fe o x i d e ) ,  1880 

C l e a n i n g  s tack  gases ( R e ¢ o v a l  o f  g r i t  and d u s t  as w e l l  as 
sulfur acids), 1582 

Corona d i s c h a r g e  o x i d a t i o n  o f  sulfur d i o x i d e  (S d i o x i d e  
i n  humid a i r  m i x t u r e  ), 1782 



D~ulfort=~tie~ of f lue  Gas~s (Oxidat ion  of S d i e , i d a  to 
S t r i c ~ l d ~  in p~ssen¢~ of V o ~ i d e  s t  200 %0 3500 
follo~sd b~ ab~orptlen b~ Li sulfate)~ 2131 

~evelcpm0nt  c f  d o s u l f u ~ i s a t i c ~  apparatus f a r  f l u e  gages m 

its histc~ end outline (Us~ of dilute sulfuric acid as 

~ lne t i c~  u~ th~ c a t a l ~ t i o  o x i d a t i o n  and heterogeneous 
suifa¢~o~ ef sulfu~ dloxide at low concentration 
( l ~ v o ~ t i ~ a ~ l c n  e f  various mixsd metal o~iden f o r  
rocov~r~ of S dlcxid~ f~om simulated flus gas)~ 1846 

P r e s e n t  statu~ o f  t e c h n i c a l  developments in 
desulfurlz~%en Of waste Sos (Development cf 4 ma~or 
desulfurIzatiez t e c h n i q u e s :  dr~  absorptton~ Wet 
sbsc~ptlcn~ us~ o f  a c t i v a t e d  C, and contact o x i d a t i o n ) ~  
1462 

Re~ovml cf su|fur~ uansdlum5 and alkal|es f~om heatln~ 
and combustion gas~s (Ga~es purified b~ re~e~lon with 
basic ccmpaunds such as CaO c~ MgO a% 600-SOOO| 
ca ta I~s~s  such as FezOs or V~O~ used t o  o~idi~a SO~ to 

SULFUR DIGXiDZ/P~ODUCT~OH 
M~%hcd~ of h~dvog~n sulfide removal from coal ~as Nigh 

the aid ef a~monla wate~ (Zndiraot and semi-dlroet 
p r o c e s s e s  of  a~mcn ia  ~ocove~M and p ~ o d u c t i o n  o f  SO~ 
f rom H ~  ar~ d~c~Ib~d in d~tail; 4? ~eter~ne~)~.~089 

~urlflcatic~s of fuels (Re~cval o f  S from S-contalnihg 
fuel~ asln~ b~d of Ca~ and/or Mg partlcles)~ ~143 

~-L S~ recoverN prooes~ (Desulfurlzation of waste gas 
stream), 7 ~ 7  

SULFUR DIOXID~/~ECOVERY 
Contln~ous p r o d u c t i o n  o f  combustible gases (Combustible 

gases (fuel ga~, synthesis gas~ and H) produced bv 
refcr~atien or gasification o f  carbonaceous ma±erial)~ 
4~S 

Process for t~s reccver~ of sulfur d i o x i d e  (Reoover~ o f  S 
~rcm w~ste ~a~es oontainlng S dioxide and S %rloxide bv 
scrubbing w|th aqueeus solution of Na sulfite)~ 1695 

8ecc~e~In~ 5u]fu~ diowlde frsm gases (~queous solution of 
Na, Li~ ~r  ~e s u l f i t e  used  to r e o v e  S d i o x i d e ) ~  2123 

~ecov~rin~ ~u].fur dioxide from gases using aqueous salt 
solution of Qlutaric acid (Gases containing S dioxide 
are brought into c o n t a c t  with aqueous solution . 
c o ~ t a i ~ i ~  ~a o~ a ~ i n ~  s a l t  o f  glutar ic  a c i d ) ~  2135 

Remodel and r a c o v e r N  o f  s u l f u r  d i o x i d e  f rom h i g h -  
t ~ p r a t u r c  flue ~a~ (~rscess for conve rs i on  of S 
dioxide to  sulfuric acid; S dioxide absorbed in dilute 
sulfuric acld ccntaimng H~ sulfate as oxidation 
catal~st), 2080 

Removal and recover~ of sulphur dioxlde from power plant 
gese~ using ~agneslu~ based processes (Description in 
detail of Chemlco Prccess and review of some other 
processes ;  de~ulfurizatlo~ of stack eases is likel~ 
alternativ~ to use of Io~-5 fuels %0 reduce S dioxide 
e~i~Ion~), 1630 

hemo~al of sulfur dioxide from ~ases (Review o f  methods 
with a~d w*tbout subsequent recover~ of S dioxide; 
e[ficienc~ Of method~]~ i~i 

SULFUR DIOXIUE/~EDUCTIO~; 
~emo~ing sulfur from hydrocarbons (Air pollution 

~reve~ted  b~ carr~In~ OUt combustion in fluldized bed 
of CoO or H~O: S dioxide formed is converted to 
~ u l f a t e s ) ,  ~i16 

$3 z converted tc sulfur in stackgas cleanup route 
(Catalvtie reductlcn using natural gases reducing 
agent; conversion effioiene~ is 90~ or better)~ 1790 

SULFUR ~lSXIOE/REM~V~L 
~bateme~% Of sulfur dioxide pollution bv reduction with 

carben mcnexlde (Chemistr~ of the process using an 
Iron-alumina catalNst)~ 1674 

Absorhin~ sulfur dioxide from indsstrial waste gases 
[Presence of saall amounts of N~ K~ or ammonium 
h~dzcx£de= increases absorption of s~Ifur dioxide to 
~O-gO~ in c~m~ari~on with 70-80~ wi%h zinc h~droxide)~ 
1331 

~b~orption Of trace sulfur dloxide gas b V sodium 
hydroxide s o l u t i o n  (Treatment o f  n~lon screen filter 
with NagH s o l u t i o n ) ,  1623 

A b s s r p t i o n  of gases Ln we% c~clone scrubbers CUslng water 
t r e a t e d  ~ , t h  soda ash ) ,  492 

Absorption of sulphur d i o x i d e  from gases of low 
co~cen%ratlon (Absorbing medium is water in p a c k e d  
t ~ w e r s ) ,  g~7 

~bsorpticn ~f sulfur dioxide bv molten carbonates (Method 
For desu|furizatiun of f l u e  gas)~ 2072 

A b s o r p t i o n  o f  SOa b~ a l k a l i n e  s o l u t i o n s  i n  v e n t u r i  
scrubber s v ~ t e m s  (f~nal report) (Differential equations 
calculated relating total pressure, l i q u i d  velocitV~ 
and S dioxide concentration in liquid along with axial 
dlrection and solved nsmricalIv f o r  performance 
profiled}, 2004 (PB-224002/AS) 

~bscrption of sulfur dioxide from gases (Equipment and 
technique), 99E 

Activated carbo~ method of desulfurize%ion %echnolog~ of 
flue gas (S dioxide adsmrbed b V activated C that can 
then be re~eneratad)~ 1639 

~ c t l v e  carben (Effectiveness f o r  desulfurization o f  flue 
gassy}, ~016 

Adserption of sulphur die=ida on coa l  (Possibilities f o r  
f l u e  g a s  desulfurization), 1523 

Air pcilutlon b~ sulphur dioxide (Methods for removal of 
SO z from flue gas), 1595 
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nllU~nI~m~uNNU~Iun~nnI~un~ANNU~H~UNN~KN~NA~IgN~NHNINVl 

AL~ p o l l u t i o n  and t he  coal Indu~tr~ ( D ~ u l t u ~ i ~ L © ~  of 
tuels and flue ga~s )~  1417 

Air p o l lu t i on  control at the Ho~h~n ~t~t~s Po~sr 
¢ompan9 Sherbu~ne Oount~ 0en~ratin~ Fla.~ ( ~ u l ~ u  o! 
design~ operat ionj  ~¢onomies9 and emi~sicn c o n t r o l s  at  
Io~-sultu~ ooal-flred elee~rio ~onsratin~ plan~| 
discussion ot solid ~ete and effluent dispos~l 
methods), IB42 

A l tern a t ive s  open to indus~r~ tar a c n t r o l l i n ~  poker plant  
pollution (Advanta~e~ ot Ch~miao (~n~ium ~ I d 0 )  
aerubbin~ ~ t o m ) ,  1B02 

A1umine~ in air pollu~Ion aon~o! (U~s ot alumln~ in 
flu~ ~as dosulturi~ton)~ 18~ 

A~onl~  i n , c o H e n !  e o u ~  to c leon s~aeks (Et~ ic tenc~  90~ 

Ammoni~ method ot trappin~ ~ultu~ eo~pound~ ~o~ tlu~ 
ga~e~ (Serubbin~ ot flue ~as~s down to ultie~ S~ 
¢ontont ot O,O~S possibl~)~ S~l 

Anal~si~ ot  fixed b~d sorptlon: ttua ~as d~suitu~i~atlon 
(Sorpt ion  on eoppa~ oxidea)~ 2!0~ 

A~Ipsis at i n t a ~ t i o n  obtained ~eo~ ~he Jap~neee 

desui~urization o f  mlner~l O i l s  and stack gases. ( S I C ]  
(Stack g a s  desulfurization b~ active manganese oxide or 
a c t i v e  carbon processes)~ 1464 

Apparatus for burning sulfur contuinlng fuels CReductlon 
in amount of S oxides in gas emitted to atmosphere; 
combustion.apparatus)~ 2058 

Apparatus for purifying gases (Removal o f  SO2 and 
h ~ d r o c a r b o n  impurities by adiabutic expansion)~ 1930 

ADparatus for removing sulfur dioxide from flue gas b~ 
oxidizing with ozone (SO e is oxldized with ozone to SOs 
then washed with wuter to form HsSO~ which is 
naturalized wlth calcium carbonate end collected as a 
b v - p r o d u c t ) ,  1514 

Apparatus for purification of /ndustrial waste gases (Gas 
is scrubbed with llme wa%er)~ 2125 

Apparatus for cleaning sulphur dioxlde-containing flue 
gases (Circulatlng s~s%em containing calcium carbonate 
slurry), 1902 

Apparatus for removing sulfur dioxide from stack gases 
(Absorption on electrostatics/IN changed water droplets 
f o l l o w e d  bv pho tochemica l  i o n i z a t i o n  ( u v  r a d i a t i o n ) ) ,  
1738 

Applicabilit V o f  commeroiall~ available ca%al~sts for 
removing sulfur dioxide from flue gases (CommerclallN 
available vanadla and Pt catalgst are %he onl~ ones 
applicable to removal of S dioxide from flue gas), 2100 

Applicabilltv of SOs-control processes to power plants. 
Final report~ 1797 (PB--213 421/i) 

Applicabllitv of SOs-control processes to power plants. 
(Final report) (Cost of installing SO a control 
equipment in  existing plants)~ 1793 (P~-213421) 

Application to the Bat%crees Power Station of researches 
into %he elimlnation of noxious constituents from flue 
gases~'and the treatment of resulting effluents 
(Removal of SO 2 b~ water washing with iron oxide 
followed b V lime solution), 7435 

Application of ca%al~sts end ozone in the water 
purifisution of flue gases from sulfur dioxide 
C S o l u t i o n  of Mn salts used ear absorption of SOe 
results in formation of HeSO~)~ 442 

Application of the Wsllman--Lord 6So recovery process to 
stack gas desulfurization (Based on sodium 
sulfite/bisulfite c~ole)~ 1870 

~pplication of SO a reduction in stack gas desulfurization 
svstems CSOe Is reduced to elemental sulfur), 1856 

~pplication of calcium-based wet flue gas desulfurlzation 
to a coal b u r n i n g  electric power p l a n t  (Operation of 
Chemico process plant)s 1996 

Areas of technical uncertain±v i n  some sulphur dioxide 
removal processes (Processes for removal of 6 dioxide 
from flue gases; eeonomlcs)~ 1818 

Assessment of $0 e control ai%ernatlves and implementatlon 
patterns for the electric utllitv industry= See also 
PB--207-08~ 1936 (PB--224 119/8) 

Atomies international molten carbonate process for 302 
removal from stack gases (Uses a molten eutectic 
mixture of lithlum~ sodlams and potassium carbonates to 
scrub the gas), 1842 

Beavon process (Purification of S plant tall gas to meet 
air p o l l u t i o n  standards]~ 1949 

Beavon sulphur removal process for purifying Claus plant 
tail gas (Catalytic hvdrogenation of SOe to HaS 
followed by oxidation t o  sulfur)~ 1642 

Bibliography of sulfur dioxide removal and recoverv frsm 
waste'gases and sulfuric acld plant %all gases~ 
excluding the limestone and dolomite in~ec%ion 
processes~ 1953-1968, with abstracts. (Part II) (223 
references)~ 1515 CPB-190471) 

Sischoff process - initial results from a full-slze 
experimentul plant (Control of S dioxide emissions from 
power plants)~ 1552 

Boilers for urban heating~ and flue gus dosulfurizatisn 
(Wellman--Lord process)~ 2106 . 

Cat-ox pro~ect at I l l i n o i s  Power (Removal of SOs from 
flue gas), 1866 

Catalvtic purifisatlun of waste gases of industrial 
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plants to remove su l f u r  dioxide (Removal of S dioxide 
increases with increasing 0 concentration in gas and 
decreases with S dioxide concentration; V catalyst more 
e f f i c i e n t  t h a n  Fe o x i d e ) ,  1880 

C a t a l y t i c  c o n v e r s i o n  o f  SO 2 t o  SO 3 by f l y  ash  and t h e  
capture of $0 z and SC 3 by CaO and MgO ( I ron  oxide in 
fly ash a c t s  as  c a t a l y s t ) ,  197 

C a t a l y t i c  p u r i f i c a t i o n  o f  f l u e  g a s e s  f rom su l fur  d i o x i d e  
(Use of  MnO 2 alone and mixed with FeSO, as c a t a l y s t ) ,  
430 

Changing c o s t s  and economics  o f  $0 z removal  sys tems ,  2150  
Chemico-basic magnesium based SO z recovery s c r u b b i n g  

systems (For scrubbing flue gas), 1649 
Chiyoda thoroughbred I01 f l u e  gas d e s u l f u r i z a t i o n  p rocess  

(Dilute sulfuric acid is a b s o r p t i o n  s o l v e n t  for S02) ,  
1814 

Clean fuel gas from coal by gasification (Removal of 
S 3 z ) ,  5286 

Cleaning of flue gases from watertube boilers fired by 
pulverized coal, 2032 

Clean ing  up SOz, 1975 
Coal. Black magic ~ T e c h n o l o g i e s  of coal desulfurization, 

c o a l  g a s i f i c a t i o n ,  and s u l f u r  d i o x i d e  e m i s s i o n  control  
a r e  d e s c r i b e d ) ,  1765 ( P B - - 2 1 3  0 3 2 / 8 )  

Coal and sulfur d i o x i d e  p o l l u t i o n .  P r e p r i n t  ~Methods for 
r e d u c i n g  SO z emissions), 1411 

Coal desulfurization CCoal treated In reducing atmosphere 
in  fluid bed reactor t o  p a r t i a l i  V d e v o l a t l l l z e  it, 
remove all moisture and some H2S and SOt), 2043 

Coal g a s i f i c a t i o n .  F l u i d l z e d  bed combus t i on  system 
(Thermat  e f f i c i e n c y  in c o n v e r s i o n  to  e l e c t r i c  power o f  
l ess  than 50~, r e d u c t i o n  in  f u e l  consumpt i on  o f  25~,  
and removal  o f  S02 e m i s s i d n s  f rom h i g h - S  c o a l s  can be 
o b t a i n e d  by c o u p l i n g  f l u i d i z e d  bed o f  c rushed  l i m e s t o n e  
or d o l o m i t e  to  K - - s team gas t u r b i n e  c y c l e ) ,  5379 

Coefficients of mass transfer during absorption of SO z 
from gases by solutions of ammonium sulfite and 
b i s u l f i t e ,  1354 

Combustion of coal in a bed of fiuidized lime 
(Regenerative limestone process for fluidized bed coal 
combus t i on  and d e s u t f u r i z a t i o n ;  p o t e n t i a l  for air 
p o l l u t i o n  c o n t r o l  ia  good ) ,  1852 

Combust ion efficiencyw sulfur retention and heat transfer 
in pilot plant fluidized-bed combuatora (Use of 
limestone to remove sulfur from flue gas), 1471 

Combust ion smoke c o n t r o l  t e c h n o l o g y  (Compar ison  o f  wet 
and d ry  f l u e  gas d e s u l f u r l z a t i o n  s y s t e m s ) ,  1960 

Commercial  e x p e r i e n c e  w i t h  an SOz necove ry  p rocess  
( E x p e r i e n c e s  w i t h  the W e l l m a n - - L o r d  p r o c e s s ) ,  1746 

Commercialisatlon of lime/limestone flue g a s  scrubbing 
teehnolog V (For removal of SOu) , 2103 

Concep tua l  des ign  and cos t  s t u d y .  S u l f u r  d i o x i d e  removal  
from power p l a n t  s t a c k  gas. M a g n e s i a  scrubbing - 
r e g e n e r a t i o n :  p r o d u c t i o n  o f  c o n c e n t r a t e d  s u l f u r i c  a c i d ,  
1979 ( P B - 2 2 2 5 0 9 )  

C o n c e p t u a l i z e d  f l y - a s h  and s u l f u r  d i o x i d e  s c r u b b i n g  
system w i t h  b y - p r o d u c t  r e c o v e r y  ( F l y  ash removal  u s i n g  
a v e n t u r i  s c r u b b e r ;  SO 2 removal  by a b s o r p t i o n  by a 
slurry of magns ium oxide and magnesium s u l f i t e ) ,  1577 
(PB-2103S4)  

C o n t i n u o u s  process  f o r  s c r u b b i n g  502 f rom a gee s t ream 
w i t h  H e r e g e n e r a t i o n ,  2060 

Continuous process  for scrubbing SO z from a gas s t ream 
w i t h  CO r e g e n e r a t i o n  and CO z s t r i p p i n g  ( P a t e n t ) ,  2142 

C o n t r i b u t i o n  o f  the  f u e l  r e s e a r c h  i n s t i t u t e  to  the 
s o l u t i o n  to  the  prob lem o f  s u l p h u r  o x i d e  e m i s s i o n s  f rom 
the rma l  power s t a t i o n s  ( P r e p a r a t i o n  o f  a l k a l i n i z e d  
a lum ina  abso rben t  w i t h  i n t r o d u c e d  meta l  f o r  r e g e n e r e t o n  
purposes  was s u c c e s s f u l  w i t h  Ni o r  Co; r e a c t i o n  o f  S 
d i o x i d e  and c a r b o n a t e s  o f  a l k a l i n e  e a r t h  m e t a l s  was 
s t u d i e d ) v  1668 

C o n t r o l  of s t a c k  gas e m i s s i o n s  f rom steam g e n e r a t o r s  
( F u e l  d e s u l f u r i z a t i o n  by h y d r o d e m u l f u r i z a t i o n ,  w a t e r  
s c r u b b i n g  of f l u e  gas,  l i m e s t o n e  a d d i t i v e  proceases~ 
wet a b s o r p t i o n ,  and a l k a l i n e  a d d i t i v e  l n J e c t i o n ) ~  1631 

C o n t r o l  of s u l f u r  e m i s s i o n s  f rom combus t i on  p r o c e s s e s  
(Rev iew w i t h  110 r e f e r e n c e s ) t  1540 

Control of p a r t i c u l a t e  end SO z e m i s s i o n s  from an 
i n d u s t r i a l  b o i l e r  p l a n t  ( T a i l - e n d  l i m e s t o n e  f l u e  gas 
s c r u b b i n g  o f f e r s  g r e a t e s t  p o t e n t i a l  on annua l  o p e r a t i n g  
c o s t  b a s i s ) ,  196 

C o n t r o l  o f  f o s s i l  f u e l  power p l a n t  s t a c k  gas e f f l u e n t s  
( D e s u l f u r i z e t i o n  and p u r i f i c a t i o n ) .  1789 

C o n t r o l l i n g  s u l f u r  o x i d e  e m i s s i o n s  ( D i s c u s s i o n  o f  v a r i o u s  
t e c h n o l o g i e s ) ,  1589 

C o n t r o l l i n g  s u l f u r  d i o x i d e  e m i s s i o n s  f r o m  c o a l  b u r n i n g  by 
the  use o f  a d d i t i v e s .  Paper 69 -143  ( C o m p a r i s o n  o f  
d o l o m i t e  c h i p s ,  h y d r a t e d  l i m e 9  e r a g o n i t e ,  red mud~ and 
a l i q u i d  c o m b u s t i o n  c a t a l y a t ) t  1450 

C o n t r o l l i n g  SOs e m i a s i o n a  from c o a l - b u r n i n g  b o i l e r s :  
s t a t u s  r e p o r t ~  1751 

Corona d i s c h a r g e  o x i d a t i o n  o f  s u l f u r  d i o x i d e  ( S  d i o x i d e  
in  humid s i r  m i x t u r e ) .  1782 

C o s t s  o f  s c r u b b i n g  out  SO z from f l u e  g a s e s 1  1054 
Countermeasure  f o r  p r e v e n t i o n  o f  e n v i r o n m e n t a l  

c o n t a m i n a t i o n  a t  a t he rma l  power p l a n t  (He thods  f o r  
removal  o f  SOz from f l u e  g a s ) ,  1938 

C r i t i c a l  e v a l u a t i o n  o f  p r o c e s s e s  f o r  t h e  r e m o v a l  o f  SOs 

from power plant stack gas (Lime s lu r ry  scrubbing and 
W e l l m a n - - L o r d  p rocess  are a lmos t  ready f o r  commerc ia l  
a p p l i c a t i o n ;  o t h e r  p rocesses  have problems or  are not  
w e l l  enough d e v e l o p e d ) ,  1939 

C r i t i c a l  r e v i e w  o f  r e g u l a t i o n s  f o r  the c o n t r o l  o f  s u l f u r  
o x i d e  e m i s s i o n s ,  1984 

C u r r e n t  s t a t u s  o f  s u l f u r  d i o x i d e  c o n t r o l  t e c h n o l o g y  
( B r i e f  d e s c r i p t i o n s  o f  15 d i f f e r e n t  p r o c e s s e s ) ,  1675 

C y c l i c  p r o c e s s  f o r  r e m o v a l  o f  SO z f rom f l u e  g a s  (By 
react ion with sodium, potassium, or ammonium for  mate), 
1771 

C z e c h o s l o v a k i a n  p r o p o s a l  o f  ammonlacal  f l u e  gas 
d e s u l f u r i z i n g  f o r  a 100 mu power p l a n t  ( S c r u b b i n g  w i t h  
ammonium s u l f i t e - b i s u l f i t e  s o l u t o n ) ,  1407 

Davv Powergas a p p l i e s  f l u e - g a s  d e s u l p h u n i z a t i o n  to  power 
u n i t s  ( W e l l m a n - - L o r d  SO z r e c o v e r y  p r o c e s s ) ,  2039 

Davy Pouergas a p p l i e s  f l u e - g a s  d e s u l p h u r i z a t i o n  to  power 
u n i t s  ( C o s t  e s t i m a t e s  o f  We l lman- -Lo rd  502 r e c o v e r y  
p r o c e s s ) ,  2044 

Design and i n s t a l l a t i o n  o f  a p r o t o t y p e  magnesia s c r u b b i n g  
installation (Scrubbing compound is magnesium aulfite), 
1840 

Desulfurization of flue gas by calcium base wet process 
~Ftue gas d e s u l f u r i z e d  in s c r u b b e r ) ~  1550 

Desulfurization - Pa r t  2.  SO~ removal  s t i l l  p r o t o t y p e  
CDiscuases r e g e n e r a t i v e  and n o n r e g e n e r a t l v e  a l k a l i n e  
p r o c e s s e s ) ,  1731 

D e s u l f u r i z a t i o n  o f  f l u e  gases C O x i d a t i o n  o f  S d i o x i d e  to  
S t r i o x i d e  in  p resence  o f  V o x i d e  a t  200 to  350 ° 
followed by a b s o r p t i o n  by Li s u l f a t e ) ,  2131 

D e s u l f u r i z a t i o n  o f  waste gas (Use o f  Mg h y d r o x i d e  p l us  Mg 
s u l f i t e  s l u r r y  to  absorb  S d i o x i d e ) ~  2074 

D e s u l f u r i z i n g  waste gases us ing  a c t i v a t e d  carbon ( P a r t  o f  
flue gas is washed w i t h  d i l u t e  HzSO ~ o b t a i n e d  as wash 
wa te r  f rom the  a c t i v a t e d  carbon a d s o r p t i o n  towers  o f  
the  main u n i t ) ,  1703 

D e s u l f u r i z a t i o n  method us ing  c y c l i c  ke tone  ( I n v o l v e s  
a b s o r p t i o n  o f  SO z by sodium s u l f i t e  wa te r  s o l u t i o n  then  
r e a c t i o n  o f  p r o d u c t  w i t h  a c y c l i c  ke tone  f o l l o w e d  by 
heat  c r a c k i n g  to  r e g e n e r a t e  r e a c t a n t s ) ,  1808 

D e s u l f u r i z a t i o n  equ ipment  f o r  e x h a u s t  gas (Des ign  o f  
equ ipment  used t o  c o l l e c t  SOz as HeSO,) , 1969 

D e s u i f u r i z a t i o n  method o f  waste gas (Removal o f  SOz f rom 
flue gas by scrubbing with ammonia water), 1805 

D e s u l f u r i z a t l o n  o f  smoke by t he  e l e c t r i c a l l y  
d e s o r p t i o n a b l e  a c t i v e  c a r b o n  m e t h o d  ( I f )  (Smoke f rom 
b u r n i n g  of c i t y  g a s ) ,  1635 

D e s u l f u r i z a t i o n  o f  f l u e  gas (By r e a c t i o n  w i t h  sod ium,  
p o t a s s i u m ,  o r  ammonium fo rma te  in  s o l u t i o n  o r  in  e o l i a n  
s t a t e ) ,  1770 

D e s u l f u r i z a t i d n  o f  f l u e  gases ( B r i e f  r e v i e w  o f  v a r i o u s  
wet and d ry  p r o c e s s e s ) ,  2085 

D e s u l f u r i z a t l o n  d e v i c e  us ing  a c t i v e  carbon ( F o r  removal  
o f  SO z f rom f l u e  gas). 2134 

Deve lopment  t r e n d s  o f  f l u e  gas d e s u l f u r i z a t i o n  (Rev iew o f  
p rocesses  w i t h  26 r e f e r e n c e s ) t  1723 

Development  o f  d e s u l f u r i z a t i o n  a p p a r a t u s  f o r  f l u e  gases - 
i t s  h i s t o r y  and o u t l i n e  (Use o f  d i l u t e  s u l f u r i c  ac i d  as 
a b s o r b e n t ) ,  1658 

Development  of My-gypsum method f l u e  gas d e e u l f u r i z a t i o n  
p l a n t  (Use of MgSO, i n  a b s o r p t i o n  t o w e r ) ,  2054 

Development  o f  the  p r i m a r y  energy  consumpt ion  end f u t u r ~  
means of refining and a p p l i c a t i o n  of hard c o a l  
( D i s c u s s i o n  of p rocesses  for t r e a t i n g  hard  c o e l ) ~  5402 

Deve lopments  In C laus  c a t a l y s t s  ( C a t a l y s t s  f o r  
d e s u l f u r i z a t l o n  of s t a c k  g a s e s ) ,  1919 

D i r e c t  r e c o v e r y  o f  s u l p h u r  f rom s t a c k  gases w i t h  a 
f l u i d i z e d  a c t i v a t e d  ca rbon  p r o c e s s ,  1644 

D i s p e r s e d - p h a s e  a d d i t i v e  t e s t s  f o r  SO z c o n t r o l .  P r o g r e s s  
r e p o r t  on pilot p l a n t  i n v e s t i g a t i o n  t o  e v a l u a t e  the  
p o t e n t i a l  o f  d i r e c t  l i m e s t o n e - d o l o m l t e  a d d i t i v e  f o r  
c o n t r o l  o f  s u l f u r  d i o x i d e  f rom combus t i on  f l u e  gas 
( D e t e r m i n a t i o n  o f  r e a c t i v i t y  o f  l i m e s t o n e  end d o l o m i t e  
w i t h  S d i o x i d e ;  d o l o m i t e  more e f f e c t i v e  than l i m e s t o n e  
i n  g e n e r a l ) ,  1416 

D i s s o l u t i o n  of l i m e s t o n e  i n  s i m u l a t e d  s l u r r i e s  f o r  t h e  
r e m o v a l  o f  s u l p h u r  d i o x i d e  f rom s t a c k  gases .  Paper 7,  
1849  

Dry b i n d i n g  o f  p o l l u t a n t s  in f l u e  g a s e s  ( A b s o r p t i o n  o f  
SO z by f e r r i c  o x i d e ) .  2055 

Dry d e s u l f u r i z e t l o n  o f  f l u e  gas by e d s = : ~ t i o n  ( F l u e  ge l  
m o i s t e n e d  by s p r a y i n g  t o  f a c i l i t a t e  , ; s o r p t i o n  o f  S 
d i o x i d e ) ,  2118 

Dry llme method o f  remov ing  s u l f u r  d i o x i d e  f rom power 
s t a t i o n  f l u e  gases (Dry  alms i s  added t o  the  f u r n a c e  
c h a r g e ) ,  1427 

Dry p rocess  f o r  SO z removal  due t e s t  (Use o f  a copper 
o x i d e  abso rben t  f o r  d e s u l f u r i z a t l o n  o f  f l u e  g e e ) ,  1754 

Dry remova l  p rocess  o f  s u l f u r  compounds In  e x h a u s t  s t a c k s  
( A c t i v a t e d  c h a r c o a l  w e t t e d  w i t h  ammonium s u l f a t e ) ,  1476 

E c o n o m i c s  o f  p r e s s u r e  g a s i f i c a t i o n  o f  c o a l s  u l t h  h i g h  a s h  
end s u l f u r  c o n t e n t  ( E c o n o m i c a l  coa l  u t i l i z a t i o n  in  
e l e c t r i c  power p l a n t s  and c i t y  gas works c o u l d  be 
a c h i e v e d  by p r e s s u r e  g a s i f i c a t i o n ;  removal  o f  SO a by 
w a s h i n g  w i t h  CHsOH o r  KOH), 4817 

E f f e c t i v e  u t i l i z a t i o n  o f  a l k a l i  s o l u t i o n  in  wet process 
d e s u l f u r l z a t l o n  for waste g a s e s  (Removal of So z from 
f l u e  g a s  u s i n g  sodium h y d r o x i d e  s c r u b b e r ) ,  2030 

E l i m i n a t i o n  and  r e c o v e r y  o f  s u l f u r  f rom s t a c k  g a s  
(Removal  o f  SOz by a d s o r p t l o n ) t  1003 

E m i s s i o n  c o n t r o l s  - s t a t u s  i t  coa l  burning power p i a n i s t  



719 SULFUR DIOXIDE/REMOVAL 1985 
E~ission controls - status at coal burning power plants 

(Varic~ methods far reduction of SOs emissions in 
stack ga~]v l~ta2 

Endurance te~% fsr a de~u[fariza%ion s~sfem and the 
treatmem~ CP I%5 waste l i q u i d  (Sodium h y d r o x i d e  
solution is u:e~ at absorbent), 1625 

Enrichi~9 producer ~as (~e~cval of COo, Haas and SOz by 
physical add ~sioaehemical means), 6~2 

E n v i r o n m e n t a l  pcotect~on and safety (Relnluft process f o r  
removal cf SO z fro~ power plant stack gas)7 1778 

ErA alkali s s r u ~ b i n g  teat facility: sodium carbonate and 
l i m e s t o n ~  te~% result~ (final report) (Removal of SO a 
from flue ~ase~), 2023 (Ph-22504I/S-AS) 

~P~ alkall ~crubbln~ test facility: scdium carbonate and 
limezto~e te~t results. Final rept (Initial results o f  
t e s t i ~  ~ r o t a t ~ p e  wet  l i m e - l i m e ~ t o n ~  s o r u b b i n g  f a s i l i t y  
f o r  r e m o v i n g  SO~ particulates f r o m  flue gas), 2017 

EP~ overview o f  ~odium-b~sed double alkali processes. 
Pert 1. View of the process chemistry of identifiable 
end a t t r a c t i v e  schemes (Removal of SUe from flue gas)s 
lea3 

£ q u i p ~ s n ~  f o r  desulfurization of flue gas by wet calcium 
method, 1759 

Evaluation of the  chemical thermodynamics in the reports 
'appl[cabiii%N oF m~ta[ oxides %0 the development Of 
new processe~ for removing SO 2 from flue gases.; (By 
Tracer Corporation and sRbmitted to the National Air 
Pollution C c n t r s l  Administration)s 1475 (ORNL-~H-2744) 

Evaluatie~ of tmild mineral was%as or removal of sulfur 
from flue ga~;es (Po=sibilitv of using red mud (from 
bauxite refining) or a lead--also o r e  railings f o r  
removal a f  SO~ frsm flaw gases)~ 162~ 

Evaluation ef ~be fluidized bed sombustion process. 
Vclume 1. 5ummar~ report, ~eport for 15 Nov 1989--15 
Nov IgTi (Reduction of S~= and nitrogen oxide contents 
of fiu~ qas~5 by fluidized bed coal gasifleation 
proce~), 52,%~ (P~--~lZ 494) 

5velua~icm of ZOz-sontro[ processes: task No. 5 final 
revert (~echmice[ and e c o n o m i c  evaluations of 
feaslbiliiv of i~ different processes for control of S 
d i o x i d e ) ,  t~Oa (PB-20471!) 

E v a l u a t i o n  o f  ~ o l i d  m i n e r a l  w a s t e s  f o r  r e m o v a l  o f  sulfur 
f rom f l u e  ~e~as (Use o~ red mud or  lead-zlnc o re  
tailin~s as absorbents), 1645 

Evaluation of ~he f l u i d i z e d  bed combustionprocess. 
Volume II, technical svalua%ions see also Volume is 
PB--211 ~g& (Eemsval of SO= from flue gases by 
limestone scrubbing)~ 1512 (PH--212 960/9) 

£xa~Inaticn cf ~iaul%anee~s removal of sulfur dioxide and 
nitrogen oxides in stack gases b~ ammonia (Use of 
activated manganese for desulfuriza%lon)s 1993 

Exhaust ~as de~ulfurizatiaa. Status of work and results 
a t  ST£AG (R~view Of control methods implemented at 
power ~lant to reduce S dioxide emissions in stack 
ge~e%), 745~ I 

Experimental HO e removal system and waste disposal pond~ 
Nidow~ Creek Stea~ Plants Alabama. Final environmental 
i~paet ~tate~ent. Supersedes report dated 6 Jul 1972~ 
£[S-At--7E-~SI~-D (Removal of $8 a and fly ash from flue 
g~sec), 1905 (EIS-AL--7~-OIOI) 

Fabric filter: another option for flue gas cleanup 
(Effect[uen~ts~ of hothouse ~ste~ for particulate and 
SO; control)s 1898 

Factors effective emis~ie~ ef odorous redused sulfur 
compounds from miscellaneous kraft process sources (Use 
ef llmed water, dolomite~ or activated carbon to remove 
SO; from fl~ gases at coal-flred power plants), 1707 

F i n a l  environmental statements Navaho Pro~ect (Removal o f  
SO~, D i t r e g e ~  o x i d e s ,  and fly ash from flue gas at 
Navaho Generating 6ration), 1700 (PB-206228-F) 

Flue gas da~ulfurization using surface impregnated 
scrbe~t (Patent}, 2148 

Flue gas dssulfur~zation plant making use of adsorption 
b~ active mangasese oxide (Removal of SO 2 from flue 

Flue ~a [  de~uif~r[zatlen end reclamation Of ~psum 
(Oiseu~Ior ef Bmmon~um bisulfite absorption and llme 
absorptlen), 1998 

~lue gem desvlfurlzatlcn experiments (Calcium oxide 
injec~io~ into b o t l e r ) s  1426 

Flue  ~as de~ulfurlza%ion technology (Fundamentals and 
technological advanees)s 1603 

f-~u~ 9a~ desulfurlzatien b~ Wellman--Lord process (Use of 
caustic soda w~sh to absorb 6 dioxide; process takes 
advantage of difference in solubilities of Na sulfi%e 
and NaH salfit~)s 1657 

F l u e  ga~ recovery method and apparatus (Removal of SOw 
u s l n ~  packed-bed a b s o r b e r  containing c o l d  aqueous 
sulfite sctutio~)s 1987 

Fluid bed studies of the limestone based ~lue gas 
desulfurIzztion process. (Final report) (Reaetivlty o f  
,aviCus limestone and dolomite sorbents)~ 1472 (P8- 
169495) 

Fiuidlzed bed reactors (Pollution control appllcatlons of 
fluid[red bed reactors are diseussed)s 1762 

Fo~sll fuel ~ields pswer+pollution (Flue gas 
desuifurizatlon is ma~or pollution contrl me%hod; coal 
gaslflca%ion add liq~efact|on offer alternatives), 1901 

F u e l s  with low sulfur content and smokeless fuels 

( R e v i e w ;  smoke and S d i o x i d e  e m i s s i o n s ) ,  1502 
F u l h a m - - S i m o n - - C a r v e s  p r o c e s s  f o r  t h e  r e c o v e r y  o f  s u l p h u r  

f rom f l u e  g a s e s  ( F l u e  g a s e s  a r e  s c r u b b e d  w i t h  ammonia  
l i q u o r ) 9  1091 

Full-scale desulfurization of stack gas bN dry limestone 
injection. Volume I. (Final report) (Not an effective 
method)s 2021 (EPA-650/2-73-O19-a) 

Fundamental ahemlstry of sulfur dioxide removal and 
subsequent rpcoverN via aqueous scrubbing (Chemistry of 
water ssrubbing of flue gases in the presence of a 
base)~ 1673 

FW--BF d r y  a d s s r p t i s n  s y s t e m  f o r  f l u e  g a s  s l e a n  up ( C h a r  
i s  u s e d  a s  a d s o r b e r ) ,  1841 

Gas desulfurize%ion (S compounds (COS, C disulfide, 
e n t r a i n d  and  v a p o r i z e d  S s and  H s u l f i d e )  o x i d i z e d  t o  C 
dioxide and S dioxide), 2128 

Gas purification ( C o n t a m i n a t e d  gases p a s s e d  through 
h y d r o g e n a t e d  t a r  o r  p e t r o l e u m  p r o d u s t s  c a p a b l e  o f  
blnding or dissolving SOz, soots and tarry substances)s 
994 

Gas p u r i f i c a t i o n .  I l l .  Removal  o f  s u l f u r  d i o x i d e  t r a c e s  
from gas by manganese fertile (Prepare%ion of 
c a t a l y s t ) ,  1645 

Gas-separatlng plant for waste gases containing sulfur 
compounds (Hot gases c o o l e d  in regenerative heat 
exchanger and then SO a removed), iiii 

Gaseous oxide recovery (Method for the reduction and 
resovery of SO e and nitrogen oxides from flue gas)s 
1725 

Hard  c o a l  m i n i n g  i n  t h e  USA and i t s  f u t u r e  p r o s p e c t s  
(Gasification s liquefactions and flue gas 
desulfurization offer solutions to 602 emission 
problems when coal is used as energy source)s 1928 

H i g h - s t r e n g t h  a c i d  c o n t a i n i n g  H20e t s  sc rub  SOs (Aqueous  
scrubbing solution consie±s of sulfuric acid containing 
HeO a a n d / o r  the p e r o x y  a c i d s  of sulfur), 2042 

Hydrogen sulfide removal from gases (Scrubbing of gas 
with liquid containing basic material p l u s  a p h e n o l i c -  
type material; activated C used as absorbent), 678 

IFP p r o c e s s  (Removal of H sulfide and S dioxide from 
Claus unit tall gas and stack clean-up %o reduce amount 
o f  S d i o x i d e ) ,  7392 

I m p r o v e d  d r y  p u r i f i c a t i o n  o f  c o k e  w a t e r  g a s  ( R e m o v a l  o f  
water, HaS , and SOa)s 798 

Improvement in or relating to the.removal of sulphur 
dioxide from gases (By adsorption on carbon impregnated 
w i t h  i o d i d e s  a n d / o r  i o d a % e s ) s  1415 

Improvement of wet-type flue gas desulfurize%ion method 
(Removal of SO a by scrubbing with caustic soda 
solution), 1809 

Improvements relating %o the treatment of boiler flue 
gases (Washing with ammoniacal liquor), 690 

Improvements r e l a t i n g  %o %he r e m o v a l  of sulfur dioxide 
from gases (Removal of SOw from gases in which it 
o c c u r s  i n  10W eoncentrations)s 762 

Industrial SO a scrubber (Scrubber intended to solve 
problem of S emission from plants b u r n i n g  heavy fuel 
oils), 1912 

Installation of the we% me%had Chemlco process stack gas 
desulfurizaticn system (Descrlptlon of apparatus)s 1 7 4 7  

Instrumentation of an alkali scrubbing test facility (For 
removal of 302 from flue gas)s 1647 

Instrumentation of a sulphur dioxide removal test 
facility aging alkall scrubbing (Operation of powdered 
limes%one injection plant), 16R8 

International state-of--the--art o f  waste gas 
desulfurlzation in power plants (Hajor desulfurization 
processes are revlewed; 29 references), 2130 

Ion exchangers f o r  a d s o r b i n g  sulfur dioxide from a i r  
(Cross/inked v i n y l  polymars)~ 1616  

KD stack gas desulfurlzatlon system (Ammonia gas is 
sprayed into stask gas, introduction of cold water 
forms ammonium sulfite)~ 1765 

Kinetlcs of sulfation of alkallzed alumina (NaaO X AlaOz] 
( A t  300 to 600oc), 1983 

Kinetics of the catalytic oxidation and heterogeneous 
sulfatlon o f  sulfur d i o x i d e  at low concentration 
(Investigation of various mixed metal oxides for 
recovery of S dioxide from simulated flue gas), 1848 

Kurhea-sys%em stack gas desulfurlzatimn p r o c e s s  (Prowess 
involves absorption and crystallization processes)s 
1719 

Large scale equlpmen% using the IHI-CHEHICO procees for 
removlng sulphur dicxlde from stamk gas (Uses magnesium 
oxide slurry as absorber), 1980 

Large-scale experiments for desulfurization of power 
plant waste gases (Methods tested include in~eetion of 
pulverlzed llme; adsorption by circulating coke s and 
desulfurlzatlon |n a fluidized bed with calcium hydrate 
or hydrated brown coal ash)s 1436 

Latest scrubber: sulfur, yes, sludge piless no (Use of 
sodium phosphate as absorbe~t)~ 2145 

Limestone test results at the ErA a l k a l i  wet-scrubbing 
test facility at the TVA Shawnee Power Plant (Removal 
o f  S dioxide and particulates froe flue gases)s 1847 

Magnesia scrubbing (Removal of SOs from flue gases), 1683 
Making sulfur recover~ from flue gases an economic 

process (Removal of SOw by mashing with milk of lime), 



SULFUR DIOXIDE/REMOVAL ?20 

347 
M a n u f a c t u r e  o f  gypsum f rom f l u e  gases c o n t a i n i n g  s u l f u r  

d i o x i d a  ( A b s o r p t i o n  of  SOs i n  aqueous 8 o l u t l o n  o f  
sod ium s u l f i t a ,  c o n v e r s i o n  t o  c a l c i u m  s u l f i t a ,  and t h e n  
o x i d a t i o n ) ,  1611 

M a n u f a c t u r i n g  l a t h e d  f o r  a d i l u t e  s u l f u r  d i o x i d e  
a b s o r b e n t  ( M a n g a n e s e  c a r b o n a t e ) ,  1908 

M s n u f a c t u r l n g  method o f  a c t i v e  ca rbon  u s e d  in  
d a s u l f u r l z a t i o n  ( F o r  remova l  o f  SOs f r o m  e x h a u s t  
g a s e s ) ,  1909 

M a t h e m a t i c a l  modal f o r  s i m u l a t i o n  of  t he  dynamic  b e h a v i o r  
o f  t he  Tyco p r o c e s s  f o r  SOs s a d  NO/sub x /  r e m o v a l ,  2009 

M a t h e m a t i c a l  model f o r  S i m u l a t i o n  of  t he  dynamic  b e h a v i o r  
o f  the  Ty ro  p r o c e s s  f o r  SO s and NO/sub x /  r e m o v a l ,  2007 

Medium- and s m e l l - s c a l e  was t ype  f l u e  gas d e s u l f u r i z a t l o n  
d e v i c e s  ( C s u s t l c  u t t e r  s o l u t i o n  ( s o d i u m  s u l f i t e )  i s  
s c r u b b i n g  med ium) ,  1899 

Method f o r  r e m o v i n g  s u l f u r  d i o x i d e  f rom the  f l u e  gas o f  a 
c o m b u s t i o n  chamber ( L i m e s t o n e  o r  d o l o m i t e  powders a re  
b l o u n  i n t o  t he  f u r n a c e ) ,  1510 

Method o f  t r e a t i n g  e x h a u s t  g a s e s  c o n t a i n i n g  s u l f u r  
d i o x i d e  (SO= i s  o x i d i z e d  to  SOs t hen  r e a c t e d  w i t h  
ammon ia ) ,  1522 

Method o f  s e p a r a t i n g  s u l f u r  d i o x i d e  f rom gaseous m i x t u r e s  
( A b s o r p t i o n  by a w a t c r  s o l u b l e  t r l a l k y l  phospha te  in  
aqueous s o l u t i o n ) ,  2063 

Method o f  r emov ing  s u l f u r  d i o x i d e  f rom gases ( A d d i t i o n  o f  
gaseous ammonia to  g a s  f l o u  and i n j e c t i o n  of  l i q u i d  
c o n t a i n i n g  ammonium s u l f a t c ,  s u i f i t e ,  o r  b l s l f i t e ) ,  
1524 

Method o f  s e p a r a t i n g  and c o n d e n s i n g  s u l f u r  d i o x i d e  by s 
p o l y v i n y l  c h l o r i d e  d iaph ragm c o n t a i n i n g  
d l o c t y l p h t h a l a t e  ( F o r  d c s u l f u r i z s t i o n  o f  f l u e  g a s ) ,  
1736 

Method o f  s e p a r a t i n g  s u l p h u r  f r o m  s u l p h u r  d i o x i d e  
( D e s u i f u r l z s t i o n  o f  f l u e  g a s e s ) ,  387 

Hethod o f  r emov ing  s u l p h u r  d i o x i d e  and n i t r o g e n  d i o x i d e  
f r o m  gases (By p a s s i n g  the gases t h r o u g h  an c q u i n o l a r  
m o l t e n  ba th  of sodium h y d r o x i d e  and p o t a s s i u m  
h y d r o x i d e ) ,  1929 

Method o f  remov ing  s u l f u r  d i o x i d e  and s u l f u r  t r i o x i d e  
f r o m  gases and p r o d u c i n g  ammonium s u l f a t e  t h e r e f r o m  
( R e g e n e r a t i o n  o f  a c t i v a t e d  c a r b o n  ( c o n t a i n i n g  SO=) in  
aqueous ammonia f o r m i n g  ammonium s u l f a t e ) ,  1469 

Method to  p r e v e n t  p o l l u t i o n  w i t h  s u l f u r  d i o x i d e  
( C a t a l y t i c  remova l  o f  SO= f r o m  s t a c k  gas w i t h  r e c o v e r y  
o f  s u l f u r i c  a c i d ) ,  1804 

Method to  remove s u l f u r  d i o x i d e  f rom e x h a u s t  gas (By  
c o n t a c t  w i t h  l i q u i d  magnes ium h y d r o x i d e ) ,  1906 

Method to  remove s u l f u r  d i o x i d e  f rom s i n t a r i n g  f u r n a c e  
e x h a u s t  g a s  (By a b s o r p t i o n  w i t h  ammonium s u l f i t e ) ,  1907 

Methods f o r  d e s u l f u r l z a t i o n  of  g a s e s .  147 .  R e s t i n g  o f  t he  
German A s s o c i a t i o n  f o r  Chemica l  Equ ipmen t  (Dechsma)  on 
O c t o b e r  11 In  F r a n k f u r t  (Dry  method u s i n g  d o l o m i t e  o r  
c a l c i u m  i n j e c t i o n  f o r  remova l  o f  SO z f rom f l u e  g a s ) ,  
1439 

M i n i n g  r e s e a r c h :  d r y  p rocess  f o r  d e s u l f u r i z a t i o n  of waste  
gases c o n t a i n i n g  d u s t  (Use o f  a c t i v a t e d  c o k e ) ,  1498 

H . h a v e / N a v e l s  F i l e t  f a c i l i t y  f o r  s u l f u r  d i o x i d e  r e m o v a l  
( T e s t  of  a l k a l i  a b s o r p t i o n  p r o c e s s  f o r  remova l  o f  S 
d i o x i d e  on p i l o t  p l a n t  basis; use o f  l i m e s t o n e ,  t i m e ,  
and soda ash as a b s o r b e r s ) ,  1556 

Mol ten  c a r b o n a t e  p r o c e s s  for .  SOz r e m o v a l  f rom s t a c k  
gases :  p rocess  d e s c r i p t i o n ,  c c o n o m i c s ,  and p i l o t  p l a n t  
d e s i g n ,  1940 

Mol tan  s a l t  p r o c e s s  f o r  sex c o n t r o l  ( F l u e  gas 
d e s u l f u r i z a t i o n ) ,  2091 

M u l t i - s t a g e  remova l  of  e n t r a i n e d  s o l i d s  and s u l f u r  
d i o x i d e  f rom gas s t r eams  ( U s i n g  aqueous a l k a l i n e  o r  
s l i g h t l y  a c i d i c  s c r u b b i n g  s o l u t i o n s ) .  2059 

N e u t r a l i z a t i o n  Of a c i d  gas components  (Removal  o f  5 
d i o x i d e  and HCI u s i n g  MgO or  Mg h y d r o x l d c  w i t h  V o x i d e  
c a t a l y s t ) ,  2137 

New Concept  f o r  s c r u b b i n g  gases ( A d v a n t a g e s  o f  u s i n g  
s l a k e d  l i m e  s l u r r y ) ,  1995 

Neu d e v c i o p ~ e n t s  in  g a s - s c r u b b i n g  p rocesses  ( T h y i o x  gas 
p u r i f i c a t i o n  p r o c e s s ;  P i n t a c h  l i g h t - o i l  r e c o v e r y  
p r o c e s s ;  I.C=I. p r o c e s s  f o r  r e m o v i n g  f l y  ash and SO= 
f rom f l u e  gases ;  r e v i e u ) .  460 

Nev f l u e  gas d e a u i p h u r i z i n g  p rocess  by sp ray  d r y i n g  
method u s i n g  NaOH s e r e s .  Is  as a b s o r b i n g  c h e m i c a l ,  1946 

New f l u e  gas d e s u l f u r i z a t i o n  p r o c e s s  ( A b s o r p t i o n  and 
c s t a l y t i c  o x i d a t i o n  Of SO=), 1857 

New l i l e s t o n e  p rocess  f o r  50= remova l  f r o m  f l u e  gases 
(Use  o f  l i m e  s l u r r y  s c r u b b i n g  s y s t e m ) ,  1865 

New t o o l  combats  SO= e m i s s i o n s  (CuO i s  SC z a c c c p t o r ) ,  
2065 

N i t r o g e n  o x i d e s  c o n t r o l  measures and d e s u l f u r i z a t l o n  o f  
b o i l e r  s t a c k  gas ( D r y -  and w e t - t y p e  p r o c c s s e s ) ,  1632 

NKK S l ime  gypsum d e s u l f u r i z a t i o n  p l a n t  (SO z i s  a b s o r b e d  
by c a r b i d e  r e s i d u e s ;  gypsum I s  b y - p r o d u c t  o f  p r o c e s s ) ,  
1663 

On d a s u l p h u r l z a t l o n  and remova l  of s u l p h u r  from smoke 
gsses in  Japan (Econom ics  o f  S r e c o v e r y ;  methods o f  
d e s u l f u r i z a t i o n ) ,  1441 

On d r y  t ype  e m i s s i o n  g a s  d e s u l f u r l z a t i o n  p rocess  u s i n g  
a c t i v a t e d  ca rbon  ( D e s c r i p t i o n  of  p r o c e s s  and 
r e g e n c r a t l o n ) ,  1712 

On l a t e s t  g a s  s c r u b b i n g  t y p e  d e s u i f u t l z a t l o n  p r o c e s s  
( D e s c r i p t i o n  o f  r e p r e s e n t a t i v e  p r o c e s s e s  i n  a l l  
c a t e g o r i e s  o f  gas d e s u l f u r l z a t i o n ;  r e v i e w  w i t h  62 
r e f e r e n c e s ) ,  1708 

On s t a c k  g s s  d o s u l f u r i a a t i o n  d e v i c e  f o r  medium s a d  s m e l l -  
s i z a d  b o i l e r s  ( S p r a y s  I i q u / d  c a u s t i c  s o d s  l n t c  
s c r u b b i n g  d r u m ) ,  1619 

One y e a r  S p e r f o r m a n c e  and o p e r a b i l i t y  o f  the 
C h e m l c o / M l ~ s u i  c a r b i d e  s ludge  ( l i m e )  a d d i t i v e  80s 
s c r u b b i n g  system a t  Ohmuta No. 1 (156  M~-cos l  f i r e d ) ,  
1869 

O n t s r i o  h y d r o  $ p r o t o t y p e  l i m e s t o n e  s c r u b b e r  f o r  80s 
r emova l  f r om c l a s s  f l u s  gas ( R e v i e w  o f  d e s i g n  and 
o p e r a t i n g  v a r i a b l e s ;  p a r t i c u l a t e  a s t e r i s l  removed by 
e l e c t r o s t a t i c  p r e c i p i t a t o r s ) t  1664 

O p e r a b i l i t y  and r e l l s b i l i t y  o f  EPA l i m e / l | u e e t o n a  
s c r u b b i n g  t e s t  f a c i l i t y  (Remova l  o f  sos From f l u e  gee ) ,  
1845 

O p e r a t i n g  c o n d i t i o n s  o f  a T s u k i s h i m s - - B s r c o  t ype  s t a c k  
gas d e s u l f u r l z a t l o n  d e v i c e  ( C a u s t i c  soda s o l u t i o n  i s  
sp rayed  i n t o  thc  s t a c k  g a s ) ,  1722 

O p e r a t i o n a l  p e r f o r m a n c e  o f  t he  Chemic .  b a s i c  magnesium 
o x i d e  system s t  t he  Bos ton  Ed i son  Company. P a r t  1 
( D e s u l f u r l z s t l o n  o f  f l u s  g a s e s ) ,  1861 

O p e r a t i o n a l  p e r f o r m a n c e  o f  the  Chemic .  m a g n e s i u m  o x i d e  
sys tem a t  the Bos ton  Ed i son  Company. P a r t  I I  (Remova l  
o f  502 f r o m  f l u e  g a s ) ,  1867 

Pane l  d i s c u s s i o n  on p l a n n i n g ,  d e s i g n i n g ,  snd u t i l i z i n g  
t he  s t a c k  gas d e s u l f u r i z s t i o n  sys t cm,  1945 

Panel  d i s c u s s i o n :  s i g n i f i c a n c e  o f  o p e r a t i o n  t o  da te  of  
156-MW C h e m l c o / H i t s u l  l lme  s c r u b b i n g  system (Removal  o f  
s u l f u r  d i o x i d e  f rom f l u e  g a s e s ) ,  1879 

P h y s i o c o c h e m i c a ]  p u r l f i c e t i o n  o f  smoke and gases 
c o n t a i n i n g  s u l f u r  d e r i v a t i v e s  (Removal  o f  SO= by 
scrubbing w i t h  d i l u t e  ferric s u l f a t e ) ,  1588 

P i l o t  s c a l e  i n v e s t i g a t i o n  Of a V c n t u r i - t y p s  c o n t r a c t o r  
f o r  remova l  o f  SO= by the  l i m e s t o n e  w c t - s c r u b b l n g  
p r o c e s s .  Final r e p o r t ,  1606 ( P B - - 2 0 9  0 2 3 )  

P i l o t  s c a l e  up of p r o c e s s e s  to  d e m o n s t r a t e  u t i l i z a t i o n  of  
p u l v e r i z e d  coa l  f l y a s h  m o d i f l e d  by the  s d d i ' t l o n  o f  
l l m e s t o n e - d o l o m i t a  s u l f u r  d i o x i d e  r e m o v a l  a d d i t i v e s .  
F i n a l  r e p o r t ,  1607 ( P B - 2 1 3 6 3 9 )  

P i l o t  scala up of  p r o c e s s e s  to  d e m o n s t r a t e  u t i l i z a t i o n  o f  
p u l v e r i z e d  coa l  f l y a s h  m o d i f i e d  by the  a d d i t i o n  o f  
l i m e s t o n e - d o l o m i t e  s u l f u r  d i o x i d e  remova l  a d d i t i v e s .  
F i n a l  r e p o r t ,  1604 ( P B - - 2 1 3  6 3 9 / 8 )  

P l a n n i n g  end o p e r a t i o n  of  W e l l m a n - - L o r d  d e s u l f u r l z s t l o n  
p r o c e s s  ( U s e s  sodlum s u l f l t e  o r  p o t a s s i u m  s u l f l t e  a s  
a b s o r b e n t s ) ,  2008 

P o l l u t i o n  f rom power p r o d u c t i o n .  P r e p r f n t  (Usa o f  
l i m e s t o n e  ( u c t  o r  d r y  p r o c e s s e s )  to  remove SOs f rom 
f J u c  g a s e s ) ,  1509 

P o l l u t i o n  aba temen t :  p a r t i a l  and t o t a l  s u l p h u r  r e c o v e r y  
(SOz i s  r e a c t e d  w i t h  HzS to  produce  e l e m e n t a l  s u l f u r  
and w s t c r ) ,  1749 

P o l l u t i o n  aba tement  w i t h  emphas is  on SOs remova l  ( D e s i g n  
o f  l i m e  s c r u b b i n g  p i l o t  p l a n t ) ,  1627 

P o l l u t i o n  aba temen t  w i t h  emphas is  on SO= remova l  ( R o l e  o f  
l lme  s c r u b b i n g  in SO= c o n t r o l  t e c h n o l o g y ) ,  1628 

P o s s i b i l i t y  o f  the  use o f  vanad ium c a t a l y s t s  In f l u l d l z a d  
bed f o r  t he  r e mova l  o f  s u l f u r  d i o x i d e  f rom gases ,  1669 

P r a c t i c a l  e s t a b l i s h m e n t  o f  a wet t ype  s u l f u r  remova l  
p r o c e s s  f o r  coa l  f i r e d  b o i l e r  In  l a r g e  s c a l e  (Use o f  
calcium h y d r o x i d e  a b s o r b e n t  f o r  remova l  of  SO e f rom 
f l u e  g a s ) ,  2005 

P r a c t i c a l  e s t a b l i s h m e n t  o f  a wet t ype  s u l p h u r - r e m o v a l  
p r o c e s s  f o r  s c o a l - f i r e d  b o i l e r  on t he  l a r g e  s c a l e  
( U s i n g  c a l c i u m  h y d r o x i d e  as a b s o r b e n t ) ,  2008 

P r e p a r a t i o n  c h a r a c t e r i s t i c s  and d e s u l f u r l z a t i o n  p o t e n t i a l  
o f  I . w e  c o a l s .  Research  r c p t .  1 9 7 2 - 7 3 ,  p r e p a r e d  by 
P i t t s b u r g h  E n e r g y  Research Cen te rs  PA ( P r e p a r a t i o n  
c h a r a c t e r i s t i c s  o f  coa l  samples w i t h  emphas is  on 
p h y s i c a l  d e s u l f u r i z a t i o n ) ,  2069 ( P B - - 2 2 6  2 4 9 / 1 )  

P r e s e n t  p e r f o r m a n c e  and scope f o r  Improvement  i n  p . m a r -  
s t a t i o n  f l u e - g a s  wash ing  equ ipmen t  f o r  the remova l  of  
s u l f u r  d i o x i d e  ( B a t t c r s c s  e f f l u e n t  p r o c e s s ;  Howden- 
I,C.I. cyclic l ime  p r o c e s s ;  F u l h a m - - S i m o n - - C s r v e s  
p r o c e s s ;  r e v i e u ) j  998 

P r e s e n t  p o s i t i o n  o f  f l u c - g a s  d e s u l f u r i z a t J o n  (Compa r i son  
o f  v a r i o u s  m e t h o d s ) ,  1359 

P r e s e n t  s t u d i e s  on wet d e s u l f u r i z a t i o n  a t  t he  A m a g s s s k i -  
H i g s s h l  power s t a t i o n  ( D e s c r i p t i o n  o f  c a l c i u m  
h y d r o x l d e - - c a l c l u m  s u l f a t e  m e t h c d ) ,  1911 

P r e s e n t  s t a t e  o f  f l u e  gas d e s u l p h u r i z s t i o n  ( C o m p a r i s o n  o f  
economics  and e f f e c t i v e n e s s  o f  v a r i o u s  p rocesses  fo r  
r e m o v i n g  s e x )  . 1481 

P r e s e n t  s t a t u s  o f  t e c h n i c a l  d c v e i o p e e n t s  In  
d e s u l f u r i z a t o n  o f  was te  gas ( D e v e l o p m e n t  o f  4 m a j o r  
d e s u l f u r i z a t i o n  t e c h n i q u e s :  d r y  a b s o r p t i o n ,  wet 
a b s o r p t i o n ,  use o f  a c t i v a t e d  C, and c o n t a c t  o x i d a t i o n ) ,  
1462 

P r o b l e m s  i n v o l v e d  i n  thm p r o t e c t i o n  o f  t he  a i r  f rom 
p o l l u t i o n  w i t h  power p l a n t - g e n e r a t e d  gases ( I n c r e a s e d  
ene rgy  p r o d u c t i o n  e x p e c t e d  t o  cause l a r g e r  i n c r e a s e  In 
S d i o x i d e  than  f l y  ash o u t p u t ) t  1781 

P r e c .  Assoc .  P r c v .  I n d .  Pub.  N u i s a n c e ,  Svmp. (HaShed i s  
v e r v  s a t i s f a c t o r y ) ,  1656 

P r o c e d u r e  f o r  r e c o v e r y  o f  s u l f u r  d i o x i d e  c o n t a i n e d  in  
i n d u s t r i a l  gases in  any c o n c e n t r a t i o n  w h a t s o e v e r  
( Q u l n o i / n e  r e a c t s  w i t h  SO] to  form s u l f i t a  u h i c h  i s  
o x i d i z e d  to  s u l f a t e  and combined w i t h  ammon ia ) ,  1526 



P r o c e e d i n G s  of interna%ienal conference on f l u i d l z e d - b e d  
combust ion [Znd )  CCo l lec~ icn  o f  23 p s p e r s ) ,  1533 ( P B - - "  
214 750/Z) 

Process and apparatus for burning sulfur-con%s|nlng fuels 
(Use of calcln~d IIms~%cne and doleml%e to remove 332 
from flU~ gaS~S), 1931 

Process and apparatus for burning sulfur-cem%ainlng fuels 
(Rsgenzraticn ef sulfur exlde aocep%crs), 1932 

Process fe~ using n-alk~l lactam for stripping sulphur 
dioxld~ from 9as streams and recovering liquid sulphur 
dioxide (N-nethNl pyrrolidcne is preferred lac%am~ 
s o l v e n t  can b~ recycled), 1878 

Process far removing sulfur compounds frem gas (Kqueous 
suspe~slcn of e h~drolyzed sdmlx%ure of an ampho%erlc 
compon~n% and S basic eempcnent)~ 2045 

P r o c e s t  fa? uslnG n-alkyl lactam f o r  s%r[pp|ng sulfur 
d i o x i d e  frem gas stre~s and r e c o v e r i n g  liquid sulfur 
d i o x i d e  (Removal of SO~ from flue gas using N-methyl 
pwrclldon~)~ 198~ 

Process fc? removal and reduction o f  sulphur d i o x i d e  from 
pollut~ gas streams (~dsorptlon o f  SO e on activated 
carbon and subssqusnt reduction t o  elemental sulfur), 
2102 

Prccess fo~ r a c o v e r l n g  sulfur dioxide from gases 
( A b s o r p t i o n  bN aqueous sod ium s u l f l t e  s o l u t l o n ) ~  2122 

Process f o r  using n - a l k ~ l  lacta~s f o r  s t r i p p i n g  sulfur 
dioxide fro~ ge~ strea~s (Removal of SOd from flue gas 
using N-methvl  pyrrolidcne), 2000 

Prccs~s for p r o d u c i n g  sulphur b~ reducing s u l p h u r  dioxide 
(Reducing agent iS carbon monoxide), 419 

Process for the recovery of sulfur dioxide in residual 
gas~ ( A b s o r p t i o n  in aqueou~ solutions of ammonium 
sulflte and/or bisulfate), 1518 

Process o f  cht~ntng s~Ifur~ etOe~ f rom furnace-gases 
(Use of incandescent coke to  reduce SO~ t o  sulfide 
~h ich  i~ sabsequentl~ decomposed a% h i g h  tempera%ure)~ 
ZO! 

P r c c e s s  of  o b t a i n i n g  ~utfur from furnace--gases (SO e i s  
~a~hed (w~te~) fro~ ga~ an4 reduced in a bed of 
Incandescent coke or  real), 2!33 

Pzoce s se~  for removal of  sulfur from combustion products: 
c h a l l e n g e  to chemists (Dizcussion of  the we% limestone 
preces~ Monsanto ~eCetox ~ processv molten carbonate 
proces~ and a promes~ proposed by the author)~ 1672 

Prcduc~i~n of IOW sulfur coal (Palest), 2151 
P r c g r e ~  e f  dr~-prccess flue-gas desulfurizatlon In Japan 

(Discussion Cf wet avd dryprocesses)~ 1319 
Progres~ report on sulfur dioxlde~ 2111 
Prcjected u t i l l z ~ t l o n  of stask gas cleaning s~stems b~ 

steam-electrlc plants. (Final report) (Discussion of 
s eve~  de~uIfurlz~tien methods), 1974 (PB-221356) 

Pur[fle~tien c~f waste ga~es (Use of metal carbonate celt 
to re~ove H::S, SOz, nitrogen oxides, CO, and f l y  ash 
r ro~  f l u ~  ~as), 173Z 

Pur[ficatlcn of ~ulfur dioxide-con%dining waste gases 
~ i t h  ~Ifur reccvRr~ (U~e o f  solutions con%alning 
benzclc acid, nicotinic acld, or dlbutyl hydrogen 
phosphate and their Na or K salts or  urea or thiourea 
in water of organic solvents), 2138 

Purificat[o~ Of fuel gase~ (Removal o f  HzO, Oa, HeS~ SOd, 
NH~, ~CN, N~3, and o r g a n i c  compounds)~ 773 

Purlflcatien of ~lue gases from sulfur dioxide ( S c r u b b i n g  
with ~queeus sclutien cf magnesium carbonate), $71 

F u r i f I c ~ i o n  of gases eontalnlng sulfur dloxlde (B~ 
i n 3 e c t ~ c n  o f  fine-~r~ined pyrite), I101 

Purifteation of flue gases from sulfur dioxide (B~ 
p a s ~ i n ~  through HgO solution o r  ever MnO~ catalyst 
after ~Ix£n~ ~ith ai~), 5~7 

Puri[[ca~Io~ of  gases capable of hydrate formation 
(Le~c~el of  SOz~ HaS, and CO e b~ b r l n g i n g  h~drated gas 
in e~tact with aqueous solution of a metallic 
h~droxide or a~ alkaline sal%~ or one of the ethanol 

P u r i f H i n  ~ gase~ (removal of  H2S or SO a from gases wlth 
slmuIta~ou~ pceclpita%ion of S by actlvated washing 
solution composed of  oxygenated compounds of 
thiosalfat,~), 455 

Purifying sulfur dioxide-csntelning gases (Removal of SO e 
b~ reduction to  S followed by settling, p r e o i p i % a t t o n ,  
end filtratl~n), 453 

Purif~in~ gases of sulfur by u s i n g  waste products from 
acet~lene zanufacture (Producer gas coo led  end scrubbed 
with ~aturated aqueous solution o f  Ca(OH)a), 956 

RC/Babcc sy~te~ for re,oval o f  sulfur oxides and fly ash 
f rcw flue gases (Design and operatlng variables; s~stem 
use~ two-stage lime slurry wet scrubbing process), 1555 

~{eact icn~ e f  o r g a n i c  s u l f u r  compounds i n  town g a s  w i t h  
m e a h J n i c a l l ~  a c t i v a t e d  a - f e r r i c  o x i d e .  I .  E t h y l  
mercaptan (Above 3~0 s total S i n  e%hane%hiol is 
co~verted %o Fee in solid phase and gas is freed from 
S), i44~ 

Recent experience of lhe Weilman-Lord SO a recover M 
proces~ (For  removal of SSa from flue gases), 2092 

Recent cerement of desulforIzatiun in USA (Comparison of 
Japanese and American desulfurize%ion t echno logy )~  2053 

R e c o v e r i n g  weak gaseous a c i d s  f rom gases (Removal  f rom 
gase~ of }l~Sw COz~ S O~  e t c . ~  b~ washing with liquids 
such as acetic acid ester of 
tetramsth!/ldiamlnolsoprcpanol, 
tetrameth~lldiaminoisopropanol ethyl e%her~ and 
te%rahNdr~xyeth~ldiaminoiscpropanol)~ 486 
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Recovsrlng sulfur dioxide from gases (Aqueous solution of 
Nay Li, or Be sulfi%e used %0 rsove S dloxide)~ 21Z3 

Recovery of sulphur in a marketable form from flue gases 
[Recovery of S by Fulhsm--Simon--Carvss process in 
which flue gas reacts directly wlth ammonia liquor, and 
solution is processed to give ammonium sulfate and 5), 
1308 

Recovery of sulfur dioxide from i~dustrlal wastes (By 
catalytic oxide%ion using a sulfur--vanadium~sillca 
gel catal~st)~ 1595 

Recovery of sulfur dioxide from waste gases (Regeneration 
of slflte-blsulflte solutions)~ 585 

Recovery of sulphur (From SO e removed from flue gases by 
washing (water)), 223 

Recovery of sulphur from flue gases (Scrubbing wlth 
ammonium carbonate or sodium sarbonate)g 785 

Recovery of eslfur dioxide from waste gases (Scrubbing 
wlth ammonium sulflte-blsulfi%e solutions), 421 

Recovery of sulfur from gas streams containing hwdrogen 
sulfide and sulfur dioxide (Treatment of stack gas wlth 
water), 2026 

Recovery of sulphur d i o x i d e  from waste gases (By reaction 
with an aqueous soIutlon of sodium, llthium, or 
beryllium sulfita)~ 1696 

Recovery of sulfur dioxide from flue gases (B~ the HzSO ~ 
o r  (NH~)aSO~ p r o c e s s e s ) ,  1010 

R e c o v e r y  o f  s u l p h u r  d i o x i d e  (SOs)  f rom g a s  s t r e a m s  end  
p r e c i p i t a t i o n  o f  a l u m i n i u m  f l u o r i n e  p r o d u c t  (Use  o f  
fluoriferous calcium phosphate mineral as absorben%)~ 
1792 

Recovery o f  sulfurous acid from furnace gases (Cold water 
is used as an absorbent (1881)), 2152 

Recovery of sulfur dioxide from gas mixtures (Using NaOH 
or an aqueous emulsion of organic amines]~ 1096 

Recover~ of sulphur dioxide (Gas Is passed with 02 
t h rough  bed o f  r e a c t i v e  U02 p a r t i c l e s ) ~  1872 

Recover~ o f  su lphu r  d i o x i d e  from gases ( S o l v e n t s  used are 
a q u e o u s  s o l u t i o n s  o f  a l k a l i  h~droxides or a l k a l i  
s u l f i % e s ;  a l u m i n i u m  c h l o r i d e  i s  u s e d  %~ i n c r e a s e  SOz 
r e c o v e r y ) ,  ~63 

Recovery of sulfur dioxide from was±e gases (Comparison 
of various sulfi%e-bisulfite solutions), SiS 

Recover~ of free sulfur by removal of hgdrogen sulfide 
and sulfur dioxlde in the outflow of a condenser of a 
catal~%ic reaction zone (Desulfurize%ion of flue gas 
and recovery of free sulfur on catal~s% bed), 1575 

Recovery of pure sulfur from coal gas (Fluldiza%Ion 
process for recovering pure sulfur from spent oxide)~ 
779 

Recovery of sulfur dioxide from waste gases (Serubblng 
wlth ammonia solution)~ 398 

Recover~ of sulfur dioxide (Absorption on uranium 
d i o x l d e ) ~  1774 

Recovery of sulfur d i o x i d e  from waste gases (Optimum 
concentration of ammonla In scrubbing solution), 489 

Reducing desorption of sulfuric acid In coke sorbent 
regeneration (By contact with HaS at %he adsorp%lon 
temperature), 1702 

Reduction of atmospheric pollution. Volume i. Main 
report. Final report June 1970--June 1971. See also 
Volume 2~ PB--210 674 (Reduc t i on  of S02~ n i t r o g e n  
oxide, and particulate emissions in  flue gas by use of 
fluidized bed coal combustion process wlth added 
limestone or dolomite}, 1~97 (PB- -210 673)  

Reduction o f  atmospheric pollution by the a p p l i c a t i o n  o f  
f l u i d l z e d - h e d  combustion, Annual r e p o r t .  J u l ~  1970-June 
1971 (Absorption by limestone o f  sulfur oxides released 
during combsstion), 1544 (ANL/ES-CEN-IO04) 

Reduction of a%mospherle pollution. Volume 2. Appendices 
I-S. Final report Jun 1970--Jun 1971. See also Volume 
i, PB---210 673 and Volume Z~ PB--210 675 (Reduction of 
SOar nitrogen oxlde~ and particulate con%ants of flue 
gas b~ fluldized bed combustion of coal)7 1595 (P5--21O 
574) 

Reduction of SO s in gas mix%ores (By rear%ion with a 
h y d r o c a r b o n  o i l  (reducing agent)), 1971 

Reduction of atmospheric poilutlcn h~ the eppltoatlon of 
fluldized-bed combustion. (Annual report) (Addition of 
limestone to fluldized bed), 1455 (ANL/ES-CHN-IO01) 

Reduction of atmospheric pollution. Volume 3. Appendices 
4-9. Final report Jun 1970--Jun 1971. See also Volume 
2~ PB--210 674 (Reduction of SO e c o n t e n t  of flue gas b~ 
flaidized bed combustion ef coal), 1598 (PB--210 675) 

Regenerative limes%one process for fluid[zed bed coa l  
combustion and desulfurize%ion (Removal o f  SOz from 
flue gas using limestone adsorbent), 1550 (PB-!98822) 

Regeneration method of active carbon used in flue gas 
desulfurization (Heating in nitrogen at 8500C), 2081 

Removal and recovery of sulfur dioxide from high- 
temprature flue gas (Process for conversion o f  S 
dioxide t o  sulfuric acid~ S dioxide absorbed In dilute 
sulfuric aold con%ainng Mn sulfate as oxidation 
catalyst)t 2080 

Removal and recovery of sulphur dioxide from power plan% 
gases using magnesium based processes (Description In 
detail of Chemico Process and review of some other 
processes~ desulfurization of stack gases is likely 
alternative to use of Iow-S fuels %0 reduce S dioxide 
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emissions), 1630 

Removal and recover V of S02 from power s ta t ion f lue gases 
(Discussion of Cnemico (aqueous suspension of ~agnesium 
oxide) process), 1681 

Removal of sulfur dioxide from stack gases: recent 
developments in lime-limestone wet scrubbing 
t e c h n o l o g y v  2011 

Removal uP a c i d i c  c o n s t i t u e n t s  f rom gases (Removal o f  
HeS, SOw, or C32 from gas by bringing it into c o n t a c t  
w i t h  s o l u t i o n  o f  amine,  HeO , and a monohydr i c  a l c o h o l ) ,  
713 

Removal of sulfur dioxide from flue gases (Flue gas 
passed t h r o u g h  2 s u c c e s s i v e  packed s e c t i o n s  ea :h  w i t h  
r e c i r c u l a t i o n  of N~ s a l t  s o l u t i o n ,  i n  single tower), 
1169 

Removal of SJ z and Jus t  from st@ck gases {Fuel 
desulfurization, especially hydrodesulfurization, is 
not economically feasible so removal of S dioxide from 
s t a c k  gas has been s t u d i e d  in  g r e a t  d e t a i l ) ,  1403 

Removal o f  s u l p h u r  d i o x i d e  f rom s t a c k  gases by s c r u b b i n g  
w i t h  l i m e s t o n e  s l u r r y :  o p e r a t i o n a l  a s p e c t s  of t he  
scaling problem, 1541 

Removal of SO e and NO/sub x/ by molecular sieve zeo i i tes  
( D e s u l f u r i z s t i o n  o f  s t a c k  g a s e s ) ,  1837 

Removal o f  s u l f u r  d i o x i d e  from gases ( S c r u b b i n g  w i t h  
NaOCI--NeOH solution), 2132 

Removal of sulfur dioxide from waste gases (Wate r  and 
l ime  ( o r  NaOH, soda 1 or  NHs) are  used as s c r u b b i n g  
fluid), 1825 

Removal o f  a c i d i c  components f rom gases (Removal o f  C02, 
SO2, and HCN from gases st <120 ° and >i0 arm with 30- 
60~ aqueous NazCOa), 1207 

Removal of sulphur dioxide fror gas streams (Scrubbing 
w i t h  aqueous magnesium sulfite-bisulfite solution), 
2088 

Removal of SO z from flue gases (Discussion of v a r i o u s  wet 
end dry methods), 1432 

Removal o f  s u l f u r  d i o x i d e  from f lue gas (By NaOH s p r a y ) ,  
1769 

Removal of organic sulfur from town gas (Reduction of 
o r g a n i c  S t o  I0 grsins/lO0 cU. ft, or less by oxidation 
of CSe, coal and thiols t o  502;  removal of 502 by 
scrubber), 939 

Removal of sulfur dioxide from flue gases (Oxidation of 
SO e to  S03; absorption of some SO e in Cs(OH)z t o  form 
CaSOs), 477 

Removal of s u l f u r  dioxide from gases (Review of methods 
w i t h  and w i t h o u t  subsequen t  r e c o v e r y  of S d i o x i d e ;  
e f f i c i e n c y  o f  methods ) ,  1851 

Removal of su l fur  dioxide from waste gases {Scrubbing 
~ i t h  an aqueous magnesium o x i d e  s u l f i t e  slurry), 1711 

Removal of s u l p h u r  o x i d e s  from f l u e  gases by powdered 
l i m e s t o n e ,  1895 

Removal of acidic material from • gaseous m i x t u r e  
(Removal o f  HeS, SOs, CO e and o t h e r  a c i d i c  i m p u r i t i e s  
f rom gaseous h y d r o c a r b o n s  by use o f  aqueous s o l u t i o n s  
o f  o r g a n i c  bases i n  c o u n t e r c u r r e n t  a b s o r p t i o n  t o w e r ) ,  
744 

Removal of sulfur d i o x i d e  from waste gases (Description 
of equ ipment  for scrubbing waste g a s ) t  7441 

Removal o f  s u l f u r  o x i d e s  f rom f l u e  gases and s t a c k  gases 
(By a d d i t i o n  of NH s and c o l l e c t i o n  of s u l f i t e s  and 
s u l f a t e s  formed on an e l e c t r o s t e t i c  p r e c f p i t s t o r ) ~  1165 

Remove] o f  s u l f u r  d i o x i d e  from f l u e  gases :  BCR c a t a l y t i c  
gas phase o x i d a t i o n  p rbcess  (Vanadium c a t a l y s t  was 
d e v e l o p e d ;  HzSO~ i s  b y - p r o d u c t ) ~  1376 

Removal o f  s u l f u r  d i o x i d e  from s t a c k  gases by s c r u b b i n g  
w i t h  ammoniscs l  s o l u t i o n s :  p i l o t  sca le  s t u d i e s  a t  TVA, 
1855 

Removal o f  SO/sub x / ,  NO/sub x /  gas by a c t i v e  ca rbon  
( F l u e  gas p u r i f i c a t i o n ) ,  2052 

Removal o f  s u l p h u r  d i o x i d e  and NO/sub x /  by m o l e c u l a r  
s i e v e  z e o l i t e s .  Paper 61, 1848 

Removal o f  s u l f u r  d i o x i d e  from gas s t reams  ( S c r u b b i n g  
w i t h  s a t u r a t e d  s o l u t i o n  o f  Mg b i s u l f i t e  and s u l i t e ) ,  
2127 

Removal o f  p y r i t e  f rom coa l  by dry  s e p a r a t i o n  methods .  
Repor t  of i n v e s t i g a t i o n s ,  p repared  in c o o p e r a t i o n  w i t h  
Morgsntown Energy Research C e n t e r ,  WV ( R e d u c t i o n  o f  SO z 
e m i s s i o n s  f rom c o a l - b u r n i n g  power p l a n t s  by remov ing  
p y r i t e s  f rom coa l  p r i o r  to  b u r n i n g ;  e q u i p m e n t ) ,  1978 
( P 8 - - 2 2 1  6 2 7 / 3 )  

Removal o f  a i r  p o l l u t i o n  by a c t i v a t e d  ca rbon  (Removal  o f  
SOz from flue gas), 2029 

Removal o f  s u l f u r  o x i d e s  f rom f l u e  gas ( R e g e n e r a t i o n  o f  
m o l t e n  a l k a l i  meta l  c a r b o n a t e  a b s o r b e n t ) 1  1465 

Removal o f  s u l f u r  d i o x i d e  in  e x h a u s t  gas w i t h  red mud 
s l u r r ~  ( S u l f i t e  Is o x i d i z e d  t o  s u l f a t e ,  and  t h e n  mud 
s l u r r y  a b s o r b s  S d i o x l d e ) 9  1824  

Removal of SO z from f l u e  g a s  m i x t u r e s  with f i b e r s  
c o n t a i n i n g  p o l y m e r i c  amines ( S t y r e n e -  
d i m e t h y l a m i n o p r o p y l m a l e i m i d e  (SDM) u s e d  a s  s o r b e n t  f o r  
S d i o x i d e ;  a b s o r p t i o n  i n c r e a s e d  w i t h  i n c r e a s e d  m o i s t u r e  
and dec reased  t e m p e r a t u r e ) ,  1485 

Removal o f  s u l f u r  d i o x i d e  from s t a c k  gases by s c r u b b i n g  
w i t h  l i m e s t o n e  s l u r r y :  o p e r a t i o n a l  a s p e c t s  of t he  
s c a l i n g  prob lem,  1587 

Removal o f  s u l f u r  d i o x i d e  from s t a c k  gases by s c r u b b i n g  

with limestone slurry: design considerations for 
~emonstration full-scale system at TV~ (Major design 
factors included limestone handling and grinding; 
s c r J b b e r  des ign ~ i t h  r e s p e c t  to gas v e l o c i t y ,  
e n t r a i n m e n t  s e p a r a t i o n ,  l i q u o r  f l o w  r a t e ,  l i m e s t o n e  
amount, and p a r t i c l e  s i z e ;  p a r t i c u l a t e  remova l ;  
equ ipment  a r rangemen t ;  f l u e  gas h a n d l i n g  and 
c o n d i t i o n i n g ;  i n s t r u m e n t a t i o n  and c o n t r o l ;  c o n s t r u c t i o n  
m a t e r i a l s ;  and s o l i d  waste d i s p o s a l  methods ,  l b ~  

Re ,ova l  o f  s u l f u r  d i o x i d e  from f l u e  gases (Removal by 
sc rubb ing  w i t h  s o l u t i o n  c o n t a i n i n g  NeO~ in  excess  and 
Ca s u l f a t e ) ,  2136 

Removal o f  s u l f u r  o x i d e s  from f l u e  gases (Rev iew;  53 
r e f e r e n c e s ;  e c o n o m i c s ) ,  791 

Removing and r e c o v e r i n g  s u l f u r  d i o x i d e  f rom gases such as 
b o i l e r  f u r n a c e  or s m e l t e r  gases ,  594 

Removing and r e c o v e r i n g  s u l f u r  d i o x i d e  f rom waste gases 
[ 4 b s o r p t i o n  o f  SO e by coo led  aqueous s o l u t i o n  o f  s a l t  
o f  o r g a n i c  a c i d ) ,  449 

Re~ouing $3 z frot s t a c k  gases { D i s c u s s e s  the v a r i o u s  
sod ium-based methods,  ammonia p r o c e s s e s ,  a l k e i l  
a b s o r b e n t s ,  end l i m e - l i m e s t o n e  s c r u b b i n g  p rocesses  f o r  
SO 2 removal), 1918 

Removing s u l f u r  d i o x i d e  f rom f l u e  gases (Wash w i t h  
s o l u t l o n  c o n t a i n i n g  f e r r i c  and Mn ions  as c a t a l y s t s  to  
i n c r e a s e  the o x i d a t i o n  o f  SO 2 to  HzSO~)~ 394 

Removing s u l f u r  d i o x i d e  from f u e l  gases a t  t he rma l  
g e n e r a t i n g  p l a n t s  f o r  e l e c t r i c  power ,  l l l .  E f f e c t  o f  
the n a t u r e  end p r e l i m i n a r y  t r e a t m e n t  o f  a reagen t  on 
the degree o f  p u r i f i c a t i o n  (Removal o f  S d i o x i d e  us ing  
l i m e ;  to  o b t a i n  h igh  degree o f  p u r i f i c a t i o n ,  ground 
c h a l k  or  l ime shou ld  be u s e d ) ,  1419 

Removing s u l p h u r  d i o x i d e  from s t a c k  gases ( B r i e f  
e v a l u a t i o n  o f  the t e c h n o l o g y  t o  da te  ( 1 9 7 3 )  e s p e c i a l l y  
in USA and Japan), 1924 

Removing s u l p h u r  d i o x i d e  i s  p o s s i b l e  - bu t  e x p e n s i v e  
( S t a c k  gas desulfurization)t 2047 

Removing s u l f u r  d i o x i d e  from gases (By a b s o r p t i o n  in  an 
aqueous s o l u t i o n  of a n o n v o l a t i l e  w a t e r - s o l u b l e  salt, 
e . g .  a l k a l i ,  or NHw s a l t  o f  a weak ac i d  such as 
benzoic, fumsrlc, phthali~, salicylic, or sultan]Sic 
acids), 607 

Removing s u l f u r  by the c a t a l y t i c  o x i d a t i o n  o f  the gases 
(Gases c o n t a i n i n g  HzS , CHaSH , end COS o x i d i z e d  w i t h  a i r  
or  0 to  HzO , C3z, and SO z over  c a t a l y s t ) ,  1211 

Removing SDz fro~ s t a c k  gases {Rev iew of full-scale and 
p r o t o t y p e  p rocesses  w i t h  r e s p e c t  t o  s tage  o f  
t e c h n o l o g i c a l  deve lopmen t ,  p rocess  des ign  and 
o p e r a t i o n t  advantages9 d i s a d v a n t a g e s ,  and economic 
f e a s i b i l i t y ) ,  7440 

Removing sulfur d i o x i d e  f rom f l u e  gases ( T r e a t m e n t  w i t h  
ac i d  s o l u t i o n  o f  i r o n  s u l f a t e  and then w i t h  a l k a l i n e  
suspens ion  o f  i r o n  h y d r o x i d e ) 9  392 

Removing sulfur d i o x i d e  from f l u e  gases (Washing w i t h  
aqueous MnO s and Mn i o n s ) t  373 

Removing s u l f u r  d i o x i d e  from f u e l  gas (Use o f  h i g h -  
f r e q u e n c y  e l e c t r i c  d i s c h a r g e ) ,  402 

Removing weak gaseous a c i d s  f rom gases (Use o f  d i a m i n e s ,  
p o l y a m i n e s ,  and s a l t s  o f  a m i n o - ,  i m i n o - t  o r  t e r t i a r y  N- 
a c i d  d e r i v a t i v e s ) ,  458 

Repeated a b s o r p t i o n - d e s o r p t i o n  e x p e r i m e n t  and economic 
e v a l u a t i o n  o f  the  p l a n t  ( A p p a r a t u s  and o p e r a t i n g  
conditions)t 1477 

Research and deve lopment  in  C z e c h o s l o v a k i a  on s u l p h u r  
removal from boiler flue gas (Discussion of various 
methods be ing  s t u d i e d ) ,  1836 

R e s u l t s  f rom p i l o t  t e s t s  o f  the Mo l t en  Carbonate  Process 
for SO z remove] (From flue g a s ) ,  2090 

Review of Babcock and Wilcox a i r  pollution c o n t r o l  
sys tems f o r  u t i l i t y  b o i l e r s  ( L i m e s t o n e  wet scrubbing 
system to  remove SO e and f l y  ash f rom f l u e  g a s ) ,  1874 

Scrubber design for removing sulfur dioxide from off 
gases o f  coal  b u r n i n g  power p l a n t s  and m e t a l l u r g i c a l  
smelters (Scrubbing medium is aqueous slurry of alms), 
1826 

S e l e c t i v e  a b s o r p t i o n  o f  ac i d  gases (HeS, HCNt and SO e 
absorbed from gaseous m i x t u r e s  c o n t a i n i n g  CO e by 
l i m i t i n g  t ime of c o n t a c t  w i t h  a l k a l i n e  s c r u b b i n g  medium 
to  l ess  than  0 .05  s e c ) t  198 

Semi -wet  t ype  f l u e  gas d e s u l f u r l z e r  and d e s u l f u r i z a t i o n  
by a c t i v a t e d  carbon (Semi -we t  method uses c a u s t i c  
soda ) ,  2036 

S e p a r a t i o n  o f  f l y  ash and s u l f u r  d i o x i d e  f rom f l u e  gases 
( U s i n g  a l k a l i - m e t a l  b i c a r b o n a t e  c r y s t a l  p a r t i c l e s ) ,  
1520 

S e p a r a t i o n  and removal  o f  s e l e c t e d  gas components f rom 
gaseous m i x t u r e s  ( E l e c t r i c a l  method makes use of 
e l e c t r o n e g a t l v i t y  o f  SUe) ~ 1873 

S e p a r a t i o n  o f  s u l f u r  d i o x i d e  f rom gases (By  c o n t a c t  a t  
atm p r e s s u r e  and 80OF w i t h  a m i x t u r e  o f  HeO end 
n i t r o g e n  bases t o  f o r m  an aqueous s o l u t i o n  of n i t r o g e n  
base- -HzSO~) ,  660 

S h e l l  f l u e  gas d e s u l f u r i z a t i o n  p r o c e s s  ( A d s o r p t i o n  of  SOs 
w i t h  copper  o x i d e ) t  1830 

S i m u l t a n e o u s  r e m o v a l  o f  f l y  a s h  and SO: f rom gas s t r e a m s  
by a s h a f t - f i l t e r - s o r b e r  (Bed  o f  s l o w l y  f e l l i n g  s o r b e n t  
pebb les  ( a l k a l i z e d  a l u m i n a )  s i m u l t a n e o u s l y  removes f l y  
ash and SOs) , 1530 

SOs-abatement  system b u i l d s  on success (Combined use of 
Wel iman - -Lo rd  and C laus  p rocesses  on f l u e  g l l ) t  1803 

SO z e l i m i n a t i n g  f i l t e r  (Sodium c a r b o n a t e  t r e a t e d  g l a s s  



723 SULFUR DIOXIDE/REMeVAL fiber filter efflc/eucy), 1626 
SO z free two-stage coal combos%ion process (Coal S is not 

oxidized under reducing conditions existing daring 
combustion), 1745 (PE-211£eS) 

SO= recever~ u i a  activated carbon (Desulfurization o f  
b o i l e r  fiue-ga~e~), 1 7 4 4  

50 z 5¢rubbin~ ~tem~: commercial availability, 2 1 2 0  
SO~-~crubb~r ~t the Gr~ck~bs P~per Mill (Comparison of 

limestone and |i~drated li~e)~ 1829 
5 ~ I v e n f  m i x t u r e ~  f o r  s e l e c t i v ~ l ~  a b s o r b i n g  s u l f u r  d i o x i d e  

and  h ~ d r c ~ e n  s u l f i d e  f r o m  g a s e o u s  m i x t u r e s  ( U s i n g  a 
m i x t u r ~  ~ f  w ~ t e r ,  h y d r e x y  o r  a l k o x ~  a m i n e s ,  a n d  
g l y c o l ) ,  1592 

Some c o n t r i b u t i o n s  o f  c h e m t ~ ± r ~  and c h e m i c a l  e n g i n e e r i n g  
t o  ~tea~r  9 e n e r ~ t i o n  (Two m e t h o d s  o f  SOz r e m o r a !  f r e m  
f l u e  9ase~)~ ~3 

Some proble~ ~f d r y  proces~e~ for removlng SO a from flue 
gases {EnQineeri~g valuation~ of alkalized alumina, 
active C, and modified Clues processes for r e m o v a l  of S 
diex/de tram flue gas), 194 

S ~ r p t i o n  o f  sulf~P dioxide b~ synthetic resins (Ion 
exchange resl~), 1~37 

Sorptlon of sulfur dioxide on sillca gel, 1402 
5ourae/co~trol ~f air emissions (Equipment and methods), 

17B~ 
Stack g ~ s  de~ulfarization method by activated carbon (New 

method far d~5posal of product (Ha50~) and regeneration 
of activated carbon), 1710 

Stack ga~ dasull'urization (State-of-the-art in Japan), 
2109 

5~ate-of-the-cr~ for SO z control for coal-fired power 
p l a n t s  (Discussion of limestone/lime scrubbing magnesia 
scrubhing~ suifite-disuifite scrubbing and catal~tie 
cxldaten ~eth=d~ or re .oval  of SOn from flue gas), 1835 

State-of-the-art report on status of development of 
p r o c e ~  for abatement of SO a emissions b~ stack gas 
t r e a t m e n t  tO ~meriean E l e c ~ r i c  Po~er Service 
Corpora%lop. March 30, 1973 (Discussion of various 
scrubh|~g methods), IS38 

State o f  the art o f  flue gas and fuel desulfurization - 
pro~ and eon~, i%!~ 

S t a t u ~  o f  tesh~olog~ o f  oommerciall~ offered llme and 
limestone flue g a s  desulfurizatioe systems (SO a 
ramovzl), i£~ 

Status o [  C-E S ~ir qualit~ control systems (Net 
lice/line.tone scrubbing s~s%sm for removing $32 from 
flue S~)~ I~54 

S t a t u s  e f  th~ d e v e l o p m e n t  o f  p r o c e s s e s  f o r  c o n t r o l l i n g  
SO; e m i s ~ i o n ~ ;  f r o m  stationar~ s o u r c e s  ( F e a s i b i l i t y  o f  
dr~ limestc~,~ injection system), 1444 

S t a t u ~  of development of ppocess for abatement of SOn 
e~l~ic~ b~ £taek gas treatment (Requirements for 
ccmmer¢iali~ eva{fable status; potential c o n t r o l  
pr~ce~se~; de,cogitation plants; current reliability; 
foreazstln~ futur~ reliability; data sheets on 
d e $ c ~ t r a t i ~ o  pla~ts), 1944 (NP-20096) 

S t a t u s  of 4apanage flue gas desulfuriza%lon technology 
(M~st processes u~ed produce salable by-produsts), 1839 

Status ef SO~ re,oval sgstems (Limes%one scrubbing seems 
t~ be the enl~ technologica11~ feasible method), 1548 

Statu~ Of  a p ~ l l e a t l o n  o f  l i m a - l i m e s t o n e  w e t  s c r u b b i n g  
p r o c e s s  tC ~c~er plants (r£moval o f  SOn from f l u e  gas), 
1664 

~ t a t u r  re~ort cn l ime Cr wet limes%one scrubbing to 
central SOn in stack gas (Advantages and 
dlsadvantag,~s), i~17 

S t a u b :  Reinb=Itung der Loft in English. V o l u m e  ZO, Number 
2, 1970 (Seduction of SO a eaissions b~ desulfurize%ion 
o f  c o a l ) ,  !S!5 (TT-7050047/2) 

~trippln~ of :~alphur dioxid~ from gas streams b~ use o f  
N-alkyl Iactams, 1877 

Studie~ en th~ remeval of sulfur dioxide from hot flue 
gases to prevent air p~lletion (B~ three-step formatien 
o f  ammonium sulfate), 1397 

S t u d ~  o f  charicterlzatlon and c o n t r o l  o f  a i r  pollutants 
f r o m  a fiuldized-bed combustion unit. Carbon-burnup 
cell (Reeeval of SO= from flue gas b~ injection of 
l i ~ e s t e n e  Into eombustlon chamber), 1699 (FB--210 828) 

Study ef sulfu~ recovery from c o a l  refuse (Removal o f  HaS 
and SO~ with recever~ of s~Ifur), 1594 (PB-203488) 

Szud~ ef the desulfurizatien of exhaust gas by a porous 
p l a t e  wetted stage tower (2) (Using a 6~ sodium 
carbonate },olution), 18~ 

Study On desulphurization of flue gases b~ the active 
carbon process using steam desurption (Par% I) - 
descrptlcn of s u l p h u ~  dioxide from active carbon, 1724 

S t u d ~  on  desal~hurization of f l ee  gases by the active 
carbon prcce~ u~ing steam desorption (part 4) -- 
deterlcratio~ and regeneration of active carbon 
(Exposure tO O at about SOOoC had conslderahie 
Influence .3n adsorptive capacity of activated C for S 
dicxlde], i~O0 

Stud N on desulfurizaticn o~ coal (Adsorption .agent Is a 
comh~natlon of manganese oxide and calcium carbonate or 
calclu~ h~drcxlde), 1620 

Stud~ ee desulfuriZation of flue gases by the active 
carbe~ pracess u s i n g  steam desorption (Pa~t 4) - 
vari~tlcn cf properties of active carbon used on e %e6% 
plant (Adsorption of SBa), 1860 

Study on desulphurizaton of flue gases by the active 
carbon process using steam deeorptlon (Part S) - 

d e t e r i o r a t i o n  a n d  r e g e n e r a t i o n  o f  a c t i v e  c a r b o n  
( A d s o r p t i o n  o f  S O 2 ) ,  1 8 5 8  

Study on desulphuriza%ion of flue gases by %he active 
carbon process using steam desorp%ion (part 5)- 
variation of properties of active carbon used on a test 
plant (Adsorptive capaci±y of activated C for S dioxide 
was influenced bN chemical properties of surface oxides 
and not structural properties), 1799 

Successful reduction of sulphur dioxide to sulfur on a 
large scale and %he application of this process to 
emissions from power stations (SO a is reduced with 
natural gas to elemental sulfur and HaS to be used with 
W-L-SUn-removal process), 2019 

Successful reduction of SO 2 %0 sulfur on large scale and 
the application of this method to emission from power 
plants (We~Iman--Lord process), 2022 

Successful removal of sulfur dioxide from flue gas 
CPRototype catalytic oxidation process system removes S 
dioxide from flue gases of e coal-burning power plant 
and converts i t  into commercial grade sulfuric a c i d ) ,  
1470 

Sulfate control in ammonia flue gas desulfurlzation 
(Regeneration of aqueous ammonium sulfite solution used 
%o remove SOz from flue gas), 1767 

Sulfur dioxide collection system (SO a is oxidized to SOs 
upon contect with ozone--producing electrodes), 2012 

,Sulfur dioxide disposal method (Moisture £s added tO 
prevent white fume formed when ammonia ~eacte with S 
dioxide), 1821 

Sulfur dioxide removal b~ liquid absorption (Absorption 
in aromatic amines (xylidine or dimethylanilene)), 1172 

Sulfur dioxide removal in Venturi scrubbers (Using strong 
sodium carbonate solution), 1645 

S u l f u r  dioxide (Removal from effluent gases and recovery 
of useful products), 635 

Sulfur dioxide removal in Venturi scrubbers (Comparlson 
of various scrubbing liquors), 1667 

Sulfur dioxide - its chemistr~ and removal from 
industrial waste gases (Review of methods; 258 
references), 1061 

Sulfur dioxide recovery process [Water is sprayed into 
the tower to cool the gas and absorb the SOe), 1825 

Sulfur dioxide removal from waste gases: status report 
for Europe (Review of nlne processes in use in Western 
Europs), 1671 

Sulfur dioxide emission control by hydrogen sulfide 
reaction in aqueous solution (SO a is absorbed by citric 
acid or other carboxylate solution), 18Z3 

Sulfur dioxide control. Selected bibliography. Rapt. for 
1964-Oct 1976, Supersedes NT!S-PK--I09 (Contains 150 
selected abstracts; experimental oombustors; coal 
desulfurization), 2068 (COM--78-I1804/~) 

Sulfur dioxide scrubbers. Stone and Webster Ionics 
Process. (Final report) (Comparison of several 
different types of scrubbers for use with this 
process), 1508 (PB-189377) 

Sulfur dioxide emission control for industrial power 
plants (Effloiencies and economic feasibilities of dry 
additive in~ection system, wet scrubbing wlth llme, 
soda ash scrubblng, and caustic soda scrubbing with 
lime regeneratlon; pilot plan% for lime regeneratlon 
s~stem), 1543 

Sulfur dioxide removal: Part i. 1deal extraction route 
elusive, 1920 

Sulfur dioxide removal: part 2. Plethora ef process 
options open %0 electrical producars (Uariety of 
processes for removal of SOe from flue gas), 1934 

Sulfur dioxide recovery process as applied to acld plant 
tail gas (Scrubbing w i t h  an (NH~)aSOs--NH~HSOa 
solution), 7437 

Sulfur from sulfur dloxlde-con%ainlng gases (Pass through 
charge saturated with NaeCOs, NasSO~, or NagS at 700 to 
IIOOOC), 583 

Sulfur production using carbon oxide regeneran% 
(Regeneration of molten salt mix%are containing aIkali 
metal carbonates for removal of $8 e from flue gas), 
1466 

Sulfur production using carbon regenerant (Regeneration 
of molten salt mixture containing alkali metal 
carbonates used to remove See from flue gas], 1488 

Sulphur dioxide: its chemls%ry as related to methods for 
removing it from waste gases (Processes envolvlng 
reduction of Sg 2 to sulfur appear promising), 1862 

Sulphur dioxide technology is available say EPA (Cost of 
scrubbing equipment~ sludge disposal), 2025 

Summar~ of desulphuriza%ion procasses for flue gas and 
Claus unit tail gas (details of 16 processes ape 
presented in tabular form)~ 1643 

System of SO a removal from flue gases (Five 
desulfurlzation methods using different absorbente and 
adsorbents are desarlbed), 1958 

Take sulfur out of wasta gases (Cyclic dry process 
developed to remove 98.5Z of S dioxide from Claus 
incinerated off-gas con%alnlng 1.77~ S dloxide)a 1724 

Take sulphur out of waste gases (Dascrlptlon of Westvaeo 
process using aetlva%ed carbon for SOe removal)~ 1780 

Technical trials on activated coke from coal for 
adsorptive waste gas desulphurizatlon wlth Integrated 
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t h e r m e |  r e g e n e r e t L o n ,  2050 

T e c h n i c a l  t r i a l s  on a c t i v a t e d  coke f rom c o a l  f o r  
a d s o r p t i v e  waste  g a s  d e s u l f u r i z e t i o n  w i t h  i n t e g r a t e d  
t h e r m a l  r e g m n e r a t i o n  ( R e a u l s  o f  t r i a l s  and c o s t  
m e t i m s t e a ) l  1883 

T e c h n i c a l  v i ew  o f  e n v i r o n m e n t a l  c o n t r o l  system 
( D i s c u s s i o n  o f  c h e m i c a l  a b s o r p t i o n  end  c a t a l y t i c  
o x i d a t i o n  m e t h o d s  f o r  r e m o v a l  o f  SOz f r o =  f l u e  g a s ) ,  
1581  

Tendency o f  a i r  p o l l u t i o n  by s u l f u r  o x i d e s  i n  J a p a n  and  
i t s  c o u n t a r p l a n .  D e s u l f u r i z a t i o n  o f  s t a c k  gas 
( D e s u l f u r i z a t i o n  by a c t i v a t e d  Hn d i o x i d e  method,  
eemonle a b s o r p t i o n  methods ,  c a u s t i c  soda a b s o r p t i o n  
methods ,  K s u l f i d e  method ,  c a t a l y t i c  o x i d a t i o n  me thods .  
end  a d s o r p t i o n  m e t h o d s ) ,  1727  

Tes ts  on a s u l f u r - r e m o v i n g  e F p a r e t u s  f r o m  d i s c h a r g e d  
gases ( A d s o r p t i o n  o f  SOz on a c t i v a t e d  c a r b o n ) ,  1553 

Thermal  power p l a n t s  in the  e n v i r o n m e n t a l  p r o t e c t i o n  a g e  
(S d i o x i d e  emissions c o n s t i t u t e  more  o r  less u n s o l v e d  
p r o b l e m  techn ica l l y  end e c o n o m i c a l l y ) ,  1763 

T r a n s f e r  o f  e a t e r i a l  i n  t h e  c a s e  o f  SOs gas a b s o r p t i o n  i n  
• w e t t e d  t o w e r  - e s p e c i a l l y  i n  e a c h  s t a g e  ( U s i n g  a 5g 
s o d i u m  c a r b o n a t e  s o l u t i o n ) .  1834 

T r e a t m e n t  o f  e x h a u s t  smoke w i t h  an e l e c t r o n  beam (Remova l  
o f  s u l f u r  d i o x i d e  and n i t r o g e n  o x i d e s ) ,  2031 

T r i a l  o p e r a t i o n  r e s u l t s  o f  f l u e  gases d e e u l f u r i z a t l o n  
p l a n t  by wet p rocess  (HzSO~ i s  o b t a i n e d  a s  a b y -  
p r o d u c t ) ~  2107 

TVA Widows C r e e k  l i m e s t o n e  s c r u b b i n g  f s c i l / t y .  P a r t  I I .  
P i l o t - p l a n t  and p r o t o t y p e  o p e r a t i n g  e x p e r i e n c e  (Remova l  
of SO z f rom f l u e  g a s ) ,  1871 

TVA Widows Creek l i m e s t o n e  s c r u b b i n g  f a c i l i t y .  P a r t  I .  
F u l l  s c a l e  f a c i l i t y  (Removal  o f  SCz f r o m  f l u e  g a s e s ) ,  
1864  

Two s t a g e  ammonium s u l f a t e  d e c o m p o s i t i o n  i n  f l u e  g a s  
d e s u l f u r l z a t | o n  p r o c e s s  ( A b s o r p t i o n  o f  SO z In  aqueous 
s o l u t i o n  o f  ammonium s u l f i t e  o r  ammonia), 1791 

Two-s tage  r e g e n e r a t i o n  o f  a b s o r b e n t  f o r  s u l f u r  o x i d e s  
( A b s o r b e n t  i s  a mol ten  s a l t  m i x t u r e  c o n t a i n i n g  a l k a l i  
metal c a r b o n a t e s ) ,  1467 

Use o f  l i m e s t o n e - w e t  s c r u b b i n g  f o r  r e d u c t i o n  o f  s u l f u r  
d i o x i d e  e m i s s i o n s  f rom power p l a n t s  - f a c i l i t i e s  and 
p r o g r a ~  f o r  p r o t o t y p e - s c a l e  t e s t i n g .  P a p e r  No. 8 ,  1547 

Use o f  sea w a t e r  t o  scrub s u l f u r  d i o x i d e  f rom s t a c k  
gases ,  1655 

U t i l i z a t i o n  Of alma for desulfurizetion o f  s t a c k  gas and 
d e p o l l u t i o n  o f  i ndus t r i a l  effluent (SO z is removed;  
¢ o m e e r c i l i  q u a l i t y  gypsum is a b y - p r o d u c t ) ,  1795 

U t i l i z a t i o n  o f  hea t  and remova l  o f  s u l f u r  d i o x i d e  f rom 
f l u s  o a s e s  (Use of  coke f i l t e r  t o  abso rb  SOs),  1117 

War on p o l l u t i o n ,  d e s u l p h u r i z a t i o n  o f  f u e l s  and  f u e l  
gases ~ S t e t e - o f - t h e - e r t ;  e c o n o e i c s ) ,  1709 

War on s u l f u r o u s  f u e l - g e n e r a t e d  a i r  p o l l u t i o n :  s t a n d p o i n t  
o f  E l e c t r i c l t e  de France  ( D e s u l f u r i z a t l o n  o f  f l u e  g a s ) .  
195 

W a s h i n g  and c o o l i n g  o f  g a s e s  c o n t a i n i n g  s u l f u r  d i o x i d e  
( R o a s t e r  end c o m b u s t i o n  gases c o o l e d  end f r e e d  o f  d u s t ,  
SOs, and compounds Of Fe, Zn,  Pb,  Se, and As by 
s c r u b b i n g ) !  981 

Washing end p u r i f y i n g  f l u e  gases (Removal  o f  SD z and SO s 
in two s tages  using m i l k  o f  lime). 415 

Waste gas d e s u i f u r i z a t i o n  and e n v i r o n m e n t a l  p r o t e c t i o n  
( D i s c u s s i o n  o f  s e v e r a l  methods w i t h  23 references), 
1882 

W a s t e  g a s  d e s u l f u r i z a t l o n  a c c o m p a n i e d  by d e n i t r a t l o n  
( D e s u l f u r l z a t i o n  p r o c e s s e s  c a n  a l s o  r e m o v e  n i t r o g e n  
o x i d e s  i f  p r o p e r l y  u s e d ) ,  1720 

W e l l m a n - - L o r d  p r o c e s s  - a p p l i c a t i o n s  i n  f u e l s  i n d u s t r y  
(Remova l  o£ SOs f rom s tack  gases)~  t 6 4 0  

W e l l m a n - - L o r d  tvpm s t a c k  gas d e s u l f u r i z e t i o n  p rocess  
( B a s i c  mechanisms and p e r f o r m a n c e ) ,  1721 

W e l l m a n - - L o r d  SO e r e c o v e r y  p r o c e s s  ( F o r  d e s u l f u r i z a t i o n  
o f  f l u e  g a s ) ,  193 

Wet p rocess  f o r  s e p a r a t i n g  and r e c o v e r i n g  s u l f u r  
c o n s t i t u e n t s  f r o m  s u l f u r  d i o x l d e - c o n t a i n l n g  s t a c k  gases 
(Gas i s  p a s s e d  i n t o  a s t i r r e d  aqueous s u s p e n s i o n  o f  a 
m i x t u r e  o f  m e t a l  o x i d e s  a n d  s i l i c a t e s  w i t h  a pH o f  8-  
9 ) ,  1531 

Wet aystem e x h a u s t  g a s  d e s u l f u r i z a t / o n  p l a n t s  and  
Improved  9Vpsum r e c o v e r y  systmm p l a n t s  ( C o e b i n e d  use o f  
Chemico t w o - s t a g e  l ime  scrubber a n d  N i t s u /  gypsum 
r e c o v e r y  s y s t e m ) ,  2049 

Wet t y p e  c a l c i u m  base exhaust g a s  d e a u l f u r i z a t l o n  
f a c i l i t i e s  - o u t / i r e  o f  f a c i l i t i e s  (Chemico  ( c a l c i u m  
h y d r o x i d e  s c r u b b i n g )  p r o c e s s ) ,  1717 

W/el  County  U n i t  i l i m e s t o n e  wet s c r u b b e r  ( D e s i g n .  
o p e r a t i o n s ,  and economics of  f u l l - s c a l e  l i m e s t o n e  wet 
scrubbing system imp lemen ted  e t a  power p l e a t ;  s y s t e s  
d e s i g n e d  to  remove 98 to  99X o f  p a r t i c u l a t e  m a t t e r  and 
76 t o  83X o f  S d i o x i d e ) ,  1551  

World s t a t u s  r e c o v e r y  o f  s u l f u r  o x i d e s  (F rom f l u e  g a s e s ) t  
1654 

Z i r c o n i u m  d i o x i d e  a d s o r b e n t  f o r  s u l f u r  d i o x i d e  
( P r e p a r a t i o n  o f  a d s o r b e n t  f o r  d e s u l f u r l z a t i o n  o f  f l u e  
g a s ) ,  1705 

SULFUR DIOXIDE/SPECIFICATIONS 
V a l i d a t i o n  o f  improved  chemtca l  methods f o r  s u l f u r  o x i d e s  

measurements  f r o m  s t a t i o n a r y  s o u r c e s ,  1801 ( P S - - 2 1 S  

887/I) 
SULFUR DIOXIDE/WASHING 

E c o n o m i c s  o f  p r e s s u r e  g a s i f i c a t i o n  o f  c o a l s  w i t h  h i g h  a s h  
and  s u l f u r  c o n t e n t  ( E o o n o m i c a l  c o a l  u t i l i z a t i o n  I n  
e l e c t r i c  p o w e r  p l a n t s  end  c i t y  gem w o r k s  c o u l d  be  
a c h i e v e d  by p r e s s u r e  g a s i f i c a t i o n ;  r e m o v a l  o f  S e e  by 
w a s h i n g  w i t h  CHaGH o r  KOH).  4 6 1 7  

SULFUR OXIDES/AIR POLLUTION 
Coa l  g a s i f i c a t i o n :  m o l t e n  s a l t  p r o c e s s e s  f o r  s u l f u r  

e m i s s i o n  c o n t r o l ,  5 4 4 4  
Study  o f  o p t i o n s  f o r  c o n t r o l  o f  e m i s s i o n s  f r om an 

existing c o a l - f i r e d  e l e c t r i c  power s t a t i o n ,  2104  (C0NF- 
7 4 0 4 0 6 - 1 )  

SULFUR OXIDES/CONTROL 
Assessment  o f  SOz control a l t e r n a t i v e s  and i m p l e m e n t a t i o n  

p a t t e r n s  f o r  t he  e l e c t r i c  u t i l i t y  i n d u s t r y t  1937 (PB- 
2 2 4 1 1 9 - 8 - G A )  

SULFUR OXIDES~EMISSION 
R e m o v a l  o f  p y r i t e  f r o m  c o a l  bv  d r y  s e p a r a t i o n  m e t h o d s .  

Repo r t  o f  i n v e s t i g a t i o n s ,  1976 ( P B - 2 2 1 6 2 7 - 3 )  
SULFUR OXIDES/GASEOUS WASTES 

SOs c o n t r o l :  low-sulfur c o a l  s t i l l  the  b e s t  w a y ,  2067 
SULFUR OXIDES/MOLTEN SALTS 

Coal g a s i f i c a t i o n :  m o l t e n  s a l t  p r o c e s s e s  f o r  s u l f u r  
e m i s s i o n  c o n t r o l ,  6 4 4 4  

SULFUR OXIDES/POLLUTION 
SOz c o n t r o l :  l o w - s u l f u r  c o a l  s t i l l  tee b e s t  way, 2067 

SULFUR OXIDES/RECOVERY 
D e s u l r u r i z a t l o n  method o£ waste gas (Method  t c  Improve 

economy o f  w e t - t y p e  p r o c e s s ) ,  1807 
SULFUR OXIDES/REDUCTION 

Reduc ing  SO z In s t a c k  gas t c  e l e m e n t a l  sulfur, 2038 
SULFUR OXIDES/REMOVAL 

A b s o r b e n t  f o r  the  e x t r a c t i o n  o f  s u l f u r  d i o x i d e  f r o m  
i n d u s t r i a l  gases ( C h e m i c a l  p r e p a r a t i o n  o f  ch romate  
absorbent), 747 

AEP t h w a r t e d  i n  sea rch  f o r  f l u e  g a s  c l e a n i n g  system 
( A m e r i c a n  E l e c t r i c  Power Sys tem) ,  2079 

A i r  p o l l u t i o n  by s u l f u r  o x i d e s  (Remova l  o f  s u l f u r  o x i d e s  
from f l u e  g a s e s ) ,  1578 (CO~-715023S)  

A p p a r a t u s  f o r  the  c o n t i n u o u e  r e c o v e r y  o f  s u l f u r  o x i d e s  in  
f l u s  gas ( A d s o r p t i o n  p r o c e s s ) ,  1511 

A p p a r a t u s  f o r  d e e u l f u r i z a t i o n  o f  f l u e  g a s  ( T h i n  b o x - t y p e  
e l e c t r o d e s  a r e  f i l l e d  w i t h  the  d e s u l f u r i z i n g  agen t  
( l i m e s t o n e )  be tween  two rows o f  po rous  p l a t e s ) ,  1517 

B i b l i o g r a p h y  o f  s u l f u r  t r i o x i d e  a n d  s u l f u r i c  a c i d  m i s t  
e m i s s i o n s  and  t h e i r  c o n t r o l .  1 9 0 7 - 1 9 6 8 ,  w i t h  a b s t r a c t s .  
[ P a r t  3 )  ( 1 0 5  r e f e r e n c e s ) ,  1516 ( P B - 1 9 0 4 7 1 )  

C l e a n  power f r o m  c o a l  (Rev iew  w i t h  33 r e f e r e n c e a ) ~  7 1 5 7  
Clean stack gas gets top p r i o r i t y  and award at D u q u e e n e ,  

2 0 0 3  
C l e a n i n g  s t a c k  gases (Removal  o f  g r i t  and d u s t  a s  w e l l  as 

s u l f u r  a c i d s ) ,  1582 
Combined method o f  p u r i f / c e t i o n  o f  f l u e  g a s e s  f r o m  o x i d e s  

o f  s u l f u r  ( U s e  o f  c a t a l y t i c  e e t h o d  f o l l o w e d  by  l i m e  
m e t h o d ) ,  436 

Commerc ia l  p l a n t  f o r  remova l  o f  smoke end o x i d e s  o f  
s u l p h u r  f rom f l u e  gases ( S c r u b b i n g  t o w e r s  use a l k a l i n e  
w a t e r  f o r  r e e o v a l  o f  a w o k e ,  d u s t ,  e n d  a c i d  c o n s t i t u e n t s  
f r o m  b o i l a r  f l u e  O a r ) ,  451 

C r i t i c a l  r e v i e w  o f  r e g u l a t i o n s  f o r  t he  c o n t r o l  o f  s u l p h u r  
o x i d e  emissions (USA; 41 r e f e r e n c e s ) ,  1977  

D e s i g n i n g  an a l k s l i z e d  a l u m i n a  p i l o t  p l a n t  for sulfur 
o x i d e s  remova l  (From ho t  flue g a s e s ) ,  1401 

D e s u l f u r i z a t / o n  t e c h n i q u e  o f  f l u e  gases in Japan 
( D i s c u s s i o n  o f  p r o c e s s e s  i n  u e e  o r  u n d e r  p i l o t  p l a n t  
t e s t s ) ,  1661 

D e s u l f u r i z a t i o n  o f  w a s t e  g a s e s  and  f u e l s  ( L i t e r a t u r e  
s u r v e y  i n c l u d i n g  l e g i s l a t i v e  m e a s u r e s ,  c o s t  
calculations, e n d  p r o c e s s e s ) ,  1947  

D e s u l f u r l z e t i o n  o f  gases by f e r r i c  o x i d e  ( E f f e c t s  o f  
a d d i t i o n  o f  AlzOs on a b s o r p t i o n  o f  H2S aJ~l SOz by 
FeeOa) , 761 

D e s u l f u r i z a t i o n  method o f  waste  gas (Method  to  imp rove  
economy o f  w e t - t y p e  p r o c e s e ) ,  1807 

D e t r o i t  Ed i son  has c o n f i d e n c e  in $02 s c r u b b e r ,  2112 
Dew p o i n t  o f  f l u e  g a s e s  as r e l a t e d  t o  c o r r o s i o n  O f  b o i l e r  

s u r f a c e s  ( R o l e  o f  SOs; r e v / e u  w i t h  50 r e f e r e n c e s ;  
r e d u c t i o n  o f  SO] c o n t e n t  o f  f l u e  gem),  1011 

Dry c y c l i c  p r o c e s s  u t i l i z i n g  • mangenous o x i d e  a b s o r b e n t  
f o r  r e m o v a l  o f  d i l u t e  s u l f u r  v a l u e s  f r o m  g a s  s t r e a m s ,  
1943 

E l i m i n a t i o n  o f  s u l p h u r  f r o m  f l u e  gases (Use  o f  n a t u r a l l y  
a l k a l i n e  w a t e r  o r  l i m e  w a t e r  to  wh ich  c a l c i u m  s u l f a t e  
c r y s t a l s  have be* a d d e d ) ,  $30 

E v a l u a t i o n  o f  and ~spec ts  f o r  a method o f  
d e s u l p h u r i z a t i o  f f l u e  gases ,  2024 

F l u e  gas d e s u l f u r  a t /On method u s i n g  p o t a s s i u m  phospha te  
as a b s o r b e n t  { f .oval o f  s u l f u r  o x i d e s ) ,  1772 

F l u e - g a s  d e s u l f u z ~ z a t i o n  p r o c e s s  y i e l d i n g  c a l c i u m  l u i f i t e  
a s  a b y - p r o d u c t  ( S  o x i d e s  r e m o v e d  by u s i n g  a b s o r p t i o n  
co lumn ;  deg ree  o f  d e s u l f u r i z a t / o n  was  g 3 g ) ,  2124 

F o r m e t l o n  o f  manganese i o n  in  t h e  r e a c t i o n  o f  
d e s u l f u r i z i n g  a g e n t s  a n d  w a s t e  g e e  ( M a n g a n e s e  d i o x i d e  
is d e s u l f u r i z i n g  a g e n t ) t  1474 

H i g h - s u l f u r  coa l  f o r  g e n e r a t i n g  e l e c t r i c i t v ~  2140 
I F P  d e v e l o p s  i t s  f l u e - g a s  d e e u l p h u r i z a t i o n  m e t h o d  

(Aqueous  ammonium s u l f i t e  s o l u t i o n  i s  a b s o r b e n t ) ,  1921 
I m p r o v e m e n t s  in or relating t o  t he  t r e a t m e n t  of gases 

( P a t e n t ) t  2046 
L i m e s t o n e  t ypes  f o r  f l u e  gas s c r u b b i n g  ( D i s s o l u t i o n  r a t e s  
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scrubber}, 1546 

Hethud and apparatus useful in  combust ion ~ae 
p u r i f i c ~ t l o n  ( M a r b l e  bed we~ s c r u b b e r  f o r  r emmving  
s u l f u r o u s  and p a r t i c u l a t e  i m p u r i t i e s  from flue gasms)~ 
1972 

M~thcd fc~ dsvelep~nt cf stack gas d e s u l f u r l z a t l o n  
dev ices  (Advantages and disadvantsges of d ry  llmcstone 
method]  1 171~ 

~ethod of  and a p p a r a t u s  f a r  desulfurizing Industrlal 
w a s t e  ~ e s s s  (Adsorptc~ cn aotlvated carbon), 1438 

Me,hod tc scrub flue 9as contalnln~ sulfur o x i d e  wlth 
l ime  slurr~ (Lime or  Ca carbonate is used as absorbent 
~o re~cw 5 c ~ t d e s  f r c ~  f l u e  9ages), 1810 

M~hods  of reducing emlssien of ox ides  of s u l f u r  from 
c o a l  (Abscrp~cn of  S e~Ides by alkallzed alumina a% 
62~cF; R ~ i ~ l ~ f t  process; c a t a l ~ t i c  c o n v e r s i o n  o f  SO~ to  
~0= rasultln~ in formation of HaSO~), 1369 

Mol ten ca~bonste process f a r  sUlfUr d i o x i d e  removal from 
s tack  g a s ~ :  process d e s c r i p t i o n ,  economics,  p i l o t  
pla~¢ design, 1618 

On TEC/!FP s~ifur oxide r e m o v a l  frem stack gas process 
(Tokyo Engineerln~ Co./Instltut Francals du P e t r o l  
eethcd far removing $ oxtdes censlsts of cooling waste 
gas and abscrhlng 5 oxides with ammonium sulfate 
f l lcwsd h~ reocverH Of 8 from ammonium sulfate 
sclutlcn; use of Cla~s process), 1923 

~xidetlc~ dasu~furlzatlon method for 9as~s c o n t a i n i n 9  
sulfur co~pcunds (Scrubbing solution contains oxygen 
co=pounds of halegenie acids), 1910 

Process for the extraction of sulfur oxides from gases 
(Use cf Zr oxide as absorbent), 1704 

Process fc~ rem0vin~ sulphur oxides from sulphur ox ide  
containing e~haust gas (Granular carbon-containing 
meterlal is the adsorbent), 1876 

Frcces~ for ra~cvln~ sulfur oxides from waste gas (Usin9 
~anadlu= o x l d s - s u p p o r t e d  a c t i v a t e d  carbon), 1730 

P r o c e s s  f o r  r e m c v i n ~  sulfur o x i d s s  f rom s u l f u r  o x i d e  
conteinln~ exhaust gas (Adsorption of granular carbon- 
ccntalnln9 ~aterlal), 193~ 

Process for the entrapment and r e c o v e r ~  o f  sulfur dioxide 
gem (Uses a bed of mixed m e t a l l i c  oxides and 
s~llcates), 1942 

P r o g r e s s  in  d u s t  and sulfur o x i d e  r e m o v a l  during ~ h e  p a s t  
decade and r e ~ l e w  e f  f u t a r e  possibilities, 694 

Progress  on the CAFB process for  remcvlng suiphar f rom 
fuel o l l  (~aduc~ion cf S oxide emissions from power 
plent flue pesos b~ over 90~), 1786 

P u r l f ~ i ~  gas~s from the ccmbustlon Of sulfur-contalnlng 
f u e l s  (Use of lime i~ Sag-scrubbing zone), 4S2 

Re~Icnal de~cmstratlon program for maximum use of high 
sulfur ce~l e~d maintenance of air quallt~ standards 
(Methods for reduelng sulfur oxides emlssions from 
ecal-flred utilltlez), 200 (WASH-1337-4) 

Removal end reccver~ o f  sulfur oxide3 from gases {Using 
elezental s~l)fur-eentalnlns aetlvated carbon), 1729 

Remora! and r,~ssver~ of sulfur oxides from gases (B~ 
adscr~tlcn ~n ectlvated carbon), 1615 

Re.oval cf sulfur oxides tram gases containing carbon 
dlo~Ide (Ga~es from combustion of coal.or durin@ 
production ~f s~n%hesi~ gas washed wlth aqueous 
(NH~)=S~, (N~)zSO=, NH~HS03~ and (NH~)~COz), 1273 

Re.Oval Of sulfur oxldes from flue gases and thelr 
conve rs ion  t~ ammonium sulfate (Passage of flue gases 
ccntal~img SO; and SOs through scrubber eountercurrent 
tc  ~us~sn~ion at M~(OH)~), 888 

Removal ef sulfur oxide~ from flue gases and stack gases 
(by additlon cf NHs and celleetion of sulfites and 
sulfe%s~ ~r~£~ on-an-electrostatic precipitator), l185- 

Removal cf s~Ifur fro~ flue gases from %he combustion of 
f u e l  ells in large thermal-electrlc power plants 
( E ~ l n a t i c n  of ~rccess desiDn, cperatlon, and costs of 
control me~hod: treatment of flue gases with ammonia 
that are ~he~ purlfied), 14B4 

Re.oval of SO e from gas streams (B~ contact with solid 
b a s i c  Ion exchange r e s i n  after first removing SOs b~ 
co, tact with an alkali), 1903 

Re.oval cf sulfur co~pounds fram f u e l  ga s  (Twa absorption 
sta~e~ w i t h  o~clln~ absorbents}, 1773 

Re~cval cf sulphur oxides f rom flue gases b~ powdered 
limestone ( ~ p p l i c a t i o n e  in USSR), 1900 

Re.oval cf sulfur ox ides  from flue gases (Multistage 
process ef ~cru~bin9 gases with sclutlons of NH~ 
s a l t s ) ,  11Z& 

~e~c~l~ sulfur e x l d e ~  fro~ flue gases contaluing free 
e~en (Using squeous sole%ions containing NHa), 337 

SD~ desulfurlzln 9 process (Sod ium h ~ d r o x i d e  s o l u t i o n  is 

SO= co~troi: lea-sulfur coal still the best wa~, 2067 
SO~ r~oval technology enters growth phase (Description 

~f  dc~ in~ectlcn, dr~ a b s o r p t i o n ,  we% absorptlon, 
carbon ad~=rption, and catalytic oxlda%ion methods), 
17~ 

Solids f r c ~  wet limestone scrubbing of power p l a n t  stack 

Sourc~/conirol  of  a i r  emissions (Equipment and methods)~ 
1786 

St~ck g~ ~crubber/dls~ossl d e v i c e  { I n j e c t i o n  of ammonia 
and wate~ f o r  r e m o v a l  o f  sulfur oxides), 1883 

Sulfur o x i d e  removal from flue gases by heating to 400 to 
e25  e and br inging i n t o  c o n t a c t  w i t h  dry CaO, Ca(OH)s or 

CsCO~ us ing  PesO= as c a t a l y s t ,  427 
S u l f u r . o x i d e s  p e l l u t t c n  son%te l .  Federa l  researoh  and 

deve lopment  p l a n n i n g  and programming,  1968-1972 (Coal  
desulfurlza%ion and r e m o v a l  of sulfur oxides from flue 
gas), 1434 (PB-180769) 

Sulfur removal from combustion gases (I.C.Io and Bollden 
p r o c e s s o s ) ,  468 

Su lphur  o~ lde  c o n t r o l  he l d  f e a s i b l e  (Ecanomios o f  t he  
process f o r  rue gas d e s u l f u r l z a t l o n  are d i s p u t a b l e ) ,  
2068 

Survey o f  methods o f  c o n t r o l l i n g  s t ack  gas emiss ions  from 
power p l a n t s  (Removal o f  N and S o x i d e s ) ,  1638 (PS-  
227850/~GA) 

Techno log i ca l  and economic f e a s l b i l l % ~  o f  advanced power 
c y c l e s  and meth o d s  o f  p r o d u c i n g  n o n p o l l u % t n g  f u e l s  f o r  
utlli%~ power stations, IS38 (UARL-J-970858-!3) 

Technology an~ use of lignite. Informs%ion clrculer, pub. 
i n  proceedlngs: Bureau of Mines~Unlvarsi%y of Nor th  
Dakete Symposium, Eismarck, ND~ 12-13 Ma~ 1971 
(Liquefaction o f  l i g n i t e  end removal, of nitrogen oxides 
and s~Ifur oxides from flue gases), 6988 (PB--211 8261 

Treatment of gases (Absonbent comprises an o x i d e  of 
uranium or thorium and/or a pracursor~ and an alkali 
metal  o r  a l k a l i n e  e a r t h  meta l  o x i d e  and /o r  a p r e c u r s o r  
f o r  removal  o f  s u l f u r  ox ides  f rom f l u e  gas ) ,  1812 

Treatment o f  flue gases, 1126 
Washing flue ~ases (Removal of s u l f u r  oxides bN washing 

w i t h  r e c f r c u l a % l n g  l i q u i d  c o n t a i n i n g  CaO or cha l k )~  42S 
SULFUR OXIDES/STACK DISPOSAL 

Coal gasification: low B.%.u. gas for power statlon 
emiss ton  con%te l ,  5439 

SULFURIC ACID/PRODUCTION 
A c t i v a t e d  carbon ~ethod o f  desulfurlzation t e chno logy  o f  

f l u e  g a s  ( S  d l o x l d e  a d s o r b e d  by a c t i v a t e d  C %hat can  
then be regenerated), 1659 

Chemloal purlflcatlon of gas end sulfur recover~ progress 
and new applications (Review of methods of 
purification; discussion of dry and we% methods and 
a d v a n t a g e s  and d i s a d v a n t a g e s  o f  each)7 913 

Corona d i scha rge  o x i d a t i o n  o f  s u l f u r  d i o x l d e  (S d t o x l d e  
i n  humid alr mixture), 1782 

Extraction o f  s u l f u r  f rom coke-oven gas and %he 
manufacture of s u l f u r i c  acid (Re=ova l  of S b~ C c l l t n  
NHs process ;  H~SO~ produced by Chemiebau we% c o n t a c t  
process f rom recovered  HsS; equipment), 1078 

I r o n  p ~ r t t e s  from h i g h - s u l f u r  coa l s  (Economies of  
d e s u l f u r i z a t l o n  o f  coa l  t c  r ecove r  FeS e f o r  s u l f u r i c  
ac i d  p r o d u c t i o n ) ,  1422 

Methods of reducing emission o f  oxides of sulfur from 
coal (Absorpton o f  S o x i d e s  by  a l k a l l z e d  s l u m l n a  a t  
62507; R e l n l u f t  p rocess ;  c a t a l y t i c  c o n v e r s i o n  o f  SOs to  
SOs resulting In formatlon o f  HsSO~)~ 1359 

Operation of %he Frodingham desulfurizing plant a% Exeter 
(Removal. of 99~ of H sulfide and 90~ of other organic 
compounds common to coa l  g a s ;  s u l f u r i c  ac id  p roduced ) ,  
1408 

Present  status o f  t e c h n i c a l  deve lopments  t n  
d e s u l f u r i z a t o n  o f  waste g a s  { D e v e l o p m e n t  o f  4 major 
desulfurizatlon techniques: dry a b s o r p t i o n ,  wet 
a b s o r p t i o n ,  use o f  a c t i v a t e d  C, and c o n t a c t  o x t d a t i o n ) ~  
1462 

Progress in ga~ p u r i f i c a t i o n  (Review)~ 794 
RemovaI and r e c o v e r y  o f  su l f u r  d i o x i d e  f rom h i g h -  

tempra%ure flue gas {Process for conversion of  S 
d i o x i d e  t o  s u l f u r i c  a c i d ;  S d l o ~ I d e  a b s o r b e d  in d i l u t e  
s~If~ric a~Idc~t~[fifi~ Mn sulfate as o x i d a t i o n  
catalyst), 2080 

Removal o f  ammonia and hydrogen ~ u l f t d e  from coke oven 
gas (Two-step washing process; catalyti c o x i d a t i o n  
gives sulfuric acid), 1528 

Removing sulfur from the exhaust gases o f  fired fuels 
containing sulfur and simultaneousi~ preparing sulfuric 
sold {Mixing of ammonium, K, or Na nitrates wlth 
exhaust gases to £orm s u l f u r i c  a c i d ) ,  2114 

Successful removal of s u l f u r  dioxide from flue gas 
(PRototype catalytic oxide%ion process system removes S 
dioxide from flue gases of a coal-burning power plant 
and converts It into commercial grade sulfuric acid), 
1470 

Technological problems In the production of s u l f u r i c  a c i d  
from h y d r o g e n  sulfide bF catal~tlo wet method in the 
Zdzieszowlee eoklng plant (Conversion Of H sulfide to 
s u l f u r i c  a c i d  was 97~) ,  1501 

Use of sulfur from coals (Review o f  practice In sulfuric 
ac id  p r o d u c t i o n  from p y r i t e s ;  steam-air desulfurlzation 
of c o a l ) ,  1503 

Utllizatlon of sulfur from gases formed I n  distillation 
o f  coa l  ( P r o d u c t i o n  o f  S and HsSO % from HaS from c o a l ) ,  
830 

SULFURIC ACID/RECOVERY 
Development of desulfurlzatlcn apparatus for flue gases - 

Its histor~ and outline (rise of dilute sulfuric a c i d  as 
absorbent)g 1668 

Removing SO2 from stuck gases (Review'of full-scale and 
prototype processes w i t h  respect %o stage of 
t e c h n o l o g i c a l  deve lopment ,  p rocess des ign  end 
operatlon~ advantages, disadvantages, and economic 
feaslbilit~}, 7440 



SULFURIC ACID/RE~EVAL 726 

........................................................... 

SULFURIC ACID/REMOVAL 
Bibliography of sul fur t r iox ide  aria su l fu r ic  acid mist 

emissions a~d their control, 1907-19681 with abstracts. 
(Part 3) (105 references), 1518 (PB-190471) 

SUMITOMO PROCESS 
Coal gas i f i ca t ion  - Sumitomo p rocess  (Pulverized coal, 0 t 

and stea# jetted diagonal ly downward into gas i f ie r  from 
lower part of furnace), 4742 

SYNTHANE PROCESS 
Analyses of  tars, chars, gases, and water found in 

effluents fro~ the Synthane process. Technical progress 
r e p o r t ,  5578 (P5-229218/3) 

Analysis o f  tars, chars, gases, and water found i n  
e f f l uen ts  f r o ~  the Syn thane  P r o c e s s ,  5579 

C a t a l y s i s  o f  coal  gasification a t  e l e v a t e d  p ressu re  
(Resea rch  on c a t a l y s t s ) ,  5469 

Clean ene rgy  from coa l  (Rev iew o f  f undamen ta l  c h e m i s t r y  
and c o n t a c t i n g  schemes f o r  g a s i f i c a t i o n  processes) ,  
5574 

Clean f u e l s  from c o a l .  Syn than¢  C o a l - t o - G a s  p rocess  
(Rev iew w i t h  7 r e f e r e n c e s ) l  5355 

Coal g a s i f i c a t i o n :  s t a t e  o f  the  a r t  ( S t a t u s  o f  a r i o u s  
gasification processes), 5431 

Coal t e c h n o l o g y :  key t o  c l ean  e n e r g y .  Annual  r e p o r t ,  
1973-74 (Production of synthetic fuels from coal), 5567 
( NP-20078 ) 

Commercial concept designs (6 processes), 5350 
Evaluation of coal-gasification technology. P a r t  I. 

Pipeline-qualit 9 gas (Discussion of s h o r t a g e  Of natural 
gas and pOSSJOI¢ s o l u t i o n s  to  problem; d e s c r i p t i o n  of 
various processes for coa l  g a s i f i c a t i o n ) ,  5257 (NP- 
20088)  

Gasification moves f rom research to  development (Current 
g a s i f i c a t i o n  projects and p rocesses  in USA ( 1 9 7 2 ) ) ,  
5320 

G a s i f i c a t i o n  of bituminous coa l  - s t a t u s  and p r o s p e c t s  
(Economic evaluation of 4 processes for p r o d u c i n g  SNG), 
5273 

HRI coa l  g a s i f i c a t i o n  (Hydrocarbon Research I n c .  
e x p e r i e n c e  in  ore g a s i f i c a t i o n  d u r i n g  the  1 9 5 0 t s .  
Recent  d e m o n s t r a t i o n  o f  f e a s i b l [ | t y  o f  Synthane p rocess  
for USBM), 5362 

L a b o r a t o r y  s t u d i e s  on the  e f f e c t  o f  coa l  a d d i t i v e s  in the  
Syn thsne  G a s i f i e r  ( E f f e c t s  o f  l i m e s t o n e ,  s lacked  l imes 
and q u i c k l i m e ) ,  5577 

M a n u f a c t u r e  of s y n t h e t i c  g a s o l i n e  n e a r i n g  commercial 
a p p l i c a t i o n  in U. S. (U.  S. m o d i f i c a t i o n s  to  F i s c h e r -  
T r o p s c h  process), 6182 

Reassessment of the prospects for coal gasification (For 
p r o d u c t i o n  o f  s y n t h e s i s  g a s ) ,  5228 

S t a f f  r e p o r t  on coal  g a s i f i c a t i o n :  processes  and e f f e c t s  
(Rev iew o f  p rocesses  f o r  p r o d u c t i o n  o f  h igh  Btu g a s ) ,  
5523 

S t a t u s  r e p o r t :  the 4GA/OCR coa l  g a s i f i c a t i o n  program 
( S t a t u s  of various gasification processes), 5432 

Summary p r e s e n t a t i o n :  an o v e r v i e w  o f  coa l  c o n v e r s i o n  
t e c h n o l o g y ,  52 

Syn thane  - a c a n d i d a t e  for success (Advan tages  of 
S y n t h s n e  process  f o r  g a s l f i c e t | o n  o f  c o a l ;  use o f  C laus 
p rocess  for removal  o f  HzS f rom s y n t h e s l s  g a s ) ,  5299 

Syn thane  coa l  g a s i f i c a t i o n  p i l o t  p l a n t  t o  d e m o o s t r a t e  
feasibility of c o n v e r t i n g  coal t o  s u b s t i t u t e  n a t u r a l  
gas .  F i n a l  e n v i r o n m e n t a l  Impact  s t a t e m e n t .  Supersedes 
r e p o r t  dated 24 Jan 1972, PB--206 04S-D,  5310 (EZS-AA- -  
72-5175-F) 

Syn thane  c o a l - t o - g a s  p r o c e s s :  p r o g r e s s  r e p o r t .  Paper No. 
16,  5196 

Syn thane  p rocess  ( P r o c e s s  f o r  p r o d u c i n g  SNG from any 
c o a l ) ~  5458 

S y n t h e t i c  f u e l s  f rom hydrocarbon s o u r c e s :  t e c h n o l o g y ,  
economics  v markets9 5562 (NP-19993 )  

5YNTHANE PROCESS/ECONDMICS 
G a s i f i c a t i o n :  r e d i s c o v e r e d  source  o f  c l e a n  f u e l  (Coa l  can 

be g a s i f i e d  i n t o  S - f r e e  s y n t h e t i c  natural gas~ but i t  
ia  e c o n o m i c a l l y  u s e f u l  i n  o n l y  some applications), 5321 

SYNTHANE PROCESS/MONITORING 
Automated moni to r ing  system f o r  an e x p m r i m e n t a l  coa t  

g a s l f t e r ~  5401 
SYNTHANE PROCESS/REVIEWS 

Coal g a s i f i c a t i o n  (Rev iew o f  coa l  g a s i f i c a t i o n  
f u n d a m e n t a l s  i n c l u d i n g  c o a l  c h e r e c t e r i s t i c s ~  c o a l  
p r o c m s s l n g ,  chemica l  r e a c t i o n s ~  and t he rmodynamics ;  low 
and h i g h  Dtu g a s  p r o d u c t i o n ) ~  5481 (NP-20097)  

Coal g a s i f i c a t i o n :  a r e v i e w .  Paper No. 71 -15  (Undmrground 
and above-g round  g a s i f i c a t i o n ;  m n v i r o n m e n t e l  effects o f  
c o a l  g a s i f i c a t i o n  by t g g O ' s  d i s c u s s e d  in a p p e n d i x ) ,  
5242 (PB-228887 )  

SNG - where will it come from~ and  how much will it c o s t  
(Chem ica l  r e a c t i o n s  f o r  product ion o f  s u b s t i t u t e  
n a t u r a l  gas;  f l owshemt  f o r  n a p h t h a  g a s i f i c a t i o n ;  
d i a g r a m  o r  f l u f d i z m d  bed g a s i f i c a t i o n ;  f u e l s  r e f i n e r y  
f o r  SNG; d i a g r a m  f o r  L u r g l  p r e s s u r e  g a s i f i c a t i o n ;  
f l o w s h e e t s  o r  c o a l  f o r  g m s f i c a t l o n ,  p o w e r ;  d e s c r i p t i o n s  
Of var ious  p r o c e s s e s ;  SNG is  p r i n c i p a l l y  methene)~ 5306 

SYNTHESIS/PRODUCTION 
Coal g a s i f i c a t i o n  f o r  p r o d u c t i o n  o f  s y n t h m s i s  and 

pipeline gas (Use of 0, devmlopment o f  suspmnsion 
g a s i f i c a t i o n  procasses~  end  f l u l d i z e d  bed  gaslfimrs~ 

anO operation of  gas i f ie rs  under slagging condit ions 
Jiscussed; 110 references), 4800 

SY~;THESIS GAS/CHEMICAL REACTICN KINETICS 
Theory of gas producer. I ,  3722 

SYNTHESIS GAS/COMBUSTIGN HEAT 
G a s i f i c a t i o n  o f  coa l  under  c o n d i t i o n s  s i m u l a t i n g  s tage  I I  

o f  the  BCR two -s tage  s u p e r p r e s s u r e  p rocess  ( P r o d u c t i o n  
of ynthesls gas), 4991 

SYNTHESIS GAS/DE£ULFURIZATION 
Adip p rocess  (For  the s u b s t a n t i a l  removal  ( t o  a few ppM) 

of hydrogen sulf ide and the par t ia l  removal of 
incidental COS~ C dioxide, and mercaptens), 1959 

Alkazid process (For select ive absorption of H su l f ide 
and f o r  the s i m u l t a n e o u s  removal  o f  H s u l f i d e  end C 
d i o x i d e  a t  a t m o s p h e r i c  or  h i g h e r  p r e s s u r e s ) ,  1958 

B e n f i e l d  p rocess  (Removal  o f  C d i o x i d e ,  H s u l f i d e ,  and 
COS from sour  n a t u r a l  gas and raw gases produced d u r i n g  
m a n u f a c t u r e  o f  s u b s t i t u t e  n a t u r a l  gas by p a r t i a l  
o x i d a t i o n  o f  coa l  or  o [1  or  bY naph tha  r e f o r m i n g ) ~  1957 

C o n t i n u o u s  p r o d u c t i o n  o f  c o m b u s t i b l e  gases ( C o m b u s t i b l e  
gases ( f u e l  gas,  s y n t h e s i s  gas,  and H) produced bN 
reformation or gas i f i ca t ion  of carbonaceous mater ia l ) ,  
4866 

Desulfurizing of gases containing carbon monoxide end 
hydrogen (Use of alkaline earth metal hydroxlde or 
carbonates as catalyst), Ii19 

G i a m m a r c o - - V e t r o c o k e  p rocesses  (Gases ,  such as n a t u r a l  
and s y n t h e s e s  gas,  f r e e d  from C02 by t r e a t m e n t  w i t h  
a l k a l i  c a r b o n a t e  s o l u t i o n  c o n t a i n i n g  ASs03; HaS removed 
by t r e a t m e n t  w i t h  a l k a l i  e r s e n t t e s  and a r s e n a t e s ;  S i s  
removed by f i t t r a t i o n ;  economic analys is) ,  1135 

Giamma-co V e t r o c o k e - - s u i f u r  p rocess  ( C o n t i n u o u s  remova l  
of H sulfide from natural gas or synthesle gases by 
scrubbing with eolution of alkali arsenate or 
arsen i te ) ,  1952 

Organ ic  s u l f u r  in s y n t h e s i s  gas:  o c c u r r e n c e ,  
d e t e r m i n a t i o n ,  end removal  ( P r o g r e s s  r e p o r t  on 
e x p e r i m e n t a l  work ;  use o f  h y d r a t e d  l ime to  reduce 
o r g a n i c  S c o n t e n t ) ~  755 

Organic s u l f u r  in s y n t h e s i s  gas - o c c u r r e n c e ,  
determination, and  removal (Coal gasification as source 
o f  s y n t h e s i s  g a s ) ,  750 

Performance of a Girbotol p u r i f i c a t i o n  plant at 
L o u i s i a n a ,  M i s s o u r i  ( £ t h a n o l a m i n e  p u r i f i c a t i o n  u n i t ) ,  
962 

P r i n c i p l e s  i n  the p rocess  of a b s o r p t i o n  o f  hyd rogen  
s u l f i d e  and  c a r b o n  d i o x i d e  bv t r i e t h a n o l a m l n e  s o l u t i o n s  
CGraph ica l  method f o r  e v a l u a t o n  o f  c o e f f i c i e n t  o f  
a b s o r p t i o n ) ,  1259 

P u r i f i c a t i o n  of h y d r o g e n - c o n t a i n i n g  s y n t h e s i s  g a s e s  
CRemoval of ~0 z and  S - c o n t a i n i n g  i m p u r i t i e s ) ,  852 

P u r i f l c a t i o ~  o f  s y n t h e s i s  gem. Removal of dust ,  ca rbon  
d i o x i d e ,  and s u l f u r  compounds I P r o d u c t i o n  by r e a c t i o n  
of coa l  w i t h  O and s t e a m ) ,  953 

Pur i f i ca t i on  of  gases (Washing w i t h  p o l a r  organ ic  l i q u i d  
t o  remove HaS, o r g a n i c  S eospounds,  e t c . ;  CHaOH i s  
p r e f e r r e d  a b s o r b e r ) ,  1127 

R e c t i s o i  p rocess  f o r  t he  p u r i f i c a t i o n  Of p r e s s u r e  gases 
( P u r i f i c a t i o n  f o r  use i n  F l s c h e r - - T r o p s c h  r e a c t o r ) ,  959 

Removal of hydrogen s u l f i d e  f rom gases end s u l f u r  
r e c o v e r y  (Gas i s  f i r s t  scrubbed w i t h  a b s o r b e n t  l i q u o r  
( e . g . ,  aqueous t r t e t h e n o l a m l n e ) ;  r e s i d u a l  HeS i s  then  
removed by Fe o r  Mn o x i d e ) ,  1306 

Removal o f  d i s u l f i d e s  f rom s y n t h e s i s  gas ( N i t  Co9 Fe,  and 
Cu c a t a l y s t s  f i x  d i s u l f i d e s ,  and NI, Co, end Cu convert  
them tO HAS), 1252 

gemoval o f  s u l f i d e s  f rom s y n t h e s i s  gas (N i  end Co 
c a t a l y s t s  s u | t e b l m  f o r  f i x i n g  s u l f i d e s ,  and Ni~ Co, No, 
and Cd f o r  c o n v e r t i n g  them to  HaS)I  1253 

Removal o f  t r a c e s  o f  a c i d i c  components from gas m i x t u r e s  
( A l k a l i  m e t a l  c a r b o n a t e  o r  o t h e r  a l k a l i n e  s o l u t i o n  used 
as a b s o r b e r  f o r  t r a c e  amounts o f  HaS, HCN, NOz, e t c . ) ,  
1230 

Removal o f  a c i d - f o r m i n g  g a s e s  f rom s y n t h e s i s  g a s  ( R e m o v a l  
of HzS and CO z by a b s o r p t i o n  in  NH,OH), 1170 

Remova l  o f  h y d r o g e n  s u l f i d e  f rom i n d u s t r i a l  gssea w l t h  
Koppera f i n e - p a r t i c l e  coke (Compar i son  o f  e f f e c t i v e n e s s  
w i t h  t h a t  o f  Le t s  aaas)~ 1067 

Removal o f  carbon d i o x i d e  end hydrogen s u l f i d e  from gases 
(Gases are  washed w i t h  smmoniscal  s o l u t i o n s  c o n t a i n i n g  
salts t h a t  r e a c t  w i t h  COe and ( o r )  give s p a r i n g l y  
soluble c r y s t a l l i n e  p r e c i p i t a t e s ,  m . g . ,  NeCI and FmSOs; 
e q u a t i o n s  NH] + HaS = NH~HS, FmSO~ + NH~HS - FBS + 
(NH~)MSO,; NH,HSO, + NHa = (NH~)aSO=)t  940 

Removal o f  mercap tane  f rom s y n t h e s i s  gee ( C a t a l y s t  
consisted o f  k l e s e l g u h r  conta in ing  20Z (el  B e t a ] )  o f  
oxide of Fe~ NI, Co, Cut Mnt Cd~ Cry NO, V, A I ,  or MS; 
t h l o l s  c o n v e r t e d  to  HaS end a smal l  amount to 
sulfldes), 125A 

Removal o f  t h i o p h e n e  f rom s y n t h e s i s  ges (Comparison o f  NI 
and Mo c a t a l y s t s ) .  1250 

Removal o f  carbon d i s u l f i d e  f rom s y n t h e s i s  gas ( c a  a wss  
c o n v e r t e d  t o  H e G b y  2 p r o c e s s e s ;  Few Ni~ Co9 a n d  Cu 
c a t a l y e t s  f i x  CSe .  and  N l ,  Cot  and  Mg c o n v e r t  i t  to  
HeS)t  1251  

R e m o v i n g  h y d r o g e n  s u l f i d e  f r o m  s y n t h e s i s  g a s  w i t h  i r o n  
oxide e t  e l e v a t e d  prmssurm (gem of  wood chips 
Impregnated with Fe oxide to  reduce HxS contmnt ) t  1281 

Removing s u l f u r  compounds from gas m i x t u r e s  (NaG and 
o t h e r  S - c o n t a i n i n g  compounds poison c a t a l y s t s ;  c o o l e d  
gee I s  washed by N - s l k y l a t m d  pyrolldonma or pipmrldonms 



727  SYNTHESIS GAS/PRODUCTiON to ab~arbed S-cantaining campounds)~ i~37 
Selective absorpllon of hydrogen sulfide from synthesis 

gas (Effectiveness sf K~P~ a~d glHcin~ solutions), 843 
Suitabilit~ of indigenous active carbon~ for removing 

hydrc~e~ ~Ific[e from s~n%hesis gas7 1012 
S u l f i ~ c l  process (Se~ovai of acidic gas constituents such 

as H sulfide, C dioxide, a~d ~ercaptans f r o m  neutral~ 
refiner~, asd ~:~thesis ~ases), 1962 

S u | f u r  r e m o v a l  f~am 9ases~ 1377 
Sulfur remaval fro~ s~ntbe~is Blue gas h~ active 

charcoal, 8~7 
S u l f u r  re~aval f r a m  ~ases f o r  the synthesis of 

hydrccarhan~ (Using Co, ~Is Or, W~ Mn~ Ho~ o r  V as 
catalyst), 7~0 

Synthane - a candidate f o r  success (Advantages of 
Syr, thase process f o r  sa~If~cation of coal; use of Claus 
proces~ for resouai of H~S from synthesis gas)~ 5299 

ZYNTHESIS GAS/HETH~NATI~N 
DevelopmeDt Of Calal~sts and r e a c t o r  s~stems for 

me~hanat[on (C~tal~st consists of Rane~ Ni s p r a y e d  onto 
plate~), ~91~ 

Hake high-S~t.u, pipeline gas from coal (Conversion of 
coal to s~nthesis gas and subsequently to  high Btu 
Gas), 4860 

Phase Ill and Phas~ iV - design and construction of the 
consoildetios synthetlc ga~ p i l o t  plant, Rapid Cit~ 
Scuth Dak~t~ (~lant use~ CO z aeceptor method for 
gasificatio~ ef lignite tO produce synthesis gas which 
i s  methanated tc high ~tu plpelina gas), 3131 (NP- 
20104) 

Pipeline ga~ frc~ coal by ~ethanation of synthesis gas 
(Over 9Q~ H • C~ conversion to methane maintained for 
extended Fer~cd~ operating at 30-300 psig and 500- 
SO00F; mo~t actlue catalysts were Ni on kieselguhr and 
a novel  ~a~e~ Ni; i05 references), 4874 

P i p e l i n e  gas from c o a l  b~ methanation of synthesis gas~ 
2866 

Three-stage ~as~fIcation of coal (OHm-high fuel gas 
prcduc,~d by coal gasification of O-steam mixture at 50- 
70 a:~ and I~70, 870, and 815-900o, resp. catalytic 
conversion Of ~nthesls ga~ produced), 5536 

SYNTHESIS GAS/PROD~CT[ON 
Apparatus f o r  s~thesi~--gas man,lecture s 4480 
Brown coals as caw material f o r  town's gas and 

''s~nthebis ~' ga~ (Pintsch--Hillebrand process for 
przduct~on Of gas s u i t a b l e  for Fischer--Tropseh 
s ~ n t h e s i s ) ,  3~45 

Carbon-14 studie~ for the evaluation of the reaction 
mecha,ism of the Fischer--Tropsch synthesis, 5932 

Carbon m~xid~ esd hydrogen from powdered coa l  
[Gasification with 0 and steam at about 100 Ib/in 2 
p r e s s u r e ) ,  3S!5 

Carbon m = ~ o x i d e  and hydrogen by underground gasification 
of coal (Introduction of strong m~neral acid to coal 
seam to for~ gas ~as~egss in seam), 4483 

Chemical sonvers~on of the ga~ formed i n  the underground 
gasifJcatlo~ of c~al [~eview of uses of gas from 
underground ~aYificatio~), ~944 

Clean fu~[s f~cm coll. Technical and historical 
background (~evie~ of coal s o l v a t i o n s  p~rol~sis, 
hwiro~an~tID/~ ~ an~ prodactien Of synthesis g a s ;  no 
referencas), 5~51 

Coal char ga~if~catlon in a continuous eleo%rofluid 
reactor (Prm~[ection Of s~mthesls gas from coal char 
~ith ~te~), 5154 

Coal char ga~Ificatlon.in electrofluid reactor 
(Production of s~,%hesi= gas), 5131 

Coal char gasification in an electrofluid reactor 
(Manufacture mf ~Hnthes[~ gas using steam), 5090 

Coal char gasification in an elec%rofluid reactor 
(Production Of synthesis gas; Gasification rate 
increased w~th temperature, steam flow rate, and C 
burnsff; proze~s is technicall~ feasible), 5098 

Coal gasification plants may be solutlcn to U. S. gas 
~hortages (Production o f  clean fuel gas, $~nthesis gas, 
or high BtU Oar from coal b H Koppers-Totzek process)~ 
1761 

Ccel g a s i f i c a t i o n  U,lt completed 2% Missouri Gas 
s~nthesis plant (For production of s~nthesis gas)~ 3643 

Cc~merelal production of synthesis gas from low-grade 
c o a l .  I. Gasification process (Com~erclal Installs%ion 
at fia~olburg~ Orange Free State~ South Africa), 4423 

Commerci~l productlon of synthesis gas from low-grade 
coal. III. Gar puriflc~tion, 4 5 7 2  

Commercial preductlen of s y n t h e s i s  g a s  f r o m  l o w - g r a d e  
c o a l .  II (Plant operation and b ~ - p r o d u c t  recovery), 
~4~7 

C o n s l d e r a t ~ c n  Cn t h e  p u t v £ r i z e d - c o a l  g a s  producer 
(Descrlpticn of I0~000 cu. m./hr, plant)~ 3780 

Continuou~ di~itillation of coal and hydrogenation of 
condensable volatile~ (Continuous multis%age~ 
pressurized coal distillation and gasification s~stem 
in single v~rticai vessel), 7125 

C o n t i n u o u s  production of combustible gases (Combustible 
g a ~ e ~  (fUel g~s, synthesi~ Gas~ and H) produced by 
reformatlcn o r  gasification o f  c a r b o n a c e o u s  ma%er~al)~ 
4868 

Convers ion  o f  solid fuels to hydrocarbons (By 
gasificaticn to CO and H a~d subsequent synthesls)s 

Cost data for gaslflcaticn of llgnite i n  an externall~ 

heated retor%~ 4310 
Development of an experimental s l a g g i n g ~  fixed-bed 

gasifier for production of synthesis gas at pressures 
to 400 pslg (Gaslficatlon of North Dakota lignite and 
bituminous coal char), 4880 

Distilling carbonaceous materialT 3680 
Electrothermal coal char gasification (High-temperature, 

high-pressure synthesis gas manufactured by steam 
gasification of coal char), 5200 

Estimation of coal and gas properties for gasification 
design calculations (Book), Z146 

Experiment on gasification of coarsely dispersed, aqueous 
fuel mixtures (Gasification of coal suspensions to 
produce synthesis gas), 5129 

Fischer--Tropsch synthesis gas (Production %eohniques)~ 
3918 

Fisoher--Tropsch catalyst (Spent catalyst used so that it 
furnishes C to process for manufacture of CO and H 
s~nthesis gas), 3920 

Foreign developments i n  coal gasification 
(Hydrogaslfication appears to offer more economic 
method for making higher heating value gases than 
catalytic methods), 4915 

Formation of low-volatile char and synthesis gases by the 
carbonization of coal (No substantial amount of tar 
produced; pressures up to 1000 psi)9 158 

French experimental station for the manufacture of city 
gas and synthesis gas from Fuveeu Basin 4ignltes. I. 
Experimental station at Digoin (NGNE)~ 3609 

Fuel gas, especially synthesis gas (Presence of tar and 
hydrocarbons in Gas from bituminous coal prevented by 
exposing powdered coal to such high temperatures that 
hydrocarbons are decomposed)~ 4823 

Fuel Gas (Gasifies±ion of fluidized powdered fuels; 
equipment), 4604 

Fuel gas, especially synthesis gas s from gas generators 
with tapholes (Fluidized bed Gasification of coal or 
dr~ lignite), 4524 

Fuel gas of high calorific value end synthesis gas low in 
methane (From gasification of coal in a 2-zone 
genera%or), 4523 

Gas mixtures containing carbon monoxide and hydrogen 
(Production from coke using steam or bv mixing coke- 
oven gas and blue water gas), 6135 

Gas rich i n  carbon monoxide and hydrogen from coal or 
coke, 4250 

Gaseous m i x t u r e  c o n t a i n i n g  carbon monoxide and hydrogen,  
6630 

Gases c o n t a f n i n g  carbon monoxide end h£drogen [ P r o d u c t i o n  
b~ 3-stage Gasification process), 4367 

Gasification (Of coa l  wi±h oxygen and steam in 2-stage 
process to produce CH~-rioh gas and synthesis gas), 
4157 

Gasification of s o l i d  fuels~ 4370 
Gasification of powdered fuel (Production of gas 

contalninG CO and H by gasification of powdered fuel 
with O or air enriched with 0 and wlth addition of 
steas and/or COo), 4249 

Gasification of solid carbonaceous materials (In O at 
1800-20000F %o form C0 and i n  steam at 1500--17000 to 
form H and C0), 4258 

Gasifies%ion of carbonaceous solids (Production of 
synthesis gas from coal), 4003 

Gasification of lignite by BaR [Bituminous Coal Research] 
two-stage superpressure process (Hot s~nthesis gas 
generated internally b~ rest%ion of benzene or 
myclohexane, O, steam ~n simulated firs% stage %h2% 
entrains and gasifies pulverized coal feed; equipment)s 
5192 

Gasification of pulverlzed coa l  e% atmospheric pressure. 
Discussion o f  pIlo%-plen% development, study of process 
variables, and relative gaslflca%ion characteristics of 
coals of different rank~ 4637 

Gasification of solid fuel (Production of synthesis gas 
from coal), 4478 

Gasification of solid fuels a¢ elevated pressures (Low Cg 
gas can be produced by gasification of solid fuels wt%h 
mixtures of 0 plus steam or O~ s%eao~ and CQa)~ 4927 

Gaslfloe±ion of solid fuels, 4160 
Gasifica%ion of solid fuels at elevated p~essurem 

( E c o n o s i c s ) ,  3839 
Gasification of coal under conditions slmu!a%ing stage II 

of %he BCR two-stage superpressure process (Production 
of ~n%hesls Gas), 4991 

Gasifying coal and/or oil with hydrogen, S180 
Gasoline from coal via the Synthol prseess~ 6745 
Generation of synthesis gas with recover~ of aromatic 

hydrocarbons~ 5962 
Genera%ion of synthesis gas (Arrangement of duets or 

underground Gasi;leution; paten%)~ 3673 
Generation of synthesis Gas by subterranean Gaslfica%iun 

(Patent), 788 
High-pressure pulverized coal #asifier (Synthesis gas 

produced from coal~ O~ end steam In saslflr opera±inS 
at supara%mospherlo pressure), 4863 

H~drocarbon-synthesis gas from coal~ 4005 
Hydrogen sulfide poisoning of ni%rlded and carbided iron 

catalMs%s in the Fischer--Tropsoh synthesis (NONE), 
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6792 

B y d r o g e n a t l o n  o f  c o a l  ( H y d r o g e n a t i o n  i n  two s t e p s ;  550-  
850OF and 750-850oF and 100-10000  p . e . l . ) ,  2820 

Improvemen ts  r e l a t i n g  to  gas p r o d u c t i o n  ( P r o d u c t i o n  o f  
s y n t h e s i s  gas by p a r t i a l  o x i d a t i o n  o f  a tom ized  
d i s p e r s i o n s  o f  l i q u i d  s l u r r i e s  o f  s o l i d  ca rbonaceous  
f u e l s ) ,  5396 

I n f l u e n c e  o f  o p e r a t i n g  v a r i a b l e s  on s y n t h e s i s  gas 
p r o d u c t i o n  in  p r e s s u r e  c o a l  g a s i f i c a t i o n  ( P i l o t  p l a n t ) ,  
3974 

K-T coa l  g a s i f i c a t i o n  p rocess  - • p o l l u t i o n - f r e e  p r o c e s s  
f o r  p r o d u c i n g  s y n t h e t i c  gas f u e l  ( K o p p e r s - - T o t z e k  
p r o c e s s ) ,  1733 

L a b o r a t o r y - s c a l e  work on s y n t h e s i s - g a s  p r o d u c t i o n  
( I n c l u d i n g  3 s tages~ g a s i f i c a t i o n  in  3 - i n .  tube w i t h  
wet p u r i f i c a t i o n  sys tem,  g a s i f i c a t i o n  in  6 - i n .  t u b e  
w i t h  d r y  r e s i d u e  r e c o v e r y  sys tem,  g a s i f i c a t i o n  i n  l a r g e  
u n i t  w i t h  pneumat i c  coa l  f e e d i n g  and d r y  r e s i d u e  
r e c o v e r y  s y s t e m ) ,  3773 

Hake h i g h - 8 . t . u ,  p i p e l i n e  gas f rom coa l  ( C o n v e r s i o n  o f  
c o a l  to  s y n t h e s i s  gas and s u b s e q u e n t l y  to  h i g h  Btu  
g a s ) ,  4860 

M a n u f a c t u r e  o f  s y n t h e s i s  gas i n  c o n t i n u o u s  v e r t i c a l  ovens 
( P a r t i a l  g a s i f i c a t i o n  o f  Japanese  c o a l ) ,  4422 

M a n u f a c t u r e  o f  s y n t h e s i s  g a s  by g a s i f i c a t i o n  o f  a l l  k i n d s  
o f  f u e l s  by the K o p p e r s - - T o t z e k  p r o c e s s ,  4222 

Newer g a s i f i c a t i o n  t e c h n i q u e s  ( A i r  r e p l a c e d  by O i n  
modern gas w o r k s ,  e s p e c i a l l y  in p r o d u c t i o n  o f  s y n t h e s i s  
gas ;  use of f i n e  coa l  d u s t  and c o a r s e  g r a i n  c o a l ) ,  3845 

O p e r a t i n g  a p r e s s u r e - g a s i f i c a t i o n  p i l o t  p l a n t  u s i n g  
p u l v e r i z e d  coa l  and oxygen .  E f f e c t  of heat  toss  on 
economy ( E q u i p m e n t ;  e f f e c t s  o f  c o a l - f e e d  r a t e  and 
o p e r a t i n g  p r e s s u r e ) ,  4846 

O p e r a t i o n  o f  a p o w d e r e d - c o a l  g e s i f l e r  a t  L o u i s i a n a ,  
M i s s o u r i  ( D e s i g n  and o p e r a t i o n  o f  Koppers  powdered coa l  
g a s i f i e r ) 1  4056 

Oxygen in the  p r o d u c t i o n  o f  hyd rogen  s y n t h e s i s  gas ( 58  
r e f e r e n c e s ~  d e s c r i p t i o n  o f  K o p p e r s ,  Winker ,  L u r g l ,  
T h v s s e n - - G a l o c s y  and Leuna p r o c e s s e s ) ,  3581 

P i l o t - p l a n t  g a s i f i c a t i o n  o f  p u l v e r i z e d  coa l  w i t h  oxygen 
and  h i g h l y  s u p e r h e a t e d  s t e a m ~  3721 

P i l o t - p l a n t  g a s i f i c a t i o n  o f  p u l v e r i z e d  coa l  w i t h  oxygen 
and h i g h l y  s u p e r h e a t e d  steam ( P r o d u c t i o n  o f  l o w - c o s t  
synthesis g a s ) ,  3702 

P i p e l i n e  gas f rom coa l  ( G a s i f i c a t i o n  o f  c o a l  to  p roduce  
s y n t h e s i s  gas f rom wh ich  CH~ i s  p roduced  
c a t a l y t i c a l l y ) ,  4054 

P o s s i b i l i t y  o f  o b t a i n i n g  s y n t h e s i s  gas [CO + Hz ]  i n  
s e m l c o k l n g  f u r n a c e s  t h r o u g h  the  e n r i c h m e n t  o f  t he  b l a s t  
w i t h  oxygen ,  4672 

P o w d e r e d - c o a l  g a s i f i c a t i o n .  E f f e c t  o f  v a r i a b l e s  t 3883 
P r e l i m i n a r y  r e p o r t  on coa l  g a s i f i c a t i o n  (Texaco  p i l o t  

p l a n t  s t u d i e s  on p r o d u c t i o n  o f  s y n t h e s i s  gas)~ 3990 
P r e p a r a t i o n  o f  raw gas f o r  F i s c h e r  s y n t h e s i s  a t  H l i k e  

( A d m i x t u r e  o f  w a t e r  gas and c o k e - o v e n  gas t h a t  has been 
s u b j e c t e d  to  CH~ c r a c k i n g ) ,  3259 

P r e p a r a t i o n  of s y n t h e s i s  gas by t he  oxygen -s team 
c o n v e r s i o n  o f  v a p o r - g a s  t h e r m a l  d e c o m p o s i t i o n  p r o d u c t s  
o f  l i g n i t e  ( L a b o r a t o r y  e x p e r i m e n t s  w i t h  t he rma l  
d e c o m p o s i t i o n  o f  l i g n i t e  a t  6 0 0 - 6 b 0 o ) ,  5116 

P r e p a r a t i o n  o f  ca rbon  monox ide  and hyd rogen  f rom 
ca rbonaceous  s o l i d s  ( S y n t h e s i s  gas f rom coa l  
g a s i f i c a t i o n S ,  4238 

P r e p a r a t i o n  of s y n t h e s i s  gas i n  the  O t t o  e n g i n e  w i t h  
s i m u l t a n e o u s  power p r o d u c t i o n  ( I n c o m p l e t e  c o m b u s t i o n  o f  
CH~ w i t h  0 z in  d i e s e l  or  i n t e r n a l  c o m b u s t i o n  e n g i n e ) ,  
4303 

P rocess  and a p p a r a t u s  u s i n g  r e s o n a n t  sound wave and s o n i c  
f l a m e  f o r  the  p r o d u c t i o n  o f  ca rbon  monox ide ,  s y n t h e s i s  
gases ,  and s y n t h e t i c  h y d r o c a r b o n s  (Powdered  coa l  
g a s i f i e d  i n  s o n i c  r e s o n a n t  burner a t  h i g h  r a t e ) ,  4353 

Process  d e v e l o p m e n t  unit r e s u l t s  and c o e m e r c i a l  a n a l y s e s  
( A n a l y s i s  o f  COED p r o c e s s ) ,  8912 

P r o d u c t i o n  o f  s y n t h e s i s  gas by t w o - s t e p  g a s i f i c a t i o n  o f  
c o a l  under  p r e s s u r e ,  4676 

P r o d u c t i o n  o f  s y n t h e s i s  gas f rom h i g h  ash n o n c o k i n g  c o a l s  
in an e x p e r i m e n t a l  f i x e d - b e d  s l a g g i n g  gaslfier ( R e v i e w  
o f  s t a t u s  a t  r e s e a r c h  In s l a g g i n g  g a s i f i c a t i o n  o f  low- 
g r a d e ,  h i g h - a s h  c o a l  w i t h  0 ad steam f o r  p r o d u c t i o n  o f  
s y n t h e t i c  g a s ) ,  5000 

P r o d u c t i o n  o f  c rude  a m m o n i a - s y n t h e s i s  gas f rom N o r t h  
Dakota l i g n i t e  i n  an a n n u l a r - r e t o r t  g a s i f l e r ,  4461 

P r o d u c t i o n  o f  gas for ammonia s y n t h e s i s  f rom c o a l -  
g a s i f i c a t i o n  and c o k e - o v e n  gas ( S y n t h e s i s  gas o b t a i n e d  
by c a t a l y t i c  c r a c k i n g  o f  ho t  oven gases i n  2 s t e p s  w i t h  
a d d i t i o n  of steam and O - c o n t a i n i n g  gases at  high 
t e m p e r a t u r e ) ,  5058 

P r o d u c t i o n  of s y n t h e t i c  g a s o l i n e  i n  India (Rev iew  o f  
BergJus  and Flscher -Tropsch p r o c e s s e s ) ,  6283 

P r o d u c t i o n  o f  c rude  s y n t h e s i s  gas f rom a s h - r i c h  c o a l  by 
the  K o p p e r a - - T o t z e k  p r o c e s s ;  p u r i f i c a t i o n  o f  t he  c rude  
s y n t h e s i s  ga~ and p r e p a r a t i o n  o f  t he  p u r i f i e d  s y n t h e s i s  
g a s  f o r  ammonia s y n t h e s i s ,  4978 

P r o d u c t i o n  of town gas and s y n t h e s i s  gas by p r e s s u r e  
g a s i f i c a t i o n  o f  b i t u m i n o u s  c o a l  (The rmodynamic  
c o n d i t i o n s  ad r e a c t i o n  k i n e t i c s  f o r  g a s i f i c a t i o n  o f  
c o a l  i n  a f i x e d  bed at  h i g h  p r e s s u r e ,  and d i f f e r e n c e s  
In process f o r  gasification of coa l  dus t  a t  a t s  

p r e s s u r e  and coa l  lumps under  h i g h  p r e s s u r e  are  
discussed), 4818 

P r o d u c t i o n  o f  hyd rogen  and s y n t h e s i s  gas by the  oxygen  
g a s i f i c a t i o n  o f  s o l i d  f u e l ,  3607  

P r o d u c t i o n  o f  s y n t h e s i s  gem and l e a n  g a s  f rom c o a l  and  
o l i  ( R e v i e w  w l t h  26 r e f e r e n c e s ) ,  4873  

P r o d u c t l o n  o f  h y d r o g e n  f rom c o a l  c h a r  i n  an e l e c t r o f l u l d  
r e a c t o r  ( S t e a m  g e s l f l c a t l o n  o f  c h a r ) ,  5291  

P u r i f i c a t i o n  o f  s y n t h e s i s  gas p r o d u c e d  f rom p u l v e r i z e d  
c o a l .  S p e c i f i c a t i o n s ,  p u r i f i c a t i o n  p r o c e s s e s ,  and 
a n a l y t i c a l  me thods ,  3582 

R e a c t i o n s  o f  ca rbon  wi th  ca rbon  d i o x i d e  and steam ( A t  
1 7 0 0 - 2 1 0 0 O F ) ,  4 1 9 3  

R e a s s e s s m e n t  o f  t h e  p r o s p e c t s  f o r  c o a l  g a s i f i c a t i o n  ( F o r  
p r o d u c t i o n  o f  s y n t h e s i s  gas)9  5228  

R e c e n t  i n s i g h t s  in t h e  s y n t h e s i s  o f  h y d r o c a r b o n s  f r o m  CO 
and H z ( P o s s i b i l i t i e s  o f  e c o n o m i c  p r o d u c t i o n  o f  m o t o r  
f u e l s  f rom c o a l ) ,  6928 

R e l a t i o n  o f  coa l  g a s i f i c a t i o n  to  the  p r o d u c t i o n  o f  
c h e m i c a l s  ( P r o d u c t i o n  o f  s y n t h e s i s  gas by 
g a s i f i c a t i o n ) ,  3898 

Removal o f  s u l f u r  o x i d e s  f rom gases c o n t a i n i n g  c a r b o n  
d i o x i d e  (Gases f rom c o m b u s t i o n  o f  coa l  o r  d u r i n g  
p r o d u c t i o n  o f  s y n t h e s i s  gas washed w i t h  aqueous 
( N H , ) z S O , ,  (NH~)zSOa,  NH~HSO s, and (NH~)zCOs)  ! 1273 

R e t o r t  f o r  t he  c o n t i n u o u s  g a s i f i c a t i o n  o f  s u b b l t u m i n o u s  
c o a t ,  3927 

S l u r r i e s  o f  s o l i d  c a r b o n i f e r o u s  f u e l s  ( E q u i p m e n t ) ,  8529 
Some p rob lems  o f  l i g n i t e  g a s i f i c a t i o n  by means o f  h i g h -  

t e m p e r a t u r e  n u c l e a r  r e a c t o r  h e a t ,  5094 ( J U L - 5 5 4 - R O )  
Syn thane - a c a n d i d a t e  f o r  success ( A d v a n t a g e s  o f  

5yn thane  p rocess  fo r  g a s i f i c a t i o n  o f  c o a l ;  usa o f  C laus  
p rocess  for r emova l  o f  HzS f rom s y n t h e s i s  g a s ) ,  5299 

S y n t h e s i s  gas f r o e  p u l v e r i z e d  c o a l ,  4495 
S y n t h e s i s  gas a l s o  u s e f u l  as f u e l  gas ( P l a n t  i n  w h i c h  

p r o d u c t i o n  o f  s y n t h e s i s  gas i n  combined w i t h  p r o d u c t i o n  
o f  f u e l  gases ;  Fe o r  Co c a t a l y s t s ;  p a r t  o f  CH~ used as 
f u e l  gas and r e s t  c r a c k e d  w i t h  0 and r e c y c l e d  as 
s y n t h e s i s  g a s ) ,  4123 

S y n t h e s i s  gas f rom c o a l - w a t e r  s l u r r i e s  ( G a s i f i . c a t i o n  i n  a 
f l u i d i z e d  bed a t  1600OF and 250 p . s . l ,  g a g e ) ,  4256 

S y n t h e s i s  gas p r o d u c t i o n  by the K o p p e r s - - T o t z e k  [ p r o c e s s ]  
( D i s c u s s i o n  o f  n e c e s s i t y  f o r  c o n s t a n t  c o m p o s i t i o n  o f  
s y n t h e s i s  gas because o f  i t s  use i n  p r e p a r a t i o n  o f  
v a r i o u s  f u e l s ,  e t c . ) ,  4855 

S y n t h e s i s  gas ( P r o d u c e d  f rom c o a l  i n  a f l u i d i z e d  bed 
g e n e r a t o r ) ~  3943 

S y n t h e s i s  gas,  4262 
S y n t h ~ s i s  gas ( P r e p a r a t i o n  w i t h o u t  soo t  f o r m a t i o n  by 

t r e a t i n g  h y d r o c a r b o n - - C  m i x t u r e  w i t h o u t  p r e c o m b u s t l o n  
on c o n v e n t i o n a l  c a t a y s t ) ,  4263 

S y n t h e s i s  gas c o n t a i n i n g  ca rbon  monox ide  and h y d r o g e n  
( P r e s s u r e  g a s i f i c a t i o n  o f  coa l  w i t h  s t e a m ) ,  5486 

S y n t h e s i s  gas (Cu c a t a l y s t  on a c t i v a t e d  C c a r r l e r ) t  6398 
S y n t h e s i s  gas ( H i x t u r e  o f  CO and H p roduced  i n  p a r t i a l  

o x i d a t i o n  o f  c a r b o n a c e o u s  m a t e r i a l  w i t h  steam and E l ,  
4343 

S y n t h e s i s  gas ( P r o d u c t i o n  by g a s i f i c a t i o n  o f  coa l  i n  
s t ream o f  s t e a m - a i r  and steam-O; c o a l  s u b j e c t e d  t o  
t h e r m a l  d e c o m p o s i t i o n  a t  550-650  o t t o  i n c r e a s e  
e f f e c t i v e n e s s  o f  p r o c e s s  and l o w e r  e n e r g y  c o e s u e p t i o n ) ,  
5019 

S y n t h e s i s  gas ( T w o - s t a g e  p rocess  p r e c e d e d  by remova l  o f  S 
compounds) t  5053 

S y n t h e s i s - g a s  p r o d u c t i o n  by g a s i f i c a t i o n  o f  c o a l ,  
e s p e c i a l l y  o f  powdered coa l  ( R e v i e w ) ,  3781 

S y n t h e s i s  gas f rom c o a l  ( G a s i f i c a t i o n  o f  p u l v e r i z e d  coa l  
suspended in s u p e r h e a t e d  steam)~ 4176 

S y n t h e s i s  gas .  I t s  p l a c e  in  c h e m i c a l  i n d u s t r y  end f o r  
m o t o r  f u e l  ( P r o d u c t i o n  by d i r e c t  g a s i f i c a t i o n  o f  c o a l  
o r  l i g n i t e  i n s t e a d  o f  by c a r b o n i z a t i o n  o f  c o a l  and 
s e p a r a t e  t r e a t m e n t  o f  coke ,  gas ,  and t a r ) ,  3438 

S y n t h e s i s  gas ( S o l i d ,  l i q u i d ,  o r  gaseous f u e l  bu rned  w i t h  
i n s u f f i c i e n t  O; CO z and d u s t  removed end r e m a i n i n g  
gases l i q u e f i e d  and f r a c t l o n a t e d  to  g i v e  CH,,  s y n t h e s i s  
g a s ,  and N ) ,  4339 

S y n t h e s i s  g a s  f rom c o a l ,  o i l t  o r  g a s e o u s  h y d r o c e r b o n s t  
and s y n t h e s e s  o f  ammonia and l i q u i d  f u e l s  ( R e v i e w  o f  
r e c e n t  ( 1 9 5 6 )  German d e v e l o p m e n t s ) ,  4295 

S y n t h e s i s  gas p r e p a r a t i o n  by c o n t i n u o u s  g a s i f i c a t i o n  o f  
coa l  s l u r r i e s  ( L a b o r a t o r y  e x p e r i m e n t s  on c o a l - o i l - w a t e r  
m i x t u r e s ) ,  5108 

S y n t h e s i s  gas p r o d u c t i o n .  R e a c t i o n  o f  l i g h t  h y d r o c a r b o n s ,  
s team,  and  c a r b o n  d i o x i d e  i n  c o e m e r c i a l  equ ipmen t  
( P r o d u c t i o n  o f  s y n t h e s i s  g a s  s u i t a b l e  f o r  F i s c h e r -  
T ropsch  s y n t h e s i s ) ,  6290 

S y n t h e s i s  gas f rom t he  K o p p e r s - - T o t z e k  g a s l f i e r .  4096 
S y n t h e s i s  gas ( P r o d u c e d  f r o e  c o k e - o v e n  gas u s i n g  Co 

c a t a l y s t s  at  100-180 o and 1-20 e t a ) ,  4252 
S y n t h e s i s  gas ( P r o d u c t i o n  f rom s o l i d  f u e l s ) ,  4155  
S y n t h e s i s  gas f rom coa l  ( L u r g l  p r e s s u r e  p r o c e s s ;  W e l l e e n -  

Galusha p r o c e s s ;  W i n k l e r  p r o c e s s ;  Koppa rs  p r o c e s s ;  
W i n t e r s h a l l - S c h m s l f e l d t  p r o c e s s ;  M e t a l l g e s e l l e c h a f t  
p r o c e s s ;  P l n t s c h  p r o c e s s ;  T h y s s e n - G a l o c s ¥  p r o c e s s ;  
u n d e r g r o u n d  g a s i f i c a t i o n ;  54 r e f e r e n c e s ) ,  3723 

S y n t h e s i s  gas p r o d u c t i o n  by L u r g i  p r e s s u r e  g a s l f i c a t l o n  
o f  coa l  (NONE), 5142 

S y n t h e s i s  g a s ,  6791 
S y n t h e s i s  gas f rom p u l v e r i z e d  c o a l ,  oxygen~ and h i g h l y  

s u p e r h e a t e d  s tea~  i s  produced  In  p i l o t  p l a n t ,  3759 
S y n t h e s i s  gas f r o m  s o l i d  ca rbonaceous  f u e l s  by p a r t i a l  



729 SYNTHETIC FUELS/DESULFURIZATION o x i d a t i o n  wlth an o x y g e n - c o n t a i n l n g  gas (Fuel-HaO 
mlxture ccntalnlng 51.0-54.S~ by wt flnel~ d i v i d e d  fuel 
and O-contalning Sos introduced Into unpacked reaction 
zone at 2200-aSOOVF and 30!-405 pslg liquid hydrocarbon 
greater than o~ equal to 25 Wto~ ma~ be used Is 
slurry), 52SZ 

S N n t h e s l s - g a s  ~ i x t u r e ~  c o n t a l n l n g  c a r b o n  monoxide and 
h y d r o g e n  (Cheap method for production o f  mixture o f  CO 
ad H f o r  usa in hydrocarbon syn%hesls)~ 3735 

S~nthesis gas (Prouction by gasification of coal 
slurries), 47~ 

S~nthesis ~as (P~eduction fro~ gasification of fluidized 
bed cf coal pa?t~cles), 4 ! 7 3  

S~n~hetic crude eli: is it feaslble yet (Description of 
GCOS end COGAS processes), 5593 

Synth~ne process. II!. Products, by-products, and special 
topics, ~475 

S~nth%na prOceSs. ~I. CatalNtlc s~n%hesls, i n c l u d i n g  
catalyst~ and tea=lion mechanisms, 3541 

Svnthina presets. !. Int~oduction~ synthesis gas 
p r c d u c t i c n  and purification~ 3474 

ThermodNnemlc studies on 9asifiers. I. Theoretical 
equatlon~ tc calculate the a~ounts of gas produced and 
necessar~ sxSg~m ~ 4~03 

Thermodynamic studies on gaslfiers. I io  Application Of 
e q u a t i o n s ~  4205 

Three-sta~e gasification of coal (CH~-high fuel gas 
produced b~ cca[ gaslflcatlon of O-steam mixture at 60- 
70 aim and 1~70, 870, and 815-900 °, resp. catalytic 
conversion o f  synthesis gas produced), 5536 

Treatment of cca[ for the production of power materials 
(2~ refa~ences)~ 25~0 

Two-stage ga~ifiza%Ion of coal (Production Of CH~- 
enriched fuel gas; cha~red material reacts with O above 
i 370  ~ and above 70 aim t o  g i v e  synthesis gas; this 
react~ with coal and steam above 870 ° and 70 aim to 
give product gas ccntalning H, CH~, and oxides), 5621 

Nater gas (Molten co~l ash provides necessary heat for 
coal gasifies%ion), 5568 

5YHTHESIS GAS/PURIFiCATION 
A|kazid process (For selective absorption of H salfide 

end for the simultaneous removal of H sulfide and C 
dioxide at atmospherlc or higher pressures), 1958 

Benfle]d procc~ (Removal of C dioxide, H sulfide, and 
COS frc~ sour natural gas and raw gases produced during 
manufacture of  substltu~e natural gas b~ par%tel 
oxidatlcn of coal or  e l l  o r  by naphtha reforming), 1957 

Gas purificatic~ (Reaction of synthesis gas with olefin 
in presence Of Co catalysts), 944 

Giammar¢c--Uet?ocoke processes (Gases, such as natural 
and synthesis gas, freed from COn b~ treatment with 
alkali carbonate solution containing AsaOs; HaS removed 
hy treatment with alkali ersenltes and arsenates; S is 
r e ~ c v e d  b~ filtration: ecenemlc analysis), Ii~5 

Performance o f  ~l Glrbo%01 purification plant at 
Louisiana, Hi'~souri (Ethansla~ine purification unit), 
962 

P l a n t  purification of s~the~Is gas (Scrabbing with 
diethanclam[ne fo~ grass removal of CO z and HaS; use of 
Fe oxide spom~e for final removal of HaS; passage 
through beds ~£ active C for removal of organic S 
compounds), 8,51 

Princlpies tn the process of absorption of h~drogen 
sulfide and c~rbon dioxide b~ triethanolamlne solutions 
(Graphical method fop evaluaton of coefficient of 
absorption), l~Sq 

Purification Of s~nthesls gases ( F o r  use i n  Fischer-- 
Tropsch process; evaluation of purification masses), 
75~ 

Pur i f icat ion O~ h~drogen-containing s~nthesls gases 
(Removal of C~ a and S-ccn~ining impurities), 852 

Purification of s~nthesis gas. Removal of dust, carbon 
d i o x i d e ,  and s u l f u r  oem~sunds (Production b~ reaction 
of  coal ~[th O and steam), 553 

Purification of 5~nthesis and fuel gases (Washlng of 
gases w~th poler agent, e.~o, MESH, at <0 o and at least 
20 aim), 850 

Purification Of s y n t h e s i s  gas (Removal of  o r g a n i c  S 
compounds us inS  stvonglN alkaline Fe(OH)~), ii05 

~emcval Of %races of a c i d i c  components from gas mixtures 
(Alkali metal carbonate or other alkaline solution used 
as absorber for trace amounts of HaS, HCN, NOa, etc.), 
1230 

~emov~l of acld-forming gases from synthesis gas (Removal  
cf H ~  ~ CC~ by absorption i n  NH~OH), 1170 

Removal Of carton dioxide and h~drogen sulfide from gases 
(Ge~e~ a~e w~hed with am~on~acal soletions containing 
salts that r e a c t  wi%b CO a and (or) give sparingly 
~o[uble cr~:alline pr£cipi%ates, e.g., NaCi and FeSO~; 
equat~cG[ NH: + HaS = NH~HS, FeSO~ + NH~NS = FeE + 
(NH.]HSO~; NH,HSO, + NH~ = (NH~)eSO~) , 940 

Removal Cf h~drogen sulfide and c a r b o n  dioxide from 
synthesi~ ga~; u s i n g  di- and %riethanolamlne, 807 

5ulfinol pvcce~ (Removal of a c i d i c  gas constituen%s such 
as H sulfide, C d~oxlde, and mercaptans from neutral, 
r e f i n e r ~ ,  a~d synthesis gases), 1962 
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Clean f u e l s  f rom c o a l .  Svn thane C o a l - t o - G a s  p rocess  

(Rev iew w i t h  7 r e f e r e n c e s ) ,  5365 
Clean f u e l s  f rom c o a l .  Hydrane p r o c e s s  (Rev iew  w i t h  3 

r e f e r n c e s ) ,  5356 
C o a l ,  s h a l e ,  p e a t ,  and t h e i r  p r o d u c t s  I n  1 9 4 7 .  I I .  Low- 

and m e d i u m - t e m p e r a t u r e  c a r b o n i z a t i o n  and  o t h e r  
s u b s t i t u t e  f u e l s  ( R e v i e w ;  119 r e f e r e n c e s ) ,  124 

C o a l ,  a h a l e ~  p e a t ,  and t h e i r  p r o d u c t s  i n  1 9 4 7 .  Z. F u e l s  
produced by h y d r o g e n a t i o n  and s y n t h e t i c  p rocesses  
(Rev iew ;  126 r e f e r e n c e s ) ,  2705 

C o a l ' s  e n t r a n c e  i n t o  g a s o l i n e  marke t  se t  a t  3 y r  
( D e s c r i p t i o n  o f  C o n s o l  P r o c e s s ) ,  6844 

Coa l  as  a c h e m i c a l  raw m a t e r i a l  ( F o r e c a s t  o f  c h e m i c a l  
t r e a t m e n t  o f  c o a l :  c o a l  hydrogenation; p r o d u c t i o n  o f  



731 SYNTHETIC FUELS/PRODUCTION j e t  fuel~; oruduction of fuels of high calorific 
v a l u e ) ,  6SO! 

Coal a~ e s~arc£ ~f liquid fuel (Review of influence of 
varicu~ constituents of ccal In hydrogenation and 
c a r b o n i z 6 t i o G } ,  5770 

C~at a: clean f u e t -  a challen~e (Development of new 
fuels b~ ~asification and liqaefaction), 5542 

Coal beneficiatioo a~d voter-fuel supply (Discuss!on w%ih 
respect tO f u t u r e  in  German~), 2505 

Coal can ~l~o ~ield liquid fuels (Laborator~ 
experi~en%5], 68~S 

Coal C r~ a l = ¢  ~eld liquid fuels (Coal hydrogenation 
p r o h i b i t :  61ni~:% eliminated by mixing hlgh-%emperatare 
coke with c~al; Sn chloride c~talyst; gaseous poduct 
could be used a~ a sub~tltute f o r  nataral sas)~ 6676 

Coal conversion (Solid carbonaceous material suspended jn 
~lurr~), 309L 

Coaq gain~ favour a~ new source for liquid fuels (Coal 
has taken lead over shale oil as supplementary source 
of hydrocarbon e n e r g ~  in  the USA: economics), 6839 

Coal faslfioatio~. Design of a coal-oil-gas refinery 
(pr~cesu f o r  producing lO0~OO0 bbl/da~ of light 
r e f ~ n e r ~  liquld, pipeline gas~ liquefied petroleum gas, 
solvent refined coal, S~ and chemicals), 5383 

Coal ga~Iflcat[on= Scale-up factors in the H-coal process 
(Studied USIng bench u n i t s ) ,  $334 

Coal gasification: how has%, how soon (Evaluation of 
processes], ~549 

Coal ga~iCio=tion (Petept; production of pipeline gas), 
566~ 

Coal gasification, a stere-of-the-art review (Chemical 
principles Of coal gasification, developments from 1935 
to 19~0~ and f r o ~  1950 tO 1975, production of synthetic 
n a t u r ~ l  ga~: dn~ low bt~  fuel ~as from coal, and 
under,round ~a~Ificatie~ of coal; reviews with 52 
reference~; diagrams and flcwsheets), 5~2T 

Coal gasificat(cn. E v a l u a t i n g  the hi-gas SNG process 
(Production of synthetis natural ga~), 5326 

Coal holds ~et fuel raw materlal potential (Hydrogenation 
of coal tar in p~asence of S-resistant catalysts), 2943 

Coal [iquefactio~ p~o~eets u~derwa~ (Drief revisw of 
methods beinj developsd in the USA for production of 
l i q u i d  f u e l ~  f r e m  coal), 6~41 

Coal preparatio~ f o r  s~nthetic liquid fuels, 6~94 
Coal t a r - d e r i v e d  f e e l  f o r  j e t  e n g i n e s  ( F u e l s  with h i g h  

heat capacity, hlgh therwal stability, low viscosity, 
and lO~ freezing points required), 6872 

Coal-tar fuei~: their production, properties, and 
application= 2nd ed.~ 676~ 

C~al-ta-ol l  research a~ Braceros, Pennsylvania 
(H~drcgenetion of coal), 6374 

Coal utilization unle~ changing energy patterns and 
s o c i a l  r e s t r a i n t s .  Conference paper (Methods for 
convertln 9 coal  %0 cleaner synthetic fuels are 
described), ~ 

Comb u s t i o n  c h a r a c t e r i s t i c s  o f  h y d r o s e n - r i c h  c o a l - t a r  
c ~ n d ~  f e ~  ~ u p e r s e n f ¢  ~ e t  f u e l s  o f  h i g h  t h e r m a l  
stability (Combustion characteristics o f  some R - r t c h  
c o a l - t a r  compound~ o f  i n t e r e s t  f o r  supe rson i c  j e t  f u e l s  
a r e  d i s c u s s e d ) ,  6522 

Compar i sOn Of ~ j o r  proc~se~ f o r  synthetlc l i q u i d  fuels, 
6Z2~ 

Conversion of solld fossil fuels into hydrocarbons 
(Production Of l~qaid fuels~ city gas, and chemicals), 
3010 

Convection of coal for future energy needs (Production of 
liquid a~d qaseous fuels f rom Indian coals), 6909 

C o n v e r ~ i e ~  of fossil fuels to liquid fuels (Liquid fuels 
sufficien~ to satisf~ current (1966) and future merkets 
ca~ he produced from OS~ extensive carbonaceous 
d e p ~ s i t S ) ,  ~8~9 

Conversion c f  c o a l  into I i g u l d  m o t o r  f u e l s  and o t h e r  
produc~s hy w~y of carbon monoxide~ 5763 

Co~version of coal into liquid motor fuels and other 
prcdacts h~ wa~ of carbon monoxide (Review), 5765 

Conver~icn ef low-temperature tar i n t o  f u e l  o i l .  III. 
Cat~lytic reduetlon e f  aniline, p~ridlne, 
ethoxybenzene, and furfurai under atmospheric pressure. 
IV ,  ~ u r a b i I i t y  and regeneration of catalyzers of the 
iron f a m i l y ,  6266 

Conversion af coal tO llq~Id h~drocarben products (Coal 
converted ~O motor fuels hy mixing coal with gas oil, 
t r e a t m e n t  ~ t t h  H and w a t e r ~  f r a c t i c n a % l n g  e f f l u e n t ,  and  
b y d r a ~ e n a t l c n  a~d c c k i n g  e f  s e l e c t e d  f r a c t i o n s ) ,  6925 

C~nver% co~1%c liquid fuels with H-coal [process] (Coal 
converted ~o ll~h% crude dlstillate %ha% can be 
oon~ePced ~e gasoline; H-coal process is economically 
o o m p e t i % I v e  ~ l t h  c o n v e r s i o n  of petroleum crude o i l  tO 
gasoline), 6566 

Co~vertlng coal to more valuable fuels (Review of 
develcpmsmts in ¢ca| hydrssena%ion for preceding 
decade; eccnemic feasibility of c o a l  c o n v e r s i o n  i n t o  
liquid fuels; hydrogenation and c r a c k i n g  at i00 t o  200 
arm and up to ~50oc wlth catal~st i n  fluidlzed bed), 
6799 

[)esi~n Cf a Flscher--Trepsch s~nthesls pilot plant 
(De~Ign and cons%rattles; flowshee%s~ produe%on o f  
s y n t h e t i c  gasollne from low-grade Indian coal), 6677 

Destructive hydrogenation (Presence o f  H2S and Me, N~ o r  

t h e i r  ccmpounds), 2168 
Des~euctive hydrogenatlon o f  humous tars (Tars from dry 

distillation of coal), 2429 
Development of synthetic fuels. I (Review with no 

references on resources of synthetic fuels and their 
production processes from oil shale, tar sand, end 
c o a l ) ,  55 

Developments in  coa l  research  and t echno logy  i n  1937 and 
1938 (Review), 5884 

Development of the HYGAS process for converting coal %o 
synthetic pipeline gas (Coal-oil slurry used; 
hydrogasfication in 2 steps-at ISO0-15000F %o produce 
methane from volatile matter and then at 1700-1800aF to 
produce methane and %o effect steam--coal reaction to 
generate Hi, 5325 

Development of new processes of coal gasification (Review 
of methods of manufacture of substitute natural gas 
with i0 references), 5542 

Development of the COSD [char oil energy development] 
process (Caking coals can be used without 
preoxidizing), SO81 

Diesel engine fuel from coal-tar oils (Treating oils with 
paraffinic hydrocarbons, b=p. 180 %o ZSOOC, and HzSO~, 
then separating refined oils), 5919 

Diesel fuel mixtures from bituminous coal tar oil (Oslng 
mlxtures of coal tar ell end Kogesin if), 2545 

Direct production of hydrogen from coal-steam systems 
(Reaction carried out In presence of alkali to initiate 
coal-steam reaction with Fischer--Tropseh catalyst), 
6943 

Economic evaluation of a process to produce ashless, low- 
sulfur fuel from coal, 5163 

Economics o f  generating c lean  fuel gas from coal using an 
air-blown two-stage gasifler (Low B%u gas version of 
SI-GAS Process using air at 300 psig), 5234 (NP-eO087) 

Economy of liquid fuel production from coal (H-coal 
process economics; construction cost of plant for 
conversion of coal into liquid products will be about 
three times the cost of usual petroleum refinery), 6648 

Electrochemical hydrogenation of coal (Experimental work 
at U.SoB.M.; production of llquid fuel), 6755 

Engineering evaluation and review of co,sol synthetic 
fuel process. R end D report No. 70 (Includes economic 
evaluation and desorption of plant), 5086 (NP-20086) 

Engineering evaluation and review of COHSOL synthetic 
fuel process (Converts high-sulfur Eastern coal to a 
low-sulfur fuel oil), 6977 

Estlmates on commercial corona processing of coal 
(Economic analysis of plant processing IO,O00 tons of 
coal daily in corona reactor; production of liquid 
fuel), SSO0 

Evolution of the processes for the prodaction of motor 
spirit by catalytic reduction of carbon monoxide by 
hydrogen (Critical review), 5826 

Exothermic catalytic gas reactions (Hydrogenation of CO 
in synthesis gas produced by gasification of brown 
coal), 3948 

Extracting solid bituminous carbonaceous substances 
(Extraction under pressure and hydrogenated at 4TO to  
4800 at 650 arm pressure), 7256 

Exxon discloses advances i n  coal utilization 
(Gasification and liquefaction processes to produce 
s~nthetie fuels), $517 

Facts, not fiction, about synthetic liquid fuels 
(Economic study), 6S33 

F i n d i n g  f r e s h  uses f o r  coa l  (F low c h a r t s ,  b r i e f  
d e s c r i p t i o n s ,  and economic c a l c u l a t i o n s  f o r  new c o a l -  
p r o c e s s i n g  methods deve loped by US companies), 5053 

Fuel and chemical products from coal (Review; 46 
references), 5072 

Fuel for industry. Coal to oil conversion (Review), 6185 
Fuel gas (Preparation from bituminous fuel or coke at 

pressure of about 30 arm by mixture o f  air and steam), 
3248 

Fuel gas from molten iron coal g a s i f i c a t i o n  (190-940 
Btu/ft3) (Review with 3 refereneees), 5359 

Fuel processing fluidized beds (Review of literature; $8 
references), 5070 

Fuels (Production of l i q u i d  and gaseous fuels], 6352 
Fuels and fuel replacements (Low-temperature distillation 

of coals with high vola%lls matter to provide motor 
fuels), 5944 

Fuels and motor fuels (Solvent extraction of low m.p. 
Constltuents from coal extracts), 5S69 

Fuels and chemicals from coal hydrogenation (Production 
of %at aclds~ aromatics, LPG, and gasoline), 2826 

Fuels stable %0 self-ignitlon prepared by heating a 
mixture of CO and hydrogen a% 200 arm pressure using 
catalyst obtained by introducing ZnO i n t o  KeCr07 and 
r e d u c i n g . b y  H, 57~2 

Fur%her studies o f  Ohio coals and oil shales. I. Some 
studies of Ohio coals and ell shales. II. Ohio coals. 
III. Ohio shales and cannel coals (Production of 
synthetic liquid fuels), 6452 

Gas industr~ and State self--sufficlency (Review o f  
Australian coal resources), 3889 

Gasification of carbonaceous solids (Two-stage 
gaslfIca%ion process f o r  production of low-sulfur fuel 
and me%hone-rich gas), 5392 

Gasoline from coal-dlstillatlcn products. V. Low- 
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........................................................... 
t e m p e r a t u r e  d i s t i l l a t i o n  Of coal t r e a t e d  w i t h  
a d s o r b e n t s  ( p r e l i m i n a r y ) ,  5940 

G a s o l i n e  s y n t h e s i s  from ca rbon  monoxide and h y d r o g e n .  
L X X I I I .  A c t i o n  o f  ca rbon  monox ide  on i r o n  c a t a l y s t s ,  
6375 

G a s o l i n e  synthesis from carbon monox ide  end h y d r o g e n .  
LXXIV. Influence o f  w a t e r  vapo r  on i r o n  c a t a l y s t s ,  6377 

High-boiling s t a b l e  f u e l  o t i s  or  m o t o r - f u e l  o i l s  ( D e r i v e d  
f rom p r e s s u r e  e x t r a c t i o n  or  p r e s s u r e  h y d r o g e n a t i o n  of 
c o a t ) ,  609 

H i g h - c a l o r i e  gas f rom b i t u m i n o u s  f u e l s  ( G a s i f i c a t i o n  
c a r r i e d  ou t  by a d d i n g  ho t  s team-gas  m i x t u r e  to  upper  
p a r t  o f  gas g e n e r a t o r  end remova l  o f  h i g h - c a l o r i e  gas 
from l o w e r  p a r t  of g e n e r a t o r  a f t e r  v a p o r s  in l a y e r s  of 
i n c a n d e s c e n t  coke or semicoke are pyrolyzed)t 4 9 3 1  

H i g h - e n e r g y  fuels d e r i v e d  f rom c o a l  ( F u e l s  f o r  j e t  
a i r p l a n e s ;  h y d r o g e n a t i o n  o f  coa l  t a r  f r a c t i o n s  w i t h  
Raney Ni and use o f  s u l f i d e  c a t a l y s t s ,  e . g . ,  Ro$z on 
a c t i v a t e d  C) ,  6772 

H i g h - e n e r g y  f u e l s  f r om coat f o r  s u p e r s o n i c  planes ( R e v i e w  
of factors for applying coal tar products to fuel 
p r o b l e m ;  c a t a l y t i c  h y d r o g e n a t i o n  o f  a r o m a t i c s ) ,  6777 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  ca rbonaceous  m a t t e r .  IV .  
L i q u i d  phase in  industry, 2744 

H i g h - p r e s s u r e  l i q u i d - p h a s e  h y d r o g e n a t i o n  o f  c o a l  by 
e x p e r i m e n t a l  f l o w  p l a n t  ( P l a n t  d e s i g n e d  to  h y d r o g e n a t e  
50 to  80 kg o f  c o a l / d a y  a t  700 s tm ;  c o a l  f ed  as p a s t e ;  
a g i t a t i o n  o f  pas te  has e f f e c t  on results)9 6816 

H i g h - t e n s i o n  t e c h n i c  in  the  f i e l d  o f  m o t o r - f u e l  r e c o v e r y  
plants ( E l e c t r i c a l  E n g i n e e r i n g  point of v i e w  for plant 
equ ipmen t  and o p e r a t i o n ) ,  5793 

H y d r o c a r b o n  f u e l s  by p y r o l y s i s  o f  c o a l  ( F i r s t  p o r t i o n  o f  
char passed to  fuel cell or HHD device to  p roduce  d . c .  
and second p o r t i o n  to  a p p a r a t u s  where c h a r  w i t h  steam 
fo rms p r o d u c e r  g a s ) ,  7153 

H y d r o c a r b o n  s y n t h e s i s  f rom carbon  monox ide  and hyd rogen  
(P repa ra t i on  of C - s u p p o r t e d  Fe and Co c a t a l y s t s ) ,  2845 

Hyd roca rbon  s y n t h e s i s  ( P r o d u c t i o n  o f  s y n t h e t i c  l i q u i d  
fuels from coal or  n a t u r a l  g a s ) t  6218 

H y d r o g a s i f i c a t t o n  o f  b i t u m i n o u s  cos ts~  l i g n i t e ,  
a n t h r a c i t e ,  and cha r  ( H y d r o g a s l f l c a t i o n  s t  800 ° and 
6000 p s i g  us ing  He c s t s t y s t ) l  4854 

Hydrogen and o t h e r  s y n t h e t i c  f u e l s .  Summary o f  the  work 
o f  t he  s y n t h e t i c  f u e l s  pane l  ( R e v i e w ;  n c n f o s s i i  f u e l s ;  
e s p e c i a l l y  H, i n c l u d i n g  p r o d u c t i o n ~  s t o r a g e ,  
t r a n s m i s s i o n ,  and end u s e s ) ,  49 ( P B - - 2 2 4  4 8 2 / 0 )  

H y d r o g e n a t i o n  o f  b i t u m i n o u s  coa l  ( P r o p e r t i e s  o f  g a s o l i n e 1  
d i e s e l  f u e l ,  end f u e l  o i l  p r o d u c t s ) ~  2278 

H y d r o g e n a t i o n ,  a f u r t h e r  d e v e l o p m e n t  o f  h i g h - p r e s s u r e  
t e c h n i q u e  o f  the  ammonia and me thano l  syn theses  ~ 2722 

H y d r o g e n a t i o n  o f  coa l  d i s t i l l a t i o n  and e x t r a c t i o n  
p r o d u c t s  ( H y d r o g e n a t i o n  o f  p r o d u c t s  f rom d i s t i l l a t i o n  
and e x t r a c t i o n  o f  coa l  a t  p r e s s u r e s  shove 100 a t m ) ,  
2580 

H y d r o g e n a t i o n  s t  B i l l i n g h a m  in  R e t r o s p e c t ~  2914 
H y d r o g e n a t i o n  c f  l o w - t e m p e r a t u r e  t a r  by l a b o r a t o r y - s c a l e  

c o n t i n u o u s  p l a n t s .  I I .  R e s u l t s  o f  some e x p e r i m e n t s  
( P r o d u c t l c n  o f  g a s o l i n e  by h y d r o g e n a t i o n  o f  t a r  a t  480 ° 
end 200 a r m ) ,  2482 

H y d r o g e n a t i o n  o f  coa l  ( R e v i e w ;  economics  o f  g a s o l i n e  
p r o d u c t i o n  by coa l  h y d r o g e n a t i o n  shown to  be 
u n f a v o r a b l e ) ~  8855 

H y d r o g e n a t i o n  o f  p i t c h  and heavy d i s t i l l a t e s  f rom p r i m a r y  
brown coa l  t a r s  to d i e s e l  f u e l  ( A t  320 -330  o u s i n g  Ho53 
o r  Ns as c a t a l y s t s ;  diesel f u e l  p r o d u c t i o n ) 9  2325 

H y d r o g e n a t i o n  of l o w - t e m p e r a t u r e  t a r  under  v a r i o u s  
c o n d i t i o n s  ( C o n v e r s i o n  o f  l o w - t e m p e r a t u r e  t a r  f r e e  
b i t u m i n o u s  coa l  i n t o  h i g h - q u a l i t y  mo to r  f u e l  by 
d e s t r u c t i v e  h y d r o g e n a t i o n ) ,  2502 

H y d r o g e n a t i o n  and p e t r o g r a p h y  o f  some l o w - r a n k  c o a l s  f r o m  
the w e s t e r n  U n i t e d  S t a t e s ,  5898 

H y d r o g e n a t i o n  o f  s o l i d  f u e l  (Rev iew  o f  methods f o r  
o b t a i n i n g  l i q u i d  f u e l s  f r o m  c o a l ) t  6937 

H y d r o r e f i n i n g  coa l  o i l s  t o  f u e l s  f o r  supersonic a i r c r a f t ,  
6817 

I n - s t t u  coa l  bed g a s i f i c a t i o n .  P a t e n t  a p p l i c a t i o n  No. 257 
965,  5303 

I n d u s t r i a l  s y n t h e s i s  of g a s o l i n e  and o i l  from w a t e r  gas ,  
5783 

I n f l u e n c e  of d i s t i l l a t i o n  c o n d i t i o n s  on t he  I g n i t i o n  
p r o p e r t i e s  of d i e s e l  f u e l s  o b t a i n e d  from b r o w n - c o a l  
t a r s ,  7090 

I n f l u e n c e  Of d i s t i l l a t i o n  p r e s s u r e s  on the  amount and 
quality o f  D i e s e l  fuels f r o m  b r o w n  coal tar (Yields and 
p r o p e r t i e s  of components  in d i s t i l l a t i o n  of o i l - t a r  1, 
2,  5,  and 10 aim p r e s s u r e ) ,  7087 

I n v e s t i g a t i o n s  on p r e s s u r e  h y d r o g e n a t i o n  o f  coa l  t a r .  I .  
P r o d u c t i o n  o f  f u e l  and r aw m a t e r i a l s  f o r  c h e m i c a l  
i n d u s t r i e s  by l i q u i d - p h a s e  h y d r o g e n a t i o n  o f  Hu-Chen-Tsu 
coa l  (NONE),  6795 

I n v e s t i g a t i o n s  on s y n t h e t i c  f u e l s  c a r r i e d  ou t  a t  t he  
K a i s e r  Wl lhe tm I n s t i t u t  f u r  K o h t e n f o r s c h u n g  ( C a t a l y s t s  
c o n s i s t i n g  o f  AtzO s + Th o x i d e  o r  ZnO-A leOs)  , 6 1 4 5  

Je t  f u e l s  f r o m  h y d r o g e n a t e d  c o a l  t a r  d e r i v a t i v e s  and 
p i n a n e - c o n t e i n i n g  m a t e r i a l s ,  6895 

K e l l o g g  c o a l  g a s i f i c a t i o n  process. S i n g l e  v e s s e [  
o p e r a t i o n  ( R e v i e w  w i t h  5 references)~ 5358 

K ing  c o a l ' s  r e b i r t h  ( L i s t  o f  p r i n c i p a l  c o a l  c o n v e r s i o n  

p r o c e s s e s  i n u d i n g  g a s i f i c a t i o n  and  l i q u e f a c t i o n ;  c o a t  
o f  s y n t h e t i c  f u e l s ) ~  5 6 2 8  

L a r g e - s c a l e  t o w - t e m p e r a t u r e  c a r b o n i z a t i o n  a n d  p r o d u c t i o n  
of a g a s  m i x t u r e  f o r  s y n t h e s i s  o f  f u e l s  ( L u r g i  t D i d t e r ,  
and F i s c h e r - T r o p s c h  p roceases )~  5738 

L i q u e f a c t i o n  o f  Utah coa l  ( C o n v e r s i o n  o f  b i t u m i n o u s  coa l  
to  f l u i d  feed  s t u d i e d  u s i n g  p y r o l y s i s ,  s o l v e n t  
e x t r a c t i o n  w i t h  t e t r s l l n 0  end c a t a t v t i c  h y d r o g e n a t i o n ;  
op t imum c o n d i t i o n s  were 515 o, H p r e s s u r e  2000 ps t~  end 
Sn c h l o r i d e  c a t a l y s t  c o n c e n t r a t i o n  152 o f  c o a l ) t  6964 

L i q u i d  f u e l s  f r o m  c o a l  ( C o n v e r s i o n  Of c o a l  by 
h y d r o g e n a t o n  to  l i g h t  c rude  o i l  t h a t  can be c o n v e r t e d  
to  g a s o l i n e ) ,  6824 

L i q u i d  f u e l s  made f r o m  brown c o a t  (Rev iew  o f  p r o p e r t i e s  
o f  l i q u i d  f u e l s  o b t a i n e d  f rom brown c o a l  by l e e -  
t e m p e r a t u r e  c a r b o n i z a t i o n ,  h y d r o g e n a t i o n ,  and  F i s c h e r - -  
T r o p s c h  s y n t h e s l s ) t  6775 

L i q u i d  f u e l s  f rom c o a l ,  6898 
L i q u i d  f u e l s  f r o m  c o a l  ( B o i l i n g  p o i n t  o f  l i q u i d  f u e l s  

l e s s  than  2 0 0 0 ) t  7323 
L i q u i d  f u e l  f r e e  coa l  o b t a i n e d  by l o w - t e m p e r a t u r e  

c a r b o n i z a t i o n ,  5771 
L i q u i d  f u e l s  f r om c o a t ,  o t h e r  f o s s i l  h y d r o c a r b o n s  

( P r o c e s s e s  under  d e v e l o p m e n t  by d i f f e r e n t  compan ies  f o r  
c o m m e r c i a l  c o n v e r s i o n  o f  coa l  i n t o  l i q u i d  f u e l s ;  
economic  a n a t y s e s  o f  coa l  and a i r  sha le  p r o c e s s i n g ) t  
6 0 0 3  

L i q u i d  l u s t s  and  o r g a n i c  c h e m i c a l s  f r o m  c o a l  and  h o s e -  
r e f i n e d  p e t r o l e u m  ( R e v i e e ) t  6097 

L i q u i d  f u e l s  f r o m  c o a l  a n d  o i l  s h a l e  ( C o a p e r a t l v e  
economics  o f  p r o d u c i n g  l i q u i d  f u e l s  f r om o i l  shate~ 
b i t u m i n o u s ,  and s u b b i t u m i n o u s  c o s i ) t  6395 

L i q u i d  f u e l  f rom c o a l  o b t a i n e d  by l o w - t e m p e r a t u r e  
c a r b o n i z a t i o n  ( C a r b o n i z a t i o n  a t  600 ° by C o a l i t e  p rocess  
y i e l d s  18 to  20 get  o f  t a r / t o n  o f  36% v o l a t i l e  c o a l ;  
f rom t a r  3 ge l  o f  c rude  mo to r  s p i r i t  i s  o b t a i n e d ) 9  93 

L i q u i d  f u e l s  f rom coa l  by the  H - c o a l  p rocess  ( B e n c h - s c a l e  
t e s t s  and o p e r a t i o n  o f  on H - c o a l  p rocess  d e v e l o p m e n t  
u n i t  f o r  3 y e a r s  i n d i c a t e  d e s i r a b i l i t y  o f  b u i l d i n g  
250 tpd  d e m o n s t r a t i o n  p l a n t  to  o b t a i n  s c a l e - u p  
i n f o r m a t i o n  f o r  commerc i a l  p l a n t  end to  c o n f i r m  p rocess  
e c o n o m i c s ) ,  6893 

L i q u i d  f u e l  f rom c o a l .  F i r s t  yea r  o f  o p e r a t i o n  o f  coa l  
h y d r o g e n a t i o n  d e m o n s t r a t i o n  p l a n t  s t  L o u i s i a n a ,  
H i s s o u r i  ( P r o g r e s s  r e p o r t ) t  6383 

L i q u i d  f u e l s  f r o m  c o a l  ( P r o c e s s  d e s c r i b e d  f o r  m l n i m l z i n g  
d e l e t e r i o u s  e f f e c t  o f  ash on h y d r o c r a c k l n g  c a t a l y s t  
d u r i n g  p r o d u c t i o n  o f  d i s t t l l a b t e  l i q u i d  h y d r o c a r b o n s  
f rom a s h - c o n t a i n i n g  c o a l  e x t r a c t ) ,  6810 

L i q u i d  f u e l s  f rom c o a t ,  1972 ( C h e m i c a l  p rocess  r e v i e w ,  
No. 5 7 ) ,  6975 

L i q u i d  f u e l s  and c h e m i c a l s  f rom c o a l  (Rev iew w i t h  24 
r e f e r e n c e s ) ,  5881 

L i q u i d - f u e l  p r o d u c t i o n  by h y d r o g e n a t i o n  today  ( R e v i e w ) ,  
5763 

L i q u i d  f u e l  f rom h y d r o g e n a t i o n  o f  c o a l t  6162 
L i q u i d  f u e l s  f rom coa l  ( R e v i s e ) ,  6058 
L i q u i d  f u e l s  f rom t a r s  by c a r b o n i z a t i o n  o f  c o a l s  i n  

hyd rogen  a tmospheres  ( F i x e d  bed c a r b o n i z a t i o n  o f  coa l  
a t  ca.  950oF in  H a t  l e s s  than 1000 p s i g  f o l l o w e d  by 
c a t a l y t i c  h y d r o g e n a t i o n  s t  650-9500  o f  t a r ) l  6944 

L i q u i d  h y d r o c a r b o n s  ( P r o d u c t i o n  by r e d u c t i o n  Of CO on Co 
c a t a t y s t ) ,  5565 

L i q u i d  h y d r o c a r b o n  f u e l  f r o m  c o a l ,  6581 
L i q u i d  p r o d u c t s  f r o m  p r e s s u r e  e x t r a c t s  o f  a c r i d  

ca rbonaceous  m a t e r i a l s  t 6924 
L o w - b o i l i n g  l i q u i d s  by d e s t r u c t i v e  h y d r o g e n a t i o n  (200  stm 

p r e s s u r e ,  300 t c  700o;  s o l i d  Ag o r  Cu compound as 
c a t a l y s t ) ,  2221 

L o w - s u l f u r  cha r  as a c o - p n o d u c t  i n  coa l  g a s i f i c a t i o n  
( P r o d u c t i o n  o f  l o v - 5  p r o d u c e r  g a s ) ,  5316 ( P B - - 2 1 4  
1 6 2 / 0 )  

L o u - s u t f v r  f u e l  o i l  f r o m  c o a l  ( H i g h - S  b l t m l n o u s  c o a l  
suspended i n  coa l  t a r  hydrodesu t fur i zed  by c o n t i n u o u s  
p r o c e s s i n g  t h r o u g h  f i x e d  bed o f  p e l l e t i z e d  Co m o l y b d a t e  
ona tumina  c a t a l y s t ) ,  6938 

Low s u l p h u r  f u e l s  f r om COED Syncrude  (From l i q u e f a c t i o n  
o f  c o a I ) ~  7021 

L o w - t e m p e r a t u r e  c o k i n g  and the p r o d u c t i o n  o f  l i q u i d  f u e l  
(Yields f r o m  d i s t i l l a t l o n ,  c r a c k i n g ,  and  h y d r o g e n a t i o n  
o f  t a r s ) ,  6572 

L o u - I e m p e r a t u r e  h y d r o g e n a t i o n  o f  N o r t h e r n - B o h e m i a n  b r o w n -  
coa l  t a r s  ( T a r  i s  h y d r o g e n a t e d  at  a p p r o x i m a t e l y  3410 
and 300 atm v i t h  use o f  VS z c a t a l y s t ) ,  6721 

L o w - t e m p e r a t u r e  c a r b o n i z a t i o n  o f  b i t u m i n o u s  c o a l  f o r  t he  
p r o d u c t i o n  o f  s o t l d ~  l i q u i d t  and  g a s e o u s  f u e l s  
( P r o p e r t i e s  and uses o f  l o w - t e m p e r a t u r e  t a r l  g s s o t i n e t  
gas ,  and l i q u e f i e d  gas)~  115 

L o w - t e m p e r a t u r e  d i s t i l l a t i o n  o f  h i g h - g r a d e  brown c o a l  a n d  
i t s  c o n t r i b u t i o n  to  a u t o m o b i l e  f u e l s  ( P r o d u c t i o n  Of 
g a s o l i n e  and gases)~ 5946 

L o w - t e m p e r a t u r e  h y d r o g e n a t i o n  o f  N o r t h e r n - B o h e m i a n  b r o w n -  
c o a l  t a r s  ( C o n t i n u o u s  p r o c e s s  f o r  p r o d u c t i o n  o f  m o t o r  
f u e l s w  a l k a n e s ,  l u b r i c a t i n g  o i l s ,  p h e n o l s t  end  
cresols), 2916 

Low t e m p e r a t u r e  t a r  f r om l i g n i t e  f rom Puentes  de G a r c i a  
R o d r i g u e z  ( C o r u n a ) ,  7287 

L u r g i  p r e s s u r e  g a s i f i c a t i o n  as s modern method f o r  
p r o c e s s i n g  coa l  i n t o  s y n t h e t i c  gas (Rev iew  m i t h  s p e c i a l  
a p p l i c a t i o n  to  I n d i a ) 9  5140 

Rak ing  l i q u i d  f u e l s  f r om coa l  by s o l v e n t  e x t r a c t i o n ,  7338 



7S3 SYNTHETIC FUELS/PRODUCTION Manufacture of hlgh-antikncck m o t o r - f u e l  hydrocarbons by, 
c e t a l ~ t l c  c o n v e r s i o n  o f  CO a nd  Hs 6990 

Manufacture of m o t e t  feels b~ the Fischer-Tropsch process 
(Desulfuriz~tlon: catal~ts-descrlp%ion of a plant), 
6085 

M a n u f a c t u r e  of  s~nthetic l i q u i d  fuels (Descrlp%ion o f  
Fischer--True,oh sad Herglus methods and schematic 
manufacturing method a~ 8 t a l l n  Works), 8170 

Manufactur£ cf s~nthctlc liquid fuels C~ddress on 
e v o l u t i o n  cr  t e c h n i c  e f  h j d r o g e n e t l o n  o f  coa l  and 
l i g ~ l t e s ) ~  579~ 

Manufactur~ of submtitute natural gas from coal (Review 
u i t h  E1 raferences)s 4S77 

Menufactu~e of  motor fuels by hydrogenation under 
pressure, 60~ 

M a n u f a c t u r e  o f  f u e l  and s~nthesls gas i n  the United 
S t e t e ~  [Inv~stigatlon underwa~ on c o a l  gaslfica%ion)~ 
3694 

Hzthane  formation on a fused iron catalyst for llquld 
fuel s~nthesis (Oacrsase in CH~ formation by 
impregnation of Fa catalyst with K~O), 4328 

Methanol. New f ~ l  from coal  (Review of preparation of 
methanol for ese as fuel for automobiles; 20 
references), 7025 

Middle d i s t i l l a t e s  f rom the F i s c h e r - - T r o p s c h  p rocess  
(Review of teshnlques, process variables, and catalysts 
used in productios of l i q u i d  fuels), 6778 

Mctc~ fuel fro~ coal and o i l  shales s 7060 
Motor fuel (Di!~tillaticn of suspension containing more 

than ~0~ powdered coal in h~drecarbon essentially free 
of cyclic h~drccarbons), 6250 

Motor fuel (Preparation by h~drogenation of carbonaceous 
materials and addln@ oils r i c h  in  H)~ 2535 

Motor fuel (U~e of Fe, CaT Ni, Ru~ or Re as catal~sts in 
reductlon of CO), 6301 

Motor fuels (From reaction a% 750 to 1500OF of liquid and 
ga~aouY hydrocarbons produced from reduction of CO by 
H), 5~72 

H~tor fn~l iron reaction products of carbon monoxide and 
h~drog~n, ~989 

Motor fuel produced fro~ coal by three processes in  
Germ~n~ (~i~h-pressure hydrogenation of coal  and 
products recovered from i t~  low-temperature 
carbonization and extraction; synthesis~ low-temp. 
carbonlzatlon, d i s t i l l a t i o n ,  creck/ngs and extraction), 
5764 

Motor faelv etc., from coal, etc., by solvent and heat 
treatmen%z (~mmonia and carbon tetrachlor/de as 
solvents), ~81 ~ 

Motor f u e l s  from law-temperature tars, 2547 
Motor spirit frc~ h~drogenation of tar (200 aim pressure 

and 450 c us|nO ammonium mol~bdate as eatalyst)s 2243 
Multistage etullated-bed c o a l - o i l  hydrogenation and 

hydrocrackln~ (Hvdrogenati~n at 750-960OF and 1000-4000 
p s i ~  in ebullated bed), 3~ i7  

Natu ra l  ~as, coat, add all shale as sources of liquid 
/uel~ (Review; economics), 6227 

Ne~ kow-pressure hydroqenaticn process fop semlcoke-oven 
tar~, 6730 

New plant wilt p r o v i d e  pattern for s y n t h e t i c - - l l q u i d  fuel 
industry, 6~66 

New processes brishten prospects of synthetic fuels from 
cue[, 56~I 

New t echno[o~ie~  in coa l  utilisation in the USA -- key tO 
future e~er~N sapplie~ (Production o f  syngas, low Btu 
g e s ,  and ~nthetlc l i q u i d  fuels), 5587 

New u~e~ f o r  c c e l  u r g e d  ( P r o d u c t i o n  o f  l i q u i d  synthetic 
fue[h in t h e  U.Z. b~ hHdre~enation of powdered coa l  at 
200sO; development of fuels for aircraft and missiles; 
process cam be adjusted to produce gas or stopped at 
intermediate stage tc p r o d u c e  resin, etc.), 6778 

Oil a~d ~asoline f r a ~  o i l  shale and coal  (Review Of 
processes and COSt estimates), 6096 

O*l fro~ coal ( U s e  of Sn oxalate as catalyst i n  reduction 
cf CO). 6221 

Oi|  f rom COal, 63~ 
On prcductlon of liquid fuel from coa l  i n  India (Deals 

with coal gasification, ~s refining, and application 
of  F i ~ c h e r - - T r o p s a h  s~n%hesis), 6829 

+ p t t m i z a t i o n  of  c o a l  M a s l f i c a t i u n  p r o o e s s e a  f o r  s y n t h e t i c  
n e t u r a i  g ~ ;  production, 5~36 

Ovtlmization of coal gasification processes f o r  synthetic 
natural ~a~ production, 5 ~ 0  

Performance of a gas-s~nthe~is demonstration plant for 
praducin9 liquid fuel~ from coal (Production of 
gasoline and diesel oil; dust in  raw gas removed by 
c~clone separation~ wash scrubbing, and  electrostatic 
p r e c i p i t a t i o n ;  COs, HeSs and o r g a n i c  S compounds were 
re~ued with diethanclamine, Fe oxide, and activated 
C), ~761 

P,~r~pect ive~ of u t i l i z a t i o n  of pulverized fuel f o r  
p r o d u c t i o n  e~ technical and heating gas (Pyrolysis 
carried oct in  tubular reactors with exterior heating; 
f[cw ef steam u~ed tO carry fuel dust through reactor; 
fuels are good raw ~aterials for gas production; 
calorific wa]ue of raw gas from bituminous shale was 
>2500 Kcal/m~: achieved complete decomposition of tar 
and i~¢reased yield cf light gassline)s 7117 

Pe%rcelum reprieve (Fischer--Tropsch synthesis: fluld-bed 
catalyst re~ctor), 6197 

P i l o t - p l a n t  studies o f  the hot-carbonate process for 

remoulng carbon dioxide snd hydrogen sulfide (Removal 
of COs and HeS from g a s  mixtures necesssry in 
synthesizing liquid fuels from coal), 1280 

Planning foe production ~f synthetic hydrocarbon fuels 
(USA and Cenade)9 $589 

Pollution-free fuels (Patent on production of 
desulfurized liquids and gases), 5539 

Possibilities for utilization of Sulcls coal (Partial 
l i q u e f a c t i o n s  hydrogenation, extraction wi%h tatralln), 
6798 

P r a c t i c a l  advances in  the  p r o d u c t i o n  o f  l i q u i d  f u e l s  f rom 
coal [USA work)s 6381 

Prellmlnary treatment of solid fuels for hydrogenation 
[Re-bltumlnlzleg coal; p r o d u c t i o n  of light and heavy 
motor fuels, C6He, phenol ad hydrocarboas)s 3955 

Preparation and utilization of fuels from coal tars 8380 
Preparation of svethe%i¢ l i q u i d  fuel in Siberia (Russia) 

(Sapromyxltes)s 2274 
Present-day methods for generating gas for the synthesis 

of liquid fuel (Review)s 6178 
Present state and %rend of coal h y d r o g e n a % l o n  research 

(Discussion "of Investlgetions in the USA for production 
of gasoline, a high-energy fuel for jet-propulsion 
engines s and aromatic hydrocarbons; coal is no% 
liquefied completely to reduce H consumption)s 6856 

Princlples of low-temperatere carbonization of coal-oll 
suspensions~ 93 

Principles of the production and refining of synthetic 
liquid fuel (Distillation of crude peat tar and 
reflnlng of oils obtained), 5748 

Problems of the productiou of liquid fuels from c o a l  
(Discussion of most important processes), 6149 

Proceedings: energy resource conference, October 24 and 
25, 1972 (and). Annual rep% (Extraction of  natural gas 
and c r u d e  o i l ;  in%epfuel conversion; L u r g i  process; 
government role in insuring adequate, reliable energy 
supply and ira,omission and transportation of energy), 
5487 (PB--224 750/0) 

Processing of tar from the low-temperature oarboaization 
of bituminous coal for the manufacture of fuel oils 
6060 

Processing of brown-coal tar for motor fuel by means of 
pressure-temperature e r a c k f n g ~  7071 

P r o d u c e r  [motor] gas from brown-coal low-temperature 
coke.  ! ,  5784 

Product separation following synthesis gas conversion 
(Catalytic c o n v e r s i o n  o f  CO and H into hydrocarbons), 
6425 

P r o d u c t i o n  o f  p i p e l i n e  gas by h y d r o g a s i f i c a % f o n  o f  coa l  
(Pressures up to 3800 p s i g  and temperatures %o 2IO0OF 
with H, steam s and steam--H feed gases used), 5275 

P r o d u c t i o n  of l i q u i d  fuels from coal i n  the U6 
(Description o f  p i l o t  p l a n t  f o r  p r o d u c t i o n  o f  l i q u i d  
feel s mainly gasolines b~ method of incomplete coal 
hydrogenatien)s 6860 

Production of synthetic gasoline from chercoal in France, 
Germany, and Englands 6753 

Production of synthetic gasoline in India (Review of 
Bergius and Fischer-Tropsch processes), 6283 

Production of gaseous and liquid fuels from brown coal 
(Review o f  European methods and discussion o f  possible 
applications in Australia)s 3649 

Production of h igh  CHv content by reaction o f  bituminous 
c o a l  or coke with superheated steam at 800 to I000 o end 
S to 20 aim pressure, 3178 

Production of l i q u i d  fuels from c o a l  in Central 
Queensland (Two methods presented are: Fischer--Tropsch 
synthesis and direct hydrogenation; c o m p a r i s o n  of Sasol 
and H-Coal  processes; latter was considered %0 be more 
economicel; hydrosenatlon o f  coa l  paste a% 400 to  6000C 
and I00 to 200 atm)s 6861 

Production of bydrcgen-enriched fuels from coal 
(Suggested method of coal conversion into gesollne-type 
liquid fuel)s 2994 

P r o d u c t i o n  of s~nthetlc gas from Joban coal and natural 
gas (Operation report on Koppers--Tutzek furnace)s 4584 

Production of systhetic motor splrlt with special 
reference to the Pischer-Tropsch processs 5336 

Production of fuel o i l  from brown coals yielding tars 
r i c h  i n  creosote, 5953 

Production of synthetic natural gas by hydrogaslflcation 
( E c o n o m i c  aspects), 6153 . 

Production of diesel and fuel oils from coal tar 
(Separation of pitch and oil from coal tar by 
fractional solution), $804 

Production of oil from coal (Methodss hydrogenation 
process, Fischer--Tropsch process, purification asd 
composition adjustment s gasification economics s 
synthesis, temperature, pressure~ H:CO ratios 
catalystss and synthesis economies), 8461 

Production of Fischer-Tropsch coal sp£rit~ 6830 
Production of motor fuels from carboe monoxide and 

hydrogen (Review of the Fischer--Trepsch prooess)s 3781 
Production o f  fuels by eatal~%le hydrogenation of carbon 

monoxide (Fischer--Tropsch and Roblnson--Bindley 
processes for production of synthetic gasoline), 5795 

Production of low sulfur fuel oils from Utah coals ( F u e l  
o i l s  containing 0.5 and 0.25~= S were produced by 



SYNTHETIC FUELS/PRODUCTION 734 

desulfurization of whole o i l ) .  7002 
Production o f  low-sulfur boiler fuel by t w o - s t a g e  

c o m b u s t i o n .  A p p l i c a t i o n  o f  ca rbon  d i o x i d e  a c c e p t e r  
p r o c e s s ,  5271 

Production of liquid fuels from coal (Review with 9 
references), 69?0 

P r o d u c t i o n  o f  l i q u i d  and gaseous f u e l s  by s y n t h e s i s  f rom 
coa l  (Use of low-grade Fe c a t a l y s t  in carbonization 
zone with subsequent separation from carbonized c o a l ) ,  
3801 

P r o d u c t i o n  o f  s y n t h e t i c  f u e l s  f rom c o a l  by h y d r o g e n a t i o n  
under  medium p r e s s u r e s  ( P r o d u c t i o n  o f  g a s o l i n e ,  d i e s e l  
o i l ,  gas and c h a r ) w  6858 

P r o d u c t i o n  o f  n a t i o n a l  l i q u i d  f u e l  f rom c o a l  i n  B e l g i u m ,  
5768  

Programme f o r  i n t e g r a t e d  d e v e l o p m e n t  o f  f o s s l l  f u e l  
resources in Assam (India) (Proposed commercial p l a n t  
for conversion of coal to oil and chemicals)9 3078 

Progress i n  manufacture of p i p e l i n e  gas b V high-pressure 
g a s i f i c a t i o n  o f  c o a l  and h i g h - p r e s s u r e  c r a c k i n g  o f  
n a t u r a l  gas ,  b o t h  w i t h  oxygen (Calorific v a l u e  
s p e c i f i e d  as  4 6 0 0 - 4 8 0 0  K c a l / c u .  m. ;  N a d d e d  t o  keep  
h e a t i n g  v a l u e  a s  s p e c i f i e d ) ~  4829  

Progress in producing useful hydrocarbons f rom coal 
( R e v i e w  o f  p r o c e s s e s  b e i n g  d e v e l o p e d  i n  the  USA), 6838 

P r o j e c t  G a s o l i n e  in  f i n a l  d e v e l o p m e n t  s tage  (NONE), 6834 
P r o p e r t i e s  c f  s p i r i t s  p roduced  by the  h y d r o g e n a t i o n -  

c r a c k i n g  of i o n - t e m p e r a t u r e  t a r ,  5832 
Proposed p rocess  and equ ipmen t  r e v i s i o n s  to  the  S y n t h e t i c  

Fuels Process Pilot Plant. Cresap. West V i r g i n i a .  Final 
environmental Impact statement. 7004 (EIS-NV--73-0270) 

Prospects f o r  u t i l i z a t i o n  o f  gases containing c a r b o n  
monox ide  and hyd rogen  in  s y n t h e s i s  o f  c h e m i c a l s  and 
fuels (Use of CO and H fror cheap brown coals in 
s y n t h e s i s  o f  c h e m i c a l s ,  l i q u i d  f u e l s ,  and h i g h  
c a l o r i f i c  v a l u e  gas;  e q u i p m e n t ) ,  4744 

P u r g i n g  and wash ing  coa l  naph tha  t o  remove hydrogen 
~ulfide and basic nitrogen (Hydrogen sulfide removed by 
p u r g i n g  w i t h  i n e r t  gas)~ 1941 

Ouality of synthetic g a s o l i n e  from coal ( Q u a l i t y  of coal 
g a s o l i n e  depends on n a t u r e  o f  c o a l  o i l  and p r o c e s s i n g  
c o n d i t i o n s ;  n a t u r e  o f  c o a l  o i l  depends on c o a l  
c o n v e r s i o n  p r o c e s s ) ~  6966 

Recent t r e n d s  in  some a s p e c t s  o f  coa l  p r o c e s s i n g .  Non- 
f u e l  uses o f  coa l  ( R e v i e w  o f  r e s e a r c h  work i n  USA on 
nonfuel uses of c o a l ;  p r o j e c t s  aimed at  coal c o n v e r s i o n  
i n t o  g a s o l i n e ,  l i q u i d  f u e l 1  and gas o f  h i g h  c a l o r i f i c  
v a l u e ;  p l a s m a  p r o c e s s i n g  o f  c o a l  and i r r a d i a t i o n  w i t h  
f l a s h  o f  h i g h  i n t e n s i t y  l i g h t  l n c l u d e d ) ~  5050 

R e f i n i n g  l i q u i d  h y d r o c a r b o n s  ( A d d i t i o n  o f  i n h i b i t o r  
c o n s i s t i n g  o f  an a r o m a t i c  amino ,  p h e n o l i c ,  o r  n i t r o  
compound) ,  3368 

R e f o r m i n g  n a t u r a l  gas ( P r o d u c t i o n  o f  800 Btu o r  378 Btu 
gas from n a t u r a l  gas and w a t e r  g a s ) .  3352 

Rep lacement  ] [ q u i d  f u e l s ,  s y n t h e s i s  and h y d r o g e n a t i o n  
(Rev iew  on m a n u f a c t u r e  o f  l i q u i d  f u e l s ;  Berg[us 
p r o c e s s ;  F i s c h e r  p r o c e s s ) .  5798 

Research and deve lopmen t  work  i n  USA in  r e f i n i n g  and 
u t i l i z a t i o n  of coal (NONE)t  6840 

Research and d e v e l o p m e n t  on the  c o n v e r s i o n  o f  coa l  to  
gas, liquid fuels, and bulk organic chemicals 
( D i s c u s s i o n ;  11 r e f e r e n c e s ) 9  6569 

R e s p e c t i v e  a d v a n t a g e s  and d i s a d v a n t a g e s  o f  the  B e r g [ u s  
and Fischer processes for the  p r o d u c t i o n  of s y n t h e t i c  
l i q u i d  f u e l s ,  5778 

Rev iew o f  F i s c h e r - T r o p s c h  and r e l a t e d  p rocesses  f o r  
s y n t h e t i c  l i q u i d - f u e l  p r o d u c t i o n  ( C a t a l y s t  m a n u f a c t u r e ,  
p r o d u c t i o n  o f  s y n t h e s i s  gas .  and p r o p e r t i e s  o f  
p r o d u c t s ) ,  6143 

Rev iew o f  c o a l  t a r  t e c h n o l o g y .  V I I .  U t i l i z a t i o n  ( 1 1 0  
r e f e r e n c e s ) ,  6862 

Rev iew o f  deve lopmen t  of p rocesses  for s y n t h e s i s  of 
l i q u i d  f u e l s  by h y d r o g e n a t i o n  o f  c a r b o n  monox ide  
( R e v i e w  I work  i n  Germany and USA f rom 1938 t o  1948;  
S y n o l ,  OXO, and i s o p a r a f f i n  s y n t h e s i s ;  d e p o s i t i o n  o f  C 
on Fe c a t a l y s t s ) .  6214 

Ro le  p l a y e d  by the  r e f i n i n g  o f  p r i m a r y  t a r s  i n  the  
commerc i a l  p r e p a r a t i o n  o f  a r t i f i c i a l  l i q u i d  f u e l  
( I n c r e a s e  in  l i q u i d  p r o d u c t s  by p r e l i m i n a r y  a c i d  
t r e a t m e n t ) ,  7058  

S a l e a b l e  p r o d u c t s  f rom s o l v e n t  e x t r a c t i o n  o f  coa l  ( R e v i e w  
c o v e r i n g  1 9 5 5 - 5 6 ) ,  7328 

Sc ience  o f  c o a l  to  o i l  c o n v e r s i o n  ( P r i n c i p l e s  and most 
i m p o r t a n t  c o m m e r c i a l  p r o c e s s e s ) !  6075 

Sc ience  o f  c o a l - t o - o i l  c o n v e r s i o n ,  6102 
Semicoke f o r  g a s i f i c a t i o n  pu rposes  ( C o n t r a s t  of 

p r o p e r t i e s  o f  s e e [ c o k e  f r o m  brown coa l  and  b i t u m i n o u s  
c o a l ) ,  3268 

Smokeless f u e l  and gas f r o m  m o d e r a t e l y  c a k i n g  coa l  
( T e c h n i c a l  and conomlc  s t u d y  used in  p l a n n i n g  l a r g e  
c a r b o n i z a t i o n  p l a n t ) ,  4948 

S tudy  on the  s y n t h e s i s  o f  l i q u i d  f u e l s  f r o m  carbon  
monox ide  and h y d r o g e n  ( U s i n g  Nl  and CO c a t a l y s t s  on 
k i e s e l g u h r ) .  8936 

S u b s t i t u t e s  f o r  g a s o l i n e  (Du lsbourg -Me ide r l ch  p l a n t ;  
M e l s e b u r g  p l a n t ) ~  2179 

S u b s t i t u t e s  f o r  p e t r o l e u m  In USSR ( R e v i e w ) ,  2599 
S y n t h e s i s  o f  fuels f o r  a i r p l a n e  m o t o r s  ( P r o p e r t i e s  o f  

fuels, e x t r a c t i o n  and c r a c k i n g  process, and 
l i q u e f a c t i o n ;  s y n t h e s i s  o f  b e n z i n e  and d i e s e l  f u e l s ) .  
5839 

Synthesis of liquid fuels, 6054 
S y n t h e s i s  o f  l i q u i d  f u e l s  (Rev iew  o f  coa l  h y d r o g e n a t i o n  

and F i s c h e r - - T r o p s c h  s y n t h e s i s  in  p o s t - w a r  Germany) ,  
6183 

S y n t h e s i s  gas .  I t s  p l a c e  in  c h e m i c a l  i n d u s t r y  and f o r  
mo to r  f u e l  ( P r o d u c t i o n  by d i r e c t  g a s i f i c a t i o n  o f  coa l  
or lignite instead of by carbonization o f  coal and 
separate treatment of coket gas, and tar), 3438 

Synthesis gas from coal. oil, or gaseous hydrocarbons. 
and syntheses of ammonia and liquid fuels (Review of 
recent (1956) German developments). 4295 

Synthesis of motor fuel from carbon monoxide and hydrogen 
(NONE), 5705 

S y n t h e s i s  o f  mo to r  f u e l s  end h y d r o c a r b o n s  ( F i s c h e r - -  
T r o p s c h )  (Use o f  N i ,  Hn, A lcOa,  Co, ThOu, MgO, Fe s and 
FeaO~, FezC, C. Cu, KzCOa. kaolin, alkalies, Rut and 
v a r i o u s  c o m b i n a t i o n s  o f  them as c a t a l v a t s ) e  6528 

S y n t h e s i s  gas~ 6791 
Synthesis of liquid fuel from gases obtained in 

u n d e r g r o u n d  g a s i f i c a t i o n  o f  coa l  ( R e v i e w ) ,  2377 
S y n t h e t i c  l i q u i d  f u e l  i n v e s t i g a t i o n s  o f  the  Bureau o f  

H ines  ( S u r v e y  of sou rces  of s u p p l e m e n t a r y  l i q u i d  
fuels), 6193 

S y n t h e t i c  motor f u e l  f r o m  ca rbon  monoxide and w a t e r  
( R e v i e u ) ~  6455 

S y n t h e t i c  l i qu id  f u e l s  in the U n i t e d  S t a t e s ,  6180 
S y n t h e t i c  p i p e l i n e  gas f rom coa l  by the  HyGas p r o c e s s  

( P r o d u c t i o n  of all-methane g a s ) ,  5158 
S y n t h e t i c  f u e l s  f rom coal ( ~ i s c u s s i o n  o f  p o t e n t i a l  

p r o c e s s e s  f o r  p r o d u c t i o n  o f  s y n t h e t i c  c rude  o i l  end 
r e f i n e d  ' ' p e t r o l e u m  p r o d u c t s ' '  f rom c o a l ) .  6883 

S y n t h e t i c  l i q u i d  f u e l s .  Annual  r e p o r t  o f  the S e c r e t a r y  of 
t he  I n t e r i o r  f o r  1954. I .  O i l  f rom c o a l t  6616 

S y n t h e t i c  p e t r o l e u m  and i t s  d e r i v a t i v e s  ( F i s c h e r  
h y d r o c a r b o n  s y n t h e s i s ) ,  5762 

Synthetic l i q u i d  fuels from coal (Types of processes end 
economics and geographical factors), 6294 

S y n t h e t i c  and s u b s t i t u t e  fuels of i n t e r n a l - c o m b u s t i o n  
mo to rs  ( L e c t u r e ) ,  5890 

S y n t h e t i c  l i q u i d  f u e l s  ( P r o d u c t i o n  f rom CO and H) .  6718 
S y n t h e t i c  mo to r  f u e l s  (German c o a l  h y d r o g e n a t i o n  to  

p roduce  s y n t h e t i c  g a s o l i n e  and d i e s e l  f u e l s ) ~  6153 
S y n t h e t i c  p i p e l i n e  gas f rom coa l  by the  HvGas p r o c e s s  

(Gas i s  a l l  m e t h a n e ) ,  5166 
S y n t h e t i c  f u e l s  i n d u s t r y  based on Rocky M o u n t a i n  c o a l s ,  

6930 
S y n t h e t i c  f u e l s  p r o c e s s  ( D e s c r i p t i o n  o f  coa l  l i q u e f a c t i o n  

p r o c e s s ;  r e c y c l e  o f  n a t u r a l  s o l v e n t } .  6946 
S y n t h e t i c  l i q u i d  f u e l s  by F i s c h e r - - T r o p s c h  p r o c e s s ,  6747 
S y n t h e t i c  l i q u i d  f u e l  and i t s  i m p o r t a n c e  f o r  t he  U r a l -  

K u z n e t z k i i  b a s i n ,  5696 
S y n t h e t i c  mo to r  f u e l s  ( L e c t u r e  by Frenz  F i s c h e r ) t  5790 
S y n t h e t i c  f u e l s  ( H i s t o r y  and economic  c o n s i d e r a t i o n s  o f  

i n d u s t r y ) ,  6233 
S y n t h e t i c  l i q u i d  f u e l s  f r om h y d r o g e n a t i o n  o f  ca rbon  

m o n o x i d e .  I .  Rev iew o f  l i t e r a t u r e ;  Bur .  o f  H ines  
r e s e a r c h  on e f f e c t  o f  c a t a l y s t  p r e p a r a t i o n ,  r e d u c t i o n ,  
and p r o p e r t i e s  of the  c a t a l y s t s  w i t h  t h e i r  a c t i v i t y .  
6234 

S y n t h e t i c  f u e l s ,  3150 
S y n t h e t i c  l i q u i d  f u e l s ,  6219 
S y n t h e t i c  p r o d u c t i o n  o f  mo to r  f u e l s  a c c o r d i n g  to  t he  

F i s c h e r  p rocess  ( B e n z i n e ) ,  5743 
S y n t h e t i c  l i q u i d  f u e l s  ( P r o d u c e d  by c a t a l y t i c  r e d u c t i o n  

o f  CO w i t h  H) ,  5997 
S y n t h e t i c  l i q u i d  f u e l s .  Annual  r e p o r t  o f  t he  S e c r e t a r y  o f  

t he  I n t e r i o r  f o r  1949,  6378 
S y n t h e t i c  l i q u i d  f u e l s .  I .  O i l  f r om c o a l ,  6583 
S y n t h e t i c  l i q u i d  f u e l  (Rev iew  o f  p r o c e s s e s  f o r  s y n t h e s i s  

o f  l i q u i d  f u e l s  f rom c o a l ;  economics  o f  p r o c e s s e s ) 9  
6265 

S y n t h e t i c  l i q u i d  f u e l s ;  s t a t u s  o f  deve lopmen t  in  the 
U . S . ,  6373 

S y n t h e t i c  f u e l  f r om c o a l  f o r  s u p e r s o n i c  a i r c r a f t  ( T a r  o i l  
used was 2 3 0 - 3 0 0 o c  f r a c t i o n  o f  lOw t e m p e r a t u r e  t a r  f r o m  
c a r b o n i z a t i o n  o f  b i t u m i n o u s  c o a l ;  d e s u l f u r i z e t i o n  e t  
4 0 0 o f  and s a t u r a t i o n  a t  3 0 0 o f  done In  v a p o r  phase a t  
2500 p . s . i . g . ) ,  6759 

S y n t h e t i c  f u e l s  from c o a l  ( R o l e  o f  t he  federal gove rnmen t  
i n  p r o m o t i n g  coa l  c o n v e r s i o n  p r o c e s s e s  and the  g r o w t h  
o f  a s y n t h e t i c  f u e l s  i n d u s t r y ) ,  5598 (WASH-1337- 
3 ( R a y . I ) )  

S y n t h e t i c  l i q u i d  f u e l s  r e s u l t i n g  f r o m  the  r e d u c t i o n  o f  
c a r b o n  monox ide  by h y d r o g e n :  e e t h a n o l ~  F i s c h e r  g a s o l i n e  
( G e n e r a l  d e e c r l p t i o n t  descrlpt lon~ and c o m p e r l s o n  o f  
r e l a t i v e  m e r i t s  of p r o d u c t i o n  o f  me thano l  and o f  
g a s o l i n e  by F l s c h e r - - T r o p s c h  s y n t h e s i s ) ,  8785 

S y n t h e t i c  f u e l s  f r o m  h y d r o c a r b o n  s o u r c e s :  technology ,  
e c o n o m i c s ,  m a r k e t s ,  5562 ( N P - 1 9 9 9 3 )  

S y n t h e t i c  l i q u i d  f u e l s .  Annual  r e p o r t  o f  t he  S e c r e t a r y  o f  
t he  I n t e r i o r  f o r  1950.  I .  O i l  f r o m  e o a l t  6466 

S y n t h e t i c  n a t u r a l  gas end h y d r o g e n  f rom t h e  g a s i f i c a t i o n  
o f  ca rbonaceous  m a t e r i a l s  ( S y n t h e t i c  n a t u r a l  g e l  made 
by p r o d u c i n g  fOe f r o m  CO w i t h  Co o x i d e  c a t a l y s t ,  
r e a c t i n g  CO 2 w i t h  C wh ich  i s  caused to r e a c t  w i t h  steam 
t o  p roduce  H and C H , - r i c h  gas ;  gem w i t h  c a l o r i f i c  v a l u e  
o f  975 B t u / c u .  f t  o b t a i n e d ) ,  5497 

S y n t h e t i c s :  g r e a t  o i l  r e s e r v e ~  6216 



Tar as a fuel, Z495 
Tars, oil, and petrol from coal. Survey of  the 

producticn~ 6090 
Technical practlcabilit N of the production of liquid 

fuels in ~as works and coke-oven plants, 5714 
Technique~ for the conversion of coal into liquid and 

g e s e c u ~  f u e l ~  i n  the Unit6d States, 6784 
The h~drcge~ation of carboa and the manufacture o f  

~nthet~c f u e [ ~  (~eview), 2441 
The use of cake-oven gas a~ a raw material for %he 

syth~Is ef ell by Fischer--Trcpsch process ls 
considered, 609i 

Three-~tage processing of coal extract diluted by 
anthracene Oi l  to obtain liquid fuels ( L a b o r a t o r y  
experimemts; he~t catalyst AI oxide--He oxide--CoO 
which removed almost all of S; hNdrocraeking with W 
suiflo~ g a v e  liquid fraction suitable as fuel)~ 6941 

Trsatment cf s~nthetic gasoline (Synthetic gasoline ~reed 
from 0 co~pcunds by pansies i t  over bauxite at 700-- 
950OF and rspeatin9 at 600-9500F with 20-65 lb. steam 
per barrel of ~asoline), 6~10 

Use of low gradf~ coal far the production of oil, gas, 
fer~ilizsrs, and chemicals, $976 

Use of oxygen te gasify combustibles (Lurgi process for 
gasifyip~ li~nite~ at 20-~0 kg/sq, cm. and Koppers 
process cf c rack in~  fuels), ~509 

Utilization of coal with particular reference to the 
production e£ o i l  (Review)7 7250 

U t i l i z a t l c n  c f  ~or th  D a k o t a  l i g n i t e  ( U s e s  i n  Fe o r e  
reduction, briquettin~, thermal power generation, 
cement burning, and chemical and synthetic fuel 
p r o d u c t i o n ) ,  6523 

Water gas and large-scale eyntheses (Review; Bubiag- 
Didier and Wiekler proce=se~), 3436 

When w i l l  synthetic fuel~ begin flowing from coal (Status 
of several ecal gaslfisation and liquefactien processes 
in US~), 5584 

W!nkler process for the production o f  low-~tu gas from 
coal (Heview with no references)s 5353 

Work in  progress in  the United States on new methods o f  
c o a l  processing (Review), 5052 

Work e f  t h e  S c b c e l  o f  L e u v a i n  on s ~ n t h e t i c  m o t o r  f u e l s  
( C a t a l y s t  Of 9~.57 pe rcen t  Co, 0.24 N i ,  0.13 Fe,  0 .$2 
CaO~ 0.03 E, and 0.07 Ms activated with 18 percent 
ThOa; catalyst cf Co--N[ precipitated on kleselgukr 
with ~2C0~ (Co 3.6, Ni ~.6, Mn 1.4, RzOe 1.4))~ 6007 

SYNTHETIC FUELS/PURIF~CATIC~ 
Vapor-phase tr(~atment of combined gasoline and water 

phases of s~nthesis product (Gasoline and water phases 
d e r i v e d  from r e d u c t i e n  o f  CO by H),  6554 

SYNTHETIC FUELS/RESEARCH PROGRAMS 
Bureau cf Hine~ s~nthetic liquid fuels program, 1944-55. 

I .  O i l  f r o ~  coa l  (6ummarN c f  research), 4657 
T e s t  d a t a  mea~er  f rom f i v e  y e a r s  o f  s y n t h e t i c  f u e l s  

research  (Survey based en Bureau of Mines data), 6388 
SYNTHETIC FUELS/REVIEWS 

Developments i a  synthetic l i q u i d  fuels (Review)s 6539 
S a l e a b l e  p r o d u c t s  f rom s o l v e n t  e x t r a c t i o n  o f  c o a l  ( R e v i e w  

covsrin~ 1955-56)~  7~28 
The s y n t h e t i c  l i q u i d - f u e l  i n d u s t r y  (Review), 5776 

SYHTHETIC FUELB/SIABILITY 
Cocbustion characteristics of h y d r o g e n - r i c h  coal-tar 

compounds far s u p e r s o n i c  ~et fuels of high thermal 
stabillt~ (Combustion characterlstios of some R-rich 
coal-tar ee~pcund~ of interest far sspersonie jet fuels 
are discussed), 6~22 

SYNTHETIC FUELS/STORAGE 
Hydrogen and other synthetic fuels. Summary of the work 

of the s~nthe%ic fuel~ panel (Review; nonfossll fuels; 
especlall~ H~ includln~ productions storage, 
transmission, and end uses), 49 (PB--224 482/0) 

SYNTHETIC FUELH/TA~ SANDS 
S~nthetie crude oil: is it feasible yet~ 5596 

SYNTHETIC FUELS/TRANSPORT 
Hydrogen end other synthetic fuels. Summary o f  the work 

of the synthetic fuels panel (Review; nenfossil fuels; 
especiall~ H, including production, storages 
t r a n s m i s s i o n ,  end end u s e ~ ) ,  49 (PB--224 482/0) 

SYNTHETIC PET~OLEUH/CRACKING 
Combinatlen process f o r  liquefaction of coal and 

cetal~£1c cracking of selected fractions thereof, 6980 
O r i g i n  and decomposition of organic sulfur compounds 

under gas-mdkin~ cenditiens with particular reference 
to t h e  role o f  the carbon sulfur i n d e x ,  315 

SYNTHETIC PETR~LEUM/PRCDUCT~O~ 
~ustralian refinery tO handle oil-from-coals 7015 
C a t a l y t i c  reduction o f  carben d i o x i d e  under  o r d i n a r ~  

p r e s s u r e .  Vo The i n f l u e n c e  o f  t i t a n i u m  o x i d e ,  z i r c o n i u m  
cxide~ and :erlum oxide ( I n f l u e n c e  of TiO s ,  CeOe, and  
ZrO z s~ catalysts f o r  synthesizing petroleum from water 
gas), 5668 

Char e l l  ene~Z~ development (P~ooess for more effectivel~ 
utlllzlng coal), 6650 (PCR-534) 

Coal i c e . v e r s i o n  to s ~ n t h e t i c  crude o i l ]  (Review with 14 
references]s 6946 

COED iChor Oil Energy Development] plant for coal 
conversion (Pyrol~sis of c o a l  wlth heating value I 2 . 800  
Etu/lh), 7166 

COED research aims at ell, san and char from coal  (Yield 
f r e ~  one ton llllnols No. 6 c o a l  is 610 kg chars 210 
l i t e r s  c~ade o i l ,  and 136 cu m gas~ ors alternativel~s 
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560 kg char~ 260 liters oil, and 280 cu m hydrogen), 
6845 

Combination process for liquefaction of coal and 
catalytic cracking of selected fractions thereof, 6980 

Composition of the products obtained in the synthesis of 
petroleum, 5663 

Development of a process for producing an ashless, low- 
sulfur f u e l  from coal~ Volume 1 - engineering studies. 
Part 3 - COG reflnery economic evaluation -- Phase II 
(Process produces a synthetic crude oil and pipeline 
quality gas)9 6960 (EN-1696] 

Hydrogenation of COED process coal-derived oils 
(Hydrogenation at 3000 p s l g  over fixed bed of Ni--Mo 
catalyst; S removal), 6940 

Influence of sulfur in the water gas and i n  the catalyst 
on the action of the contact material in the synthesis 
of petroleum, 6664 

Influence of organic sulfur compounds in the water gas on 
the synthesis of petroleum, 5666 

Petrol from coal for US studies (Production of synthetic 
crude and natural gas), 7016 

Petroleum products from coal (Review), 6852 
Production of alternate energy forms from coal. Paper No. 

9~ 3042 
Project COED: coal pyrolysis pilgt plant. Paper No. 8 

(Recovery and processing of o i l ~  gas, and char), 7165 
Synthetic crude oil from low-temperature coal tars, 6945 
Synthetic crude oil: i s  it feasible yet (Descriptien of 

GCOS and COGAS processes), 5693 
Thermal liquefaction of a sub-bituminous soal (Coal 

dissolved in hydrogenated polycycllc compound solvent 
under H pressure (2000-Z000 psig) at 440-450 o far 6-20 
min), 6953 

Use of a refinery LP model %o determine value of coal 
derived liquid. Paper No. 2 (Economics of uslng coal- 
derived synthetic feedstock in a refinery), 3071 

SYNTHETIC PETROLEUM/REFINING 
Application of CUED precess coal-derived liquids in a 

petroleum refiner~s 7023 
SYNTHOIL PROCESS 

Synthiol precess converts ceal inte clean fuel oil 
(Hydrodesulfurization for converting coals Into 
nenpolluting fuel oil with very low S and ash 
c o n t e n t s ) ,  6991 

SYNTHOL PROCESS 
Gasoline from coal via the Synthul process s 6745 
Ranufacture of synthetlo gasoline nearlng commerolal 

application in U. S. (0. S. modifications te Flscher- 
Tropsch process), 6182 

Temperature and space-veleclty contrel in the Synthol 
process (Catalytic conversion of H and CO tO 
hydrocarbons), 6396 

TAKAHAX PROCESS 
I n h i b i t i n g  t h e  f o r m a t f e n  o f  s u l f u r - c o n t a i n i n g  exw s a l t s  

in the Takahax process for desulfurization of hydrogen 
sulfide-containlng gas (H sulfide absorbed in alkali 
solution and oxidized to S over n a p h t h a q u i n o n e  
derivative catalyst in llquld phase)s 2076 

T a k a h a x  p r o c e s s  ( R e m o v a l  o f  up to  9 9 . 9 ~  o f  H s u l f i d e  f r o m  
gas streams particularly those with low initial H 
sulfide concentration and/or high C dioxide/H sulfide 
ratios), 1951 

TAR/CHEMICAL COHPOSITION 
Phenols crystallizable from lignite tars 7054 

TAR/CRACKING 
Brown-coal fuel (Produots from catalytic cracking of 

brown coa l  tar), 5713 
CPacking and hydrogenating carbonaceeus ma±erials ( 3 0 0  to  

500 ° and pressure up to  1000 aim; complex I l anso l vo~e  
acids as catalysts), 7036 

Cracking producer tars and low-temperature tars from %he 
Moscow coa l s  ( A t  600°- lOOO°)s 7049 

Ra ts ing  y i e l d  and c a l o r i f i c  v a l u e  o f  gas th rough  
systematic tar orack ings  7048 

Synthetic liquid fuel and its importance for the Ural- 
Kuznetzkli basins 5696 

Use of emulsifying agent such as Na 
Isopropylnaphthalenesulfonate to reduce surface tension 
i n  p r o d u c t i o n  o f  hydrocarbonss 5641 

Vapor-phase c r a c k i n g  o f  p r i m a r y  %ars from coal (At 325-- 
6500)s 7052 

TAR/DESOLFURIZATION 
Catalytic desulfuratien and hydrogenation of a primary 

tar fraction~ 264 
TAR/DISTILLATION 

Cracklng bituminous material (Des%ructlve distillation 2% 
200 lb  p ressu re  and 8502F)s 7068 

Distillation o f  tar to  give gasolines phenols~ and 
residue that is cracked to produce ooke~ crude o f l ~  gas 
o i l s  and gases, 5703 

Principles of the productlon and refining of synthetic 
llquld fuel (DistIIlatlon of crude peat tar and 
refining of oils obtalned)s 5748 
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H y d r o g e n a t i o n  t e c h n i q u e s  at  combined h i g h  t e m p e r a t u r e s  
and p r e s s u r e s  ( B a t c h  end c o n t i n u o u s  r e a c t o r s ) ,  2942 

TAR/GASIFICATION 
H y d r o g e n a t i o n  t e c h n i q u e s  at  combined h i g h  t e m p e r a t u r e s  

and p r e s s u r e s  ( B a t c h  and c o n t i n u o u s  r e a c t o r s ) )  2942 
TAR/HYDROGENATION 

5 e r g i n i z a t i o n  o f  so~e c o a l s  and t a r s ,  5658 
C a t a l y s t  f o r  the  h y d r o g e n a t i o n  o f  c o a l ,  t a r ,  and e l n e r a l  

o i l  (Re o r  Re compounds ) l  5914 
C a t a l y t i c  d e s t r u c t i v e  h y d r o g e n a t i o n  o f  c o a l s  and t a r s  i n  

Germany w i t h  c o n v e r s i o n  a l m o s t  e n t i r e l y  to  l o w - b o i l i n g  
p r o d u c t s 9  2499 

C a t a l y t i c  h y d r o g e n a t i o n  o f  c o a l )  e t c .  (Use o f  h a l o g e n  
a c i d ,  n o n m e t a t l i c  h a l o g e n  compounds,  ant  Fc) or  Sn and 
t h e i r  compounds as  c a , a l v a , a ) )  2508 

C a t a l y t i c  d e s u l f u r a t i o n  end h y d r o g e n a t i o n  o f  a primary 
t a r  f r a c t i o n ,  264 

C a t a l y t i c  h y d r o g e n a t i o n  o f  p h e n o l i c  o l l  In l o w -  
t e m p e r a t u r e  t a r .  V I I .  E f f e c t  o f  c a t a l v s t s  upon t he  
f o r m a t i o n  of  l ower  p h e n o l s  ( U s i n g  FeC lz )  CaCIe) S n C l 2 ,  
SnClz + FezOs, (NH~)zM°O~ + FeeOs, WOe, FezOa as 
c a t a l y s t s ) w  2606 

C a t a l y t i c  h y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r  and i t s  
main c o n s t i t u e n t s  (Use o f  HlO.  HoDs. ZnC lz )  Cr(OH)3  , 
and A l ( O H ) z  as c a t a l y s t s ) ,  5666 

C r a c k i n g  and h y d r o g e n a t i n g  ca rbonaceous  materials (300  t o  
500 ° and p r e s s u r e  up to  1000 a tm;  comp lex  ' t a n a o l v o l t  
a c i d s  a s  c a t a l y s t s ) )  7036 

C r a c k i n g  and d e s t r u c t i v e  h y d r o g e n a t i o n  o f  peat  t a r  ( N i O  
and CoO c a t a l y s t a ) ~  5659 

D e s t r u c t i v e  h y d r o g e n a t i o n  o f  materials such as brour ,  
c o a l ,  t a r ,  o r  o i l  r es idua ' s  ( A t  abou t  500 ° and a t  l e a s t  
20 atm p r e s s u r e  u s i n g  ammonia as a c a t a l y s t ) )  2253 

D e s t r u c t i v e  h y d r o g e n a t i o n  o f  m a t e r i a l s  such as brown 
c o a l ,  t a r ,  o r  o i l  r e s i d u e s  ( A t  300 -700  o and at  l e a s t  20 
atm p r e s s u r e  u s i n g  n i t r i d e s  o f  Cr) Mn) S i .  T i ,  o r  V as 
c a t a l y s t s ) ,  2254 

D e s t r u c t i v e  h y d r o g e n a t i o n  o f  c a r b o n a c e o u s  m a t e r i a l s  
( C a t a l y s t  c o n t a i n i n g  Re i n  c o l l o i d a l  f o r m ) )  2220 

D e s t r u c t i v e  h y d r o g e n a t i o n  ( C o p r e c i p i t a t e d  Fe and Al  
o x i d e s  as c a t a l y s t s ) )  2185 

D e s t r u c t i v e  h y d r o g e n a t i o n  (400  to  700 ° , A l l  S i )  Cu-Fe)  
po rous  ca rbonv  s i l i c a )  h y d r o a i l i c a t e s )  a l um ina  and 
mangnea is  c a t a l y s t s ) )  2249  

D e s t r u c t i v e  h y d r o g e n a t i o n  ( C a t a l y s t s  c o n t a i n i n g  3 
c o n s t i t u e n t s :  Zn o r  Hg o x i d e  o r  Zn s u l f i d e ;  o x i d e s  and 
s u l f i d e s  o f  NI and Co; o x i d e s  o f  V and m e t a l s  o f  6 t h  
g r o u p ) ,  2250 

D e s t r u c t i v e  h y d r o g e n a t i o n  o f  p e a t - p r o d u c e r  t a r  
( C o m p a r i s o n  o f  MoSs, MoSs + A l z O a .  CrzO s + Nl + Cu, and  
MoO3 + A lzOz + Ni as c a t a l y s t s  f o r  p r o d u c t i o n  o f  
q u a l i t y  g a s o l i n e  a t  420 to  480 ° and 200 to  250 
a tmosphe res  p r e s s u r e ) ,  2314 

Deve lopmen ts  in  c a t a l y t i c  h y d r o g e n a t i o n  o f  t a r  and t a r  
p r o d u c t s  and r e d u c t i o n  o f  p h e n o l s )  2324 

Deve lopment  o f  an i n t e r m e d i a t e - s c a l e  p l a n t  f o r  h i g h -  
p r e s s u r e  h y d r o g e n a t i o n  o f  t a r  and t a r  d i s t i l l a t e s  (Ho52 
c a t a l y s t ;  200 a t e  and 5 0 0 o ) )  2430 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r .  XV. 
Some o b s e r v a t i o n s  on the  r e a c t i o n  = e c h e n l s e  (A t  459 to  
475°C and 50 to 100 atm us ing  MoO a o r  No03- -S 
c a t a l y s t ) ,  2632 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r  (Use 
o f  molybdenum o x i d e  c a t a l y s t ;  465 o,  100 aim i n i t i a l  
p r e s s u r e ) ,  2444 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r  
( C a t a l y s t s :  (NH~)zMoO~, H2MoO~ MOOa , and NH~ 
t h i o m o l y b d a t e ;  g a s o l i n e  f o r m a t i o n ) ,  5755 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r .  IX .  
Compar ison  o f  f r a c t i o n s  f rom l o w - t e m p e r a t u r e  t a r  ( A t  
454 ° and 464 ° and 100 a t e .  p r e s s u r e  u s i n  MoO 3 as 
c a t a l y s t ) l  2562 

H i g h - p r e s s u r e  e x p e r i m e n t a l  p l a n t  ( L i q u i d - p h a s e  t r e a t m e n t  
o f  l o w - t e m p e r a t u r e  t a r s  u s i n g  Mo as c a t a l y s t ) )  2259 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  Of l o w - t e m p e r a t u r e  t a r  
( P r o d u c t i o n  Of g a s o l i n e ,  ke rosenep  and heavy o i l ) ,  2483 

H i g h - p r e s s u r e  h y d r o g e n a t i o n  o f  n e u t r a l  and p h e n o l i c  o i l  
in  l o w - t e m p e r a t u r e  t a r ,  2201 

H y d r o g e n a t i o n  o f  l o w - t e m p e r a t u r e  t a r  p r o d u c t s  ( E f f e c t s  o f  
v a n a d i c  a c i d  w m o l y b d i c  a c i d ,  m o l y b d i c  s u l f i d e  a s  
c a t a l y s t s  a t  320 t o  360 ° and lO0 atm p r e s s u r e ) )  2235 

H y d r o g e n a t i o n  o f  pea t  t a r  ( U s i n g  RoSa as c a t a l y s t  f o r  one 
f r a c t i o n  and HoS] + ZnCl z as c a t a l y s t  f o r  the  second 
f r a c t i o n ) ,  2355 

H y d r o g e n a t i o n  o f  m i d d l e  o i l  f r e c t l o n a t e d  f rom brown coa l  
low t e m p e r a t u r e  d i s t i l l a t i o n  t a r  a t  450 to  470 ° end 
under  200 a t e  p r e s s u r e ,  2188 

H y d r o g e n a t i o n  t e c h n i q u e s  a t  combined h i g h  t e m p e r a t u r e s  
and p r e s s u r e s  ( B a t c h  and c o n t i n u o u s  r e a c t o r s ) )  2942 

H y d r o g e n a t i o n  o f  t a r  and o f  coa l  ( C a t a l y s t s  f o r  c o a l ,  Sn, 
Zn) and Pb compounds;  c a t a l y s t s  f o r  t a r  Mo),  2293 

H y d r o g e n a t i n g  c o a l ,  t a r ,  m i n e r a l  o i l s ,  e t c .  ( A t  h i g h  
p r e s s u r e  i n  the  p resence  o f  a c o n t a c t  mass c o n t a i n i n g  
o x i d e s  o f  Th.  r a r e  e a r t h s ~  Uy Mn, o r  V, Or c a r b o n a t e s  
of U, Mn) or V), 2294 

H y d r o g e n a t i o n  and c r a c k i n g  ( U s i n g  CoS and MoS z as 
c a t a l y s t s ) ,  2276 

H y d r o g e n a t i o n - c r a c k i n g  o f  t a r a .  I I I .  E f f e c t  o f  c e r t a i n  
v a r i a b l e s  in  a c o n t i n u o u s  p l a n t  ( E f f e c t s  o f  p r e s s u r e ,  
t e m p e r a t u r e ,  c a t a l y s t ) ,  7080 

H y d r o g e n a t i o n  o f  coa l9  t a r  t and m i n e r a l  o i l s  ( E q u i p m e n t ) ,  
2868 

H y d r o g e n a t i o n  o f  coa l  and o f  p r i m a r y  t a r s  ( R e v i e w  o f  
t e c h n o l o g y ) ,  2315 

H y d r o g e n a t i o n  i n  the  f u e l  and c h e m i c a l  i n d u s t r i e s ,  2704 
H y d r o g e n a t i o n  o f  coa l  t a r  p roduced  by l o w - t e m p e r a t u r e  

c a r b o n i z a t i o n  ( H y d r o g e n a t i o n  at  450 t o  4600 at  44 to  
220 aim u s i n g  c a t a l v a t s  o f  ammonium, Zn, Hot V, W) U) 
Cr ,  Hn, Co, and Au compounds) ,  2226 

I n v e s t i g a t i o n s  in  the  p r e s s u r e  h y d r o g e n a t i o n  o f  p r i m a r y  
t a r  ~H igh  p r e s s u r e  e f f e c t s  on methane f o r m a t i o n  u s i n g  
~HH~)zHoS~ as c a t a l y s t ) )  3169 

H o t o r  f u e l  f o r  peat  t a r .  I I I .  C h a r a c t e r i s t i c s  o f  the  
p r o d u c t  o f  h y d r o g e n a t i o n  (Coapa rJson  o f  l i q u i d  phase 
and v a p o r  phase h y d r o g e n a t i o n ) ,  2438 

H o t o r  f u e l  f o r  pas t  t a r .  I I .  D e s t r u c t i v e  h y d r o g e n a t i o n  i n  
t he  v a p o r  phase ( H y d r o g e n a t i o n  a t  520 -540  o end 200 atm 
u s i n g  c a t a l y s t s  o f  CreOa, HoSe, and ZnO))  2435 

P r e s s u r e  h y d r o g e n a t i o n  w i t h  i o d i n e  as c a t a l y s t )  2233 
P r e s s u r e  h y d r o g e n a t i o n  o f  c o a l )  t a r )  m i n e r a l  o i l )  o r  

t h e i r  d i s t i l l a t i o n  o r  r e a c t i o n  p r o d u c t s  (Use o f  Fe-  
c o n t a i n i n g  b a u x i t e ,  c l a y ,  o r  z e o l i t e  c a t a l y s t s  as 
e f f e c t i v e  as molvbdena c a t a l y s t s  in  h y d r o g e n a t i o n  to  
f o r m  g a s o l i n e  p r o v i d e d  HzS Is  p r e s e n t  t o  1-12X o f  
s u b s t r a t e ) ,  2856 

P r o g r e s s  in  the  h y d r o g e n a t i o n  o f  coa l  and t a r  (Use o f  W8~ 
as  c a t a l y s t ) ,  2703 

Recent  p r o g r e s s  i n  the h y d r o g e n a t i o n  o f  c o a l ,  l l g n t t e )  
t a r  p r o d u c t s  and o t h e r  s u i t a b l e  m a t e r i a l s  f o r  t he  
m a n u f a c t u r e  o f  mo to r  f u e l  and l u b r i c a t i n g  o i l s  
( S i c h r o m a l  a l l o y s ) ,  2320 

Research  on the  improvement  o f  c a t a l y s t s  f o r  
h y d r o g e n a t i o n  o f  t a r s  and medium o i l s  ( B r i e f  h i s t o r y  o f  
d e v e l o p m e n t  o f  h y d r o g e n a t o n  c a t a l y s t s ;  most o f  new 
c a t a l y s t s  a re  o x i d e s ) ,  2949 

Rev iew o f  some o f  t he  r e a c t i o n s  i n v o l v e d  i n  the 
h y d r o g e n a t i o n - c r a c k i n g  o f  t a r ,  2323 

Some a s p e c t s  o f  f u e l  r e s e a r c h  ( T i n  end z i n c  compounds es 
c a t a l y s t  in  h y d r o g e n a t i o n  o f  c o a l ) ,  2238 

Some s t u d i e s  o f  Ohio  c o a l s  I s h a l e s ,  and o i l s  
( P o s s i b i l i t i e s  o f  p r o d u c i n g  f r o m  c o a l )  o i l  s h a l e s ,  and 
t a r  o i l s ) ,  2710 

Some t h e r m a l  and e l e c t r i c a l  a s p e c t s  o f  t he  d e s i g n  o f  
c o n v e r t e r s  f o r  the  h y d r o g e n a t i o n  p r o c e s s )  2442 

S t u d i e s  o f  the  k i n e t i c s  o f  h y d r o g e n a t i o n  r e a c t i o n s .  
H y d r o g e n a t i o n  o'f c r e s o l  ( E f f e c t s  o f  t e m p e r a t u r e )  
p r e s s u r e ,  r e s i d e n c e  t i m e ,  g a s - t o - o i l  r a t i o )  end c r e s o l  
c o n c e n t r a t i o n  i n  o r i g i n a l  p r o d u c t  on p r o c e s s  o f  h i g h -  
p r e s s u r e  h y d r o g e n a t i o n  o f  t a r s  and o i l s  i n  p resence  o f  
s o l i d  c a t a l y s t s ) ,  2944 

TAR/PRODUCTION 
Chemica l  p r o d u c t s  o f  t he  commerc ia l  c a r b o n i z a t i o n  o f  gas 

coal, 173 
Compositlon of tars obtained in the low-temperature 

c a r b o n i z a t i o n  o f  b i t u m i n o u s  coa l  u n d e r  gas p r e s s u r e  
(NONE),  105 

TAR/REFINING 
Role  p l a y e d  by the r e f i n i n g  o f  p r i m a r y  t a r s  i n  the  

c o m m e r c i a l  p r e p a r a t i o n  o f  a r t i f i c i a l  l i q u i d  f u e l  
( I n c r e a s e  i n  l i q u i d  p r o d u c t s  by p r e l i m i n a r y  a c i d  
t r e a t m e n t ) ,  7058 

TAR/REMOVAL 
Dry p u r i f i c a t i o n  o f  gas (Removal  o f  HaS end t a r  d r o p l e t s  

by passage t h r o u g h  f i n e l y  d i v i d e d  coke a t  18 to 3 3 o ) ,  
537 

P u r i f i c a t i o n  o f  g a s o l i n e s  from p r i m a r y  t a r s  by f e r r i c  
c h l o r i d e .  407 

P u r i f i c a t i o n  o f  c o k e - o v e n  gas (Remova l  o f  w a t e r ,  t a r )  
n a p h t h a l e n e ,  and s u l f u r ) )  624 

P u r i f i c a t i o n  o f  s y n t h e s i s  gas (Remova l  o f  o r g a n i c  S 
compounds u s i n g  s t r o n g l y  alkaline Fe(OH)s)) 1105 

TAR/SPECIFIC HEAT 
D e t e r m i n a t i o n  o f  the  s p e c i f i c  heat  o f  t a r  and t a r  o i l s )  

coke .  and c o a l ,  7403 
TAR SANDS~GASIFICATION 

C a r b o n i z a t i o n  and g a s i f i c a t i o n  o f  c a r b o n a c e o u s  s o l i d s  
( C a r b o n a c e o u s  m a t e r i a l s  c a r b o n i z e d  in  f l u i d l z e d  bed to  
remove p a r t  o f  v o l a t i l e s ) )  168 

G a s i f i c a t i o n  o f  s o l i d  f o s s i l  f u e l s  i n  a m ic rowave  
d i s c h a r g e  ( E x t e n t  o f  g a s i f i c a t i o n  depended on C c o n t e n t  
o f  s o l i d ) ,  5210 

S l u r r i e s  o f  s o l i d  c a r b o n i f e r o u s  f u e l s  ( E q u i p m e n t ) .  5529 
TAR SANDS/HYDROGENATION 

C o n v e r s i o n  o f  f o s s i l  f u e l s  to  l i q u i d  f u e l s  ( L i q u i d  f u e l s  
s u f f i c i e n t  t o  s a t i s f y  c u r r e n t  ( 1 9 6 6 )  and f u t u r e  marke t=  
can be p roduced  f rom USA e x t e n s i v e  ca rbonaceous  
d e p o s i t s ) ,  6819 

H y d r o t r e a t m e n t  o f  f o s s i l  f u e l s  ( P a t e n t ) .  7034 
TAR SANDS/SEPARATION PROCESSES 

O x i d a t i o n  o f  b i t u m e n  i n  r e l a t i o n  t o  i t s  r e c o v e r y  f r o m  
t a r - s a n d  f o r m a t i o n s )  7393 

TAR SANDS/SYNTHETIC FUELS 
S y n t h e t i c  c rude  o11 :  Is  i t  f e a s i b l e  y e t ,  5596 

TETRALIN/CHEMICAL REACTIONS 
K i n e t i c s  o f  c o n v e r s i o n  o f  t e t r a l i n  d u r i n g  h y d r o g e n a t i o n  

o f  c o a l ,  3107 
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H~drogen~ted coal tar products (Review with 126 

refere~ce~)~ ~0~5 
THERMAL POWER PLANTS/FLUE GAS 

On soma pcnnlhltities to abate thermal power plant 
generated emi~sion~ (Use of c~ciones multic~clones, 
electrostatic dust precipitators, or combinations of 
theo), 1779 

THEEMONUCLE~E DEVICES 
Energy: new directions and challenges (Power production 

forecasts}, 5457 
THSRM~NUCLE~R REACTOP~ 

Asse~sln9 advanced methods of generation, 5403 
THIDLS/OXIDATION 

Removal of orca~ic ~ u l f u r  from town gas (Reduction o f  
crgan[¢ E to iO grains/lO0 co. ft. or less by oxidation 
cf CZ~, COS, and thicls to SOn; removal of SOn b~ 
scrubber], 83~ 

~emcvln~ sulfur b~ the catalytic oxide%ion Of the gases 
(Gase~ ccstaisin~ H~S, CH~SH~ and COS oxidized with air 
cr 0 to HaO, COz, and SOz over catalyst), 1211 

TH!OLS/REHOVAL 
~dlp process (For the substantial re,oval (to m few ppM) 

of h~erc~en sulfide and the partial removal o f  
incidental C05, C dioxlde, and mercaptans), 1959 

Catalytic carrier for h~drcdesulfurizaTion (Use of 
alumina cats|grit carriers)~ 1767 

Catalytic process for the removal cf organic sslfur 
compounds from a gas stream (Two cetal~sts used in 
ser~es: Fe oxide + 15--20~ alkalies NaaCOa followed by 
ZnO + i0~ FezO=; !st causes h~dro~enation o f  S 
compounds~ and ~nd absorbs resulting H2S), 1507 

Ccntac~ ma~ for re~svln~ organic sulfur compounds from 
gases cr vapcrs~ 8~S 

Desuifurlzatio~ o f  hydrocarbon gases (Natural gas %rented 
with liquid hudrocarbcn To remove thiols; liquid 
h~drocarbcn treated with NaH to remove thlols)~ 817 

~uriflcatlon of foe[ gazes (~emoual of S compound, such 
as CSz, CO~, %hioi~, thiophene, and HaS, and by virtual 
elimlnation cf CO), I~07 

Reactions of organic sulfur compounds in town gas with 
mechanlcall~ activated a - f e r r i c  oxide. I. Eth~l 
marcaptan (Above 350 ° total S in ethsnethlol is 
converted t~ FeS in solid phase and gas is freed from 
S), 1442 

~egenerat£on of desulfurizing material for gases and 
vapors (Material consists of compounds of general 
formula MsO a X M'O~ in which M is metal that forms 
sesquinsxide, such as Fe,'~n, or Co~ and M' is alkaline 
earth metal or other metal of Group II, such as Mg, an, 
cf Cd), 1107 

Removal of marcaptsns from sNnthesis gas (Catal~s% 
c=nsistsd of kles~Iguhr containing 20~ (as met~l) of 
oxide of Fe, Ni, So, Co, Mn, Cd, Or, Ms, Vs Al, or Hg; 
thio[~ converted to H~S and a small amount tO 
sulfides), 1254 

Removal of h~d~ocyanlc acid and organic sulfur compounds 
from coke-oven gas (Gas purified b~ scrubbing wlth 
solution containing Am ~nd hydroquinone o r  
naphthoq~inone), ~0~8 

~emoval o f  organic sulfur compounds f r o m  brown coal high- 
temperature {5HT-~oke oven) gas by pressure-washlng 
prcce~se~ (Flow diagrams of washing and enalNtical 
procadures~ discussion of rec~cling and regeneration Of 
wash l i q u i d s ) ,  13~6. 

Removal ~f or~anlc sulfur compounds from gas mixtures for 
synthas~s. X~. Removal Of eth~l mzrcaptan end eTh~l 
s u l f i d e  from h~drogen, natural gas~ and c r a c k i n g  gas 
(£~h9] ~ercaptan aasi|~ removable by Fe, Ni, Ca, Mn, 
Cr, Ai, and M~ catalu~%s; dieth~l ~slfide removable b~ 
Cu an~ Ni c~talysts), 555 

Removal of mrga~Ic sulfur from gas (Removal o f  compounds 
such as CS~, COS, and thiols in 6-stage process), 746 

Reme.al e f  ~ l f u r  compounds from coke gas w i t h  s ludge 
from prmduction o f  potassium permanganate (Removal o f  
COS, C8~, RSH, C~H~S, and its homologs by means o f  
sludge obtained b~ a~odic dissolution of carbonaceous 
f e r romanga~se  in  KOH],  1279 

~emovin~ S U l f u r  compounds from gas (Desuifurization of 
hydrocarbon Sas)~ 596 

Pemovi~g sulfur co~pou~ds from gases and vapors (Use of 
activated C, SlO z gel, or bog iron ore at about 80 ° to 
remove C82, mercapTass, etc.), 632 

Sulfinol process (Removal of a c i d i c  g a s  constltuents such 
as H sulfide, C dloxid~ and mereap%ans from neutral, 
ref~ner~, sad s~nthesls gases), 196~ 

TH!3PHENE/CHEHICAL REACTIONS 
~atalwtic desLilphuriza%io~ Of  l i g h t  distillate (Use o f  V 

o x i d e  catalgst at ambient or lower pressure at 4ROoC to 
remove 9~ of thiopheAe and i00~ of C disulfide), 1302 

Removal of sulfur from gases (Gases flo~ at 430-550 s over 
alka[ime earth ozides; h~droxldes~ or carbonates 
c o n t a i n i n ~  ~ l  or Co; aromatic S from thlophene changed 
to H28), ll~O 

THIOPHENE/EEM~VAL 
Cats(Nile des~Iphurizetion of light distillate (Use of V 

o x i d e  c a t e l ~ s t  a t  a m b i e n t  o r  l o w e r  p r s s s u r e  a t  4R0o~ %o 
remove 93~ of thlophene and i00~ of C disulfide), 1302 

Catalytic process f o r  t h e  r e m o v a l  o f  o r g a n i c  s u l f u r  
compounds from a gas stream (Two catal~sts used in 
s ~ r i e s :  Fe oxide ÷ 15-20~ alkalies NaaCOm followed by 

ZnO + IO~ FeeDs; is% causes hNdrogena%icn of S 
compounds, and 2nd absorbs resulting HAS), 1507 

Catalytic carrier for hydrodesulfurlze%ion (Use of 
a l u m i n a  c a t a l y t i c  c ~ r r i e r s ) ,  1757 

Contact mass for removing organic sulfur compounds from 
gases or vapors, 855 

Purification of fuel gases (Removal of S compound, such 
as CSz, COS, Thiols, Thiophene, and HsS, and by vlrtual 
elimination of CO), 1307 

Regeneration of desulfurizing ma±erial for gases and 
vapors (Material consists of compounds of general 
formula MeOm X M'O, in which M Is metal That forms 
sesquinoxide, such as Fe, Mn~ or Coy and M' Is alkaline 
earth metal or oTheT metal of Group II, such as Mg, Zn, 
o f  C d ) ,  1107 

Removal of sulfur from gases (Gases flow at 450-550 o over 
alkaline earth oxides; hydroxides, or carbenaTes 
containing NI or Co; aromatic S from thlcphene changed 
%0 HAS), 1120 

Removal of organic sulfur compounds from gas mixtures for 
synthesis. Xl. Removal of carbon disulfide end 
thiophene from water gas and natural gas (Ni, Cu, end 
Sn catalysts for removal of CSe; Fe, Ni, Cu, Mn, Or, 
~I, and Mg catalysts for removal of Thiophene), 685 

Removal of hydrocyanic acid and organic sulfur compounds 
from coke-oven gas (Gas purified by scrubbing with 
solution containing As and hgdroquinone or 
naphThoquinone), 2028 

Removal of organic sulfur compounds from brown coal high- 
Temperature (BHT-coke oven) gas b~ pressure-washing 
processes (Flow diagrams of washing end analytical 
procedures; discussion of recycling and regeneration cf 
wash liquids), 1346 

Removal of %hiophene from synthesis gem (Comparison of Ni 
and Ms ca%alys%s)j 1250 

Removal of organic sslfur from coal gas (Coal gas 
containing 16-20~ CO; S compounds unvaried To HaS over 
Nimox (Ni--Mo) cnversion catalyst; H2S removed by 
Luxmasse (a prepared Fe oxide)), 1569 

Removal of organic sulfur-cenTalnins compounds from The 
ethylene fraction of coke-oven gas with The aid of 
poly(alk~Ibenzenes) (Removal of thiophene and carbon 
disulfide), 1344 

Removal of sulfur compounds from gases (Most of HaS and 
organic S compounds (except %h~ophene] removed from gas 
b~ passage Through Zn at 350-5000 after passage through 
hot Fe or Mn oxide la~er; Zn8 regenerated bN heating in 
oxidizing atmosphere at 700--9000), 1350 

Removal of sulfur compounds from coke gas with sludge 
from production of potassium permanganate (Removal of 
COS, CSa, RSH, C~H~S, and its homologs by means of 
sludge obtained by anodic dlssoluTion of carbonaceous 
ferromanganese in KgH), 1279 

Report on the removal of sulfur compounds from town gas 
down To i0 grains per 100 cubic feet (Active C process 
for benzene extraction To remove Thiophene and some 
CS2; catalytic processs To remove CSa and little of 
Thiophene), 441 

THYLOX PROCESS 
DesulfurizaTion of gas b~ the Thylox ms%hod. I (55 

references To work in Czechoslovakia, Japant and USSR), 
1148 

Development of The conversion of coal. III- Coal as a raw 
material for gaseous products (Review o f  79 German 
papers on coal gas production, processing end uses 
(1926-1941)), 5364 

Economlcs of dry and wet desulfurlzaTion of gas (Economic 
advantage of dry process over Thylox (wet) process), 
379 

Operation of The Th~lox process with coal gas containing 
h~drogen cyanide (Reaction of HaS with ThloarsenaTes), 
911 

Recovery of b~-producT niTregen and sulfur in The coke- 
oven and gas industries, 2~5 

Recovery of sulfur from coklng gas (Description of the 
Bahr, PeTit~ Seaboard~ Girdler--GirboTol~ Ferrox, and 
Thylox processes), 671 

Removal mf hydrogen sulfide from gas, 433 
Removal of HaS from town gas with particular reference to 

the Thylox process (Review), 651 
Sodium Thiosalfate r e c o v e r y  from c o k e - o v e n  gas, i121 
Sulfur recovery from The gas from coal distillation, 274 
Th~Iox process and its Technical and scientific results 

(For removal of HaS from gases), 314 
ThFlox process for removing h~drogen sulfide from gas 

(Complete summary o f  the Th~Iox process and cost of 
operation), 538 

Two-stage ''Thylox m' process for h~drogen sulfide 
removal, 455 

Waste gas desulfurizaTion and environmental pro%action 
(Discussion of several methods with 23 references), 
1882 

THYLOX PROCESS/REVIEWS 
Sulfur removal from coke-oven gas b~ the Thylex process 

(Review), 1315 
THYSSEN-GALOCSY PROCESS 

Operating and economic possibilities of using processes 
for The complete gasification of bituminous coal, 3544 



THYSSEN-GALOCSY PROCESS 738 

Process and raw m a t e r i a l s  for c o m p l e t e  g a s i f i c a t i o n  [ o f  
c o a l /  and i t s  i m p o r t a n c e  i n  m e e t i n g  f u r t h e r  i n c r e a s e d  
gas demands, 3353 

Synthesis gas from coal (Lurgi pressure process; Wellman- 
Galusha process; Ninkler process; Koppers process; 
W i n t e r s h a l i - S c h m a l f e l d t  p r o c e s s ;  M e t s l l g e s e l l s c h a f t  
process; Pin,sob process; Thyssen-GalocsN process; 
underground gas i f i ca t i on ;  54 references), 3723 

TIDAL POWER 
Land ,  s e a ,  and a i r .  S u r v e y  o f  some a u x i l i a r y  s o u r c e s  o f  

energy  f o r  e l e c t r i c i t y  g e n e r a t i o n  ( I n c l u d e s  geo the rma l  
h e a t ,  u n d e r g r o u n d  g a s i f i c a t i o n ,  t i d a l  power, wind 
power, and solar energy), 4018 

TOLUENE/DESULFdRIZATIDN 
Desu l f u r i za t l o r  of aromatic hydrocarbons (S impur i t ies 

removed from coal tar or fractions containing C6H6, 
C~HsCH], and C:cH a i n  vapor phase by hydrogenation to 
HIS i n  presence of catalyst)t 1285 

TOLUENE/PRODUCTION 
American coal-hydrogenation plant ( P i l o t  plant with 

s i m p l i f i e d  f l o w  c h a r t ;  c a p a c i t y  o f  i 0 0  t o n s  c o a l / d a y ;  
p l a n t  o p e r a t e s  a t  450 to  5500C) ,  2913 

A r o m a t i c  h y d r o c a r b o n s  from carbon monoxide and hydrogen 
(Using metals of Group VIII as catalysts for 
hydrogenation and oxides of metals of Group V or VI as 
c a t a l y s t s  f o r  a r o m a t i z a t i o n ) ,  662E 

D e s l k y l a t i o n  o f  t a r  o i l  in the presence of  an a lum ina  
catalyst. Effects of p r e s s u r e  end temperature 
( F o r m a t i o n  o f  benzene,  t o l u e n e ,  xN lene ,  and n a p h t h a l e n e  
by h y d r o d e a l k y l a t i o n  o f  m e t h y l n a p h t h a l e n e  f r a c t i o n  f rom 
t a r  o i l  In p r e s e n c e  o f  AI o x i d e  a t  600 to 6500C and H 
p r e s s u r e  of 30 t o  50 arm) ,  2948 

I n f l u e n c e  o f  t he  c o k i n g  t e m p e r a t u r e  on c e r t a i n  raw coke -  
gas chemica l  p r o d u c t s  ( I n c r e a s e  o f  c o k i n g  t e m p e r a t u r e  
f rom 1350-60 to  1370-80 o a f f e c t e d  p r o d u c t s ;  y i e l d  o f  H 
su l f i de ,  HCN, and ammonia increased with temperature)9 
7140 

P r o d u c t i o n  of chemical raw materials from coal by the  
c o m b i n a t i o n  o f  h i g h - p r e s s u r e  l i q u i d - p h a s e  h y d r o g e n a t i o n  
w i t h  h y d r o - d e a i k y l a t i o n  ( N y d r o d e a l k y l a t i o n  o f  n e u t r a l  
o i l  and h igh-bo i l i ng  o i l  t h a t  are main p r o d u c t s  of 
l i q u i d - p h a s e  h y d r o g e n a t i o n  o f  c o a l ;  Cr o x i d e - - K  o x i d e - -  
Al o x i d e  c a t a l y s t  a t  30 etm and 500 t o  580oc ;  p r o d u c t s  
i n c l u d e  benzene ,  t o l u e n e 9  x y l e n e ,  e t h y l b e n z e n e ,  
n a p h t h a l e n e ,  gaseous hyd roca rbons )w  3014 

P r o d u c t i o n  o f  coa l  c h e m i c a l s  by the c o m b i n a t i o n  o f  h igh  
p r e s s u r e  l i q u i d  phase h y d r o g e n a t i o n  w i t h  h y d r o -  
d e a l k y l a t i o n  ( P r o d u c t i o n  o f  a r o m a t i c  c h e m i c a l s  f rom 
coa l  by h y d r o g e n a t o n  and h y d r o d e a l k y l a t i o n ) ,  3013 

TORBANITE 
Development  o f  t o r b a n i t e  in South A f r i c a ,  24 

TOSCOAL PROCESS 
Coal g a s i f i c a t i o n .  TOSCQAL process  f o r  low t e m p e r a t u r e  

coa l  p y r o l y s i s  ( S h a l e  or  coa l  hea ted  and conveyed 
u p l i f t  p ipe  by c o n c u r r e n t  f l o w  w i t h  hot  f l u e  gas from 
b a l l  h e a t e r ) ~  5332 

S t a t u s  o f  coa l  l i q u e f a c t i o n  t e c h n o l o g y  (Compar ison  o f  
economics  and f e a s i b i l i t y  o f  l i q u e f a c t i o n  p r o c e s s e s ) ,  
7019 

Summary p r e s e n t a t i o n :  an overview o f  coa l  c o n v e r s i o n  
t e c h n o l o g y ,  52 

TOSCOAL p rocess  coa l  l i q u e f a c t i o n  and cha r  p r o d u c t i o n  
( D e s c r i p t i o n  o f  t e c h n i q u e s  o f  p r o c e s s ) ,  6992 

TOSCOAL PROCESS/REVIEWS 
Coal gasification (Review of coal gasification 

f u n d a m e n t a l s  i n c l u d i n g  coa l  c h a r a c t e r i s t i c s ,  coa l  
p r o c e s s i n g 9  chem ica l  r e a c t i o n s ,  and t he rmodynamics ;  low 
and h igh  Btu gas p r o d u c t i o n ) ,  5481 ( N P - 2 0 0 9 7 )  

TOWN GAS/CHEMICAL 30MPDSITIDN 
M i x t u r e s  o f  coa l  gas ,  p r o p a n e - b u t a n e ,  and a i r  ( M i x t u r e  o f  

50~ coa l  gas end 11-12~ p r o p a n e - - b u t a n e  m i x t u r e  
s u i t a b l e  f o r  use as town g a s ) ,  5207 

TOWN GAS/COMBUSTION HEAT 
Town gas and hydrocarbons from s u l f u r - c o n t a l n l n g  carbon 

m o n o x i d e - - h y d r o g e n  m i x t u r e s  ( S u l f i d e s  o f  Group V l t  
e s p e c i a l l y  Mo, used as c a t a l y s t ;  p r o d u c t  gas in CO 2 
12,8~  CO 1 2 . 9 ;  H 4 9 . 7 ,  CH~ 2 2 . 9 ;  and N 1 .7Z  by v o l . s  
w i t h  h e a t i n g  v a l u e  o f  4090 Kcs l /mS)~  41~5 

TOWN GAS/DESULFURIZATION 
A b s o r p t i o n  o f  hydrogen s u l f i d e  f rom househo ld  gas w i t h  

I r o n - c o n t a i n i n g  m i x t u r e s  ( P r e p a r a t i o n  of m i x t u r e  by 
t r e a t i n g  I r o n  o x i d e  by h y d r a t e  w i t h  NazCOst CaCOs, and 
C), 100~ 

C a t a l y t i c  d e s u l f u r i z a t l o n  o f  town gas and o f  i n d u s t r i a l  
g a s e s  by c o n t a c t  m a s s e s  composed o f  mixed n o n m e t a l l i c  
c r y s t a l s  s i m i l a r  i n  s t r u c t u r e  t o  t he  Raney phase 
( C h a r a c t e r i s t i c s  of mixed n o n m e t a l l i c  c r y s t a l s  used for 
e x t r a c t i o n  o f  HTZS), 1191 

D e s i g n  o f  p u r i f i e r s  f o r  t he  r e m o v a l  o f  hydrogen s u l f i d e  
f r o m  town g a s  by i r o n  o x i d e ,  355 

D e a u l f u r i z e t i o n  o f  town g a s  ( D e s c r i p t i o n  o f  • dry  b o x  
p u r i f i c a t i o n  process )~  929 

Modern  d e v e l o p m e n t s  in  d r y - b o x  p u r i f i c a t i o n  [ o f  town g a s  
f o r  removal  o f  h y d r o g e n  s u l f i d e ] .  598 

O r g a n i c  s u l f u r  i n  [town] gas (Removal  u s i n g  R e c t l s o l  
p rocess )~  1241 

P u r i f i c a t i o n  o f  town g a s  ( A c t i v i t y  of F e - c o n t a i n i n g  
m a t e r i a l s  u s e d  I n  d r y  removal  f H=S f r o m  own g a s  r a i s e d  

by treating material with gamma radiation; use of bog 
iron ore continuously irradiated with 700 mr./hr from 
cesium-13? source), 1357 

Reactions of organic sulfur compounds in town gas with 
mechanically act ivated a - f e r r i c  oxide. I .  Ethyl 
mercapta~ (Above 380 ° to ta l  S in ethanethiol  is 
converted to feS in sol id phase and gas is freed from 
S), 1442 

Reducing the su l fu r  content of town gas (Use of Cu 
thiomolybdates mounted on granular bauxite as cata lys t ;  
cost f i gu res ) ,  1017 

Removal by active carbon of sulfur from waste gases 
obtained during production of town gas in the Lurgi 
generator (S removed in 2 absorbers connected In 
ser ies) ,  1319 

Removal of organic su l fur  compounds from town gas, 1277 
Removal of hydrogen sulfide from gases - documentation 

for  1985 (Review of absorption and scrubbing methods), 
1457 

Some overseas developments which may affect the future of 
the gas industry in Austra l ia  (Removal of HaS with 
YezO3), 3727 

Sulfur impurity in town gas s 1073 
Sulfur removal. Report of the Institution of Gas 

Engineers' Committee of Inquiry (Removal of organic S 
compounds from town gas by the  a c t i v e  ca rbon  p r o c e s s .  
the oil-washing process9 and the catalytic process), 
628 

Town gas (Gases containing COt H, ad S, especially from 
g a s i f i c a t i o n  or  d e g a s i f l c a t i o n  o f  brown c o a l ,  t r e a t e d  
a t  20-40  atm and 400-420  ° w i t h  c a t a l y s t s  o f  Mo and 
AI2Oz; CO z end S removed from prodoct)t 1265 

Town gas f r e e  o f  hydrogen s u l f i d e  (By  passage th rough  a 
m i x t u r e  o f  n a t u r a l  b o g - i r o n  ore  and Fe o x i d e  h y d r a t e ) ,  
1050 

TOWN GAD/PRODUCTION 
A n n u a l  r e v i e w  o f  f u e l s  f o r  1972 .  R e s e a r c h  on g a s i f i c a t i o n  

of coal and hydrocarbon (Review with 90 references), 
5393 

Drown coals as raw material for town's gas and 
' ' s y n t h e s i s ' '  gas ( P i n t s c h - - H i l l e b r e n d  p rocess  f o r  
p r o d u c t i o n  o f  gas s u i t a b l e  f o r  F i s c h e r - - T r o p s c h  
s y n t h e s i s ) ,  3245 

D i s c u s s i o n  o f  town-gas  p r o d u c t i o n  f rom h i g h - a s h  brown 
coa l  ( C a l c u l a t i o n s  on e f f e c t s  o f  coa l  ash on 
g a s i f i c a t i o n  r e s u l t s  i n  L u r g i  h igh  p r e s s u r e  0 
g a s i f i c a t i o n  i n s t a l l a t i o n ;  economics ;  36 r e f e r e n c e s ) ,  
3995  

Experimental carbonization of blends of Yallourn brown 
coal briquet and bituminous coking coal for t~wn gas 
m a n u f a c t u r e ,  7108  

Gas from brown coal. Morwell (Australia) project. II. 
Morwe l l  Project (For p r o d u c t i o n  of town gas from brown 
coa l ) ,  4280 

Gas from brown c o a l .  Morwe l l  ( A u s t r a l i a )  p r o j e c t .  I .  
L u r g i  g a s i f i c a t i o n  p r o c e s s  and the L i n d e - - F r a e n k i  
oxygen p r o c e s s ,  4281 

Gas industry and State self-sufficiency (Review of 
Australian coal resources), 3889 

Gasification of solid fuels at  e l e v a t e d  p r e s s u r e s  (Low CO 
gas can be produced by g a s i f i c a t i o n  o f  s o l i d  f u e l s  w i t h  
m i x t u r e s  o f  0 p l us  steam or  O, s team,  and COe)~ 4927 

Gasification of f u e l s .  P ressu re  g a s i f i c a t i o n  of brown 
coa l  f o r  town gas p r o d u c t i o n  in  V i c t o r i a ,  A u s t r a l i a 9  
4322 

Gasification under  p r e s s u r e  of Romanian l i g n i t e s  
( L i t e r a t u r e  s u r v e y  c o v e r i n g  m a n u f a c t u r e  o f  town gas 
w i t h  s p e c i a l  r e f e r e n c e  to  g a s i f i c a t i o n  Of coa l  under  
p r e s s u r e ;  37 r e f e r e n c e s ) v  4806 

H i g h - c a l o r i f i c - v a l u e ,  l o w - c a r b o n  monox ide gas (Town gas 
m a n u f a c t u r e d  by m i x i n g  coa l  d i s t i l l a t i o n  gas and gas 
f rom h y d r o c a r b o n s  r e a c t e d  w i t h  s t e a m ) ,  5017 

H i g h - p r e s s u r e  g a s i f i c a t i o n  o f  brown c o a l  i n  V i c t o r i a  
[ P r o d u c t i o n  of town gas from brown coa l  b r i q u e t s  by 
L u r g l  p r o c e s s ;  r e v i e w ) ,  3887 

M a n u f a c t u r e  of town gas by external-internal h e a t i n g  
f l u i d i z e d  c a r b o n i z a t i o n ,  46~7 

Manufacture of town gas from gasification gas and its 
economic a s p e c t ,  3359 

Nee deve lopments  in  the p r o d u c t i o n  o f  town gas ( F o u r  
sys tems o f  gas m a n u f a c t u r e  b V c a r b o n i z a t i o n  p l a n t s  are  
d e s c r i b e d ) ,  4299  

P r e s s u r e - g a s i f i c a t i o n  o f  s o l i d  f u e l s  w i t h  oxygen ,  3357 
P r o d u c t i o n  o f  town gas by l o w - t e m p e r a t u r e  c a r b o n i z a t i o n  

o r  g a s i f i c a t i o n  o f  f u e l s  ( C r a c k i n g  t a r a  f r o m  l o w -  
t e m p e r a t u r e  c a r b o n i z a t i o n  o r  g a s i f i c a t i o n  o f  c o a l s  i n  
v o r t e x  bed) ,  4968 

P r o d u c t i o n  o f  town gas w i t h  reduced CO c o n t e n t  (Gas 
produced by coa l  c a r b o n i z a t i o n ;  CO c o n v e r t e d  to COw by 
steam and H o f i n a l  c o n t e n t  o f  lZ  f r o m  about  1 2 Z ) ,  4813  

P r o d u c t i o n  o f  town gas and s y n t h e s i s  gas by p r e s s u r e  
g a s i f i c a t i o n  o f  b i t u m i n o u s  c o a l  (Thermodynamic 
c o n d i t i o n s  ad r e a c t i o n  k i n e t i c s  f o r  g a s i f i c a t i o n  o f  
coa l  i n  a f i x e d  bed a t  high p r e e e u r m l  and d i f f e r e n c e s  
i n  p rocess  f o r  g a s i f i c a t i o n  o f  coa l  dus t  a t  arm 
p r e s s u r e  and coa l  lumps under  h i g h  p r e s s u r e  a re  
d i s c u s s e d ) ,  4818 

Research :  b a s i s  o f  a n a t i o n a l  p r o j e c t  ( G a s i f i c a t i o n  o f  
brown coa l  by L u r g i  p roeesa )~  4066 

Some ove rseas  deve lopmen ts  which may a f f e c t  the f u t u r e  o f  
the  gas i n d u s t r y  in  A u s t r a l i a  (Removal  of HaS w i t h  



739 WATER GAS/DESULFURIZATION 
Standerd to~n ~s f r o ~  c o k e - o v e n  ~ a s  (By a d d i t i o n  o f  

x e t e r  o ~  o v e r  a Co c a t a l y ~ t ) ~  4492 
To~n gas ( P r e d u c t i o n  f rom coat c o n t a i n i n g  CO and H u s i n g  

a NiO--H~O oat~l~st)~ 4514 
Town gas end hydr=carOons fro~ sulfar-containlng carbon 

monoxlde--h~drcsen mixtures (Sulfides cf Group VI~ 
especiaiIV Mn, used as catal~st; product gas in CO~ 
12-%, CQ IZ.~: H 49.7~ CH~ 2S.9; and M 1.7~ by vol., 
with heatin~ v~lue of 4090 Kcal/~a), 4145 

Town gas from brown coal (Research], 3gg5 
Town gas frc~ nercakin~ coal, 4644 
Town 9a~ production from coal by the Koppers--Totzek 

process (Economics)~ 4856 
TOWf~ GAS/PURIFICATION 

Purification of town Qas b/ iron oxide, I02Z 
TOWNSEND PROCESS 

Ne~ two-wall proces~ sweeten~ gas and recovers sulfur~ 
105~ 

TUNGSTEN SULFIDES/CHEMICAL PREPARATION 
Catalysts for de:;tructive hwdrogenatien (Sulfides of Me 

or  W), 2450 
IYCO PROCESS 

Mathematia~| mcd~i for simulation o f  The dynamic behavior 
of the Tyce pr,~cess for S0~ and NO/sub x/ removal, 2009 

Mathematical model for simulation of the dynamic behavior 
of the Tyco process far 6~z and NO/sub x~ removal, ~007 

0 

U-G~S PROCESG 
IGT U-GAS (el~an utilit~ gas) process (Flowsheets for 

retrofit pian~, separate new low-btu gas f a c l i i % y ,  and 
combined c~cle; ~zonomic considerations)~ 5~21 

UHDE-PFIRRM~N~ PROZESS/REV!EWS 
Coal [conversion to s~nthetic crude oil) (Review with 14 

reference~), 6945 
UNDERGROUND EXPLOSiONS/MEASURING INSTRUMENTS 

I n s t r u m e n t a t i o n  s~stems development for in s i t u  
p r o c e s s i n g  ( E n e r g y  s o u r c e s ) ,  5604 ( S L ~ - 7 6 - 9 1 9 )  

UNITED KINGDOH/C~AL 
Report on coal research in Western Europe~ 5396 [CONF- 

731027-3) 
USA/COAL DEPOSITS 

S y n t h e t i c  f u e l s  industr~ b a s e d  on Rock~ Mounta in  c o a l s ~  
6930 

. . . . .  GASIFICATION 
asifica~icn in  the U n i t e d  States (Research on novel 
cd~; 12 references), 6074 

RESERVES 
T r e n d s  in  s o l i d  f u e l  r e s e a r c h  ( U n d e r g r o u n d  g a s i f i c a t i o n  

o v e r c o m e s  h i g h  m i n i n g  wages), 3569 
USA/FOSSIL FUELS 

Western states plan huge fossil fuel development, 6608 
USSR/COAL GASIFICATION 

C h e m i s t r ~  o f  t h e  c a r b o n - s t e a m  r e a c t i o n ,  S023 
P r o d u c t i o n  o f  iliuminatin~ gas from G u s i n o o z e r s k l i  coals, 

4971 
Heccvery of cheriicaIs from underground coal gasification 

gas in  a large-scale laboratory apparatus (Pilot-scale 
laboratc~ apparatus), 50~5 

Study of some regular parameters of underground coal 
gasificat~cm (One cf ~ost important parameters was 
i n f l u x  Of water tO zone of ~asifieation and regulation 
ef influ~ w~ one Of basic methods of control), 5049 

Underground gesification of ccal~ 4997 
USSR/ELECTEIC POWER 

Removing s u l f u r  dioxide from fuel gases a% thermal 
generati~ pl,~nts for electric power. III. Effect of 
the nature a~d pselimlnary treatment of a reagent on 
the  de~ree o f  purification (Removal of S dioxide using 
l i m e ;  to  obtain h i g h  de~ree o f  p u r i f i c a t i o n ,  ground 
chalk C~ llme should be used), 1419 

USSR/GASIFICATI~N 
Main c h e m i c a l - t e c h n c l o g i c a i  p r o b l e m s  in  t h e  u s e  o f  s o l i d  

fuels for power production (Review with proposals for 
f u t u r e  wmrk~ 15 referenes)~ ~024 

USSR/THERMAL POWER PLANTS 
Gasification of brown coals in a fluldized bed under 

pressure tO obtain fuel gases for use i n  thermal power 
stations (Efficiency Of gasification increased from 
57.a-64~ st lOW pressure to 70-72.8~ at 20 aim), SO~9 

Remsvisg sulfur dioxide fr@~ fuel gases at thermal 
generating plants for electric power. IIl. Effect of 
t h e  nature and preliminary treatment of a reagent on 
the d e g r e e  of purification (Removal of S dioxide using 
lime; to obtain high degree o f  purification, ground 
c h a l k  or l lme should be used), 1419 

V # 

VANADIUM/REMOVAL 
Removai  c f  s u l f u r ,  v a n a d i u m ,  and a l k a l i e s  f rom h e a t l n g  

and cumbustlcn gases (Gases purified by reaction with 
basic ao=pou~ds such as CaD or MgO a t  600-8000; 
catalysts such as FeaO a mr VaOs used %0 oxidlze SOa %0 
SOs), IS03 

VAPORS/DESULFURIZATION 
Contact mass for removing organic sulfur compounds from 

gases or vapors~ 866 
VAPORS/HYDROGENATION 

Silica--alumlna catalysts for high-pressure hydrogenation 
(CataIHsts of silica-alumina-askanite activated by HF 
plus small amounts of oxides or sulfides of Cr, Mo~ Ni, 
Fe, Zn, or W), 2952 

VAPORS/PURIFICATION 
P u r i f i c a t i o n  o f  g a s e s  and v a p o r s  and  r e c o v e r y  o f  s u l f u r  

(Gases containing organic S compounds, gum formers, 
hydrocarbons, etc., are purified by passage through bed 
of preheated refractory solids), 1115 

WASTES/GASIFICATION 
C a r b o n i z a t i o n  and g a s i f i c a t i o n .  G a s i f i c a t i o n  o f  c o a l - m i n e  

r e f u s e ~  7436 
Gasification of low-grade fuels (Use of washery refuse 

and dump slurry from coai-washlng plant), 3706 
WATER/CHEMICAL ANALYSIS 

Analyses of tars, chars s gases, and water found in 
effluents from %he Synthane process. Technical progress 
report, 5578 (PB-229218/3) 

WATER/CHEMICAL REACTIONS 
Catalysts for water-gas conversion. Ill. Changes of 

catalytic activity by adding alumina, magnesia, Or 
silica (Effects of AlsOs, MgD, or SlOe ~dded to Fe 
catalysts for reaction CO + HsO yields CO a + 2H)~ 4089 

Catalytic hydrogenation of coal with water recycle (Coal, 
H, and water react in presence of Co molybdate, SnS + 
methyl iodide, or Fe + ferroas sulfate end solven%~ 
boiling 600-9500F at 700-7500F and 100-3500 psig), ZOO0 

Dissimilar behavior of carbon moncxlde plus water and of 
hydrogen in h~drogenation (CO--water mixture compared 
with H as agent for conversion of llgni%es bituminous, 
and subbituminous coal to benzene-soluble oil), 5968 

Hydrogenation of coal wlth carbon monoxide and water, 
5025 

Interaction of water vapor with the carbon of solid fuels 
under pressure (At higher pressures~ y i e l d  of gas from 
action of steam on hot C increases, but percent 
conversion of Ha 0 decreases), 7427 

WATER/DESULFURIZATZON 
Catalytic process for the removal of organic sulfur 

compounds from a gas stream (Two catalysts used in 
series: Fe oxide + 15-20~ alkalies NaeCOa followed by 
ZnO + i0~ FesOs; i5% causes hydrogenation of S 
compounds, and 2nd absorbs resulting HAS), 1507 

WATER/ELECTROLYSIS 
Hydrogen - a clean fuel for urban areas (Production of 

hydrogen b~ gasification of coal and shale oil or b~ 
electrolysis of water)~ SISS 

WATER/REMOVAL 
Molecular sieve process (Deh~dratlon and removal of C 

dioxide and S compounds from natural gas), 1955 
Purification of fuel gases (Removal o f  HzO~ Ds, HaS, SOs, 

NHs, HCN, NO, and organic compounds), 77~ 
Purification and dehydration of gases (Removal of HaS, 

COs, and HaO from h~drocarbon gases using solutions of 
monoethanelamlne and dieth~lene glyeol)~ 76V 

Regenerator process for the separation of coke-oven gas 
(Coke-oven gas after removal of tar and ammonia, is 
cooled %0 elimlna%e Impurltles such as benzene, S 
compounds, carbon dioxide, water, nd methane), i~51 

S c r u b b i n g  of coal-distills%ion gas (Removal o f  
naphthalene, HaS, Hue, and benzene from coal 
distillation gas as high pressure), 990 

Separating ammonia and h~drogen sulfide from coke-oven 
gas (Removal as NH~HS), 562 

WATER GAS 
Progress review No. 16. Recent developments in 

gasification (Producer gas, water gas, O i l  gas, and 0 
gasification developments)g 3693 

WATER GAS/CHEMICAL REACTIONS 
Coal--keystone of chemical synthesis (Deseription of 

separation of gas obtained from coal by adsorption, 
dlffusicn~ and liquefaction, the h~drogenation o f  coaI, 
and of reactions of blue water gas)t 6140 

Fundamental studies of water-gas reactions (Pressures up 
to 40 aims; temperatures %0 16500), 6141 

WATER GAS/DESULFURIZATISN 
Bacterial removal of hNdrogen sulfide from water gas and 

coal gas by peat and peat-oxide mixtures, 596 
Benzine synthesis from carbon monoxide and h~drogen. L. 

Removal of organic sulfur compounds from water gas 
(EffEctiveness of Luxmasse, Luxmasse + I0~ NaOH, 
Luxmasse ÷ NaaCOs (2:1), ignited FezDa--AleOs-- 
diatomaceous earth--NaOH (1:1:2 with i0~ NaOH), ignlted 
FezOs--AIeOs--pumice--NaOH (1:1:2 with lOg NaOH), 
Luxmasse--diaTomaceous earth--NaOH (7:~ with 30~ NaOH), 
or ignited PeaDs--bentonl%e (lOg Fe)), 5889 

Benzine synthes~s from carbon monoxide and hydrmgen. LI. 
Highly active sulfur-fixation agent which purifies 
water gas %o the highest degree at cempura%Ivel~ low 
temperatures such as 200--250 s (Effectiveness of 
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Luxmasse, huxmasse + NI hydroxlde~ Luxmaaae + Nl 
h y d r o x i d e  + NaOH, Luxmsaae + Cu h y d r o x i d e ,  Luxmasse ÷ 
Ca h y d r o x i d e  + NaOH, and Luxmasse + CuO + NaOH i n  
v a r i o u s  c o m b i n a t i o n s ) ,  5891 

C a t a l y t i c  p u r i f i c a t i o n  o f  gases (Removal o f  5 by passage 
s t  400 to  600 ° ove r  a c a t a l y s t  c o m p r i s i n g  FezO a ( 6 0 -  
8 0 2 )  and ZnO ( 4 0 - 2 0 X ) ) ,  550 

C a t a l y t i c  d e a u l f u r l z a t i o n  o f  gases (By c o n d u c t i o n  o v e r  
a c t i v a t e d  r e s i d u e s  from c a r b o n i z a t i o n  c o n t a i n i n g  a t  
l e a s t  12X Fe), 1041 

C o n v e r s i o n  o f  coke oven gas to  a gas i n t e r c h a n g e a b l e  w i t h  
n a t u r a l  gas ( C o n v e r s i o n  of c o k e - o v e n - - w a t e r  gas m i x t u r e  
to  g a s  e q u i v a l e n t  tc  n a t u r a l  gas requires 2 s t e p s ) ,  
1410 

D e s u l f u r i z i n g  r e d u c i n g  gases (Removal of HzS from c o k e -  
oven gas ,  p roduce r  gas,  w a t e r  gas,  and hydrocarbon 
gases ;  f l u i d i z e d  s o l i d  bed o f  Cu--SIOz gel used t o  
remove HaS by d e c o m p o s i t i o n ) ,  1331 

D e s u l f u r i z a t i o n  of Winkler w a t e r  gas w i t h  Koppera coke 
(Compar i son  of e f f e c t i v e n e s s  o f  Koppers coke i t h  Leu ta  
mass end a c t i v a t e d  ca rbon  f o r  removal  o f  HAS), 1056  

D e s u l f u r i z a t l o n  o f  gases (Removal o f  HaS from w a t e r  gas 
by m i x i n g  w i t h  0 and NH s and passage t h r o u g h  a c t i v e  C 
a b s o r b e r s ) 1  787 

D e s u l f u r i z i n g  agent  ( A t - c o n t a i n i n g  clays), 784 
F i s c h e r - - T r o p s c h  s y n t h e s i s  in  • t u b u l a r  r e a c t o r  w i t h  an 

18 .1  l i t e r  c a t a l y s t  bed. 1. R e a c t o r  w i t h  a c o n s t a n t  
t e m p e r a t u r e  wa i l  ( C a t a l y s t  o f  FcaO, 9 3 . 2 5 ,  A1203 3,  CaO 
1, MgO 1,  NO3 1, CuCl 0 . 2 5 ,  and KzO 0 .5  pa r t  by w t . ) ,  
6763 

Gas p u r i f i c a t i o n  (Flowing gas t r e a t e d  with sodium 
t h i o a r s e n s t e  s o l u t i o n ) ,  250 

Gas Research Board .  Repor t  o f  t he  D i r e c t o r  f o r  t he  year  
1949, 3697  

HzS extraction from coal-water gas mixtures with Koppers 
coke, 1070 

Methane (Removal of organic s u l f u r  compounds using 
h y d r a t e d  o x i d e  o f  Fe; removal  o f  HzS us ing  ZnOl 
p r o d u c t i o n  o f  methane u s i n g  NI c a t a l y s t  promoted by 
AI)w 3390 

O r g a n i c  s u l f u r  removal  p rocess  ( D e s u l f u r i z a t t o n  o f  w a t e r  
gas;  HgSO.--ZrO c a t a l y s t ;  o p e r a t i n g  c o s t s ) ,  682 

P u r i f i c a t i o n  o f  wate r  gas w i t h  s o l u t i o n s  of e t h a n o l a m i n e s  
( P i l o t  p l a n t  s t u d i e s  on r e m o v a l  o f  CO z and HzS by 
a b s o r p t i o ~  in  solutions of t r i e t h a n o l a m i n e ) ,  1240 

P u r i f i c a t i o n  and methane f o r m a t i o n  from gas m i x t u r e s  
c o n t a i n i n g  o x i d e s  o f  carbon and hydrogen (Combined 
d e s u l f u r i z a t i o n  and methane f o r m a t i o n  on f l u l d i z e d  Ni 
c a t a l y s t ) ,  1040 

P u r i f i c a t i o n  o f  w a t e r  gas from hydrogen s u l f i d e  (Use o f  
b o g  I r o n  o r e ;  e f f e c t s  of  t h i c k n e s s  o f  a b s o r p t i o n  l a y e r ,  
speed o f  gas)  w e t t i n g  o f  mess  by an aqueous s o l u t i o n  o f  
NH~OH, presence of NH,C l l  (NH~)zCOat CaO, KOH, NH,OH, 
and NazCOs; p u r i f i c a t i o n  by a c t i v a t e d  C is e f f e c t i v e ) ,  
875 

Removal of o r g a n i c  s u l f u r  compounds from gas mixtures for 
s y n t h e s i s .  X1. Removal o f  carbon d i s u l f i d e  end 
t h i o p h e n e  from wa te r  gas end n a t u r a l  gas ( N i ,  Cu, and 
Sn c a t a l y s t s  f o r  removal  o f  CSz; Fay N I ,  Cu, Mr, Cr,  
A I ,  end Mg c a t a l y s t s  f o r  r e m o v a l  of t h i o p h e n e ) ,  685 

Removal of o r g a n i c  sulfur compounds in water gas by means 
o f  y e l l o w  ocher~ 618 

Remova l  o f  hydrogen s u l f i d e  from gas ( T h y l o x  p r o c e s s ) ,  
453 

Removal o f  organ ic  s u l f u r  compounds from h y d r o c a r b o n  
gases (By passage t h r o u g h  SiOz g e l ) ,  991 

Removal o f  hydrogen s u l f i d e  from gases - documentat ion 
f o r  1985 (Rev iew o f  a b s o r p t i o n  and s c r u b b i n g  m e t h o d s ) ,  
1457 

Removing hydrogen s u l f i d e  f rom coa l  gas or  w a t e r  gas (Use 
of leon o x i d e ) ,  289 

Removing o r g a n i c  s u l f u r  compounds from wate r  gas,  923 
S u l f u r - f r e e  wa te r  gas (Reduc ing  o r g a n i c  S compounds in  

wa te r  gas)7 822 
The Franz F i s c h e r  method f o r  synthetic g a s o l i n e  

m a n u f a c t u r e  in Germany (Methods  f o r  removal  o f  5 f rom 
w a t e r  gas and c a t a l y s t s  t h a t  g i v e  v t e l d s  up to  70 
p e r c e n t  o f  t h e o r e t i c a l ) ,  5747 

WATER GAS/HYDROGENATION 
S y n t h e t i c  h~d roca rbons  f rom wa te r  gas (Us ing  N i - - T h ,  N i - -  

Th - -Hg ,  and N i - -Mg c a t a l y s t s ) ,  5720 
S y n t h e t i c  f u e l s ,  3150 

WATER GAS/METHANATION 
M a n u f a c t u r e  o f  cl ty gas from w a t e r  gas ( C a t a l y t i c  

c o n v e r s i o n  us ing  Ni c a t a l y s t ) ,  3215 
WATER GAS/PRODUCTION 

A c t i o n  o f  i n o r g a n i c  p o l y c a t a l y s t s  in the  w a t e r - g a s  
p rocess  ( O x i d e s  o f  Cu, N i ,  Coy Fe,  U, and Mn or  a l k a l i  
c a r b o n a t e s ) ,  3286 

Appa ra tus  f o r  the c o n t i n u o u s  p r o d u c t i o n  o f  w a t e r  gas~ 
3891 

B e h a v i o r  o f  a c t i v a t e d  b i t u m i n o u s  c o a l  and l o w - t e m p e r a t u r e  
coke in l o w - t e m p e r a t u r e  c a r b o n i z a t i o n  and g a s i f i c a t i o n  
in  a c u r r e n t  o f  steam, 101 

Burn ing  of a n t h r a c i t e  p l a t e s  for the  purpose of s t u d y i n g  
p r o d u c t i o n  o f  wa te r  gas (Use o f  o x y g e n - e n r i c h e d  a i r  and 
s team; gas produced has hea t  v a l u e  of 2460 c a t / m S ) ,  
3224 

C a r b o n  m o n o x i d e  and h y d r o g e n  f o r  s y n t h e s i z i n g  
h y d r o c a r b o n s ,  5812 

C a t a l y s t  f o r  c o n v e r s i o n  o f  carbon monoxide to  wa te r  gas 
( P r e p a r a t i o n  o f  c a t a l y s t  c o n t a i n i n g  FezOa, Cr=Os~ 
KzCOzw and CeC03) , 6595 

C a t a l y s t s  f o r  wa te r  gas r e a c t i o n  c o n s i s t i n g  o f  Fe 
compound, an a c t i v a t i n g  a l k a l i  meta l  compound, end HaO 
e l i m i n a t i n g  b i n d e r  t 3231 

Coal c a r b o n i z a t i o n  and g a s i f i c a t i o n  ( P r o d u c t i o n  of coa l  
gas and w a t e r  g a s ) ,  135 

Coal g a s i f i c a t i o n  (Wate r  gas w i t h  i n c r e a s e d  H c o n t e n t  
produced c o n t i n u o u s l y  f o r m i n g  gas permeable bed o f  coa l  
end spent  coa l  p a r t i c l e s ;  i t  I s  permeated w i t h  O- 
c o n t a i n i n g  gee p r e h e a t e d  to  1000-1800oF to  r a i s e  
t e m p e r a t u r e  in bed to  2200-2500OF,  cause c r b o n i z a t l o n  
and y i e l d  f l u e  g a s ) ,  7027 

Coal g a s i f i c a t i o n  ( P r o d u c t i o n  o f  wa te r  gas w i t h  enhanced 
hydrogen c o n t e n t ) ,  5575 

Complete g a s i f i c a t i o n  (Method f o r  r e d u c t i o n  o f  steam 
consumpt i on  d u r i n g  gasification), 4311 

C o n t i n u o u s  p rocess  f o r  g e n e r a t i n g  wa te r  gas ( P r o d u c t i o n  
f rom n o n r e a c t i v e  coa l  by i n t e r n a l  h e a t i n g  w i t h  s team- 
oxygen mixture), 3393 

C r a c k i n g  o f  h y d r o c a r b o n s  combined w i t h  g a s i f i c a t i o n  o f  
coal (Combustion of coal furnishes heat for cracking of 
hNdrocarbons)~ 7110 

Developments  in  gas-production practice ( R e v i e w ) !  3711 
Deve lopments  and t r e n d s  in  w a t e r - g a s  o p e r a t i o n ,  3538 
Development  o f  the s y n t h e s i s  o f  h y d r o c a r b o n s  from w a t e r  

gas,  7362 
E l e c t r i c a l l y  heated  gas g e n e r a t o r  (NONE)~ 3275 
G a s - f o r m i n g  r e a c t i o n  in a gas g e n e r a t o r  no t  under 

equilibrium c o n d i t i o n s ,  3293 
Gas from b i t u m i n o u s  f u e l  ( C o n t i n u o u s  g a s i f i c a t i o n  o f  

b i t u m i n o u s  f u e l  w i t h  steam and 0 ) ,  3271 
Gas m a n u f a c t u r e .  I .  P rocess  s u r v e y  (Growth  and 

deve lopment  o f  B r i t i s h  gas i n d u s t r y  1955-65 and majo r  
coal-based g a s - p r o d u c t i o n  p rocesses  ( L u r g i ,  
c a r b o n i z a t i o n ,  end w a t e r  gas)  are  r e v i e w e d ) ,  4947 

Gas Research B o a r d .  Repor t  o f  the  D i r e c t o r  f o r  t he  yea r  
1949, 3697 

Gaseous f u e l s ,  w i t h  s p e c i a l  r e f e r e n c e  t o  e a r b u r e t e d  
w a t e r g a s .  I -  Genera l  r e v i e w .  I 1 .  M a n u f a c t u r e  o f  
c a r b u r e t e d  u a t e r g a s ,  3480 

G a s i f i c a t i o n  o f  low v o l a t i l e  f u e l s ,  3413 
G a s i f i c a t i o n  o f  coa l  in p roduce rs  and w a t e r - g a s  

g e n e r a t o r s  ( 8  r e f e r e n c e s ) ,  4073 
G a s i f i c a t i o n  o f  | i g n i t e s  in a f l u t d i z e d  bed under 

p r e s s u r e  us ing  a l r - w a t e r  b l o w i n g  (Use o f  a l P - w a t e r  
m i x t u r e  i n s t e a d . o f  s t e a m  t o  p r o d u c e  w a t e r  g a s ) ,  5266  

Gasification of coal fines, 4021 
Gasification ('Production of water gas using finely 

d i v i d e d ,  s o l i d ,  ca rbonaceous  p a r t i c l e s  and f i n e l y  
d i v i d e d  Bag a t  8 4 3 - 1 1 7 7 o } ,  4146 

G a s i f i c a t i o n  ( P r o d u c t i o n  o f  wa te r  gas u s i n g  f i n e l y  
d i v i d e d ,  s o l i d ,  ca rbonaceous  p a r t i c l e s  and f i n e l y  
d i v i d e d  SrO at 6 4 3 - 1 1 4 9 0 ) ,  4147 

G a s i f i c a t i o n  o f  ca rbonaceous  s o l i d s  ( P r o d u c t i o n  o f  wate r  
gas f rom ca rbonaceous  f u e l  and CaC w i t h  steam a t  777-  
982°), 4148 

G a s l f i c a t l o n  o f  the Donets  a n t h r a c i t e s  t o  produce w a t e r  
gas and m i x e d  gas ( C a l o r i f i c  v a l u e  o f  w a t e r  gas o f  2700 
t o  2455 c a l / m S ;  mixed gas has c a l o r i f i c  va lue  o f  1262 
t o  1105 c e l / m a ) p  3261 

G a s i f i c a t i o n  o f  powdered a n t h r a c i t e  i n  a s t ream o f  
s u p e r h e a t e d  steam ( G r e a t e s t  e f f e c t  o b t a i n e d  by 
comb in ing  p r o d u c t i o n  o f  wa te r  gas w i t h  subsequent  
c a l c i n a t i o n  o f  n o n g a s l f i e d  r e s i d u e  In  f u r n a c e s ) ,  4629 

G a s i f i c a t i o n  o f  f u e l s  in gas works w i t h  s p e c i a l  
consideration o f  the c o n t i n u o u s  p r o d u c t i o n  of w a t e r  gas 
(Rev iew w i t h  15 r e f e r e n c e s ) ,  3375 

G a s i f i c a t i o n  methods (26  r e f e r e n c e s ) ,  3409 
Gasification of finely p u l v e r i z e d ,  high-ash coal 

( P r o d u c t i o n  of wate r  g a s ) ,  3816 
G a s i f i c a t i o n  o f  l i g n i t e  and s u b b l t u n i n o u s  c o a l  ( D e t a i l s  

of d e s i g n ,  c o n s t r u c t i o n ,  and o p e r a t i o n  of 2 p i l o t  
p l a n t s  f o r  g a s i f i c a t i o n  o f  low rank  f u e l s ) ,  3512 

G a s i f i c a t i o n  by the  mov ing -bu rden  t e c h n i q u e  (Rev iew o f  
German processes for production of w a t e r  gas from l ow-  
rank c o a l s ) ,  3829 

G a s i f y i n g  fuels (Manufacture of I million cu. ft./day of 
w a t e r  gas), 3909 

G e n e r a t i o n  o f  wate r  g a s  f rom brown c o a l  i n  the P l n t s c h - -  
H i l l e b r s n d  g e n e r a t o r  of the  Hamburg Gas Works. I I .  ( 290  
B T U / f t  3 g a s ) ,  3214 

Hydrocarbon p r o d u c t i o n  f rom carbon  monoxide and steam 
over c o b a l t  c a t a l y s t s  ( M i x t u r e  o f  CO and HzO passed 
o v e r  C o - - T h O z - - M g O - - k l e s e l g u h r  c a t a l y s t ) ,  6735 

Improvemments i n  the p r o d u c t i o n  o f  wa te r  gas (52¢  H and 
40~ CO by v o l u m e ) ,  3624 

I m p r o v i n g  the  o i l  r e s u l t s  i n  a w a t e r - g a s  machine 
( O p e r a t i o n  o f  c a r b u r e t e d  w a t e r - g a s  p l a n t } ,  6803 

I n n o v a t i o n s  In  the f i e l d  o f  gas p r o d u c t i o n  in 1937~ 3290 
I n n o v a t i o n s  in  the f i e l d  of gas p r o d u c t i o n  in  1936.  

( P r e p a r a t i o n  o f  w a t e r - t  h y d r o c a r b o n - ,  c a r b u r e t e d  m a t e r -  
, p r o d u c e r - ,  and mixed gases)~ 3268 

I n v e s t i g a t i o n s  o f  t he  I n t e r a c t i o n  p rocesses  between wa te r  
vapor  and ca rbonaceous  f u e l s  ( P r o d u c t i o n  o f  H=O gas 
f rom semlcoked c o a l s ) ,  4439 

L a r g e - s c a l e  w a t e r - g a s  p r o d u c t i o n  f o r  chemica l  syntheses, 
V. Various processes i n c l u d i n g  gas c o n v e r s i o n ,  3370 



Ma~Ing coals water~ and carbureted water gas 
simultansuusi~ (Temperature a~d pressure effects on 
~lelds)s 3323 

Manufacture cf ~ a t e r  gas from coal (Review of 
posslbilille~ mf uslng coal In water-gas sets)s 4!87 

Manufacture of water gas frc~ anthracite (Effects of 
temperetur= and heating rate en amount o f  fines)s 4233 

Ne~ developments and p~esent practices in water-gas 
manufacture (~eview), 3471 

F r e s s u r e  ga~ p r o d u c e r  and i t s  application in city-gas 
manufacture (Water gas production at 600 ° and 18 
atmospheres p r e s s u r e  without catalysts and purification 
b~ pressure scrubblng)s 3211 

Prccesse, far the gasification of solid fuels (Review o f  
IS0 proce~se~), 4118 

Freducinc a carbon mcccxide and hydrogen gas mixture from 
carbonaceous m~%~rials. Apparatus for gasifying 
carhczae~ou~ solids (Fluidized bed process), 3747 

Production of bigh-h~drogen water gas from younger coal 
coke~ ( E v a l u a t [ a n  of Na=CO~s K~CO~s TiOa--CuO and MgO-- 
Fe20~- -K~CrzO7 a~ catalysts), 2393 

P r o d u c t i o n  o f  w a d e r - g a s  in  f l u i d i z e d  b e d s  (Pilot-scale 
t e s t  of ~asificatlcn rate at flO0 to 9800)s 4094 

Prcduction of water ga~ from semiscke (Subsequent use i n  
Fische~--Tropsch s~nthesis)s 3264 

Heaction~ in wate~ ga~ and synthesls generation and their 
presenter|on in the Terbesk diagram, 3878 

Status cf ga~-~eneratlng technclog~ in the USSR (Detailed 
scale drawlncs o f  design Of new water--gas generators)s 
~81~ 

Stud~ of batch manufactu~in~ of water gas (Effects of 
rate o f  stea~ flow on g a s  sut~ut), 4231 

Theoretical a~d experimental studies on fluidized 
gasificatie~ of solid fuels (System operates below 
fusion point of mineral matter in coal)s 5082 

Thermodynamics cf gaslfioatlcn of coal wlth oxygen and 
steam. Chart~ for m a t e r i a l  and enthalpy balance 
calculaticns (Examples of use of charts)s 3838 

To±el ge~iFieatAen of coal dust (Koppers process for 
mak[~9 water cos), 405~ 

Underground gasification cf fuels. Mechanism of the 
reacZien of ca.rbon with water vapor (Studies on water 
gas r e a c t i o n ) ,  4758 

Water gas ( P r o d u c e d  b~ s i e u l t a n e o u s  c a r b o n i z a t i o n  and 
g a s i f i c a t i o n  o f  c o a t  in  f l u i d l z e d  c o n d i t i o n  at 900- 
950~), 4257 

Water gas (Dried raw c o a l  reacts with water vapor)s 3788 
Water-ga~ react(on, 3288 
Water gas (Molten coal ash provides negessary heat for 

c o a l  ~ a s l f i c a t i c n ) s  5~68 
Water-gas frc~ c o a l  dUSt (Review), 3870 
W a t e r - g a s  g~sifieation by steaming v e r t i c a l - c h a m b e r  

cvens, 3404 
Water ga~ (Ee~ctlcn at l~O0-16500F and 200-800 psia)s 

4964 
Water-g=~ ~ener~%ic~ (Reaction of steam and solid, 

liquid, or  gaseoa~ fuel in a shaft Generator surrounded 
by a s=It ~[t bath tO generate H and CO), 3273 

W a t e r - g a ~  plant ( P r o d u c t i o n  oF 2:1 r a t i o  o f  H and CO by 
p a n . i n 9  coa l  d i s t £ 1 1 a t i o n  gas and steam t h r o u g h  h o t  bed 
of water ga~ generator]~ 3274 

Water 9a~, Zg!~ 
Water  gee, ~4~ 
Water g~s (Mixture Of CO and H produced in 3-stage 

~rcce~; package of steam t h r o u g h  finely divldeds 
~olid s carbonaceous m~ter ia is) ,  3~76 

water gas (Hcdiflcation~ %o process), 4894 
Water-~a~ manufacture with steam and oxygen (Review)s 

345~ 
Water ga~ (Pro~u=tion from bituminous fuels), 3269 
Water gee (Superheated ~team mixed with Oa)s  3298 
Water-gas e q u i J i b r i u ~  and i t s  relation t o  p r a c t i c a l  

g a s i f i c ~ t i o n  p r o c e ~ s e s ~  3717 
Water  ge~  f r o ~  g ~ s i f i c a t i o n  e f  s o l i d  s u s p e n s i o n  o f  f u e l  

(Nonbitu~inous coal), 43~6 
Water ga~ frcm low-~emperat~re c o k e s  4034 
Water-gas-shirk equilibrium in  the gasification of 

l lgn i~e wi~h steams ~a~a 
Water g~s ( P r o d u c t i o n  in gas producer with fixed fuel 

column and grate with mechanical slag remover)s 4340 
Wate~ ~ (Production from powdered fuels; steam used as 

gasifying agant)s 4~43 
Water-ga~ generation in  large horizontal chamber ovens 

( S t e a m i n g  OF coke), Z~30 
Water ~as from coal, 4174 
Water-gas producers (Survey), 4458 

W~TE~ G~S/PU~IFIC~TIO~ 
Gas purification (Hemoval of acidic constituents and 

s u l f u r  U~inq Na compounds and As compounds), 341 
lmFroved dr~ purification of coke water gas (Removal of 

water, HeS, and SOa)I 798 
Purlficatio~ of water ~as with solutions of ethanolamlnes 

(Pilot plant studies on removal of CO a and HaS by 
abscrptic~ in solution= of triethanolamine)~ 1240 

Separatlcn cf H~S, COa~ and HCN from water gas s etc. by 
washin~ with salts of strong bases and sulfonlc or 
carb~x~lia ~cids~ ~! 

W~TEE VAPOH/EEMOVaL 
H y d r o g e n a t i o n  o f  c a r b o n  monoxide (Removal o f  water vapor 

using CaCIa) s 2843 
I~rcved dr~ puriFi=atlon of coke water gas (Removal of 
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w a t e r ,  HeSs and SOs)  , 798 
P u r i f i c a t i o n  o f  f u e l  g a s e s  ( W a s h i n g  wi%h o r g a n i c  p o l a r  

s o l v e n t  s u c h  a s  m e t h a n o l  o r  a c e t o n e  a t  - 3 0 s ) s  1293 
Remov ing  m o i s t u r e  and a c i d  g a s e s  f r c m  n a t u r a l  g a s ,  e%c.  

(By c o n t a c t  with an ~bsorbent composed of a liquid 
p o l y h y d r i c  a l c o h o l s  an e l l p h a t i c  amtne~ and  w a t e r ) ,  529 

WAXES/PRODUCTION 
American Fischer--Tropach plant (Use of jlggllng-catalya% 

bed in production of liquid fuels)s $54! 
Carbonization of coal in rectangular gas-combustion 

retort for the production of sma!1 blast-furnace coke s 
liquid fuels, and gas (Yield as high as 90~)s 152 

Ffscher--Tropsch synthesis in Its significance for the 
wax consuming industries (Review), 8672 

Hydrogenation of c a r b o n  monoxide (Reactlon carried out i n  
several steps with Pe catalysts; use of H-rich gas; 
yield i s  42~ bard wax, 18~ paraffins, 17~ oily and 23~ 
gasoline)s 2887 

Hydrogenation of carbon monoxide and carbon dioxide on 
supported ruthenium catalysts aT moderate pressures 
(Molecular weight of product decreases sharply with 
increasing H/CO r a t i o  of feed gas)s 6813 

Preparation of solid hydrocarbons (Increasing yield of 
waxes i n  F i s c h e r - T r o p s c h  s y n t h e s i s ;  Co--ThOs Kleselguhr 
¢atalyst)s 6409 

Solvent extractlon of 5moth Arcs% lignite (Solvent 
extraction using benzenes xylene, tetralins CIsC = 
COle, CsHsCI~ CsHsNs and CsHsOH--CeH~), 7312 

Worklng up of the primary products of Fischer--Trcpsch 
synthesis (WiTh Fe catalysts hSgh content of uleflns 
obtained as primary products), 6702 

WAXES/REMOVAL 
Removal of wax from hydrocarbon synthesis catalyst 

(Regeneration of Fe catalyst)s 6510 
WELLMAN-GALUSHA PROCESS 

S~nthesls gas from coal (Lurgl pressure process; Wellman- 
Galusha process; Winkler process; Koppers process; 
Wintershall-bchmalfeldt process; Metallgesellschaf% 
process; Pintsch process; Thyssen-Galocsy process; 
underground gaslficatign; 54 references), 3723 

WELLMAN-LORD PROCESS 
Boilers for urban hearings and flue gas desulfurizations 

2106 
Commercial experience wlth an SO 2 recovery process s 1748 
Critlcal evaluation of processes for %he removal o f  SOs 

from power plant stack gas (Lime slurry scrubbing and 
Wellman--Lord process are almost ready for commercial 
application; other processes have problems or are not 
well enough developed), 1939 

Planning and operation of Wellman--Lord desulfurization 
process (Uses sodium sulfite or potassium sulfiTe as 
absorbents), 2008 

Projected utllizatlon of stack gas cleaning systems by 
steam-electric plants. (Final report) (Discussion of 
seven desulfurizatlsn methods), 1974 (PB-221356) 

Successful reductlon of SO z to sulfur on large scale and 
the application of thls method To emission from power 
plants, Z022 

Wellman--Lord Type stack gas dasulfurizaTion process 
(Haslc mechanisms and performance)s 1721 

Weilman--Lord SOs recovery process, 193 
WELLMAN-LORD PROCESS/DESULFURIZATION 

Flue gas desulfurlzation by Wellman--Lord process (Use of 
caustic soda wash to absorb S dioxide; process takes 
advantage of dlfferenoe in solubilities of Na sulfite 
and YaH sulflte)s 1657 

WELLMAN-LSRD PROCESS/ECONQHICS 
Desulfurization engineering of waste gas (Qnly a few cf 

the stack gas desulfurization processes are practical 
and an meet technical and esoncmlc standards), 1556 

WESTVACO PROCESS 
Take s u l p h u r  o u t  of waste gases (Description of Westvaeo 

process using activated carbon for SO e removal)s 1780 
WIND POWER 

Land s sea, and air. S u r v e ~  of some auxiliary sources of 
energy for electricity generation (Includes geothermal 
heat t underground gasification, tidal powers wind 
power, and solar energy), 4018 

WINKLER PROCESS 
Application of the Fisoher-Tropsch process at The 

Lutzkendorf plants of the Wintershall Compan~ 
(Comparison of merits and disadvantages of Schmalfeldt- 
Wintershall and Winkler processes for gasification of 
lignite to obtain gas suitable for Fischer-Tropsch 
process)s 6160 

Clean energy from coal (Winkler gasification process for 
p r o d u c t i o n  of low Btu gas)s 5592 

Continuous gasification of a brown-coal semicoke in 
fluldIzed bed by a blend of oxygen and steam (Reaction 
klnetics), 4712 

Gasification of solid fuels (Gasification of low 
temperature lignite coke with 0 and stesm)s 4587 

Gasification of solid fuels in Germany by the Lurgi, 
Winkler, and Leone slagging-type gas-producer processes 
(Use of O as gas-making fluid), 3535 

New developments in the Winkler gasification process 
[Review with 25 references s and discussion)s 4475 

Operating and economic  possibilities of using processes 
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for the complete gasification of bitsminous coal, 3644 
Oxygen gasification processes in Germany~ 3477 
Oxygen in the production of hydrogen sypthesis gas (58  

referencesl description of Koppers, Winker, Lurgi, 
Thyssen--Galocsy and Leuna processes), 3581 

Present status and future possibilities in gasification 
processes~ 3497 

SNG process description: Davy Powergas, Inc. Winkler 
process  f o r  l o w - B t u  f u e l  gas,  5605 

Some a p p l i c a t i o n s  o f  f l u i d i z e d - b e d  t e c h n i q u e .  I 
( A p p l i c a t i o n  t o  W i n k l e r  m e t h o d  o f  b r o w n - c o a l  
g a s i f i c a t i o n ) ,  3650 

Synthesis gas from coal (Lurgi pressure process; Wellman- 
Gaiusha process; Winkler process; koppers process; 
Nintershail-Schmaifeldt process; Metallgesellschaft 
p r o c e s s ;  P i n t s c h  p r o c e s s ;  T h y s s e n - G a l o c s y  p r o c e s s ;  
unde rg round  g a s i f i c a t i o n ;  54 r e f e r e n c e s ) ~  3723 

S y n t h e t i c  gas p r o d u c t i o n  by oxygen-s team g a s i f i c a t i o n  
( A p p l i c a t i o n s  to  the  W l n k l e r  p roduce r  and the L u r g i  
p r o c e s s ) ,  3314 

Total gasification of powdered coal (Production of fuel 
gas and s y n t h e s i s  g a s ) ,  4101 

Water gas and large-scale s y n t h e s e s  (Rev iew ;  B u b i a g -  
D i d i e r  and W i n k l e r  p r o c e s s e s ) ,  3436 

Winkler process for the production of low-Btu gas from 
c o a l  ( R e v i e w  w i t h  no r e f e r e n c e s ) ,  5 3 5 3  

WINKLER PROCESS/EOUIPMENT 
Coal g a s i f i c a t i o n  in the W i n k l e r  g a s f f i e r ,  4836 

W-L SULFUR DIOXIDE RECOVERY PROCESS 
A p p l i c a t i o n  o f  the We l lman - -Lo rd  SG z r e c o v e r y  p rocess  to  

s t a c k  gas d e s u l f u r i z a t i o n  (Based on sodium 
s u l f i t e / b i s u i f i t e  cycie)t 1870 

Davy Powerqas applies flue-gas desulphurization t o  power 
u n i t s  (Cos t  e s t i m a t e s  o f  We l lman - -Lo rd  SO e r e c o v e r y  
p r o c e s s ) ,  2044 

Davy Powergas applies flue-gas desulphurization to power 
units (Wellman--Lord S02 recovery process)~ 2039 

Recent experience of the Wellmsn-Lord SO z recovery 
process (For removal of SO 2 from f lue gases), 2092 

SCz-abatement system builds on success (Combined use of 
Wel lman- -Lo rd  and Claus p rocesses  on f l u e  g a s ) ,  1603 

S u c c e s s f u l  r e d u c t i o n  o f  s u l p h u r  d i o x i d e  t o  s u l f u r  on a 
large scale and  the  a p p l i c a t i o n  of t h i s  process t o  
emissions from power stations (SO z is reduced with 
n a t u r a l  gas to  e l e m e n t a l  s u l f u r  and HzS t o  be used with 
W-L-SOz-removaI  p r o c e s s ) ,  2019 

N-L SO z r e c o v e r y  p rocess  ( D e s u l f u r i z a t i o n  o f  waste gas 
s t r e a m ) ,  7387 

W e l l m a n - - L o r d  p rocess  - a p p l i c a t i o n s  in  f u e l s  i n d u s t r y  
(Removal o f  SO z f rom s t a c k  g a s e s ) ,  1640 

WOOD/HYDROGENATION 
D e s t r u c t i v e  hydrogenation of coalw e t c .  ( T r e a t m e n t  of 

c o a l ,  wood, o i l  s h a l e  or o t h e r  s o l i d  ca rbonaceous  
m a t e r i a l  w i t h  s t ream o f  H a t  450 ° and 200 e tm) ,  2406 

X 

XYLENES/PRODUCTION 
Dealkvlation of tar o i l  in the presence of an alumina 

c a t a l y s t ,  E f f e c t s  o f  p r e s s u r e  and t e m p e r a t u r e  
( F o r m a t i o n  o f  Oenzene~ t o l u e n e ,  x y l e n e ,  and n a p h t h a l e n e  
by h y d r o d e a l k y l a t i o n  o f  m e t h y l n a p h t h s i e n e  f r a c t i o n  f r o m  
t a r  ~ i l  in presence o f  Al ox ide  a t  600 to  65003 and H 
p r e s s u r e  o f  30 to  50 a t m ) ,  2948 

Production of chemical raw materials from coal by the 
c o m b i n a t i o n  of h i g h - p r e s s u r e  l i q u i d - p h a s e  h y d r o g e n a t i o n  
wlth h y d r o - d e a l k y l a t i o n  ( H y d r o d e a l k y l a t l o n  o f  n e u t r a l  
o i l  and h i g h - b o i l i n g  o i l  t h a t  are m a i n  p r o d u c t s  o f  
l i q u i d - p h a s e  h y d r o g e n a t i o n  of C o a l ;  Cr o x i d e - - K  o x i d e - -  
Al o x i d e  c a t a l y s t  s t  30 atm and 800 to  580oc ;  p r o d u c t s  
i n c l u d e  benzene,  t o l u e n e ,  x y l e n e 9  e t h y l b e n z e n e ,  
n a p h t h a l e n e ,  gaseous h y d r o c a r b o n s ) ,  3014 

P r o d u c t i o n  o f  coa l  c h e m i c a l s  by the c o m b i n a t i o n  o f  h igh  
p r e s s u r e  l i q u i d  phase h y d r o g e n a t i o n  w i t h  h y d r o -  
d e a l k y l a t i o n  ( P r o d u c t i o n  o f  a r o m a t i c  c h e m i c a l s  from 
c o a l  by h y d r o g e n a t o n  and h y d r o d e s l k y l a t l o n ) ~  3013 

XYLENOLS/PRODUCTIDN 
Production of coal chemicals by the combination of high 

pressure l iquid phase hydrogenation with hydro- 
dealkylat ion (Production of aromatic chemicals from 
coal by hydrogenaton and hvdrodealkylat ion), 3013 

Z 

ZHURAVLEV PROCESS 
Economic b a s i s  f o r  underg round  g a s i f i c a t i o n  o f  coa l  by 

the  Z h u r a v l e v  method (Hea t  v a l u e  o f  gas in  1420 c a l / m  3 
and y i e l d  o f  d ry  gas i s  2mO/kg o f  c o s l ) ~  3203 

ZINC CHLORIDES/CATALYSTS 
Hydrocracking of Montana coals through the use of massive 

q u a n t i t i e s  o f  mo l t en  s a l t  c a t a l y s t s ,  7175 
Influence of miners] constituents~ particularly iron 

oxide, on the hydrogenation of solid fuels, 2178 
ZINC OXIDES/CATALYSTS 

C a t a l y s t  f o r  use in  d e s t r u c t i v e  h y d r o g e n a t i o n  of 
ca rbonaceous  m a t e r i a l s  (Use o f  Mg s a l t  a long  w i t h  
motybdic acid or ZnO), 2194 

ZINC OXIDES/OXIDATION 
R e a c t i v a t i n g  z i n c  o x i d e  a f t e r  use in  gas p u r i f i c a t i o n  

( O x i d a t i o n  at  600 to  9 0 0 o c ) ,  3367 
ZINC OXIDES/REGENERATION 

Removal o f  s u l f u r  compounds from gases (Most  o f  HzS and 
o r g a n i c  S compounds ( e x c e p t  t h l o p h e n e }  removed f rom gas 
by passage t h r o u g h  Zn a t  350-500 o a f t e r  passage through 
hot  Fe or  Mn o x i d e  l a y e r ;  ZnO r e g e n e r a t e d  by h e a t i n g  i n  
o x i d i z i n g  a tmosphere  a t  7 0 0 - 9 0 0 0 ) ,  1330 

ZIRCONIUM OXIDES/CHEMICAL PREPARATION 
Process for the extraction of sulfur oxides from-gases 

(Use of Zr oxide as absorbent), 1704 
ZONES/MOTION 

Underground g a s i f i c a t i o n  o f  f u e l s .  Mo t ion  o f  the  
g a s i f i c a t i o n  zone a s  a f u n c t i o n  o f  f u e l  m o i s t u r e  in  
underg round  g a s i f i c a t i o n  (Decrease  in  m o i s t u r e  content  
from 30 to 9g caused rate of advance of gasificaton 
zone o f  1 5 - f o l d ) t  4763 

Underground g a s i f i c a t i o n  o f  f u e l s .  E f f e c t  o f  the 
c o n c e n t r a t i o n  of oxygen in  the blast on the  r a t e  of 
motion o f  the  g a s i f i c a t i o n  zone in underground 
g a s i f i c a t i o n  ( R i s e  in  c o n c e n t r a t i o n  o f  0 i n  b l a s t  
increases rate of motion in gasificaton zone), 4762 
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54 GPO, $2.20 
7356 
1991 

(Non-ABC) 
5242 See P8-228887 
5323 See P6-228857/9 
3112 See P5-229101/1 

(Non-AEC) 
5482 
1997 
2068 See COM-73-11804 /4  

5232 NTIS, 83.00 

2997 Depmn; CFSTI, 83.00 ¢V; 80.75 
en 

2964 
2900 

(Non-REC) 
5226 GPO,  810.25 

(Non-AEC) 
7380 See PB-180878 
7381 See P8-180875 
3130 GPO, B2.25 
5147 GPO,  82.25 

1475 CFSTI 

( A u s t r a l i a n :  C o m m i s s i o n e r  o f  P a t e n t s ,  
P a t e n t s  O f f i c e ,  Woden, A.CoT.  2 6 0 6 ,  
A u s t r a l i a ,  50 c e n t s  p e r  c o p y )  

693 
4134 
6779 
2982 
4933 
7324 

( A u s t r i a n :  Orsterreichla¢hea Paten,  am, : ,  
Druckschrlttenvorcchlelsa, P o s t f a o h  95 ,  A- 
1014 Vienna,  A u s t r i a ,  20 A u s t r i a n  
s h i l l i n g s  p e r  copy , p l u s  pos tage )  

245 
3390 
739 
3324 
6734 

(Be lg ium:  Serv i ce  de la P r o p r l e t c  
I n d u s t r i e l l e  et  Commercials,  24-249 rue 
DeMot, B1040 B russe l s ,  B e l g i u m ,  7 .5  BF per 
p a g e  o r  as  e i c r o c e r d a  e t  10 BF p e r  
m l c r o c a r d ,  plus p o s t a g e )  

5910 
629 
633 



745 PATENTS (French) Repcrt No. 
445,023 
448,005 
4~8,262 
458,263 
453,264 
45~ 265 
463 547 
463.556 
467 520 
467 521 
467,522 
467 523 
467 524 
467 52~ 
467 526 
467 527 
467 523 
469 168 
470,772 
471 e77 
472 906 
4 7 3 . 2 5 !  
473 252 
473 ~67 
475 49E 
477 245 
477,246 
478,255 
480.13! 
480,132 
4 8 2 , 4 7 0  
462,793 
5 0 0 , 4 ~ 9  
539,004 
612~984 
614,119 
614,885 
632,752 
633,546 
641,29t 
669,732 
768,409 

P~TENT5- 

304,022 
341,36E 
364,751 
426,562 
444,406 
449,868 
9~1,327 

PATENTS- 

55,992 
105,896 
i06,~2~ 
117,270 
i17,27~ 
117,277 
118,272 
146,810 

PATENTS- 

38,949 
44,183 
47,511 
48,542 
49,333 
50,05~ 
72,408 
75~43g 
~3,255 
307  210  
661 470 
662 ~a~ 
662 387 
662 709 
666 131 
667 995 
669 929 
671 9?4 
676 ~64 
680 619 
682 165 
684~718 
6 8 6 , 9 8 6  
693,106 
696,610 
698,327 
703y692 
7 0 5 , 2 0 6  
712,467 
720,740 
723,626 
725~070 
726,24& 
727,206 
742~2~ 

C i t a t i o n  No .  A v a i l a b i l i t y  
6028 
6 0 4 0  
3 4 2 3  ~ 
34~2 
3 4 2 4  
3 4 2 1  
3426 
3 4 2 5  
3462 
3466 
3 4 6 7  
3 4 6 8  
3 4 6 3  
3 4 6 4  
8 4 6 5  
5 4 6 9  
3470 
3556 
3544 
3551 
3554 
3557 
3558 
3540 
3567 
3578 
3579 
3577 
3612 
3613 
3615 
5617 
7 2 9 7  
~29 
4 8 6 4  
4865 
1303 
1342 
1340 
1355 
5009 
1613 

(Canadian: Commissioner o f  Patents ,  
Ottawa, Canada, KIA OEI; $1.00 p e r  copy)  

5674 
7068 
2510 
3445 
7~79 
6260 
2026 

(Czecho~lovak~a~:  Dr.  Kare l  Neumann, 
A d v o k a t n i  poradna c, 10, Z l t n a  25, Prague 
I, Czecho~ iovak ia )  Ke$. IO per copy)  

2877 
4872 
1332 
1 3 9 1  
1392 
1593 
I595 
5433 

(French :  5ePvlee d=Ed i t i on  e t  de Vente des 
P u b i i c a t i o n ~  O f f i c i e l l e s )  39 r u e  de l a  
C G n v e n t i c n )  P a r t s  1 5 ,  F r a n c e )  2 ° 5 0  F p e r  
c c p ~ ,  plus 1.80 F po~tage f o r  1 copy)  

6219 
2364 
2516 
7254 
5869 
5 8 7 4  
1184 
1271 
4928 
2225 
7039 
224 
~173 
225 
230 
5651 
243 
2186 
2191 
2153 
253 
2195 
259 
15~ 
5673 
257 
295 
5676 
299 
297 
5591 
5692 
7050 
319 
2287 

Repot% No, 
746)374 
746)496 
747,459 
750,296 
750,850 
754,675 
757,745 
766,001 
778)182 
778,674 
7795457 
779)872 
785~276 
767,211 
787s520 
790 809 
790,673 
791 205 
792 771 
793 108 
793 436 
793~464 
793 799 
793,958 
794 457 
794 956 
795 349 
795 575 
797 264 
797 902 
797 911 
800 971 
601 805 
804 094 
804  4 8 7  
805 840 
806 743 
807 929 
809 398 
811 567 
812 160 
612 218 
612 527 
814 699 
816 954 
816 955 
818.742 
819,659 
819 896 
820.59I  
822,506 
825 682 
825 687 
826,061 
826,454 
827 024 
827,600 
829,948 
831.385 
859 663 
839,958 
843,515 
8 4 3 , 8 4 4  
843874  
844,921 
845,601 
846,588 
847)110 
848,531 
848~664 
850)809 
851335 
853 404  
861 415 
861 745 
862 105 
862 171 
862536 
865311 
870 211 
893 663 
935341 
960 ,542 
967,582 
973289 
987.743 
998.685 
1,036,517 
1,075,402 
1)091,013 
1)123,777 
1)150)145 
1,130,266 
1)141,619 
1)156,391 
1,159,361 
i~209,894 
1,532,199 
1,343,822 
1,352,339 
1)567,489 

Ctta%Ion No. 
2291 
2292 
2295 
2298 
2299 
2302 
370 
2358 
416 
2409 
5750 
2411 
425 
2418 
2419 
2421 
5752 
2423 
2448 
2449 

"2450 
2451 
2453 
446 
2454 
2456 
2457 
2458 
7243 
448 
2 4 6 2  
2 4 6 7  
7 0 7 9  
2470 
456 
7244 
2476 
2508 
2509 
7 2 4 7  
2513 
2514 
5811 
2521 
2528 
2527 
2531 
2535 
2536 
2537 
2539 
2573 
2572 
2576 
2578 
2579 
2581 
525 
7256 
2620 
558 
3325 
5863 
5864 
2625 
2628 
2627 
587i  
564 
2629 
2631 
2635 
579 
5 9 6 4  
5967 
3968 
5969 
5975 
5974 
6024 
2692 
711 
3736 
2753 
2760 
6512 
3896 
6560 
694 
4246 
993 
1024 
1025 
1051 
1102 
1107 
1211 
4899 
6791 
4925 
164 

Availability 



PATENTS 746 
........................................................... 

Report NO, 
1,367,716 
1,367,716 
113981874 
11412,299 
1,487,890 
2,016,179 
210951085 
2 , 1 0 0 , 2 2 2  
2~1661210 

PATENTS- 

10 ,598  
10,751 
12 ,061 
14~444 
14 ,667  
15 ,276  
27 ,161  
40,192 
54,451 
70 ,553  
791740 

PATENTS- 

902 .006  
489 ,279  
504 ,777  
5 0 7 , 3 9 6  
514,666 
516,851 
518,431 
5 2 2 , 4 6 3  
525 ,066  
529,110 
529 537 
535 723  
536 651 
538 392 
538 551 
539 317 
539 732 
539 733 
541 302 
545 499 
545 602 
552 .983  
553,650 
557 989 
5 5 8 5 5 8  
564 .990  
568 638 
575 .134  
57~ ,134  
5 7 6 , 1 6 2  
577 835 
581 941 
583 387 
587 797 
589 032 
590 287 
591 099 
597 255 
604 294 
608 241 
6 0 8 , 4 6 5  
6 0 8 4 6 7  
6 0 8 , 4 6 7  
609 .538  
6 1 1 , 6 1 8  
6 1 1 , 9 2 2  
6 1 3 , 6 1 5  
614,926 
6 1 5 5 1 0  
619 847 
623 631 
624 169 
626 171 
633 185 
633 825 
637 114 
638 637 
639 762 
639 842 
641 321 
642  244 
643  994 
6 4 4 j 2 9 7 - 8  
6 4 6 , 1 9 2  
6 4 6 , 4 0 5  
5461477 
6461594 
6487130 
6 5 0 , 0 8 7 - 8  
6 5 1 1 4 6 2  

C i t a t i o n  NO. A v a i l a b i l i t y  
2995 
2996 
1375 
3006 
5061 
5175 
1695 
1704 
2041 

(German ( E a s t ) :  Z e i t u n g s v e r t r i e b  Gebrueder  
Petermann, K u r f u e r s t e n s t r ~  111, 1000 
Berl in West 309 German Democratic 
Repub l i c~  DM 3 . -  (West German Marks) per 
c o p y )  

940 
941 
989 
4587 
4593 
1117 
6805 
4968 
1412 
6915 
5223 

(German: Deu tsches  P a t e n t a m t ,  D i e n s t a t e l l e  
B e r l l n ~  G i t s c h l n e r  S t r .  97-103, 1000 
B e r l i n  51~ F .R.  Germany, DM 3 . -  per copy~ 
p lus  p o s t a g e )  

6592 
2159 
217 
205 
215 
211 
219 
5641 
210 
252 
2156 
2155 
5652 
241 
5653 
208 
296 
257 
244 
2197 
291 
5655 
292 
229 
207 
318 
260 
360 
3178  
352 
2294 
2297 
364 
367 
368 
383 
2 3 4 5  
2355  
391 
413 
414 
2405  
2407  
2408  
418 
2410  
42O 
3232  
423 
428  
2424  
3248  
2455  
2466  
2468  
455 
2471 
2477 
2475 
98 
478 
483 
2512 
484 
2519 
2520  
485  
2525 
2529 
488 

Repor t  No. 
651 473 
654 024 
656 364 
657 703 
659 233 
659 407 
659 925 
660 225 
661 003 
661 539 
663 542 
664 385 
669 015 
669 049 
670 717 
671,183 
671 IS9 
671 884 
672,414 
673,732 
677,104 
577 206 
685 761 
687 898 
692813 
693 468 
693707 
694 417 
695 524 
695 575 
696 232 
696 316 
696 809 
697 949 
698 006 
696 969 
699 428 
699 ,492  
6 9 9 6 5 6  
6 9 9 , 8 2 4  
7 0 0 , 3 2 1  
700 ,373  
700 434 
700 ,774  
701 .123  
7 0 1 5 1 3  
701 .758  
701 846 
701 936 
702 605 
703 736 
703 836 
705 011 
706 833 
7 0 6 , 8 4 6  
707 813 
707 914 
708 258 
708 512 
708 933 
710 027 
710 128 
710 963 
711 380 
711 470 
711 711 
711 712 
714 231 
715 ,111  
715 479 
715 988 
717 189 
718 334 
719 133 
719 439 
7 1 9 5 3 6  
7 2 0 4 1 9  
7 2 0  685 
722 405 
722 594 
7 2 4 9 1 1  
725 ,602  
7281217 
728 766 
734 218 
734 993 
736 701 
7 3 6 9 2 2  
7 3 8 0 9 1  
740406 
740 734 
741 388 
742 376 
743 .088  
744 .185  
763,864 
763 ,967  
804 ,022  
808 .058  
812 .573  
816 .873  
823 ,772  
838 .599  
846 691 

C i t a t i o n  No. 
2534  
2538  
2569  
2574 
2580  
519 
3584 
520 
2587 
2590 
2593 
2594 
2598  
2597  
2615  
2616  
554 
2618 
556 
2619  
2623  
2624  
3328 
2636 
5911 
583 
5914  
584 
5920  
587 
7262  
2640 
2641 
2644 
5926 
2645 
2646 
2647  
2648  
2649 
2651 
5932  
2650  
5933  
592 
2652  
593 

-5935 
2653  
604 
5966  
2660 
2662 
607 
6O6 
7268  
608 
609 
5978  
610 
611 
5979 
5983 
7269 
2665  
7270 
7271 
615 
5991 
616 
2666 
2671 
2672 
6025 
7272 
7273 
7274 
6026 
6030 
630 
632 
6032 
6037 
6038 
6066  
6067  
6069  
6068  
6070 
645 
3393 
2684 
6072 
646  
6074 
2814 
2796 
131 
3816 
133 
787 
790 
6559 
6562 

Availabilit~ 



~eport  No, 
859~302 
867~727 

892,692 
895,895 
896,338 
P~7,54E 
9 G ! , 0 5 ~  
902,371 
904,~5~ 
904,57~ 
904891 
905,2~3 
90~,606 
906,9~2 
906,973 
907,569 
907,686 
907 928 
909 135 
910 0~0 
910055 
911 01~ 
811,848 
9 1 ~ , 3 7 3  
914,969 
916662 
919 004 
919 597 
920 363  
~21 Z26 
922 229 
~E3 126 
c25 156 
9~3 317 
925 449 
924 44~ 
925 346 
926 66L 
926,76~ 
926,98!  
927225 
927,990 
92~486 
92876~ 
929 808 
929,986 
930,685 
931,190 
932 032 
932 123 
933,4~8 
933 803 
936 265 
956 651 
937 ~86 
937 642 
938 6 i Z  
936 603 
938 868 
939 448 
939 525 
940 005 
$40 226 
940,487 
941,146 
943.109 
944,812 
946.289 
946,4~7 
947,067 
947 466 
947 731 
950 g~l 
952,022 
9 5 2 , 7 9 9  
9 5 2 , 8 3 9  
952,892 
9 5 4 , 2 3 5  
9 5 4 , 5 4 4  
9 5 9 , 1 2 5  
9 6 0 , 6 3 2  
961,741 
96~,464 
964,234 
964,800 
965,348 
965,634 
965762  
966, b95  
967,944 
968,775 
969,533 
969 656 
970 06~ 
970 91~ 
971 7~6 
972 725 
972 900 
973 107 
973 167 
973 377 
973 378 
973 38~ 

Citation No. 
6656 
4000 
4011 
2619 
6582 
4036 
2862 
%123 
2534 
4!28 
88~ 
6593 
877 
879 
~832 
580 
881 
883 
882 
857 
2836 
2 8 3 5  
2837 
2838 
2 6 4 0  
2 8 4 2  
4155 
4163 
895 
6597 
898 
6618 
~860  

6620 
4241 
2863 
2864 
2866 
5 6 2 3  
~ 2 4 7  
4249 
2 8 6 7  
927  
66~5 
93O 
932 
6628 
935 
936 
~868 
6 6 Z I  
4 2 6 5  
6635 
943 
433~ 
4335 
6 6 5 2  
~82  
4 ~ 3 8  
Z872 
4340 
~3~2 
4~44 
984 
43~9 
2874 
4~57 
5658 
2876 

6660 
990 
994 
995 
6853 
~372 
996 
6664 
~ 3 7 5  
1 0 2 7  
6681 
i036 
7116 
668~ 
6687 
4489 
i0~3 
1044 
6692 
6708 
4588 
1105 
Ii08 
1113 
5720 
1165 
1179 
6 7 3 7  
4706 
6739 
6750 
6 7 4 9  
6 7 4 8  

A v a i l a b i l i t ~  747  

Report  No. 
9737842 
9737965 
974,634 
974,873 
975,423 
1,002,746 
17003,908 
1,005,680 
1,006,111 
17007,754 
170077957 
i~009,607 
17012,024 
17012,596 
1,014,081 
1,0149278 
17014,704 
1,0155181 
1,016,182 
1,0157982 
ls015~982 
1,017,151 
1,017,736 
is0177738 
1,020,434 
1,0207435 
1,022,202 
1,0227736 
1 7 0 2 2 ~ 7 4 0  
12025~089 
1 7 0 2 5 9 4 0 0  
17027~190 
1,0287097 
1,0289278 
17028,976 
1,0305320 
i~0317773 
1,035,364 
17033,639 
I~034~164 
170409170 
is0417192 
i~041,636 
17042~17! 
17042,818 
is046t818 
170477365 
ls047~366 
17050~012 
1,050,013 
17055,012 
1,056~771 
1~056,782 
17057,075 
19050~083 
is060~854 
17061,026 
is062,384 
i~062~874 
1~063,320 
17063,321 
1~063~590 
1,069,590 
1,069~601 
17074~200 
i~074,202 
i~0767874 
190787729 
17083~015 
17085,287 
I~0855641 
1,086,847 
17090,368 
1,091,097 
17091,272 
iy0919273 
19091~696 
17092t458 
170937513 
1~0947395 
i~095~977 
1,097,967 
17099,516 
l s102,335 
1,1057552 
17107,882 
171107147 
171227208 
171247180 
171277533 
1,1317183 
1,132,283 
191337497 
171367284 
17136,304 
17136,979 
17139,473 
i~149,486 
1,1549591 
171667391 
171669968 

Citation No. 
675l 
6754 
3800 
3744 
4826 
6679 
4479 
1035 
1037 
6683 
1041 
6686 
4492 
6691 
1048 
1049 
1050 
4502 
1052 
4506 
4507 
6694 
4514 
1053 
4524 
4523 
6707 
4583 
4584 
4586 
1096 
1098 
ii00 
1099 
ii01 
6710 
6711 
1109 
1110 
6713 
1119 
4601 
1120 
1122 
4604 
1130 
1133 
1132 
1162 
1163 
I013 
1169 
1168 
1170 
4697 
673~ 
1174 
1175 
4698 
1176 
1177 
4354 
1183 
6738 
1207 
1206 
1210 
1214 
1220 
4145 
1221 
1224 
1228  
6758 
1230 
1231 
1232  
6756 
1233 
4794 
4 8 2 3  
6768 
6769 
892 
1265 
1129 
4270 
1284 
1286 
1287 
157 
1291 
1293 
1301 
4870 
1304 
1310 
1335 
1337 
1339 
1357 

Availabilit~ 

I 

PATENTS (German) 



PATENTS 748 Report No. 
............................................................ PATENTS- 

Report No. 
1,186,974 
1,199,920 
1,204,772 
11212,052 
1,222 617 
1,233 372 
1,243 323 
1 , 2 4 4 3 2 9  
1,245920 
1 , 2 8 3 8 0 8  
lw292,773 
1,494,796 
1,800,070 
I~606003 
1,809 874 
1 , 5 1 0  601 
1j814 867 
1,915 248 
1,931 166 
1,945 090 
11956 674 
2,026,389 
2,035,088 
2 ,040  764 
2 ,045  605 
2 ,056  727 
2 ,058  709 
2,102 532 
2 ,105  844 
Z, I08 786 
Z,I08 786 
2,111 839 
2,125 036 
2,133 451 
2,134 379 
2,137.847 
2 , 1 4 4 , 5 6 7  
2 , 1 5 2 , 4 4 3  
2,153.096 
2,157 365 
2,164 261 
2,166,280 
2,202,165 
2 , 2 0 2 , 6 2 0  
2 , 2 0 5 , 7 9 6  
2v207,491 
2,212,880 
2,244,140 
2,245,735 
~,253,003 
2,253,427 
2,257,023 
2 , 2 5 9 , 5 4 2  
2,262,971 
2,264,097 
2 ,306,805 
2 ,312,283 
2,312,350 
2 ,312,466 
2,312,600 
2,312,621 
2 ,322,316 
2,327,008 
2,329,968 
2 ,330,735 
2 , 3 3 6 , 2 0 1  
2 , 3 4 6 , 0 8 3  

PATENTS- 

104,289 
105,323 
107,609 
119,245 

PATENTS- 

49,729 
58,816 
55,817 
64,247 
65,891 
66,095 
74,596 
75,407 
80,742 

PATENTS- 

527,755 
527,756 
537,563 
537,564 
560,161 
564,203 
565,320 
581,179 
595,656 

C i t a t i o n  No. Availability 
1371 
1377 
4970 
1394 
5017 
5055 
1413 
5062 
5053 
1438 
5123 
1521 
1527 
1528 
7161 
1536 
3052 
7152 
5217 
1702 
3051 
1590 
5284 
3064 
1531 
1726 
2001 
1773 
1576 
1600 
1973 
1776 
1588 
1705 
1592 
1703 
1599 
1610 
1611 
1989 
1616 
2014 
5486 
1768 
2028 
1755 
5315 
1759 
5456 
1986 
3113 
2015 
7009 
5485 
2013 
2132 
5530 
5531 
2048 
5536 
5521 
7017 
5564 
2125 
2137 
2136 
2138 

(Hunga r i an :  Orszagos Talalmanyi H i v a t a l ,  
Budapest V, Hungary, Garibaldi u. 2.) 

3159 
359 
369 
3299 

( I n d i a n :  C o n t r o l l e r  of Paten ts  and 
Designs,  214 Lower C i r c u l a r  Road, C a l c u t t a  
17;~ I n d i a ,  Rs. 2 per copy, p lus pos tage)  

7310 
1047 
1046 
1219 
6770 
6771 
6780 
1333 
6606 

( I t a l i a n :  L l b r e r l a  d e l l o  S t a t o ,  P iazza G. 
Verd i  10, 00100 Rome;, I t a l y ,  L. 200 per 
copy / o r  6 pages o r  l ess .  L. 200 / o r  each 
a d d i t i o n a l  8 pages or  l eas ,  p l u s  pos tage)  

4254 
4253 
945 
946 
1034 
1042 
4493 
1114 
1173 

45-1168 
45-2644 
45-3521 
45-6121 
47-23785 
47-35 ,666 
47-36633 
47-43654 
47-43737 
47-45,671 
4 7 - 4 6 2 5 4  
47-46262 
4?-46263 
47-46272 
47-48112 
47-50703 
48-1301 
48-1304 
48-1312 
48-1592 
48-3066 
48-3751 
48-13102 
48-42356 
49-ii,551 
431 
435 
436 
531 
554 
1 ,245  
1518 
1791 
1885 
2084 
2985 
3128 
3963 
433Z 
4338 
4939 
5785 
6475 
8031 
8424 
10,170 
10,337 
13,173 
14 ,397  
29,440 
41,146 
47,841 
56,567 
73,403 
7~,494 
7 5 , 4 7 0  
85,475 
85,482 
85,602 
90,973 
100 484 
100 826 
102 094 
102,769 
111,260 
1 2 9 6 0 8  
129 971 
130 ,554 
132 582 
133.901 
156,456 
153023 
172.319 
180 691 

PATENTS- 

3,928 
2 5 , 2 3 0  
25,239 
50,858 
5 2 , 2 5 7  
53,095 
53,262 
5 3 , 2 6 5  
5 3 , 2 9 8  
5 3 , 6 1 1  
55,196 
55,360 
58,224 
58,695 
60,033 
60,321 
60,799 
64,719 
65,974 
66,141 
68,486 

C i t a t i o n  No. A v a i l a b i l i t y  
(Japanese:  Hataumai-Kyokai  ( l n v e n t i o p  
A s s o c i a t i o n ) ,  17 Shlba,  N iah l kubo -Ake fune  
Cho, M ina to -ku ,  Tokyo, Japan,  8.20 per 
page, p lus  pos tage)  

1510 
1511 
1514 
1517 
1736 
1767 
1772 
1804 
1805 
1807 
1811 
1809 
1810 
1808 
1821 
1823 
1906 
1907 
1908  
1909 
1910 
1927 
1969 
2081 
2134 
876 
923 
922 
4336 
3795 
7433 
983 
784 
4345 
4135 
4008 
985 
6595 
928 
824 
4358 
4260 
1112 
992 
4175 
2118 
2920 
1302 
2124 
2999 
2080 
1820 
2027 
2056 
2057 
2061 
2073 
2074 
2075 
2076 
2288 
2289 
1824 
2084 
2416 
5860 
2621 
5861 
2628 
565 
3391 
652 
6162 
2718 

( N e t h e r l a n d s :  The Patent  O f f i c e  
( O c t r o o i r a a d ) , ,  P a t a n t s l a a n  2, R i j a w i J k  2. 
H p a t e n t s ,  Ne the r l ands ,  F. 3.00 par copy)  

1706 
5694 
5693 
5985 
6027 
6033 
6035 
6036 
6034 
6039 
6071 
6073 
6168 
6169 
6207 
6210 
708 
6356 
765 
3814 
3817 



69~080 
69~508 
70,2~i 
73~306 
76,22~ 
E~600,925 

PATENTS- 

68~15 
7~,000 

pATE,~IT. ~- 

41~3!7 
BA!95~ 
6~,810 

PATENTS" 

00~18~ 
O0,lS? 
812 
1,177 
Z,O~4 
0 ~ 0 6 6  
3 , 3 8 9  
5 , 1 8 1  
5,182 
7,725 
07~842 

PATENTS- 

261~844 
3 3 4 , 0 9 2  

PATENTS- 

273,952 

PATENTS- 

289,062 
291,145 
357,825 

PATENTS- 

300~387 
307,903 
308,633 
309,095 
309,11£ 
309226 
309~229 
309,23~ 
309 446 
309 585 
309 859 
310 063 
311 789 
313 50~ 
313 879 
314 859 
315 780 
317 015 
319 396 
321,982 
325 817 
325,862 
328,008 
328,618 
328,992 
329 136 
330,223 
330,498 
331,817 
331.916 
332 147 
332 246 
~32326 
334,526 
335,215 
335,386 
339 681 
339 875 
340 016 
340663 
341,584 
345 305 
~46 689 
348243 
348,690 
349 588 
~49991 

C i % a t l o n  No, A v a i l a b i l l ~  ;~ 
3824 ~ 
3897 
2792 
SSS 
41S6 

{Norw~gian!  S ~ r ~ t  f o r  det  I n d u s ~ r l e l l e  
rettsvern~ P. O. 8160~ Dslo-Dap, Dslo I~ 
Ncrwa~ kr. 3,00 per ~opV~ plus postage) 

3275  

( P a l i s h :  F o r e | g n  T~ade  ~ n t e r p r i s e  
PSLSERVZC~ War~=a~s~ Poland, 6zpi~alna B) 

1121 
1433 
1834 

(South African: The Pa~ent Dttl¢~ P, Oo 
Bo~ 429~ P r a t o r l a ~  South Atrlca~ R 0o10 
p e r  paga~  p l u s  pos tage)  

5236 
523~ 
6988 
6898 
5179 
3030 
5180 
69!7 
3049 
3036 
6952 

(Spanish: Colegio Gf[clal de Agentes de la 
Propiedad ~ndustrial, Hontera 13~ Madrid, 
Spain, (i4); $3.00 for f~rst four pages 
plus $0.60 for each additional page) 

1526 
1414 

(Swedish: Patentverkets b i b l i o t e k ,  Box 
5056~ S-102 42 Stockholm 5;~ Sweden~ Kr 5.- 
per c o p ~ )  

2763 

(Eidgenoessisches Amt fuer geis%iges 
Eigentum~ 3000 Bern;~ Switzerland, 2.- per 
cop~ plus pestage) 

849 
4021 
1273 

(UK: Comptroller-General, The Patent 
Office {Sale Bransh)~ St. Mar~ Cra~ 
Orplngton~ Kant~ BR 53rd~ UK, 0.25 pounds 
pet ccp~) 

365 
215 
2162 
2161 
216 
2160 
7190 
2164 
2166 
218 
2167 
212 
7036 
2168 
2169 
2170 
2165 
221 
Z20 
222 
2175 
2171 
242 
2172 
2184 
248 
2177 
2176 
2157 
2188 
256 
2189 
2190 
246  
2192 
2174 
5656 
2185 
255 
228 
258 
2200 
2199 
2213 
2212  
5671 
2211 

749 PATENTS (UK) 

Report  No, 
3511978 
383~506 
386~838 
357j206 
359~681 
382~354 
36~892 
368~326 
391~645 
~9~ 780 
392,659 
697468  
400628 
403,481 
40~ ,37X 
407~27 
40799~ 
610 771 
414 370 
414 44~ 
4 ! 9 ~ 0  
4 2 3 l ~ 0  
4 2 4 4 7 8  
426,158 
4 2 6 4 5 6  
4 2 7 2 7 5  
427,883 
4 2 8 , 7 4 9  
428  990 
433 397 
431 683 
432 489 
433  039 
433 373 
435 560 
438 064 
439~265 
4 4 2 , 0 2 3  
444~779 
446 114 
446  494  
447 210 
448 279 
448 334 
450 473 
452,158 
452.429 
454.175 
456 661 
457,198 
4571231 
457  343 
458,856 
4 5 9 , 2 6 8  
460151 
461001  
462 934 
463,263 
463875 
464  032 
464337 
466413 
455.548 
466.609 
466 737 
467 117 
467 579 
469 933 
470  072 
472  354 
473 082 
473 i 0 7  
477 944 
478 668 
4 7 8 , 8 7 7  
479 410 
481 141 
481 875 
482 431 
483  371 
484 127 
484132 
486,492 
4 8 6 , 9 9 4  
487,734 
487,892 
488,609 
488651 
488856  
490,775 
491,299 
492551  
494834 
495 734 
5001282 
501,208 
503,158 
504529 
505,294 
507,593 
509325  

C i t a t i o n  No. 

2217 

~XS2 

70~2 

~ 4 9  

7075  
3233  
417  
419 
2 4 1 2  
2 4 1 4  
2 4 1 5  
2 5  
2 6  
2417 
5751 
424 
426 
427 
2420 
2422  
2452 
2459  
2460  
2461 
2463 
27 
5779  
2465  
7075 
2469 
454 
457 
2472 
2473  
458  
2478 
2506 
2507 
476 
48O 
481 
7086 
3271 
7242 
2515  
3273 
2517  
5274 
2518 
486 
487 
2526 
2530 
2532 
2533 
2568 
7253 
516 
517 
2671 
2575  
2 5 7 7  
5841 
2583 
2582 
2586 
2588 
3298 
2589 
7255  
2591  
2592 
526 
527 
2595  
2596 
553 
2617 
555 
3322 
3323 
2622 
560 
5865 


