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. . . .  F o r e w o r d  : 

The im torrance o f  the chemistry of  carbon monoxide in industrial processes : 
• -such as product:oR of  synthetic l iquid ~ e l s ,  and o f c h e m i c a l s  (particularly 

' alcohols) has been increasing rapidly during the past  decade. Althougl l  the 
:: : '::staff of  the Bureau of  Mines has produced ~ critical review of Fiseher-Tropsch 

and related syntheses (5 .  Wi ley  & Son,  195i~ ,. continued developlnent Of: such :: : " 
" . synthet ic  l iquid fuel  processes demanded an exlmustive bibliography Contain- : 

i n g  abstracts of  all  relevant publications. : The need for this was especial l~  : :  
evident in work on the  production Of synthesis g ~  and  hydrogen f romcoa l  a n c l  

• byproduct hydrocarbon gases . :  I t  is anticipated that ttiis b ibl io~'aphy wil l  : 
: : Serve th e nee~ls of all  experimenters in  the field of  chemistry of Carbon monoxide:  : 

i - i  BIBLIOGRAPHY OF THE:FISCHER, 

• | : i : :  RELATED PROCESSES 
: (In Two Parts) 

i.  zvIzw AND COMPI TION OF THE L TERATUi  ON 
THE PRODUCTION O F  SYNTHETIC LIQUID FUELS A N D  
CHEMICALS BY THE. H Y D R O G E N A T I O N  O F  CARBON 

: MONOXIDE ~ , . . . .  
: ' By :: : 

: H .C.  Anderson: -~ J. L: Wiley2 a n d  A. Newel l  ~ : : 

:: F ' ] ~ H I S  :REVIEW contains abstracts of the technical literature and patents: 
: ~ " J_ dealing with the history, development, and commercial application of  the: " 
) :: ' Fischer-Tropseh Synthesis a n d  re lated processes for the hydrogenation'  . 

, =::: ii 0 f , carboh raolioxide: ~nd thelpr0cluctioi~ 0 f s y n t h e t i c :  f u e l s  and c h e m i c a l s . .  :: .. = 
. : ~ At tempt .has  beenmade  to include' abStracts.of all:tlie pubiished.:infolTa~tion . : : 

.... :: ~ : :  0n t i e  abbVe Subjects:i is well 6f: the :captured :foreign:-d0cumei~ts col lected: ~ :  ~" :~::: :: 
. ::: : and 'classified as TOM:and F I A T  ree i sand CIOS,  F I A T ,  and B I 0 ~ :  reports.: ' ::. 
~:: ::i i:: ~ : " The:material in tl~is review is  divided into two sections--literature (part:: • :: :: . i : :  ~: • 

::: •: ' :I) and patents (part I I ) . e a c h  with  a comprehensive subject index,: A numer- : : :~ . 
~: : i ca l  pateiit 1:st bt¢ c0untries Will appear iu part II.  Tile:abstracts in end1 sec, : . . . . . . . . .  : 

:-:'~: :':i . :  l ion al;e arrange'd aipliabeticall)~ by-auth0r: or patentee with  further c h r o n 0 ~  : "" : 
:~ i lo.~ical arrafi~ement under each auth0r or group of auth0rs.: Se:c0ndarv authors:  : : . : 
:i~ " a n d  patentees as  well  as assl~nees are. cro~s-mdexed to the mare entry. In  
~ . .  :: ; . :  serial articles 0r  reports 'the .c0mplefie Series appears . in tlle alphabeticai . . (. ~: 

- ~ : . : : -  a.rrangemen~aCeording to tile author of tbe first mefnber of  the series. S u c c e e d -  - : '  : : : .  :: 
i ~  ~:: ~i i:.:!: i n ~  memb~em as Well as Secondary autimrs are entered as cross-t~eferences: TitleS. : .  : : 
~!~. ~ ~ ~: .:~ of-the periodica~s~re used as~t~e~huthors~ in an~nyin~us references. B y  f ~ w `  ~:~ 
~.: . - : m g  the above procedure, no a t t thormdex ~s r e q m r e d . . - : ~ : : : : -  . ':::" .... ~ - . .  
~ : " .  ' : : T b e  authors take particUlar ple,~sure in ackno~vledging the c0rdia] interest :: " . ::: : - : ;  : : ~' 
~ :: ~::' : and assistance renderedby Dr,:H. I-L Storeh, Chief; Fuels-Techn010g'y Division,: ': : - : ' : : 
~ . :  Dr. M~ :~:. E l l io t t  a n d D r  R. B: Anderson,  Chiefs, Synthet i~  Fuels :Research : . :: :" .. : 
~ :;:'. ::::' ~Branch,.Bureau:oJ~ Mines, 4S00:F0rbes Street, Pittsburgh 13,- Pa, - They wish  : : " : " 
~ :.:: ..t0 tiiank H e l e n  C/Douglass ,  Myrtle R. Lee, ,Harriett E :  ~£cCrea, M a r y  T .  : - :  " :. :.:: : 
~ : ~ : : :  : ::: : Patiner; ~rankJ=:::Ballr]~'lizabetlr M.  Reid,,:and::Frances G Stewart  for their: : : : ::; • :: 

,~!~' : able assistanceln preparing the manuScript: ~ ' .: ::. : ::. ~: .~:-!';: :: ' :::: .:: ~: .~:~' ~:.::; i:. 

~ i ~  " :  " : :  ~:Work on manuscrlpt"c0mpletsa .Tuly 1 : 1 9 ~ 2 .  : . . . .  ' : : '  " :  : " 
| ~ 7  ~' . . . . .  TeChnical ass stant Fuels-TechnologY- Division Bureau of Mines Pittsburgh. Pa. " ' ' - ' 
~ i ~ ' ,  a - I ~ l u s t r  al analyst; Fnels-Technology'Divislon, Synthetic Fuels Research Branch :~echnical:Re, " 
~ . - " : . ' , - p o r t s S e c t i o n  Bureau of~,Iines Plttsburgh~.Pa . . . .  - . . : : 

' | ~  ' ' .... ' ~Chen st Fuels-Teehnoldgy Division ~ureau of'~Ilnes Pittsburgh Pa , :, . . . .  - ~ - 
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first  s tep  in  t lm ca ta lys i s  of. the  reac t ion  appea r s  to ; c a t a l y s t  a t  300*--10D ° CH~0I-I was  c o n v e r t e d  a.m ost~ .... 
q u a n t i t a t i v ~ y  Over t h e  AhO~ eatal s t  ~nt0 (CH~)=O 

b e  format ion  of an  ether-soluble Co compound,  dieo- inc reas ing  a m o u n t s  a t  t e m p e r a t u r e s  up  to 3~'~} °. : 
b a l l  o e t a c a r b o n y l .  :Al though- the  Conversion of the  m d ma~  be I rought  a b o u t  a t  i50  ° : F u r t h e r  increase in  t empera tu re  resul ted i n  a rapid 
.a lkene to the  a l d e h y  e . . . " - • . . . .  a se  in  ~roducts  o ther  than (CH~).~O (CO.- C O ,  

. . . . .  ii a su  }or~ i~  appea r s  a~van-  : ~ * ~  ~ • . . . .  in : the p r e s e n c e o f  Co o . P I  , , :  - ' • • "- ~-H~ H and C H 0  t~ormatlon of (CI=&)~_O o v e r  t h e  
i m m e a  uleoaalE octacaroonvl  l u  ~= , -", • • tageous to u e p re  ' " ' "- - : ~ , , - ~  - ~ n S t  n e g l i ~ b l e  ~ormat ion  of gaseous  ue-- 

'e ther  or  o ther ' so lvent  for  t he  cata lys is  of t he  synthe t ic  ~ w' tT-~ '7": :^ , , - i~: :~--- :~rrod however  a b o v e  32~5 ° " 
" " l  m a d e  eompos lL lOn  p . ~ u ~  u~ ~ , , " ' reaction The  d~cobalt ectaearbonyl  ~s read~ y • ~ . • • "'" ' " - " and  ma  Syn thes i s  of CH~OH b y  ca ta lyhc  hydra t ion  of  (CH~)~-O 

~t. 150" by the  dxrect r e a c t m n  of Co and  CO _ - - Y  - ~-^~ AI*O, w a s  accompl i shed  a t  270°-480?. Optnnum 
,be l~ept i n  ether  for  use  as  needed as  a ca t a iy su  ' . ~ e  ~ . : t o ~  ~ O ÷atio a s  constant  flow v a r i e d  with 
addit ion o f  C O a n d  H~ to a n  alkene goes v e r y  raptaly" ~ . . . .  ~ o £  c a t a l y s t  Used " ' 

?,ab 125 ° or : lower '  i n  the  p r e sence  o f  dlcobalt  octdcar~ ' - t h e  a m o u  t . ,  ~ - : ~ : . 
-bonyl.  The  reac t ions  m a y  b e  car r ied  Out a t  100~00~  : T  7 .  ADr~i~s, H ,  :BURGoYI~E; ~. ]~6 A~D S O~I~EIDER, ,e~(,~.r : -  
~atn~ :preesure in  t he  steel  react i0n vesse ls  o r d i n a r i l y  C o p p e r - C h r o m i u m  C a t m v s u .  ~ o r  ~ v a r o g e n a  . . . .  , \ 
...'Used fo r  h~drogenat ion.  W a r n i n g  j s  g iven  as:  to the  5our .  Am. :Chem. S 0 c .  vol. 72, 1950,:pp: 2626-26~ ;- : • 
: ' b e a l t h : h a ~ r d s  involved in t h e  use of t he  Co:carb0nyls ,  : -  Chem. Ab&, yoL 44, 1950, p,. ~64 .  ' := " .  7 
!!~ ' H y d i . 0 f o r m y i a t i o n : o f  U n s a t u r a t e d  Com~ : CuCr_.0~eat~dystprodueedbythermaldecomposition 

')~p0unds W i t h : a  C o b a l t  Carbonyl C a t a l y s t .  J0ur~ i 0f  bas le  Cu ammoniu~a, c h r o m a t e ( c o n t ~ n i n g ,  a l e T B r  a 
'~-~Am Oh~m ~oc v o l  71 1949 pp:3051-30~5 - ::~ f r o m B a ( N 0 ~ ) ~ )  c 0 n t a l n S C u U a n a ~ u u r . ~ , ~ , - u % n  _- 

i ~  ~ ~ ~ " - ~  " - - '  ~ . . -~+ ,~ ;Q+ ,a  ~,vdr0 : a l o n e  i s  = the  e f f ec t i ve"ca t a l r s t . . '  By  m c r e a s m g  m e  
= y d r o f o r m  la t ion  oz s e v e r m  u-o,,~ . . . . . . .  - . . . .  " - : ' -  Y . . . . .  ~ - ' :  . . . . .  ~-+~- Cr  • Cu t h e  ac t i v i t~  was  enhanced m t h e  reduc~ : 

a n d  esters ,  througn m e  use  o~ ulcoua~ : * ~ , ~  • , i~.,e~rbons e thers  - -  - f CO and  H ~:.~' taea~bonyl in  benzene a t  100-gUO a~m. o =, t i0n of  :Me l ah r a t e  a n d  Me pa lmi ta te  a t  600 p s L and  
!~,,l~:aS give  n good y ie lds  of 'a ldehydes  f ree  of i s o m e r s  (sec : 175% I t  i s  a c t i v a t e d b y  adsorption of H :  a t  200 a t t n .% 

p . p s T 9 3 o ~ - 5 4 ~ 2 .  ' '  :: : : ? : ' :  . . . . .  : ,  . : : . ~ * 
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a n d  : |00%and,  tha~ a c t i v a t e d :  r ~ ta lvzes  t h e  hvdro , , ena~  P u r e  C O  w a s  pa-~sed t b r o u , , h  a a n a r t ~  r e a c t i o n  ~ . ~  : ] ~n t h e  o r d e r  C~Et~ PIL'~1e, CJ-LMe H y d r o g e n a t i o n  o f  : a l r e a d y  r e s u l t e d  i n  p r e l i m i n a r y  c 0 n s t r u c t i o n  w o r k  i 
. *lion o f  aldehyde.< and  ke t ,  ne,~ a t  re,m] t e m p e r a t u r e  a nd  :- c o n t a i n i n g  a l~iece o f  Kah lbaum' .~  eIectrol_vtie Fe  ~ : ] " ~ l t  6 a t o m s  t a k e s  v l a e e  i n  1 sqage~ ~n a g r e e m e n t  wzth  o n  -~ c o m m e r c i a l  izL~tal latnazs ( B r o w n ~  ihe : . 'Aexas ,  

o f  c e r t a i n  ester.~ ar  ~ I* ' • , ~ . • ~ as  . . . . . .  . - - : . . . .  a n d  we-~tern :Karat.as) a n d  s e v e x a l  o t h e r  ~ n s t a n a t i o n s ,  : . . . .  S . ~ t a l y s t .  G a s  ~ i o w i n g ~ r o m  t h e  reactz0n t u b e  I m s s ~  | t h e  z n u l t i p l e t  t h e o r y  o f  ca t a lysm.  . • . " ~ ~ . ~. . .  .~.~ 
: . . . . . . .  $.  A~Iaxxm.  N•..~.x-~ M.~am:r~ S . :  | A c t i v a t e d  Adsorp-  t h r 0 u g h  BalOH}.-s01uti0n.whichbeeomesturhid whe~ | ,~v J g c e a b s  3043 . . . .  : .... w h e r e  n a t u r a l - g - a s  r e s e r v e s  a n a  o !ne  r c o n o a m m s  , . . ~  ] 

• . . . . .  • - ~ " . o -- - | " ~  ~ " " ~avorau le ,  a r e  an t i czpa~ea .  : i 
: : t m n  0 f  Hydrugen  a n d : .  o f :  Ca rbon  Mono.xnde o n  t h e  rca¢ t m n  p roceeds  n s _  CO -.> C --}- CO:.  ~-=10 h ~  . . . . .  25  Axa~xTs ,  L ;  | I r o n  C a t a l y s t s . ]  F I A T  ReeI  K - ~ ,  : . . . . .  : . . . . . . . .  .-~ .~ - : • ..... I 

C o b a l t . ]  Gazz. chlm.  l t a L  vol .  ~S 194,~ p p  707-717-  a r e  n e c e s s a r y  f o r  dec~ mp¢ sxtion to  h e g m  a t  ;,00 ~ re~ | ~a~o *~. ,  ,~ e,~ , o ~ a . ~ -  ~,~ 7a o~.~ 1 8  ~ C o n y e r s m n  o f  ~ a t u r a l  G a s  t o  L i q u i d  
Chem. kbs . .  te l .  43. 1949: :p .  3686• " : : "  ": ' a c t i o n  t e m p e r a t u r e  mid  C() f low o f  400 Co. Per  hr  : | ~ ~ . . . .  . . , , . , ,=s  t~o---0~..;. ,  " ~ ~: . ~ . - - ~ ,  ~ ,  _~ . . . .  : ~ u e l s  P e t r o l  E n ~ n e e r  t e l  l S  N o  4 1947. pp .  ] 

. . . . . . .  , ~ d s o r p t i 6 n  o f  C O w a s  a t  f i r s t  m o r e  r a p i d  t h a n  t h a t  o f  . . . .  " .~ ., g , , , ~ s  " . " • .  oft.he | : . s . . D W t e l  ~' " ; p . -  .~ , : : .... 
. . . .  , E h ; b u t s u b s e q u e n t l y a d s , ~ r i ,  t i o n o f C O  e c a m e l e s s t h o n  B a ( O H ) j  so lu tmn;  a m l  a f t e r  15 h r . . o fdecompos i t l o~L  | : tSa.  AZ~EaT~ L .  W: ,  B ~ o I . x .  ~ .  ~ , , t ~ F ~ : ~ ,  ¢~rha~ e G e r m a n  d e v e l o p m e n t  o f  t h e  F i ~ c h e r - T r o p ~ c h  pr0ces.~ [ 

t h a t  o f  Hz When  the  Oo WaS nn~s~n~c~ b y  ~ ~e lv , ,~  . n  c .~e  ~ no  ~ree t ;  w a s  xounf l  l l i t  t n e  ±'e h a d  lost  i ts  ! ffo,~zs J~:t. 1~ AND • IDT, ~ .  ~. . r.. . . . .c . . . . . . .  -. . . . . . .  : - - • - - ~ :" - ~ ,tl ~c  ~e I . . . .  ~ - . . . . . . . . . .  . u,~, . . . . . . . .  v -  ' - : ' " • ' • " ~g : v  l 4 ~ 195 ° a n a  tne  ~lnerlc.-an r e n n e m e n i s  ~o r i se  n a [ u r , . ,  g . o  ~ . l i o n  o f ~ .  w a  sma l l~ r  ~ a r # , t ~ a l a ~  ,~,~.~,,+~,,. ~ . ~  M e t a l l t c  l u s t e r  t h e  p a t t e r n  ob t a~m d  w a s  t h a t  of | '  F r o m  Coal .  C h e m  Eug .  P l o g ~ e s . ,  o .  8, - , P P .  / - • ~ ":-- ~ ~ . -¢ , : ~ , ; n , ~  : ~*: s . . , . . . . . . . . . . . .  .~s ,-~•--,-v~-,,~ , , - . .  ~ . , ' o • , - : ~-) 6" 0 r a w  m a t e r i a l  a r e  revlew(~L . ~ a . d r a .  g••s 1.. c n . - v ~ -  
e v e n  then  more  -rapid t h a n  b~  Cn n o t  ]0 ~isoned by  CO c ement ! t e ,  2 lie - d  p a t t e r n  w a s  m a d e  w h e n  tile: | 486, 49o ; Cicero.: Ahs. ,  ~ol. -t6~ 19;a-, Pr I1 ,  ,3 . . - . . . . .  v a ~ . ,  ,,,,r~ ~ , , ~  , .  hnn¢~]~ .T,c] d~.~zlfnriz ~- 

:- : ....... :MLxtures  Of CO a n d  H.~ wer'e adsorhe-d m o r e  r a p i d l y  su r~a t : e .was  b l . a c k 2 r  g rnY !n p a r t s  b u t  b e f o r e  C a~- | i t : h a s  heen e s t i m a t e d  t h a t  t he  inx :es tment  e r a  pt.ant :: : t  l e a  i~"eas le r  "th'~a'n"~vit~h'e0a"l - '~I 'n"a 'd 'onje~t '~red corn- 
t h a n  was  pu re  H~. COC. t r a c e s  ( f  w h i c h  a r e  f~rme~l p e a r e a  m - l ! 0 w u e r  i o r m ; : r i n s  p a t t e r n  w a s  pr incipal ly  I d e s i g n e d  to p roduce  100 mi l l i on  f t :  p e r  d a y . o £  m g n -  ~ L ~ : ,  ~ . . ~  • . . . .  a * , Z . . e :  . , ~ : ~ , ~ t  d , ~ u l f n r i z e d  

• ~n t he  su r face  r e a c r i e n s  w i t h  C O  t ends  to  s t ab i l i z e  o f ( ~ b u t  s o m e c e m e n t ] t e  SPaCmgs a ls  0 a p p e a r e d .  P r o -  | B t .  u, t i p e h n e  g a s  ~s a l P r O x m m t e l y  $,,2.v ln! lhou.  ~+,,~-.~ , , . ¢  n n ~  G . . o  ~ a h a ~ * ~  ~ e n i r a t e l y  nnd  
t h e  a d s o r b i n ,  ~urfa¢ e a n d  even  w i t h  ~u¢ ce s i t  a l god decomp SlF.i m y i e l d e d  a C-powder  l a y e r  and  the T h e  c o s t  o f  l q r g e r  l l a n t s  w i l l  be  I r< 1 o r t n  u a l  to t h e i r  , ^ ~  - + ~ o,,,, h , , :*  ^~ ~aa ,~ .~  x~ ha~,, svn*ho~;~ ,no I 
sorptlons ( f  H: ~ the surface (h es n t revert to it~ . nlface then ga',e only C spat'lugs. ~attcrns of amor- ] size: The ¢'ost }f prodmrlng ~he gas h a s  i~een sho~n to o~,~ oH,,,~ . e  o ,,~+~ ~ . ,  ~ ~,=e ~ ~ ,~v, e]n~a The 

' o r i ~ n a l  condi t ion.  V n d e r  t i l e  c o i d i t i i u ~  , f  t he  e x :  p h u s C  n r d i n a r i l y  s h o w  'on ly  spac ings  Corresponding b e  $ 0 5 5  p e r  1 0 0 0  s t d  fL~,when t h e  c h a r g i n g  s tock  i s  ~"-:Z#~,~'-~'~"~i2#'*~'~-~,~,~¢"~'~n~'{.~" ~'~,'~-n'n'J~ in  a I 
. . . .  l~er iments ,  n e t  a l l 0 f  t h e c  J s  r e duc e d  1,r-~L a n d  ~ol~,- : ' to "U,k'0) a n d  (00~),  b u t  s ince  t he  C r e s u l t i n g  f r o m  | a no~ ; : ak ing  coal . . . . .  . b a r  h a v i n g  a : h e a t i n g  , a i u e  0f:2G : eX~stge:iSe,~t:c~',~Zr'r'v~h~atm~'lmr~o n o f  ~t],;"i;0x;er r e - ' : ]  

l i o n  Of t h e  C,i in d i l u t e  HNO,~ ' sbowed t h ;  p resence  .decomposi t ion of  t he  C O  s h o w e d  spac ing  s Correspond-  ] m i n i o n  B.:t~ u;  p e r : t 0 n  aad  c o n ~ ' d u i n g . n 0  tar-form.rag : . u i r eme i~ t s  o f  t h ; p l a n t ' i ~ : p r o d n C e d  : T h e  g a s i s  t h e n  I 
: o f  e l emen ta l  C .  The  a p p a r e n t  e n e r g y  of  a c t i v a t i o n  of  m g  ~ o j ~ u z  I amt  p r 0 o a b l y  ( 1 1 2 )  t h i s  d e p o s i t  proved ! zna ter ia l s ,  a v a i l a b l e  a t  84.00 pe r  ton .  T h i s  s t u U y - l i a g ,  " ~ ~ - : :  * , - -  -~- ~t~a- '~'-~.~,,*,-  .:~:he.,,~ Ii uid  hv¢lro:  

a d s o r p t i o n  b f  ' co ,  is  ",,router t h a n  th 'at  :of  I t .  a nd  ~ de- tO he g r a p h i t e :  S i n c e  a m o r p h u s  &~ m u s t  b e  heated ' [ " : :  S h o w n  t h a t  t he  cos t  o f  CH~ f r o m  coa l  i s  c lose ly  r e l a t ed  , ,passe~t m:o£:~.~=. . :~: :~.~l~:; : :~. .o~,  ~ . { -  ,;(n~:[~'~r~:h- F ~  

: ..... ....... l l e v m w s  F i s c h e r  T r o p s c h  p rocess  a e v e l o p m e n t  zn 

: c reases  w i t h  i n c r e a s e i l i  t h e  a m  nn t  of  ,as  acls )ri  ed above  2,500 ° to be g r a p h i t i z e d ,  i t  i s  t h o u g h t  t h a t  in this  : ]  t o  t h e  c o s t  o f  eoal~ w i t h  f u e l  c o s t i n g  $4.00 per  ton, c::~Z~::st"~'~ "~'zz~ld~-'~'"'-'P~e';'omuera't'm'e'i~eo~tt'roll-et't : 
.q A v o w S .  ~ ~ i : . .  =_' ~ . . . . .  . . . .  c a . e  t he  C fo rmed  is  no t  a m o r p b u s ,  b a t  r a t h e r  graphi te  | ~uel  r e p r e s e n t s  ~t5]¢ o f  the  cos t  o f  gas ,  a t  $8 O0 pe i  t o n  ~, ~,+ ~,~ar~ *:.}" ": Z ~ - ¢ ~ ' n  ] n e n  eh~ v @ h e t n v  ]~V ] 

. . . . . . . . . .  • ** .~AYi~ )L~.TOX. ~, . AND ~,L]~.ER J : fo r  • • ' • . . . .  • . . . .  • .  ~y  w ~ e r r ~ . ~ . ~ . . . . . ~ . c s  . x . . . . . . h . g  . . . . . . .  . . . . .  ~ .  . . . . .  . .  P ~ 0 d u e t i o n  - f  ~ ; ~  . . . . . .  ] ..... ~ ~ ~ , ,  T ;~ ~' ; meal b y  deeompos~tmn o f  c e m e n t i t e  T r a c e s o f  0~ , | i t  i s  6 0 ~ ,  T h e  o v e r a l l  t h e r m a l  eff iciency o f  t i n s  proc-  ~ ~ s , ~ n ~  * l ~  ~-n~ m ~ ,  l i ne  ~ i l l  ha~-e a " / ,~-~ 
. . . .  . .  , . . ~ , ~ . . ~ ,  , .  ~ h S  x , ' om x n u u s ~ r l a ,  in  t h  ""  ; ' ' • " . . . . .  " ~ ' ~ " ~  . . . . . . .  ~ ' :  . . . .  ~" . . . . . .  " ~ .~e~  T T,~,;. ~^~ ;',~;. . _ .  - . . . .  = e CO prexen ted  d e c o m p o s l t m n  i f  a n  F e  p l a t e  w a s  | eSS  coral a r e s  f a v u r a b l ~  w i t h  o t h e r  proces.~es f01  ^ ~ ^  - . ; . , ~ , ~  ~ , . ; ~  + ~ , ,  ~ A , - . ,  V , . £ , . . ~ - ~ , , ~  ,,q/lq{,~ 

• " " ~ ~oa ~ .  " ~ -  z,  • ox . ~  . . . .  '~ , P . :  . .e  a s  ca ta lys t ,  b u t  n o t  i f  p u l v e r i z e d  F e  w a s  used. - 4  c o n v e r t m ~  coal  r o t e  lUt re  r e a d i l y  a x a f f a b l e  fo rm.  o f  -~r.n - ~ ~,t,~ v + . ;  , i  ~ . ~ , ,  ~,~.n. , ,¢, , , , .h, /~ ,~.nr~,l~,i" ] 
• ~ ~ ~,.,~,,~ ~ :~, , ,~ ~"  ~ '~ ':. ~ -  " i : ~ . ~ .  . ! 3 .  AKEas ,  ~V~ W . i  .~xn ~ W ~ ] T ~  R R K i n e t i c s  Of : ; ~ |  ene rgy '  ~ I t  l m s  a l s o  show n r !m~  >90~..c. ef~tl~eco~t:  0 f  : ~ c o n s i ~ t i ~ J  o f  a h o u t  4 100 1 hl  m o t e t  f u e l  and  9 0 0  

: l_T=7~e-~.~7~"~:~;:~,~-7?~ro~ar,~on~m~rom ~ u  an.o : : ~1eth_ane Synthes i s .  C l ~ e m . - E n g . ' P r 0 g r e s s  v01: 44,: ::~.| : ]producing !!ig h ' B  :t' .u.  ~ ! p e n n e  g a s  nes ,  ! n t _ a e : p r ~ [  b l d ~ 0 f  D'iesel fn~ l ;  are'  o b t a i n e d  f r o m  60000 :000  cu.  f t .  
: mat 'e l~  ~ ' ~ " r a / v ' - ' : ' - " ¢ ~ ; ' ~ ) ' ' = : a s  ~ :  reu~}ce~ ~o approx , -  .No, ¢ 1948 pp, 553=-560: C h e m  Abs  t e l  4 2  1 9 4 8  ~ : |  ~ d u c t m n  Of t!m Imr~f iea  ~yn~neszs gas. . j±~mremre,~ ~ 0 f  ~ ,at l rn l  ~ a s  In" a d d i t i o n  t h e r e  w o u l d ' b e  360 bbl  - 

- . ~.~ g ~tau pvr  ±tn~ t 'u ~ r  u r ~ a n l c  ~ C o n l p 0 U n U S  ' " D  0 0 ~ . ~  ' " . . . .  . . . .  ' ' ' : ! : ~ff(rt-~ t o  r educe  t h e  cos t  n u s ,  De o i r e c r e i  [awal,~ _ ' T %• - ~ ~ ' : : ~  ~ ~ o "~v enn.-- • . ' . ' ~ ' ' --" - - - -  " . ' . - " .  " " o I  oxv~ena[e~  l~roancrs  : " ~ 1ILl: : na~ura .  g . s  -~ v - - o  , a r e  iemo~ ed by  h y d r o g e n a h o n  over  p CuO=-PbCrOi-Et  : : : ; . . . .  : " ' ~ | r ~ d u c i n g  t h e  cost  o f  t h e  S y n t h e s i s  gas .  PrOl)er selec-,:  :: . : ~ =  .~  . .  . ~ . , :~ ,. . . . . .  ,~ , . .  , ~ • I 
. : 0 r t h o s i l i c a t e  catalyst ,  a n d  H.~S, i s  then  absm'bed .  T h ~  : _ ~ e n .  CO and H~ m i x t u r e s  a r e  pas sed  :over  a r e - i ~ : |  : t i on  a n d  p r e t r e a t m e n t  o f  t he  Coal to  a l l o w  . i t s  i n , r o t  ; :  .Per ! '~°°  ca .  ,x~.~ u ~  (~o.~sr pe r  ~al~ 0~ , a l m a  ~ue~ ~ 0 m e  [ 

: ' : :  . p u r i f i e d : g a s  i s  p a s s e d  o~'er a N i - M n - A I  c a t a l y s t  sup-  ~acea  ~ c a t a l y s t  a t  3 0 0 " - 3 ~ 0 '  and  1 a im. ,  C H ,  i s  pro-~::~;| : : d u c t i o n  i n t o  t h e  g a s  g e n e r a t o r  W i t l m i i t  p r i o r  ~.emoval : De apm?x~mare,y , -=.~a.  : : : ~] 
: : p o r t e d  on k i e s e l g u h r  a n d  cemen ted  t o g e t h e r  by E t  u uceo u y  u m  reac t ion  CO+3H:=CH,+I=T~.O.  CO:  *s ~ # ~ f  i t s  t a r  n n d : o i l  con ten t  wi l l  e f f ec t ive ly  r e d u c e  i t s  S e e  a b s :  1399. ~ [ 

: :  : . . . .  o r t h o s i l i c a t e  at: 450° -480L A s  t h e ' l s t  f e w  ~ndhes o f  : formed( ,  b y  t he  S i d e  r e a c t i o n  CO-}-H~.O=CO~-}=H~ .'.-[~| ' ,20St, r e s u l t i n g  i n  10werdd ga s  c o s t  • -  : : i 9  £ i .~Ex ~ .~xl~ CI-~R~ : ~. ~ p p r n i ~ a l  ~ f  G a ~ ;  ] 
; : : t h e  c a t a l y s t  bed I e r f o r m  m u c h  m o r e  w o r l ;  t h n n  t he  : warbon  ,~s no t  f o r m e d  d n  a p p r e c i a l  le a m o u n t s  under .~:,*:! - ~ "  ~ ' ,~  : " " ~ 2 0  3 6 2 i  -: - ' L=" . " :  ";. " "  . :  . '-= " . : "  . = 

• • " ' t h e  c o n d i t i o n s  s t  l , ~ 7 " :ALnlIECHT; ~V; ~a. ,. '(~.aoS oo , • ~ y n t n e s l s  (~pera t lo  s t*et rol. L:~ro(csslng VOl. o, . ~ succeed ing  l aye r s  ~ h e r e  i s  a t endency  to n r o d u c e  a h o t  . ! d ied .  : T h e  r a t e  0 f  r e a c h o n  between :~}~,J : . . . . .  : . ~..~ . _x .~  : ~o~'--a~n ; - ~  ÷ ~ ~. ~ x"  - - i a a  x , , , ' l a  
' s p o t .  A d s o r p t i o n  Of t h e  p r o d u c t  n r h e  s 'urface  o f  the ' :  : the  adso rbed  r e a c t a n t  m01eCu]eS 0n the  a c t i v e  :centers , : ~ |  ' :  : :Aum~e~w,  w .  : H ,  _~.xv W~.DEKI.XD. E .  [m~stm; 1 ~ ,  p p . o ~ - ~  . . . .  a~. ~ e , , 0 .  r . , e u s ,  ~ o~. e - ,  - : - : :  . . . . . .  I 

: : . c a t a l y s t  exercise  s a r e t a r d i n g  ; ac t i on ,  i n c r e a s i n g  With  : Of the:  c a t a l y s t  i s  t h e  r a t e - c o n t r o l l i n g  Step i n  t h e  syn; :!!!!~ .: : ~ g u i s h i n g " t h e  D i f f e r e n t  T.Ypes.ffOfr ~ r ~ c :  Ox~p:~aend : ! . :  : lV4~, p !  "-~.: . . . . . .  ,: ~ .  ; ] 
: ,  : ' :  t h e  p a r t i a l  p ressure  o f  t h e : o i l  i n  t he  c a t a l y s t  e h a m l  er  , thesm o f  ,CH~, : T h e  ra te : :  o f  t h e '  CH~-Synthesis  re;  ; ~ . ~ | .  : .  :,~ H y d r a t e d  Ox~de~ b~'. xnen :  ,~.x e e .  ; ~ g 2 p : :  ::; .... Paper .=presented  b e f o r e  the ,  W e s t e r n  Pe ty0!eum : l ie- '  I 

: ~ :  ~ T h e  P r e f e r r e d  ~merhod o f  0 p e r a t i 0 n - i s  t o : ~ s e  t h e  d , a t d , : J ~ a c t l o n  i S c o r r e l a t e d : b y ; t h e  e q u a t i o n :  ." : . :  : ~  " - . ~ | ;  : :c :  ,-: , ~ r t i e s ; := I I I :  : : H y d r a t e d : . F e r r m  OX~d e From:  t he  ~ e - - : :  f lne r s  Assoc i a t i on ,  3 6 t h  a n n U a l : m e e t i n g ~  S.+mliesis 0 f  [ 
::;:: : :~:  ,. :: lys~in26r:3partsandto~ehibve;theprodhctsf0rmed; : ~ : : : : :  : ~ ,  (eompqsiti0n;of:Iroapentaca~:l)nnY!J ~ S<!e:al~s(;3622~::: : l iqn id  f u e l s  f r 0 m  n a t u r a l  g a s  w i l l  r e q u i r e  i n v e s t m e f i t s  , 

~:::_: ; :  : , :  . , : . :  :: a f t e r  .enCh::stage. J T h i s  x e s u l t s  in: ;a=grading o f  o 1 w i t h :  :::--::. :: -::;:: ':~: r =  " ~  v c 0 # ' m -  " ~:::: ' ( ~ '  : :  ~ |  : ' :(  :::::'-~: ~ " . : : . | D i s t i n g u i s h i n g  t h e  D i f f e r e n t ~ T y p e s : o f  5~ - : : r an$ ihg :  f r o m  :$3 000.00 ~o::$4 000.00 , p e r  b b l :  p e r  : d a y  : 
: :  ~ , : :  d e f i n i t e  v a r i a t i o n :  i n  : ' con~en t  o f  ' u n s a t u r a t e d  h y d r o :  ' : •: " : , * ( A ~ - B P c o - P D p u % +  E p c i h ) ~ ,  :~ : ,  : ~ | :  : ; ' F e r r i c  OXides a n d  H v d r a t e d  O x i d e s  by: T h e i r  Differ- :  a n d  Cost $0.0914 p e r  g a L  ~ v l t h b u t  c r e d i t  fo r  chemica l :  : [ 
• : :- ~ Carbons i n c r e a s e d  t h r o u g h p u t '  Of g a s  per  . u n i t  Volume: : , ,  The  initial~eate:~dv ~ori~:inei~,( ,~ ~c~ ,~;,, ~ :  L.-,~:~ed-:~:~|: : : : : ~  e n t - M a g n e t i c  Pr0~e~:ties,  : : l V ]  ~ c e .  a b S :  3623: i . ? p roduc t s ;  T h e . s t e e l  r eq~f i rdment - i s  a b 0 u t ,  6 t0ns  p e r  

, , -  -~ o f  c a t a ly s t  a n d  a n  increased :  y ie ld  o f  0il=fz'dm a ,qveh,  ' ~ -  ¢~-~ , . .~ ,~ :~ . i  ~:~,~£~ . . . . . . .  " . . . . . . . . . . .  ~!~|  : : - ;  : , :aw~,h/~;~ v/:-~, :~ ~,z~ n ~  146'0 =. • . . . . . . .  " .... b b l  per: da~  ' :  T o  m a k e  gasohne= f r o m  coa l  wm~ d- re- ' 
. . . . . . . . . . . .  v o l u m e  of g a s  . . . . . .  ~ ' . . . . .  . . . . .  : . . . . . . . . . . .  ~ . . . . . . .  " . . . . . .  ~ . . . .  . . . . . . . . .  ~ |  : = '  - - ' " =  " . . . .  " " ~  N a t u r a l  Gag; to  q u i r e  a p p r o x x m a t e l v  t i m e s  t h e  i n v e s t m e n t  and double" 

, ~ , : , ~  . . . . . .  ' .  , "  . : ,  - -  b~', £6 ~LDEN 1~ ~ u 0 n v e r s i 0 n  o i ~ r y :  ": ,= - ~ ' " " : = , ~  : " : '  1 "' • . : ' :  . . . . . .  . , . ,  r = . A  ( P c o m B )  " : ,  :" : : - . ~  • : : '  . . . . . . .  " ' '- ~ . . . .  . . . . .  . - : . . . .  t h e  a m o u n t  o f  s t ee l  a n d z t  w o u l d  c o s t  $ 0 1 1 4 - ~ 0 1 6 4 . '  
: ,  < 0. ~[Xl}DLETO-N, ~V~ ~ ,:.~..~D ~]AI.XER Y. P r e d u c t m n -  ~ :- : . . . . . .  ~, : . . . . . .  . . . .  L i q u i d  F u e l s  W o r l d .  Pe t ro l ;  ,vol . - :Li  ~No. 4 . 1 9 4 6  . . . . . .  : "  ~ - -="  . . . . . . .  '~ ' :"  = -  ~ - - - o f  s y n t h e t i c  ] 
' :  : : , ' "  ~ Of Hydrocarbon"  0 i l s : F r m n  Ind i i s t r i a l~ :G a ~e s  I I  T h e - r a t e  ren ia inS a l m o s t  c o n s t a n t , u n t i l ' t h e  r a t e  of~.;(~J~ . :  ~ ~pp 2 t 6 - ~ 9 ~ , . 7 0  GaS a b s " ~ b l  o= N o  5=1946 p . : I l S  : :p.er gal .  =Lo p ~ o 3 n ] c e : u ~ v , ~  o m ~ p e r  u -  ( , .  _ . . ~  
; :  : ' 3 0 u r  S0c~ Chem: I n d  y01J55  1936 pp.: 12~1~124T : : C H , : f 0 r m a t i o n  equals :  tlie '  C O :  r a t e  : T h e r e a f t e r  b 0 t h : ~ . ;  : - C a ' e r a  A b s  ~ol 4 0 : 1 9 4 6 ' p  3248 : ": . . . . . .  " : : :  : o i l  w o u m . r e q m r e ~ u , ~ v e : c u :  .X~ o~: namra~gaS~rs~_~:vn  ~. 

" : , : , ,  C h e m ; A b s  t e l  30, 1936 p 5 3 9 3  " ' " : r a t es ,  a r e  equa l  a n d  t h e  C H ,  r a t e  e q u a t i o n  can b e , = ~  : , .  ", " -  ' ," z ' : . : lo.  ox coa~ p e r  g a L : o z  mo~or xt e p o a  • -- - " I 
...... . . . . . .  ' . . . .  "' " '~  ' ' ~"" ' '~ . . . . . . . . . .  = ~ s ~ " ~:~ " - . ~ - - . . . . .  : ~ 1 ~ . ' =  - " " - : : :: t h e s i s  p lan ts ,  w o u l d  c o s t  6 b i l l i o n  d o l l a r s  to  b u i l d a n d  
: i  . , , :  • D i l n t i 0 n  o L t h e  ~eae t an t s  d0es  n o t  l o w e r  t h e : y i ~ . i d  ~: }!~ eu a s : , ~ e  w '~-" ra~e equat io3  i : :  ; : :  • : : ; ~ : ~ - :  , G e r m a n y  a n d  i t s : : p 6 s s i b l e  a p p l i c a t i o n  i n :  t i m  U n i t e d , : : , ,  r e q u i r e :  3 9 6  : ~ i l l i o n  t o n s  o f  s t ee l  c o a l - s y n t h e s i s  
• : ; : =  .>: : : : : : b u t  :decreaSes: the  r a t e : w h e n  t he  d i l U e n t s  e0mprise:~: :14. ,Ax~z~mVLI M.~K. [Hydrogen'a'tion-,of:.~Ion0c~'clic~:~:::( :-States;  E i t h e r  e0a l  o r  n a t u r a l  g a s  e a n  be u t i l i zed ,  b u t : :  p l an t s :~v0u ld  Cost  5 2 b i l l i o z ~ d 0 1 l a r s a n d  u se :565  t o 7 . S  ] 
--.=::, : - =  : : r e a c t i o n  pz;oducts: t h a t  a r e  ; adso rbed  o n '  t h e c a t a l y s t  : A t 0  m a t i e  ~ :Hydrbearbons  o n  : a :  C s b s l t  :: C a t a l y s t - ] ~ : : ' ~ : / , =  :)~he: laf~ter i s  b e l i e v e d  tO :be= s i m p l e r :  a n d  c h e a p e r ,  to ,  m i l l i o n  t o n s  d £  s t e e l  N a t U r a l : g a s  r e sez~ves : r equ i r ed :  '1 
~:: :: ~(" ' ;  :'~: : T h e '  d i s t i l l a t i ° n  Cha rac t e r ' s  t i c s  Of ~ t h e  :p r0duc t s  a r e , ,  ' :: ff 0ur .  Gem,=Cbeni. :U; SisSy: R:.: t e l . , 19  1 9 4 9 ; : p p i  ~ 6 ~ : ,  ~' 0potato.:" :3 :5 -5 :  ga l .  ' : o£ :ga s01 ine :~a re :bb t a inab l e  :from~. ~ ~f0f  20:  'vr  0 P e r a t i o n :  :are: 4 7 . 5 : t r i l l i o n :  c u  f t .  a n d  c o a i :  
:: : ~:, '  ~ . : : : : i ndePenden t  0 f  the=C0z~taCt: t ime a n d : t h e  c o m p o s i t i o n  ; :  ~ 4 6 7 0 n  ~ ,ngl i sh  pp:  2 2 9 - 2 3 9 ) : ; c l f e m  ~AbS..vol:  4~. ~ ' ~  : : ! , 0 0 0  Cu. :f t .  :gas .  o n e  o f t h e  d e v e ! 0 p m e n t s : i n !  th~s .... ::reServe~ r e q u i r e d  a r e  2.9"2 b i l l i 0 n  tbfiS G a s '  r e s e r v e s : :  

, : - : : o f  t h e  charge :  A p r o d u c t  0 f  h igh:01ef in  e 6 n t e n t  SUit-:  : : 1 9 4 9  p .  6172; :~ . . . . . . . . . .  :: ..... : • : ' , :  " ,. ~ co, re t ry  i s  a n  ~ e  c a t a y l s t  W h i c h : g i v e s  a h i g h e r  oc tane  . . . . . . . . .  a r e  ~-current ly  1 6 5 9  t r i l l i 0 n  eu:  f L  ~ a n d  

": : : ,  8 ! ~  Chem::.Abs:,: tO1. 

" -  catalysis::.: : :L.  > : : - : : :  

• _v Chemlf! ; C.H;ds' comp~ete]y:hYdi.~ 
7.:'pp 78-= ";  2 0 8 °  CJ:I ,  Me.~ a t 2 2 8 ~  

• -,, m d r e  a c t i v e - t h a n  p u r e  C d  
' : :  . . . .  : : r e d u c e d  f r b m  the  £0rmat~ 

r e d u c t i o n  
: : : -17 .  ' \ : :  .:~ ~ G 0 n ~ , 6 r s i d n : o f ~ a t d r a l  : G n ~ i  
• ]Puels:il : P e t r 0 1 : R e f i n e r  :;tel• 25, ; lq0:  11,:!9~ 

. .; :~ Pe~rol: P r o c e s s i n g ,  v o h '  1;:1946 p .  2 4 6 ~ ' :  
i: :~ \ :~kbStract o f  :a pape ' r  p r e S e n t d d : b e f 0 r ~ : t h d  

Na tura I :  G a s o l i n e  As§oe ia f i0n : : .  G e r m a n ! d e )  
,,::: i n :  t h e  COnversion O f  c0ke a n d i i r o w n  coa l  

..... : : .pos!tio n o£ Carbon !~fonoxide: by  i r o n  ~] B u l l  C h e m  : ! a y e  c a t a l y s t s  ~ r e -C~6~  ~ a ~ - d ~ o ~ a n d  ~l'_.~': :n~d'Co - :  f O ~  :~ l Y s t s ~ n ~ ' ~ : ~ ' ~ ' ~ ' ~ ' ~  
: :  : : ,: : :  : ( , -  : :_$oc,/apan£ v01=2:~ :1949 : :pp .:127713! ; Chore:  A i 0 s . : '  '~C~H,M~ , Ah( ) , : and ,  CO: Ss T e r y ' : d i s t i n e t i y '  m o i e  ; a c t i v ~  : : r e d u c e  t~ze::"eost:~o ~ 
~: , : :  v?~. ~e~, , x ~ , p . , ! o ~ l .  : ~ : : : .  : .  : : :: : tha  n Cr.~O, and  C o . : ~ : T h e ~ r a t e : 0 f  h v d r o g e n a t i 0 n  f a l ~ /  W i t h : f i l e  l a r g e r  scai  

a y  e s t i m a t e d  ::at i 6 5 . 9  t r i l l i 0 n = c u :  f t :  a n d  
.... : : : . :  ~ r e s e r v e s  0f., t o t a l  l i q u i d  h y d r o c a r b o n s : n p p z o x i m a t e l y  

I~iquid -!,::-:2:512 b i l l i on  ~bbl. ' Sh i ce  "50% Of t h e  e n e r g y  , in : n a t u r a l  
: p  :~.9~ ; : :  g a s  Would a b s o r b e d  : i n  ( t h e  s y n t h e s i s •  t he  : f u e l : 0 i i  : 

' :,:~?: : !::: : equ iva i en t -0£  t h e  gt /s  n s e d  f o r  sYnthes is : i s : :13:8  biUibn:: 
d i f0 rn ia¢ : :  ! ~ b L  ~ b 0 u t  S 5 %  o r  ! 1 7  b i l l i o n  bbl•  w 0 u l d  be :~aso l ine  ; :  

vefol)men~sin~th~.several~rocesses,lh0weverfifi~ w h e r 6  e f iough gas rese rves~  a r e  a v a i l a b l e ,  0.5 t r i l l i o n  
ng : cheap  : o~  i a r g e  bed r e a c t o r s , '  iznpr0~:ed c a t ~  ~cil i  f t . : : b e i n g z m c e s s a r y  to  r u n :  o n e  7,000-bbh-i)er,dhy: 

a n d , f l u i d i z e d  : c a t a l y t i c  o p e r a t i 0 n k : w i n  1)robably:! : P l a n t  i o r  2 0  y r . . -  F u t u r e  gas . syn thes i s , :  :up  /to Seve ra l  
-'e t h e :  cost~. to as  l ~ w  a:s $0 .os :~pe r  gal .  ;::TheSe,: h i l n d r e d  t h o u s a n d : b b l :  p e r  daY, couid~be" s u s t a i n e d  :by, 
: f i le  l a r g e r :  s ca ie :v f : .  A m e r i c a n  0pera t ions ,  ::hdx'e ~i : o u r (  nah i ra l -gas : : resom!ceS  pro~:ided,:  ( a ' ) t h e  i ope ra t ipn  

: S: ̧  : ~ "7 ~ 
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coal wonld require ab0!~t 2time.~ as nluch investment 
and nearly 2 times as nlitch steel. Coal required wonld 
equal 28~ (,f tile 1~4:~ pf'oductf0n: NaInral-gas re; 
serves have been increasing at a faster rate than tile 
marketed production of natural gas, Which has been 
doublin~r every 11 yr+ k producihle natural-gas re- 
serve of 0.5 trillion cu. ft. is reqnired to Sustain a 
7,O00-bbl.-per-day gas-synthesis operation for 20 yr. 
In  only 10 States are there known gas reserves of 
over 1 trillion cu. ft.. and 0nly abont 50 out of 426 

, gas-producing fields have resel.ves g r e a t e r  than :0 5" 
: trillion Cu.: ft . . .-k substantial gas-syntilesis~ develop- 

meut ~nmst depend on new gas discoveries. 
21. ALImZCH, R.C. Mannfaeture and Regeneration of 

Pischer-Trol~Sch Catalyst. .~'at. Petrol. News. vol. 

ue~s. Cllem. Trade Joar. voL :122 1,q43 u R ~ -  , . + , . .  , 

B ! O S  F i n a l  l~ept ,  1590, ~947, :3~ pll. i P B  91+fi72. +~ 
Soaps  : f rom t i l e  s y n t h e t i c  f a t t y  ack l s ,  e v e n  w h e n  

t h e y  : fo rm o n ] y  1(}--205~- o f  t h e  f a t  cha rge ,  h a v e  a l l  nn -  
pleasant  odor. which is inll~arted to the lnnnan skin 
when washed wilh tile sO:IlL Tile exteut varies with 
different individnals. The odor is not fonud on cloth 
washed with the soap. Refraetionatiml of the fatty 
acids a n d  renmval of the lowest molecular-weight 
acids give some imln'ovenient, The Odor aY i e due 
ill part : to flec0mposition thnr  takes piece during;heat- 
ing 0f the anhydrous soap to 3t;0" C.. u'hicli IS c0mnlen 
to all Gerlniln la'ocesses 1)eve]olnnellt of the process 
in Bngland dellends on finding enough r a w  nlaterials. 
25. ALLE.~', C . . F . H .  The 0xo Process. Syn. 0rg. 

" co 3T, 19-I~, pp. R922-RP'24: CIOS l{ept. ~,I~_, Chem.. Eastman Kodak Co.. vol. 23. Xo. ~L 1946; 
X-1S-X~'-5. 1944. 25 pp. ; PB 373 U . O . P .  C0. Lib. Bull.. vol 22, Xo. 5, 1947, p. 29. 
Operation of the Fiseher-Tropsch unit of the Car: Oxo process developed in Germany produces 

ri~res-Kuhlmaun plant a t  I-larnes, IPrance. Of the straight-chain aldeliydes and ketoues from olefiUs and 
operating persmnlel of 120 men, 40 are employed in : w a t e r  gas,.  the ~ormer lu.eflolainating. The U s e  of 
cata lys t  mauufacture aud regeneration Capacity Of : hydrocarbons terminating ill i ~=CH.. ftti-ors profluc- 
the plant i~ 350 bbl. per flay. The % composition: by tion o£ aldehydes. For example, if C~..H, i s  used, tile 
weight of the finished:catalyst before hydrogenation: p roduc ts  a re  llrOpionaldehyde and diethyl ketone, the 
i s :  Co 18.0. Mg0 1.8. Th().+ 0,9, kiesel~ahr 79.3c/c, former ~ being 70c~ of t h e  total. T1)e produc~ ~rom 
40-'~0 kg. HN0a (30 ° B J .  and 90 kg. of Na.~ C0~ per unsathl:ated hydrocarbons containing 11-17 C atoms 

: 100 kg:  o£ catalyst. The: Co nlust lie 99ca irate, the lies beefi file l/asie Starting material. The reaction 
other 1% being Cu or Xi. Th0.. nmst n o t  contain can be carried out in batches or eontinuonsly, lares: 

• :: even traces of Pb o r  P, and the Ca0 must  be less than sures-used are about 150 ann.  With temperatures up 
0.29'~ by weight .  The kieseiguhr must no t  contain  to 180% .After partial e0nversion and separiltion of 

: Fe or lin)e, The Si0: Content nmst  exceed 927c,;but : th e oxygenated fraction bY distiilation the'resid~le is 
the sand content  must  not ~ exceed a f e w  % All 0 r e  m a d e  nil ' wi th  new : g ~ s  a n d  recireulated :The 
ganic matter  m u s t  be removed by roasting a t  800 ° :catalys~ consists of Co, Th: and Mg carbonates on ;i 
but not greatly above, as the structure of the par, kieselguhr suspended in  Diesel oil. The catalyst is +7,¢ 
t ides will be destroyed. Kieselguhr from Kieselguhr- not sensitive to S, so removal of S compounds from 
Industrie-Hannover No. 120 is One of the best both the wa te r  gas is not necessary. Possibilities of the -~ 

" as to impurities and particle size; and ffohns-Manville process a r e  great. Th e  carbonyl compounds formed :~  
Piltracel is sat isfactory.  Describes manufacture of ~ can b e  Converted into other substances by: knOwn .::~ 

• the catalyst and its regeneration in great  detail, to- chemical processes.: :For example, reduction in-pres ~-' :~ 
: - ' ge the r  with the accompanying chemical reactions • : ence 0 f a  Raney Ni catalyst gives the corresponding ' 
:::: :: : : 2 2 . . ~  Synthetlc Lubricating-0il' Pr0duei ibf i : in ' '  alcoh01e~ These can be sutfated t0 pr0ducethe modern ~:~ 
: "  1~raiice; "+ Nat .  Petrol:" Neu% voL $7,  No. 4~, 19~5 " : detergents. The decelopment is only beginning, how-" ~i 

• i ~ P .  R$59-R890; CIOS Rept: XVIII-~,  1945 9 pp. '  ever, :and many technical  difficulties ~:emain to be 
U .  S ;  Naval Tech. Mission in Europe Rep~' 80--45~ overcome. . " : + 

. T0i~I Reel 19(I; PB 365. • AZI~.W; J .  G. ~eeabs. 1477. " :!(i 
" Two processes a r e  described: The S tandard  Kulll- 2S; A ~ G ~ M ~  0gL-u~n F ~ r : Z m z ~ x o .  [ProPerties ::! 

mann-Lestaque near Marseille and the Kuhimann of Synthetic Kogasin Lubricants.]: Vol. 35, 1938, 
Co.-Harnes near Lille.  The  first process used Fischer:. PP: 124-126. : : . + : ~!~ 

. : Tr0psch:gas 0il benzol and: dichlorethane :as raw :After! referring to the ~i~cher:Tropech prodess and ~:;~ 
=~:" : m a t e r i a l s .  The gas Oil should be highly paraifinic and the advantages the produc~ has over c0al arid na tu ra l :  +~ 
:: : b e  produced b y  carrying o u t  the CO: H~ eynthesis oils owing:to its greater Uniformity, reference is made ~! 
: : !  • a t  a ratio,: o f  2 : 1  and holding down the temperature:: l e t h e  Control that can be exercised over the product. ~ 

equation log K=-- l /0 .4343.R~fq/~ '" t+  constant are I Gas and Synthesis Gas.] Brannkohle, vol. 35 1936. 
calculated 1"rein the different vetoes or K an(i tile pp. 49-5-511 ; Chem. Abs., vol. 31, 1937, p. 1584. 
effect of temperature on the specific heats of the gases. Comprehensive review of plants and processes for 
28. ~ .  [Brown Coal Gas for  City and Synthetic making water  gas for synthesis purposes and a dis- 

Purposes--Tile Kassel Parallel Current Chamber, cussinn of the correct conditions for  producing syn- 
Bubiag-Didier System.] Gas- u. Waeserfaeh, vol. thesis gas are  presented, with an  analysis of costs. 
78, 1935, pp. 433-456 ; Tech. Bliitter, vol. o-5, 1985, 32. ~ .  [Brown Coals llS R a w  l~Iatetial for Town 

Gas "and Synthesis Gas.] Braunkohle, vol 35 1936, p. 392 ; British Cicero. Abs., 1935 B, p. 756 ; Cbem. 
Abs,:vol. 29 1935 p. 6731. ~ : : : .: p ;  SSg Chem. Eng. Cong., World Power  Conf., v o l .  

::: Brown coal  or br0wn-coal briquets are carbonized ; El ,  :[936 20 pP:; Chem, Abs., ~'ol. 3i, 1937+ p. $157. 
in vertical chambers heated externally to 1,000 ° -  " : An addendum is presented. Tile Pintsch-Hillebrand 
1300 °. The brown coal gradually passes down through process yields a gas suitable f o r  the Fieeher s~ltlleSis 
the chamber, and the distillation products are cracked in 1 stage. I t  contains 159"~ inerts  (CO.-, CH(, and 
by passing down: through the hot coke before being :N.-) and 85.c/o of H: and C0 in the ratio, H= : CO=2. 
removed through outlets at  various heights. The coke After catalytically converting the CO imo CO.+ and 
in the lower par t  :of the chamber is steamed to gen- washing Out the la t t e r ,  the gas contains 97-98~ of H:. 

• crate water  gas which mixes with the gas produced " Data, provided, by J. Pintseh. A.-G., are.given, for the cost 
by carbonization. : Provision is made  for the continu- of erecting nud operating a plant  ymldmg 80,000 m. 
ous removal of the coke, which is  used to generate 0f synthesis gas /1) r ;  : . . ~. : :  
producer gas for heating the chambers. The yield and 33 ;  . [Manufacture of  City ~as  and synthet ic  .... 
quality of the gas may be varied within wide limits G a s  From Brown Coal and Other Low-Rank Fuels.] 
by adjusting operating conditions, :So as to produce a ~ii : Gas-- u. Y~'asserfach, Vol; 79,1936, pp. 594-596 ; Chem. 
gas of 450 B. t n- per cu. ft. or h igher ,  or a gas con- Abs., vol. 30, 1936, pp. 8572-8573, 
:taining less than 4¢/o CH+ suitable for synthetic pur- : Carbonization and gasification processes fo~ b r o w m  
poses. Gas similar in composition to  coal gas may be coal are rev iewed briefly. A t  Dessau  a mixture of 
made: if the excessive amount of CO--is washed out. low-temperature brown-coal g a s  i s m i x e d  with coal 
This is accomplished by means of a 20~  K=C0, solu- gas Successful experiments wei~e made:with brown : 

; tion ' the regeneration of this: solution requiring about ::: : co~ in the Bube  and Heinze g a s  producers: a t  t h e  
i lb, o f  steam per 3 c u .  ft. of CO: Possible Uses ~for : :  Hel le 'and Dresder/gas works.  Z i t t a u  has Contracted' :" 

'::~ C02 are discussed, and costs for i ts  removal are Wen .  for gas to be made from brown coal in the Lurgi high- 
Losses of the Wash solution are negligible, less than pressure gas generators, With a mixture of O.. and 
20% per y r .  The tar is similar to high-temperature . ~ lib0 vapor. Several other processes have been or 
tiir, but the y~eld is much lower. The light-oil content - are now being operated on a semi-plant scale. 

J! is about 0.095--0.16 gaL ~er 1,000 cu. ft., but this may be : =34. ~ .  Manufacture o£ Town Gas a n d  Gas for 
increased by introducing petroleum oils or  brown-coal : Chemical Synthesis Prom Lignite. Trans. World 

~:~r into the. chamber during carbonization Gas mann- - . . . . . .  En Con 1936 E 6 30 
lectured by this process has been used Successfully in ...... +:: :~°~teJh ~ : m  ~nbe.m,'193~'B p ~ 2 4 :  : '  PP" : '  
ordinary gas-burning appliances both alone and mixed: . :: .'~: " '  . . . . . .  ' : " . '  : . . . . . . .  

!~(:with the ordinar City as a n d  the eXnerimental Ulant I t l s  emphamzed:that:carbomzatlon-processes must+ 
~i ,has been in con~inuoU: operation since October 1934, be adasP:~dtOomSU~hbsr0vwn C3oa~S~ ~na~l~SeProO;eeS3~sare ": 

,covering ~.--~, Of the Kassel gas:requirements. C o s t  - m s c u s  . ~ ,- . , v ' - = :~  +--*~'^~'~ a ~  
:data are ~ve~i for German conditions: laboratory ::d i t i°ns.r°r. . .pr0aucmg ~own:ga~ a ~  . . . . .  g 
apparatus for carbonizing brown coal is  described are dealt wlm.  : o 

~+~htch ]permits comparison of various brown coals. " ALZOLX0, R. See abs. ~37. 
~ " AI~UM, R. E: ~ee abs. 291; : ~9:---i---[Direct-cUrrent:Degasificati0n Process Of  :" ~ . 
ii ~:'' the K a s s e l  Oven of the  Bubiag:Didier~ S y s t e m . ] -  :85: ~ u k s r ,  :ff.~A. Catalytic Synthesis at  High 

:Brauu~,~hle v01 34 1985 ~u 419=-4o3 ~ Chem +Abs + 'Pressures. JoUr Chem Edueation~Y0 h 3 t926 pp. 
~:= v^, ,Z- :~ .~ :  " ; , ,~"  "~'" : 7 ~ ~ "~ "'~ " ~+ 385--389" Chem: ~Abs v o l  2 0  1926~-p 1937 : i:it+'~ m. OU ~ O  p;'~O.tU.: < • : : • ' , .. : , - " - 

• : i ,+ ¸ ~ . . . .  ~ ~ 

+ 



6 BIBLIOGRAPHY OF FISCH:ER-TROPSC'JK STI%"rHESIS A.N"D REL/kTED PROCESSES ~,~ > . LITERATURE 

IIeriews~"H|synthesisnndreactionofC0withH.-ta 0.40 iq l ~  t h a n  t h a t  predicted b y  the  s imple  r ~ g e  6 0 0 ° - I ~ 0 0  ° amounted to 2:.~14* c!' .  f o r  t h e  
f o r m  .Me0H and  o ther  substances.  B runaue r -Emmet t -Te l l e r  equation, T h i s  discrel)anc2r j various charcoals ,  A e t i v a n o n  o i  t h e  ~'mm~.~q~T~.e 
a . ' A L ~  EIST, ~'. A., ~ND CRITT~.~'DEN, E .  D. S tudy  h a s  been explained m a  ways -  (1) I t y  a s s u m m g t h e  , | steam w a s  shown  t o f  o r m ~ e r y n t t i e  u e  ~' - -  ! 

i ;  
no~inn r t  ~g .~h ,~ ,  *h , t  K n '  bo.q n m a r k e d  nromo~- s u r e  is mult ipl /ed hy  a constant  t h a t  is  less  t h a n  1, ~ | lta. A.nnZRSOX, !R. B.. FELILMA,W, J ,  A.Wa STOaCI% H .  H .  
. . . . . . . . . . . . . . . . . . . . .  :-" : . .% ' . .  ,'~ . . . -  u sua l ly  ore,ring between 0.6 and 0.7. T h i s  constant  tg  ! e ~ g i ~  of  A.IcohoI-~ by Hydrogena t ion  of  Ca rbon  
i n s  act iou in t!le presence or  m m c u i t ! y  r e m ~ l e  - in terp* 'e ted ' to  m e a n  t h a t  the lleat or  f r e e  energy of  I ~'f=~o.xide I n d  En~ "Chem 7tel 44 195 ° P p .  
oxides oz an  aciuic na tu re  zor example  m o s e  oz oun, ~dsor,)~ion in th ~ Od to ]( |th l e w i s  is less  t i lau *~ " ' J  ~u~ . ~ _ - , , v .  . L'" . . ' -  " o~- -" 
W, Si, and  AI I t  is  also shown t h a t  i t s  addit ion h e a t  o l : f r ee  e n e r g y o f  liquefaeti'on.~or t'ilut the entro~ e :. I .~,~s-'~424; c h e m .  *as . ,  vol+ ~ , :  ,a , ,a ,  p . . . . .  
to Fe  conta ining oxides of me ta l s  closely related to o f  adsorut ion  in  these  layers '  i~ m0r~ n ~ - + ' w  * ~  )+py q J processes i nvo lv ing  the  c a t a l y t m  syn tbeses  of alco- 
Fe sueh as  tbose of Ni  and Co l o w e r s  the  act ivi ty,  entro~lv ~,f l imlefae'tion " £ " | m i l e r  e~,~t~0n tc~nt~i~e- . | hols f rom CO a n d  H= m a y  be divRled into 2 c l a s s e s :  

- g .~ • "" :" " " " "~ "- "* " ~ ..~'~- : Alcohol ~Y l theses  in which alcohols  are  usual ly  the  
.~kLT~IAYER? ~ * *: ee ah. .  221'/, 2218, 2219. i n s  all addl t l0nal  coustflnt denotnlg tile upper  hmlt. ' | ~ , * ~, .t¢ . , . a  v, , . ;a+ion ~ , ¢  the Fiscl ler-  

i 

ii 38..~.NaERsoN, J.  A.; AND SEYFRIEI}, %~'. D. Determi-  41. A~'DSRSO,X, It. B.. A.wa IIALL, W . K .  Modifications (;ii C chains. U n d e r  some c o n d i t i 0 n s  the i sosyn thes i s  
na t ion  of Oxygenated and  Olefin Compound T y p e s  of  the  Brunauer ,  Emmet t .  and Tel le r  Equation.  I I .  :~  produces s izable  y/elds of !lydrocarbons,  A lka l i  

b y  I n f r a r e d  Spectroscopy, Anal.  Chem., c o l  20, Xo. Jour .  Am, Chem. See., c o l  70. 1|}46, pp. 1727-1734; Oxides seem to he the ouly i m p o r t a n t  pronmter  f o r  
11 ,  1948. pp. 998-1006. " Chem. Abs:. vol. 42, !946 ,p .  6196. Fe Fischer-Tropsch catalysts .  T h e  na ture  of the  F e  

~u~s~R~crs 7 

feed g a s  a s  a r e f e r e n c e  c0mponent .  Synthesis  g a s e s  : 
vouta in ing  H.- : CO r a t i o s  of  3 ~ .  2. and  0.9 were  u s e d  
a t  spaoe ve loc i t i e s  r a n ~ n g  f r o m  23- I60  ccu o f  y a s  p e r  
cx~ of total <~talyst hed per hr. ~A'ith nil ~as com- 
lmsitions t h e  synthe,~is r a t e  w a s  h /gh  in t h e  f i rs t  1 0 %  
of the  bed a n d  l ower  and  es.<entially t-onstan~ in  t h e  
remainder of  the bed until the reactants were nearly 
completely Consumed. The gas compositions in the 
bed in the  r e g i o n  of  cons tan t  s y n t h e s i s  r a t e  v a r i e d  
considerably.  CH,  a p p e a r s  to be  fo rmed  by p r i m a r y  
react ions a s  wel l  a s  by  h y d r o c r a c k h l g  of  h ighe r  h y d r o -  
c a r b o n s ;  t h e  l a t t e r  b e i n g  f a v o r e d  b y  h i g ~  H= a n d  -- 
hydrocarbon p a r t i a l  p ressu res .  CO~ appears  to be  
formed by  p r i m a r y  react ion~ a s  wel l  n s h y  a seeondal. '~ 
wa te r -gas  s h i f t  wh ich  l a t t e r  w a s  f a v o r e d  hy h i g h  CO 
and H~O p a r t i a l  p ressures .  CO: w a s  ]-educed ill t i l e  
synthesis  g a s  a f t e r  CO had  been comlfletely consunled.  > 
Craxford ' s  pos tu la t e  ( a b s .  639) tha t  t he  s y n t h e s i s  
occurs on Co=C w i t h  secoudary  ref lct inns on Co nto lns  
does not a p p e a r  adequa te  to exp la in  the da ta  reporte,1. 

A.~I)EI~SON, ~, It., ~ALL, W. K.o HEWLETT. I~., aud  
SELm.XtAX, B,  S tudies  o f  t he  Fischer-Tropseh Syn-  
thesis. I L  P rope r t / e s  of Unreduced  Cobalt Caz;l- 
|ysts .  S e e  abs .  45. 

A.~nERsoN, I~. B., HALL, ~,V. K. KSIE¢;. A., and 
SZUC,.x~A~'. B.  S tudies  Of t h e  Fischer-Tropsch  Syn-  
thesis.  %r. Ac t iv i t i e s  and ,~urfa¢.e Area  of  It'~" 
duced nnd Carhurlzed:  Cobalt Cata lys ts :  8cc abs.  48. 

AxnEnsox, R. B.. Ho~'ER, L. J. E., Conx, E. M.. 
and SELIGMAN, B. StndJes of t h e  F i sche r -Tropsch  
Synthesis. :  I X .  P h a s e  Changes  of I ron  C a t a l y s t s  
i n  the  S y n t h e s i s ,  S(,v ab s. 52. 

A,XnERSO~', It. B., KRIEa A., ~lU~vZI, It:  A.. ali& : 
M.~sox, L. S .  S tudies  of the  Fischer,Trop.~eh Syn-  

Labora to ry  im 'es t iga t i6n  of re la t ionsh ip  l*etwecu Modified Brunauer ,  Emmet t .  and Tel le r  equation ~:ii(l phase, oxide, ca rb ide  or ni t r ide,  i s  iniportant.  Proe-  thesis• V L  Di f fe ren t ia l  React iou  Rate  S t u d i e s  
in01ecular s t rue ture  of organic  COmpOunds and the i r :  S imi la r  to tha t  p rev ious ly  suggested h a s  been  derived, i |  esses producing sizable yields  o f  alcohol inclnde t h e  Wi th  Cohal t  Ca ta lys t .  Sec ahs.  49. 
infrared-absorpt ion spectra  has  resu l ted  ill develop- a n d  applied to physical :ads0rpt ion isothei 'ms of t y p e s  = ~  iJ  fluid|zeal :syuol and n i t r ided c a t a l y s t  syntheses .  44. A.xamtso.~'. R.  B . ,  K m ~ ,  A., Skus.nu~x, B . .  z t tn  

m e n t  of  procedures for  tile quan t i t a t i ve  t o  semi- I and  IV,  W i t h  type I isotherms, th i s  reaction c a r  };.{: Fischer-Tropseh alcohols are :c l i ief ly  p r inmry  s t r a i g h t -  
quan t i t a t ive  de te rmina t ion  of  i n d i v i d u a l  eompound be  sa t i s fac to r i ly  appl/ed i f  tile f ree  eue rgy  of adsorp- i :~ : chain alcohols:  Avai lable  d a t a  indicate  t h a t  t h e  :, O'NEILL, ~t'. E.  S~:udies of  t he  ~ ' i scher-Tropsch • Syntbesis .  I .  T e s t s  Of Cobalt  Ca ta lys t s  a t  A t m e s -  
types in complex-  mix tu re s  employ ing  infrared-  t i on  in  tile secoud and  subsequent l ayers  is  taken to be mechanism o f  cha in  growth i n  alcohol syntheses  i s  p h e r i c  P r e s s u r e .  I~d.  Eng+ c h e m . ,  co l .  39, :1947 
absorpt ion spectroscopy i n  the  l iquid  phase. At equa l  to the h e a t  of l iquefaction. F o r  isotherms of  ]~':i different f r o m  t h a t  of tim Fischer-Tr0Psch precesses ,  pp. 1548-1554; Chem. Abs., col. 42, 1948; p. 1039. 
present,  i t  is Possible to m a k e  de te ruf ina t ions  for the tyne  i v  which f l a t t e n  below re la t ive  1)re~ures of  ~- i l  43. A ~ a ~ s o ~ ,  l=t. B., FmEDz~, it .  A., XX~ S~0sc~, H .  H+ Methods of  p r e p a r a t i o n  and  t e s t i n g  Of a p rec ip i t a t ed  = :  
funct ional  g r o u p s  of  alcohols :aldehydes, ca r lmxy l i c  0-.85 the  equat ion sa t i s fac tor i ly  fits the.-data,  i f  the "!: ' F ischer-Tropsch React iOn Mechan i sm I n v o h ' i n g  Co : ThOu : MgO : k i e se lguh r  (100 : 6 : 12 : 2OO) 

S u Gro~xtb of C~rbon Chanl  ,~om Cbem acids, esters,  ketones, and 5 d i f ferent  olefin type~ :in : f r e e ' e n e r g y :  of adsorp t ion  was  t 'aken as  iess  than tha t  "~!~ : tell ; ise • • " . . . . .  ca ta lys t  a r e  descr ibed  Esua l l~  t e s t s  wi th  the  s a m e  
complex s a m p l e s  such as  bydroearbolksynrhes ls  o f  l iquefaction. F o r  t i f fs(kind of type  I y  i s o t h e r m ,  : ~ i | - P h y s . ;  col. 19  195L pp. 313-319: : p repara t ion  of  ca t a ly s t  were  q m t e  reproducible,  b u t  : 
naph thas  m about  4 h~. F o r  oxygena ted  types; aver-  t h e  equation w a s  used  tO i n t e g r a t e  t he  equat ion of  Exprdssi0ns a r e  "derived t l m t  pred ic t  s a t l s f a c t o r i l y  i tests  With d i f f e r e n t  ca t a lys t s  p repa red  in t h e  s a m e  
age  accuracy (deviat ion f r o m  t rue  composition) Kis t l e r ,  :and the  r e su l t i ng  e.xpression g a v e  surface  ~:~:~|: the 'observed- i somer  and carbon-number  d i s t r i b u t i o n  ~ m a n n e l  showed  ve ry  much wide r  dev ia t ions .  Pe l l e t ed  
r anges  f rom - ~ - - o r 1 - 1 0 ~  to -l- o r  ~ 2 0 % ,  depending a r e a s  of : the same  o r d e r  of  magn/ tude  a s  t he  Brunauer ,  - ~ . | ~ *  Of nroducts  f r o m  Fe  and C o  c a t a l y s t s  in the  F i scher -  ca ta lys t s  w e r e  Sho~vn-to produce  more  : l ight  hydr0~ : 
upon type and complexity of  mhxtm'e.  For  olefin Emmet t~  and Tel ler  a reas :  The equa t ion  is  beltered . ~:~|]c~r ^Tr°nsch~ ~.svnthesis.. The~e~ express ions  . . . . . . . .  are  based on carl 0as  and  CO~ t h a n  file g r a n u l a r  Ca{:ah'sts L i q u i d  : 

: i  • " : types ,  the  ave rage  devia t ion is  about  -{=. or  - - e q u i v a -  : . to be .a ~simple method  o f  ; cha rac te r i z ing  isotherms . . . . .  l en t  B r  'number Units . . . .  : - r ~ :" ' w i t h  ~i e6nstants .  . . . . . .  : ~ | :  ~ p~j~leUlated.schemes of stel)wise addi t ion of 1 C a t o m  !lydrocarhons con ta in ing  less t h a n  6 %  dissolved w a x  
- end O r  adjacent-to-eud C a toms  of the  l o n g e s t  comprised a b 0 u t  75c]~ 0f  the  to ta l  hydrocarbons  f o r m e d  : ~7~;~ < to 1 

39. A.nDzaSo~, R. B .  I m p r o v e d  Adsorpt ion  "Vessel. : . . . .  ~ . . . .  +t" ~ C ~ Ar;nzsSo,x, It .  8 ¢ c  abs. 5 1 ,  5 3 a ,  53b, 53C, : ~ ! ~ : :  •chain:: (&) Addit ion ma.v occur  a t  only 1 end of  t he  i n  these t e s t s  a t  a tmosphe r i c  pressure .  E x p e r i m e n t s  • 
Ind.  Eng.  Chem. anal.  ed . .vol .  16. 1946 p. 156 . . . .  ' 1090, 1449a, 1987, 2073a 2227, 2227a ~ 2228, 3296, ~ ! :  : g r o w l n g c h a i n o n o a l y l e n ' d  C a t 0 n i i f 2 h r e p r e s e n t  o r  were  nmde in w h i e h : t h c  flow of  srnt i les is  g a s  w a s  
:Description of  adsorpt ion vessel  f o r  m e a s u r i n g  t h e  8297, 3647: ~ . . . .  :~4D:-3 ~ . adjaeent- t0-end c a r b o n ;  • ( B ) i t  m a y  occur  a t  Varied wi th  the  t empera tu re  a d j u s t e d  to give the  s a m e  

weight, loss upon. reduction of me ta l  oxide  cata lys ts  42. A~DERSON . . . .  1:~. B., A~D E.~l~fm'T P . - H  Sur face  :;;~i]k ~ - o n l y . ~  ..:~. 1 end -of t h e  growing, cha in  0n any e n d  o r  d e g r e e  of convers ion .  Under  these  conditions t h e  de-  
i u s e d  m the F m e h e r - T r o l s c h  process  The  cota lvs t  m 1 x ' n  h a r  oal x o] i n : unc .2: ~ ~ a.dJacent-to-end carbon;  (C) i t  m a y  occur" a t  e i t h e r  gree 0f u n s a t u r a t i o n  increased  w i t h  increase  in  f l o w .  :: . - . . . .  . . . . .  Co p e .  e s o  C e . C a s E "  u t o  a s a F  - ~  ~ " • m reduced i n  a vessel t ha t  ]s smal l  and  l igh t  enough , ; , n  of  Ya~or  Adso r - t i on  and o¢ H i ~ h - ~ , ~ m - e r a t u r e : - - - -  end o f  the  g r o w i n g  chain o n  a n y  end or "adjacent-  Fatcept fo r  t h e  change  in unsa tu ra t ion ,  the  p r 0 d u c t d t s -  

r . • . . . . . . . . . .  ~ ~ v ~ tO-e, nd carbon. The  |mid | ca t ions  of  these schemes  to i r ibution w a s  no t  s ignif icant ly d i f f e ren tmp to t e m p e r a :  :'~ to be w m g h e d  in an ana l~hca l  b a l a n c e  I t  m also.-  ~,~.o.-/~nn .~n~ p h v e  nn¢l ~!nllr, h-1 ~h~m V01" ~ 
portable wlth~ th!s adSor l t i0n  vesse l  t o  s t u d y  t h e .  51 1947  nn 1809-13o9-Chem Abs  Col 4 2  1948, ~ ~ e  genera!  aspects  of the  reac t ion  mecbanism a r e  t u r e s o f 2 0 7  °. Overa l l  ac t iva t ion  e n e r ~ e s  of 24-26 kcal .  ; 
effects of t r e a t m e n t  of t h e  c a t a l r s t  w i t h  gases  ¢/ther : ~41n :: ~ ' : '  . . . . .  ' ~ : ? ~  i < : : per reel w e r e  found:  for  the synthes is .  The  r e a c t i o n  i 
- t h a n H - ' , s u e h a s s y n t h e s i s g  as  Or CO, on the  sl irface ' p ' 7  : :  ......... . . . . .  ~ !  !!! : J: i :  " mechan ism a n d  r a t e  i aw  of t he  syn thes i s  a re  d i seussed  ,- i 
a r e a  and  pore structui 'e,  and t0 d e t e r m i n e  the -weigh t  ! Gases  echoed ,  ° n  evacua t ing  charcoa l s  for  g a s :  ~ - - !  ! i i b r i e f l y  . . . . .  

" 10ss 0f  the  ads° rben t  up°n  evaeuatI°n"  ~ m a s k s '  t°~l"0~0~ we--rec°lle~c~d a t  300~ in te rva l s  ann : ~ ' ~  ' . . ~ 4 e L [ ~ i ~  : " ~ i i ! .  :I 

. . . . .  , t a i n i n g  gases  were  fo rmed  by decomposit ion o f  " ~ l ~  " . . . . . .  40 Mod,f ieatmns of  t he  B r u n a u e r ,  Emmet t  sur 
: ' :and Teller Equation.  I .  Jour .  A m  :Chem Soc, col f a c e  eomplexes and bY reduct ion of  ~the 

: " :  : :  '68~ 1946. un~ 686L691: Chem~ ;Abs.. col. 40. :[946. __,=~~: ....... :_ ~_~ ~,^ ̂ _ ~  . . . . . . . . . . .  ,Ind. E n g .  
inorganic ~ - ~  

; 1940 pp~ 686-691 Chem, ~:Abs. vol. 40 1946, ox ides  present  as  a s h . .  CO and CO. eyolut/on r e a c h e d  "~7~m:-" 

: - -  ~ : Brunaue r -Emmet t :Te l l e r  t h e 0 r y  of  multilaYe~ : ad -  : a maX~n~ra a t  a b o u t  6 0 0 ,  for cha rcoa l s  prepare ) ~  . . . by  the:  c h : p r  eess ai id a t  900o±i,200 ° :~or those  pre- : / ~ !  
Sa~rPo~O~ionnaSso~ernmappk~e~flextensively to p h Y n S i C a l - p a r e d  f r o m  c0a l .  T h e  total O=-c0ntaining gases: : :~r~llE 

p " " " " e t h e  s i  ple Bru  auer-  :evolved were  a lways -equ iva len t  to l e s s : t h a n  50% of  - : ~ .  
• Emmet t -Tel le r  equat ion prey/des  a n  excel len t  method t h e  .charcoal surface .  E x t r a c t i n g  Charcoals with HF:  ~ ' .~ .~  

:o f -es t imat ing  su r face  a reas  i t  usua l ly  holds 0nly f~)r : a n d  reexpos ing  them to a / r  resulted in  about  a 20-fold : ~ 
-: 7~:: r e l a t i v e  pressures  Of 0.05-0 4 0 .  I n  a l m o s t  e v e r y - ' c a s e  inc rease  in the  a m o u n t  of  CO evolved on hea t ing  the  - ~  

: : t h e  a m 0 u n t a d s o r b e d  a t  r e la t ive  p r e s s u r e s  h igher : than  samples ' :  to 600 ° H~ evolution in the  tempera ture  

/ 

~e"~Studies lysts.  Jour ;  Am:  Chem. See., c o l  69, 19~7, pp. 3114-  . . . .  
era., ~o1: 41, 1949, PP. 2 1 8 9 - 2 ! 9 7  Chem. Abs.,  3119; Chem. Abs. ;vol .  42, 1948~p.2739. : I 

44,1950, p. 2~858 : r < + : Su r f ace -a rea  and  pore-volume s tudies  a r e  r e p o r t e d  : : i 
nthesis w a s  .studied 0n: a l~eiietted .co: : :Th0 .  : f o r  2 types  of  un reduced  Co  Fischer -Tropsch  ca ta lys t s . -  i 
~lguhr: (10O • 1 8 " :  1 0 0 )  ca t a ly s t  i n  h fixed-bed::: a n d  for; s i m i l a r  p r epa ra t i ons  w i t h  promoters, :  k iese l -  i 
~ r  (90 cm '10ng b e d ) '  a t  a tmospher ic  p r e s s u r e  : guhr;  o f  bo th  omit ted .  P rope r t i e s : o f  the  ca t a ly s t s  a r e  
186°-207 ° "The reac tor  conta ined a Special t u b e  : compared '  a n d  ] . e l a t ed  to p roper t i e s  of the  k i e s e l ~ m h r s : .  
~e r emova l  of gas  saniples  a t  9 points a long the  ~: '" tha t  they  c 0 n t a i m  Areas  o f  unredueed  prec ip i t a ted  Co : 
21 of t he  bed. A b o u t  5 %  A w a s  added to the .  : F i sche r -Tropsch  catalyst.~ w e r e  :several  thnes  s t e e r e r  ! 

~ / •~ •c • 2 . •:2. ; ,: • :'• • ; 
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BIBLIOGRAPII~" OF MSCI-IER TROPSC]K 

than  those of the  k iese lguhr  used as  carr iers .  Ca ta -  
lystS p repared  wi th  na tu r a l  k ie se lguhrs  h a d  l a r g e r  
a r ea s  than  those  prepared  wi th  calcined er  flux-cal- 
cined kiese]guhrs .  Areas  of  tmredueed  ca ta lys t s  
var ied  f r o m  60-150 m. ~ per  gin. A v e r a g e  pore d iam-  
e te rs  of g r a n u l a r  ca ta lys ts  va r ied  f r o m  500 f~. to 770 ~ .  
and  fo r  pelleted cata lys ts  f rom 165.'~. to 3i0.~.. S u r -  
face  a reas  of pelleted ca ta lys t s  w e r e  10-20% lower  
thnn the  a r ea s  of the  corresponding granules.  I t  w a s  
shown t h a t  the  Co basic carbonate-pr0moter  complex 

: was  precipi ta ted  chiefly in the  void space of the kiesel- 
guhr .  Prepara t ioRs w i t h o u t  promoters ,  kieselg'u~r, 
or  both had  a r e a s  of the  Co complex per  gln. of Complex 
t h a t  roughly equaled the a r e a  of the  complex of t he  
catalyst-  Na tu r a l  k iese lguhr  as  a carr ie~ considerably 

Chem.  Sue., voL 71, 1949, pp. 183-155 ; Chem. Abs., 
vol. 43: 1949, p. 3273. ..... 
T h i s  pape r  re la tes  sur face  a rea  and  su r face  accessi- 

b i l i ty  of the  ca ta lys t  to ac t iv i ty  and product  d i s t r ibu ,  
t ion.  D a t a  repor ted  previously  on the  effect of bulk 
carb ide  on the  ac t iv i ty  of Co ca ta lys t s  h a v e  been e l .  ~ 
tended to include su r face  a r ea s  and  act iv i t ies  and : 
d i s t r ibu t ion  of products  in  the  synthes is  wi th  cain-" - 
l y s t s  carlu~rized wi th  CO under  condit ions tha t  fern~ 
carbide  (Co=C), f ree  C, o r  both. The  ca ta lys ts  studied • 
w e r e  Co : Th0~ : MgO : k iese lguhr  I100 : 6 : 12 : 
200) and Co : Th0= : kieselguhr  (I00 : 13 : 1 0 0 ) . '  
T h e  su r face  of the  ca ta lys t  w a s  found to be heavily 
covered wi th  hydrocarbon. Hydrogena t ion  a t  200 ° re- 
moved  90% of  these  adsorbed hydrocarhODS, and reduc- 
tion wi th  H.. a t  400 ° r es to red  the  ca ta lys t  to the s a m e  

increased  the  a r e a  o f  the  Co complex.  Cata lys ts  pre-  condi t ion  as  a f t e r  t he  ~nitial reduction. There  Was no . 
pa red  in  small  batches were  qui te  reproducible w i t h  evidence of s iRtering or of C deposition. Act ivi ty  

: ' respect  to su r face  area,  bu t  the  a r ea s  of ca ta lys ts  pre-  d a t a  for  Operation a t  1 and . . . .  7.8 a im.  a re  related to  
pared in la rg  e batches va r ied  considerably,  t he  adsorbed  hydrocarbon film. D e c r e a s e  in tile ae- 
46. A x n ~ s o ~ .  R. B., KR~E0. "A., SE~G~t~N, B.I .~xD cessibi l i ty  of t h e  sur face  of t h e s e  ca ta lys t s  ei ther  by 

TARN, W. H .  Studies of the  Fischer-Tropsch S y n -  depesitioD of excessive quant i t ies  Of w a x  or  by:reduc~ 
thesis .  I I i ,  Inf luence o f  T y p e  of K i e s e l g u h r s .  l ion of  ave r age  pore d iameter  :by pellet ing caused" 
I n d  Eng. Chem., vol. 40, No. 12,1943, I~P- °-347-°-350 : an  increase  in the  f rac t ion  of CH, and other l ight 
Chem. Abs., vol. 43, 1949, p. 3167. hydrocarbons  and in some case s a decrease iD ac t iv i ty .  
Tes t in~ d a t a  are  presented fo r  a ser ies .  39 in al l ,  of The  presence  of I~ulk-phase c?rbi~l:tilntti~e~el:aftalyst ~ 

~ • my, = ~r ,  • k i e s e l ~ h r  (100 • 6 : 1 2 : 2 0 0 )  c a t a l y s t s  causea  a m a r ~ e u  uec re  s ~  • . , .  
. . . . . .  ~" "~- , :  ~ ":-:5--'°:^.." ̂ ~ , : - ~ e r c i a l i y  avai lab le  d id  not  affect  the  ac t iv i ty  ve ry  much  'IRe presence prepare~  WlLR a l l U m v ~ z  V ~  ~ u ~ , .  . . * ' - • • 

" Amer ican  kiese l~lhrs .  Ca ta lys t s  conta ining calcined of  C in bo th  f o r m s  shi f ted  t i l e  product  dlstr lbutl0n 
: k i e s e l g a h r s  h a d  lower activit.~ than:  s imi la r  ca t a lys t s  t o w a r d  l igh t  l iydrocarhons. The  surface  a rea  did n0~ :i 
: w i t h  na tu ra l  ) i ese l  uhrs  The~e remll ts  agree  wi th :  c h a n g e  appreciably when the  Co  was  converted to'~ 
. . . .  ~ o s e  previoiisly i~b~ined lly Craxford ,  who found t h a t  c a r b i d e .  Carbur iza t i0n  at  275 ° u n d e r  conditions tha t. : :  

s z ared wi th  na tu ra l  k iese lguhr  had  su r face  r f o r m  p r e d o m i n a n t l y . f r e e  C;' inCreased t h e  a rea  con; ~ r~ cataly~ t s p  'ep, " " " I~ " : 
~. . . . . .  : - a r e a s - a n d  act iv i t ies  g rea t e r_ than  those of a ca t a ly s t  s lderab  . .  . ' ' , 

con ta in ing  Calcined kieselguhr:  Ac id-ex t rac ted :  nat-- 49. A x v m s s o x  R. B . .  I~RIEG, :A.:" FRIEDEL I~: A.~ AND 
: : :_ urn!  k iese lguhrs  produced ca ta lys t s  o f  the  h ighes t  • MASO.W L S Studies of the  Fischer-Tropsch Syn- 

ac t iv i ty :  T h e  dens i ty  0f the  Cata lys t  var ied  di rect ly  : t h e s i s ,  V L  Different ial  Reacti0n-]Rate Studies 
• : " wi th  the  dens i ty  of the k iese lguhr ,  and  the  d i s t r ibu t ion  : W i t h  Cobal t  Catalyst .  Ind. Eng.  Chem:, vol. 41~ No.~ 

• of products  changed  wi th  dens i ty  of t h e  catalysts ,  t h e  ' : 10 ,  i949 pp .159-=2197 Chem. Abs. v o l .  ~i4,. 1950, 
° : dense r  ca ta lys t s  fo rming  a g r e a t e r  % of l ight  h y d r o -  p .  2353 .  " : ' " . : " ,L  

carbons and C O = . .  : . Dif fe ren t i a l  react ion-rate  data :  a re  presented for  the,~..~ 
1 47 .  ANDEDSON, R. B., HALL, ~V. K., A~V HOFER. IJ. ~ . E .  F i scher ,Tropsch  s.~nthesis .with Co" ca ta lys ts  a t  at-~ ~" 

Studies o f  t h e  Fischer-Tropsch  Synthesis  :IV. mospher ic  pressure .  The  synthes is  r a t e  ~:as h igh in? U, 
' :  PrOpert ies  of  Reduced Cobalt .Catalysts~ -~our : Am.: t h e  in i t i a l  p a r t  of the  bed and  lower  in  n e a r l y  con-:. 

: Chem. Sue.. vol. 70, 1948, p p .  _465-.47- ; Chem.  s t a n t  t h r o u g k o u t  a l a rge  port i0n of the  ca ta lys t  bed,~ 

. . . .  2 2  : 200) and  Co :- ~1~(); k i e se lguhr  •(100 : 18:  100)"  " -thesis, t h e  g a s  composi t ion va r ied  considerably. :  . $ 
::::':~ :::" ' i  : : a n d  s imi la r  p repara t ions  wi th•  one or  more o f  t h e  a n d  CO--Were formed by p r i m a r y  reac t ions ;  CH~ was 

components  omi t t ed  h a v e  been s tudied  by N s u r f a c e  ' a lso f o r m e d  b y  Secondary hvdrocrack in  ~ of highe~ 
. . . . . . . .  r - a r e a s  and  CO . . . . . . . . . . . .  chemisor  t ions a t  --195 ° H -  and  H e  molecular -weight  hydrocarbons, and~uC0.-pendrred.b~th[~ l~nh~the wate  

:: : :  =- dens i t ies  : a n d  X - r a y  dFffracti0m ~ The  exper imenta l  ( g a s  : : t ~ t v i : ~ e : h : ~  ~enCJ~ntSen~C e 
show t h a t  the  sur face  a r e a s  of a l l  the  cata ivs~s  ~ =  ~ ~ - : : d a t a  - : - -. . , - , '  - - - : , ~ - ~ - ^  composi t ion ;of t h e  g a s  in contac t  w i t h  the  catalys~ aecreasea  on reauc~lon 'J . 'ne prumut~ ~ ' s tud ied  . . ~ " . . . . .  2 ~  ~ n T h e  a s sumut ions  of Cra.-~ord involving the  s~nthesls 

. . . .  fa~unu to revenz excess lve .uecreases  p~W . . . . . . .  ~g . . . . . .  • . . . . . . . .  i 
: pea r s  tPo be t h e ' m o s ~  effect iye a n d  T h 0 :  t he ' l e a s t ;  '. o c c u r r i n g  on Co ca rb ide  and  the .seconaarY reacue~ 

: :  Kieselguhr .  a s i a  c a r r i e r  w a s :  s o m e w h a t : e f f e c t i v e  in~ on Co a t o m s  d o  not a p p e a r  t o  be an adequate  e~ 
" : ~l~reventing the  dec rease  o f  s u r f a c e  a rea  and  in:  i n - :  .planat i0n of th  ~ author ' s  data.  : . . . . , 4 . ; 4 ~  
. ' : : :  ' c reas ing  t h e  pore vo lumes  on  r e d u c t i o n - o f  a l l  t h e  50. ANDERSON, ~.  B., SHULTZ, J .  F., SELIGA[AN, ~., 
: : . . . . .  ca ta lys ts .  W i t h  :unpr0moted  a n d  ' ansnppor t ed  C o  "' W: K:~ AND STORC~% ' H H :  ".Studies of the FisCh~; 

" ~ l a r g e  changes  occurred i n  both su r f ace  a rea  and  b u l k  T r o p s c h  Synthesis.  : V I I , :  Ni t r ides  - Of : I r 0 n  
Volume. The  m o s t  impor t an t  (function o f  the  k i e s e l -  . Ca ta lys t s .  Jour .  Am:  Chem. See. ,  vol. 7 2 ,  1050 PP-~.,~ 

: : g u h r  was  to p reven t  t he  decrease  in  b u l k  vo lume of  t h e  : 3502-3508 ; Chem. Abs. ,  v01. 44,; 1950, : p. 10299:~ : ~  
ca ta lys t  On reduct ion and  a t  t h e  s a m e  t imd i n h i b i t  ConverSion of Fe-in reduced Synrhetie ammonia-t~ T~/~t~i 

t r ea tmen t  g rea  " : : - s in t e r ing  : o f  t h e  s u r f a c e . :  T h e  CO ehemisorpt ion : c a t a l y s t s  to:  n i t r ides  by ammon ia  )b', 
-: s tud ie s  showed t b a t a n ' a p p r e c i a b l e  f rac t ion  of the  c a t a -  : i n c r e a s e d  t he i r  a c t i v i t y  in t h e  Fischer-TropsCh 

. . . . . .  t h e  paper  wer  1~._~ ' l y s t  s u r f a c e  w a s  occupied, by.  promoter .  The  X - r a y  ' t h e s i s . :  All  t es t s  described in ' " e ' 
: d i f f rac t ion  d a t a  were  in qua l i t a t i ve  ag reemen t  w i t h  : f o rmed  w i t h  a ca ta lys t  p repared  by the  eleetrieal-fu~n:~ 

i:. ! t h e  s u r f a c e - a r e a  determinat ions"  b u t  in  addi t ion  i n :  ~..method* a n d  h a v i n g  the  c ompos i t i on :  Te t a l  Fe  67.~,~ ¢~ 
d ica ted  t h a t  t h e  Co in suppor t ed  and  promoted c a t a -  f e r rous  F e  21.7%, MgO, 4 .6 i%, '  K~O, 0.57%, .~lu,~ 

..~ . 3ysts h a d  an  anomalous  s t ruc tu re .  . . . .  " ' ~ : 0.71%, and  Cr~O~, 0.65%. C a t a l y s t s  c0nvertea  
. : 48 ANDEaSO~, R.  B. ~ W . : K .  K ' r ~ s ,  ~ A., :A~V e-phase n i t t i de s  yielded a p r o d u c t  of lower  avera~ 

' : , . S z ~ z ~ ,  : B. Studies o f  t h e  F t sche r -Torpoch  :~moleeular  w e i g h t  conta ining g rea t e r  yields of gaseO . the . Synthesis.  V. Act iv i t ies  a n d  Sur face  Areas  of Re-  hydroca rbons  and oxygenated" m01ecules than  ~ 
: .dueed  and  Carbur ized  Cobalt  Cata lys ts .  Jour .  A m .  products  f r o m  Cerresponding reduced catalysts .  : 

] 
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51.StudiesHALL, W.of the Fischer-Tr0psch Synthesis. VIII. Effeind. J~ng. ~"wnem.,-- ~ol" .44, 195 o., pp. ~7-4ux ; ,~.em. 

Surface-Area  and  Pore-Volume Studies  of I r o n  Abs., voL 46, 1952, P. 5,291. 
Catalysts .  5our.  Am. Chem. Sue., vol. 72, 1950, PP. F e  c a t a l y s t s  of  the  fused,  s in tered,  and  p rec ip i t a t ed  
543~-5443. types w e r e  tes ted in t h e  F i scher -Tropsch  s y n t h e s i s  

an  es a r e  repor ted  in su r face  a r e a  anddlfferentPOre vOliFe a f t e r  r e d u c t i o n  inandt~theandselectivitynitriding undid Nt~activityto anof 
u £ e  h du~iug the  reduct ion  of 2 ~xldely e -phase  n i t r ide ,  
ca ta lys ts ,  a prec ip i ta ted  Fe:Or-CuO-K=C0,  ca t a ly s t  the n i t r i d e s  w e r e  compared  w i t h  those of  cor respond-  

fused  F e , 0 r  - M ~ O - K ' 0  cata lys t ;  I n f o r m a t i o n  ls ing r educed  Or inducted c a t a l y s t s .  I n  all  cases ,  the  
and a ~ . . . . .  l ~ * . - ~ ' o f  Fe  ca ta lys t s  a t  the  s t a r t  n i t r ided  c a t a l y s t s  yielded p roduc t s  of  lower  a v e r a g e  
presente~.l a s J o 2 2 e  ~c~[ '~n thes i s  a s  well  as  d a t a  per- , i h t  than  those  £rom reduced or  induc ted  

molecular  wme~ - - t ' v i t v  of  f u s e d  and  s in te red  c a t a l y s t s  of the  1, ' isca~-*--~. ..... ~ "' t inent to the  m e c h a n i s m  of  reduction.  The  su r f ace  ca ta lys ts .  J.u= ,~.1 . 
• i i t a ted  Fe  gel ca ta lys ts  a r e  high,  w a s  i n c r e a s e d  by n!tr.id_ing, ~ h ~ e a ~  theaaVer~gevea~y 

a r e a s  of racy P, lr~a~eter~ a re  sma l l ,  conversely,  unre-  tiDilY of  t h e  precHam~e!~ ~'~-:~:~treatment 
anu l:nel~ i ,~ :~ .~i  c NH~-tvpe Catalysts  have  essenuanY independen t  of the  m e u m a  w p,~. ~ ~ ' V "  ,T Axv 
duceu re-sylL~-=~ : "-- --^~-me Af te r  reduc t ion  . . . .  T F SE~a.~-~X ~-. ~ '~ - -  ' . . . .  - 
nO Surface a r e a  a n ~ n o  Pore ) ~ : ~  " ha th  t r u e s  h a v e  53a. ~HULT~, ~ .  ~rJ" .~--ldie.~ of t he  F i sche r -Tropsen  
at 300" and  4u0°-v,  ,0 • respect ively,  ~ - - : ~ e r ~  m and  ANDE~SON, ~ .  ~ .  'r:-'" "msi t ion Cbauge~ of  N i t r i d e d  
moderate  su r face  a r ea s  o f  a lon~ ~ m. t ~ " : Syn thes i s  X I ~ .  ~oml  s . - " 

- r e  . . . . . . . . . .  r s o f 3 5 0 - 9 0 0 i -  T h e r m a l  I r o n  C'ata lvsts  Dur iUg  t h e  Syz!tl~s]s. ~ J o u r .  [~l. 
reas0nably. ,, large.Pu. .  ' ~ "~ '~c |  r e gem" c~au~es~ .~ drastic, ehan-eS~ ~ Chem. See.," vol  74 19~2," pp. 63 ~--u~u, ~ ,  . . . . . . . . .  
sinternl~ of precjp~tat.eJ:,~ , f  0 -  by reduction produces  vol. 46, 1952, P. 5,290. ' _ -~ : ~ :  ~ ,.'^ - a t ~ l v s t ~  " 
in s t ruc t  ure,  ou~ r e m u s - .  ~4,~ ~,~.fnce a rea  and  pore . ~ , ~  ;n tile composi t ion  oz Ul[l'ltlg(l J: = ~" * : 
an even g r ea t e r  eff~'t~i c ~'H,.~t'ype-c:,~talYst increased  d u ~ n : ; ~ s e " i n  t h e  F i s che r :T ropsch  syntl!le~sdatT~l~e 
voume of an ~ e - ~ n  ~ h e x t e n t ' o f  reduction, w h e r e a s  and  ° 1 4  a i m .  opera t ing  p r e s s u r e  a re  Re: ~litrides the  

:~,~,~ tha~ 0nlv ,ur face=area  measuremeR~s^an~ ] ~ o "  . . . .  r a t e  of  r e p l a c e m e m : ~  6 n t ~  At  tl~e lower  o p e r a t i n g  
%"~;'-  - - - - ~  :,~'~,'~v~is of the  r a w  Cataiys~ u~v ~ y ~ -  - r a p i d  a t  21Y, tnan  aL ~ .~ - - -  " __,,,^~ ,~ e l emen ta l  C 

:Pm~ecnen~n~is~'~l?e 'p0re ~tructnre  of an Fe - syn tneuc  p ressure :  oxidat ion ann  del~o~'x$.~e~ea~ nt  .'*14 athl. 
sary  ~o e~ , _ ' i : ~  as  a fnnc t ion  of the  ex ten t  of:venue- proceed "at a ve ry  sloW 1.at~:,_" ....... : ' r n , d d -  i~t some 
N~hrtype eatas~y~ . :  . ~.=~,~A., . t e m n e r a t h r e  of ,an ~ a  , .~ ,et ious are  eons ioe r am.~ ; :mw= ' z ~ -  etrn,. 
tion. Inc reas ing  u m  lector.t*-' 2 , ~ -  ~ 0  o to fiS0 ° "~"-~ "Y-~ - *  *,-^ h i - h e r  pressure ,  the  type  ~ . . . . .  " 

- v t h e t i c  N 'Hr type-  catasys~ ~rum ~ y  . ca ta lyses .  ,~t ~-= ~ ~ .~  , -  ~.~ im~.~rtunt in  de te rudu-  
~ - F e  s. n . c ~ma ~n~rea'~e in  the  pore diameter-  . . . .  ru ra l  p romote r  appea~ ~ t ~  ~ -~ - ' : : ' ~ i t i ou .  o f  f r e e  C .  

produceu an  ~-+ . . . . . . . . . .  • • __ . "~4 ~ . ~  0 fox ida t iOn  anct o~.u~pu~-~- ,_ ~, , 

g 4 4 - 9 4 6 ,  Chem. :AbS., vol. 4u,  1951, p. ' -" : :': i n -  Upon the  t e m p e r a t u r e  of  hydr0ge • -:: 
PP" • - : ^ - ' u e e d  fused-iron Catalyst  h a v e  ~ :  ~ w ~  W K. T.~a~, Wi  H:, A~n ANp~RSON, ~ -  

[ Phase changes ~n.u ~ , L ,  ~:~.h~r-Tron~ch synthesis ~°~ "tY~ ' ~'.~ Fischer-Tropsch Synthesls.. - :  .... 
been s tudied  du r ing  [a  e ~ " ~ ' -  ~ , " ~  +~,~ ~ t  f ew  ~tuuzes o~ ~"~ ~ , nar]n¢'ed I r o n  CatalVS~ o n  

• "" o rmed  a t  a s lower r a t e  t h a n  H~,gg . . . .  - !~ - ~ * i c  N I ~  ea th lv s t  deve lops ' an  e x t e  p o" :: 
i . .  : M a g n e t i t e  ~ias f • -  ~ *,-^ -vn~n~e o~ m e  :~'e s y n ~ n ~  ~ * : ~ ..+ .~xc/c n o r o s i t v :  OR 

carbide,  L;; Roreased through: struot r  ne°r eSpouding o yolume  °:ofa°°°the individnu   - :pa t,cles .... 
- -: a- i ren phase. :  . . . " reox ida t lo  , - -- *~^ ~ - f a c e  a r e a s  a n d  pore  

m e n t  . . . . .  : : . . . . .  - ; n  cons tant  wnl le  t a ~  ~ ,  " aR  [: .. the e.xpen : : :  " '~" ~--"LTZ'  5 F " . . . . .  .~ ^~ '^  Re0x tda t i on  p roceeds :  : a ~  . 
n v V ~ w  ~ B :  SET~n~[AN, D., ~ = ~  -- " :2 - vo lumes  uecr~a~.  - : "  . . . . . .  A~ vor~ s low aztec a 

~ '  '~: 53. AN . . . . . . . .  ~ ' "  ~-~--~.~ M / A  F i scher - '~ ' ropecu  ; ~ , ; ~ a l l ~ : r a 0 i d  rate ,  WhiCh u e ~ u ~ = ~  ~ - ~=.~. ,~ much 
| ~ : : :  : KELLY, R4  A~D ~ . - * - , '  % ' : ,  'Xr~r iab les  of t h e  " " * ~ "  - m ~  e reoxidi~-ed cataiys~ is  r ~ - ~  . ~ :  - 
::-~-. :~: nthesis:  X -  Some l m p o r m u ~  -2"  ~ ~ f e w  nours .  * ~  - ~ - t a l " s t  F o r m a t i o n  or [ne 

]~"-:;~ "~ ~ Y *  . . . .  : - "  ~ron Cata lys t s . '  I n d .  Eng.  - ~ e m z - - v ' : ' ,  m o r e  e a s i l y  than  t h e  r a w  ~ a ~ : ~  c a u s e s  t h e  c a t a l y s t .  
| i  ~;~'~ : ~'~ ~ y n ~ e s l ~  391-397; Chem. Abs., vol. 46, ! ~ (  p, i n t e r s t i t i a l  n i t r ldes  a n n  c a s z ~  e volume:  a n d  a v e r a g e  ' 
:~:~: .'=: . . . . . . . . . .  V": . ~ :: : : ~ , . p a r t i c l e s  to expand ann  t ~ * ~  ~ -o -os i t~  h o w e v e r ;  

~:~:C: ~ 5,29L : ' : : -- , * , ~ t  ~ ,~o a i a m e t e r s  to increase .  -xn~ 70 ~ *  • ,  

~ ) ~ ' "  ( ~nd the  nar t ic le  s ize and  a l l ' e l i  content  Of t h e c a t a ~  i T A n ~ ,  W :  " in f luenCe  of ~rype of :  : K t e s e l g u h r s .  
i i '  '~ ~'~ D a t a  a re  resen ted  f o r  fu sed  s i n t e r e d  ann  p r e  P - .  : thes i s .  IIL . . . .  ~ : 
:~ ' ~" " r::: ~ P " ' " s n thes i s  r a t e  Sen abS: 46. " ' : ~ . . . . .  :. ~ -  ' s i s  T h e  v a r i a t i o n  o f  Y ' . . . . .  ~ - ~zv  J T ~ ,  W . K . ,  

• : ~ : :  rated F e  cutely • " b " a n o v e r a l l  , . ~ R B , ' M c C ~ T  , • ", . . .  
w i t h  t e m p e r a t u r e  m a y  be  e h a r a c t e r ~ z e d T [  e synthes i s  ~ 54. ~-~ZRSO~, L~. ~ " E :  K i e s e l " u h r s ~ s n t t a b ! l i t y  a s  

" " • " f cO ~ca l  per  mu~ ~ v  ~ O F ~ ,  : . . . .  ~- C h e m  vol. 3 ~ ,  • ae t iva tmn energY o - "" -~^- ~'. ~used  ca ta lys t  ~ - - ' ^ - ~  ;n  Cata lys t s :  Ind.  E n g .  ~ '  ~ n 
' .  ":rate increased  w i t h  pressure .  :_y u~' ?_~,_^ ; ~nwever  : ~  u a r r , y ~ .  :%o,o , ~.o 8- c h e m .  Abs, ,  vol. "*-~, * ? ~ ' ~ V '  
~'::,:the"rate i n c r e a s e d  l i n e a r l y  ~ n ~ p ~ e ~ w ~ t ~ r e s s u r e  r - 1 9 ~ ,  Pp. * u ~ ' 9 - "  v ' : . . 
~ / f o r  o ther  cataLYsts t he  v a r x a u o ~  ~ = = ~  a s  ~:~ae p a r -  : .~u . . . .  . : ~ : - - " ~ b e r  of  k iese lguhrs  u s e d  a s  sUP-:  
~:i. was  less t h a n  l inear .  The . raze .  ~2Y2Y3:: '~that only a P r o p e r t ~  o ~  r T r o u s c h -  catalystS h a v e  eeen  
!:i:.'tiele size decreased,  9 r o b a e l y  ~ns~b~e~o~tl e r eac tan t s .  : p o r t s  : i n  ~ . o : j ~ e m i c a ~ a n R l y s i s ,  X - r a y  d i f f r a c t ! o n , . .  
: / : f r a c t t o n o f  the  s u r f a c e : w a s  a c c e ~ ,  . . . .  ~=d nnl~ s tud iea .  ~ a  ~,~ ~ . . . .  to~ether  w i t h  e~ec~ron : 
~: . F o r .  p . r e e i p i t a t e , d ^ ~ i a t ~ t % ~ :  ~ e r : : s e ,  :~ncr~; ;e r  t y p e s  s u r f a c e  a r e a S ,  ` pore v o t u m ~ ,  : . . . .  . 
~ ~ - g n u y : w i t a  a m =  . . ,  ~ ' .  - . :  . . . . . .  . ~ -  • : : . 



1 0  BIBLIOGRAPI=~" OF FJSCHER-TI~OPSC: 

m i c r o ~ a p h s  a t  magnif ica t ions  of  2.000 and 20.000 diam.  
a r e  presented and  cor re la ted .  The compara t ive  suit-  
ab i l i t ies  of  va r ious  k iese lguhrs  a s  ca r r i e r s  for  ca t a ly s t s  
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ciency w a s  s h o w n  by ca ta lys t s  th~tt h a d  all alkal i  
eleetro]ytieally removed. A reduction iu the  Cu con 
by  9~o resnlted in a 5-fold incTease in the  yieId, ctaet~ t. 
lys t s  wi thout  a can ' i e r  were  m o r e  efficient t han  those 
wi th  one. Optimal  y ie ld :  65 gin.  of  hydrocar imns  
m ?  of  r a w  gas.  Some physical-chemical  investigatioPe~ 
of  the  s t a t e  of the Fe  dur ing  the  syutbes i s  were  made. 
X- r ay  as  well as  the rmomague t i c  ana lyses ,  re la t ion be- 
tween tbe t empera tu re  nnd magne t i c  proper t ies ,  showed 
the complete absence of meta l l ic  Fe.  In  e v e r y  ~etive 
ca ta lys t  the  Fe..O~ and Fe~0, w e r e  p resen t  a s  solid solu- 
tions. By complete exclusion of  a lka l i  the solubil l ty of 

b o t h  oxides and the  ac t iv i ty  of fhe  ca ta lys t  were  i n -  
creased.  The extract ion of the  g a s  f rom used catalysts  
on  k ie se lguhr , showed  tha t  the  quant i ty  of  absorbed'  
t,mses inereased  wi th  the rise in act ivi ty .  In cata lys ts  
wi thout  kieselguhr,  the a m o u n t  of  adsorbed g a s  in- 
creased wi th  increasing age  a n d  decreas in~ efficiency 
BY ex t r ac t ing  used cata lys ts  snlvel ike and b'~gh_meltie~ : 

" . . . . . . . . . . . . .  ]LITERATURE ABSTRACTS : . . . .  

redu('ed a t  2.~0% The  (.-atalysts ads(,rh a n  apprec iable  
~nlollnt of  hvdr(  car  ))Ilg, [Ult th is  does no t  seem to 
affect  t he i r  a c t i v i t y . .  

~ . .  ~ c e  ahs.  678. 
62. ANTI, EAr'ME, .]., DECAImIEnE. E., AI~D I~]~ANT~ ]~. 

[Physic ,  chenli(~'d S tudy  of  the I ron  C a t a l y s t  Used 
iu the  ~ynthes i s  of L iqu id  Hydr(~-nrbons.] Chim. et  
ind. .  Special No., Apr i l  1934. pp. 421--423 ; Compt.  
rend. ,  vol. 196, 1933, pp. 1&'~'9--1S90; Brennstoff-  
C b e m -  w)l. 15, 19,34, p. 413 ; Chem. A b s .  vol. 2~, 2934, 
p .  3,[)35. - : 
F r o m  inves t iga t ions  hv  the  thermomn,met ic -aua lvs i s  

meth,)d of  Chaadron and  coworkers  for  the  s t ndy  of  
meta l l i c  oxides  (Fe re s t i e r  and  Chaudron,  .-fl~s. 1054), 
i t  is c( ucluded t h a t  ca t a ly t i c  Conversion does no t  t ake  
ldaee in presence  of e i t he r  Fe:O, alone or of Fern4 
alone. I n  every  ease Jn which c a t a l y t i c  ac t iv i ty  i s  
nlanife~ted Fe~O, i~ presen t ,  and  the ac t i v i t y  increases  
wi th  t h e  f ineness of t h e  crystal l ine s t rnCture .  The 

O .  F a t  F r s m  F a t  A c i d s  Wi th  Odd N u m b e r s  of  
Carbon  Atoms.  IV.  S e c  abs.  1713. 

~ . .  F a t  F r o m  F a t  Acids W i t h  Odd N u m -  
b e r s  of Carbon Atoms .  V I I .  P r e l h n i n a r y  Com- 
m u n i c a t i o n  Concern tn~  Propert ieg,  StabiI i ty ,  
PhysiologY. a n d  Tox i co logy  o f  Synthe t ie  F a t s  F r o m  
Para f f in  Fa t  Avids .  ~ c e  abs.  1717.  

.A_pPEI~ H., BSltGER G. ,  Bi;]~f, ]:~-, KEIL, W., AXD 
SC]IILLEn. G. F a t s  F r o m  F a t  Acids W i t h  U n e v e u  
N u m b e r s  of c a r b o n  A t o m s .  I I .  See ahs.  1711. 

APPLEYAR,. ~q~- C. P roduc t ion  of  0 i l  F r m n  Coal by 
66"the F ischer -Tropsch  P roces s .  Gas World,  vol. 1 1 1 ,  

1939, Coke See., pp. 79-91 ; Colliery Guard. ,  vol.  155, 
1939, pP~ $6~-$6S, 96S-970 ; Br i t i sh  Chem. Ahs., 1939, 
B ,  p .  799; Chem. Age, vo l  41,1939 pp. 64-67;  Chem. 
Abs.,  vol. 33, 1939, p. 5155: 
Produc t ion  of  t h e  CO-{-'2~= mix tu re  f r o m  coke or 

coke-oveu gas,  i t s  pur i f ica t ion ,  and the  types  of  data- 
33, 1914, p. 303; Chem. Abs., vol. S, 1914, p. 1659. paraff ins  Were obtained- thev  . . . . . . .  . . , ^ .  ' . . . . .  lys t s  used for  th  e ac tua l  ~ynthesis of h.vdroc:~vbons, 
A ndrews  concludes t h a t  the  explosive combuution , ah]e for  the: dot ~-~;-*; ' -~ ^-~ *~:~':f-'~,~ . , , . . e  [mSWer- a u t h o r s  admi t  that ,  wi th  the i r  catalysts,  t he  prouueuou which  m a y  be ca r r i ed  Out a t  atmospher*c or  a t  me!ua.m 

of  numerous  hyd roca rbon -0 ,  m ix tu re s  undor x v ~ m v  ~vnthos;s - ~  ~-~,:-~.'.'-'2-~" u.~, tu~ ~ra~ys~. ~lcewlse,  ¢ f  hi , ,her  bvdrocarhons  by hydrogena t ion  t akes  place :#10 a tm . )  pressure ,  a r e  outIined.:  The  yield of  h q m d  ~ : 
d i f fer ing  conditions of ineomI~lete'eombu~tion-~,iv~."~.~ ~i i~bt~¢~-~^~. ,_ ,  ~ ,  e~ea .x..v~m nexane  caused only a in  th~ lu'ese~we of complex solid s(,lotions. " u roduc t s  i s  a imnt  79~t- of  t heo ry .  The i r  n a t u r e  de= 
to products  tha t  a t  least  approxinmte lv  conform t~o't'l~e 60 . . . . . . . . . .  ~ n : n e a c ~ , [ y . . . . .  • 63 AXTnnAClTZ : lXSTITVTs BVm.ETIX: R e f u s e  An- ~)ends on the :cond i t ions :  U s i n g  a C ° catal~v~,t~ tl~e~('o,~.~ :: 

r e q u i r e m e n t s  of the -wate r - -as  eauililir[um w;eh ~ . ^~..^ ' : ~  , ~...~..g=nfl[lOU oi  t ' a roon Monoxide ] *~ . . . .  ;*~ ~.ourc~ of  .qvnthe~ic ]fuels No 151~¢ t a ined  uc,~. of l 'ght h:vdr( c rbnas  n. p. ,<-.ou ; ,a~l¢ o~ 
of 4 for  the  the rmodynamic  cons tant  'and'the." ~"2~,~:~ -~nn. emum}st .  liquides M a y - J u n e  1935. Tech ~'~:t~"~]~l "~ . . . . .  . . . . .  " . . . . . . . .  ~ o t o r  ~I~irit h p 30° -°00  ° octune no.  ~fter redis- 

• , , = ~ a , u v  m . o -  • . - .  - " ° • ~ . . . .  , .  ~ .  ' ~ • • " - • ~ ° . , , . r  

. . . .  ~ i s  not  g rea t ly  a l te red  even When large quantitie.~ o r e  . v o ~ a ~ r ~ o  v 9L - ~  193v, p .  V94; C o a l  Carbomsat i0n  . . . .  I t  i.¢ es t imated  tha t  ti*ere are  200 mil l i0u tons  of t r i b u t i n g  55 : 395,% of Diese l  be ,  b. P. ~20.0 : a u d  :?.~e (~ 
a r e  s e e ~ r a t e d  " or considerable c~ of OH, is found in the  m ~ :  ~,..~=o, : . . a . . .  : " an th rac i t ' e  sil~ above g r o u n d  and ove r  5 m i l l i o n  t o n s  s0f t  paraff in,  m..lO. ~ 5 0  °. T h e  D~ese~+o~ft n a s a  ~ , ~ i d  

, ' n / t lma[e  proancts  . . _ :  --~= a . ~ , o r  has  ulreS~lgated the  s t ruc tu re  and  func- , ~  , , . , .~.e,~a ,mnual lv  In  the nlnnt and process  now ra t io  Of °.17 whlea  i s  m o r e  tnon t a n .  o .  o . . . . . .  ::~- := 
56. AxDamvs  R S £.~n B z x x i ~  n ,~ w;  ;. w rmn  or F e  base  cat,llysts in the  p r e p a r a t i o n  a t  °trees.  ~ m~t~ . , t ; ,m hv  t h o  inst i tule  a t  Wilke~-B' t r re  fue ls  a n d  fl 10%V l g n l t l 0 n  t e m p e r a t u r e  nf about  _40 . l~ . 

- .: su re  Gasif icat ion:of  Brown Coal :  "]3I()S F~ 'm] 'Rre~:  pner~c~re.ssure,  o f  !iquid hydrocarbons  f r o m  CO. He : ~nnesril~°a'l'~'.:'and"steam--x~:ill b o r e d  in to  a re f rac tory-  h a s  p roved  s a t i s f a c t o r y  i n  e n g ~ e  test~.  T h f  1,y- 
: 722 1946~ 13 pn PB 52 856 ' ~ - ~ - . . m u e s .  t±) ~ m not neces sa ry  to add  K.-CO~ to ~ .. ]~'.'¢~ ~.~liu¢{er w h e r e  comimst ion t fl~es lfluce. Tlic p roduc t s  a r e  h a r d  paraffin~ m .  p, 2 . t o y  , uepomteu  on 
• ,'~nm~, m e , ~ . ~ ' ~  " ~: - .  ' , ; ~ : ' : .  ' : : . c a r m y s t s  p repared  by precipitat i0n,  of  a solution :of Fe ~ : ~-'~'~ ' h  h~a , . - ; . . h ~ .  ~ '  u ~ d  :amL t h e  si l t  i s  e i tbe r  the  c a t a l y s t  : a n d  C~I-Ir-CiH~o mixtures .  G0oa u m m -  

i)r~.~.~-~,~-~,~.~?~:,rre.an~ ro ~ne use  of A n s t r a h a n  and Ca n i t r a t e s - - t he  most  ac t ive  p repa ra t ions  do not : ru~a~ze~'~:,~'~¢";,'~',~,~-~" ~,~'~t~'~.ir a n d  ste.~m "or r~ ; i -  : e a n t g e a n  l lepr0dnced by  polymer iza t i0n  over  A!Ch of 
7 : :  " : ~:'i~e~l'~,r-;~5";::.~ ~ r g ~ n ~ g a ' p r e s s n r e : g ? n ? y a t o r  and.  ~: ..contain i t . . ( 2 ) C u : p l a y s  ° . t r i p l e  p a r t  i a  the~e cata- " : ~ n : e r ~ , m , ~ : i ~ : ( i " n * ~  : t e ~ ; ; i "  k ~ r o d n c e r '  . '/gi.~ nmde olef in  f rac t ions  o r o f  pa ra f f in  f rae t i0ns  a f t e r  chlor- 

~ ~.,o t.,p= v£ plauL w o m u  De suitable :[or g a s  lvs t s  t h a t  i ermit t in~ h " ' " " r r ~  " : : : :  : ~: " 1  . . . . . . .  S ' "  " . . . .  ~ = " "  " "  S - - ~  " " " r ~ " " " " " : "  " k " : =" : " nrodnct ion ~ ~ . ~ . ~  . ,~  v . . .. - ~ ,  • ~, P ~ t e r edue tmn  of f e r r i c  oxide - . . . ÷ . ; ~ ; .  c,n c,o H and  N T d ~ i . ¢ D a s s e d  t h r o u g l l :  m a t r o n  ~ , ' " . . . .  

• . : . . - . . . . . . . . .  . , . .  ~,le ~,urg; a lga-pressure  : ny ~.- a t  a re la t ively 10w tern e r a tu r e  ac iv  " - " " ' cv"'~ . . . . . . .  g ~'~:? ~" ' -  :" " : . . . .  " ~'- -" h* : - ~ : - ' "  s '  i~ P r o :  " " gamf lca tmn p rocess ' i s  the  only  One Of the . . . . . . . . .  - ~*-~-"-'-: . . . . .  "- ; • p , . t a tmo ,  and ..; - a See0ntl bed of s i l t  w h e r e . t h e  CO: r eac t s  x~!tll 1 ~ 67. . : :Chemmtry  o f  :[~scher-Trop. ch O • 
: : '  • e s s e s  developed in Germany.  t imt  has  Ieen es~at~li~s~ed " o ~ t a ~ a  s" dura~rm~cnt~mtmum;,°~ Cu ) S  essen t ia l  to : C to g ive  addit ional  C0.  which  increases  the  hea t  , ~ m - .  :ducti0n.  : S o u t h  Af r i can '  ~ I i m  and Eng :  J o u r . ,  v o l : / ~  

f o r  a gas  supplv.:  ') i}lants ae Bohlen --.1 -a~,,~. ~ .  , . o . ~ , .  ' • . ,~^ ,  : . , J . . .  ~p; ~ a m ~ y u c  ayaro- ~::1 : t en t  of  the  i~rodueergas .  I f  a g a s  of sti l l  h i g h e r J m a t -  50 •1940, PP. 585-:-5S7, 615-617; Chem. Abs., VOL ~ 
• been opera t ing  in  c~n'necti0n x'vIth ' the  de~:e~ou'n~'en~ ve ~t~ ' t~"~°n^o~.~_ a~  a~ m0sphenc  p res su re  y i e l d s  CO.., (:J , va lne  i s  desired s t e a a i  is  i n t r o d u c e d  ' in to  t i le p r o -  1940, p. 5619. : . . . . . . . . .  :" ' ..... 

processes  us ing  hrown Coal fo r  l iauid-fnel n r o d u ~ : ; ~ "  h~'~-~:~,~-~ ~ " '~ur°car°°ns ' :  an  a a m i x t u r e  of  liquid !~:~:] '~ducer g a s  a t  the  'top of t he  :fluidized bed: to g ive  wa te r  ~ : . . ~ , ~  ' oh ta lvs t s  and  ca re fu l  eontrol  of reactic~n ... , 
t h a t  a r e  considered e c o n o m i c a l  {~nder tlm" o e , ~ =  h v ~ . ~ . : ~ : : s m o r e  o r ~ s  n c n  m .ParaffinS. (4) The , :  gas  ,~ logical u s e  of t he  i roee.~ is  to produce  s y n -  . ~ . ~ - . ~ 2 ~ , " . ' ~ ' ~ . f  u t m o s t  imnor tance  in  the  r eac t i on" :  
.cond*tions p reva i l ing  in Germany .  A de t a i l ed  s t udy  l~:ticaliv 2s h)wer t h a n  w i t ~ u c a ~ a ~  TM washede lec t ro -  ~t thes is  g a s  and t o  c o n v e r t  f ins  into l iqmd fuels~ . . . .  f o r  i~he synthes i s  o f  l i q u i d  fuels.  T b e  P r i m a r y  re- 

i : :  i : ; s  needed to de termine  whe the r  the process  Can be Ivs t  but  h i~her  than hith,*~+~ ,~ h '~ ' ; ~ ' a ~ " ;  o r  wo ~ar~a- ~ ~'t:~ . 64; A2NTO~ENA C ~I. " [ S y n t h e t i c  N a p h t h a . ]  ]Revr ac t iou  on Whith the  s y n t h e s i s  i s  based m a y  be re(h- 
. . . . . . . .  opera ted  In Ansn 'a l la  economically siml,ly oii t h e . .  {5) S t ruc tu ra l  examina~on°rea~a[s'~m~san~o~u~; :~)]  ~ , q u i m : i n d .  (Buenos AireS) ,  v01. 2,'N0.' 16, !949, PP. :~a ted  b y  C0-] -2H==(CH~)x-~  H-'0-['4S,o0o : c a l " w h e r e  

a a s m  o r ' . gas  :,production wi thou t  t i m  p roduc t ion  : o f :  m a g n e t i c  Fe  OXide rhombohedral  Fe -0 ,  in'tl~e'a~e-tive "~i:| .15-!8~ 30;  Br i t i sh  A:bs-,f1950, B ,  I ,  1!~ 30. : - • . :_ (CH-.)~ des ignates  a l i g h t  hydrocarbon.  T h e  ope ra t ing  
:: nqu!  a zueL . : . , : subs tance  a l s0  the absence Of f r e e  :'~e - : In  th~ :most  ~ | : : : : S h o r t  descript ion Of the  Fischer-TropSch process  fo r  ? condi t ions  have t h e  fo l lowing  effects ulmn" t h e  p ro° :  , 

: 5 7 .  A,WDmEUX, J .  L .  [Makif ig  Metal l ic  Powders  :by a c t i v e  c a t a l y s t s  the  magne t i t e  i s  i n  a : s t a r a : - ~  s - l id  : : '~Z].  : p roduc ing  n a i h t h a  bY t h e h y d r o g e n a t i 0 n  of  CO~ u c t s :  (1) I nc r ea s ing  p r e s s u r e : f a v 0 r s  f o r m a t i o n  :_oz : 
~ : -  E lec t t015s ! s  of lh~sed S a l t s . ]  R o y .  ;net., vo]. 45 : solutmn, t he  f o r m a t m n  of which  i s  fac i l i t a ted  by t h e  "~[  " ANT0XOV, ¥ :  :K. ~ e f i  abs. 3327. : a lcohols :  (2)  inc rease  o f  ~.- in r eac tmn ~a..es_ ~ax:or.¢ .... 

: " -tw2~. P P:4 ' J -Sv ;, J ou r : : f ou r  dlec,, vol .  57, No: 3, 19~' ,  : e lectrolyt ic :  :washing:  P r e c i p i t a t e d  m a g n e t i t e  " u s e d  :::~,'|' " ,  " AXTOXOVA M;  F.  Ze( a b s .  5 6 3 . . . :  : :  " , f o r m a t i o n :  of CFI~ beca)~se or inc reas ing :  s a ~ r ~ ,  i 
p.  o~; ~nem Abs vol 42 1948 p 8089 ~ ~ " a lone gives  ne  condensat ion-of  hieh~* hvdt~envhnns ~:*| ~ A " A" V '  ~ e ~ v v  ~ . ~ - n ~ o x  N ' r D e :  ....... un less  t he  t empera tu re  i s . loweren  [~) a e c r e . s ~  v-'-~-" : 
AIixture of  ~ Na-B:O,4-Na C 0 = - ~ 8 : L i F ~ ' / ~ 0  "~.. r ,  • 61 " r I r o n '  ,~x-;~a ¢~ .~ .~ . .  . ~  .~. ~ .~ : ~ | ,  : "? ' -APL ' ~ .  . . . .  . ~,~;.. . . ' . .~ ~ . a ~ , .  ~:~;.,h P re s su re s  ~ i n  r e a c t i o u  gases  f a v o r s  f o r m a t i o n  of  o lef lns ,  (4). z n- 

; " hea t ed  t °  780. andelectrolyzed:x~:ith 20 amp. a t 2 . 5  v. : ' : :genat ion  of  Ca rbon  MOnoxide( under~Atmospher / c  ) ~ : [  : : :  : 3our:  Gen. Chem: (U.  S :  S. R.) ,  vol . '10 ,  1940, pp. : c r e a s m g t e m p e r a t u r e  f a ~ ° r s f ° r m . ~ i 0 ~  o N i  f t /vor  in  'J ' 
r :  p roauces  ~'e.w, .~),~th. electrolytl  e b a t h s  of s l i g h t l y  P r e s s a r e . ]  Ann. eombust, l iquides,  vol: 10; 1935, pP. ~ .~: | : ; : :  , :  ' $63-865;  Chem.:Abs. ,  v01. 35, 194_l, p: 2469 . . . .  , ( ° ' ! . c a ~ i Y S ~ u r a ~ o n  "~herefere?']ower'~olefln c o n t e n t ;  

.... ; : u ~ z . e n ~  compomcmn= tne .product  is  ano the r  carb ide  : . : ~7~-607; Chem. kbs.;-vol. 29 1 9 3 5 p  6396 : -  ' ~ : | :  "With t h e a i m  tO inves t i ga t e  the  influence: O f  h igh  c rea~ . -o  ~ - - -  ~'Ar~ ~ ; . ~ . . .  ; . f l ha .~a-  e7~ i n c r e a s e  in  : 
: :  : : o :  ~4%m~re n o n  m (9 than  cement , te  u-h0s e Cur! e P 0 i n t : :  • C a t a l y s t  s a r e  prepared by coprec ip i ta t ing  eqaimolar  ':~:i|:: : _ p ressures  on simple : r eac t ions :o f  .organic compounds, ~ P ~ % % ~ ] e s ~ n ~ r e a ~ s  ~ ; '~g ' l~o~ i~ ' f r a~ t ion  y i e ld : a t  : 
• , ~^ : .  " ; -  : __ . ; : : - -  : . m~xtures  o f : F e  and Ca n i t r a t e s  with" NaOH,  wash ing  "~;~|;:~,,:~ ~: the  behavior~ 0f M e 0 H  h a s  been inves t iga ted .  T h e  ~ . ~  ~ - s e  of h e a v v  oil As  shown above,  t h e  g a s  [ 

, : V o ~ . ~ . ~ ,  j .  lGomposition, Or ig in  and SYnthesis Of unt i l  pH--7.4 ,  mix ing  Wi th - 2% K_.C,0~ granula t ing ,  : '~ ' |~:! ; : :  dec~amposition of M e O H  w a s  studied: a t  :350° u n d e r : :  : ' ,~ .~ :~ :~ '~he  ~4r0duction:o£ lioti id-fuel by  th i s  process~: 
5 : f e .~ r ° l eam- -The  Argent ine ;Pr0blem.] :  :Anales  aS0e, drytng,  and  r e d u c i n g w i t h  H = a t  250%-: H~dro-ena t i0n  ~ i ~ :  ~: p ressures  :of 600,  2,000, 6,000, : and  8,000 a t m .  T h e  " ~-~:~:~ 'essen~ia l l~  of a mi.x"ture of ' [ '  vol. o f  CO With% 

: . qmm.  ~ rgen t ina ,  vol. 14, 1926 Pp. 39-61; . :Chem ~ i s  car r ied  o a t  a t  250 ° under  1 a i m  ~ o n ' t h e ~ n ~ L x t u r e : ' : ~ : ~  ~ : :  react ion pr0ducts ~ e r e  M ~ 0 -  CH~ CO.- CO and  Y~h: ~ v _ ~  T h i n , a s  can  he produced in a n u m b ~ r  of'~: 
• .... .., • - , . ?.6, p.~ . 9 0 6 . .  C0+1",5 H,. The r weight of :liquid hydrocarbonS '~]~]-.. Unsaturated ~ hydrocarbons could., not . be detected, ways from a variety of fuels: Variations in productton'y 

• . " :- ~ n  auaress .  . . ~ xormea  aecreases  rapidly a s  t he  r a t e  of  flow is  in- ~ : . :  ~ " The  a m o u n t  of Me~0 increased '  vor.n i nc reas ing  p re~-  • .  ~.L . . . . .  +~o~i~ &as denend in  ~ unon economic  fac t0rs , ' : .  
59 AI~T~tr~UME 3". ~ [Contribution to  the S t u d , , - ~  *~,, " c r e a s e d "  O m d a t m n  of the  ca ta lys t ,  fol lowed by I ~  . ~  ~ . '  SUre and  decreased  a t  a g;~e n pressure  w~t h pr01o ge, - ~ - ; l - b i l i l v  of r a w  m a t e r i a l s ;  and m a r k e t  f o r  byprod-~: 

.... " I r o n  Ca ta lys t  in the Synthes is  o f  H v d r n o " ~ h n ~  redact ion,  d o e s  not  a f f e c t  ~ts a c t i v i t y  A powdered"  ~,':~<~ ~ • r e a c t m n  t i m ~  C 0  a n d  54". were  f o r m e d  in  s m a u  . , . ~  ~re  discossed T h e  importance  of  complete  re-::- 
- ~ r o m  Carbon Monoxide]  - Th-~;~ ~- ; , '  r , ; n .  . ca ta lys t ,  1 precipi ta ted by NH= ins t ead  of  N a O H  and " " ~ : ~ "  ' ~  ' r  : amounts  and CH, in l a r g e  amoun t s  w h e n . h i g h  pres- ~ - ~ a ~ ¢ ~ f - ~ l f o r m s o f  S i s e m n h a s i z e d  - C o n s i d e r a t l o n l s  

. . . . .  , Special  :No. 1934 69 pp ; Brennstoff-Cbem vol 1 ~ -1- p.rec; p i t ° t ed  O n k*eseiguhr s h o w e d  v e r y  poor ac- ~ | ,  .,. : :Sures  were  apphed. T h e  a m o u n t  of CO and  .I=h- d e - .  W e n  tO t h e  mos t  su i t ab le  ca t a lys t s - -Fe ;  Co, a n d  : N * - -  
' ' : 193d, p. 436 : . , • .., - • v, : ,  ~,w[y. o m i t t i n g  the  K.-C0~or w a s h i n g  the: ca ta lys t  ~ ~ . , : .  "c reased  • w i t h  prolonged reac t ion  t i m e  w h n e  ,~ne : ~  ~ ~livsical  f o r m - i n  whidh  they  should  be u s e d :  

, ~ - : :  A f e ~ r .  m~ .~o ,^ - :  =- , : - . - - . -~  - . . . .  " e ectr01ytmally increases  ~ts a c t i v i t y  ma t e r i a l l y  Cat°-  ~ !  . a m o u n t  of  CH~ i n c r e a s e d .  The  r e n c t m n  vesse l  u s ~  " q~b~ ~ i h i l i t v  Of r a w  m a t e r i a l s  und wide  v a r i e t y  o £  
: . 'be~z'me ":~v~t~v".~t,e~e~-ne°us~cam~y-s~ s-an°  the  !ys.ts c o n t a i n i n g ! e s s  C u a r e  m o r e  ac t ive  but  lose their~:.i!~.(~*,,-L. c o n s i s t e d  o f  n o n r u s t i n g  steel  !conta in ing  about  87~ =~'Za,?,7~-~aa-t" th i s  . r o c e s s  ]oermits  a r e  po in ted  out. .. 

: m a d e  of  ( a ; e c ~ ] ~ ' t ~ d * ~ - ~ , ~ ; ~ ' ~  ° p s c ~ "  . a  s m u y  w a  s ac t iv i ty  a f t e r  a . fe  w day~. Samples  of  ca ta lys t  a re  ~ / ~  . CrO, w h i c h  possibly ac t s  as  a ca ta lys t .=  A sem.es: of ~-~-':".'?--:: ' ~r . - ' -  r ~ - . ~ -  . . . .  ~ - t s ~  • Ion  ~ I a d r i d  
e f f i . ~ . , , ~  t W , W L - = ; ~ - ^ I = - . . : C F = . _ . . , : ~ . ~ : :  ~; an.a m e~r • w ~ t h d r a w n  withOUt contact  w i t h ° J r  a n d  the i r  p0wder  ~ . ~ , : ~ : , : =  reac t ions  i s  given t h a t  t he  decomposit ion r eac tmn  ~s ~ s .  ~ ÷ ,  ~-  '-~- ~ - ~ . ~ . ~ , ~ : : ~  A b s '  ~-oL 36 

X : r a Y  d i a g r a m s  and magnet ic  proper t ies  a r e  deter- 
' . : p r ep a ra t i on .  the  space vel¢,eitv o f  the  synthes i s  g a s .  m i n e d .  These  i n d i c a t e  the  a b s e n c e  of Fe  a n d  the 

a n d  the  Composi t ion  and regenera t ion  of the  Cata lys t  p r e sence  of  Fe~0, and Fe~0,, p robab ly  in solid solution. 
b y  oxida t ion  were  de t s rmined .  An increased effi- I n  thb abence of  Cu, no Fe~0, is  p resen t - in  ca ta lys t s  

a s s u m e d  to follow. 
: APpEL, E . G  r Se~eabs 99. :: • - .... i9~, p. 3377. ~ : ~i 

APpm, H. See abs. 1710. : ~ • Brief discussion of German practice in the oxida ~ 
APPm..H, BOH~, H.. K~L, ~Vi A-~n ScHI~I.za, tion of Fischer gatsch ]paraffins. " . 
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69. :AP~CzoY, M. [Crys ta l  S t ruc tu re  and Par t i c l e  Size in  all  eases  a re  in accord a t  each t empera tu re ,  wi th in  :~! ~" 
o f  t he  Carbide Phase  in Tempered Steel°] Dok lady  the  precis ion of  the measurements ,  w i t h  the  lin 
A kad .  N a u k  S. S. S. R., col  73, 1950 pp. 83-86- ~elation s = a p V  ~ The  m e a s u r e m e n t s  on ~ e  and e-at 
~nem° Aos., col. 05, 1951, p. 3217. " " " iNt 

a t  all  3 t empera tu res  a re  accu ra t e ly  reproduced by 
X - r a y  l ine wid ths  were  measured  photometr ica l ly  the  respect ive  equations (T  i s  absolute  t empera tu re )  • 

.for carb ide  r e s idues  f rom 1 %  C steels tempered a t  50 ° log ( s / p  / ) =--1454/T~-1.940 and  log ( s / f / : ~ _ 6 4 . ~ ' /  
m~erva l s  i r o n  100 ° to 700 °. Tile calculated size and  T+1:732.  A s imi la r  equation holds f o r  each o f  TM 

shape  oaf n the  carbide par t ic les  showed tha t  in  the  severa l  s teeIs  which fa l l  into 3 grom)s accor  .~-'--the 
r a n g e  , , ~ ,  ~,~u the  c d imension of  the carbide m only each ~s (1) f e r n t l c  wi th  low alloy content  ~ol ~,~ 
- ~  ~u mLLme spacings  and  i s  about a~ aS l a rge  as  " ' " ' "  "=~" r i t i c  w i t h  h igh  alloy content, (3) austeni t ic .  The  
the  a o r  b dimension. Growth  in all d imensions oc- solubil i ty in  the  low'  al loy s teels  differs  l i t t l e  f r o m  i ! :  
en r red  above 350 °, and the  difference between c and a tha t  in  pu re  Fe,  but  the  smal l  ind iv idua l  differences 

o r  b decreased.  Some X- ray  lines present  above 400 ° fo r  d i f fe ren t  compositions a re  qui te  reproducible.  A. 
d i sappea red  below this  t empera ture .  No l ines were  method  i s  p resen ted  of ca lcula t ing  the  amoun t  of : 
p r e s e n t  in  th e pa t t e rn  of carbldes  f r o m  the steel  tern- res idua l  H,  independent  of a n y  b lank  measu remen t  

p o r e d  a t  150 °. Even in s teels  tempered a t  low tern- to de te rmine  i t s  effective volume (or effect ive pros- - 
p e r a t u r e s  the  c a r b i d e  p lmse ,  Fe,C, h a s  the  l a t t i c e  of su re ) ,  f r o m  a suitable plot of  the  ac tua l  measure-  , ?:'. 
Fe~C. T h e  difference in dif f ract ion pa t te rns  between m e n t s ;  t he  result ,  so calculated, i s  ident ical  wi th  tha t  : :: 
:Fe~C and  Fe~C i s  caused by the  platelet f o rm•and  the  obtained through the  use  of a b lank  w i t h  :A in the : :[ 

: sma l l  d imens ions  of Fe~C." The  change tha t  Occurs i n  presence o £ t h e  samp.le: Compar ison  by ext rapola t ion  
: t he  r a n g e  300°-490 ° is  lmrt ly  caused by changes  in o£ m e  new resul ts  w~th da ta  in the  l i t e ra tu re  shows a 

the  in te rac t ion  of the: Carbide and the ~olid solution genera l  accord . :  par t icular ly  a t  t e m p e r a t u r e s  of 600" 
and  h ighe r  ; a t  lower teRll)eratures rile va lues  obtained 

70.bo.n:An,uzoV,in TemperedM" .~xo Ku~mvm~mv.steel.] Your.G" [StateTech. of  Phys.Car- i n  th i s  inves t iga t ion  are.  because o~ thei r  eon.~tsteney 
:~ (U. S. S 1L),  xol  10. 1940 p p  1093-1100, Chem : w i th  .th e fo reg0 ing  l inear  re la t ions ,  believed to b e  of  

:Abs., col. 35, 1941~ p °456 ' " "~  ' : " ~upermr accuracy.  : A f t e r  the  p r e t r ca tmen t s :  repro :  
Afonocrystais  of  aus teni te  (1.:t% C) thaL a f t e r  tom- duc ib l e  equil ibrium was  obtained wi th in  a f e w  rain., ' :  

poring,  were  in the process of  t r ans fo rmat ion  into the  e~CreePtu~nblt::ebCarS~y°fv:l~l~,3~:4~Cr :~lee: ls~o~' .~ch:he ~( 
: r e g u l a r l y  or iented  m a r t e n s i t e  crys ta ls  were examined  i h e r a t e .  , : : / ::i 

by  X- rays .  There  was  found in samples tempered a t  - 73. :A,a~ITAOE, G. E; Chemica l  Convers ions  Of L igh te r  ~"~ i ! 3 0 ° ~ O 0  °, a phase  p!'oduced by the decay of m a r t e n s i t e  
• and  the  r e m a i n i n g  ansteni te .  : This  p h a s e  represents~ Hydrocarbons . .  Refiner  and  Nat .  Gasoline Mfi~., vol ' Y  

a carb ide  of  Fe,  different  f r o m  Fe~C:  The l a c k  o f  20, 1041, lip( 327-336; Cbem. :Abs., col. 30, 1942~ p. 
: : S h a r p u e s s  of the  in ter ference  picture: indicates  the :h igh  1472..:  , : . .  : . : • : ~ 

degree  o f  dispersion 0f the  low- tempera tu re  carbide- Deta i led  diseussi0n of  the  c6innfercial  processes for" : !!if: 
c rys ta l s :  A t  300 ° the low-tempera ture  Carbide is  c o n v e r t i n g  l i gh t :hydroca rbons  into usab le  products:  
t r a n s f o r m e d  v e r y  slowly into Fe~C ' th is  t r a n s f o r m s :  T h e  processes  include ca ta ly t ic  and  : thermal  ol mort 

• t i o n  i s  much  acce le ra ted  a t  350"-350 o . . . . . .  za t ion  ,and  . ~ k v ~ , ~ , ,  " o P y - ~ 
: :  -- - . . . . .  ~ -  . :- ::~ ~" ~v ~ .... - 7.- . . . . . .  : . . . .  ga s  r e v e r s m n ,  i s0mer iza t ion ,  

AnOUE, ~. H.  gco abs: 302. . .  u e n o  a rogena t lon ,  F l s ehe r -T ropsch  synthesis ,  a r0mat i -  ~ i  
: . . . .  ' za t ion  and  hydrofo rming  a n d  synthet ic-rUbber pray (.~ 71. ~kRIES R:  S. : Th~ C h a n g i n g  i n d u s t r i a l  :Alcohol " due t ion .  47 r'efs: . . . .  ' ~ 

. :: . Picotu_re~," Chem~ and E n g .  News,  yak  25 1947 pp . . . .  ~ : :~ 
x#a- -x~vo;  Petxol. Processing,  col o i9~7 p 409 . #e. ~kR2ISTRONG ~. F ,  AXD I~ILDITOH T: P. Study of  " "~- 
T w o  ' " ' " ' : Cata ly t ic  :Actions a t  Sur faces  I ~y¢]rnff~n.~t~n :~' 

::~ A.~ *~.  s ° u r c e s a r e  expected to sa t i s fy  the ma jo r ,  p a r t  ..... of  U n s a t u r a t e d  F a t s  in e h ~ ' r . ~ , : ~  ~ , ~ "  "--- ~ . . . . . .  -: -:::  

: . . . .  decade ,  o h m  h m a y  ar i se  to oyer  200 minion gal. pe r  . : 1919 pp.  137-146'  Chem ^~.~ (-L~nd°n):^v~l" 96-A, . ~ :  
:- ~o~ c a l e n y - I o r  chemical  Use:  :The 1s t  and mOSt i n -  :"S . . . . .  . . . . . . . .  "~vo . ,  ~ u , .  ~ ,  z v - u ; : p .  ± a z .  4: : !  

p tatng source  is  t h a t  f rom C~-H, from: petroleum a s  ' ~ " ~ "  ~rudY o f  Ca ta ly t i c .  Act ions  a t  Surfaces.  - :!; 
' t he  r a w  mate r i a l ,  Which even now iS Pr0dueing 70 n i l  I L  ' T r a n s f e r e n c e  O~ Hydrogen  F r o m  Sa tu ra t ed  : t0.  :.~:~ 

: ~ " l i o n  g a l .  pe r  ~r. With m a n y  n e w  plants  in  p r o s p e c t  ~ ' - U n s a t u r a t e d  Organic Compounds in  tl~e Liquid State  ;= 
= : : T h e  second s~urce is  t ha t  l )y  synthes is  f r o m  n a t u r a l "  . . in  P re sence  o f  Metall ic : Nicke l .  Proc Roy ' Sac ; ::. 

: ~- . g a s ,  and  3 p lan ts  :~now are  p lanned each t o  n r o d u c e  (London) ,  col. 96-A(, 19i9, "pp. 322-329. Chem Abs : ::!: 
• . . . . .  ~ e s ~ i e l ~ i ~ a g a l : , p e r  :yr .  as  a bypr0du~t;" :D'oubt  I s  co!. 141.!920, pp. 884-885. : : ' "  : .  . . . .  : :7 : ~  

• : ~ c ~ne industry will depend again upon 76 ~ Study of Catal tic A ........ : . m o l a s s e s , a s  t he  Chief , • . . . . .  • . . . .  • Y et ions a t  Sur faces  "i 
c a m  ~ ' - :  . . . . .  ~ax) mate r ia l ,  o r  t ha t  ser ious  : " I I I .  Hydrogena t ion  of  Aceta ldehyd pe~luon lVlll a r i se  f r o m  alcoh " . . . . .  . ' . .  e ' a n d  the  ' D e - '  

ol dern 'ed  f r o m  w a s t e  hydrogena t ion  o f  Ethyl  :Alcohol i n  P resence  of 
.: i w. 0od or  sulfi te l iquors or  f r o m  gra in  alcohol b e c a u s e  Finely, D h i d e d  Metals: .:Proc. Roy. S a c  (London) ,  

o f  the  economic f a c t o r s  involved Alcohol is  now s e l l  ~vol 97-=4. 10o0 pn o59-~64. ~ , ,  ' .~ 
i n g  a t  a h igh  r ice 0 " " , " , - , , - - -  - , . . . . .  Abs., col 14, ~ . . . . .  , W , , ~  . . . . .  P ($ f l .SOor  more  per  gal.  c o m p a r e d  . . . .  1920, p. 2 4 3 9  : • . . . .  . - 

• ~ l~-cwur p r m e  or ~0 2f)~0 2 5 ,  Which -- "'~- " . . . .  "' : " =~:' : : '  ~ : :  :~ 
"lmined onl un  • - ~ • , ~ wlu ue m a i n -  :77 : . . . .  • :" -:" ~ 
. . . .  Y ti l  more  pe t ro l eum alcohol p l a n t s  c a n  : " - ~ :  Catalyt ic  :Actions a t  Sohd  Surfaces.  IV.  _ :~i 

' ' come '•into p roduc t ion .  'Presen~ costs fh0m ~ ^  : ~nterac~mn of  Caroon Monoxide a n d  S team a s  Con= ~ 
! :- _ h~'~en now below $0.15 per gal at :present economic ditloned byirbn Oxide and by Copper Pr0c RoY r~ 

l e v e l s . .  . . . . .  " - : :  : '  ~-'~ ~ ~-. Sac (London)  col 9 7 - A  1920 lip d65--OT3-Chum 
. 72. A R ~ U S T ~ .  ~r  W ~ , ~ , , ~ , ~  _~ . . . .  . bs., vol. 14, 1920, p. 2439. .: 
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ence of  Cu. :On t h e  o ther  h a n d ,  t he  Fe  oxide 
process i s  dependent  on the  t e m p e r a t u r e  ranges  a t  
which oxida t ion  o f  CO and decomposi t ion of s team 
by F e  or  F e 0  occur  rapidly .  T h a t  H : O  enters  into 
act ive associa t ion  w i t h  Cu ;is indicated ,  (1) by i t s  
protective ac t ion  on a ldehyde by p re fe ren t i a l  adsorp- 
tion a t  Cu s u r f a c e s ;  and  (2) by i t s  ac tua l  pa r t  in a 
chemaet ion w h e n  associa ted  wi th  Cu .  
78, ~ .  S tudy  of Catalyt ic  Act ions  a t  Surfaces.  

V. R a t e  of Change  Conditioned by  a Nickel  Cata- 
lys t  a n d  i t s  B e a r i n g  ou the  L a w  of  M a s s  :Action. 
Proc. Roy.  S a c .  (London) ,  c o l  98-:A, 1920, pp. 27-40 ; 
Chem. Abs;, col. 14, 1920, p. 3182. 

79. ~ .  S tudy  of Catalyt ic  Act ions  a t  SurfaCes.  
V I .  S u r f a c e  :Area nnd Specific N a t u r e  of a Cata- 
l y s t - T w o  I n d e p e n d e n t  Fac to r s  COntrolling the  R e -  
su l tant  Act iv i ty .  Proc.  Roy. Sac. (London) ,  col. 
99-A, 1921, pp. 490-495; Chem. Abs., col. 16, 1922, : 
pp. ~ss-4s9. 

80~ ~: S tudy  Of Catalytic:  :Actions a t  Surfaces.  
VI I .  " Inf luence of P r e s s u r e  on the  .Rate of Hydro-  
g e n a t i o n : o f  Liquids  ill P r e s e n c e : o f  Nickel.  P r o o f  

genatiOno] C h i n .  e~ ind. ,  coL 42, 1939~ pp.  234-242. 
Chore° and  Indo, voI.  59, 1940, pp.  3 -9  ; Chem.  :Age, 
col. 41,1939, pp.  271-o-7.2o, ~.qY-~qS. 
D i s c u s e s  h y d r o g e n a t i o n  of  f a t s ,  t h e  F t s che r  aud  

synthet ic-oi l  p rocesses ,  a n d  the  pos s ib i l i t y  of  direct ly 
hydrogena t ing  coa l  ~mder p res su re  w i t h  H ,  obtained 
by  the  Ln rg i  pr0cees.  
87a. :ARXOLn, 5. H .  Syn thes i s  o f  L i q u i d  Fue l s  F r o m  

Na tu ra l  GaS. :Advances  Chem. Set .  No.  5, 1951, pp. 
120-137; Chem. Abs.,  col. 45. 1951, p. 10,55S. 
I n  developing a commerc i a l  process  to  p rodnee  liquid 

fue ls  f r o m  n a t u r a l  gas ,  re l iable  large-scale  techniques  
w e r e  evolved f o r  p r o d u c i n g  O.- a n d  syn thes i s  gas.  To  
conver t  synthes is  g a s  to hydrocarbons  the  nse  of Fe  
ca ta lys t s  in  a f lu id ized  bed  w a s  requ i red  ; the  method 
df 1)reperation of  t h e  ca t a lys t  p roved  to be nmch  less  
impor t an t  than  t h e  condi t ions  of  i t s  env i ronment  
d u r i n g  synthesis .  T h e  r e su l t an t  i n t e g r a t e d  p r o c e s s  
(Hydrocol  process)  i s  s t r i k i n g  in i t s  s impl ic i ty  and,  
f r o m  the indica ted  supp ly  0f  gas ,  Can contr ibute  a n  
appreciable  f rae[ i0  n of  :Amer ican  l iquid-fuel  ~require~ 
m e a t s  along wi th  l a r g e  q u a n t k i e s  of  oxygena t ed  ali- 

Roy. Sac. (London) ,  col. 1O0-A, 1921, pp. 240-252; pha t i c  chemicals .  B y  Uti l iz ing s t i l l  m o r e  recent  d e -  : 
C h e m .  :Abs., col. 16 1922, p.-134S. : : r e lopmems  huge  a n m u n t s  of  C.-H-_ m a y  he obtained. 

81. ~ .  S tudy  of Cata ly t ic  :Actions a t  Surfaces. 88. ARX0Ln. J'. O.. Axn Rr_¢Do :A. :A. Conditions in  
• v i i i .  Action o f  Sodium Carbonate  in Promot ing  . . . .  Which  Carbon E x i s t s  in S tee l  Proc .  Chem. Sac., 

the Hydrogena t ion  of  Phenol. Proc .  l toy.  Sec." 1894~ pp. i05--196 ; ,'[our. Sac. Chem. Ind. ,  1894. p. 740. 
( L o n d o n L  col 102-A,  lq  o') pp. 21-27 "cbem.  :Abs.. Exis tence is  conf i rmed of a carbide  of  F e  bay ing  the  . - - .  
col. 17, 1 9 ~ ,  p. 233. fo rmula  Fe~C. T h e  n o r m a l  earhide  e x i s t s  in 2 d i f -  

82. . S t u d y  of Catalyt ic  :Actinns a t  Surf,does, f e r e n t  f e r n s  ident ica l  in  chemical  eompos i t ion - -a  dif-  
IX .  Action of  Copper in  P romot ing  t h e  Act ivi ty  of f u sed  carbide ~ cons i s t i ng  of  g r anu l e s  or  v e r y  smal l  
N i c k e l  Ca ta lys t  Proc~ Roy Sac: (London) co l .  p la tes  and a Crystal l ine c a r b i d e : a r r a n g e d  as  plates  and  : 
10 ~ :A 10 o'~ ~ ) 07-30 ; C h e m  :Abs v o l '  17  19°-3 :pp Consisti 1 ~ 0f p u r e  l-~e~C T h e  % of to ta l  C ( h ta ined 

: 233~234. ' . : a s  carhhle  is g r e a t e r  in  h a r d  ~hau in s o f t  steels.  T h i s  
~.~ ~, , ,~,= ,~ r , ~ , :  ~ , ~ , . ; , . . . ~  ~.~ ,1 g . i -  loss i s  due to t i le  p r e sence  o f  a r ead i ly  decomposed : 

. - " : h ~- - subear l  lde of Fe  e x i s t i n g  to t i l e  ex ten t  o f  about  oo ~'¢ in  : f a c e s .  X: T h e  In te rac t ion  .of  Carbon .'qonoxxde : .- - " . . : . . . .  : 
n~a ~:~vr~rO,,O~ fl~ C~,~,,rl~, i~,] 1)v "~|r.]oal fit ~Ol;~fiv~lv m i l d  steel and c a p a h l e  of:exist ing:  to  t i le s a m e  a m o u n t  . : 

: Lou Tern ~ra t  ~re~ A. Practi¢'al Svnthe~i ~ of ~leth m cold, hard  ~teel a f t e r  the  l a t t e r  h a s  been heated  f o r  
• ) -  , ~olnetune fit a w h i t e  heat ;  - ~- • ane. I r t e .  Roy.  Sac.  (London) ,  col. 103A, 192o, pp. 

25-34*'Chore :Abs col 17 19o.23 p OOO0 : 69  - -  Chemica l  Re la t ions  o f  Carbon" and  I r o n .  : 
Your Chem Sac ~ol 6~ 1S�o p ~$S The act ion 1)etween C 0 : n n d  H:- i n t h e  presence 0~ N i  . . . .  ' . . . .  " • ", ; ": " " 

" : AI~XOLD, M . R .  See  abs .  99 ; -  e r a  s imi l a r  c a t a ly s t  a t  t empera tu re s  b e l o w  300 ° is  
ma in ly  2CO +2H . - =Co :+CH~.  : T h e  i reaction i s "  90;  .4.RWSLL, '~. C . . ~ x n  B * n s s . : W .  M .  Compar i son  of  
considered to g o  in 2 s t ages ;  (1) C0  -1- H :O = CO.-- t h e  X-Ray  D i f f r a c t i o n  and  Ni t rogen  :Adsorpt ion 

: : . : -{:  H2; (2) t he  H-. So f0rmed~with t h a t  a l r eady  p r e s e n t  . : . S u r f a c e  :Areas.  o f  C a r b o n " B l a c k s  and  Charcoals. :  
• causes the  f o r m a t i o n  o f  CH~C0+3H.-=CH,-t=H.-0. Canad ian  ~ o u r . : R e s e a r c h  col. 26 sec. :A, 194S, p p . . : "  

N o e y i d e n c e w a s f 0 u n d  f 0 r t h e i n t e r m e d i a t e f b r m n t l o n :  236-242. : " . . • : : 
of CH: 0 o r  M e 0 H .  CO i s  quire ac t ive  s is0,  m~ d t h e =  Surfade  a~:~s; a s  de t e rmihed  f r 0 m  X - r a y  cliffraction. : :  

Change commences  a t  a lower t e m p e r a t u r e  than  wi th  - h a  lo ' te ~ e" ~ , ~ n ~ , ,  , ~ ,~"  x x ~ ,  ~m~ 
• ~x~. ; By  thm method t im la rge  a m o u n t  of  C O  m m u m c :  • p a r e d  for  a n m n b e r  o f  C-blacks a n d  a c t i v a t e d  cha r -  • : 

. ~ a l  g a s  ~uppldes m a y  be reduced and  t h a  c0ntept of~ c o a l s ,  C o m p a r a t i v e d a t a  were  obta ined also on sam- ' - : :  
• ~a~  mereased .  P u r e  CH4 :may also be prepared  by  . p l e s  0 f ! c h a r c o a ! : u t  v a r i o u s  s t ages  0f  ac t iva t ion  a n d :  

pass ing  water ,  g a s  0ver  Ni  Several t i m e s  r emoving  C0.- •after calcination. T h e  X - r a y  d i f f rac t i0n  d a t a  indi-  
::~: f r o m ' t h e  g a s  each  t ime,  a n d  f f a c t i o n a t i n g  the  p roduc t  : cared t h a t  al l  t h e  S a m p l e s  examined  w e r e  C0mp0.~ed O f :  

a t  low temperatures~ : ~ : .  :. : small ,  graphi te- l ike  c r y s t a l l i t e s  o f  t h e  Same order  of  .... 
8~. . S tudy  o f  c a t a l y t i c  ":Actions a t  s i i r faees ,  m a g n i t u d e ,  which  h'ad specif ic su r f ace s :o f  a b o u t 2  506- : 

,!" : : : X I . ,  ~c t idn  of  Alumina  a n d  Other  Oxides  i n  Pro= 3,000 m. '  per  cc. T h e  N adso rp t i on  s u r f a c e  0f  a h ighly  
~ ~ ~ : ~ m0t ing :thd :Activity bf  Ni  Cataiyst :  Pr0c .  R0y. s 0 C ~  ac t iva ted  Charc0al ~ '~S ' found  .to be  abou t  equa l  t0 t h e : : : :  
~ : : : :  (London) ,  v0!. 103-:A 1923, pp. 586-597 ; Chem; : :Abs , ,  X - r a y  Surface. • I t  i s  Suggested t h a t  : t he  crys ta l l i te  ~:: 
;i~-.~: : : v01: 17, 1923, p. 3443. ~ : :: ' :  ::::~ .su~:face,representsthe.potential.adsorption/surfaceof:~:.. 
:~:? 85 " -~tud~" ,~f ~-~'~1 ~-~,~ X c ~ i 0 ~  a~ ~ur facesb  a e a r b o n a e e b u s m a t e r i a l ~ : a n d  p r o v i d i n g  t h a t : c r y s t a l : : . : : . :  
.:: ~" ~ X I I  S o m e  Observat ions '  ~ela~ive t0 Those  Par t i= g r o w t h  doesno t  Occur d rmgmct~vat ion ,  t h e  a c t i v a t i o n . :  
:t:;~ eles: of a Cata l  s t  ~Vhich "Pa[ t ic i  a t e  in  Chemical= process  m a k e s  .these s u r f a c e s  a v a i l a b l e  to external-: :  ~ , : , • y . . • p - . . . :. 

adsorba te  ; . ' :  Ch~nge: Proc.  Roy S0c. (L0ndon) v o L 1 0 8 - : A  1925 . . . . . .  : : : .  : ": ;_ : . . . . .  
~- ::- ~P. 111-.120; Chem.':Abs., vo1.:19,1925, p. 2448. " : .  - ASOm~, W .  - g e e  a b s .  1610. " - : .  : : :  ~ R U S T E R ,  XI. H.  S o l u b i l i t y .  of Hydrogen  a t  ' 

.~ i,. -Low Pressure in iron, Nickel and Co'train Steels ~Amount of Change' COL~H,O-~CO...{_H:. nt 'tempera- :i ": :86. ~.. StUdy of: Catalytic :Action§':at surfaces, i ~ 91.-:ASHW0RTH, 7. R.i. Simple. Characteristic Rela, 
at 400°-600?. Your. Am..Chem." Sac, col. 65 q943 t-fires from 200 ° to "500 ° with Cu and Fe oxide catalyst ~ : •--~III Some "Factors Controlling Selective .Hydro- t~onships Amoug the l~err0magnetids. Nature, col : : 

i pp. 10~3-1054;The. solubility(s,Chem i:AbSiu micromolesl p e r '  col. '37. i943 p 4283i00 "gin.) *of ~ls. examined.. T h e i t s  action than the former ls "much less completeoxlde at higher temperatures butin . _ :' ', genati0n, With Partienlar ReferenCe to Certain " ~116 .10'25 p. 397 ; Chem~ :Abs. col. 20 1926 ..... p~ 2781. 
' i • ~ Was measured 0~'er a rnnge of pressure (p) from -pre-d°minates'°ver the range200o-300 o, though itnever ~i~ To,pone Derivati~'es Proc Roy Sac (London), Ratio of 'the critical temperature (s ° abs.) to the 

errecm m o r e  t h a n  50-70% of the  possible a m o u n t  of  . '~  v01 .  10S-A, 19o.5, pp. 121-131 ; C h o r e :  :Abs.,: v 0 L  19,  m a x i m u m  in tens i ty  of  magne t i za t i on  .(Io) for  :Fe, C o ,  • 
r !  "~ . 192~, pp.  3054--3055. : ' :" ~ Ni  a n d  marguerite is ,  respect ively ,  0 58~ 0 95,1.19,  a n d  ": O.001 to 1.5 r a m .  in  earefu l ly  p re t r ea t ed  s a m p l e s  o £ :  chemical  change.:  T h e  resu l t s  i l l u s t r a t e  beau t i fu l l y  :~ 

: a : F e  ( in i t i a l ly  carbonvl F e ) ,  lx-i,~ and cer ta in  s t e e l s  the  specific ac t ion  of  2 di f ferent  types  of  ca t a lys t ,  cU  . . . . .  ve lopment  o£ the  Technical  :Applications of  Hydro-  - H e u s l e r ' s  alloy fi ts  t h i s  .seale~ the  r a t i o  o L being 1o50 a t 4 0 0  ° 500 ° 600" a n d ' a  " + ; 87:::A~STn0RO E :  + F: ,  A~V WZLL~,~tS, K .  A.: [ D e - : -  1.83,:or  2 x 8]27,-3 x 8/27, 4 x : s / 2 T ,  a n d 6 x  s/27.  
. .  _ , . . . . .  o ~ t p r e s su re s  up to 350 ram. in  decomposes H C O O H  f rom 190 ° up, according to : (1) 
m e -~'e aT; coo . , T h e  resu l t s  a r e  reprodilcible ~ a n f f  CO-{-H~0~HCOOH;;  (2) HC00H-*C0, -{-H. ,  in ~ res -  -~ : :~ i : :  : : : : . '  : : : : : ' '  : : : ~  - :  " -  .-" / i :  
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The 2 to 6 are exactly integral within 
the accuracy wlth which 8 and I, are known. The 
ratlon of I, for Fe to/~for _Ni, and- timt of the values 
for Co and magnetite, are both 3.3, the respective ratios 
of the critical temperatures being 1.60 and 1.67. 

92. k s ~ z w ,  H . O .  Report  on Fiseher-Tropseh P rocess .  
New Zealand Dept.  Sei. Ind.  Research ,  Bull. 6, 192S, 
28 pp. . . . .  

Excellent  rev iew of development  work  up to a n d  
inc luding  1927. Special emphasis  is  placed on t h e  
work  of Pa ta r t .  Discussion includes the  thermody-  
namics  and the  mechanism Of the  reactions,  reduct ion 

. . . .  0 P S C ~ S ~ T t ~ E S I S  A~X:D RELATED PROCESSES : : 

T rans ia t iou  of  a document  by H,  Schmolfeldt  in~ 
1947. descr ib ing work  done in t h e  p l an t  o f  K~"ckno~, 
w e r k e  A.-G., Castrop-Ranxel ,  on the  production-=of " 
syn thes i s  gas  f r o m  CH,-eontalning gase s  by n o n '  
ca ta ly t ic  react ion wi th  s t eam and  (h. i n  a I~ilot ldant: 
bui l t  in  1931, coke-oven gas  w a s  eonver ted under  a 
p r e s su re  of  ~ . 2 4  a rm.  ahs. wi th  a i r  enriched to. 
• ?,3g~ 0.-. CH4 in the  ex i t  gas  w a s  less  than  le/~ , ~ a  
fo rma t ion  of soot  w a s  Observed. The  main tenan ' ceo~  
the  r e f r ac to r y  l ining proved qui te  difficult. .4. la rger  
p lan t  S tar ted  in 193S could n o t  be operated Uutil 1941 
because of difficulties in ge t t i ng  mate r ia l s ,  lmrt icular ly  
r e f r ac to ry  brick. Resul t s  were  uot en t i re ly  sat isfae-  

~_. : " LITERATURE ABSTRACTS . . . . .  I o  

,la~ned when the  final C I O S  reports  a r e  completed and cons i s t i ng  of a reduced  m e t a l  which m u s t  be  e i t he r  
~vben all  per t inen t  G e r m a n  doeuments  h a v e  been ex- i n e r t  t o w a r d  CO ( f o r  e x a m p l e  Cu) or  eas i ly  e l imi-  

ined aud s tudied.  A l is t  of :1.7 CIOS repor t s  re- h a t e d  a f t e r  reduct ion of  t h e  principal  ca ta lyzer  ( fo r  
~ w e d  is  a t t ached  T h e  repor t  inc ludes  s y n t h e s i ~  example ,  Ni,  r emoved  a s ~ i  car  benyl a t  60-C-@ ) .  
" ~  ~ . " . , ^ , ~ , ~ . ~  , ~ * ^ ~ - + ~ -  w i t h  flow W ~ e n  a 2 " 1 m i x t u r e  ox r~. n n a  ~ u  unner  a :pressure s manmaeEure  ; u=t~,,=u . . , ~ . . ~ = u . .  r - - 
~eets  on the  p repara t ion ,  reductio n, r ework ing ,  and of  200 a tm:  is  p a ~ s e d  over^ the  c a m J y z ~ r o t . ~ . l s t ~ o  
regeneration {if Co ca ta lys t s  a n d  the  m a n n e r  of  con- r e a c t i o n  neiow---~ , v e ~ a  ~ a m t -  i 
dueling the syn thes i s  operat ion a t  Hoesch  Benzin, u p p e r  l im i t  dependin~ on t h e  na tu re  of :the ea ta lyzer )  
Sterkrade-Holten. Moers:Meerbeck,  a n d  Castrop- p r a c t i e a l l y  pure  MeO:H i s  f o r m e d  in 8-10c]~ yield ac-  
tion,el', the  gas-recycle  operat ion of  L u r g i  and c o r d i n g  to CO-1-2H~_=MeOH. n o t  over 25~ CO.- ac- 
Ruhrchemie; the  products  and  b.'q~roducts f rom : Cording to C0+H.-O~CO.---]-H.-. and t r aces  o f  CH~; 
Fischer-Tropsch opera t ious ;  t h e  expe r lmen ta l  work above  300 ~ t~-0, CI-t'~ ~ IeOH and  other  o rgan ic  corn- 
with s ntered,  preeipi ta ted,  a n d  fused  F e  ca ta lys t s  b y  pounds  a re  formed.  
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of  CO a t  a tmospher ic  and h igh  pressures  wi th  con- to ry  because of  inadequate  h e a t  recovery  and  lack of the I. G. Fa r be n indus t r i e  A.-G:, Ka i se r -Wi lhe lm  I n -  t02. . [Methanol :  I t s  Syuthesis.]  Teeh. 
s idera t ion of the ca ta lys ts  employed, analys is  of t h e  =facilities for  purg ing  unreae ted  gas  between eyeles, stitut, and Ruhrehemie  A.-G.; t h e  R u  catalyst . ;  the  moderne ,  col. 20, 1928, pp.  861-$66; Chem. Abs., col. 
p roducts  obtained, together  wi th  da ta  on p lan t  a n d  Fiseher-TroFseh res idue gas  and  coke-oven g a s  were :'~i~:' isopara~in syuthesiS;  and  synthes is  of  a r o m a t i c  hydro- 23, 1929, p. 13S5. I 
r aw-mate r i a l  requi rements  and costs.  .~nnotated converted a t  a Pressure  of S-9 a tm.  abs.. w i t h  an 0~ :i~: ":: carbons a t  th e l~.alser-Will~elm Ins t i tu t .  T h e  cnL~lysts in u s e  a r e  CuO and. ZnO. CuO is  t h e  , 
b ibl iography of 51 refs .  : consumption 30-40% allove theoret ical  and ouly slight ~ :~  ATwoon. K. See abs. 280~,. : : m o r e  ac t ive  but  is e a s i l y  affected: by the  format2ou on i 
93. A T w ~ , : H .  V. Koppers  Powdered-Coal Gasifica- f o r m a t i o n  of soot. The  lnocess  can be recommended ~ i  " i t s  s u r f a c e  of subs tances  o f  h igher  molecular  weight .  . 

f o r  large-scale commercia l  use. O- c0nsmni)ti0n p e r  .:b, 99 k~woon K., AUNOLO, ~I. R., AN1 ApPEL E. G. 
t ion Process.  FI.4.T F ina l  Rept.  1303, 1947, 51 pp., m.3 of Converted CH~ will range  0.55::0.65 m. * O-. d e p e n d -  ~ Water-Gas Sh i f t  Reaction.  E f f e c t  {*f Pres .~ure  o u  To in 'event  this,  H.. i s  i nc reased  to CO+5H.-. A long 
16 f i g s . .  : - ~ : ing  on conditions and qual i ty  of  the plant .  A t  pies- ~ !5  Rate Over nil I r0n  O x i d e - C h r o m i u m  Oxide  Catalyst .  exposu re  to higli t e m p e r a t u r e  decreases the  ac t iv i ty  of  
Exper imenta l  ,,!ork on the gasif icat ion of powdered = s u r e s , ~ f  20 arms.  aud  above. C fmunation is  more or ~ Ind. Eng. Chem.: col. -t21 1950, pp. 1600-1602; Chem~ : e~ ta lys t s .  Tlle a c t i v i t y  i s  also affected f avo rab ly  or  a d v e r s e l y  by  tile p r e s e n c e  of  other  metal l ic  oxides. 

coal  w a s  conducted f r o m  193S to 1944. The  first  un i t :  less  coznpletely avoided. I f  H~e a p p a r a t u s  is suitably )~; Abs" yol. 44, 1950 p. 9137. 
, , ,as se t  Ul I a t  Brabag-Schwarzhe ide  in 193S and subse- c o n s t r u c t e d  conversions o f  90-05% can be obtained. ~ influence of' p re s su re  6n flip r a t e  Of  t h e  W a t e r -  YieldSthe presSure.are roughlYzno requires:Pr°porti°nalhighert° pressuresthe squarethanOf 
quent  uni ts  a t  Rheinpreussen S h a f t  IV  nea r  Homberg~ : . ~ ,.~cc abs. 451, 452,453 . . . .  gas sh i f t  react ion over  a connnercial  F e  oxide~Cr CuO. Maximum y ie lds  a r e  obtained wheu ti le m ix tu r e  
I n  all cases  the  reac tor  was  a horizontal  d rum wi th  96. A T W E L L ,  H .  V., ,%.~D SCI~tROEDER, ~V C Synthet ic  i oxide cata lys t  w a s  s tudied iu the  p r e s su re  r ange  ! - 3 0  of  g a s e s  is  equal to  CO+2H~.  :S nce .MeOH is  an 

: powdered coal introduced a t  one o r b o t h  cuds, and t h e  Lubr i ca t ing :0 i l  P lant , ;  Rheinpreussen ,  ~Homberg. ~i~: atm. a t  34t~D and ~04°.. Tile a c t i v i t y  0 f t h e  ca ta lys t  i n t e r m e d i a t e  product ,  g r e a t e r  yields of MeOH.  to t h e -  
g a s i f y i n g  agent  (a i r  or 0_- mixed wi th  s t eam)  w a s  CIOS XX I V - 9 .  1945 17 lip.; TOni  Reel  196 ; PB  283. ~:i:'~ approxiinately' doubled as  the  ' p r e s s u r e  ~yas ra ised e x c l u s i o n  of off er p r o d u c t s ,  are .  ob ta iued  w h e n  the  : 

: introduced a t  spaced points  along the  length o£ the  . . . .  to 10 atm. and increase  d only s l ight ly  a s  the  pressure  speed of  the .~ases t h r o n g h  tl~e Catalyst chambt~r is in-  i 
d r u m  so as  to insure  turbulent  fl0w of the  dus [be tween .  ~ Descr ibes  p lan t  and  process Of n l a n u f a c t h r e .  Lu- ~!~!] was increased fu r the r :  : P lo t s  of ca t a lys t  ac t iv i ty  v e t -  c r ea sed  Sec'ondary:: r eac t ions  .are i n c r e a s e d  w i t h  

i " " : in le t  and outlet. P r e h e a t i n g  o f ' t he  g a s i f y i n g  med ium : hr icat ing-oi l  synthesis  consis ts  broadly in chlorinat ing :~.~| sus pressure  g a v e  curves  s imi la r  in shape  to L a n g n m i r  h ig l ie r  t empe ra tu r e .  GuO permi ts  the u s e  0f  lower 
[ 

to about  1,200 ° Was found to be essen t ia l , ' and  (~owper a ~ i s cbe r - T r opsch  middle  oilt r eac t ing  t h i s  w i t h  ! ~ | .  i s o t h e r m s . .  - : : . .  " t e m p e r a t u r e .  Both o x i d e s  a r e subJec t  to poisoning~ 
: ~ . s t o v e s  were  used for  th i s  purpose: Operat ion was  a t  :naphtha lene ' i l l  the  presence of A! chloride as  catalyst, :  :;~;~! 100. AUDAS, F. G :  Con t iuuous -Dry  P r o c e s s  fo r  ' t i le  . : 103: ~ .  [S~nflzesis of  Methyl  .43coh0L] " C h i m :  

atmo~pheric pressure.  B y  this  nmthod :a  :very r a p i d  ~ e p a r a t m g  the s ludge,  neutra l iz ing,  a n d  fractiona!ly~ Removal 0f  H.vdrogen Sulfide F r o m  Industria~.Gases~ \ : :  e t  ind:,  col. 20, 1~2S, pp .  10!5:-1022 Br i t i sh  Chem. i 
~ . . . .  i~'mition of the coal dus t  took ]dace :and a t e m p e r a t u r e  ~ d i s t i l l i n g  the  lube-oi1 product.  Inc ludes  photographs.  " Coke :aud G a s ;  voh-:13,; 1951, pp. 229-234; :Chem. . Abs. ,  !929, B,:p; 1~.2. : .  : " ! 

of  m o r e  than 2,000 ° w a s  o b t a i n e d .  Th i s  a c c e l e r a t e d  97 , . - - - - ' - - .  S te iukoblen-Ber~verk  Rheinln'eussen, ~ Abs.,,vol, 4G,.1952, p. 11,635."  : :: : i :  R4smn~  o f  tiie :~:o~k ca r r i ed  ou t -0n  t l ~  s.vntllesis : 7- J 
t he  gasification process so t h a t  t h e  Coal Was gasif ied ~ ~Ioers-Meetheck. Br i t i sh  Coal Uti l izat ion and  Re- 

( = :to the e x t e n t  of about  95%~ The  final R h e i n p r e n s s e n  :: search  Assoc., Montbly Bul l ,  co] 10. :1940 a b s  ,1045; This is  a new p r oc e s s  in t im  pilot-plant  s t age  of re- of  M e O H  f rom CO a n d  ~ under  high p res su re  a n d  ] 
: u n i t  ~as : e s t i .ma ted  t o : h a v e  a capaci ty  of 10 t o n s  o f  CIOS Rapt..-~L.XVLO, X X v I - S 0 ;  TO]~I RepL S, TOM m o r a l  ~ f  H=S f r o m  indus t r ia l  gases.  A c c o r d i n g  t5 : : r epo r t ed  a t  t i l e  2d Confe r ence  on B i tuminous  Coal , . :  i 

~: e ° a l p e r ° a y ,  ml~i.tneYer0Peratetlsuccess~uuyoecause :.: Reel  106~ T-~.C Rapt.  SuMC-2;  P B  367,412. : the f o l l o w i n g : r e a c t i o n :  2H..S--~SO.-~2H:O+3S, ]~-S P i t t ~ b u r - h  1928 T i e :  conditions t h r o u g h o u t  t he  ' ' !  
o f  excessive cooling by the  w a t e r  ~acket. P r ev ious  Detai led  account  of  tbe  operat ion of  a l a rge  Fiscller-  is removed by add  ng  SO.- i i smal l  .excess o f  tile above exi~eriment we re :  P ~ e s s u r e  ]50 atm., r a t e  of  e i r c u l a -  
un i t s  ,, 'ere somewhat  smaller ,  and no runs  longer t h a n  : Tropsch  p lan t  f rom 1939 unt i l  October 194 ~ ""he la~- reaction and  pa s s ing  th  e mix tu re '  t l i rough:  a l ied of t ion o f  gases  .o~.'er." ea~:alysts.5,009.cu-:m_: =(onz;~il~Pl~ r ." " 

. . . . .  ~ or  6 hr.  had  been m a d e .  N o - c o m m e r c i a l  uni ts  , , ' e r e  o u t  of  the  u lan t  i~ de~-r~h-,  ~" . . . . . . .  7";~,~', . . . .  :;,1 ..... ~ z alumina a t  :60°-90 ° a t  such a r a t e  t h a t  i t  emerges  m,~o/c:"tu'ysr-~°lt~ne_, an; l  ~a2,~mx~uret~v ~ . . . . . . .  ~ r ~ ;  " i 

. . . .  bui l t  but  several  proposals were  m a d e  on the  bus s ,~ , ,+ ,  . . . .  , .~" ',~,._ = _ _ . J X :  . . . .  _ . . . .  ~."Y% ," . ."  . . . .  . ':~ ~ : c |  - from the chamber  containi  lg tile bed comple te ly ' f r ee  ann  ~ u  m m e  ra~,,v v . ,  ~ ,._.,~ ~-t,~,.,o~.,-~:---~, ~ : 

. . . .  ' : :  0 " -  " . . . .  o • ~ g ~ p n . . .  x n ~  .~$ntnesls gas  eonslstea oz a lmX- ~.:~ . . . .  ' a s - t h e  c h e f  cons t i tuen t )  and  v - 1 /wi~n tnose o* = . t a b o u r  0.o m. O.-eonsumptmn a n d  - m svnthems-gas  : , . . . ^  .:~ . - .~ , - : . . .  ~.^_ • ~:.,_~ ~ , . , ~ . ~,_ : z :  | ~  of H.S The spent  a lumina  zs contlmlOUS]V wlthdrav~n . _ =: . ' .  ^~ .  : , - 

' ' v " . . . . .  : ]3[,. O aho ,  and  coke-oven gas  c racked  zn the .:~:~ . . . .  - i n .  m '  er 1 of c a t a l y s t ' v o l  per h r  I t  w a s  f o u n d  records  ~ ere avai lable  to support  the  c la ims made  for  : n , ~ o ~ , ~  ~ ~,~.~,.~ Te ~od  ,~ ~ a i . . . .  ~:-~| ttve t rea tment ,  wh i l e  reaenera ted  m a t e r i a l  zs coil- • g " P " . . . .  ~ • • " "* e ~*~ 
:' : t b e  process • ~ ~ : ' . ~ 2 ~ e . e ,  25- -=~ , .u rme .~  nY. p a s s m g ) ~ 2 v e r  :!::~|  =t[mouslv added~a t  tl~e ~ u  Re, .ene~ation of Slant  " t h a t  i n  addition to  ~he pnysica~ caanges  ~na- o ~ u r  

. :  . . . . .  ~ : .  ~ : : . " :~u.x~a~..e . . n ~ a  eam~ys~ cons i sung  la rge ly  o~-£e~,~, . ~ : |  ,1, - " " ~ , ~ ~ ;" -" ,+ ~ o  , . . . . . . .  ~"-  ~,-~ - ~h a ca t a lys t  as  a r e s u l t  of-,prolonged use  even  w i r e : '  . .  
. ;:. . .94. ' .  : Gumz Powdered-Goal Gas i f i ca t ion  ~Proc- : a n d  Na-CO~. Special. a t ten t ion  w a s  haid  to t h e  corn- :  ~ !  • 2"~mma cons ,s~s  0~ ~,ea~mg...~ ~ . y . ,  ~ . ~ , ~  . ? - ~  : :-*^~,.~.-  $,u-~fiea ~ase s  i n  the  Case of Cn ca ta lys t s  a j 

:: ; ass. F I A T -  F i n a l  Rept .-  1304 19~7,: 53 pp. ; P B  position" of  al l  ca ta lys ts  u s e d a t  this'-pl" n t  analyses  ~ i ~  ;': • gases  through the  bed of a m m i n w  in  toe.  regenerauz!g  ~ - ~ - ~ : : = ' ~ f ~ e  so]i~ t o o k : , l a c e  owin ~" to the  deposit ion: : : 
" ' :  . . . . .  8 5 , 1 6 3 . .  : . . . . .  • . :  :be ing  ~el~eeked w i t h  in fo rma t ion  o b t a i n e d  ! f rom t h e  " ~ : | : - ~ a ~  l"  :2mepr°cess~c~an~=rne r ea~ ly . a~ap~e~  zors~lnUZ: : o ~ C c ~ m p 0 u n d s  of  l l igh  molecular  ~'~eight T h e  rapid- :  " :  : 

: Cooperati  "e exper imenta l  work  o n '  powdered-coal u h r c h e m m  .- . . t ac t s  h a v e  been m a d e  f rom :~ ' ]~  ,1,,,~ ~- " ~ ' ~  ,- - -  - ' :~  ~ . . . .  • . icy 0f  Tou]ing is  a f u n c t i o n  of the p a r t i a l  p r e s su re  of:  . . . . .  
• " • ' ' - -  : ' : [ record b0ok~ and  at  ' ~ ~:~ --: . . . . . .  ..no in u m  p u r m e r  ann can De recover~u m n~a~- ~. ~ . . . . . .  gas l f ica tmn ~ a s  conducted by Demag ,  B e r g b a u ,  ' d a sheets~to AI0W, p lan t  perform~ ~,~|~ : tn~ t ,  I~oo ~ - , ,  ~+o,,~ , ,~ l .~ , t~ ,~  ~ , '~ ,ho~  : ~ - : ' -  o ~- . C O  in ~tbe gas; and ~t  is  reduced to an. u m m p o r t a n t  [ 

Verein and R u h r g a s  du r ing  1940-:43 The  design of  " once a t  d i f ferent  s tages  of  the  process  : The  effect of ~,~:[. reg.'Z_ *-~ z~ "" ~ . ~ : . ~ ' ~ : " ' : ~ ' : : - ~ _ - 7 - - ' ~ :  ~" _~*_~..~..~ : = v a l u e  , ,  hen the p ropor t i on  does not. exceed ~ / .  -ZoO ~" : " ' " " ; ~ ca  l . • ~ " . ,~::~ ,.. ~vvery  requi rea  [ne in~ronueuon o~ a uesorp t  o~* w~- . . : t h e : p l a n t  w a s  based la rge ly  en- theore tmal  e o n s i d e r a - :  ta  y s t  r egenera tmn  zs dzscussed; and  an  account  zs ;~z~|~: ~_~ ~- ~ - ~.- - - - - - :  ~ ~ :ca ta lys ts  do not foul  w i t h  gases  conta in ing  ~ % . C O "  
- i van  of methods  ro • . ~  ~-~,  oe~ween u le  :purmer  a l i a  me.  r e g e n ~ r a t w  . .  -~- . . . .  ~ " : ,  t i o n s  developed by Dr.  W. Gumz. The  p l an t  corn- ~ , p duetion f igures ,  dzstrthution of- :~ ~e|~-~.~ ,^, . . . .  • - . - ~. ~ " ~' . - -  . - '  - . . . . . .  : :  ~ such  a ~nr0Dortiou, i n  2act ,  gzves the o p t i m u m  y~eld~ of.: ,- 



~onsidered in conjnuct inn:  wi th  tile : robus tness  and o n l y  10-12 centimes. E x t r e m e  care  i s  necessary  In '  
indifference to smal l  t r aces  of poisons, wbi le  the  ex t ra  p r e i m r i n g  the  catalysts .  The  p rec ip i t a t ion  factors, 
y ie lds  f rom Cu ca ta lys t s  have  to be of fse t  aga ins t  the such a s  concentration of the  solutions,  excess  of alkali Y ' :  
m u c h  ~ ' ea t e r  sens i t iveness  to poisoning,  p rec ip i t a t ion  temperature ,  etc., g r ea t l y  influence the ~ 
i04. - - .  Synthes is  of  Methyl Alcobol. Proe• In te r -  act ivi ty•  The:volume s ln: inkage d a r i n g  t h e  o p e r a t i o n , :  

: nat .  Conf. B tnmi ,  ous Coal, 2d Conf., vol. •2, 1928, m n o u n t i n g  a f te r  600 hr.  to  60%,  esuld be  reduced to 
: pp. 50S-522. 20c~c " by  means  of p rev ious  Compression. 

Foul ing  of ca t a lys t s  I Cu and Zn oxides) ,  act ion of 107. - - - •  [ 0 b t a i n i n ~  Liquid  Organ ic  Compounds 
: h e a t  on catalysts ,  promoters ,  effect of pressnre ,  cam- f r o m  Tech fical Gases.]  Ann.  combust,  l iquhles vol. 8, 

posi t ion of the gas,  and  r a t e  of flow and pa ra s i t i c . r eac ,  1933, pp. 757-$69 : l l e v :  ind min~rale,  No: 807, 1933, 
d o n s  are  discussed. . . . .  pp. 447-464 469--4S8, 501-~0S Chem. Zentralb.  :1934, 
i 0 5 .  : [Syntl iet ic  ~ Ianufac tu re  of  Methanol ] I ,  p. 978; ClmAn•'Abs. v01. 2S ,  1934, p. 462. ;:'~ 

: C0nf4rences-rapp0rts  : s u r  les combustibles,  Sec.  ThermOdynamic  condit ions fur l : the hydrogena t ion  of ~ jJ~:~ 
L~=:% tchdcoslovaquesoc, chim.  ind. voL 24,1930, pp. 27-4:1; CO tO CH,,: :C:H~ C~1R~, and  C~H, a r e  discussei 

: C h e m ,  zentra ib . ,  1930, l I  p• 3223;  AmL combust. E q n i l i b r i i  for  l a n d  100  a i m .  a re  recorded.  The for- ~.i 
liquides vol. 5. 1930, pp .  239-272 ;:Chem.'Abs•• vol. 24, mar ion  of M e 0 H  f rom C O  and  H :  is exhaus t ive ly  con- ' ;  ~ : 

: _ :. :1930 'pp. 4505 5718. - : • - s l d e r e d . .  : ' : '  " ' ~!~ 

• '  A n  address  descr ib ing t ] i e  w o r k  :carr ied out on ~ the -.: lO8 - . : : :  [Pi:inc[lfle:< i , f  The rma l  Decomposit ion i.:?:i 
syn thes i s  of M e 0 H  b y  file SoeiOtd Nat iona le  de and  Hydrogeuat ion of  Organic  Compounds.]  .Ann• ;~:~: 

i : .  : R e c h e r c h e s  su r  l e : T r a i t e m e a t  des Combnst ibles  :cam= : : conlbust:  l iqUides,:vol.  8 1933, pp : 56"5-605; Chem i 
• ' • 9 r i s i n g  laboratory  experiments~ semicommerc ia l  work Ab~ x ~ l  o~ l a ' , a  ~ aa~  - 

: o n  t h e  verification of the  resul ts ,  ..rod the i r  appl ica t ion  : ~:' Y " ' ~ ' ' ~ - '  *'" ~ ' v :  : ~ , : :: , ~  
• - : 2n the.  design an d opera t ion  o f  the 5-ton commercial  T h e  arf ic]e dea l swi th  p r i m a r y  reac t ions  of  paratfinS,. 

~ n i t  now under  construction• ~ cyclic hydrocarbons hydroaromat ies ,  oleflns, and aro-'-:~,~.:: 
: . . . .  . : : m a t i c s  wi th  super imposed react ions a n d  catalyfic~ 

106. - - ~  [~.xnthesls of  Methanol:]  Ann.  combust, c rack ing .  Berthe]0t 's  hydrogena t ion  me thod  and. :~?~ 
liqnides, vol. 6, 1931, p p .  655-709; Brennstoff-Cbem.,  S a b a t i e r ' s  discoreries and  t h e i r  appl ica t ions  a r e  also "¢.~: 

": ' : v01.. 13, 1932: pp.: 92-:93; Chem. Abs., voi. 26, J.I}32, . ~  d iscussed .  ' - : - . . . . . .  : ' : " .r -: : ~. p. 1235. : :: . : : . :  : " .... : : 
: Commercial  syn t l i e s i s -o f  M e 0 H  pai ; t icular lv : w i t h '  : 109. . : [Mechanism ~f t£e  0 x i d a t i o U  of Meth-:-:~ 

= : ; : '  ~'egard to the h e a t  0f  reae t i0n  the  use  of p ressure  and ~: . ane . ]  Compt. rend.; vo] 216, 1948, pp  848-350, 449-::2 
low tempera tu res  and  the  influence Of t h e  ca tMysf ,  : 451 ; Chem. Abs:, Toll 3S, i944, p. 2257. : ' ~ ~! 

) " and the  H.:: CO r a t i o : a n d  t i le  t e m p e r a t u r e  u p 0 h  the -: ~ iechan ism a n d  tl e k ine t i c s  of t he . r e a d t i oa  ta ldn~ 
- : speed of th e reac t ion ,  iS discussed. T h e  ec0nomy of : p lace :be tween  CH, and O~ a t  J :emperatures  300"-650"' 

' - the  process depends Upon the  e x t e n t  of the  side r e a c ~  " Were s tudied b y u s e  0f  q u a r t z  0r P y r e x  tubes. Reae-~. 
- : t ions.  Beside i nc reas ing  the  consumption of sy , thesis t-i0n prodncts  are H=0, CO. CO:, H=, and H C H 0  (1) ; the'. i 

: : ' "  : g a s  they add to the  difficulties o f  conver ter  regnia t ioa  a m o u n t s  of (1) a n d  I-I= f o r m e d  a re  smal l ,  somet imes~ 
since t h e y  g ive  r i se  to excessive t e m p e r a t n r e  In- none of  t h e  latter. E v e n  under  equal  condi t ions the~ 

! creases; T h e y  a re  of  2 t ypes :  i p r imary ,  i n  Which: - r e s u l t s  SometlmeS~vary cons iderab ly  and  depend u~o~q 
' :!:: : 0 n l y  the  H : a n d  the  CO t a k e  part ,  and a s~condarv i n  the  d imne te r  of the tuhe and  t h e - s t a t e  of  i t s  inneri~ 
• :: Which the reaction pi~oducts nndergo f u r t h e r  c 0 n v e r - :  su r f ace  With  a qna r t z  tube  of  i 0  mm. : i n s ide  d i a m e t e r j  
: : : sion. Tl!e p r i m a r y  reac t ion  is  exemplified in f0rnmtion . . . .  t he  innm~ sur fac~  of  which  is  covered W i t h  a NaCI 0~i i 
.. = ~ o f  CH~ ( 2 C 0 + 2 H ~ C 0 . - - { - C H i + 6 1 k c a l . ) .  T h e  quotient  -: KC1 la~er  -the react ion i so the rm r e m a i n s  ConstantlY: 

" / / / ~  ~(ff. is : t h a t  :por t ion  Converted i n t o  CO.. a n d  CH~,: " s l 0 w  a {  650 ° w i t h  a m i x t u r e  o~ 1 ino lecu le  CH¢ and 2,~ ~ 
. . . .  ~ t h a t  converted in t0  I t l e0H)  is independent  of the  0=. W i t h  :NaCMinedi~quartz tubes Of. g r e a t e r  diameter!~ 

. . . .  : . . . . . .  : space verac i ty  o u t  depends  on the Chemical composF the  reac t ion  may  b e  acce lera ted: to  such. an '  ex t en t  that:~: 
7 :  t ion of  the c a t a l y s t  a n d  : the  opera t ing  t empera tu re  the  g a s  :mixture igni tes  a t  550 ° o r . -h igher  With:un':%%:] 

'-: : A: r i s e  i n  t e m p e r a t a r ~  o f  about  Io0 ° i n c r e a s e s  the ex- " l i n e d  quar tz  tubes, the  reac t ion  m a y  hecome vlomn~ ~ 
' = tent  of this side react ion wi th  a Cu-Th ca ta lys t  .about - 550 °, e v e n  i£  the d i a m e t e r  Of t he  tube  i s  10 mm.  r~o~i~ '  1 
/ ::- ( : 60:fold and w i t h  a Z n : C r  cata lyst -about  four fo ld  e e l ' - s t u d y  the  t r a n s f 0 r m a t i 0 n  i s o t h e r m  f u r t h e r ,  fl~e oxida: . ~  

CH~ a t  300o-700 ° w a s  t a i n  measures  to b e  t a k e n  a g a i n s t  the  oecurence o f  t ion  o f  accompl ished/by Passing '  
t l iese side reac t ions  a r e  offered. F o r m a t i o n  of :h igh-  t h e  m i x t u r e  at  a tmospher ic  p ressure  t h r o n g h  a ring" 

~ ! molecular  substances  c a n : b e  curtai led b y  avoid ing  the : l ike  tube  formed by i n s e r t i n g  :1 q u a r t z  tube: withi  ~[~ 
. 'presence of  a lka l i  and  by  correctly choosing the  HI :  a n o t h e r  4 ram. w i d e r •  "The l a t t e r  w a s  coa ted  on i t s~  

: : : . C 0 : r a t i o :  The  M e 0 H  m u s t  be removed before  i ts  c0n- i n n e r  surface ,  the f o r m e r ,  on i t s  outer,  i 'wi th  NaU 
: i centrat ion becomes too grea t .  Ch0 f o r m a t i o n  and W i t h  such an appara tus '  CH~ and .0=  react;" a t  all 'tern: 

• overhea t ing  m u s t  be opposed b y  the  efficient removal  . p e r a t u r e s  between 300 ° "and 700 ° W i t h  f o r m a t i o n  o {~' 
of  h e a t  through a cooling sys tem or by a d d i t i o n : o f  H~O, CO, CO.. H.* and ( 1 } .  T h e a m o u n t s  of  l~l:: and  (1} ~ 
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1 6  B ~ B U O O R ~ P ~ r  OF F I S C H E R - T R o P S C ~  S ' Y N T H E S I g  3~'~D IRELATED PROCESSES - . . . .  : ~:I . . . . . . . .  : ..... ...... he  - rec tp i t a t ion  f r o m  the  corre~pondi.ng_n~rates'~nev~nr: 
| very  sma l l "  t h e  amount  of CO.- mc:~easeS~x~g ] n  ~:ertea 2-17•5% o f  CO ~nto MeOt t , : t hemg"e~_  ~ ~ n d - t o  

. . . . ~ | a re  • " ~atln ~" whereas  the  amoun~ -* ~ -" ~" n bein :for Z n O  a t  350 °.  M e t a h m  ~'u w a s  , o  
p res su re  ( p m  a t m o s p h e r e l  on the  yield,  R,  for  a iner t  const i tuents  to the  reac t ion  gas .  Ca ta lys t s  l~re-- dura tmn of  he  , - ' , ~ m  and  then decreases-  The  r a n o  ¢*o , ,?gontal_vst  i f  n repared  a t  a low t e m p e r a t a r e  b y  

ca ta lys t  is  r ep resen ted  appr_oxtmately by R =  p a r e d  the  wet  way a re  v e r y  suscept ible  to  overhea t ing '  | creases to a.max~.~-~=~-- YO is  about 1 : 2 as  long as  t he  u e a . ~ ° ~  n ~ ' ~  ox ides  obta ined by prec ip i t a t ion  o~ t h e  
v uS0p', ann f o r  Z n 0  b y  R = 0 . 0 1 4 p .  W h e n  the  r a t e  The  in ju  roduced thereby  de ends  nnon  the  eho~(  : ' /  of consnmpuo-  u~ ~ ,  - -" . . . .  ~ . ~  low Based  r= . . . . . .  . " - • • . . . . . . . .  i l ion of On s a , m  oz 
of  flow over a ZnO ca t a ly s t  tS increased  5 000-10 000 cal  cam ~o~os~on The  ~ " P . . . . . . .  t in t ime  is  shor t  and  tne  ~empe . . . . . . . .  t i l e  n i t r a t e  or  by  t h e  t n e r m m  nec~p ,~o  . . . . . . . .  ~ .  . . . . . . . . . . .  ~,: _ :: , ,  - p . be . t  c a t a ly s t s  a r e  Cu and Zn, hea _g . . . . .  u~umntiou t h e  reac t ion  follows . . . .  ~-'nic ac ids  Cu ca ta lys t s  p r e p a r e d  f r o m  . t i le  f u s e d  
m e  yield r i ses  oy 55/c  ann  l u u u u - z u o u u  DV 3~5"/v• 0xiues.  AS promoter  f o r  ZnO Cr.O, i s  sui table  nna upon tae  va=~, c~ ~ _.-_ ? , e  , ¢  sa l iva t ion  IS abOU~ u,~s- ~ ~ ~. .  ^. . ,a~ nhtoined bY n r e c i p i m u o u  u~ 
Small ,.%mounts of S present as C~. or thlophen in an for Cua large number of additives are available. The~ .i:,| law of Arrhenxus,= a nd^lae+~e O- consumption, it does O.Xlde or ~l~O÷h e chloride or sulfate were reactive, lql 
otherwise  p a r e  g a s  m i x t u r e  poison the  Cu but  a r e  aet iviD" wi th  Cu-containing ca ta lys t s  a t  300 ° and tuft [ 40,000 cal. ; oaseu ul,  u~, .--~.^ -~'~*vation h e a t  is  40,000 so,}z~oj,~ .,~ ~ fnvnrod  the  nroduet i0u of  CO:-. Slng,  e- 
w i t ~ su t  effect on the  a c t i v i t y  of the  Z u O  catalysts ,  a i m :  is  about 8-fold g r e a t e r  t h a n  wi th  Cu-f ree  eatalys-ta~ : : : ~  not follow f ins  l a w ;  ann t : ~ = 5 ~ 0  cal. a t  625". The  ana~.eCoaZ~a~:~a~s{s\vere sens i t ive  to heat ,  h igh  tcm-  
Remde the des*red react ion,  which produces  MeOH, and  wi th  at  least  equal r e s i s t i v i t y  t o w a r d  ove rhea f in~  .::.: cal. a t  650 ° o r  m g n e r  ,,..::_ ~ d .  ~onditions used,  tlle com~ . . . . . . . . . .  . 
a number  of side reac t ions  occur which  resu l t  in t h e  W i t h  Cu-free ca ta lys ts  the  t e m p e r a t n r e  m u s t  be ~t' resul ts  ind ica te  t h a t  nnoe~ ~-= ~ course is  in- pe ra tu res  i m p a i r i n g  the i r  ac t iv i ty .  Mixed  c a t a l y s t s  
fornlat iou of  H=0, CO-., a n d  CH,. F r o m  a s tudy of leas t  400 ° and  the p res sm 'e  400 atm• to a t f a i n  the Same" reaction is  heterogeneous and t h a t  i t s  A mixturem°re ofeffeetiVece=O, andthancu~ngle'c°mp°nentwas v e r y  effective,catMystS'aml t h e  
the  re la t ive  r a t e s  of the  m a i n  and  side reactions• i t  space- t ime yield. The  Cu-conta in ing c a t a l y s t s  require ii fiuenced hY the  s t a t e  of the  su r f ace  o f  the  reac t ion  were  ac t iv i ty  r eached  a m a x i n m m  at  a Ce : Cu ra t io  of 30 : 
2 s  shou~n tha t  t he  u.~eful conversion of  CO is m u c h  a thorough puritJeation of  the  r a w  g a s  f r o m  $ cam- L tube• :100 wi th  a 92% convers ion of CO. A m i x t u r e  of  BeO : 
g r e a t e r  wi th  a Cu ca ta lys t  than  i s  the  case  wi th  1 pounds,  part icular ly COS. Even  w i t h  th is ,  the ad-: and Cu w i t h  a Be  : Cu ra t io  of 6 : :100 w a s  ahnns t  us  
of Zn0 .  In  deciding the  re la t ive  va lue  of  the  2 Vantage is wi th  them since the  c o s t  of g a s  purification ~,::; good and showed  the  g rea te s t  h e a t  res is tauce  of t h e  
~-pes of ca ta lys t  the  poor yields  f r o m  ZnO h a v e  to be per  kg• of M e 0 H  aml down to 1.25 m s .  $ p e r  m2 is : i whole se r ies  s tudied .  

11o 
I n of 1,0n ~ataivz~ ...... * - )~" Act 'o  ' " - nd rain 1 9 ' s  No -' and  Hvdrngen. ]  Rex.  i . . . . .  ~, - • 

~-'~};-~'~.R ind  Eng  ChenL, vol. :!1 .tv.~,, Pv" " [ ' ~  112. ~ -  [Chemica l  Equ i l ib r ium Between  5Ie th-  
pp. o,,--~-~ • " . , "  ~, .m B 1) ,'4-10" Chem AUS• aS5 Br i t i sh  Ghem .~os x~ . . . . .  • ~ , " ' nnol, Carbon  Monoxide  a n d  Hydrogen . ]  Ann. eom- 
vol "~3 19°9 PP °0"¢14• 362(}i 5091. : bust• l iqnides,  vol.  '5, 2930, pP, 454-461 ; Chem. Abs., 

. . . .  lv t ic  act ion on nf ixtures  of vol• 25, t931~ P. 635. 
:Fe• Ni, and  Co exe~ t~tnua c¢~ta~ ( ,  -,as to de te rmine  i f  t h e s e  Wi th  endugli  t i m e  of  c0nta,'r, the  fdl low!ng r e a c ~ n s : "  

CO and I~ ,  a:~,:l tol~si~, t ~:ith gaseous  mix tu res  would  \ : t ake  p lace :  COq-2H==CI~'O~,2CO,~:~H~-'~,~sl~:l"~n t f o r  
metals  wneh  ,,, - .  ".-..a....,~ A ~tudv was  m a d e  o~ and C0-1-31~---CH,-{-~--u- ~,,c ~a~. . . .*: :  . . . . . . .  h ,  

fllllel'vn~ m,- " . . . .  ~ ~ all,1 o aml'tS at  tile zoo- ~letermined a n d  I r o m  tn~ e.~p=*, 

 ::rq:ora• : lat,oo,sfou0d. 6 00 oo . . . . . .  
gnCO~.si&, ofMnCO~'these. 15Cx̂  . ._¢ .or~_~ ¢ovm~d o r g n m c  l i q u i d s m i X t u r e ~ ' . . ~  u,~-"i:se cant  ,~ini'n". ~ .all .alkali. : log K ~ - - 3 o . 3 S q - ~ d - ~  T ~.~. log.T. . 

~rhonateas of( N a :C~o:i~;~°n~)~t~'5 t~: u n c t e r l S O a  t m" Pr  e S ' c o m I  ~ - ' ~vEn~ivx,~ B :  D : : ' g c o  a b s . :  564, 58~. 
with g, _ . A, .a .~o m ~ All  the  o thers  gave  CH,• . , 0  ~'~ , ~  a T] ' R e n o r t  of  t he  Hvdr0ca rbon  O i l  

• e ang, a n 0 w  u~- ~ . ~  " - " i res  -~,o. -~-Y..~, . . . . . .  : " - - ~ - l 'al~flv flail] ~-~-0 and  finally C . .  F w e  m~xtx}. ~_+:^~ O o m m l t t e e . . C 0 k e  Smoke les s -Fue lAge~vo l -  ' ,  
~Y:{; safge~:ic f ;vd ra t e  base were  then s tudied cons~s~ng . . . . .  79~.~p1~. 88:-90" chem•  T r a d e  Jour. . ) :ol-  116, ~,~u: pP:  
2;';~"~(~(rt~ Fe:O,  and  2 pa r t s  of t he  f o n o w m g - ~ = ~ - - ~  : 4o3~426 - Chela.  Age, vol~ 52, 1,~55 PP . . . .  - , , ; ~ ,  

: ~ ~' ;~"~. ' .N-(5 ai~d K.S.:- N o 0 l l : w a s f o r m e a t ~ 5  :g0eaxx-'~ : Pelt01 T i m e s  v o L  49,1945, pp. 304-3uo. • 
: *',~,~'~'.,~." ,~: t  the  other  ca ta lyzers  produced 11 era;, l~e.r ~,~.- ~= . . . .  ;'o~1~ With c0minefitS i u d r c a t i , g  the  : i m -  :l 

m ~of  g a s  f rmn=the  sulfate,  9c in -  :Pe~,.onl :~h g borate ,  nortanCe Of de~-eloping chemical  manUfactureS bas  , .  , , :  ] 
: ; the  ,hosphate  :13~cm~ per  m_. o~: g a ~ , , ~ : t a  With ~as  ' ~0al byuroducts  The  commit tee  recommendS tua~ n?-  I 

• I-n o,n ~ ~ar  in ' o f  g a s  f r o m  the  ~ . . . . . .  ~, . . . .  s : . ,  . ,  . _. -, ' ~a .x~ . : . h^ .  0il used  for" chen~cal  syn thes~s  I 
and: ±~ ~--. ~'~ ' . . . .  a flow or .%u~u )or[eu nS•u~u , , - ~ -  - • " " " r l  : C0 5H...) under  :1o0 aim• p!essu~e ~m d .  .^~:~:~,~in,, a t~h-,,Id b e ' f r e e  o f  duty" and fo r  ind igenous  oil s lml la  Y [ 
~2.  +~i ix tures  were  then p ~ p a r e a  ~Y P-~h"a~"aik'~li  : ~ e d  a l lowances  should be pa id  equa != t ° . , ~e~  respec-  

. m i x t n r e  o f :Ou:n i t . r a te  an~ ~ ~n~;].~o~'rtion to the  F e  .... t i re  d u t i e s .  A n  inte}:est~ng r e a r ' I r e s °  ~ ~n~hat'i~e~ n o t  I 
adding to the  preculj ta .m *~-.~ .].;&g,,~ tl~e compound to Tropsch p rocess  ~s tna~ the  p~: . . . . . .  ?^~o,.~]t~'netroleum 

.' : ¢0,/tent, and,  ~ t e r  stY'US: su].~rtc'::~,es~ure a t  200 ° for:  a r o m a t i c  iu  c h a r a c t e r  anui :um.s ,  ,_re~:yj:2 ~]•ocesses 
act ion of][=~.unoeratmu~p~s¢ • t" ~ --~: ,~ fn rO- ' ~o~hor f h a n  coa l  oils profluceu ny  v t u ~  1, ~" 

:tahei• -,,,~ a t  3~0 ° for  14 hr.  in such a m m m ~ r ) t  ~ LZ.7.J.. : : .  -~7~:-" ^7 - the  m o r e  i m p o r t a n t  chemica ls  1that can  u e  
: : .~ .=.'2 : ~ ' ~  the  C u 0  but  no~ the Fe=O~. I t  was  s p v : ~  a~u,]~.; ~.~ ~:7,,,, ~etr01emn'  Could therefore ,  b e  demveu~ 

~ , m ~  y - . o  - -  . . . . .  "..~ o ,  increased the  ca ta ly t ic  act!o *~ : prm~uc~,L * - - - - ~ : :  _ . . . .  ~ ,~o~-+ea te r  fac i l i ty  froln l!m 
. t h a t  u m  p r e u e u ~  y- ~ : _  - , :^ - -m~o~i t ioa  of the  e a t a -  With equah ann  ~n ~-v~,~ ~ . ~  ~- g - ' - - * ~ ' ~ S  
:: (':of the Fe..Or-K-.CO~c0llPl~; ~ : ~ : , ~  Fe=.0, 49.5% :Cn . p r i m a r y  p roduc t s  of hyarocatw0n . ~ t , ~ . ~ ,  ~ ~ . ._ £~ 

i h-zer a f t e r  r educ tmn "a~.~.y~ . . ,  _ . . Z . "  - , i x t u r e  0£~ . . .  , . .d~o E ~ s v n t h i n e s , P r 0 e e s s - - a  t.:olnpos~tv u~ 
~- ' -~n-t* "~¢on 1 0 %  W i t h t m s c o m p o u u * ' " ~  ~ . xx~*. ~ x , ~ o ,  • -~ ~ • *" •^~ 15 NO 1 1 : 1 9 4 4  pp  ; : : ~''O'/~' r - - : ~ '  " - " • , .  .,~ ~.. .~a..o,~wasextrac~eo : . Resea rch  W o r m  rea'O~v x : . .  : , - : ! , . 

"I:(::~: lion Of t h e  m i x t u r e  of C0  and H~• ~ : .~ : :  :::: ~hh~ such c r i t i c i sm C0mes '~om a mi suudemta  nd'ng~ 
: :~ : "  : :  ' " . y : thesis  of MethanOL Ind. Eng.: Che~ng, : t h e ~ a y  in ,wh ich ' the  Work is conducted and thht~ the 
:-:': 1!1~] on 1908.S~; 1105-1110; B r i t i s h  Chem. k b s  . . . .  r . ~ !  :program of t h e  BUreau lids s a t i s f i e d : t h e  spec*fi cati0~ 

[~:--!" B . ' ~ . - ~ 0 ; - ~ I , : ~ . A b s : ; v o l .  22,::192S, P - ~ ? * :  : : . . . . . . . .  : a s s e t ~ o r t l ,  by  the  Ad,asol~ con,m,~ . . . . . . .  
ults- of  t ne  acuvn  o - ' "  ..2. * v ,  ~ ~riouS Substance-~. in ca t s -  . . . .  116 " T h e  l:Mel Problem•  Sol::" ." ~kme~' "man, • :~:ol 

.... "" reacuon ~ - " - -  ~ " ' ix'zing sne - -'- • "nactive" Al-O~• • ' ~ " ' • ecline thepe'llg oI~ pro are  ~ v e n  T h e  fol lowing o x i d e s  w e ~ e l  " "ud As our  pe t ro leum resources  d ( , ~_~. 
~ - ^ ~ - - - ~ ;  -v0~ w 0 - T h 0 -  '1'i0 MS0,  C u 0 ' B a 0 ' L a  • '~uetion iS expected tO he  reached  .between 1950 an~ 

}!~:: . . . . .  ~lU= , ~o..u~, ,--~, , ~ { ,  ,u~l"'Zr0. 'l~ave less t h a n  ~1~ o~ :- Y . . . .  . '~^ o . . . . . .  ~ abundan t  sol id  fuels ,  oil s m u ~  ,,,, 

:.~*~ , M e 0 H  a t  150 a t m • ~ m u ,  ~r-.~,, ,,., . . . . . . . .  ~ " . , ~ _  . : • - 
i} } , i ' i '  o_sa~pa..s~__.~ . . . . .  . . . . . .  : ,  :: . :  : : 
;,,:g : . . . .  , : 
~: _ . . . . . . . .  ...... , . 
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coal.  m u s t  be utilized. T h e  m a j o r  problem in t he i r  
u t i l izat ion is the i r  convers ion into the  liquid s la te .  
Technological  research h a s  a l r e ady  developed methods 
to accomplish this, and ] t  i s  qui te  pessiifle tha t  in a 
r easonab ly  short  period f U r t h e r  development of these 
m e t h o d s  will  b r ing  these fue l s  into a favorab le  com- 
pe t i t ive  position wi th  pe t ro lemn fuels .  General  dis- 
cuss lon i s  given of the  methods  for  couver t ing the  soIid 
fue l s  into liquid fue l s :  Oil-shale retort ing,  direct  coal 
hydrogena t ion  by tile B e r g i n s  process, and ind i rec t  coal 
hydrogena t ion  by the  Fischer-Tropsch  method.  The 
cost l~roblem Is surveyed,  and  t h e  economic evaluat ion 
of each method is discussed• The  F/scher-Tropscb 
me th0d  of  conversion appea r s  t o :bane  the best  possi- 
bi l i t ies  as  an  economic p roducer  of llquhl fuel .  
I16a. ~ .  Synthetic  Liquid  F u e l s - - W h e n  and 

OF F]SCHER-TROPSCH SY'I~PT'I::IESIS A~r'D RELA.TED :PROCESSES 

and as  the  main source of fuel  energy  by t h e  y e a r  "2000• 
Th i s  posi t ioa:  llowever, will not come about by hydro- 

t h a t  about  2,000 col. of  syn thes i s  g a s  plus  recycle  gas  
m u s t  be processed to m a k e  1 c o l  of  l iquid motor-fuel  
prodnct ,  the  l a t t e r  has  to bea r  a d i sp ropor t iona te  pa r t  

' o f  the  cost  of  amor t i z ing  and  m a i n t a i n i n g  the  p lant  
and  equipment•  Because of  th i s  c h a r a c t e r i s t i c  aud to 

o b t a i n  greater"  economic spaCe-time yields,  m o r e  severe  
ope ra t ing  conditions have  been/reposed,  w i t h  the  resul t  
t h a t  the  ca ta lys t  has  becm~e overIoaded a n d  uadesir-  

a b l e  s ide reac t ions  h a r e  been set  up,  which  h a v e  great l~  
a g g r a v a t e d  the  catalyst, problem. The  p rob lem of  C de- 
t e r io ra t ion  of  the  ca ta lys t  is  also a se r ious  one. I u  

t h e  f o r m a t i o n  of  carbides (which by t h e : w a y  are  no  
longer  r ega rded  as  essent ia l  i n t e r med ia t e s  in the  s.vn- 
t h e s i s  of  hydrocarboas)  a t  syn thes i s  t e m p e r a t u r e s  and  
above, CO wil l  deposit C on the  t rans i t ion  m e t a l s  of the  
ca ta lys t  : far  in excess of the  s to ich iomet r ic  amoun t s  

H o w  ? Pe t ro l .  Processing,  col. 7, 19:;2. pp. 41-44. ind lea ted  by  the  fo rmulas  f o r  t h e c a r b i d e s  M:C or  
Product ion  of liquid fuel f r o m  Coal and oil shale  is .~f,C. As  the  ra tes  of deeompos/ t ion of the  carbides  . 

an  inev i tab le  par t  of the  fu tn re  indust r ia l  picture,  increase ,  the  C, which w a s  un i fo rmly  d i s t r ibu ted  . 
F r o m  Our preseat  knowledge of synthet ic  fue ls :  o i l  th rongh the  me ta l  lat t ice in the  carbide  fo rm,  tends  to 
snare  shows  the best  i m m e d i a t e  promise ;  exploi tat ioa ' diffuse and  accumulate  in inclusions,  t iros f r e e i n g  lot- 
can t a k e  place to lay wi th  only nominal  Operating loss u c e  s~tes fo r  the  addit ion of more  C. As t h i s  e x c e s s  
and by 1905 on a profit bas i s  in d i rec t  cmnpetition wi th  0 accumula tes ,  the lat t iees a re  foreed to expnnd~ u ' i t h  
n a t n r a l  petroleual. J3ut the  f n t n r e  fuel e~onomy d e -  tbe  resu l t  t h a t  tile e,~talyst s t r n e t n r e  is b roken  down, 
pends bpon Coaland i ts  wide-sCale ntil ization b~ 39S0 a n d  e x e ~ s i v e  pressure  drops throngb : the ca t a lys t  

• onsue. T h e  format ion  of high-nlolecnlar -weight  wax  
m the  syn thes i s  is  anotl ier  ser ious  problem, p a r t i c u -  : 
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.... : . . . . . . . . .  : Their Censer- : :- Gea. _%bhandl. ]Kenntnis Kohle, col. 9, 1930, pP. 519- 

120. BACQVETRISS~ I~ [French F~uel s ~.~ ~.~. e iv i Is  521; Chem:  Abs. ,  col. ~ 1031; ~P: 3806. - . . . . . .  
nation a n d  11epiacemeeL] M~m- ~- - . ~ -  col  -~vle - a s  f r o m  ca ta lys t s  u s e d  f o r  pet roleum s y u -  
~anee, vol. ~ ,  19~, P~- 2~I--'2o0; ,.,~em . . . . . . .  " t~kTJ ~as rassed o,'e; ~e at ~0"_..H, a.d / .72~% 
34, 1940, p-7573.  . . . . . .  c ~ r ~ n s  reduced the  C O . - t o  CO- "J.'h~s g a s  con, t, 
A rev iew of  ;possible sources of  gaso l ine  subs t i t u t e s :  

~ y d r o g e n a t i o n  products  of coa l  and  CO; low-temper-  
a ture  ta r ,  benzene ,  eoal gas,  wood charcoal ,  alcOhOl 
( f rom beets ,  molasses ,  wine, m a i z e ) .  

BAn^~Z, G .  ~ .  ~qcc abs. 1197, 1188. 
121- BAnZSCl=IE .~_I~II.IN und Sonx-FAnRIK. [Review o f  

the I n d u s t r i a l  Synthesis of MeOEL] Ztschr.  angew-  
Chem., col. 3S, 19°-5, PP- 546-547. 
Explana t ion  of the  d i s p u t e  be tween  the  company 

and P a t a r t  as  to the  pr ior i ty  of t h e  ln'ocess. 

reused for  pe t ro leum synthes i s .  T h e  g a s  £~an a l so  be  
converted in to  CH~ by  p n s ~ n g  o v e r  N i  a t  240% T h e  
calorific va lue  of  the  gas  a f t e r  e.xtraetion of CO.. w a s  
6400 kg.-cal, p e r  m ~. :: 

~ .  ~ce  abs.  9 ~ 3 ,  9 7 4 ~  9 7 ~ ,  9 7 6 .  

i28. B A r n ,  H . A .  [Behavior  of  W a t e r  Gas  on V a r i o u s  
Ca ta ly s t s :  C o n t r i b u t i o n  t o  t h e  Equi l ib r ium 6CO.~+ 
C ~ 1 2 C 0 - ~ - 3 H : ]  Ges A b h a n d L  Kcnntn i s  Kohle ,  
col. 8, 1929, pp.  6_.17-219 ; C h e m .  Zentralb. ,  1929, I I ,  
p. 3263 ; Chem.  Abs., col. 24, 1930, P. 5207. 

• i~.2. BADISCHE AI~ILI~ ~'.XD SODA F~nRIK, and PATAUT, Hea t ing  a m l x t u r e  of CO-- a n d  C~H~ vapor  w i t h  v a r i - ,  
• et ,  c Methanol Controversy .  Ind,  :Eng. G Synch " • - . .-, 9o5 : o u s  metal l ic  ca t a lys t s  to ~50°-750 ° led only to t h e  

Chem.:col. lV, 102~, 15. S~0; C~e~. Zt~, ]el. ~9, 1 - ,  formation of traces of CO in the anal gas. ~ ' ~  ga~ 
p. 463 ; Chem.  T rade  flour., j u n e  v, ±~, x~.o. m i x t u r e  of 4CO-t-H.- heated on the  same catalY, t s  t 
DiScussion between B a d i s e h e a n d  P a t a r t  as  to t h e  200.--S00 ° did  not show a r eac t ion ;  only w h e n  

val id i ty  of  p a t e n t s  by both l~arties on the 'p ressure  syn-  ZnO+0.Sc~ Fe_-O, w a s  employed as  a cata lys t ,  t he  
thesis  of  M e O H  fr0i  ] CO and :H,. format ion  :o f  24:% CO-- produced: by  decomposit inn o f  

. BAnsT~nNER, "~; $( 'clabs.  3433. . . . .  CO on F e  w a s  observed,  
123. BASIn, - - . . M e d i l m ~  P ' r e s m i r e  Synthesis  of P a r -  129. - - - - ~ .  [ l teduetion o f  C~rbonic _~cid.] Ges.  

affins: F I A T  Reel L~';. f r a m e s  :151-155, 1939; P B  Abhandl.  Kems tn i s  K0hle, "vo~. 8..1929, I~P. 219.--'22~; 
. . . . .  Chem. Zentra lb . ,  1930, I ,  p. I S 5 ;  unem..~us• ,  • u~. - - ,  

70,159. " 1930 P. 5207. 
. . . . . .  gena t ion  unless r ld iea lh ,  new idea~ are  boru coal l a r ly  in fluid o p e r a t o  n. k s tudy  o f  luoduct  d is tHbn-  i 1  Observa t ions  a re  m a d e  on variOUS' p h a s e s  of t h e  

hydrogena t ion  as  a whole ' i s  dead an}l will r ema in  s:o tion sngges t s  tha t  ce r t a in  t he r modynamic  equ/l ibr ia  . - " n n'e~sure svnthes i s  is fo i lowS:  R e d a c t i o n  o f  CO- according  to CO.+I=I.-=CO-I-H=O. 
. . . . . .  opel a t m n  of n~ld~#l ~ tl, e furl 'race lmt t ing  a n e w  Which up to t h e  present  h a s  been inves t iga ted  o'~lYiaot only p a r t s  of t i l e  Drocess will  remaiu  applicab'le: I f  a r e  opera t ive  a n d  determine the  r e l a t ive  a m o u  i ts  of  

c o a l  w e r  e to be converted to ] iquid:fael  wi thont  regard  , ( -pa ra f f ins  Of each nmlecnlar -weight  r ange ,  t he  re la : :  : ' t tmtnl°~ne°~s o~;eI~a~io;~, fmumce  control ,  beha vim• :of  : re la t ive ly  h i g h  temPera tnres ,  c a n  b.e ea'r 'ae~al°U~s'a '~e. 
to o the r  aspects  of the energy  ln'oblem, use wonid prob- hoe  amoun t s  u f t h e  different  ~- l -o lef ins ,  the  degree  of : cata, ,~:  . . . . . .  ~ris~'" stoppages,  c h a r g i n g  O f the  Dar-  . a t  modera te  tmnpera tu re  1~ m e  j Jr.~:l~.,,~:., ' i~ n u t i c e -  

. ~b~y be m a d e  of a modified Fiscber-Troi lsch synthesis  branc.l~ing etc, O p e r a t i o n  ~f ' , these eqa i l ib r i a  imimse ; t . e  c.-~u~?~ ~,.^~.::~q.r o f the  na ra f l iu  ca ta lys t  un¢ler : : empl0~ed. W i t h  mcta lhc  ~ u  tne)e ,~- - -7 . :  ~ ~ .  ¢~. 
aflin ca t a lys t ,  u.~.~- ~ . .  ,vn~. l b l e  eonditiouS for  empty-  " able a t  °00 ° W i t h  the  employmen t  oz ~U ~r-'~L~.'=k:-:.-., 

l ± . . . .  • ' • " : :  . ~ ce mi~ appears  t o b e  ehe pe r  and more flexible than cer ta in  nml t a t i ons  on t h e  f l ex ib i l i t y  of t h e  p loce s s  !lydrogen ac t !09 ,  ~9!~ , ~: , : : ~o-CO a n d  Co-Cu-Zn as ~:¢ntact m a t e r m l s  w~tn tent- 
,: hydrogenat ion.  'S ios t ' f avorab le  econ0niies should c.0ine General ly  speaking,  t h e  l~odern Fischer-Tr01"~scli l n ' o c - :  : .  : ing the  fu rnace•  - . . . . . . .  - - ' . . . . . . .  

: -  ~:°n-~,ahighlyiategrated:euergYimhlstrywhich w0uhl " ess-Yieldsa d i S l n ' ° p 0 r t i 0 n a t e l y ] a r g e a m a a n t  o f g a ~ e ,  us  :'~ -~ " : . ~ , ~  ~ h s  Conver~iou of Son- pera tures  be tween  200. ~ ands450°:  ~l~! with¢,5~'~:v~e~ev~ 
7 : - s,.,vl~,.~" n o v - p r a y : i n c r e a s i n g  am oun t s  6f  lbiu d fue l -bu t  nyorocarboas  while., at_ tl~e Other :end o f ' t h e  nrodue~ , ~'~ : 124. ~ r  : t C 0 m p a ; ! u ~ "  "~' "r ,  ~h .,¢ ~ild ]:rou C a t - .  of .CO. arid H,; i n  the  r a t io  :I.=.L a m i  ~ :  "2~ - ' -~{ ; - ,~  ".~ ; 

: also even more  rapidly increa.~ing mnonnt~ of electH~ r a n g e  re ld th 'e lv  .~ I all amount~/ of  extr~n,~lv h ~ ." ! . . . .  :=the~i~ Gas  and-W:~ter .~a~ ~n "-~,:~%~.n_~¢~4 n P B '  +~,~ C(3 on.n~titie~ 0btai~ed :were up t a  l~-/c. , ?  u~.}.~. 
p o w e r  C 0 a l  wduld be m e c ~ m i e a l h  mi~lm] . e  ~.~,: : molecular  Wei~,f~t "~;~'~ ~ ' : , , , ;~ . .~": , .a  ~^_ _~a_.,:, ..,g•. : : !  : a l v s t s ]  F][KT Reel LS' z r a m e s  x ~ . V y  . . . . .  : ",7,: ,:,,,;o,'.',.~,~?j..~iui.xt,fre. r e d n c t i o n - 0 f C O t o ~ = ~ ,  : 

• . . •. ~u ~ ~.~ ~ CI. u n  ac- . .h~ , • •r ~ ~, ~ "" 
i .cost, c rnshed cleaned and t r a n s p m t e d  br  lllpehne to coon{: of  tile e q m h b n a  inroh-ed :it  i~ hnnos~ih]~ to::  ::~l : 70:159. ' ~ ' ' ~:~ "÷, ,  oecnrred e~pecfallv when Contacts  e o n t a m m g  Go we*e 
: locat ions of adequate ,  Water SuPl}lies: m~d the~,o'  r.,m: : reduce t h e  g a s  y ie ld  wiflmnttsimi,~+.,:~.,.~jT~,~:'J,=-:: : : ~ |  : , :noCnlt£:0f  c0inbarat ive r e s t s  a t  a l~ressure ° ~ J  ' : ' = •  • : ~-----l^Ved " - . : : :  : " . 

nnuous ly  distilled to yiehl a m a x i m m n  amou~t-¢~f'tal', i n g t l i e w a x y i e h t . '  Likeu.ise: t i le ratio 'of 'd~~'~{~c~'~s~ = . . . . .  : ~ |  : :  .~re'~~'esented in -a  numeric "fl~table: Dec}s~ve.. ~ac~0rs - : u ' m ' ' -  ' : . . :  . : -  -~.4~-, T "  [Decomposi t i0n of: '  
:, s o m e  a r0ma t i e  chemical in te rmedia teS•  aiid fine Char ~ gasoline,  n o r m a l l y  about 1 ' : 6  e a h n 0 ~  l~-~(~•:,=:~:, ~ . . . .  ~" " "he  s e l ec t ion  of t h e  bage g a s  j ! n d : t n  e .~..~P~.~.~ . 130~ l~A~n , :~ .  :~_.: -~.x~..--~::$'~, 1 ~ . 'Ber.  deut.  c h e m .  : 

The t a r  wmdd b e ' h y d r o g m m t e d  to liqi kl fuels" th ): wl thon t  a correspoading increase  in wax.  ~" c~;: ;~ ' : ,~.  ' r~f a r e  t h e i r  C0st~ thei r  aval labf l , tv ,  an¢l n~e ~ : n . a . ,  uarb¢~n ~on~x~oe ~ ~ 7 _ 2 1 ~  : Chem. Abs. ; .  
• : c, ha~: converted: to. liquid f a e l s  and al ipharic i 'nte~ . t i rely:small  a iuouats  of w a x  depdslted ",~,,' t lm 'ca ta~v"  :oducts d e s i r e d ,  witl~ specia l  ~'eference ~o ~,,~,~: ~esell~, ~o~ w~,r_~X-~,, - - - :  - • . . . .  • 

meo la tes  by. :the F~seher, Tropsch synthesis  or bu rned  . m fluid operat ion m ' e  enougb to cause" c~'~'talyst : ~  ~ eunten ts  and  the i r  C0mposl t lon .  : , x ol• -~, ±v -v ,  p. ,o~. 
nnder  boilers for gene r a t i on  of~electi.ic power  Tile g lomera t ion  a n d  incomlslete f lnidizat i0n With e0nse BA~n, H .  [Influence o f , S £  :• ^ -  .1-^ r~-ntact  ~:--~n ~nl by first  f o r m i n g  lqi ,c  Below 270 °, the  ;°~rSe?sfhP~pe~!U~t)t~l~ °vf01~t~lenm is es t imated  nnd ti le . q~il:~el.~l ahzed 0verhent /ng and .  C deposit ion Th , f lfui '  i n  the W a t e r  G a s  - Metal l ic  N1 or  .Nio' c,staiyzeS the  react ion 2 C O ~ C +  • . . • , :  . , . 

d in the  Catalys~ o71 t h e  ;%e[Io5! tU. L~t~ " ~  " '" k.v..rr-~ . . . . . .  • > . . . .  " 
' , " • . f u t u r e  annnal  in~oducthin " , '  ' - , rop~e h p r o c e s s  is pecn l i a r  ]10t o n l y  in=i ts  ab teri~ 1 in t he  S y n t h e s i s  of Petroleum•] Ges.  decomp0s i t i0n :o f  CO cont inues  un t i l  the  .Ni i s  com- 

"d hle c o l  9 i930 - pl i 514 -=516 ; : n l e t e lv  t r ans fo rn ied  into Ni~C ; then the  react ion s tops.  Carve i s  predicted~ Ou tlie bas i s  of u l t imate  praducih]e  normal  volume shr inkage  b u t  als0 in i ts  l o s s  of  ilea~ h a n d h  K e n n t h u  Ko , . • . . '  ' . . . .  ~- . " ' o-,~o .:~a -~.~no-4ofl o : t h e  C O  decomposi t ion 
- . o~ 1 ) DSvu. " . : ~e~ween - i .  , , -~ ~-~ - , . . - reserves  of 1 000 billion bbl. i t  IS  e s t iml t ed  t h a t  the  , v a l u e  The  power  reqnirmnents  a r e  also cons iderable  e m  A b s , v O l .  -u 193 I ,  - ~ . .  . ~ , , , , . ~  ~h~  ~ lost  bein _Ni~C which i s  f r ee  f r o m  

' t e l '  c . . . .  ata  g. t l ie Synthesis  of p a r a f f i n s  f r o m  wa g, ,o a -  - . . . . . . . . .  " • • : , ~.~,ak of  worl  d production . is  l ikely,  to come about  i n -  ,Ec,m.lom,icall.. v, i t  i s  essential  tba t_syn thes i s  processe,, . . . . . . .  ~ . . . . .  ~ . . . . .  d l~ '  analys is  w h  ch shows  
: ,  ~. • . . . . . . .  . , , . . . . .  : .  : . : oe aevempeu  that :  do n o t  depend u p o n  c r e d i t s  f o r  b~" ~ ^  ~., --÷'a~v-t t he  :same resul t  ' w a s  m e t a m c  £xt.- .~m~- ,y ~A" =_'." ~"  L ; . ^ . , . t . . U "  h ~  t he  c a t -  

117 A'.rnES~ E. -~I0-~T~O-~IER " ~r  ~ . , ,  ~ - . , ~= r  V ~ ln'oduets t h a t  have  limited lf iark ~ ~h~ ^~..~^..~*~k~ 0ver  . a n . . ~ v ' ~ u :  ~ ' , 2 , ' : : ~  _.+~.~ . . ~  ~:'as m a d e  : that- the a m o u n t  oz ~ v o u n u .  =~'~*~.'-'-'-"-"--':-~^~an~ 'n.~ 
:: : ~  .~ , , r : Y ,  C : . . . ,  - " " e " - ~ - - * ,  ~• ~ . "  co ' . ~tS: . . . .  v~ . ,~ ,= . . . ~  ined whermer -a s.vntueL,u, ,~,,-~. ~ - ~ .  ~ • r r e s  0nds to Ni~C, excess  w . ~ e , n ~  p ~  . . . . . . .  

, .SOme Ploblems Assocmted "W~th the  Fischer-Trop~eb : , mpqund.s offer cattract~ve posmbfl,  t~es a s  c h e m i c a h  ~ Uure H and CO or  a no rma l ly  p u n  fled w ate~ , alyst~ co ~ ^ . .  ¢To de t e rmine  the  ra t io  of  bound.  O 
: r e a c t s ,  p i l .~as  30ur., col. 47, No. 2~ 194S, pp ~ 2  : on a^~lau.~:e.iy.small scale,  bu t  whi le  synthes is :  planL¢ " ~  n.¢e~ The:  S content  of  the  l a t t e r  h.aa no -: t n e ~ r e e e , ~ , ~ = = a ~ a a  a~-~r t h e  Cathivst;. The  a m o u n t  

. . . .  . . o  ; . r e r r m .  !~efiaer, v01.27, No. 11, 194S, un. 5 S 3 : 5 S n '  : v ~  ~ u , v w :  ~m.Laay capaci ty would  produce less  than .-;':-~{-~ a ~ e  Of b Cu-Co ca ta lys t s  d i f fer ing  m . to  zree W,. ~'- "?.~.~.~'~:ZL~ t~a  . u n n t i [ r  o f  bound  C, 
- ,Abs• of a paper r~re~ehted , t  n m ~ + h ,  ".'~ +~ ~ ~" ' "  e v e  o f  the  country 's  motor  fuel  t h e  bvpr0duct  E t O H  ' e c m . ~ £ ~ * J 2 ~ ' ~  ~={~"*he l o w e r  S content  w a s  the  of CH~ ~:ormeu: ~ n . u * c ~ , . T ~ : ^ $ % - - - ~ - e ~ . _ ~ O O  , f r e e  Ni  

. : : ~ --- -. . . . . . . . .  g ~ t o e  .~ ln  , ,  Would a m o u n t  • •" .. • }men~, . - .  ~ - .  . . . . . . . . .  : ree C . r e m a i n s  meru-# ~ - -  ~ - -  , ; . Soc .  Mech. Eng:  a~ Amari l lo ,  Texas :  :Due : to  the  ~o^~ ~ . . . . . . .  - -  t ,o:alm0st 100 mf lhon  g~ll.]yr, o r  about . ~;~.dilx, deactivated , , . . . . .  :F . . . . . .  . ~.  ~ha ~ . t a l v s t  because  ~XhC d , s socmtes  
. . . - ~ - ~  :,au~ m e  esuma~ed demand fo r  th i s  m a t e r i a l  " : -,~;: : -  " . . . . .  : ~ rr,.,,~,.,~.'~.:- . f  ~ - d r o a r o m a t  c Cons t i tu -  " aga in  aPP~a~.~_/Z...'._ZZ::~i'e : is  Ur0bablv 'an i n t e r m e - .  

• • , : ~ ~ :: . . . . .  : : - : .... , .. : - , : : : : • : : , I ~.~;~,~, 126. ~ -  ~,~ . . . . . .  ~ - r  . . . . .  n n t n l s  a t  sucn ~ e m p ~ r ~ u ~ •  -.-:.:-, - ~- " " " v 
: . : ' • ~ " • . . . . . .  ~ . . . . . . .  ' : " : ' • . . . .  " : ;.~ ~ ~°~:~ - ea ts  in  S y n t h e t i c  Beazme•]  • Ges._.Abhandl' Ke~^~ o 5 dlary s t e p  in  thedecompomt ion  of  N~¢.  : I t  x~.hehe• ed. 

i : , : ~ : ~ -: : : ' : :  . -  : ::: , . . . . . .  B : : . ,  : ,  : . : :  . : ~ - - :  : . " : . .  ~ .~'~i~i: Kohle,:vol• 9; 1930, PP, 521-5~:!  )~n era• ~OS•~ . ,  ?~, . .. t ha t  Nl , (~.formed in t h e  c a t a l y s i s  process is_ :indee~nCcae t 



tion the  initial catalyst  Ni~C is reduced to Ni but 
again  reaets  to W e  Ni~C. The  main  reactions a r e  
(1) Ni~+CO=.Ni~Cq-0 (2) Ni~C--[-2H:=CH~q-Ni~. 
1 3 2 .  ~ .  [Reactions of  .Nickel Carbide (Ni~C) 

Prepared  n t  Low Tempera tures . ]  Ber.  deut. chem. 
• 0esell.,  vol. 63B, 1930, pp. 99-102; Chem. Abs., voi. 

2 4 ,  1930, p. 1812. 
Finely powdered Ni,C, resul t ing f rom the notion Of  

CO on Ni a t  lo w temperatures ,  is pyrophoric. This  
proper ty  Is destroyed by displacing the  adsorbed CO 
With pure  N.- a t  250 °. The stabil ized ca rb ide  m a y  be 
heated to 110 ° without oxidation. T h e  act ivi ty  toward  
CO and H.- is also decreased by  the  stabilization. NhC 
absorbs moisture from the air .  It has  a specific grav-  
i ty  of  7.97 and is slightly magnetic .  I t s  hea t  of fo rma-  
tion is--9 .2~0.S k e e l  I t  begins to decompose into 
i ts  elements when heated to about  400 °. With  H-. at  

OF FISCHER-TROPSC'~ SYNTHESIS  A.~N'D RELATED PROCESSES 

CH~+C0=; C 0 + 3 H = - - C H . + H : 0 :  N i~Cq-2H.~CH~+ CO w a s  reduced a t  0.30 -495 oxer  S-resin " . . . .  ~ . . . . . . . . . .  : . Ni, ;  and 2C0=C+CO.~. A f t e r  a s h o r t  period "of Opera- ca ta lys ts .  Over  ~ I o O r T h ~  (1 : 1)  wi th  10% ~ a  t • . . . . . . . . . . .  - . . . . . .  z " I~TERATURE ABSTRACTS - 21 
a n d  a t  1 arm.  a n d  350°--495 "*, 10-17% of  CH~ was  ob- 139. BAL.~Xnx~. A. A.. A.xD .M:.~n~sHKr.w: M . N .  [For-  alkali-Fe mLxture nnd obtains  a motor  fuel  :from the  
tained.  In  reduct ion  a t  h igher  t empera tu re s  the 
hydrocarbon showed a somewhat  h ighe r  C number.  
T h e  react ion oceurred  as fol lows;  2 C0-}- I~-=CH,+ 
CO~. ResuIts  w e r e  s imilar  wi th  a ca t a ly s t  o f  Cr=0r- 
XIoO, (1 : 1) wi th  10% BaO, but  w i th  a catalyst  of 
ThO~-Mn0 (1 : 1)  w i th  IGCO, prec ip i ta ted  on kiesel- 
g~thr, the  resul ts  w e r e  entirely ineffectual.  In  the 
t es t s  a t  increased  pressure,  A l : 0 r f I o O ,  (7 : 3) was  
used  as  ca ta lys t ,  and beside CO.- s o m e  I-I:O and a Small 
a m o u n t  o~ low boiling hydrocarbons  were  ob ta ined .  
F r o m  CO.. a t  20-30 a tm .  and 450", CO and  only a small 
a m o u n t  of hydrocarbons  were obtained. 

• See abs;  180, 131, 132, lfi30~ 103i. 
136. BAIKOFF, A .  A .  [Reduction and  Oxidation of 

:~e ta ls . ]  Metul lurg  (U. S. S. R . ) ,  -No. 3, !926 ; Roy. 
m d t . ,  vol. 25, 192S, pp. 47-54; Chem. Abs., v0L 22, 

marion of  Olefins F rom H i g h e r  Paraffinic Hydro-  water-insoluble fraction. 
carbons.] Compt. rend:  acad .  scL, U. R.  S. S., vol. 
40. 1943• pp. 226-29---8, o-54--257 ; Chem. Abs., vol. 39, 
1945, p. 2 7 1 .  
Solid paraffin, m. p. 50 °, av. r e e l  wt .  554. was  exposed, 

a t  450°-550 *, to the  ac t ion  of  a dehydrogenat ing ca t a -  
lyst containing Cr  (~ee Chem. Abs., voL 37, 1943, p• 
867). Tabula ted  analyses Of the react ion products  
indicate t ha t  4 different reac t ions  occurred : (1) De- 
hydrogenation to form olefins wi thout  c racking;  (2) 
formation of  a romat i c  compounds wRimut  cracking,  
but with spl i t t ing off of H_*; (3)  gimple fission to fo rm 
otefln aml sa tu ra ted  hydroearbens ;  (4) complete 
craeking to C H , .  C. bud H-.. Ex ten t  of these  react ions 

- o o c .) oc was as  f o l l o w ~  : A t  4 . ,0  . ( 1 )  _ 0 7 e ,  ( 2 )  . ~ ,  ( 3 )  2 0 % ,  
(4) 4 q c  :at 500 °, 1);~6%, 13) 2 1 %  (4) ~i~$j At  5500 
the total yield . f  olelin was  l a rge r  yet,  but  cracking " 

Th i s  ~Tnthesis is possible 
also (see abs.  1021) wi thout  h igh  pressure  if  ~ F e - Z n  

o x i d e  ca t a lys t  i s  used (or  Co-Cr  o ~ d e )  and  yie lds  
higher  CH~ homologs a t  t e m p e r a t u r e s  a round  270° ;  
metal  carbides  a re  in te rmedia~T products  ( a t  h ighe r  
t empera tu res  Ctt~ is the  only p roduc t  fo rmed) .  Yield 
of useful  hydrocarbons  is  abou t  "7~5%. The  p roduc t  
gasol, is ma in ly  C-.H,, CJZ.~, a n d  C~IK, o, little unsa tu ra t ed ,  
nonresinifying, clear,  and no t  sensit ive to l ight ,  iRe- 
fining appears  unnecessary fo r  u s e  as  motor  fuel,  d ~  
0.6718, dist i l lat ion 75.3% up t0 100 °, 96.4% up  to  130 ° ; 
the  res t  is kerosinelike, d:o~0.7S0& Oecasimmlly solid 
paraffin, mel t ing  a t  6:1 °, was  formed.  The  impor tunee  
of the absence of high-pressure instal lat ions fo r  this  
synthesis is emphasized.  

BA.~GERT, F. gee abe-977.  
BANaEnT, W . M .  See abs.  1729. 180°-250°~ CH~ and C..H~ a re  fo rmed  in the rat io of 1928, p. 2:129. 

10: 1. i n  gaseofis-hydrogenati0n reactions with iNi as  General  discussion and review, dea l ing  part icularly 
a ca ta lys t ,  the pr imary  hydrogenat ion  iS evidently w i th  redact ion of  Fe  oxides by H:  and  by CO and with 

r m u c h  fas te r  than the secondary polymerizat ion rent-  t h e  oxidation of Fe: " " 
i tch .  An inerease in pressnre  increases  the lat ter .  BA~LEy, R. ~V. 8CO abs. 318~. - 

: A t  390 ° H:O vapor acts on the carbide with the pro- 
duction of  H: and CH,. Similarly,  NH,  a t  4200 gives 137. BAILLEUL, G.. HERBEaT, ~V:j A~'D [{EISE*'dANf, E. | 
. r x :  ~ : m ,  and some C.-H~ H..S v/elds heavv  hvdrocar-  Akt ive  Kohle  und thre  V e r w e n d m ~  in der  shemis-  | 
boas as low as 240 °. HCI gas acts similarly.  C0ntrarv  chub Indus t r ie .  : Fe rdhmnd  E n k e :  Stut tgm:t .  1937: ] 

: t o t h e  action of Fe,C. -Ni~C usual ly  dissoh-es hi acid's 2 d  Ed., t14  pp. ; |  
w i thou t  the liberation Of f ree  C and produces hydro.  O n e  chapter  describes the teehnicai  use  of acth 'e C :~: |  
carbons of lower nmleeular we g h t  r i m n  the fOrmer w i t h  special re fereuee  to benzine recovery  f rom natm'al  ~ :1  
cai'bide. In  3 N HCt, 67% of the  C is conver ted  to g a s  and obtaining gasol and benzine b y  the Fischer- ;-/~:| 

also increased as indicated by t h e  liquid cha rac te r  of 
the condensate m~d by bah-lag the l a t t e r ~  a v e r a g e  : 148. B.~XOHA.~L D. H., A,Xa B~x,'v~r% J . G .  Chemis t ry  
molecular weight  of Gasification With  |Reference . to  Sm~fll Producers .  

Fue!, vol .  19, 1940, pp. 9 '5-101; Chem. Abs.. vol. 34, . 
40: BALnESCHwIELER. E . E .  Prodaet i0n o f  Synthet ic  1940; p. 75S:1. " . . . .  : : 
Fa t ty  Acids and  Edihle Fa t s  and Deatsche Fett..~inre- 
werke, w i t t en .  British ( 'oal  Utili.~ation and Re- p resen t  kno~v!edge of S t e a m - C : a n d w a t e r . g a s  t e a t -  
search :Assoc.. MonthlyBull .  !0..No. 1, 1946, abe. 043 ; tions is summar ized  and applied to Several theor ies  of  
Chim. et ind.. vol. 55. 1946. pp.  82,~330; CIOS I~ept. gasif icat ion.  34re f s .  : . : : . . . . .  Z 
XXVI-50 ; TAC Rept. SnMC-7 ; TOni ltept.  21 ; BAner.AY, K. hi. ~qee abs. 8744. 
Chem. Abs.. voi. 40; 1946, p; 7662; PB 2 2 5 :  B,~oaETT ~ .  s o e  abs  .273i. ' . 
Wax f rom various:Fischer-Tropscl~ p lants  was  oxi- . . . . .  • lq.~nnLw, 5. S. Zce abe: 15a. 

dized in A1 vessels,  the oxidat ioa reac t ion  being exo- ' _ _ .  ~ . .  ~" .q _ - _ _ gaseous hydrocarbons and 33c~ to l iquid.  In  dilute Tropseh-Ruhrehemie  process ~ . . . . . .  V 1 ~ .  15.&IqKEE. J.k: ~-~ ~EBASTI~kN d:o[ S SC~-M]~nT J~ l )  
= HNO~ nitro compounds of t he  hydrocarbons  a r e f o r m e d .  : 138 B,~xx E C 'Rates o f :Reac t i 0 t~  i n  Solid steel : ~i~] t h e r m m  A ce r t an ,  p ropor tmn of the fatt., acids : , ~ "  ~OL~O-~. . 'S :~7,m."p ~re~ s su r a  ~ - e '  "~'#7'uer ztr'*" ~'owoere~," ' ""  7~ 

Some f ree  C results f rom the action of di la te  H..qO ,~ : r~n~ ' -  "~ -~ ,';. .~ . . . .  - : • . :~V:l ~ produce d was  :u~ed m the manufac tu r  e o f  edible fa ts  . ~ al ~ ~ ' l e ~  FI "v : " - 7 -i . . . .  . . . . . .  . . . : t~o, o ' : ~ l :  • nel. Dlvlae~l ~Ol (is. lnu.  ~sng. : 
. . . .  on t h o  e a r b i d o  : ' "Y ' ' ~t ~' .~m. ~.nsr. ~um. ant/ :uet ~ n g  vol 100 1932 • ~ !  s~mflar to oleomargarine.  Chem., vol. 43, .No. 5, 195i,.pp.:1204-1200. 
. . . .  - . . . . .  . . . .  . . . . . . .  : ' pp .  13-46;  Chem. Abs., vok 27, :1933. p. 4809: : : ,  141: B!*LT: E. C,  C. PEPPER. W. P,: AND YEn.~o.-,,-. C. E. 

.... High cos t  of (:ompression o f  tbe  synthesis gas  before  133. B.¢~I~, H. k : ,  :~,~D JEssE.x, V .  [Dis~c ia t ion  o f  :: ~:EaS{S fro' eva]uar ing  7 the ¢ont1'lbuti0n o f  any all0#: . . . .  kdserptiou o f  I-lydrous ~.Metullic - Oxides-=bylKtesel - : - purification n n d  synthesis  to l iqu i4  fuels f avor  gasifica- - 
=: Gese11Carb°n volM°n°xide63B 1930°n :Cobalt.]pp °°°6-o°37'Ber" deUt.chem them.Abe addition.¢~ . . . . . . . .  toward  the'  de~elelnuent of deep:hardening O ~ r ~  g u h r . . T r a ~ s .  Farad,~): See.. VOL 35. :1939, pp~ 1165- tion a t  e levated pressures  o f  ~l)oWdered coal  w i th  

vol o~" 1931 p o,~ " ' - ~-~ ~ , • . . . . . . .  -~a rnenmg qual l ty  in  steel i s  suggested dependent 1175 ; Chem. Abs.. V01, 33,1939, p. 908~. i - : superbeated s team aml 0 : .  Thus ,  i t  was  neces sa ry  t o  
• " -  . . . . . .  ' : -: ~ : : o n  the  effect of the  addit ion to  r e t a r d  t r a n s f o r m a t i o n  ' Method i s  descr ibed fo r  p~wifying k iese lgahr -  The  . develop a me thod  o f  cont immus Charging of finely, : . .  F i n e l y  divided metal l ic  Co does  not  dissnciate  CO " in  the  600°2500 ° range.  Th i s  is:the: only fundamental  

• clay and p a r t  of  t h e o r g a n i c  m a t t e r  were  removed  by powdered coal into a pressurized gas' generator .  Ex-  ' 
' coat 225combined °" Thewithdissoeiation9 ° 4 ~  ~ -o0f ,~CO,~takes- place. . :on tbe  p rope r ty  involved in securing .the f ina l  quality: of . t  repeated ext rac t ion  with ho t  4 ~" HC1, tim las t  t races of pe r imen ta lwork  under  pressures  up  to :1~0 p s. i p roved  

_ _ -- , ~ -o  ,~-.,-. -<t t empera tures  h a r d e n i n g w i t h o u t  dras t ic  quench. ;5In, contr ibut ing " o rgan icmat te r  being oxidized hy  heat ing  the  ex t rac ted  tha t  powdered coal can be conveyed pneumarical ly,  in : 
aoove -25°, C0,C decomposes, giving f ree  C. No evl- g rea t ly  to this  effect ,  is  contras ted w i t h  N i ,  Which kieselguhr a t  600 ° in a ca r ren t  of a i r  for  8 hr.  T h e  a dense phase  (26 lb./cu, f t , ) ,  f rom a fluidized bed and  
deuce of  o ther  Co carbides t han  Co.-G is found. Co " shows only a l i t t l e  re ta rd ing  effect. I n  a Series of purified k iese!guhr  was  rem0rkably  cons tan t  in :its discharged a t  c o n s t a n t  r a t e :  Yi'ith other  condirions ' : 

: :, c a r b i d e  prepared from : CO dissociariou on fne ly  . s i m i l a r  steels, differing substantial ly 0nly :in t~in,, the:: 
: : . . -  : :  di.'vided C o  gi~_'e_s u_p_ ! i s  Carbide C as  C H A 2~i t r e a t m e n t :  r ange  " i:in. transf_or_mafion ve loe i t .v '  is iLl,OO0;00O ~ : 
:: : :  . wi th t~. a t  temperatures  as l o w  as  240°-2500. wh i l e  G r a p h i t e  i s t h e  s table fo rm in C in a 0:50 C-3 5 Ni steel 

• t h e  carbide prepared from free c:-}- f inelVdivided Co: " f r e e  f r o m  ~: s lgni f lcantCamounts  of Other elements 
fo rms  CH, on reacting with H- above 400; c e  entire b e c a u s e  of  its high:  speed of  formatio 

• : . . . . . .  : ' ~" . . . .  " ~: ~ f o r m s i n  large proportion,  even though less stable tban :. 
. . . . . .  : '-~ 184~ . [Fission o t  Carbon $lonoxide on i ron  " a 'ranhite T h e  re la t ive  o . . . . .  
:.::. ~ ' ,  O x i d e a n d  I r0n  ] .Ber .  d e u t  them Ge~e]i v~l C~aB : ~- ~ " , | 'el  e~ties of .the xeaction.pro, .  

: • 1933 pp 1238-1247. Chum ~bs "vol ~ ' " 8 ' £ 9 3 ~ - ] ~ ' :  _aucfng~ ca~:b~d? a n d  that.  p.rodueing g~aph i t e : a re  ecru::: 
, - - r . • um~reu rv ne m e  cause or  m e  presence of  carbide alone ,' 

P a r e  • F ~ C  (9:7% C) can Very probably be prepared  : f e r r i t e ,  austenite,  and carbide in equi l ibr ium exists ii~ 
":: .: : : ~rom.Fe and C O a t  225 ° 'or l o w e r ;  a t  "230°-400° a mix~ cer ta in  Mn steels and r e su l t s  ' a f t e r  10ng hea t ing  at  a 

• t u r e  of  Fe..C, Fe~C, with fi 'ee C probably re.~ults- wh i l e  ~ proper  t empera tu re  regardless  of  w h e t h e r  the  original 
• :: above  400° bnly Fe~C (6.68% C ) i s  f()rme~l. C a r b o n - :  me t a l  is aus teni te  0r  pearli te,  bu t  i t  I s  reached m u c h  

" " : ized products  :obtained by n ieans :of  Fe  :oxide a lwa~-~ more  quickly When :the s tar t ing  m a t e r i a l  i s  austenite: :: 
• ' contain  0 ; detection o f  ~ombined C by hydro,~enat ~n ~Since-white mar tens i te . i s  converted into coarse  f e r r i t e - . .  

: " wi th  H~- is not i lu i t e tn i s twor thy  in i b i s  ca~e~nd  m u s t  - ! c a r b i d e  a g g r e g a t e  thoUSands of  t imes  f a s t e r  t h a n  I s :  J 
, b e - p e r f o r m e d  at  255°-260 °. :The  produc'ts obtained ; aus teni te  of  the  Same composition, i t  is concluded t h a t  

wi th  F e : u p t o  330 ° a re  f r e e ' f r o m  O.  a t  h igher  tern. : mar t ens i t e  caundt~be  an  in te rmedia te  S ta t e . in  the:  : 
• : pe ra tu re s  the  oxidizing action of  tl~e l iberated CO-: aus ten i te -pear l i t e  react ion Almost  a l l  o f  these r e  ~ :~ 

" ~ i  " is -observed:  The hydrogenation o f c o m b i n e d  C w i t l ~  a c t i o n s  show a velocity p a t t e r n w e r v  nea r ly  tha t  of,:: ~ 
H ,  c a n  take  place a t  250°-290 o. Carbide format ion  s imple  first-order chemical  r eac t i ons .  Ce l . t a in  r e n t -  :i 

: .  o c c u r s  relat ively rapidly:  subsequently, the  m a i a  re- -" t ions i n  s tee l :beg in  a t : v e r y  h i g h  "Yelocity:and t h e n  
- ac t ion  is  t l !eseparat i0n Of free c.  : . : slow u p u n t i l  i t  is bare ly  possible to  find any  flu'ther ;~ 

n l C ~a~ i d:o ~ ~e ~'~u saree: iot ~ carbide ' "~ 
i . Kenntnis  Kohle. y01 1 ° 1937 "~n o 9 2 - o 9 7 . ,  g Joe " g s e h reactions.  : . .z: ~ 

Chem. Zen~alb.. v01. n ,  1~v ,7~ .  s906 (~he'~.  ~bs:  B ~ x s m  ~. B: ~ec abs: a S 0  n s z  : • • ;t 
~:ol, 82, 1938, p. 6435. :: . . 

~ ! ~ |  1)ropertieS I t  showed a Smffaee areh of o869X10  G e~ua l  t h e - d i t c h e r  e l a te  is Solely a function of  the  " 
: ~.|} _ , , . - :Per 100 ~mu. I t  adsorbs th e anhydrous  omdes of A1, pressure differenthdl  across a conveying l ine  :of g i v e r  : : 
~!:":|: :-: vat  ;~l, and Co~: Tim adsorbate  in  e a c h  case !S a c t i -  ; ~ diinensions: Tlie d i f ferent ia l  p r e s s u r e  across  rile , • 
!:.~|~ ~eu. tsnown oy emmncemen t  01 the .~-potentlal) as  the  -fluidized coal b e d  is a d i r e c t  function, Of the. amounV:' .  ::~ 

.... result of the  f o r m a t i o n  of adsorpt ion eomplexes - - ~ . - " | '  ' :  'AhO - ~ . .  ~ . • . . . . . .  . . . .  of coal f lmdmed and to a lesser  extent ,  of . the f lmdma-  
• :~ .~ * a n a ' ~ n u .  forma.smgleunlmolecularlaver"w~th tion r a t e : b u t  i t i s  not i n fuenced  by the  one ra t i n"  
t i : :  : t~ge~deC~°-~? e s '  3 l~n~mOol~Ccalra~;l~y~, ar~l:dS~'hb~d-: p ressure :  F o r  a given ra te  of  fluidization, the  a m o u n t  
l~.'!-, ' " g ' "- " "" . . . . . . .  of c 0 a l d n : t h e  fluidized~bed is conveniently gaged  by ~ : 

~..a mixture 0f:Ei and  Th oxides ( 1  ThO. :  24-NiO) is ad- t h e  - i  ssure  dro~ b~tw en ,~ ,~u  ,~ n . ,  ~ .~ 
::.:~f: ~ed,311OUteO~ :eve~v7 gr0ul~S,of,4 N):and ~ 0 m e a c h  the colamn. Regardless  Of::. t h e  operaring pressure ,  : 
~l('~olecule of ~ l  s ° t  "~.crYst-~'~]a*t:~ce~s.re~ace=~ 5y a : the amount  o f  c0al conveyed: pe r  Unit Volume o f  gas,  " 

..... , ~  ~]~ei~asTdhe~ereffefte~fbtyhenedaSOrbed ~ y e r  of stunt hu t  tl~e Weight of coal  emTied per-uni[  we igh t  of  ' - : ?  
~e POtential b cata  horesis n~ thods  • g" ' e s u r - . g a s  l:apidly decreases" w i t h  i n c r e a s i n g  opera t ing  p r e s -  . .  
i~." B Y P. " .: " : s u r e s ,  lVursher w o r k  should be done to de te rmine  rim . : / :  
, i t!:  A ~ a ~ ,  G . .  See abs. : 3 3 2 3 . : . . -  ~ i ' • . effects of  u s i n g  v a r i o u s  f lu id iz ing  gases, such a s  syn :  ; .  
~ B~'Dis ;  G. [Manufacture  of  M0to r !Fue i~From ' thesis gaS, a i r ,  CO,, and s t e a m - a t  va r ious  p r e s s u r e s  : ; :  
,Carbon, Monoxid e and H y d r o g e n . ]  :Nathrwissen~ : ,':: and  teraper ' i thres  u p  to  500° F:! ~ : : : : : 
~ a f t e n ,  vol. 14, 1926, pp. 782=785 ; Chem. Abs., v o l :  ~ 144a.: B A a i n g ;  L: W. ,  Co~msAz~: T.EI,~W~.wWR~G~ZT,: ::: : 
~ ,  1926, ]~ ~8225. . , .  '::~. :. . : : ;. ";~ : '  . . . .  :.: : H.  W . : ~ n  S.kzg~s k ,  E.:: Ca ta ly t i c .Reverse  S h i f t .  
~View d e a l i n g  with new.  processes ' f o r  eompl&e - :Reaction: A Kinetic: Study.  :Ind. Eng. .  Chem., v o l . .  :::: 

.c~tion:and oleoficarion of coal. Synthes is  o f  the  / :44, 1952, pp. 1~066-!,0~. , : . : :: : 
. CUe Process (German  Pa ten t s  293,787, -'295202, . I t ' i ~  possible to make  ad jus tmen t s  l a t h e  H ~ : C O  ~ ' ~  
• ,203) t r ans fo rmf f  wa t e r  :gas bY m e a n s  of. meta l -  " r a f t 6  of synthesis-gas  using t h e  r eve r se  sh i f t  :reaction : 
de catalysts  ~nt0 0il~ and aqueous products.  One C O ~ ( g ) + H . . ( g ) ~ c o ( g ) + t L . O ( g )  :. over  ' a s t a n d a r d  ~:: 
~ ig le ' e f - th i s  process~ is the : ~ e O H  synthesis  (Zn0  :Fe--Cu shif t  c a t a l y s t  a t  1,000 ° F.  The  kinetics of  t he  
~Ysts, t e m p e r a t u r e  200°-600 °, 50-150 a tm.  p r e s - :  reac t ion  W e r e  Studied,:a r a t e  equation w a s  bbta tued;  " " .  -~ 
~,),=.; iron earbonyl  Fe (C0)~  an t i |mock  (mota l in ) ,  and a probable  mechanism f o r  t h e  reac t ion  is  postu* 
~-~OYProduet: F r anz  Fischer  p r e p a r e s  synthol" by' lated:,  ( a )  A m01ecule of CO~ is. adsorbed on a single 

I ~; . . . .  " t °  i i 0  arm" pressure  w i th  an  ac t iv !  een te r ;  (b) t h e  ads° rbed  C!~: reaetsi ; i t !  : ; ' : :  : : :i 
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to  f o r m  a molecule of adsorbed CO plus a molecule of  
. H~0 in  the  g a s  phase ;  (c) the  molecule  of CO i s  de- 

sorbed ; (d) s tep  (b) controls t h e  r a t e  of  the  react ion.  
The  resul t s  o f  the  im 'es t iga t ion  show t h a t  thiS method  
of  ad jus t i ng  the  synthesis  g a s  composi t ion is  feasible,  
bu t  t h a t  i t s  u s e  would  depend upon the  economic ad- 
v an t ag e  of  employing a l a rge  excess  of superhea ted  
Steam in  the  c0al gasification s tep .  : 

BARNES, D. K. Seo abs. 3273a. 
i 4 5 .  B ~ U R ,  W •  E •  Glass-Blowing Art in Petroleum Re- ; 

SYIqT]KESIS AND ]RELATED PROCESSES 

fnjected into the  generator. .  In~ection of  solutions 
of  a lka l i  and a lkal ine-ear th  s a l t s  l ikewise  suppresses  
t h e  fo rma t ion  of soot. Since these c a t a l y s t s  are 
p r e s e n t  a s  colloidal par t ic les ,  they f ac i l i t a t e  t h e  re- . 
ac t ion  between soot and  s t e a m  by p reven t ing  eoagula.  
l ion of  t he  p r i m a r y  soot  part icles.  
150. BARTLETT, E.  P., H~THE!tINGTON, H.  C., KVALNES, : 

H.  M., AND TRE.MEARNE, T, H. Compressibi l i ty  Iso. 
therms of Carbon Monoxide at Temperatures From 
70°-o00 ° and Pressures to 1,000 Atmospheres. Jour. : 
Am. 'Chem.  8oc., v01. 52, 1930, pp. 1374-1381~ Chem. 

search.  Petrol .  Refiner, vol. 26, No. 2, 1947, PP" . Abs4 vol. 24, 1930, p. 2925. 
103-106. C0 is  shown- to  be s i m i l a r  to N.~ in physica l  p rope r -  ? 
Th i s  discu~sion, o r ig ina t ing  in  the  labora tory  of  the  

Gulf  Resea rch  & Development  Co•, h a s  been under -  t i es  a t  h igh pressure .  In  the low-pressure  range ,  CO 
t aken  wi th  the  view of c la r i fy ing ,  in  genera l  t e rms ,  i s  s i ight ly  more  compressible t lmn N-. and  in the  high- .' 
the  opera t ion  of a glass-blo~ving s h o d  a n d  i ts  re la t ion p r e s s u r e  r a n g e  s l ight ly less compressible.  A t  about ~' 
to petroleum re~earch It~ appl ica t ion to tbe  f a b r i c s -  375 a tm.  pressure,  the  deviat ion of CO f r o m  the  l a w  o f  

• ~ t h e i d e a l  gas  is approximate ly  constant  (1.2i7) t h r ough  
l ion  of Fischer-Tropsch a p p a r a t u s  is  s imwm ' 2 7 0 t  A t  th i s  p r e s su re ,  the volume of a g iven  mass 
146• BA~m~L, J .  [Total  Gasif icat ion o f  Fue ls  h y t h e  of  C{) is  a l inear  funct ion of the absolute temperature .  

Koppers  P r o c e s s . ]  Cidm• e t  ind•, vol• 57, 1947. 
pp. 441--443; J0ur .  Ins t .  Pet rol . ,  vol. 33, :1947, p . '  1771aB.~sAK, N. G. ,.gcc abs. 1182, 1187, 1188, 1189, 
30S A;  Chem. Abs. vol. 41 1947. p. 63S5. 
n,, r~. , , i  ,~o~ :~ desi  ne~ tO conver t  10w 151. BASH~IROV, A• N•, AND CHEaTKov, I ,  B. [Oxida- 
~ne  ~.p~.~rs  p r o e ~  ~ g .. - t i o n  of High-Molecular-Weight  Synthet ic  :Paraffin:] ~: 

: ~ ' a d e  ~olid fuels  into a s y n t h e s i s  gas  suitable as  f e e d  Bull  aead sci U R S 8 8ec Tech 8ci 1947 pp. ¢ 
t o  a Fischer-Trop.4ch plant A simplif ied flow u i a g r a m  S1~.~So4 : " " ' : ' 
of the  a c c e s s  is iven as  well  as  an  analys is  of  t h e  - • ; • ~ . lY % g  : ,  ~ .  . . . . .  v~d The  ~rocess  . Paraff in  :obtained by the  Fischer-Tropsch reaction,::;. fuel  a n a  gas  an(l OE El1 e e0SE~ lll¥Ol e t .  l~ . " . . ;' " , -• "~'. 

. . . .  i s  applicable to fuei.~ h a v i n g  an  a sh  Content as  h igh  as  ' (molecular  w ~ h t : , a b ° u t  l ~ 0 0 ) ~ a ~ :  a° .~dmedes~l~; ;  *. 
o ~ T h e  l a n t  and the  opera t ion  a t  Schwai 'zheide a i r  i n ~n~ ~"~Y'u ~ ? ~ r  =u " ~  . . . . . . . . . .  " , :  : 

" er ~ re i a r e f fd i r ec t iv  b v p a r r a l : c o m b u s t o n - a n a - :  . . . . . . . . . .  , . . . . .  ^ - , : Kopp s I  _1 . , . ' 2 .  • : . . . . . . . . . . . . . . .  =- . . . *  : .~ .•  11.~°--1-°0 ~ wi th  0.2 ne rmangona te  and ~-hr, reacuon:-~, 

of t he  r a t e s  of reactions ~ I I  and  I, on the 1s t  catalyst ,  
a t  240 °, is  3•4, on the  2d ca ta lys t ,  a t  ~ O  °, i t  i s  13.6. 
The  p r i m a r y  react ion on Ni ,  C~, and F e  i s  r eac t ion  I I ,  
and C0 :  is  a secondary product .  
192a. - - - .  [Mechani.~m of  the s y n t h e s i s  o f  Hydro :  

c a r b o n s  F r o m  Carbon Monoxide a n d  Hydrogen . ]  
D 0k lady  Akad.  N a u k  S. S. 8. 1~, vol. 7S, 1951, pp. 
275-276 ~ Chem. Abs:, vol. 45• 1951, p~ 7,861• 
Assumpt ion  (abs. i 5 2 ) t h a t  the p r i n m r y  net  in  the 

Fischer-Tropsch syn thes i s  is CO+2H:-*CH~_-{-H.-O, 
and not  2C0-}-H:-~CH:-}-C0~, and t imt  CO_. i s  formed 
only a s  a resul t  o f  ti~e secondary reac t ion  CO-{-H:O~ 
C0~+H_", w a s  confirmed direct ly  by flow exper iments  
in which a v e r y  shor t  contac t  t ime p reven ted  t h e  sec- 
ondary react ion f rom t a k i n g  place to a n y  appreciable  
extent  in  1 single P a s s , . a n d  the  I~-O f o r m e d  i n  each 
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• I n c r e a s e s  in  O: cos t  a r e  qui te  rapid  as  t h e  s ize  of the  
• p l a n t  i s  reduced : $ 'L00 f o r  a 100-ton p l a n t ;  $4.80 for  
3 0 0  t ons ;  and $3.50 f o r  1,000 tons. The  f u n c t i o n  of O_. 
iu  t he  production o f  syn the t i c  l iquid  f u e l s  is  p r imar i ly  
t h e  gasi f icat ion of  coa l  w i t h  0.. to p roduce  m i x t u r e s  of 
CO-}-H~-. which then  m a y  be used direct ly ,  i n  t he  case  
of  the  F i seher -Tropsch  synthesis ,  o r  a s  a source  of  H-. 
f o r  coal hydrogenat ion .  Among  tho po ten t i a l  advan :  
r ages  of  the subs t i tu t ion  of  O~ fo r  a~r in  t h e  coal-gasi- 

f i c a t i o n  step a re  th  e f o l l owing :  (1) Fue l  e c o n o m y ;  (2) 
into-eased capac i ty  o f  equipment  ; (3) w i d e r  range  of 

p o s s i b l e  foe ls ;  (4) g r e a t e r  adaptab i l i ty  to  p r e s s u r e  
opera t ion  : and (5) h i g h e r  r auge  of a t t a i n a b l e  tempera-  
t u r e s .  The  a m o u n t  o f  O: necossary  to p roduce  synthet ic  
f u e l  by  F iseher -Tr0psch  i s  about  690 lb. p e r  bbh o f  

: l iquid f u e l •  This  a m o u n t  of 0 :  a t  $5.00 p e r  ton would 
a m o u n t  to $1.72 p e r  bbl. and  a t  $3.00 to $1.03. E a c h  

pass w a s  removed by condensat ion between l~s se s  in  change  of  $1.00 pe r  t on  fo r  0.- wil l  change  the  cost pe r  
repeated r e c i r c u l a t i o n •  T h e  e x p e r i m e n t s  w e r e  cO n- bbl• Of sYnthetic f u e l  f r o m  this procoss by  abou t  $0.35• 
ducted wi th  a C 0 : H , = I : 2  mix tu r e  a t  300 ° under  In  the  coa l -hydr0genat ion  proceeds, a r e l a t i ve ly  large 
20 atm. ,  a t  a gaseous  space  velocity of  150;000 1. per  
I .  c a t a ly s t  per  hr•i :pract ica l ly  compiete eonvers ioo  p a r t  of the  requi red  H~. i s  to be recovered  f r o m  the  t a i l  

• g a s e s  b y  low- tempera tu re  separa t ion a n d  produced hy 
was ensured  by repeated  recycling, w i t h  t h e  f resh  r e f o r m i n g  the  Produc t  OH~ wi th  s tcam.  Thus ,  the O: " 
gas  a d m i t t e d  a t  t lm r a t e  of  ~44 1. Per hr. U n d e r  these ,  r equ i rement  f o r  coa l :gas i f ica t ion  is  only  a f rac t ion  of  
conditions, 290 1. g a s  gave,  a f t e r  severa l  hr . .  liquid t i m t  fo r  F ischer -Tropseh .  About 99 lb. O f  0 :  will be 
hydrocarbons  "2-~.5 gm p e r  m A  gaseous  hydrochrbons  requi red  to m a k e 1  bbl. of  synthet ic  fnel  by  coal hydro- 
(C~-}-C~} 44.2. CH, 1O0.0. 1~I..O 252:2 gnU. pe r  m• ~, and gena t ion .  At  ~ . 0 0  p e r  ton, the 0 :  t e s t  Would m n s u n t  to 
~ o n %  % _ :gHhiS r e s u l t  ,excludes~the: :d~recC r e  aetixon about  $0.22 pe r  bbl. o f  oil and  a t  ~ O0 to ab( u t  $0 14. 

- - -. . • , , ae  e a g e  ~ .00 p e r  bl I. in O: cost wi l l  ehauge  the  
and F e  ca ta lys t s  ahke,  CO.- i s  formed only th rough  a cost  ,)er bbl by  abou t  .~0 04 
secondary react ion between C 0  and ~ r : . =  ,~ .• . . . . .  : .~  :2  ' " '  . . . . .  

. . . .  ' " 105. ~ATC]IEY.DER,:~I. I(., TENXEY. R. F., SKIA'NEU. L. C:, 
153. BAsonE, C.:A. :Resea rch  and t i le  Coal I n d u s t r y :  : DREssLEm I~. G., AND HInST, L. L .  Role  of Oxyge~t - 

M f r s . :Re c o r d ,  vol..100,..N02 12, 1931; DP- 29-30/ - in ProductiOn o f  SYnthetic  Liquid F u e l s  F r o m  Coal. 
. . . .  reduct ion of  s team a t  h igh t empera tu re s ,  u o t  onb  . . . .  1.15°-120 ~ wi th  :0.2 pern]ang ~ . . . . . . .  and  identified "~'~1 Discusses  briefly::pr0dffction Of syntl iet ie  M e 0 H m n d  Trans . -Am.  8oc: Mech .  Eug. .  Process I n d / : ) i v  Conf ,  

= gases  for  t h e  synthesis  of m o t o r  fuel  and of MeO.H: t ~ n e = n ~ n e  van°us~2cl~¢, Is ~ Paa~ '~ i s t r i bu t i on" ~ e in~ '~ : : ; |  ' h o m o l o g o u s  ak.oh01s f r o m  C 0  and H:. Poss ibi l i t ies  . . . . .  P a p e r : 5 0 - P R i : 7  1950 . ' :  . . . .  . . . . . .  : 
b u t  als6 h e a d  ~g gas  wi thou t  u s i n g  G: b u t  o n l y  a i r  r ~ , ~ . ~ v ~ m ~ r m ~ / - ~  - ~ - - ~  --~ 7 - '  : . :~: |  are emphasized . . . .  : : . . . .  - : - .  : - . : :Use of  O.- in place o f  a / r  or  o f :ex te rna l  h e a t i n g  in  the  

" . . . .  ~cam . . . . . .  . . . . .  " _...r.y . . . .  • . . . .  . .... . m ,xea  wl~n s~ • . " - . . . . .  e ,  ~ _ ~ _ _ ,  A_x-  r r u ~ - m .  %~ B .  ANn "BATc:K~DE~'H. R~ S e n  abs: 1431, 2458~ 3311. ; :gas i f i ca t ion  9 f  coal  f o r  t h e  p rbdue t ion .0 f  H.- fo r  coal 
: :  : : 147 ;  . :  [ u s e  ~f o x y g e n  in the  Gasif icat i0n of:~ j 1,~s~;;~;nT;~o'~;~e~."n-~'~a"~d; 

Fuels .]  G4me C~vfl; vol. 12_4._194~, pp. 3 3 3 - ~ v ,  : ~ : , ~ ,  C m . h , ,  M m m x i d e  nnd H)•dr0gen.] 
oftbeSyntbesisofHydroearbons~i:| . . . . . .  hydrogena t ion  or  Of OO-H.:mixtures f o r  l ~ s c h e r -  -1~ BATC~[ELDEn i H R, A~n 8TEaNnEn0, J C Thermo- • .~x " " 

o F r o m  Carbon M o n o x i d e  aud H v d r 0 g e n  ] C 0 m P L [ ~ |  n ~ ~ ,  n • ~ • ~_ .~- -. ~A ,- , , ,  , .... Tropsch  ~ mthesm m a y  have  1 or  more  o f  t he  fol lowing ~vnamlc  ~ a ~ ,  • o ~  ~ o a ~  ~aslncar l0n .M)pnca~,e  to - • ~  : o " " 
Chem. Abs., vol• 42, 194S, p .  9 ! - 0  . . . .  - • rend.  ncad sci: U. 1~ 8~ 8 ,  vol. 67~ 1949, pp• 1 0 2 ~ : |  " ~` . ~" . . . . . .  . . '  . . . . .  advantage~ : (1) F u e t  economy- ( .  i nc reased  eapamt~ ~uspenslon ~ a s m e a n o n  o ~  ±-mverlzea , J o a l .  ± n u •  - of e ui mea t •  "3" w i d e r  r'ln" ' of  ) "hi ~1 " - " •"  

Eng• C h e m ,  v01• 42, No• 5,1950,:pp• 877-$82~ , q P ' t ~ • ge pesm e z~ era, (-~) : Descr ip t ions  wi th  d i a g r a m s  a r e  g iven ~ r t h ~  ~ u ~ i  : : 1031 ASS;C: Tech: Services, Trans l .  R J - 2 1 ,  Marca2;~'| . . . . . .  
. process Util izing O- and p r e s s u r e  for  tl e g 7 1950" Chem Abs vol 43  1949• p. :9415. -@~|  The rmodynamic  s tud ies  of  the  continuous ss i~cat{0n g r e a t e r  adap tab i l i ty  to. p r e s su re  o p e r a t i o n  ; a n d  (5)  a 

- • " • ~ ~ K o  ~ers r o c e s s  ' '  ' "  • '  " , ,  . , ' -~  g hi he r  r a n g e  of a t t a i n a b l e  t empera tu re  A ~  to the  
• cotton of hgn~te for c~ty gas,  a n d  tl e PI P - - -  - '  - ~ ~ on Fe  Catalysts CO-I-H~ "~" 0 . . . . . . . . . .  g " ' 

• : : . . . . . . .  ; . . . .  ~•-~ . . . . . .  ~ o ~  ,~,.-~sure to z a s i f v  ::: '~'ne r e a c u o n  oose r ' eu  • .  , : :  . . . .  _ , ~ : ] ~  f suspended pewdered  coal wit i i  s u p e r h e a t e d  s t e a m  : re la t ion  of  0_- cost to  t h a t  of  s r n t h e t i c  fue l  i t ' i s  well: ; 
~ - . . . .  . uSmga U~deV" ~ananU e~te"~o[ fuels"? "~2"~:Y?:~nmesm ~'Y~-ga~ . . . . .  *~ p~-uu, ~-~%u^e~ CH~-{-C0- . . . .  ( I )  ~u contras t  to..the n - ~  "reacu°n uu-l-zx~_~; .~. inte~ )fete , ~ [  and 0-. h a v e  been under taken.  .k method o f  calmflat ion " e s t ab l i shed  tha t  f o r  t he  Fischer-Trousch• " _nro~cess about  

: "" ' g _ " u . . .  ~, : . . . . . .  on-  Of C H . + H : O  ( I I )  occurr ing on l~i a a t~o, 18 ~ ~ - . | :  - h a s  been dev i s ed  a n d , w i l l  be :presen ted ; in  :detai]~ in a .  , 690 lb• 0.. are  neefled: to m a k e  l b b L  of  syn the t i c  liquid- 
. : :~ by the  l a t t e r  Pr0eess VY m 0 m z Y m g : u m  P r~p~ru ~ : : a s  the  s u m  of the  p r i m a r y  reac t ion  ( I I )  and  the  s u ~ , ~  later_ paper .  ThroUgh• sys temat i c  app l i ca t ion  of  t h e  " fuel.  T h i s  amount  Of 0~ a t  $5.00 per  ton would  a m o u n t  

• - ! . .  - :- o :  and  s t e a m . .  • ~ . . . .  :-  . : -~ o- - : "  : sequen t  secondary react ion C0-I-H:0"~C0~W H~ ( I ~ ' ~ : : i [ ~  :. ~method of calculation - ser ies  • o f  curves  h a v e  b e e n  oh-  to ~$172 per  bbl  a n d  n t  $3 00 to $1 03: : E a c h  change of  
: . 148. BArmER, B. [ In t e rc rys t~d l~e  %~l~Pnti0~-b]s~ou~• , T h i s  "point of v i ew is e o r r 0 b o r a t ~  bylan~lyS%S?:l ,~:?, t '~ ..... tMned f o r  t h e  probable r anges~0f  Opera t ion:  in t h e - ' , $ 1 • 0 0  per  ton in  the  cos t  o f  0 . -Wil l 'ehange the  bbl :c0s~ :,' ' : 

• : "  : • ehim. phys  vo1.:47 19v0, PP. 8 " -  ; r .,. •~ g a s e o u S  produCts obtained o n p r e  p ~ ' ~.*-~' ~ . ' ~ .  gasiflcation of a typical  Rock  8 p r i n g s , ~ V y o : , c 0 a l a n d  . o f  syn the t ic  fuel  by  nbout  $0 35 F o r e o m p a r i s o n , : s m i -  " 
44, 1950, p. 6701, : : : " : w i t h  m i x t u r e s  of C0 " H - - 1  ; 1 in the  presence 'of a a a e ~ : . ~ ; ,  . . . . . .  ::a Un ion  County ,  Western Kentucky  ~ c0al. . w i t h  ~O. and,. '. la~" ca lcula t ions  m a d e  on. coal would show t h a t  a than. e ":~ 

• ~ ;  c n m n • , r x  ~ nre~enfed of~work ~ub-* ~ O  auor  a t 2 ° 0  ° 050 ° undd ra tmosphe r i cp re s su re ,  at,:~ ~ ' superhea ted  s t eam These  e n ~ e s  m d m a t e  ce r t a in  " o 100  )er t n in n g " . . . .  : omprea~. . .*v . . . . . . . .  Y . . . . . . . .  . . . .  H _ _ v  . . . . . .  , . . . . . . . . . . . .  ~ !  :!~ ~ . . . . .  " f $ •  I : o : Is ce would r e s u l t  i n  a c h a n - e  o f  : 
:-  l i s~ed-on the  sorption Of. g a s e s  in si l icate a n d . i o n i c  : :space velocity-~100 per  hr. T_be paomnc=e, a b 0 u t $ 0 . 4 0 p e r b b l .  T h e O ,  requi rement  f o r  coalh.~dro-:  

" c r y s t a l s . -  T h e  relat ive access ib i l i t ies  o f  th e A n t e r :  : : - i s  , e x p r e s s e d  b_y 2 90+m/d , -~ l / -x t ) ' - ' ~e  ~ u ~ : ~ ; ~ o n s  under ly ing  the  c a l c u l a t i o n s  a r e  s u b s e q u e n t l y . ,  gena t ion  i s  only a f r a c t i o n  Of t h a t  f o r  t h e : F i s c h e r  . . . . . .  
"•7 s f i t i a l  adsorpt ion  si tes i nc r ea se  in  the  order  : be ry l< .  ( 1 , ~ ) C O - b ( ~ , l / Z $ )  ~ ,  where  W--too . ~ ; . ~ . .  una ~o oe n o t  s t r ic t ly  va l id ,  and a t  : least  2 economic  . T r o p s c h  process d u e  to the  fact~ t h a t  i n  t he  f o r m e r  

: ~ si l icate g l a s s e s < s i l i c a ,  g l a s s < h a r m o t e m e < l e v y n i t e <  ~ reacted,  m - - m o l e s  H ,  r~r  mole C0: :~W*th  r e a c i t i s O ~ ( ~ ' , ~ ( ~ u . d i e  s of  much imp0r tance  in reducing t h e  Cost of  the  : : process  a re la t ively  l a r g e ' p a r t  0f . the r equ i r ed  H~ i s  : t o '  
' ' m 0 r d e n i t e < g m e l i n i t e ,  chabaz i t e ,  and : a :  syn the t i c  o c c u r r i n g  mmultaneousiY wzm xx, ~ae v a m n = v  . .~  0~y~:~:~,~,~.~aSmeation 

a!l ine zeolite BaklSi :0~  2_-3 H~O Spec ia l  a t ten-  • mH,+pH~0-~I /2zCH~ • ~-(1/2~-t-z)  COffi-b ( p - - z ) ~  ~'~:~"- 
• : ( 1 . - - z - - Z ) C O r S ( m . , 1 / 2 ~ W z ) H £  z = m o l e  " . t ion~is g iven  to a s u m m a r y  f u r  analc i te  and: f o r  the  , where  

o f  .adsorption~ : H-O mole C0 in the in i t ia l  gas.  The  cont rac  : inlaStadsorpti0n,6 of  t h e  zeoiiteS:their.listedtherm0dynamicsabOve---of the i r  s ieve ac t ion  • t ion C0per reac ted  according to equation I I I ,  and  p =  

i :~  I and  thei r  k ine t i c s  of adsorpt ion.-  : : . . . . . . . . . .  : L _ : : i n  ~ the  •f i rs t  ease , :  is l ~ = 2 a / ( l + 2 a / ( 1 + 2 a )  ":( 
~ second ens  : . S e c  abs 895. ~ :: , -:a=C0~eontentintheproduct),inthe 

• : . . . .  [ 2 a / ( 1 . . . ~ 2 a ) ] - - [ 3 z / ( l + 2 a )  ( 1 ~ - ~ ) ] .  T h e '  diff  
:~,: : ' i . B~ass ,  W. M :  S c ~  ab s 90 : : A = ; ~ - / ~ '  is  t e rmed  thecon t r ae t ion  depress ion ; .~  

: 149. BARTHOL~M~. E ,  ~ ~ n  S ~ c ~ s S z  H • : : [ C a t a l y t i c  m e n t a l l y  A ,a t t a in s  high Values;-up to 60-70~,  
. . . . . . . . .  P h e n o m e n a  With0Aeros01s-] Ztschr .  El~trlOpChem. added in ' am0un t s  up to 20% 0f the  reae t lng  gaS = 

~ :  vol 53, 1949 pp 3_6-331; Chem.  Abs• v o L  0,  p. ~ ~ is  f o u n d  to h a v e  reacted completely accord ing  
2355. : :: ~: f o r  example,  w i t h  an: . iu i t ia l  m ix tu r e  C O - I ~ . -  

. . . . . .  The  s thesis  as  ~enera to r  cousists  of  a b u r n e r  4 4 5 : 4 4 5  1 1  On an Fe-Cu-Zn-K:C0~-kiese lgna:  
: : " yn "g " . . . . . .  " 'a=36.6%~ A e x p e r i m e n t a l = 2 2 . 3 % ,  fo r  coal g a s  to fo rm C O + H ~  w i t h  N i - M g 0  c a t a l y s t  to lys t ,  a t 2 4 0  °, 
i :  : :  i '  conver t  r e s idua l  CH~ wi th  S team into C0-{-H.-. Soot : l a t e d = 2 t . 4 % .  ~ gas  m ix tu r e  C0 : H~-: H..0----33 : 

pa r t i c l e s  (d iamete r s  of  f roquency  m a x i m u m  abou t  2 o r i o n  Fe -Ou-Mn=K. ,C0rk l e s s ignh r  cata lys t~ a 
microns)  in  the  flame a r e  n e a r l y  completely r e m o v e d  gave  a n e g a t i v e  Contraction 0 f - - 3 2 : 5 % ,  . -  
by react ion wi th  s team c a t a l y z e d  by :Ni vapor  o r ig ina t -  A=72•4% ; t he  yield of hydrocarbons  is  depreS 

el iminated.  Th l a g  f r o m  t h e  catalyst  bed o r  f r o m  Ni-sa l t  solut ions  H : O  b u t  is  res tored  when  H~.O is 

step a re  indicated.  ~ : i ' be  recovered f rom the  t a i l  gases  by l o w - t e m p e r a t u r e  = 
~DER H •  R. D n E S S ~ S  i R G T s N ~ E Y  Sep arat i°n~0r b y r e f 0 r m i n g  the  product CH~ w i t h  steam~ 

' 8I-IN~-~-' r ¢~ "~'-.  w T ~  T'. r." ~ 1 .  ~ ' n . - v '  I t  i s  e s t ima ted  t h a t  a b o u t  90 lb O~ wil l  be  requi red  to  : 
i n t h e n r o d n e t i 0 n 0 f  8 v n t h e t i e L i n u i d F h e i S F r o m  '~ m a k e  l b b L  [of s y n t h e t i c  fue l  by coal hydrogena t ion  , ' . :  

• u r~ ,u  , f  M ~ , ~  ~ ~ T~o~*~ ~ * ' , ~  aTv~ At  So 00 per  ton the  O~ cost  would-be $0 22 p e r  bbl of  - 
15 pb :: ~' ~ : , <. , ~ . . . . . . .  ' ::: o i l a n d  a t  $ 3 0 0 a b o u t  $0.14. E a c h : c h a n g e  of  $1.00 p e r  

' -" ~ : : : : ' ' ton tn  the  cos t  0f:O_. wi l l  change  the  bbl. c o s t  of 0il b y  : 
~S in the:pr0duction Of 0.- by the  l iquefac t ion  and : - hbout  $0.04.: : - " :: 
ma t i0n  o f  a i r  a r e  discussed. .  A l l  commerc ia l  ~ : 
S involve the  fol lowing basic s t eps :  (1) Supp ly  .- 157. B ~ s S , :  L :  F•  C u r i e  'PointS. Pr0c• '  P h y s :  S0c. ! :  
i n t o  the  p lant  , appa ra tus ;  . ( 2 ) r e f r i g e r a t i o n .  o f )  (London) ,  vo !. 43 1931 I pp. 6~-95; Chem.  Abs., vol. 
bParatus; (3} h e a t  t r a n s f e r  be tween i n g o i n g : a i r  ': :25,~1931,p'11715" ! ' . . . .  : '=: ' ~ :  ~: 
I tgotng products ;  (4) r emova l  o f - impur i t i e s  f r o m : .  ' ~ D e s c r i p t i o n  o f  t h e  magne t i c  behav io r  bf  a ferr0-  
r supply;  (5) f r ac t i ona t i0n .o f  l iquefied a i r  into ' magne t i c  substance m a y  requi re  3 t empe rv iu r e s ,  (1} the  
nea r s  1% and  0.- ~nd delive~T of  bo th  as  product  f e r r o m a g n e t i c  cri t ical .point ,  a t  which the  r a t e  of  change 

(6) r e m o r a  of  C:H.-. Charac te r i s t i c s  o f  4 ecru-• : o f  the  square  of  t h e  in t r ins ic  magne t i c  m o m e n t  per  
l l : s i ' zeplants  1 in  th i s  country  fo r  the  product ion:"  un i t  volume wi th  t e m p e r a t u r e  is a m a x i m u m ;  (2) t h e  
a re  presented a n d  t h e  type and s i ze  o f  4 o ther  : f e r r o m a g n e t i c  Curie  po in t  a t  which  the  i n t r i n s i c  m a t -  
.Under const ruct ion a r e  listed. T h e  re la t ionsh ip  ne t lza t ion  m a y  be cons idered  z e r o ;  a n d  (3) the  pa ra -  

~lant size to p l an t  Cost and  to  0~ cost i s  discussed• m a g n e t i c  Cur ie  point,  g ive  n by  0 i g  the  Cur ie -Weiss  l aw  
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- a l w a y s  r e m a i n u - f i u i d  e r a t u r e s  hOweve r  i t  i~ m o r e  n n s t a b l e  t l l a a  CO and,~,~ ¢¢.z~ o b s t r u c t S  f u r t h e r  d i r e c t  , • ~ ¢~nn o f  ~ A s  m,.~ ¢o l i d s  e x a m i n e e  w ~ r ~  ~ * - - - "  _ ~ . ' . -  - - - - i l i b  " s o a p  g l u e  t h e  5 I e r ~ o l a t e  g l u e ,  " "  . . . . .  P ' ' • " " : . " - - "  :~;': - ' - o -  " " i l v  a f t e r  u i ~ u  . . . . . .  ' ~ ~ : , - o x i d e  a n d r e .  "xn~ ~ * -  " 

N u m e r i c  li d a t a  a r e ~ i v e n  f o r  a s a p o n i f i c a t i o n  a n d  t i l e  decoml)oses  Vclth g r e a t e r  v e l o c i t y .  5 I l x i u r e s  of  F ~ 0 ,  ~, r e ac t i on  c a n  c o n t i n u e  m! . -~-Ao~s t l l e  p r o g r e s s  o f  f e r r o u s  o x i d e  a n d  f e l r 0 u s  " ^ . . , .~ . i ,~  • m a x i m u m  a t  , 
" ~,~-~coro~-~, ~ ~ '  s ~at t o  ~0a'~s~a ld  ~ o a  ~ )owder~  i~ , : w i t h  C d S 0 ~  H g C l .  o r  B ,C-  a r e  ~equallv good; . . . .  ~ ng  a s  d i f f u s i o n  :is t h e  s io~ :e r  p ~ = ~ : . ~ ,  .~'on a n d  t h u s  i u m  c u r v e  i n  t h e  1 s t  e a s e  [ x ~ ; ~ , , ~ :  c O "  T h i s  i n -  . . . . .  s ~  . . . .  . , Iex~ol  e ~ _ ~ • I I . . . .  , . . . . . . . . . . . .  , ~, 1o  _ ,, . u = ~ . . . u - ~  , , .  r • i . . ~  v ~ , - -  " . 

d e s c r i b e d .  ~ - . " : . : :164. BAZ'XLOI{, ~V., A.~D HENXE. G. [E.ffeet  of  ]~Ietals ~: the  r e a c t l o n : S  d e t e ~ ' ~ e ~ l l Y o ~ t e n t  , a n d  H-~ p r e s s l u e  L 490° ,  W h e n  the•g'~Sal~haeSea~0n.~l'?~ch.fel[~'.osoferric o x i d e : -  
~ " . . . . .  B~.v~X, H .  Mt  ', SCC abs .  280~. : : ,  - :  . . . .  . . . . . .  a n d  . S I e t a l  0 x i d e s : o n  t h e  D e c o m p  o s i t m n  o f  C a r s o n : #  depends  on te:,,,)_~..=:. ~.  a n o t h e r  f a c t o r •  B e g i n n i n g  y~ d i c a t e s  t n e  te*~,l,~,,,.::, , , "  I n  t h e  ° 4  c a s e  t h e  e n r v e  - 

• _ - e c h n i c o l  S i - n i f i c a n d e • ]  ~[eta l l= ~ . , T h e  CH~ e q u l l l o r l u m  _-~ • . - ~ b i  h e r  t h a n  t n e  i s  r e d u c  d lnos1; ( l i m e u l t ~ .  -- -- " ~-~ " " • - D e s t l u c t l o n  o f  C a s t  I r o u  l v  Ca~ M o n o x i d e  mnl  I t s  T ~ . . . . .  • v e l o m t ~  o f  0 l ~  g . = . . . .  . . . .  . e ~. - ' - " a t  s t  6 8 0 "  w h e n  v 9 %  C O  ~s 
159. B . ~ x ~ o n :  W A [ - . . "  . . . . .  ~ " .  . . . . . . .  + , ,  ~ ~ ~ n . e  ~ , - ~ r  --  1 1940  n n  463- - t70"  Che la .  Abs. ~ ' $50 ° t h e  m ~ g r a t m  a. ~ ~' t~ ~n t r e a c t i o n  b e c o m e s  ' ' ~hoWs a m m ~ m u m  p O l  ~ .~.~ +~n{~er t u i ' e  a t  w h i c h :  ..... 

: . . . . .  b e n  M o n o x m e  ~ a s  =mxu!reS  a~ x ~ g n  ~ a , t , v , , . . % 2 . .  .:~ . . . .  s ~ . . . , . ,  x~!, 9, . . . . .  . -  , , ~  - o ~  ~ e l o c i t v : 0 z  ~ a n  . . . . . .  =![ e ' , ,  - - . . n n . l . i u m  ~ . . . . . .  +~,~ c o r r e s p 0 n u s  ~o ~u= ~ - -  a ,~. ~ _~ 
~ I e t a l h v i r t s c l i a f t ,  v~il. 1 3 ,  No.  3 ,  1939,  : : p p .  5 7 - o 9 ;  : : v o l .  36,  1942,  P. 3 t , . -  -: . . . . .  , : ::~' ~ ~ a 1 ~ ° ~ e i . ~ r o c ; s ~  a n d i s  d e t e r m i n e . a  °,y:nea~.~tu~'.~zatiun . . . .  p r e S ~ u s ' ~ ' d e  i s  m o s t  e a s i l y  r e d u c e d  t0  ~ e -  ~ e f o r  

= C h e m  Abs.  vol .  38, 1939,  p. 2864 .  . . . . .  - A t  500o--600 ° F e  ox i de s  a n d  c a s t  F e  c a u s e  oecom-~2~ = ~ - + ~ :  T h r e e  t :q)es  of  m a r g l n a ~  u,=~. • ,~ -n~ .  ~ = ' ~ "  "- ,^++~a a l o n ~ ' w i t h , B 0 u ~ O  u a r n s ~ ' ' ' ~  - 
. . . . .  c a  t e ~e~sel  ~ a s  d e s t r o y e d  h r  a : ho t  c o  ~ a s  p o s i t i o n  Of CO a c c 0 m p a  l i e d  b~ d e p o s i t i o n  of  C accord-~  C°n:~r~°e~is t in ,u i~ l~ 'ed  (1 )  PnrekV f e r n t i  c, ~lPo~° ~ 0 "  s- u ! t s  a.t~ei~.'i'u;nY'betwe~n C a n d .  CO.- a n d  f r o m  -pom~.s  

.tk s F " ~ "' " ~ " - • . . . . .  o V ~tl'On~ l o s s :  of  : F e ' f r o m  the -~ . . . . .  " = " ~ h v p e r e u t e c t o i u ,  a ~  "= ~ : me equ  . . . . .  e d u c e d  t h a t  a t  a t ~ o s p n e r m  
m i x t u r e  a f t e r  l ~  y r .  T h e  g a s  p e n e t r a t e d  a l o n g p o r e  s rag. to  _ C Q = C 0 ~ + C ,  b "  - ~.~.~. . . . .  ~, .~: ~ ~Acofi.;i~ (2)  t r a n s i t i o n ;  a n d  ( ) . _ : ~  - , , s t e u t i t e  + c e m e n t i t e .  : L w h e r e t h e c u r r e s  cut ;  xt ~ s d  = .~^  ~ r r o s o f e r r i c  o x i d e  ;. 
a n d  g r a p h i t e  p a r t i c l e s ,  l e a v i n g  d e p o s l t e d  C.. A t  o a 0  t o e  ox.~des, a n ~  o y . a e s ~ r u c n x e  a ~ . l . , ,  . ~  ~,,~. = -  ~.- o~ w i t h i n  t h e  2 - phas e  r a n g e  ~ : , ~ . , . ^  t h e o r e t i c a l  deduc-  ~ r e s s u r e ,  c o ,  c o : ,  ~ e r r m \ s  o ~ u ~  -;_ ~ a  *he  3 so l id s  
f o l l o w i n  r e a c t i o n ,  c a t a l y z e d  by  F e ,  t a k e s  p l a c e :  2 C 0 - )  t a m i n g  c e r a n n c  m a t e r i a l s  a } e  a ] s  O des t l oyed :  * - ~ .  = Ex  e r i m e n t s ,  w h i c h  c o r r 0 ~ o ~ a ~  ~ - ~ 0 c a n  e x i s t  s ide  by  rode a~ o~* ~ % - ~  ~-,~a ~ e  c a u '  " 
C C • g S tee l  i s  n o t  a f fec ted  : . h a r m f u l  , e f fec t s  occur  o n l y  n l  d m  t e m p e ~ a t m e  an d ~  *~.~ - r e  d e s c r i b e d  in  d e t a i l .  1 0  ~efs. ,  , : ~ ~, ' a n d :  - - - - i l i b r i u m  a t  655  °. A b o v e  u ~ o ,  ~ ,~.~-- - =  ,". : 

. : :  . . . .  q -  0 . . . . . . .  r ~ h ,  ~ ; t~ , i  =~¢.H,~ . f  o . r h h n  ~ I 0 i m x i d e  - p r e s s u r e  r a n g e  in  w h i c h  F e . F e  ox i de s ,  C ,  CO. a n d . ~  :'~.--' - ~ :  . . . . . . .  w -  c ~ 2 ~ E u , ] ~ z ,  B. ,  2,.~D-DAS, ~ _ [ . ~  ~ a re :~n+e .q~ther  a n d  b e l o w  647° ;  C a n d  f e r r o s o t e r r ~ c  
.160.  _ ~ .  t " 2 " * "  v=~'. "~ " = " ; ~ =  . . . .  -/C,.Y...~ . , . , "  1~ ' " c0ex i~ t  T h e  m h x i m u m  e f f e c t  6i~ decon lpos i t i on  oz ~,v~; . ~ a .  ~ ' - ~ ' ' W . . Y '  ~ -"? ' - l '~ ,0n  M o n o x i d e  in  t u e  g ; e s = , , ~  : e.x.t~ ~ 7 ; . ^ ~  ' -~ , , l i ed  to  t h e  b l a s t  f u r n a c e ,  m e  ~ _ ~  

: : a n d  of  ~ a s e s  ( ~ o n t a l m n g  i L j  ~9!lem:.~i~Dr~K, - ~ : . 2  ~, : i s  s h o w n ; a t  500  ~. T h e  o x i d e s  h a v e . v i r t u a l l y  n0  effectS:: : , '-,. D e c o m p O s m o n . ? ~  ~,~' ~='~icl~el a s  C a t a l v s ~ s . : ' x r a n s • : :  o x i a e . - ~ f ~ " ~ , ~ e d u c t i 0 n s  o f  f e r r o s o f e l m c  ox~cte  a n ~  

, : :  : b y  m e t a l s  a n d  b y  some  ox ides=of  n l e t a l s .  E e p  a n d  . is  p r o p o r t i o n a l  to  t h e  a m o u n t  o f  CO adsorbed ;~  i[ i :  A b s . ,  • . , " "  : ' -  ' = r . r ,  b x : F e , C 0  a n d : N i  a s ' :  " - ' - . . . .  a : m s  r i c h  i n  c o  s t : t a m p  , 
:~: .... : o f  C . o c c u r s  W i t h i n  :th e s t r u c t u r e " o f  t h e  m e t a l ,  wea!~e~-  . : : ]3[ . .O:vapors  r e t a r d  CO d e c o m p o s i t i o n  b y  p r e v e n t i e g ~  F , -  : .~1aximum d e c O ~ c ° S ~ 0 n s ~ . ~  ~7~0 ~" a n d  3 5 0 " ,  r e s p o C = ,  i n  oeOn~%C~o ~s~oxid i~ed  a n d  C. is: depos i t ed ,  b u t ~ e ~  

: : ing O r even d e s t r o y i n g  . i t .  T h e .  t e m p e r a t m : e  r e ~ o  s f o r m a t i o n  o f  m e t a l l i c - F e : s u r f a e e s .  W h e n  CO is  pas.sea~= ~7 c a t a l y s t s  t a k e s  P a . t h e  d e ~ o m ~ s i t i 0 D :  : r e a c t i 0 n : i n :  ' "  " e !  ~ .  de, , , ,s i ted" f r o m  t h e  g a s  s t  a t e m p e r a t u r e  ~gx~de" 
• i n  ~ h i c h t h  s a c t i o n  ~s a p p r e c l a m e  a r e  1)lessee ~or . . . .  .~-'= ° h e m a x i m u m  r a t e  o f  d e c o l n p o s i t i o n ~ : ~ . ~ , ,  t i v e l y  T h e  spee(t  o~, - ~ -~,-~r~"~es T h e - a e -  c a n - =  w . . . . ~ m a t i o n o f f e r r o s o z e r m ~  

" . . L • . .  ove~ Fe=O~ a t  oo0 t - ," • . ',~'~ :-~ -" u u , e n  u= . . . . . .  : ° T h e  nea~ o ~ * ~ - ~  " 
F e ,  Fe . .0 , ;  N l ,  N i P ,  ~ . - 0 ,  C r  M n,  Co, a n d  Co,0~. T h e  : i s  r e a c h e d  a t  a: s t r e a m i n g  v e l o c i t y  o f  abou t ,  1 cm. or  ~ • : c r ea s e s  : u p  t o  a n  h o u r  an. ~ - " 0  t h e  f o r m a t i o n  of  t h a n  6 6 0  • _ . - ~ ' a n t  ~ r e s s u r e  i s  c a l c u l a t e d ,  t o  b e  

] : e f fec  t i s  s m a l l e s t  f o r : C r  a n d  M n .  : . " : : Cc, /sec.  a m a r k e d  m a x i m u m  r a t  % o f  decompOsi t ion  a t ~ : ~ ; ; : : : : :  : - c r e a s e  in ' : r eac t io .n : s ,P~aaveS  a ~ : w ~ r  a c t i v i t y  %han : ' the : oa£49o0: : : ~ e X a : ~ " ~ l ~ a  t o ~  ferl 'o~{s:  ox id  e` a i r  6 8 0  ° I s  : ,: 
.... i o L  BA~-XL0~r ,W. ,  . ~ D  EDWLX B . :  [Ef feCt  o f  T,em; : l ,  a t m  p r e s s u r e  occu r s  a r 0 u n d , 5 0 0 ? )  b e l o w  400 ° a ~  ::,  m e t a l  c a r b i d e s w n ~ C ~ o ~ i ~ o n  o f  t h e m e t a l  c a r b i d e b y  ~.'-. = ~ 2 ~ J a l  ' ' . . . .  f " -  : : '  

- . . . .  . . . .  p e r a t u r e  a n d  P r e s s u r e  On t h e  D i s i n t e g r a t i o n .  o f  C u . j  a b o v e  '$00° v~r tua l ly  no  d e p o s i t i o n  o f  G w a s  observeu~.~ p u r e  m e t a l  ~ e c o ~ v .  • . . . . . .  t h e  m e t a l ;  I f  the : ;  m e t a I  ~s : , v .  o o .  ~ • ; ' " , . ~  r~.,~,~-u~,..~,~. . . . .  i n  t h e  S o a p .  InuuS-  . . . .  : : 
[ : : ' % A r c h .  E i s e n h i i t t e n w . , v o ! .  16, ! 9 4 2 ,  p p  1 9 , - 2 0 0 ;  Che  m. T h e  m a x i m u m s  a r e  e v e n t u a l l y  k h e  s a m e  w h e t h e r  ~ r e s t o r e s  tl~e a c t l v x ~ [ o . f  - c t i v i t ~  i s  l o w e r ,  o w i n g  to  a :, 169.  B , ~ v s c ~ . ~ k ~ . ~  M a d e • f r o m  ~ a r a f i i n . ]  ~ee t t e  

A b s  vol  3~ 1943  5903 . . . .  Fe~O~ F e 0  o r  Fe~0~ i s  u s e 6  t h e  i n i t i a l  a c t i v i t y  ~ h e a t e d  i n  H-  m e  m ~ u ~ , ~  , ~ , , ~  ~h~s s i n t e r i n g  t r y  o f  ( 3 a r u o x $ ~  ; - - - £ ~ - .  ~,m e.~ 0 C h e m  & b s  voL " 
" : ! . . . .  I t  i s  s h o w n - ' t h e o r e t i c a l l y  t h a t  t h e  CO d i s in t eg r ,~ t ion  g r e a t e r  t h e '  l o w e r  t h e  t e m P e r a t U r e . a t  wl~ich~reducfi%~ s l n t e r I n g  P r 0 c e s ~ .  ~ ~ecc~re~m" ; :  ~'~u ~"nXgDER~0~S, H . .  ~ - S e ~ e ~ , ~ 6 ~ ' ,  "t0° P*"  . . . . . . . .  , , . . . . .  : 

. . . . . . .  o . . . . . .  a d s o  t m n  c a t a l r S l S  to  ~ e  t o o k  p l a c e  S i n t e r i n g  i s  r a p m  a ~ o v e  uuu ; - -  ~ 1 6 7  BAUXLO~ w. ,  = C ~  . . . .  , ~ ~ , ~ ; "  ~ n d  A l l o y e d  ~ ,  x ~ ,  • . . . .  " , -  ¢ . " n  i - a - s t  r~  " 
onl ' er;; %, itionofl¢o (C ),: .,'or:  Sreducesthedepoe:  :  .ec rburizin  :-'nneal'n =°L %n;. id -Carbon Synthetic fatty acids:for = 

: "6i[~:{~ h n ~ . ~ , ,  o~ n i c a l  i m p o r t a n c e  i n  t h e p r e ~ e n e e  ' o f  C b y  a s  m u c h  a s  9 5 %  ' .Near  500  ° t h e  Oxides o i ~ M a l l e a M e  C a s t  I r o n  i n  ~ e ~ . ~ . h i  i e n w  v o l  16 ' t~ould c 0 n t a i n  t h e  l e a s t : p o S s m ~ ' ~ e a  x y l i c  a c i d s  " :  " • = ~ . . . . . . . . . . .  m _ _ t e c h  __ . _ ~ . . . . . . . .  . . . .  . . . , . ~ . . . . . .  t t  ., - : s . m . . . . . .  r b o _ _  . , : . 
. . . . .  : o f  "su' i table c a t a l y z e r s  Such a s  F e ,  :Ni, o r  C0. T h e  Oo, a n d  N i  c a u s e  d e p o m t i 0 n  o f  C ;  t h e  m a x i m u m  e ~  . D i o x i d e  ~ILxtureS,]~.  ~x~c~,•~,~ v o l  37, 1943 ,  P .  6619.: ac id% l a e t 0 n e s ,  l a e t i d e s ,  l : e ~ o a c  ~ , ~ , f f i c i e n t  plasticxtY-" ; 

: ' nd.q~)rntlon o f  C 0 - m o l e c u l e s  b y  t h e  m e t a l l i c  S u r f a c e  i s  - a r e : a  t 500* f o r  Fe~0 ,  a n d  a t  700"  f o r  l ~ t o  a n d  ~o_~.~% - 1943,  p p .  3 4 ! - 3 a A ;  u ~ e m .  ~ T ? '  ~ :  ^ f  o n n e a l i n g ,  ( a n d  u n s a p o n i f i a b l e m a ~ t e ~ : ~ - ~ . " ~  ac~,~'~: i s  a s c r i b e d  t o .  I 
! . . . . . .  c o ~ t e c l  w i t h  a n  i n c r e a s e  i n  t h e i r :  a c t i v i t y .  T h e  C a  a n d  B a  ox i de s  , and  F e . . S ! 0 L a r e ~ w e a k c a t a l . v s t s  ~ , ~  E f f ec t s  (if w a l l '  t h i c k n e s s ,  ~ . u r a ~ ° ~ e n t  ~ i n  t h e  cas t -  ; o f  s o a p s  f r o  m s y n t h e ~ c  ~ t ~  ~ e c u l i a r -  p h e n o m e n a -  

' h e  c a l c u l a t m n  o f  a m o u n t  a n d  c o n c e n t r a -  o x i d e s  o f  Cu,  A g ,  Z n ,  A1,  '±a,  ~ v ~ r  ,~,~o, . ,  ~ ,  -~ t d m ~ r a t u r e  ~as  c o m p O s m o n ,  an , ,  ~ -  _. ^ ~ - ~ i z a t i o n  a b s e n e e ,  o f  u n s a t u r ~  . . . .  ' - : ~  s p a -  f r o m  - : : t h e o r y  f o r  t , • . • -- - : - • , • t a l s  on ~'~ ' ~ - n d  S on u e c a r ~ - -  : , • . spa  k e t t l e  i n  p r e p a ~ * ~ , ,  
n f d i s m t e z r a t i o n  a n d  o f  d l s m t e g r a t m n  v e l o c l t ~  ' C, SIC a n d  F e P O ,  a r e  i n e r t .  O f  t h e  f~ee  m e  , in o f  M n  N i  C r  ~ M e  a - - '  - ~ * ~ n  C 0 - 0 ~ -  o b s e r v e d  m t h e  • P _ . ~ . , , ~ a ~  . : 

: : ,:, t i p  o " ~ . . . . . .  : : " ~- " • , 1 Ce alloy g ' ' ' - n w n i t e - c a ~  ~ • " , - ids  a r e  a i s c u s s e a  u n ~ a .  
• i s  deve loped ,  a n d  t h e  r e s p e c t i v e  f o r m u l a s  a r e  g i v e n  F e ,  Co, a n  d l q t , a r e  s i r e ,ug ly  a ~ e ,  M g ,  A 2  -~-os i t i /  v e l oc i t y  w e r e  i n v e s t i g a t e d  ~ a i f f u s i o n  c o n s t a n t  f o r  s y n t h e t m  f a t t y  a c  = , - [ 

" ~k m a x i m u m  of  d i s i n t e g r a t i o n  e.xists. , w h i c h  d e p e n d s  : a n d  "xi, u r ,  a n u  a m  reac t ,  w i r e  ~ u  a n u  caus~  uei,  .ne~- mix"res in  s t  950 *-1050°. . ~ e  ~ r b u r i z a t i o n  Velocitr .  ~ . . . . . .  BA~.~-~, S. : ~ e e  abs .  :2553. ~., ~ . ~ ,' 
: :  ; : [  .on  , t e m p e r a t u r e  w i t h  A n c r e a s i n g  t e m p e r a t u r e  t h e  :: O f  C. ~g, ~'U, Zn ,  S~, ~Io,  W ,  P d ,  a n d = ~ t  aorei:~s C in  F e  w a s  de t e rmined .  • T h e d e c a : + , , r e  a n d  d e c r e  ases~ . ~  ~o ~ , ,  n r N e w e r  L a r g e - S c a l e  T e c h m c a l  D evel, [ 

n ve]Oci i n c r e a s e s  t h e  a d s o r p t i o n  T h e  d e s t r u c t i v e  a c t i o n  o f  C O  on  ~ a r l  . . . . . . . . . . . .  : ' In a w i t h  i n c r e a s i n g .  ~ e m P = ~ . ' ~  rohg ~as i f i ca  ~ l ~ u .  ~,Ax~.,, ~ . _ _ -  ~ . ~ t ~ e v v  o f  t h e  A ~ p h a ~ l e  ~..om- : . c h e m i c a l  r e a c t l o  ty  . , . . - - - rmf t  c re  s e s  u c a t t  . . . . .  - " i n  m e  ~ . . . . . . .  - =-  
: p o s s i b i l i t y  o f  F e ,  a n d  t h u s  i t s  c a p a c i t y  to  i n f l u e n c e  t h e  f i r e b r i c k s  c a n  be  p r e v e n t e d  by  a v m d l n g  t h e  h ~ ^  C . w i t h  t i m e  a p p r o x i m a t e l y  h y p e r b °  . ~Y t h e  s u r f a c e  'o f  . . . .  o p m e n t s  . . . .  =: 

= p r o c e s s  c a t a l y t i c a l l y ,  d e c r e a s e s :  T h e  C d i s i n t e g r a t i o n  t e m p e r a t u r e  a n d  p r e s s u r e  l i m i t s  OYo~emOVaol o ~ i  l i o n  o f  C t a k e s  p l a c e  v i r t u a l l y  o n l y  . . . . . . .  . . . .  : - 
e w~th  m c r e a s l n  r e s s u r e  ( s t  c o n s t a n t  te rn-  " a n d N i  by  c o n v e r s i 0 n  o f  t h e  o x i d e s  F e  C ~.' . : - : ; , i n c r e a s  s ! " ' g P  . . . . . .  ' whI~ ' = . . . . .  ' ' '  . ' [" . . : . . ~- [ 

' l ~ e r a t u r e )  tO ,,an a s y m p t o t i c  m a x i m u m  v a l u e ,  c o m p o u n d s  s u c h  a s  t h e  s l h c a t e s  o r  p h o s p h a t e s ,  - . = ' . . :: : == , ' " . . . .  

_ . . . . . . . . . . . . . . .  . . . . . . .  

e e a t a l y n c  ee-.~; [ 
e f f e c t i v e .  Cl~.  ::)~:'| 

r tern- ~ ,~l  
iO a n d ~ } |  

]Retals ! ! !  1 

Meta l l :  ::~.; i |  

. Ab ,it !i 
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{n on  c a s t  F e .  Fe~cofi-;i~::][: 

a l s o  des t royed .  The~):¢J[ : 
t h e  t e m p e  ' ahn ' e  a n d ~  : 

ox i de s ,  C ,  CO: nnd  C(h!~! '~ 
effect decomposition of CO }i  

o x i d e s  h a v e  v i r t u a l l y  no  effedt~ }71~ ' % 

i t h e  a d s o r p t i o n  l a y e r $ . ~ :  
r a n t  o f  CO adsorbed;~:!- ,~ ? 
0 s i t i o n  b~  p r e v e n t i e g * ~ , ~ :  - 

W h e n ' C O  is  p a s s e d ~ , ~  

~ i ;  ~ 
Slnte~in is rapid above 000° ~ i . , ~  - : • ' g " - a ¢ .  ~ 1 1 . , . - ' ~  J 

r e d u c e s  t h e  d e p o s i t i o . ~ ' , . ~ L ~ :  : 
iO0 ° t h e  Oxides o f  . ' ~ ' ~ : % ~ '  

for and CoO ': 
~-Weak eat~l~sts; ~c~?~:¢ 

t h e  f r e e  m e t a l s ,  o ~ . ~ : - : , - ~ - ; ? "  

v a r i o u s  m a t e r i a l s 4 , ~ . ~  i:: 
,iding the h a ~ ~ :  
, r e m o v a l  0£ F e ~ t ; ~ ! ~  "~'.~:~ 
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pounds.] Angew. Chem.~ voI. 54, 194I, pp. 353-356; 
Chem. A b s .  s o l  35, 1941, p. 69°_3. 
Technical  production of a l iphat ic  compounds  i s  a 

much i s l e t  development  than t h a t  of  a roma t i c  com- 
lmunds but has  a l r e ady  surpassed the  l a t t e r  and  prom- 
~ses to su rpass  t he  production of  inorgan ic  chemicals• 
Unlike the countr ies  wi th  large suppl ies  of petroleum 
and  carbohydrates .  Germany  i s  forced to use  coal, CO, 
and  H.~ as  r a w  mater ia ls .  A m o n g  seve ra l  mos t  im- 
po r t an t  developments  mentioned m'e paraff in  oxida- 
t io n to f a t t y  ac ids  and M e 0 H  dud h i g h e r  alcohols. 
171. :BF-L~U, C. M. Production of Synthe t ic  Alcohol 

f rom Ethylene. Chem. Eng, Progress ,  s o l  43, 1947, 
Pp. 92-9{}. . . . .  

Alcohol  m a n u f a c t u r e  fronl gra in ,  m o l a s s e s ,  a n d  
C.I=I, is  briefly rex•iewed. The proper t ies  a r e  cbar ted 

react ion,  y ie Id ing  a f in ished product  for  eOmmeI an intermediate product, other than Water gas, 
se rves  a s  a : r aw m a t e r i a l  fo r  subsequent  proees 
u s i n g  the  coke to m a k e  w a t e r  gas ,  a starti~lg ma: 

: for  m a n y  i m p o r t a n t  synthes is .  The produeti( 
some o£ these  chemica l s  is  discussed, In pa t t i  
t he  synthesi  s 0f  M e O H  and  the  production of  nylc 

BEEeE, R . A .  ~ e e  abs. 1771. 
175.  BEE~E, R. A:, -~D S~V~NS, N. P, B e a t s  oJ 

sorpt ion  of Gases  on ]~ron-Synthetie Ammonia  
a ]ys t s  a t  Low Temperat~}res. flour~ Am. Chem. 
sol. 62, 1940, pp. 2134-2140; Chem. Abs., rol 
1940, p. 651~. 

D a t a  a re  g iven f o r  t he  adsorpt ian  i so therms  o~ 
~ollowlng gases  on doubly promoted Fe  cata lys t  
r a i n ing  1.59c~ K : 0  and  1 . 3 ~  AI:O,, 0: ,  CO, N,. A CO, N:, A and the  p rewar  and w a r  uses of indus t r i a l  E tOH are  H.. a t  --183% CO= and  CO a t  - -78  °, and  CO a t  O°ei 

shown. 1 bu. 0£ g ra in  will yield about  2.5 gal.  o f  al- h e a t s  Of adsorpt ion a r e  g iven for  these  gas  
cobol. About2.5 gal.  of molasses  is requi red  [o produce t h i s  ca ta lys t  and  on a a  unprmuoted pure  Fe  cata 

- : 1 gaL of 190 proof  alcohol and theore t i canv  about- con ta in ing  0 .15% AI:Oa : i m p a r i t y .  These  meas~ 
3.9 lb. of C.~L wil l  m a k e  1 gal. of a lcohol  Tbe  price meri ts  indicate  tha t  t he  adsorpt ion of N and of 

: of alcohol a t  p resen t  depends  largely  upou supply: - -1S3°  is  exclusively of  the  van tier V,~aals type ;~  
and  demand and on ~he fluctuation in the  cost of " ra in  t i le  adsorpt ion of H a t  - - 1 S 3 "  and of CO a t  ~1~ 

• : and molasses.  Expans ion  in rbe synthes i s  method~wlll - - 7 S  ° and 0 ° : I s  in Dar t  cheu sorpt ion;  and t h a t  
tend to rel ieve the  s i tuat ion.  O the r  possible  sere'cos is  chemisorbed on the  alkal i -pronmted 

catalyst  of alcohol wi th /n  tbe  next  few yea r s  a r e :  Was t e  sal- - -75"  al though the  nds0rli t iou of this  g a s  on the  p 
: .ri te liquors, sawdust ,  a n d  h~drocarbon srnthe~i~ In c a t a i y s t  is exclusively v a n  der  W a a l ' s .  These ecru 

the  next  5-10 Ye ~rs,-rhe i}roduction of indus t r i a l  E t 0 H  s ions  a r e . i n  genera l  a g r e e m e n t  wi th  those o f  Emu 
by the  F i scher -Tropseh  syntbesis  process  m a y  have and  B r u n a u e r  (see abs.  388) on an analys is  ~f" 
to be reckoned wi th  and will become an impor t an t  , l ow- tempera tu re  i so therms.  The hea t  evolved is~ 
p roducer .  . : . . - appr°aehesi  ~r revers ib le  adsorpt ion of O a t  ~ l$3°format ion .  ~ 

:: . B~,L% E. H.  ~CC abs. 1442. o r d e r  of  ma~l i tude ,  t h a t  Of i~e oxide 
B A ' " " " f o r m  of  the thue: tem mt ' ~', r L  E .  8 c o  ab~ 2401  " : 2 n d i c a t e s  - "  : i ' a t u r e  CUrves w i t h  0 a t  : -  ii 

• " ~" " " ~nat tile adSml}tion process invoh'ed~ : :  . I 7 2 . B E e ~  R, ~ A. EvalUation ¢~f Fluid  C a t a h ' s i - - D e -  complex._ : . ;: : : . 

~..~£r.CK, 0. Cata lys is- - -a  Challenge to: the Ph5 : ~%wo types  o f  l abora to ry  scale  un i t s  fo r  evahmt ion  : c l o t  Rev  :Modern P h y s  , -1  ~7 
• : . . . .  or  nu]mzed ca ta lys t  bave  beel  devel0ued k ~,o,h~,, : ,~Z:.'.- ~, " :  . . . . . .  . --, . . . . .  , I945 p p .  61~ 

.. ical ly s t i r red  un i t  With ]ielicallr fi,~,~;1 • ~ . ~  ,:: 'h ~""?," W*'e'u" .~us.,.rot. -in, ;1u-t6 p. 4598. . : 
: . . . - . . . . . . .  r . , , r  ,~a,~es ] ~  ,.4. r " • "' possible to s}mulate flmdizatlon inde])eudeutlv of  H~o eweu  . . . .  . I1 a • ," • . ' - . - :  . . . . .  

g s x eloc]ty belox~ I f t .  pe~ sec. A s tee l -s t i r red  reactor  ~ 177. • Sur face  C a t a l y s i s :  l~ev.' .~Iodern Pl~ 
]s used in research  w h e r e g r e a t  flexibili ty in regard  to s o l .  20 !948 pp. 127-130 ; Chem. Abs. ,  sol, 42,  1~ 
r eac tan t  flow • r a t e s  i s : de s i r ed  i baffled nonst irred P~ 4 4 3 5 . .  : : : 
un i t  is  less subject  ~o meclmnical  difficulties t h a n  t h e  Rexie~x of wo~k of  Beecl  . . . .  s t  • ' " . . . . .  ' ~ "rred type Both t v )  ~ . . ' . , " ; : ' ~  ~ a n d  associates.:  T h e ( i  

: ~ .  . . . . . . . .  - -~ . .1 e~ hax e plox ed tO be-e f fec t ive  covery  of  t h e  effect of t r aces  of H~O and  H.S  in t0w 
/ - , , uu ru to ry  r a m s  ~or u~e tes t ing  of  Small b a t c h e s . 0 f :  i n g  tile decomposition t e m p e r a t u r e  of  hydrocarbon'~ 

expe~nuental c a t a b s t s  xxlth modera te  a m o u n t s  of: d iscussed:  The mol~ . ) e r iment#a l so  sd  ocular- ray  exl :  
cha rge  gases. F o r  example,  the u s e  of  :a superficial to indica te  the decompos i t ion  of CH, into CH~ an 

" l i nea r ' ve loc i ty  of 1 ft .  per  .~ee'h~ the  075- iu  baffled a n d  CHo into o CH radtca l~  , r  ~ . . . .  
r e ac t o r  a t  400 p s i ~ a n d  ~-"~ . . . .  ". ' ~ ~ -" - ~. - - t  ~.~ ts evidence 

. . . .  ~. w u  ~., r equ i res  a p p r o x i -  " :the ~CH radical  i s  f o r me d :  i n - t h e  d, 
m a t e l y  140 s t a n d a r d  eu:  f t .  per h r : 0 f  t o t a l  el~arge~gas ~. a c e t y l e n e  ~ h e  adsorp t ion  s t e p  i s  the  c ruc ia l :  : ':.? ecomp0siti0: 

as  contrasted \ v l t h  O r e r  1,000 requ i red  f o r  t h e  open • in  s u r f a c e  catalysis ,  and  the  react ion of e thylene 
• :2-in, r eac to r  o r ig ina l ly  cited. With:  t i m  s t i r r ed  re- ~ i s  ci ted as  a~i, example" F ina l ly  the  t racer  l~ 

actor  the  feed r a t e : c a n  be reduced to an], ( tesired lerel n ique  is  d iscussed in Connection wi th  the  i s o m e r i ~  
. wi thout  decreas ing  the  effectiveness o f  Cata lys t  f lu id-  : ,  o f  bu tane  to isobutane.  • . : ~  

• -  Monoxide and Carbon D i o x i ~  ~ ~ '  ~ : • ew Y o r k  sol  2 19aP~  
I n s t  . . . .  oour.  ~ron ~tee~ ; : .  151-195 . . . .  :• : • : : . . . .  . . . . . .  ~7~ 

: .... : :  - • (London),  A d s  C o p y  3 ~1930::pp.:~-25~ Chem':~ ~R " : " -  ~ : -  . . . .  
• Abs s o l  24 1930 p 8o03 ' ': ' .' e w e w  includes a d m c u s s m n  on adsorpt ion surf  

~ . / .  , r" : , ~ ~ , ,  o f  m e t a l  ca ta lys ts , .H:  adsorp t ion  isobars  and t h e ~  • Meser~ption oz  work  carr ied out  in  a n  inves t iga t ion  of  s in teHn hea t  Of a , 
: • t o  deter~nise t h e - u a n ~ - * . "  . . . . . . .  - . . . . .  " g '  dsorpt ion  of  I ~  on Ni  Fe#) 
: . . . .  ~e ra tu re  and  o. ~,~,~.; '~-"7~ ~,¢'2~Ue- nee oz m e  tem.  m e t a l  f i lms Par t i a l ly  covered  wi th  o ther  adsorbed g ~  

- . . . . . . . .  o z  sonu somt lons  upon the s i n t e r ed  f i lms and the  c r i t e r ion  f o r  mobil i ty a s  well 
: composit ion of  a g a s  consist ing of  CO and  CO-. F r a n k e n b u r g  s e-xperiments and  the  experiment~: 

. . . .  : : :  " :::  ' " B E e ~ r , c .  W .  2 e e a b s .  6 5 4 a :  : : : "  : : : '  R0ber t s :  :The fo l lowing conclusions a re  reached :*- 
. . . .  ad so rp t i on  (chemisorpt ion)  of tt~ on Clean metal :~  • ~ !74; B~cr~t£r, fl. S . "  Chemicals  F r o m C o a l - - N e w  D e - . /  f a c e s  is  a lmos t  a lways  acc0mpaa ied  bY absorptt  hh~ velopments .  Coal-Heat,  ;rol. ~7, NO. 1 1945, pp. 

. . . .  26-27, 30; Fuel  Abs. ,  No. 2079. : .... • ] ~  in to  the  in te r io r  of  t h e  s t ruc ture .  ~ Th i s  absorp~ 
- . . . . . .  ~ i s  a s low aEt ivated p r o c e s s ' a n d  h a s  i n  'the past~] 

: : ind~u~tl?t~ti~ized~as a r ~ v  eateri.al, f o r  .th.e chemical m i s t a k e n  for  ac t iva ted  a d s o r ,  tion f on the ~ 
~ . . D , ~  *zuruonlza~lon~ yieldiU . valu- - 0 ~ "  ~'~ 

able bxTroducts- d i rect ly  a s : a  reac~-~* ~ - ~  ^~g:--- , ~ a c e .  ~ h e  hea t  o f  absorp t ion  of H ,  i s  coustde~ 
• ' . . . .  ~ ~ ,  ~ ~ : ~ u m a ~  rower  than  the  h e a t  o f  chemi~0rpt ion The  hes~t~ i 
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i 
~: ,~emisorption of  H= on Ni  and  F e  a r e  nea r Iy  identical  p a e i t y  of  .'~i ind ica ted  by  ehemisorpt ion  of  C O  o r  
~ d  decrease f r o m  about  30,000 cal.  f o r  t he  sparse ly  physica l  adsorp t ion  o f  K r  corresponds  to the  capac i t y  
.~vexed su r face  to about 18,000 caL f o r  the  completely fo r  rapid  ~ sm2ation, chemisorpt ion,  and  f o r  c a t a l y t i c  
~orered sur face .^  The  hea t  of  chemisorp t ion  on W de- react ions such a s  C . g ,  hyd rogena t i on  but  does  n o t  
.~,~os f r o m  45,u00 cal. to about  13,000 cal. a s  a rune-  cor respond to t h e  capac i ty  f o r  s low sorption.  

.~surface coverage.  The  lower  v a l u e s  of F ranken-  
for h igher  su r f ace  coverage can  be s a t i ~ a c t o r i l y  
ined on the  bas is  of  .~arface impur i t i es  on 
kenburg's  W powders• The  h e a t  of adsorpt ion 
, ou m e t a l s  h a s  been found  to be constant  over  
t empera tu re  r a n g e s  ( for  N i  h y  Beeck and co- 

ors f r o m  --183 ° to ~ °  C., by F r a n k e n b u r g  on ~V 
empera tures  up to o v e r  500°) .  The  act ivat ion 
,5" for  t he  ehemisorption of H.~ on all meta ls  s tudied 
~remely low. Chemism'bed H= a toms  on Nl a re  
le. They a re  able to m i g r a t e  f r o m  one crysta t lo- '  
tic site to ano the r  si te even a t  - - l&~ ° C. On Fe ,  
!eros a re  mobile a t  room t e m p e r a t u r e  but  are  not  

~so. B ~ c ~ ,  O., G r ~ . ~ s ,  fl. W.,  ~.~n R~TCmm, A. W .  
Adsorpt ion of  Hydrogeu  on Nicl~el Catalysts .  I I .  
Sorption I s o b a r s  F r o m  20 ° K .  t o  Room T e m p e r a t u r e .  
floor. Colloid Sei. ,  e e l  5, 1950, pp. 141-147; Chem.  
Abs., e e l  44, 1950, p .  6228. 
Sorption i soba r s  w e r e  de te rmined  fo r  H_- a t  0.1 ram.  

H g  pressure  on evapora ted  Ni  films, over  t he  t e m p e r a -  
tu re  range  - -253° -25  °. Slow ac t iva ted  sorption, i n t e r -  
preted as  absorp t ion  o f  ~ into the  in te r ior  of  the  m e t a l  
s t ructure,  w a s  observed in a g r e e m e n t  wi th  p r ev ious  
resul ts .  The  p rocess  i s  exothcrmic  and,  a f t e r  in i t i a t ion  
by ra i s ing  the  t e m p e r a t u r e  to approx ima te ly  - -150  ° , 
will continue a t  m u c h  lower  tempera tures .  : 

m~b~i]ea-t - -183 ° C. T!le decrease  of  h e a t  of adsorp- 
':fl0u as a funct ion of Surface cove rage  can be ex-plahled 131. B~CK, 0. ,  SXUTH, A. E., ~ ' n  "WHEELE"~, A. Ca ta -  
~ satisfactorily b y  interact ion Of the  adsorbed a toms  ~ l y r i c  Ac t iv i t y ,  C r y s t a l  S t ruc tu re  and A d s o r p t i v e  
:::~vith:each other• Wl ile the s u r f a c e  of Clean meta l  Propertie.~ o f  E v a p o r a t e d  Meta l  F i lms .  Prec.  R o y .  
: f i lms appears  to be homogene0us w i t h  l;egard to h e a t  S o c :  (London) ,  sol ,  177. 1940~ -~-, pp. 62-90; Chem.  -. 
; :of adsorption and  sur face  coverage  i the  la t te r  wi th in  - kbs .  , sol. 35, 1941~ p, 2061. 

l imits of Size o f  different c rys ta l lographic  Sites}, Meta l  films Of h i g h  reprbducible Catalytic acti~-ity: ~th e 
).the rate of hydrogena t i0u  of e thylene  is markedly  de- were  obtained hy  condeasat iou of the i r  vapors  on g l a s s  
~ d e n t  on the  c rys ta l  pa ramete r .  O n  Ni, clmmisorp- a t  any desi red t empera tu re .  T h e  ca ta ly t ic  acti~-ity wu~ 

*~lflsn of ~ i s  s t i l l  t ak iug  place a t  20Q K. The  t r u e  measured by the  hydrogena t ion  of  C~__H,. The  c r y s t a l  
::.~.~tent of me ta l  su r faces  cannot  b e  measured  by the  Structure Of t he se  f ihns w a s  i n re s t i ga t ed  by e lect ron 
~;BLE. T. method us iug  N, s ince N i s  chemisorbed a t  diffraction. B y  contr611ing the  p res su re  of  an  i u e r t  : :  
':"~/i96 ° C T h e  H :  adSm'ption a t  t h i s  t c n i p e r a t u r e  : 'gas ,  N.., A,-and o thers ,  dur ing  evapora t ion  of  tlie me ta l s ,  
: ! ~ s u r e s ' t h e  surfa~'e more accura te ly  and is  in c lose  unoriented and  o r ien ted  fihns could be produced a t  will ,  
~ : ~ e e m e n t  w i t h t h e  chemisorpt ion of  CO a t  both liquid and  t h e i r  ca t a ly t i c  ac t iv i t ies  were  compared.  Gom- 
° ~:~aud room t empera tu re  and  wi th  t l ie  van  d e r  W a a l ' s  : pletcly or iented ~ i  f i lms were  0btahied wi th  a n  i n e r t :  

[sorption of  krypton:  18 r e f e r e n c e s  a r e  given. : gas  pressure  of  1 ram.  t h e  ( l l 0 ) p l a u e ,  the  ]dUSt dense  
"~ ~ ~ , v l a  : : . . . . . .  " ' of the  plane.~ tying- pa rane l  to t h e  baek t ag  and the~2: : 

l ion: of/ .Nitrogen: . m ~  I r e  : a  m - P h v s  t 'ol  7 '~939 the backing, a g a i n  the  l eas t  deuse p lane  thus  or ien ted .  
~,.~fiamoma ~yn.mem~. ~ou~'. w.a%:. - . u ^ : "  23~ 3 ' '  Low-pressure  adsorp t ion  o f  H-. a t  romu t e m p e r a t u r e  : 

p 631-632 u n e m  kos voi .5.5 ~_,~ p P • ; , ~ • " ' " ": ~ : and of CO a t  l iqu id -a i r  tempe~'a ture  revealed  t h a t  t h e  
IS/~:BEEoE, 0 . ;  COLE, W .  :A., :,kXD W12EELEe, A.  , D e - :  ~riented gas -eyapora ted  .'N1 fihns h a v e  - thues  the  ava~lr , . :  
~t~rmination of  Hea t s  of Adsorp t iou  Using  ~Metal. -able sur face /g in ,  o f  randomly or iente  d high-vacuum. 
:~fims: Disc. ,  l~aradav sod:: 1950, N0. 8;  pP. 314-321;  films, ;but 10 t i m e s  t h e  act ivi ty;  . T h e  or iented f i l m s  
!{~ti~m. Abs., v01• 45 1951, p. 9990. llave therefore  5 t i m e s  the  ac t iv i ty  Of un0riented fi lms. 

~c ,~o r~ ,~*~  , . . . .  ~ ~,o,~ fo~ heat~ 0f  adsor,)tion ? : Oriented:  films of  a n  :available.  s u r f a c e  equal to u n -  
'~ . . . . . . . . . . . . .  ~ - ~ ' ~  " ~ " ~ :: ' briented but  of  5 : t i m e s  t heuc t i~ ' i t y  could "flso be o b :  

.l~'as a: function, of  f rac t ion  of Surface  ¢oyered f o r  : : t a i ned  iu h igh  v a c u m u  b y  e v a p o r a t i o u  onto o r i en ted  - 
ml_d Fe  fi lms'  a t r o o m  and l i qu id - a i r  t e m p e r a t u r e s . \ - i ~ I m s  previously produced by ex'aporati0u in  aa  i n e r t  
~eriteri0n for  m o b i l i t y  of adsorbed layers  ~s pre-  gas  T h e  a c t i v i t y / u n i t '  we igh t  0 f : t h e  f i lms w a s  eou- 
~te~. • ! : "  : . . . .  ~ ' : : '  : : ~ s t a n t !  this  i nd i ca t e s  r eady  accesSib!lity to the  i n t e r i c r  : 

~ B E F ~  0 GXVE,~'S Y. W A~D 'R~cHI~  A" W ~ ' Of the  film by  t h e  reac t ing  ga se s . .  Adsorpt ion Of  
~0rpt io~ of H~-d~'o~en "on :~icl~el Ca ta ly s t s  " I I  ":~ : w a s  found to be  i m m e a s u r a b l y  f a s t  in al l  cases. .  Ad- :  : : 
dJtion I~Cha~,~ f r , ~ ? o 0  ° K to ~ o 0 m  Tempera tu re :  sorpti0n i s o t h e r m s  on  ~ i  fi]ms w e r e  obtained for  C.-H~, : '  
~ ' ,h~  ~ h - : : -  ~ : : ~ - " ~  ' - - : :  : ~  .:CO ~= H:,  and  0=; and  the  effect of ca ta lys t  P0 i s0nm~:  
(~'--~" . . . . .  : : . :by C0 and  O_-, a s  w e i l  as  the  :effect o f  s inter ing,  w a s  

,~ox ,  0 : :  R~TCHm A. W. , ~  -W~Ei~LER, A :  ::stodied:~ L o s s  0£ act ivi ty ,  "decrease of  I ~  adsorpt ion,  
~rption Of H y d r o g e  n -on ~ Nickel  ~ Cata lys ts  i .  = and :amoun t  o f  poisorl kvere found  to be propo£'tionaL " 
ct~of S in te r ing  ~Iour Col lq id  SCl . ,  sol. 3 ,  1948 : The m o s t e x t e n s i v e  s t ud i e s :we re 'made  on N i f i lms ,  bu t  : ~ lO ; Chem, Abs:, .vo]~ 43, 1949 p, 2079~ ' -  f i lms of Fe,  Co, Pal., Pt ,  .~nd C u : w e r e  also i nves t i ga t e  d, .~ 
l i -va 'cuumeva~0rat ,~ N i  f i l m s  ~re~ared a~ 23 ° a n d  wi th  the~ excep t ion  Of LM ~ s i m i l a r  resul t s  w e r e  ~: : 
.~n ~ . - "  .~ . ~ - : _ -  J "  , * ' ~  irZ_alP.: : obtained: :" ThE enhance& a c t i v i t y •  of~.oriented f i l m s . :  ~: 
}}~$m0a Prevmus iy  aescr ioea  a a s o r v  ~a: v ~u . y .  apnoars  to :be  associa ted  w i t h . t h e  l a r g e r  d i s t a n c e s  in_ : .: 
~mneously There  i s  l i t t le  d i n e r e n c e  in  m e  +h~-~f i~  ~ ] , na  ,,¢ k~{ - r  the  ( t11~  ~lane  of  F e  T h e  ::~ 
~.t, ads0rbed a t  --7196 ° and- a t  r o o m  t empera tu re  . . . .  *-----.'-- ^¢ *~o ,'oo-~*o - -  *he d~finition Of ac t ive  ten-  . 
~;.-~a m a r k e d  c o n t r a s t  t o  t he  r e su l t s  obta~ e . . . .  • • :~ i  ' ~i ~- . . . .  ; - - " - - ' ~  "- ' - ~  -" ' -Ct i0 i l  ' ' : t o t s  a n d  on t h e  g e n e r a l  p r o b l e m  of a d s o r p t i o n  s 

. ~:a~mysts prepared  zrom ~ l u  uy =.- reuu ' m~c~issed . . . .  - I ' . : 
~ o r b  ~ slowly at  room t e m p e r a t u r e  in a m o u n t s  : " 7  " " 5 a  - : * • 
maes ithe amounts  adsorbed a t  --196% :If: t h e  BEERY, D; ,W.  :: See a b s  1 . . . . . . .  . . . . .  
. ,~-evaporated films a r e  s i n t e r e d  a t  :1007-400°, : ~ B~o~-i, Z. E .  : ~ e e  abe. 5 5 0 .  : • 
sorptlon- Of H= is' observed. : T h e  rat iE 0 f : s lowly  . . . . .  ' ~ - ~  ~v/::~ : E e o  abs  3 3 T 1  : - . ' "  ":  
I~H~ to r a p i d l y  adsorbed H= - increases wi th  in- : ~ ? ~ ?  ~ '  Y" " " - : _ • ~ 
~ag ~mter ing  t empera tu re .  T h e s e - c a l l e d  "ac t i  - '  182. B~x.'~m~c~, P .  L ~ [Sorpt ion o f  H y u r o g e n  ny  
~'hdsorptlon,, Of ~r. on  Nl  is  not  adsorpt ion on t h e  : Metals  o f  t h e  P l a t i n a m  Group.  I .  Charac te r  o f . t he  ~ 
$1~irfaee bu t  i s  s l o w  s0rn t ien  of t ~ .  i n t o  t h e  : Sorption I s o t h e r m s  of  the  : I r id ium-uyoxogen ,  ~ n o -  
~r~ bf  t h e  m e t a l  St~uch~re. ~ T h e  a d s o r p t i v e  c a -  ' a l lure-Hydrogen , O s m i u m - H y d r o g e n  and  l ~ u t h e n i u m -  



i !i! !li i!ii i l .il ̧ ! i!i ! ii i i ii iii 
Review. 

i 3 4 .  BELr.: H. S. Cos ts  of 0il  ~r0in  Coal and Sliale: . . . .  . . . . . .  ' ': : :~: 
Am. Petrol. Refining,  chap. 36, rev. ed." Nat .  Petrol  . v R a t e  of  ox!~lation of pure  Fe  a t  250°-900 ° w a s  in:  
News, vol. 37, .N~ 10,1945, pp .R  205-200'; Chem. Abs.~ est lgated.  3.he cllemical na tu re  0f  t he  films formed ' ~ :  
vol. 39. 1945, p. -190. and  the  mechanism of  the diffusion of me ta l  through : -  

: : Three  methods fo r  the  ln'oduction 0f  oi l  as  a substi- l 'he oxide film a r e  discussed . . . . . .  ,~ 
tu t e  for  pe t ro l eum - a r e  compared f r o m .  an  economic 183. ~ .  [Variat ion of the  Compesi t iou of  Ferrous  

• s tandpoint :  ,(1) Be rg iu s  c o a l  h v d r o g e m l t i o n . '  ( o )  Oxide:]  Bull :  soe. c h i m .  France ,  ~1949 , D, pP::'109- 
~ischer-Tropseh g a s  s rnthe~is-  an'd (3) ~:eeoverr o f  116 Chem. Abs., vo]. 43, :1949, p. 6901. ~ 

: 0 i l  f rom Shale: C I ) Y'iehl a'bou[ 100 g a l .  of ga.~01"ine/ Composit ion of F e O c o r r e s p o  lds exact l  to th i~ 
: " lo l~gtonofeoal ,  cap i t a l  eost $0.90 ope ra t i ngcos~$017  - r e t i c a l  fo r  FeO ( ? 7 7 %  Fe~ .h . . -=  -=~Y ~ ethe,o- ~=. 

: ~ v ~ / g a l :  (_~)  36  gal.  of syn the t ic :c rude / ton  of:coke; r a i n s  75.9% F e  at  1,1~j ° a~'ld"does l~ot , : l m ~ e ~ . a ~  " :~ ! !  
~.~.k.~ cost ~±.z~, opera t ing  cost s a re  believed to be f i n c r e a s e  in temperature .  At  ~ , ~ °  .; , ,  ~ . 7 ~ ' ~ : : ? .  "~ . . . .  : ~:'#~ 

: : .... c ° m p e r a p j e . . ( 3 )  ave~:age of 43ga l .  of gasol ine/ ton o f  is_is: be tween  the  3 pha~es F e b :  'Fe" ~ ] " T ~ ' m m ~ -  x" :~r~: 
: -:-- ~uule, wiEn a r e c o v e r y - o f  0il f r o m  . . . .  • - r e s  oil " - " "~ ' : ' "t.. .=,v4 ~vr- :,:~} 

: u u .  _ .  __...,_ '::, . ", 2~ 'Y" '. ~x"='"~'"S vu~..;:~.2UZ ~ . : : t -=~,~v.  ~ ,tu : : e x p e l ' n n e n t a l  technique.  Reviews .,~ ~ , ;  o~ c(uue on, a s s m n m g  uv% ~ueld of gasol ine  $0 14-  n~eracure .  J r , I :%'1--:~ 
Cu.sb/gal. : I t  is  concluded t ha t ' nbnGof  the  metii  ~ "  - : , ~ ,-'4 

18~. BEI~, ][. Is. ; Chem s t r v  Of t h e - B l a s t  F u r n a c e  " Sheets  of .4xmco F e  3 ram: thick, were  lmated in' an 
• : Jour.chem. Soe,, voL 22 .IS69 pp 903'-'954. ~- open electric-resistance furnace provided with a free I ~ ~ 

C atalyz!ng effect o f  Ni, C0, a n d  Fe  upon tl  e v e l o c i t ~ '  a~ x Cw~a't~°n of a i r  fo r ..5 h r .  a t  t e m p e r a t u r e s  f r o m  570" ,  :i 
o f  the  reaction o C O = C O  4-0  l~ '~n÷o~  . ~ . ~ "  ~ , . . . . .  hleh no perceptible oxide: I.¢ f o r m e d  : t o ' l O ~ a ~  " 

- ; . . . . . . . . . .  g~t~u xli,,ll • - . - . . '- • , y ~  '> tern erature~ of -~^* ^^^--  ' ' . .. er cooled, sechoned, and  examined nnder  " • . . . .  P . .  ~ vta~ -~ ~yere u n f a v o r a b l e  for. tile f o r  h . . . .  a lmcl0scope 
: decompos~hon of  CO to G i l l  the case  Of metallic" F ~ " ~ ^ t _ e  natu.~e and dxstnbutlo n of  scale  constituents~ 

=. ~ e ~ e  e x p e r i m e n t s  were  supp lemented  b y  isothermal  : . . . . . .  :~-t the  t empera tu res  inves t iga ted  the  oxides  were  a s  h e a t i n g  a t  700* 960* f o - 
: • - effective as the  m e t a l s  t hemse lves  i n  doe~, m~,~ . .  - , :-  - - . - o~ up to -0  hr .  Ox~dle film ro- 
: decomposition of CO : : - . . . . .  r . - ~  t . e  aucea~on hea t ing  F.e iS a resul t  of Fe-diffusion out~v~rd ' 

1 8 6  BELr.A~ L if" ~1~' Nir~ . . . . . . .  a . u  o . . . .  i~tusion Inward  into the  meta l .  These  ra tes  
........ : • . , ' , .  ".., J "  - s o ~ , : K ,  T : :  German:- " of  diffusion, which v a r y  With t empera tu re  S ecif he 
. . . .  Chem~ca!Industn.es-L'SYntbetiC F a t t y  Acids:  Chem.  c h a r a c t e r  o f  the scale S t ruc tu re  of  Sca'12~e.-~Y~t-a ' :~ 

,: , ~ - : g ~ - - ~ n g X f o x :  oz, No, 12, 1945, pp: 1 7 8 , 1 8 2 , 1 8 4 :  ~ : a t  o r  above  910°.  t h e  A~ Po in t  of tlae S tea~:}~: '~ '~ ' -~  "33 
: " : ~ . ~ l Z e ~  v . - t v ~ .  ~ PP. ; Chlm. et  ind., vol 50, 1946, d i f fe ren t  f r o m  the seal  e formed Under t ~ i s t ~ e m ~  !i 

• S v n =  : ~ - ? : : Z ~ ° "  vo~. ~t(, xV46 , p : , 6 6 2 .  , • :  > a t m  e, because  there i s  a , c r y s t a l ! o g r a p h i c ,  continuity ~,! 
• ~uetlc x a ~ y  ac io s  h a v e  been produced on  a iar~e * v w w e e n  a - . v e a n a  scale, t h a t  i s  absen t  in  case  of - F ~  !!~ 

scale  in Germany  a t  a-numl~er" of p l a n t s '  They lm~,a " T h e  fo rmat ion  of the scale  as  a ~ hol T 
" " • - - "~ - . . . . . .  . . . .  " aboi i  .... : . . _ . e . fo l l0ws a , :par-  ~' 

c funetmn.  Indxvldual  const i tuents  o f  i t  : form ,~ . . . . . . .  a~ used a m~ i l a r  method  tha t  o f  O mr damon of  p a r e r  .: a eco rd l , g ,  to Other curves, F ~ 0 ,  and  :Fe,O~ fo l lowing  
:; , : f i n s  (normally f r o m  the  T i e r  T e m p e r a t u r  H y d r i e r u n g  , - ~e ra igh t  line and F e 0  a parabol ic  func t ion  The : , ' .process on l igni te)  by-a i r ,  Using the  Same method  as  -" ~ : ~ 

: . . . . .  • t h a t  worked by t h e : P a s c o  Co. of Amer ica ,  which holds : : J  :influence of tempera ture :  on tota 1 sca l ing  up to 900 ° : 
: : ~ l icenses f rom ~. G - '  The  T i e f  Temperatu~'-Hydrierun~: ~ c a n  be : presented by t h e  Well-known ex 0nentlal ~ 

, I Process i s a  n e w  single-steu hrdro~ena+~ . . . . . . .  : :  eq.uatiom : ' P  
. " in whleh brown-c0al t a r  i - . . . . .  . ~  , . . ~ . ~ :  . . . .  :: . • -~ 

• : w i t h  . ~.t .1 . . . . . . . .  S ~eate,d ~ the  l iquid phase 190~ B ~ A p ~ ,  J. ,  ~ n  KIoP, zAu J K ine t i  . . . . .  ';~ 
. . . . .  : ~ .v~.- ~?~-~-." . . . . .  m r i a a  clay -t- u r  a n d M o  oxides :  x~eaucti0n o f  P e r o x i d e  W i ~  :rr[~a . c~Stedy  of :~ 

~em~n_g,:a io, w-qua l i ty  gasoline, 'bO,eetane number  r end .  vol 231 1 9 5 0 ' n n : 9 0 2 L ~ a " " r v g  en'~ '~omP~" ~,~ 
..... ~ e s e ,  m.l,.an.a wax .  The  first  f r ac t ion  cons i s t in ,  o f  : A t  500* th -  -:- • ' J ' - "  . . . . . . .  : ~ : ' ~  

~ gulw 
~ . ,  ac;es is recovered, fractJonated-~,n,l i;s~.n ~^.: .... .._ _ e sno~vs .a n induction period of 20 ":i 

......... nllu., a Perma o~: aceeleratxng reaction 3t0 mira, a period, ii~ 
v a r i o u s  purposes. T h e  C r - ~ ,  acids,  wh ich :  a re  in :  0 f . s t eady  reaction r a t e  9_3 rain., and  a •period of  decelerr 
soluble  hi H-.0, a r e  obtained a s  the  f i r s t  f rac t ion  of a t m g  r e a c t i o n .  A t  4~0 ° the  induct ion per iod  i s  ~ 2 . 5  ~ 
v a c u u m  dist i l ia t ion and  separa ted ,  in to  the  C r - & ,  hr .  a t  550 ° the  lnduetion period is suppressed  ; a t  760? 

~:~ : . , ; aa~ .~ ,g~ - j~ . .~  ,: " - : .  " :  

e x t r a c t i o n ;  (e)  Kognsin I,  t h e  l ighter  f r ac t ion  dis- thesis  g a s  f r 0 m  CI-L wi th  d i ag ram,  descr ipt ion a n d  
tilled in the  Fiscber-Trol)SCh process boiling below composit ion of the  g a s  for  product ion  of NH~ . 
430 ° F .  w i t h  a octane number  of  :35-{~}: (d) d i s t i l l a t e s  BEx~xIE. 1t. S. See abs• 56: 
from the low- tempera ture  carb0  lization of coal a n d  ' " ' . . . .  • 197. BE.WOXT, ft. [Tell ~ 'enrs  P rogre -~  in the  Chein ics l  
lignite (e l  d is t i l la tes  fi:om the  hydrogenat ion  process  : I n d u s t r i e s  I I I .  Syn the t ic  Organic  ~ Cbemicals . ]  
containing 38-49% a roma t | e s  a n d  u n s a t s r a t e s  go0d : fo r  Ind. chim.,  vol. 36, No: 11, 19-t9, pp. 237-249. : 
blending witl!  Kogas in  I I ;  ,(f) sha le  o i l ,  . 

S u m m a r y  of progress  ill t h e  f ie lds  of  sYnthetic-co.l  
192. BE.~EDiCr:s, C . :  [Disse r t a t ion . ]  upsa la ,  i904:  p .  chemis t ry  a s  exemplified b y  the  Fischer-Tropseh  and 

: 215. : . . . . . . .  : ~ .  : t h e  R e r u n s  processes;  benzene,  n n d  ace ty lene ;  pe t rn .  
A phys ica l  and  pbysicoehemical  s tudy of carbur lzed  lento ei iemistrv--methane~ , .~ , ,e rhvlene ,  lmtylene, propy-  

s t e e l ,  . . . . .  .~ . . . . .  level  ox~genateduroduct.~---me:chan01 ethanol 
': 195. RkNED!CKS. C.I .~.xn I~FQIrIST, ~=~. [~olubi!i ty o f  ~ d e  ~yde, acetald.~hrd~ ~ t o ] e  . i  e. il(.et< de; acet ic  anhydride.fbrn~]fl:et i ' - :  

Oxygen ill I r 0 n  of Fe r r ous  Oxide  • (Oxoferr i te  ~Vi is -  lene ox ide  a n d  phenals.  
- r i t e L ]  _Ztsci~r, anorg .  Chem:~: v oh 3 7 1 .  1928, : p p . "  ::198: BErroi r ,  R .  [The rmomdgne t i c  Study of  B 0 r o f e r -  

: :  .231--238; Che m. Abs~, yol. 22, !925, p. 3612. i - ri te~ ] C0mPt . : r end : .  vo1:231  ;3.950 p p :  1216-12t8;  
:: D i a g r a m  g iven  for  the sys t em F e - O  labs. 3053) c o n -  ~. Chem. Abs.,vol. '-t5 1951 p: 2 3 5 5 . :  : . . . .  ( :' 

: t radicts  tile f h c t : c ] a | m e d  by Sehenck. :and D i n g m a n  : : Magne t i c  :Suseept i l i l i t ies  w e r e  detern ined ill t l i .  
! (abs .  3 0 5 2 ) t h a t  t!le Solubility. of  0 i s  as  h igh as  ~.~8%: : r a n g e  0°~-1,100 ° ' f0r  bo r0 fe r r i t e s  :B•O=.Fe=Oa-mMO, ht~: : 

: (oxoferr i te) .  ~t is only 0.05%. : I t  h a s b e e n  sugge~te d which  BI- -Mg,  Cu Co Ni a n d  F e "  " - 2  in t h e  M g  corn- : 
that t r a c e s  of  Al.~O~ picked up  f r o m  t h e  con ta iner  b y  : pound a n d  4 in  tlie ot'her.~ T h e  Curie cons tan ts  w e r e  
Fe:0a would explain the disca-epancies. The .so lubi l i ty  respect ively,  8.66, !0.51 19.$, 16.9, and 20.6. ( I )  decom- 
of 0 in  a l m r e  F e - 0  systen] is  So ]0w tha t  i t  i s  diffi- posed above  1 100L C'hl ( I I )  e]ianged to C u ( I )  a t  $90". 
cu l t  to a d m i t  t h a t  this  solubi l i ty  i s  increased by  t h e -  BE~SMAx~'. C: H .  N:  Z e e  abs.  3393. 
presence of  fore ign  matter~ MgO : for  instance.  ~ , : : . • ~ 

BE.wso~ H E 8c~ a b s  646, 64, 648 ;! BE~EDIeT, W::S..  ~ ' eeabs .  2321, 2322. , ; : : :  : / ,  • : '  - : 7~ : ': : 
B z ~ r e ~  A ~ Ree a b s  3681 ' I34 . .BE~SCH,  F .  : ' [Stabi l i ty  0f  Complex Iron: .Man:  i I :~ :;i --"  ~', " • '- ~ "~: i : : 

gnnese  Carbides . ]  Anyagvizsgi i ]6k KSzlSnye. vol.:19, : 199. BENTON, A- 'F .  A.wn W~I~E,  T . A :  A d s o r p t i o n  Of : 
. " :: 1941, pp : 1-:30 ; Chem.  Zent ra lb ,  •1942, I ,  :pp, 1180 -2 : Hydrogen  by h*iekel  a t  Low:  Tempera tu r e s .  ~ 'our.  

,1181 ; Chem•:Abs, vo1:37,  i943  p. 9.2,o°.- - - :. Am. Chem. Soc., v01. 52,  1930, pp. 2325-2336 ; ChenL:  
" : Inve  : " ~  "" '- : . . A . b s  ~•ol 24 1930 p. 3937. : : " : • s h g a t e s  t h e  ~ t a b l h t y  of  eomplex~, Fe:-~In car-  , .  , .... , ' :, , ,  . : : : 
:b~des in the  ans ten i t i c  12 and  20% Mn steels (1.1c~ -0);  : Adsorp t ion  o f  H= o n N i  w a s  s tud ied  a t  p r e s su re s  6-:1.- " 

• Annealed f o r  a 10ng t ime a t  650~--850°, the f r ee  Fe-hI f i  : :a tm.  a n d a t  11 t empe ra tu r e s  be tween --210" a n d  110% 
carbides, 10se t h e i r  homogenei ty  and chunge t he i r  A t  a g iven  p re s su re  the  adsorp t ion  i s  re la t ive ly  l a r g e a t  : 

: , s t ruc tu res : s lmi la r  t o  the hypereutectoid-carbon s tee l s  , t h e  l owes t  t empera tu re , '  dec reas ing  to a m i n i m u m  a t  
a t  corresponding tempera tu res .  I n  t h e  cases  inves t i : :  . : b e t w e e n - - 2 0 0  ° and  ~-175 °, t h e n  r i s ing  t o e  m a x i m u m  ::, : 
ga ted ,  t h e  ha rdnes s  and, the re fore ,  ' the~ n u m b e r  O f  i n  the ne ighborhood .of ---100"/ and  finally dec r ea s ing  , 

: .Precipitated double c a r b ide s - a r e  a: direct  fune t lon  of  aga in  a t  h i g h e r  temperature~. ." ,At  600 ram: t h e  adsorp4:/-~ 
).._time and  t empcra t e re .  I n  t h e  r a n g e  of carbide  pre-  : t ion is  c o n s t a n t  :between --100* a n d  00, p r e s u m a b l y  ~ 
( 'eipitation hardineSS increases  s t ead i l r  ~ :alJ:650o-850 °~ 4nd ica t ing  the  fo rmat ion  of  a<mdnomolecular  l a y e r  . o f ,  : ,  
~the double c a r b i d e s  decomi3ose, and  in: sp i te  of Wate r -  adsorbed g a s  in  th i s  region• Al l  adsorpt ion v a l u e s  a r e ~  .. 
::~un?ching,' ha rdnes s  dec reases  a n d  ducti l i ty increases ,  eas i ly  reyers ib le ' .wi th  respecl; '  t o  pressure.  :Koweverl , i :! .  
,:,, e m a g n e t i c  proper t ies  m i s s i n g  in austeni t ic ,  s tee l s  ' o n  cooling, to about  . 1 9 0 "  a s ample  previous ly  brought: : .  ! .  
: are also absen t  in  t he  pea r l i t e l i ke  a r r angemen t s  0£. the ~. : t o  equi l ib r ium a t  0", t he  adsorp t ion  does n o t  dec rease  
Fe--Mn ca rb ides  despite t h e  f a c t  t ha t  p e a r l i t e  o f  to the  v a l u e  obtained i so the rma l ly  a t  --190o b u t  r e aches  . : 

: Straight ca rbon  SteeI is  magne t i c .  : : : a new revers ib le  equi l ibr ium a t  which la rger  quan t i t i e s  
H e a t  F r o m '  ;:: 195. Bm¢~r.z R .  [ T r a n s f e r  o f  W i d e l y  of g a s  a r e  adsorbed than  a t  0 °. F o r  some unexpla ined  

~:'.~':SPaeed "2ubes  t0  a ~ T r a n s v e r s e  . cd r ren t  o f  A i r : ]  : : :r'easbn, a t : . 1 9 1 0 ,  and - -183 ° t h e  adsorption i n c r e a s e s  
'z~':: Arch .  Wi i rmewir t . ,  v01. 19,  1933,. pp. 287-.°91. in  a d iscont inuous  m a n n e r  w i t h  increuse of  p re s su re :  

]/'~ QuestiOn . . . . . . . . .  of whether a ~ta~-ered 0r a fin# arrnn~e I :2oo. --. sorPtion of Gases: by Iron. Jour. :Am. 
'-" ,~en t  of  tubes  i n a  system, g i v e s  bet ter  condit ions f o r  . Chem=S°c'~'~'01" 5.4'_~932' PP: 18.6-1830; Chem.  Abe., : 

~ t r a n s f e  r h a s  been dxscussed  often but. not  deft- , , . , . . . .  : 
~,.  Itely answered .  E xpe r imen t a l  inves t iga t ions  a r e  de- Sorption of  :N.-, CO, and  H £ w a s  s tud ied  on reduced  

f:Scrlbed : f r o m  which i t  : i s  concluded tha t  Within the  F e  a t  t empe ra tu r e s  195°=-4007. At  the low t e m p e r a -  



3O 

t u res  sorptton consists  soIe]y of phys ica l  adsorption. 
Act iva ted  adsorptio~ t akes  place a t  h i g b e r  tempera-  
tures .  T h e  r a t e  of  th is  process is  g r e a t e s t  for  CO and 
]east  fo r  N~. Wi th  H~ a t  110 ° and above, a probable 
solution of the  gas  occurs .  A s tepwise  increase in  
the adsorpt ion  a t  low t empera tu re s  sugges ts  t he  ac- 
cumula t ion  of  definite l ayers  of  molecules. 

B~ns, A. ,..qee abs, 1389. 
201. B ~  C. Hypersorpt ion  Process  fo r  Separa t ion 

of  L igh t  Oases• Trans .  Am. lus t .  Chem. Eng., vol. 42, 
1946, pp. 665-680: 
Hypers0rp t ion  is a l igb t  hydrocarbon recovery 

process  developed by the Union Oil Co. of Galifornia 
to p e r m i t  processing and recovery  of hydrocarbons 
f r o m  s t r e a m s  tha t  cmmot  be h a n d l e d  economically by 
the  conventional  recovery processes.  The  process  em- 
ploys a moving  bed of  ac t iva ted  G to adsorb hydrocar-  
bons out o f  lean gas  s t reams.  I t s  applicat ions include 
the  recovery  of  C.-H, f rom gases  prodnced in the rma l  
and  c a t a l y t i e  c rack ing  operat ions,  tlm reco~'ery Of 
C~H~ and  heav ie r  components f r o m  na tura l  g a s ,  the  
sepa ra t ion  of CH~ from Hz nnd m a n y  other  separat ions.  

 debydcs are form  using 
ZnO. S has  an  in jur ious  effect on the  ca ta l  st .  - - y  ".One 
p repa ra t ion  and  reduction of the  ca ta lys t  a r e  v e r y  im- 
por tan t :  T h e  gas  velocity over  t h e  ca t a lys t  h a s  con- 
s iderable  influence on the  reaet ion.  W i t h  increas ing  
velocity more  unstable  i n t e rmed ia t e  compounds are  
obtained,  while  a t  low velocit ies t h e  s table  end products 
predominate .  

206. ~ [Effect  Of Hydrogen  on Charcoa l  and  Ac- : 
t tve Carbon and the  ~Iethaue Synthesis .]  Ztsehr.  
phys ik .  C b e m ,  vol. A162, 1932, pp 71-93 ; Chem. 
Abs., vol. 27, 1933, p. 223. : 
P r e s s u r e  hydrogenat ion  of charcoal  and  act ivated ::~ 

C g ives  CH, a lmos t  entirely• The  the rmodynmnic  ! 
equl l ibr imn ]ends to cer ta in  conclusions on f r e e  energ~ : 
of  para-c  'ystal l ine C N a t u r a l  C gives  l i q u i d  hydro- 
carbons,  but  since charcoal  and activated:  C g ive  none 
o f  them, t h e i r  s t ruc ture  m a s t  he f nnda men ta i l y  dif- 
fe ren t .  P r e sen t s  v i ews  of the  s~ructnre a n d  reaction 
m e c h a n i s m .  

207. B ~ n L E . ,  ~XD 3~.~xoL~.~-0. K. [Synthes is  of H i g h e r  : . '  

i ; 

II~ NH~ pas.~ed over r educed  N i  suppor ted  on Th0-- 
a t  170° l e a d s  to hcxugonal  close-packed N i ~ ,  which 
is a l w a y s  contaminated by face.eentered cubic N i ~ .  
T h e r m o m n g n e r i e  ana lys i s  seems  to indicate  t h a t  the  
h e x a g o n n l  close-packed product  i s  pa ramagne t i c .  I t  
s t a r t s  to  decompose near  190 ° C into the  face-centered 
cubic f e r r o m a g n e t i c  n i t r ide  wi th  Curie po in t~342° .  
X - r a y  di f f rac t ion da ta  fit  hexagonal  close-packed phase  
wi th  a ~ 2 . 6 6 8  ~ c=5.294 -~, c/a =1.609 £" F o r  the  
face-centered  cubic phase,  a=3 .521  .'a. I t  i s  concluded 
t h a t  nit~ ' iding goes by w a y  of face-centered n i t r ide  
to h e x a g o n a l  close-packcd ni t r ide .  The  l a t t e r  r eac t s  
wi th  H-  u t  155 ° decomposes in N.. near  450 °. 8 r e f s :  

81 
211. ~ - i  [ p ~ 0 ~ e s s  o~ Indus t r ia l -  C h e m i s t r y  ~ r o m  

F.  K u h l m a n n  to Ber the lo t . ]  Bull,  soc. encour ,  ind,  
nat : ,  v0L 138. 1939. pp .  152-1"/4; Ind.  e h i n ~  vol. 26, 
3.939, pp. ~ - 9 6  ; G~nie c ivi l ,  voI. 114, 1939, pp.  104-- 
109. 
Discusses  a m m o n i a  a n d  syn the t l e  n i t r a t e s ,  syn the t ic  

~IeOH, the  hydrogena t ion  o15 coaL the  F i s c h e r  synthe~s,~ 
the  chemis t ry  of C-.H, a n d  C=H=. ar t i f ic ia l  rubber ,  the  
c h e m i s t r y  of petroleum, a n d  an t iknock  agen t s .  
212. ~ .  [Progress  of  I n d u s t r i a l  C h e m i s t r y  W i t h  

Respec t  to H y d r o c a r b o n  Synthesis . ]  Rev .  p~troli- 
f~re, No. 829, 1039, pp.  370-37°-. 
R e v i e w s  the h y d r o g e n a t i o n  of  coal and t h e  F i sche r  

Essen t ia l  operation Involves contact ing t h e g n s  s t r eam H.Vdrocarbons: F r o m  W a t e r  Gas  a t  : Atmospher ic  /" 
w i t h  a moving  bed of act ive C tha t  bas  been previously Pressure . ]  Ztschr .  angew. C b e m ,  vol. 43, 1930, pp.  ::( 
Str ipped m i d  cooled to the desi red tempera ture .  Sop- " 435-440; Chem. Abs., voL 24: 1930, p. 3984. ~:" 
a r a t inn  of t im coniponents of the  feed  takes  place i n  i n  the  F i sche r  and Tropscb wate r -gas  reac t ion  ( s e c  ::!~ 

" t im contact ing bed by control led seleeti , 'e adsarp thm abs. 1 0 1 8 ,  an Fe ca ta lys t  g ives  n different  course 0f '::i: ~0toh~ewedte , .n l~at : l i ie~ ~n~]~ s~lbvS~ql:enttihea ~£u :g? t r~ ,~ :u r~ : sy~eer .wl th  the  n~e of O and  ti: 
~ f  the  lieaviel" constitu/mts. T h e s e  a re  snbseqnentlY reac t ion  than  a Co ca ta lys t ;  F e  reac ts  w i t h  CO, Co :.~i " '~ ' " ' . . . . .  ~ ' " " ' ;  ~" ~ ' " s i .-: , 

" ~ t r ipped f r o m  the C at  an elevated t empera tu re  by wi th  H:. In  the  p repara t ion  of catalysts ,  it .  i s  best in t h e  f o r m e r  ease b u t  no ehqnge i n  the l a t t e r , . .  214 BmtTAr~r F.  [ cOerc ive  Force and  Crys ta l l i t e  
::" S t e a m .  T h e  Stripped C i s  r e tu rned  to the  top of the  : . to s t a r t  wi th  meta l  n i t r a t e s  and c o n v e r t  t hem to t f lmted tO differences in c r y s t a h m l t y  ~'..o ~ t~omnt rend ~ol '~291949 m~ 417-419 
• u n i t  wlmre i t  is  dehydrated and  c0oled~ and t h e  cycle oxides Or metals .  The  presence of Cu inca ca ta lys t  is difference i s  a t t '  - -  . . . .  ° - • ~ ~-;~h N- at, ~"~ '~  ~ ~" . . . .  " - ' ' ~" ": " 

o f  operat ion i s  repeated. . . advan tageous .  Co ca ta lys t s  are  lnore ac t ive  tban  Fe : of 690 ° .the 230" refs.FeaC Iv.reactSFe--'i-u , ~  w i t l ~ r ~  a~.~ovur~ ' ,~,~,~,~"n%:' ::~, -~:..~'~,~>~0% temperaturesC°ercive forCeby OfH:FercductionPOwder~::ofpreparedtbe formatent differentsimw 
202 BESG C 'F.~I~F~ELD I~ G I.~mor'F D: '  H : : ~ x n '  Catalysts,  :the f o r m e r  conver t ing  O.~ to H..O t h e  la t te r  X a ~ m ~ w e l e p l e v  r "~-- . . . . . . . . .  

:: " MUnTER" H '  ff - Hyper~orptin~ :Oi l  Gas J 0 u r :  vol O: to CO.~. The  method Of r educ t ion  i s  : i m p o r t a n t  i n  . '  Fe  and  N i  sa l t s  (wi th  about  2o,/o - n - , , a ~ t r - - :  . . . . . .  . • - - ' ~'z a b o u t  "00 l Ni  i n  solat ion,  prec ip i ta ted  wi t  h bmhag :  K-.CO: sol~x- m a r l e d  p e a k  ( ~ 1 , 0 0 0  g a u s s t  for  ~2 e , . ,  - . 
. ~"- ~':xo ,_.)~ r.s.wuk.A, pp "~o, ~" . . . . . . . . .  ~'~h ~ o  l~ff. _~.~trol= . . . . . .  c a t a l y s t  p r e p a r a t  on : .  I t  lm~st.he done. s]oxy!y a t . !ow .... tiio)n, washed;  dried• . ~ a n u l a t e d .  and reduced a t  4v0 - T h i s  is  general ly  in accord  w i t h  Neel:s  w e w s  on shape 

~ 

i : ~: [ c a t a l y s t  preI  
• , ~emperature ,  prefer~iblv n0t  above t h e  opera t ing  tern- :. :Refiner v o 1 2 8  No. 1 1 1 9 4 9  pp. 113-120 . . . : ' ' " : ' ' " "' " ' :~ - '  ~ i " o  id pera~ure. Tile  same precaut ions  a re  nesueu i l l ca ta lys t  
. . . . . .  The  hypersorpt i0n proce.s  zor  taei~s%po~o,~l,~ia~a(. : r egenera t i0m With  Co, bea t i ng  in '  H. - to :  abou t  330 ° ::!::'~*ii 

Teco~erv of l i gh t  ases is  opera t ing  . . . .  . ~ . "~ g ! ' " - . ' ' . i s  bes t . '  W i t h  Fe  hea t i ng  in pure  H :  i s - n o t  sa t i s fac-  ~.~: 
- : :  : uni t s ,  wi th  Others under  construct ion:  A ' m o v m g  bed t o ry"  a i r  rege~ieration a t  about  400 ° a n d  reduct ion by 

:: o f  ac t iva ted  carbon absorbs hydrocaroons  out or ~eau . wate't aS  'at the  o e l a t i n  tein e~a tme  i s  referable" • ~ • ' g  , p ' g p ' • p ,  . 

' : :  g a s  s t r e a m s  atl?))" pfess~)rek Thege , : e r a l con : t r uc t l ,  on Cata lys t s  can  operate  f o r  weeks  or m0/ l ths  without  

I I I ,  G ives  discussion and  bibl iography on the  ther- synthesis .  St~.esses economic  a n d . m i l i t a r Y  a s p e c t  of 
real s t ab i l i ty  of Fe,C. Fe~O, nnd reduced Fe  powder  ~ae problem of syn the t ic  fue ls .  
were  t r e a t e d  wi th  2 H : + C O  a t  590°-1•000 %. H e n  thug 213~ ~ .  [ W a t e r  G a s  a n d  conmierc ia l  $yu thes i s , ]  
oe 800 ° :for-24 hr. of m i x t u r e s  of cal%onyt #~ u l ~  Ind.  chim. belge, vol. 32, 1945, pp. 15:~-170 ; Chaleur  
• "~ ~ . . . . .  ,~ ~ r, f rom CO produeed Fe:t~. ~e~,-. mao~ e t  ind., vol. 2tl, No. 244, 1946. p. 68 D ; C~em.  Abs., 
ae~Y~ 'H~_~Ora ' t  560 ° had  a Cnrie lmiut  of °10 ° anti vol. 40. 1940. P. 75t}tL 
a t  1,000 °, a Curie point  nf  216 °. Tbi . s  sp read  ~s .be -  : Colltents of a paper  presentc<l in ~ a y  1943 before  
l ieved t o  be due to s l ight  d~fferences m composmon,  ~'l~cole Super ieure  des  .~Iine~. Discusses  m a n n f a c -  

tu re  of  w a t e r  g a s  and  t b e  the rmal  ba l auce  of  i t s  pro: 

" wi th  eneh step and par t ia l  reduction wi th  H.- nt  500 °. of H.- nnd NH~ pro lmr t ions  o f  CO nnd H= necessary ,  i 
A t  000% 2S.39"c was  destl 'oyed a f t e r  4 br• 2~.07o azrer . . . . .  and  ut i l izat ion for  the  s~-nthesis of alcohols and  fuels.  
19 hr .  a t  1,050 °. 48% w a s  destroyed a f t e r  - hr. ,  71% The  fol lowing s y s t e m s  ~ r e  described :: D i d i e r  With e x -  
a l t e r  17 lit.: and 7fl% a f t e r  37 hr. P a r t i a l  destruct lon : t e r n a l  hea t i ng ;  P in t s ch  a n d  Koppers  w i t h  c i rcula t ion  

° depending  on the  Fe  content . . .Ferr0~ickel ,  s W e r e -  an i so t r0py  a n d  the  resu l t s :  sugff:est: a: c r i t !ca l  s!ze:be- 
i '  ' .  T h ~  600din d T e m p e r a t u r e  of  carbur iza tmn va r i ed  between 10w whicli  t im Fe  c rys t a l i i t e s  behave paramagnetmal~Y, 

s t  ! . ~o~ -~ ,.:~ m ~  , ~  subst i tuted cement i te  bu t  t r aces  of Fe.O~ m a y  compl ica te  the  in te rpre ta t lou .  . 
: . . . .  ~ecover - 170 ° ann  5ou : ~ r , , ~  , ~ . r / ~  -•., ~ . . : - . . . . . . .  : .~. : : : ~  : - ~  , - ~ .  ~rom 40-70% Ni a m i x t u r e  o f . ( I ) .  215 BERTAUT F :BOCItIROL T, &h'D BLUI~ P-  [ ~ n -  . 

. . . .  : u n i t s , ~  : :Wna~°~$~tUu[~d~ex',;gonai cl0se-packed Ni,C ( l i t  a ' a s . :  : 7 ~ h e s i s  and S p a c e  Groups  of the  Boro fe r r i t e s . ]  
:: Of ac t i ,  : fo rmed  ~ f r0m 70-100q~, Ni o n l y  [ ! ! ~  Ws'~iof°nr~et:x'x 2 ~  e . . . . .  Compt.  rend.-vol .  230, 1950, pP 764-705 Chem.  Abs., 

' : ,gas str{ 
o f  a typical p l an t  i s :descr ibed  and i t s  operation 0ut- .  r egenera t ion  . . . . . .  . . ~ Curie  po in t  of ( I )  va r i e s  With con p " " _ ~ : . .  voL 44, 1950, p. 5749. : • : " :~:  

l i n e d .  I t  can  be n t i l i zed- for  recover ing  C.-H, f r o m  ' ' . L : i ~ ]  (0~'o N i t  :to 234.5 ° (23.5c~: N i ) : t o  231= ( 8 0 ~  ~ ]~ ,  : : B o r 0 f e r r i t e s  O f  the  Comlmsition A.43IO, w b e r e  
: • i r e f i ne ry  gas  :or coke-0ven gas  a t  m l  efficiency of 98% • 208. B~nxi~m R• [Thermomagne t i c  S tudy  of  1 ton and ~ | :  and the  recalescence decreases  i r o m  7Zu° ant  2 

• " recover ing  C~H~ and bu tanes : f rom n a t u r a l g a s ,  p u r i f y - :  N i c k e l :  CarbideS.: L ' N i c k e l .  C a r b i d e s (  1I.  Nickel ~!~ . | [  
; :  ~ . . i n g  hydrogena t ion  gases  .,and separa t ing  C0.. and ,S- • Ni t r ides  I I I .  Cementite. I V _ I r o n - N i c k e l  Carbides.]. ". '-~|~. 

: .c0mnound~' f rom ~vnthes S g a s  : ' . ~. • ~ :Ann e lnm. ,  vol. 6, No. 12, 19vl, pp. 104-161. : : ~ ! |  
: 203:~BE~0BA~ ". [*~I0tor F u e i ' F r o m  Fischer-Tr0psch i .  Dispersion" o f  N i  in ThO.~ inakes carbul•ization ~ - | :  

. . . . .  P rocess  ] 1937, p p . . : 1 0 .  ~ . . . .  . ' . : ;  : e a s i e r  i n 2  I = H ~  C O  c a r b u r i z i t o u  (ook place at  : ~ :  
• "~ I t  i s  e~ t ima ted - tba t  G e r m a n  :product ion  of :motor  :150o-200% ~ o  hexagona l  Carbide Was 'obta i i led: for  ' :~!! t '  

: : = : : : f u e l  b y  the  Fiseher-Tropseh process  i 8 t 5 0 0 0 0  tons per  . : .  unsuppor ted  N i .  On ly  wi th  10 -30% ThO~; w a s  the i 
y r .  • • ~ :- " :  : cub ic  phase  e l iminated  by carbur lzat ion I n  p u r e  C O  

" Br~ ~ ~ ~ee abs 17101711 : : : t h e  ca rbur i za t ion  condit ions differ f rom tbose  f o r  syn- 
: : '  6 , ~ "  • " ' " : : : : .  ::thesis gas :  Chemica ! : ana lyses  were  inconclusive bUt ! 

: ; - : ' BEneo, O. Y• ~Ce abs:  :2°88,. 2089" :' " : . reportecl :in detail .  X : r a y  :d i f f r ac t ion  p a t t e r  n f o r  : 
:: ' : : ~04.  B E ~ . ~ ' %  S i  ~ I o n a a ~  ft .  C . .~ .~ i  EonoF~, G : :  . : h e x a g o n a l  Ni~c is ~ v e n ;  a = 2 6 4 6  -~, c=4 :320  X e/a~': 

-: : Cata lys is .  Reinhold P u b • C o :  N e w  York, 1940,  p p .  . . . .  , - .  : : - '  : :: : .::. 
: : : ~ ~ : .  685:-689, 8 1 3 - 8 1 4  . . . .  : _ . :=. .:: " 3..633 A The rmomagne t i c  s tuoy s lmwed decompose< 
• : . . . .  Cntalyt ic  synthes is  o f i U e 0 H  indus t r i a l  pr0Ce~S a~d ~ t i o n  s t a r t i n g  a t  210 °, / ind Cm'ie point  Of product  a t i  

. . . .  : c a t a l y t i c  h~drogenat ion of C O  a re  covered: ' 314 ° : P rOduc t  is face-centered eubie ~ t h  a--3.529 ~ 

• ~05. BER~: E.I A~,n B~i~ , t .~¢x i :R :  iCa ta ly t i c  Expe r i :  : ! ( N i ;  a~31516 ~ ) :  o n ' f u r t h e r  and  hig  
- ~ m e n t s  W i t h  High-Pre~sure~Circulat ion -kppara tus  ] her- temperature~ 

' Z t sch r  an ew Chem v o 1 4 4 . 1 9  ~ ,  p 34-39 Chem : l l ea t in~  th  e Cur ie  po in t  g r ~ , d ~ l l y  goes up  to n ~ m a l l  : .... : • g , :i ~ : ~ - P  • ; and  a ~oes do~n to n m m a l  showing  t h a t  a face  -cen'~ 
: Abs., vol :  25 ,  1931, p. 1432. . : : ' . ' t e red  cubic Carbide had  been t r a n s f o r m e d  homogene ' .  
: . . . . .  : W a t e r  gas  waS:'subj~cted to :catalyt ic h i g h - p r e s s u r e  :ously to N i + C .  H= s ta r t~  a t t ack  a t  206 ° and  leads  tO 

' :~ynthes is in  a circulation a p p a r a t u s  in :which the  l i qu id -  N I  w i t h .  Cu r i e  pointffi359 ° 'and am, real a. T h e  f a c e -  
centered cubic carbide .is believed t o  be Ni~C a n d  i s  r eac t ion  p r o d u c t  i s  separa ted  f r o m  the gas  mix tu re .  

: : '  ' A sketch  o f : t h e  appara tus  and  d e t a i l s  o f  t h e  design a s s u m e d : t o  b e  in t e rmed ia t e  i u  the  Ni :C fo rma t iom 
o f  t he  h igh-pressure  bomb, s e p a r a t i n g  vessel,  f i t t ing s, N o  real  p roof  is  g iven  f o r  the f o r m u l a  Ni~G. I u  Iq.-, 

: : '  a n d  device fo r  measu r ing  ga  s veloci ty a r e  given• : The  . d e C o m p o s i t i o n  o;f N h C  s t a r t s  a t  276°;  in H= a t  171 ° i  
r e su l t s ,  in  general ,  confirmed d a t a  r e p o r t e d  iu the  aud  in CO a t  440% I n  al l  cases  the  p roduc t  wen 
l i t e ra tu re .  :Alkal i - f ree  Z n O  Catalyst  f o rms  . :MeOH : th rough a l o w e r  face-centered-Cubic  c a r b ide  stage- 

: .  i : .  : "  chiefly. I n :  contrast , :  h i g h e r  !alcohols ,~aeids,  and  19 r e f s . :  • : : : : - : .  : : :  . : 

/ 
. : ] 

. . . .  9o "'~ ctI~ decomnoses on heat-  .~_=Fe.-03 o r  B.-O~ and  :M~NI~.Co,  Or Cu, w e r e  pre- 
: ; , ( 0% ~ x )  to u . . . .  (30% ~Nl,. . . . .  - encerea~ ---cuom . . . .  culbide' , lmred  by~ d / sso lv ing  the '  0xides.in~ a lka l i  b o r a t e s  and :'l 
• ing t o f o r m  fe r romagne tm f a c e e  - - - ,  .~.,,1 I T T ~  s lowlyc001ing  the solut ions.  Acidif icat ion w i t h  HNO~ :::: I 

. s tar t ing a t  about  210", I n n  mxxtllre ox ~ j  ' s h o w ~ n g  g a v e  long, crys ta l l ine  needles•: :  The u n i t  Crysta l  con ̀  
a Cur ie  p o i n t  :of,: 150~ .was  foanu io ~ : ; , e z  ,,~ i o  . • tains-; '~ tool o f - A  4 M o  • t h e  :.-lattice p a r a m e t e r s  a re  I 

: - t h a t  t he  Cur ie  point  drops sharpty  w ~ e ~ v ~ o  ~ ' ~ ] :  ~ i v e n ' - B 0 r o f e r r i t e s  of  ~he Composition A 2MO ( M =  " i 
. : -  added. & g raph  o f C u ~ i e p o ~ t o ~ o t ~ ( ~ i ~  ~ a s ' s ~ t h l e  : Mg  F e :  Co  or  N i ) : a r e  a l l  p a r a i u a ~ , e t i c  .'it ordinar.v : 
:. ~ s  given.  : ( I )  wa .  ~ t a b e  p:  . " , : .tem~ei.atur'~ - ..... . . . . . .  , . . . . .  ! 
. ' :  u t o  480 ° in vacuum ( I )  i s  less s table than-  pure  . . v • : , : .  ' ~ : :  

~up~. . . ~  . . ,  . . . . .  ~^ ~ i n t  i imi t  of ( I )  fo r  about  2 i 6  BEnTHELOT C .  [Composi t ion o f  C o a l  aud  I t S  - :~'ea,~ . L D U  ° 1STtll~:~uxs~.ltu ' : . . . .  ~ • ~ :~ 40% Ni.  :::16 re fs  . . . .  : :: • : Ut i l i za t ion  in .  the: Chemicalo I u d u s t r v , ]  Bull• s e e .  : 
~:!. . : . : S e e  abs 2~71~ 2276. : . ' : encour,  ind. n a t ,  vol.  1-0;  1927, p p .  455-511 ; .Chem. ~ ] 
~:~" : :': 209: B ~ n ~ n i  R., kxD ,~ImHV.~: [H~xt~goflal"Phase Abs:,  voL 221928,:p~ 152. ::: : . . . .  : . ..... 
~;i:': ~ Appear ing  in Evolution of  F i scher  N i c k e l  Catalyst :] : :  . : A d d r e s s  rev iewing  p r e s e n t ' l a y  : k u o w l e d g ¢  of  : t h e  ::: 
~:.~ ' Bull. soc chith.: F rance :  1 9 4 8 / p :  1 0 7 3  : ' : ahemica l  composition a n d  constit 'ntion of  coal  and i t s .  
~ : : .  :~  • - " . n ' m s a  hexa onal ca rb ide  dur -"  p o s s i b l e  applicat ions i n '  t h e ' m a n u f a c t u r e  o f  ~ I e 0 H . ;  
~i.~:~:.: .. N! dmDersed~°n T h O . f ¢  o : q,~g ~ . . . . .  ~onal close-: E t C H  petroleum hydrocarb0us;  a n d  NH~. m o r e  par--' 
~:~;-.'.,:. - m g  t h e  sYnr~neSm wlta- n-!-/~ .,~: 7 . . ~  ~ r - ' ~ y  ) .  ~ ~ ,  -~cu l a r l ' :  f rom the  s t a n d p o i n t  Of st ipplying t ! l e  F r e n c h :  
~ : p a c k e d  ~ t ruc ture  h a s  a = 2 • 6 4  A, c=4 .32  -~, c - a = x ' ~ t  m a r k e t ' w i t h  products  p r e p a r e d : f r 0 m  domest ic :  rm~: . .  

i!i:.~ 
' : '  T h e  p a r a m a g n e t i c : c a r b i d e  i s ' d e s t r o y e d  i n  v a c u o  a . . . . .  . . 

:.~::: 2100 n f o r m s  a ferromagnetic~ face-centered cubic  .mater ia ls ' :  : " . '  . : • . ~ . . "  ' i':~, - . a d ~ . . . . . .  o • 217 . [New V i e w s  on: t h e  Ctiemmal Uti l izat ion 
• p a a s e w i t b  uur i e  p o m ~ = o x ~  . . . . .  . . . .  . - " : : ^  ,~•  ~..~, ~,~ ~ , , , , , .  ~ a  n a t  vol  l O 7 1 9 " $  ' 

~:!.. 210: BF~R, ~ : [Recent Developments  in C h e m i c , l : I n -  " o r .uoa , . j  ................................... pp  S2~_854.:Bun: soc. ing .  cir .  F r a n c e ;  vol:~ 81; 1928; 
~:~ : dustry~] Chim et ind. . .vol .>17.  ]927, pp. 3-20;  . . :: pp: 1~5_11~1 .Briefs h Chem. Abs., 1929, B, p. 344L 
$~: ' : : :  Brenns to f f -chem ] v01: $ 1927,.pp. :205-23.1 ; C h e m . .  , .  C h e m . : A b s ,  v o 1 2 3 ;  1929 p .  2012. - " - : '  , 

Z e n t r a l b ,  1927, H ,  p '  3.497 Chem.: AbS., vm.'  "-2", . . . .  
f : i ~ : i / .  1928,-p. 648.: . . . . . .  : . '  : ." .  Genera l  review of t he  coal quest ion,  t h e  f o l l 0 w i n g '  

Discuss ion:  i s  W e n  of  pro-,zress in t i ~ e i n a u u f a e t u r e  be ing  b r  efiy cons ide red :  ( a ) G e n e r a l  m e t h o d s  fo r  the  
~ ~¢~'r ~: : ' ' H also the  cbemiea l  ut i l izat ion o£ coa l  inc luding  h i g h -  and  low-. , 

~= ° f  s.yntheticNH~'bYdr°ca-rhon~an~lI~,,eO~.~ 'tna . . . . . .  t e m p e r a t m ' e  carbonizat ion,  l i y d r o g e n a t i ° n , Y  'educt l°n  ! 
~.~:~ ~ . e r g m s  Process, the  Fiscner-~. ,0P~Cnil~t~.~ ' ,  - - : --~ of  CO wi th  Bad i sehe  An i l i n - ' und  Soda-Fuhrfl~ pa ten ts  
~ :  t r i a l  H .  a n d  synthesis  in  organic  cn~ ~ y . . . . .  
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of ]913--1914, synthesis  of ~leOH. P a t a r t ' s  Patent ,  a n d - - ~ 5  °. a pour  point  about  26 ° lower and  a specifi e Sels, 19~6. PP. $33-$46 : Brennstoff -Chem. ,  voL 16, esses,~ases, andthe theeliminati°ncomposition°f and°rganlCpreparati0nS fr0mofindus~trtal£~taiysts. 
~iscl~er 's .%ynthol, Fischer*s and Tropscb ' s  hydrocar-  g r a v i t y  about  ~ less t h a n  t h e  corresponding winter 1935, P. 430; Chem.  Abs.. vol. 30, 1936, P..5756. 234. ~ .  [Rea l izab le  ProgreSs i n  Hycl~oge.na~on:] 

._~,.min ~ o 000 a n d  4,000 m. ~ of H~ is requi red ,  re- bona, Kl ing  und F loren t in ' s  process,  and  Berg ius  oil f r o m  Pennsy lvan ia  crude.  ~ u  ._ ~ :  ~,~ B a r - i n s  and F i s che r  p rocesses  and  C~nie civil, vol. 120. 1937, pp.  u.~-,ou, ~v-~v .  , ~ -  
p rocess ;  (b) N.. question including p repara t ion  "of 223. . [Large  Gas  Genera to r s  fo r  the  Produe- </: s ttve~.,, . -  . . . . .  ~ • o " - ' " " hPat I-I~. f rom w a t e r - g a s  costs . 0  cen t~mes /m. ,  i t  ~s Abs., vol. 31, 1937, p. 40~2. 
(NHd)2S0, f rom gypsum,  mixed  fertil/zex;s, (NH,)_.- t ion of: Y~ater Gas.]  G~uie civil, vol. 109, 1936, pp ~" t~t~mated tbat  the  cost o f  H.- requi red  f o r  1 . m e t r i c t e n  Deal~ mainh" w i t h  r e sea rches  in  ~ rog re s s  wi th  a v i ew 

HPO, ,  and  Clande's  "potazote ;"  (c) the  genera l  or :  103-106; Chem.  Abs., VOL 30,193d~p. 7303. " ' ~  I ~'~_n.~olinewou]dbe 600 f r a n e s f o r  the~ergmsp[ .oce~.~  to reduc ing  the  cost  o f g a s a l i n e m a d e h y  direct  hydr° -  
withganizati°nsome fOrNorwegian~fUel anditalian.SynthetiCGerman,Nt~ manufacmre,aud French = D r a w i n g s  and  descript ion of  the  Wink le r  dud Didier : [ I  o i~  "1"22D0 f r a n c s  fo r  t h e  F i scher  p r o c e s s . . . ~ u e a  gena t ion  of coal o r  li~-~nite- Descr ip t ion  i s  g iven  wi th  
f inancia l  data.  Sys tems a r e  given. The  t he r nml  efficiency of  t im latter % ~.| a -  "* --^,.',~ ' .e  obta ined fl'(un the  c a r b o m z a t m n  i l lus t ra t ion  of an i n t e r m i t t e n t  conversion p lan t  used a t  

p l an t  i s  about  75~'~ and the  total  cost ," bout  $0 15/1 000 ' | hesper  ~'- c~ . .~  - , . . c .q00o_920o of a n t h r a c i t e  ag.glomerates,  wl~ich can a Pas-de-Calals  col l iery  t o  produce t h e  g a s  mLxture 
2 1 8 .  - - .  Chemical Uti l izat ion of  C o a l - - I t s  5[eth- cu. f t .  of g a s  us ing  l ign i t e  br iquet tes  a t  $4.iJ0/ton.' :i~',l W e  300 m.Vton of g a s  conta in ing  ~2-44 "/eoz ~ : .  r equ i red  by the  F i s c h e r  process.  

ods of Realizat ien.  Proc. World Eng, Cong., Tokyo, 224. -------~-. [Lubr ican t s  F r o m  Coal and  Lignites.] ,~'i' ! [Syn the t i c  5iotor Fuels  i n  Be lg ium a n d  235. . [Syn the t i c  Liquid Fue l s  R e s u l t i n g  F r o m  
1929, vol. 32, 1931, pp. 300-338. Chem. Abs., vol. 26, Chim. et  ind.,  voL 36, 1936. pp. 270-230; Chem. Age, : |  229• ~ •  
1932, p. 373. vol. 35 1936 p• 139; B r i t i sh  Chel l  AbS 1937 B France. ]  G~uie civil ,  vol. 10s, 19:~6, pp.  59-62; Reduct ion of  Carbon  ~ o n o x i d e  by H y d r o g e n :  5Ieth-  

I Rev iew Of synthetic:chenlical  indust r ies  t h a t  depend p, 864. " " !.j~ ~Iech. Eng., voL ~S; 193di  PP. 377-378.. PP-an°l'211-~--~3Fischer; Chem.Gas°line']Abs., ~'ol,Cbim'31, et1937,ind.,p.VOL4033.37,1937, 
~h.~a  are  enough sources  of coke-0ven g a s  in  Be  l- 

anddirectlyN-flxation°n coal:industriesCOal.bydrogenation,are included.Synthetic-Me0H' F i s c h e r  and Berglus  processes  a re  descrthed. The "~, . - . ' : * ~ =  ,':~ovide {0¢/c o f  the  gasoline reql~irel!lents m General  descr ipt ion,  discussion, a n d  compar ison of  
f o r m e r  embedies  uon-catalyt ic  polymerizat ion of hydro, t~hUel~orm'of M e 0 H .  tVechnically and eommerela]l.~ the  the  re la t ive  m e r i t s  of  t he  pt~)duction o f  .MeOtt and  o f  

2 .  of Hydrogen - 'eeessary for Manu 0arboos, catoiytic p01ymeri ,ti0n of olefins, dechlori.  ergius Fischer-Trol,-' l' Fiseherguseline respect, el .h theae ion 0f -on 
f a c m r e  of Synthetic  GaSoline.] Chi ln .  e t  ind..' vol. na t i on  of  chlor nated hydrocarbons  a n d  Condensation iroducin ~ fuels  su i t ah ie  : o r  a n y .  nnder  va r ions  condit ions.  ~ h e  choice betw.een hydur c- 
34, 1935, p. 815• ~.aO~ ~ic:~,:;~! i~ : : !~ :S ,a  ~ : ~ i  : : i  i : l ~ o : i ! i : e  ~ I . ~.~.xlne or  fo r  , eplacenlent ,,f n a t u r a l  gase :  genatiOn and these  syn the t ic  la 'ocesses ~or tne  I r0 c -  
Av e rage  cost Of H.~ f rom wa te r  gas  used i l l  tile svn- ~ "' " ~' ' "' " ' :" " narul'a~ g . . . . .  ' . s m :tion of  motor  fuel  depends : l a rge ly  on t h e  na tu re  a n d :  

thes i s  of  gasoline amounts,  a t  30 eenthnes/n~ ~ to 600 : 1, ' l ine.  T i l e  choice b e t w e e n  these 2 me thods  depend- m e  of tbe  coal avai lable  dud ti le m e a n s  of pro-  qua l i ty  0 f t h e  r a w  m a t e r i a l  available.  T h e  position in  
I~ O )eiat ln~ con¢ailoXL" ill ~ ~ - £" ~" ' " or 1,°.@ f rancs / ton  of gasoline, depending upon the  p rocess  const i tute  an inlportan[  soaree fo r  tile prodae- ] the na t  " "• " . . . . .  ~ :-- *hese "~ . ,rdce'~es F r ' m e e  i~ hrief iy discussed.  

process  used--Bei 'g ins  Or Fiseher-Tropsch:  Thus .  the l ion of lubr icants .  : ~ ~: dueiug : .  1 ! ' . . "  . . . . . .  ,,.o noted ~36 [Syn the t i c  .Motor Fuels . ]  Mines, car-  
Cost of  tile necessary  H.- is  more  t h a n  the  cost of  aatu~ 225. - - .  [Manufac tu re  of  Synthet ic  Gasol ine]  ! J  a n d  some re<,ent o e ~ e m l l n ~ , . s  . : . -  " . . . . . .  - " ~ ~ , -  - • - . . . . . . .  1 o~ft t ] ,~vonuxli ic  l i r o h l e n l s  R a i s e d  by  Produc-  " ri~res. No. 172, 193~, pP. 5-U: ~oa t  carOOlnSanoxt, x o , 
ra l  gasoline. B y  C0rbonizing coal a t  000o-920 - 30t1 m ?  , : L a  Na  lure, 1936, pp.  155-]62 ; Chem. Abs. .  vol 80 i~ " [ :  , ~ - - ~  .~nt t ie t ic  Fuel~ for  in te rna l -Combus t ion  En- 3 1937, P: 150. : _ . :  ~ . .~ .  

o f  a gas  containing 72-74% H.* can he  recovered / to6  1936, p: 4647.  : :~i~ tmn .v~ ~ 4 . . . . . t  rend" : con'-', cliim, ind..: 17n l e , :  ,An outl ine is g iven  of  papers  r e l a t ing  ~o~se  p r o o ~  
. :  [b .:i:mlree,s  etailoddisca. iou,sp,'esentedwithfio. sh tsan  lq: 7 pp  hem.  tionofMcOHand ogasinhvoathlYticreaue mno '-- 

: P a r i s  ~eptel L - ~- ' ' ' . . . .  - ~  ~¢ -..~ +~.~ ~-.'.~r- ~n.~tion ~roces~es of Be rg ius  
s a n e r  nre~ented 'l~ t h .  "x'~,~l~ ~ n , ~ ' ~  ;1 "~,~[ c t  0~ a i l l u s t r a t i o n s  t o show the me thods  used for  commercial  ! ~ , |  ~ ' .  o 1938 ) 642,. . . . .  ~w~n . . . . . . . . . . .  ,- . . . . .  g . . . . .  . ' 

% . ~- ~ , -  = . . . . .  : -  y~-.~:~r . e  . - . m ~ e  *n" p rodnc th  n of gasoline f r o m  charco tl in F rance  Get- "~1 Abe., )el .  3 - ,  . ,  ! . , . , : i  ---~sibilitie~ of ex is t ing  Vallet tce.  A u d i b e r t ,  and  'Pntt-Rroche. T h e  work O f 
. . . . .  us~rleue. . . . . . . .  : m a x  v; md  E n g l a n d . :  : : ~ i ]  Gen~al '~x'~:~s~::°~ l,~d "of'~ul:'s~itutes f o r  l iquid motor  success ive  inves txgators  ~s mmImar:z:: ,n: :d.pec~a*gc~S 

220. ' \ • [Evolution Of Semicarboniz,~tion a n d  t l ~  2 2 6  . . . . .  r [~ ie t 'd lurgical  Problems Presen ted  i n  "~:,~J'| : synme ~' -. " "  '-~ -..~:.,? + h ~  v i e w ; i o i n b  0f: F r c  l c h  : r e g a r d s  the  t e m p e r a t u r e s  am~ v r  . . . . . . .  . ; .  '~ 
~: : . . . . . . . . . . .  ~L~?l~f~c~t~.~e:~.!fZy2th%tic £3%~_b~auts.] ~Ge~Ixe ei,:fl . . . .  : ~ lak in~  Hydrogena t ion  Tubes  and Ci 'ackin-  Chain- : ~ I  ~ e l s  a re  m s c u s s e  . . . . .  ~ . . . . . .  - .  : : b e r  1936 11 p lants ,  inclndin~ those  0 f t h e  JJe~nmae a m t  : 
. . . .  • , *n,. ~, o ~ "~ o~ ~aen l  .~us.  v0t. ~ • ~ ~ " • : ~ ........ - - - " %  o ~ :antidotal policy. - -  - ~ ~ x k "  Li~vin mines  we~:e u s i n g  ~tepwise hydroge~mt~on i n  

09 1935 ,) ~o9~ ber~.] Ray. met., ~ oI• 33, 1.)3~, pp.  ~,66-~, ~3, 619-6_6 ~**~! o en ~-i om ~< "r- , " 231 ~ [E~ t r ,qe t ionof~r~Y0 r g ~ ~ :~ , . t i r ,  l i q u i d  m~l-aseouS phasessxlcce$sively.  T h e  2dtYl:e oz 
: . . . . .  ~:, Co, ;~ua i~ 'O~ l - -~ , ] ' :b  - ' ,  : ~ . . . .  . ~ : : ~ 7 - ~ 9 0 ,  7 2 ~ - 7 ~ 0 ;  Chem. Abs:.  , -e l .  31 19~7 i~ 1~30: -~:~:I . . . . u r  , l~ ~ v ,  . . . . . . .  ~ . • . . . . . .  0veu G a s  for: use  in  the  Man,  finch, re ;-,~-~,~v- h v d r 0 g e n a t i o n  proCess depending on preliminaxT e l -  :- 

: : F r a n e ~  En land ~ a~d a~len~[anOr ~'n0ne!~ n=p*ra-chce ~n : :  eheno lnena  tak ing  p i a e e  i h t r i n - ~ w o r k i n g  of :the ~ ' ~ '  ~ . . . . .  ' " g • . ' , in pr= =lhe~ , ,er-  ui n ~ - ~ Gasoline;] GPnie c~vil._v0l,-~o~, "~ ' ) l .  , r q ,  =t{ 'aetion b y  soh ' en t s  a n d  subsequeut d i r e c t  hydrogen a- 
. . . .  m a n  ' ..- ~ ' - . '  . • . . . .  : : ^^  ~_ : , :  - eq p eu t  u~ed for hydrogena t ion  and  c r a c k i n g  are Cllem. A b s ,  v01: 31, 193 ,~ p• '~vu. : ~ll0xx : t i n s  in  t h e  gase0ns  phase . '  i t  b e i n g  app l i ed .by  the  : 
/ ann~Val~!l~:~h'e~e~.gi~sq~eo~::~a°~°ns ° z a ~ : ~ ' 0 f ~  ml - d e s c r i b e d  a n d  .methods f o r  m e e t i n g  t h e m  suggeste~. Me~ser process  i s  descr ibed wi th  a d r a w i n g  . " -  M s ] h i s s  St tanes  concern  i n  Bssen. : Ti le  author  e r a -  . . . .  

• • t, ~ , I P, • v.t~uu : T h e  qua l i t i es  required ln-:xnetals for:  t h e  abo~-e uses 

f =the : !~ l  
g are : ~  
ester.  ~i~t 

. . • ! .  uses ;:}~#! i n g  t h e  operation.  A :  g a s  conta in ing  9 3 - 9 9 %  H.. iS lflmsizeS t i le  se r i0ns  Cost of  large,2 high-pressure ,  h igh-  : 
t o n s  by the Fischer-Tropsch process. Sta te  expert-  a r e  summar i zed .  A s n r v e y  of  publ |sbed ¢~a~a ~s w e n  :~'~I u*- 'ned : : : " - t empe ra tu r e  ea ta ly t id  tnbes  o f  special  s teel  a n d  corn- 
m e n t a l  hydrogena t ion  p l a n t s  ~re ]0 :be  l a i r  down in [ R e s p e c t i v e  Advant,~ges : :  : o~,,~ - : . . . . .  " r t  • . a n d  Disad- ,'~!-il ~32 [Hi , -h :gnlde  Fuels  aed  L ~ b n c a n t s  fo r . In -  mends  f rom t h i s  s t andpo in t  t he  Val le t te  dud  Audlbe France .  The ln'esent trend hi the  synthet ic  p r c p a r a :  227• 
tlon of motor  fuels is ontlined the h e a v y : c a p i t a l  in- v a n t a g e s  of tile Bergi~S and  F i scher  Processes  for :~:~l : , ternal-C0mbns~ion E n g i n e s . ]  Chim• e t  ind. '  ~i°L 3~ , '  • -processe s- ; : .  : :  .. ~ . 

. : '  : : :yestmentrequiredby:tbe:Bergiusprocesslsmentioned : P r0duc t ion  o f  Synthet ic  Liquid  Fuels.]  ,Chim. et ~ |  1937 PP. 3.043-1055: Br i t !sh  ChenL Abs.~ ~ , , , ~ , . ~ ,  237. • [EconomicsofSynthetieFueis~nuus~.rY-~ 
. . . .  " and  the  need fo r  subsidies to ebver  the  d fferellCe I e-' : h i d ,  vol. 35~ 1936, pp. 763-791 Coal  carbonisat ion,  i ~ |  : , n 8 6 . q  ~ : : :  ' ~ :" : . . . . .  : :  " "  ' : G~nie Civil, vol. :112 1938 pp.~409-413. : 

: t w e e n t h e e o s t  of n a t u r a l a n d  ~:rnt l~et iefnels i .~enuha:  vol  2 1930 p o o o •  Chem" ~bs v0I 30 1936 p 4647 >~i  " ["  : :  : ~  ~L ~ . , i ~ l ~  "~-ades:of Petrol  a re  d i s -  : : - ~ .  ~,i~nn(ffheren0rt~bx:ImrdFalhmuth0fGreafi : : : ". , , , . ~ " ~. ~ . . . .  , -  - : -: ' , - - ' ~ !  ""  *"? " . ' " • ~ ~ eemeat ions xvr  v ~ r  ~, ~ b~ : " . . .*~ ulS . . . . . . . .  - . :  
• razed• Attentl0n ~s d rawn to the  a t t r ac t ive  f e a t u r e s  ; : F r o m  an  extensive Comparison i t  is Concluded t h a t  : ,~i~ ..... ~ , , ~ a  &via] ion:  m ~ i r i t  , fo r  Use a t  h ~ g b  n i t ] ] ,des  .:?: B r i t a i n  and Sir  D a v i d  l~ivett of .A.ustraha• . . 

o f  the  F ischer  ]proeess, :particnlar]y i ts  o p e r a t i o n  a t  tl~e 2 processes  :are c omp leme n ta r y  r a t h e r  "than C o r n - ~ l  " :should h a \ ' e  h igh  q a a n e  number dud: r e la t ive ly :c lose  2 3 8 :  [Ev01lxtion of  Processes  f o r  Production o£ 

• i t s : m o d e r a t e  capital  cost,  ~nd i t s  Utilization of e_xisting : t h e  coal molecule is r educed  f r o m  a b o u t  2,000 to the r m s  consnm~es  . . . .  • . . . .  
i ~ a tmospherie~pressare  and [ r e l , t i veh~ iow tempei~htures. ~ ;p 'et i t ive.  T h e  'great .  d | s t i n c t i 0 n  is t h a t  in one case " ' ~ I  : "  disti l lation range .  G u m  :fornmnon ~s a~so . ~:.~_q~- Motor  Spir i t  b r  c a t a l y t i c  Reduct ion  of  Carbon M011- 

. . . .  , ~ l  ' hazard  than  i n  : a u t o m o b  ile use  and ~ . .  "-" .=~=~ . . . .  o x i d e b v  H~drogdn. ]  C h i m .  et  i n d ,  v0L 40, '1933;IP.~ :. 
: = coke 0vens. 0 n  the o ther  lmnd the octane number  of , n l o l e c u i a r  we igh t  of gasol ine,  about  100, by reconstitu- ! [ ' ~  .. . . . . .  a difficulty f0r  pe t ro l s  p repared  by. tne  .wls:l~erill~r~a~ e 434-460" Chela. Abs. <-ol 33:'1939, p. 310(L : . ; :  

: thefu 'el  produced iS froiu 47 to 62, rei luir ing an~ikm~ek : : don  w i t h  the  addition:of: 'H~, w h i l e  i n t h e  0 the r : ease i t :~  le  off L u b r i c a t i o  ~ r equ i re s  • - ' ' . • :: o r  f rom sba  ~.!," • - . ~ ........ . , , .~o ,~-~ discussed : : Cri t ical  r ev iew .and discussion f r o m  which  it  is  cGn- : 
:: a t  150%: Spec~ficatxons Z°~='~.m'~".~.~ ' ~ . . ~  are  ~ , ~ a ~  t h a t :  thi rodS1; s a t i ~ a c t 0 r y  economical p r o - ~  

t h e  a d v a n t a g e s  of  reau lug  %Vl~-~ . . . . . .  " . . . . . . .  . . . .  

addi t ions:  : ~ ? "  , : .  . _ : i s  completely destroyed and  t h e  hydrocarbon is  hul l ]  ~ :  

. :  : :  221.gen•] "ind.' cliim.[New SourceS:Vol do of]935Productidn:pp. 406-407 ;dr Hydr0~chem . . . . .  inc0mparablyUp sYntheticallY:simp]erfrOm than '  CO. high-preesureThe" F i sche r  hydrogena--pr0cess i s  ~ I ~ f  ~ an.d -t~. e ~ e . + ~ e . ~ t o r v  ~vnthetic lubr ican t s  Can cedures  would be to combine hydrogena t ion  o f  l ! q ~ d -  
Ah~ v.~ oa ~o~- '~  n~-'~' ,lion in  t h e  choice of  Vnw .~.d~v~.~ ~ . o  . . ~  ~,,m ~ ~ : i ~  ~" : ' 'p°m~e~-  ° u u . : ~ : ~ ¢ L : . ~ - = - . k ; ~ , ~  ~,r b.~ &]Ch t r ea tmen t  = : p r 6 d u c t s w i t h a c a t a  l~rtic'red!mti°npr°cess°~uu°y~x~r 

, , ..... :v-..-, e~u , ,~. ~ .. _ . -., o.-~ ...., ...~f .,.~ ~:-, oe proaucen y . ~ • . . . • . . 
= . . . . .  -.~. , . .  . . . . .  z . . . . . . . . .  ; ; L  : = ' .  " s a t i s f a c t o r y  tha t  gasif ies  w i t h  a suitable Yield 'of  C0 : ~ 2 ~  '~ .e 'Ah~ ~ n d u c e d  .by the  Fischer  s y n t h e s * s ; : c h l o r m a -  239 . [Convers ion  of  Me thane  In to  Carbon 

:: ~ u ~ . u u  ~ u ~ - u  tu  tll~ po~lOlllt~V o]: prouucing  . . . .  • ~ . ..: . . . . .  .,~ ,~% . . . . . . . . .  ,-e~ • " " w i t h  a n  aro- .... " - . . . . .  R e v  ch im incl. ( r a r i s ~ ,  : chea~ 1~. ~ . ie .h l~  ~ . .  +~ . . . . .  + ~  ne w ~  . . . . . . .  : : a n d  ~ .  - Choice  of  fuels  f o r  hyd r 0gena tmn  ~s relaUvely :~'~;~-;~,,: lion o f  t h i s  m a t e r i a l  and  :condensat ion:  : :Mono.xxde and H y d r o g e n . ] .  ~ • . . . . . . . .  .: 
• ~ : man~f~c' tm'e O f ~ n ~ , ~ ' ~ h ~ " ~ " ~ ; ~ ' ~ - ~ ^  ~'  ~0Z tne  ~ n a r r o w  :- Equ ipmen t  r equ i red  fo r  the  Synthesis of: ~ , ~  ~ ma t i e - hxd r oc a r bon  g ives  Paraf low w h i c h  depresses vol  48 1939 pp. 194--198; Cliem Abs., voi. ~ , . t~o~,  p . . . .  - -  ' -  - o  . . . . . . . . . . . . . . . . . . . .  r - ~ r .  s c .  ~ r o c -  - • , . ~¢ :~•;, . . . .  - . - '  - : :  " ' ess b~ the  earhnniz. t~on ~e  . ~ t ~ , ~ t a  . .  P ^ . .  p • g a s o h n e  is  ve ry  sxmple a n d  compara t ive ly- lnexpenmve ; ~ : | ~ :  " ~  the  s e t ~ n ~  ~oin t  o~ paraff in  lubr icants .  .: - : . . . . .  S~62 : . . . . .  "=: . . . . .  
y ,  , . . . . . . . . . . . . .  . . . . . . . . . .  -~g ,~mera t e s  . . ~  2":;;~) : ~ . . . . . . . .  " . . . . .  : ; :  : • " . . . .  : : ,  ~ - :: . • 

. . . . . .  (man u fac tu r e  :of ar t i f icial  an th rac i t e s )  a n d  by in~ec- ~ On the  o t h e r  hand,,  the  hydrogena t ion  process  has  a ~i(~:~ '~: 233 - - :  [ P r oduc tmn  of Fuels  by Ca t a ly tm  t~ydro ~ Rev iew of  v a r m u s  processes f o r  t h e  comermo.n o f ,  
t i n s  Of s team in enk~ h~ hn~ ' - ~ m g n e r  ~nermat  emmency a~Vo oz the h e a t  content  oz ;~ ' ,1< ~- " , -  ~ =e  ~f*~ h~n M~m0xide 1 G~nie  c i v i l  ro t  x±u - , ~  ~-+~ ~ ~tnd O CO Or CO- wi th  specia l  empnams on  

. .  . . .^  - .~ , .  . :: - : t h e  coal  b e m g : a v m l a b l e  m t h e  motor  fuel,  compared ~:~1{!~_ . . . .  . . . .  ~ ) - -  ~a~. , ~ . ~  A b s .  vol. 31, 1937, P. 7621, : ~  , . . . . . .  - ~ - , ,mv in~  t h e  ~reaetion o f  CH~ w R h  a m i x t u r e  
, z ~ .  t~ynt~letic Gasoline.]  L a  Na tu r e ,  : N o .  :wi th=35% of  t h e  h e a t  i n p u t  recovered in  s y n t h e t i c : : ~ : , | ' ~ ' :  : ~UO":PP'aU!-°''-'~?$",..,~.~+,,,,~.eM~0Haithe =: ~P~°~=and'steam i~  t h e  presence of ac t ive  N i , : w h e r e b Y '  
? : _  ~ , ~ v .  pp. " - ~ o ~ ;  ~ n e m .  Zent  ralb., 1936, 7, p. gasohne .  - In  the  hydrogena t ion  :process 4 ton  of coal ::::~:::l ,::~:::" ..: Detax!s a r e  g tyen  o~_ne m ~ . - , ~ Y ~ r e s s u r e  s- of 50 -600  ~ ' ~ ' w i t h  some CO-) and  H .  a re  fo rmed .  I n  th i s  l a t t e r  
.... ~ ,  ,~ .e~.  ~os.,  vo~. .u  ~u~o p. ~ b ~  . . . .  y ie lds  1 ton of  gasoline o 4 %  a romat i c s  : 28% naph- ~ I  (~::~ ~ i n e s  d e  ~ e t h u n e .  u p e r u ~ z ~ n . ~ F ~  ~ - -  *~ *~- . . . . .  " .~^ , ~  , . - ~  ~,ainlv w i t h  t h e  ~ 
: . . . . . . . .  Commercial  apphcatlon of  va r ious  9rocesses  by  I G thenes  7% olef ins  sp g r  0 78 octane number  70-$5. ~ I . ,  : - a tm and  t e m p e r a t u  es - - - , ^ _  ~ . . . .  .~  . . . .  _ . . . . . . . . . .  ~ . . . .  

: Farbeh indus t r ie ,  A.-G. a t  L e u n a  a n d  a t  O p , a u .  5 e r - "  T h e : F i s c h e r - T r o p s c h  ~rocess  yields  195 th  gaso l ine ,  ~ I ( : : i ,  p u r i t y . o f  the  gas ,  t he  product  i s  e a e ~ ,  w n e ~ - ~ n ~ .  2~tb. . [C0nve r s ion2~  me~_a~e x n ~ . ~ . ~  := 
: many ,  i s  described. 'Hydrogenat ion  is  conducted a t  oc tane  n u m b e r  50-60, f r o m  1,000 lb. of Coal of  12 600 ~ I ~ :  a tmosPher iC .p res su re  and  a : t . e m P e r a m . r e o ~ . ~ . c ~ a t ~ _  .... a n d  Carbon  ~[onox,_ue. [ r . o c e s . s o z : ~  ~ -  : 

" ? 425 ° under  200 a t m .  pressure  in:  the  presence  Of Sn ~ B.  t ,  u . / lb,  n e t  calorific va lue .  On the  bas i s  o f  stated '~:-~" U ,  gasoline i s  Produced.  E xamp,  es a ~ e ~ . y : ~ , ~ = ~ , . n  of" :de  l 'azote a t  ~enory .~  ~enle  c ~ ,  ~ . 6 . ~ , : * ~  , ~ ;  
(0H)~  N/, Co or Fe  as  ca ta lys ts .  I m p r o v e m e n t  in c ap i t a l  cos ts  for  p lan t  of 50,000 ton annual  outpu~ the ~l~: '~,~ : lysts  used in the  r e s p e c u v e  cases  ann  ~.~ ~,.*~,.-~:~,~.Z_ d :: : 461~t04;  ~nem,  ~nS., ~0L .~,  ~"V . . . . . .  ---- : : 

: t he  FiscberJ~ropsch synthes is  is  r e p r o  ted esnecia l iv  ' cos t /ga l .  Of gasol ine is  abou t  7 9-8 6 d by t h e  Fischer- ~ : l ~ :  ~? ~ e 0 H  and  gaso l ine  in  var ious  c o u n ~ i ~  .~s r e v ~ n .  : Continuous ca t a ly t i c  process,  recent ly  d e v e l o p e d . .  
the  h e a t  exchange,  b e t t e r c a t a l y s t s ;  and a ' m o r e  v a l u :  : T ropsch  process  and  9.6-10 6 d by hydrogenat ion  ~ { ~ i  :: P r o c e s s - f o r  m a k i n g  E t 0 H  f r o m t n e  wL~_ m c y ~ y _ : ' o f  which  works  unde r  a tmospher ic  p ressure ,  i s  r e w e w e d  
ab le  more  knock-res is tant  Kogas in  fuel  K o - a s i n  I I  o o ~  r ~ ,  . . . . . .  ,~ ~ . =. . , . '  ~: ~ ' ~  = gas  i s ;a l so .descr ibed .  Discusses  also ~ n e s y ~ t u ~ . ~  ~ --.**~. o d i a ~ a m s  : ' = . . . . . .  : 

, :  : lubricating: oil . . . . . .  has  a constant  viscom'ty b" etween~ .{.5oo ,. *'~'Liquid--'Fuels:]~'"'~Cong.'" chim.~"° arogenind., zorlothr. ~roauct~Oncong; Brus-°~ , ~ = ~ ,  ~ : ~ ) '  ' : "  '~asohne. " b ~ .  t he  ~lsche" .r and  R o b i n s o n - ~ i n n l e y  ~pr°c'= w , ~ -  ~- • : = : 


