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i .  INTRODUCTION 

The work to be performed to meet the ob jec t i ves  o f  the con t rac t  
(1~-0%-0001-380) has been d i v i d e d  i n t o  three sec t ions .  These inc|ude:  
Process Deve]opment~ Process Research and Hechanica] Development. The 
work cornp|eted up to August 31 and the work p|anned foc  $epcember are 
repor ted For each o f  the th ree  sec t i ons  o f  the p ro j ec t .  
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I1... PROCESS DEVELOPHENT 

A. _Obiectives 

The objectives of the Process Development portion of the project 
are the following: 

1. To coordinate flowsheet development and evaluation with 
experimental work conducted by the Chemical Research and 
Mechanical Engineering ~evelopment groups and wlth p i lo t  
p l a n t  des ign  work to assure t ha t  a l l  are proceeding in 
c o n c e r t .  

2. To p r o v i d e  maximum poss ib le  gu idance f o r  the exper imenta l  
work by i n v e s t i g a t i n g  • range oF o p e r a t i n g  c o n d i t i o n s  and 
p rocess ing  combinat ions to:  

a. de te rm ine  those areas c r i t i c a l  to  economic success,  and 

b. d e l i n e a t e  the range of  each v e r i a b l e  in which e x p e r i m e n t a t i o n  
w i l l  be most b e n e f i c i a l  to  t he  o v e r a l l  program. 

3. To c r e a t e  conceptual  deslgns3 i n c l u d i n g  est imated inves tment  
and economlcs~ fo r  commerc ia l -sca le  p l a n t s  to produce: 

a. p l p e l i n e  gas 

b. hydrogen 

c. s y n t h e s i s  gas 

d. p | p e l i n e  gasj hydrogenj and s y n t h e s i s  gas 

e. a Fuel gas s u i t a b l e  f o r  use as a t r anspo r t  v e h i c l e .  

B. AccomplT~hments 

I .  S e l e c t i o n  o f  Raw M a t e r i a l s  

Four coa l s  - -  an a n t h r a c i t e ,  a h i g h - v o l a t i i e  b i tuminous,  a 
sub-bi tuminous~ and a l i g n i t e  - -  were chosen as the basis f o r  a~i  
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experlmenta] and process evaluat ionwork.  Character is t ics of these coals and 
typical ashes are sunTnarized in Tables I and II.. Major criteria used 
in the selection were: 

a. Ava;lability3 as indicated by current production statistlcs. 

b. Reserves sufficient to supply a large-scale coal 
gasification ef for t .  

A coal char to be specified by OCR and supplied by another OCR 
contractor will also be considered. 

2. P rqduct Gas Specl f icat lons 

Product gas specTflcatlons that we have establ ished as reasonable 
goals are summarized in Tab]e I11. 

SpecTfications fo r  p ipe l ine  gas are subject to a rev lewof  the 
s ta te  of  meth~na synthesis technology and may have to be revised at a 
la te r  time. 

Specif icat ions for  hydrogen w i l l  permit i t s  use for  chemical 
synthesis~ hydrogen processing of petroleum fract ions= or in the 
hydrogenation step of Of f ice of  Coal Research Project Gasoline. 

Synthesis sas spec i f i ca t ions  have been set so that  i t  may be used 
to'produce gasoline (and other l iqu id  fuels and chemicals as co-products). 
This is a potential large-scale consumer of coal~ since 250 MM SCFD 
of synthesis gas is equivalent to about 6=000 barrels per day of 
gasoline~ or about O.l~k of present U. S. re f in ing  capacity. I t  should 
be noted that th is  synthesis gas quanti ty is equivalent to about l ~  
o f  ex i s t i ng  U, S. synthet ic  ammonia capacity or about 60% of present 
methanol production; po in t ing up the fact that chemicals production 
can never be a very big consumer of coal, Large-scale markets must 
be in the energy Field. 

3. Preliminary Scre Fnin q of  Ash Removal Methods 

Several methods have been proposed for removin 9 coal ash from the 
melt (mixture of molten sa l t  cata lyst  and molten ash) of  the Kellogg 
Gas i f ica t ion  Proc=ss: 

a. Purging (discard a portion of the melt and make up for 
catalyst  losses by fresh addit ions of s a l t ) .  
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TABLE I 

COAL CHARACTERISTICS 

An&hraclte 
H igh-Vo la t i le  Sub- 
Bituminous B;tuminou$ Liqni=e 

Source: 

~tate 
County 
Seam 

~roximaCe AnaIysis, we. %: 

Molscure 
Vo la t i l e  matter 
Fi~ed carbon 
Ash 

Total 

U1tlmate Ar~Iysis (dry Basis), wt.%: 

C 
H 
O 
N 
S 
Ash 

Tota ! 

Gross Heat ing  Valuej  Btu/#  

As received 
Dry 

Pennsylvania W. Virginia Wys~ing 
Schuylkill Logan L;nco!n 
Southern Coal Cedar Grove E|kol 
Field, Panther 
Creek Disc. 

6.3 2.5 21.7 
3.7 39.0 33.5 

81.7 53.~ 41.8 
8.3 _3.0 

100.0 100.0 100.0 

83.9 79.4 73.0 
2.6 5.2 5.1 
2.9 7.5 16.0 
I .0 1 .4  I .4 
0.7 1.3 0.7 
e.9 5.2 3.8 

100.0 lO0.O IOO.O 

North 
Dakota 
Bowman 

42.4 
2~.~ 
26.9 

100.0 

62.5 
4,3 
19.5 
1.I 

I I .C 
100.0 

12,620 13,990 9,960 6,230 
13,470 14,350 12,720 10,820 
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TABLE I 

ASH CHARACTERISTI CS 

High-Voia~i le 
Coa I Ant h, rac i te  B | turn | nous .S.ub-b i.t um, i,nous 

% Ash in Coal (dry) 8.9 5.2 3.8 

Softening Temp.j "F 2t980 2~750 2j060 

Compos:r.ions~ wt. %: 

giO 2 56°5 51.6 30.7 
A1203 36.0 33.3 19.6 
Fe~o~ 3.8 8~ 1 ]8.9 
Ti0 z- i . 2  1.4 ~.I 
Ca0 0 . 8  1.4 ] 1.3 
dgO 0.3 0.8 3.7 
Na~0 - - I .  
K20 - - O.  5 
so 3 - o7. 12.._.~ 

T o t a  I 9 8 . 5  9 7 .  "3 9 9 . 9  

Liqni  t,e 

ll.O 

2, 180 

33.0 
13.5 
7.3 
0.6 

14.5 
Z+.4 

12.1 
1.0 

lO0.O 
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TABLE I I I  

PRODUCT GAS SPECI F I CATI ONS 

Produc t  Gas Type P ; p e l l n e  Gas Hydroclen Svn thes !sGas  T r a n s p o r t  Gas 

~uant  i t~', SCFD . /  .... 250~ O00~OOG "~ % r 

Terape ra tu  re j "F 1 O0 i On ] O0 | 00 

P r e s s u r e j  p s i s  ]000 500 400 lO00 

C o m p o s i t i o n j  tool %: ~" 

3 8 . 5  H2/CO = Z.3 ( 
) lO  ppm max 

CO 2 _ 5 max 
CH 4 8 5 - 9 0  ~CI. 5 5 max 

SZCompounds I ppm max 1 ppm max 

Gross h e a t i n g  v a l u e ,  900 min.  - - 300-400 
Btu/SCF 

Raw g a ~ i f ; e r  e f f l u e n t  a f t e r  c o o l i n g  and~ i f  necessary~ CO 2 removal ,  
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b. P r io r  de-ashing o f  the coal so that  an ash - f ree  f r a c t l o n  
may be g a s i f i e d .  

C .  Quenching a p o t ; i o n  o f  the melt w i t h  wa~er to ;~sso lve  
;he s a l t  c a t a l y s t ,  f i l t e r i n g  :o separate the s a l t  s o l u t i o n  
f r ~  und isso lved ash components, and evapora t ing  to  
recover the s a l t .  

d. P r e c i p i t a t i n g  ash components w i th  carbon d i ox i de .  

e. S e t t l i n g ,  c e n t r i f u g i n g :  o r  f i l t e r i n g .  

f .  F l o t a t i o n ,  

P re l im ina ry  screening work on these a ; t e r n a t [ v e s  is d iscussed b r i e f l y .  

a.. Purqinq 

The cost  o f  s a l t  makeup was ca l cu la ted  ~s a funct ion Of s a l t  p r i ce ,  
ash content  of  coal feed, and ash content  o f  the g a s i f i e r  mel t .  The 
r e s u l t s  are presented in  F igure I .  We have concluded tha t  purg ing alone 
i s  not i i k e l y  to be the s o l u t i o n  to  the ash remova~ problem because: 
(a) most coals  con ta in  more than 5%ash,  (b) the s a l t  w i t1  probably  
cost  more than | cent a pound, and (c) the g a s l f i e r  is  not l i k e l y  to 
operate as desired w i th  upwards o f  5 ~  ash in the mel t .  

b. P r i o r  De-Ashtnq 

Solvent  JelaSh|ng, such as the process being developed by Spencer 
Chemical Company f o r  OCR~ w i l l  be considered when cost data become 
a v a i l a b l e .  

Low temperature ca rbon iza t i on  o f  coal feed ;o  produce an ash - f ree  
f r a c t i o n  to  the g a s i f i e r  was s tud ied .  Thls could be a s o l u t i o n  on l y  
i f  a low-cost  ca rbon iza t ion  process were developed tha t  converted at  
leas t  3 ~ o f  the coal feed to ash - f ree  l i q u i d  and i f  the r e s u l t a n t  
char product  could be sold to a power p lan t  as fuel  a t  the same p r i ce  
per Btu as the coal cos ts .  Even then the cost o f  ash removal wouid be 
equ iva ten t  to  more than 5¢/MSCF o f  p i p e l i n e  gas, and the ad jacent  power 
p lan t  would be l a rge r  than any thermal power p lan t  in  the Uni ted States.  

. c . .  quenchinq 

Th is  a l t e r n a t i v e  appears f e a s i b l e ,  aI though there are techn ica l  
problems to  be so lved,  ?or a t o t a l  ash removal cost  in the range o f  
2-5¢/MSCF o f  p i p e l i n e  gas. More d e t a i l e d  designs and cost  est imates 
will be  made. 
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FIG I 

EFFECT OF ASH CONTENT AND 
SALT COST ON THE COST 

OF PURGING 
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d. Others 

Investigation o f  the feasibi l i ty of precipitation~ settling~ 
f ; I ter ingj  etc. must await the results of experlmentaI work. 

4. Optimization of Method.s of Heat Supply 

Various methods were studied for supplying to the gasifier the 
endothermic heat of  the gas i f i ca t ion  react ions: 

a .  l~direc1: heating (through tubular surface): 

1). Gas medium 
(at Superheated steam 
(b) Flue gas 
(c) Recycled Synthesis gas 

2). Liquid medium 
(a) Liquid metal 
f~  ,b, Gasifier melt 

( l) Circulation of melt through external 
fired heater 

(27 Combustion inside tubes immersed in the 
gasifier melt 

b. Direct heating (no tubular surface): 

i ) .  Combustion of fuel in the melt 
(a) Combination gasifler and melt heater 
(b) Gasification and melt heating in separate vessels 

2). E lec t r i ca l  heating 

Cases a2(b) ( i )  and blCa) & (b) were judged to be most a t t r ac t i ve  and 
nearly equal in cost considering the prec is ion of  the f igures developed. 
These three cases w i l l  be studied in more de ta i l .  

5, Pre]imi,n,a~y,,Evaluatlon of A l te rna t i ve  HethallnelllRemoval,,,Schemes 

When hydrogen or  synthesis gas are the desired end products~ methane 
~s an undesirable cons t i tuent  of the gas i f i e r  e f f l uen t  stream. Thls 
methane concentrat ion can be reduced by a ] t e r i ng  gas i f i e r  operat in 9 
condi t ions or by subject ing the gas i f i e r  e f f | uen t  to ca ta l y t i c  
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reforming or part ia l  combu3tion. Preliminary calcuiatlons have shown 
that the costs assoclated with reforming and pa r t i a l  combusclon are 
very near ly the same and that choice of the best method is dependent 
on spec i f i c  gas i f i ca t i on  condi t ions.  High steam/coal ra t i o  in the 
g a s l f i e r  and high methane concentrat ion in the e f f l uen t  gas Favor 
reforming. Whether e i the r  reforming or par t ia l  combustion is superior 
to changing g a s i f i e r  condi t ions is not known. Further design and cost 
est imat ing work w i ! l  be car r ied out. 

6. Process Flowsheet Studies 

A series of flowsheet studies has been star ted for  the purpose of  
fu r the r  narrowing the range of operat ing condi t ions and the va r i e t y  of  
processing a l t e rna t i ves  that must be invest igated exper imental ly .  
These studies wi1~ include pre l iminary  equipment designj cost estimat|ng~ 
and economic ca lcu la t lon  and w i l l  serve as the F i r s t  step in the 
creat ion of conceptual designs for  commercial-scale p lants j  which is 
a major objective of the program. Al l  combinations of raw mater ia ls  
and end products w i l l  be considered. 

C. Project ions - Septembe r 

l .  Process F1owsheet Studies 

These studies w i l l  be continued. 

2. Methane Synthes~s 

The state of the technology of methane synthesis w i l l  be reviewed~ 
s p e c i f i c a l l y  the work conducte~ by the Bureau of Hines and the I n s t i t u t e  
of G~s Technology~ ~ i th  the ob jec t ive  oF choosing the optimum methanation 
sche~ ~or a l l  fu ture Flowsheets. The choice w i l l  be based on stage 
of  deve l r~ent~ economic a t t rac t i veness  as determined by deta i ied 
process ~usigns and cost est imates 3 and potent ia l  for  Future improvements. 

3. Gas Purl f l oa t  ion 

A review w i l l  be s tar ted of  the many 9as p u r i f i c a t i o n  schemes 
(For removal of carbon monoxide 3 carbon d iox ide s and su l fu r  compounds) 
that  might be considered in the production of p ipe l ine  gas~ hydroge% 
synthesis gasj and t ranspor t  gas. The ob jec t i ve  w i l l  be to f ind the 
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opt imum p rocess ing  scheme f o r  each end p r o d u c t j  wh ich  w i l l  then be 
used in  a l l  f u t u r e  f | o w s h e e t s .  
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I !1 .  PROCESS RESEARCH 

The reac to r  to study the ra te  o f  9 a s l f i c a t i o n  of  va r ious  coals 
has been designed. This is shown on Figure 2. This is e s s e n t i a l l y  a 
2" d iameter lnconel  pipe reac to r  24" high w i th  a coa! feeding sec t ion .  
The coal w i l l  be dropped i n to  the molten s a l t  reactor  by means o f  
quick opening va lves.  Parameters tha t  w i l l  be i nves t i ga ted  w i l l  be 
pressure 3 temperature= ash content  o f  molten sal t= p a r t i c l e  size= 
steam ra te ,  con tac t  times= bed he igh t  and o thers .  Batch tes t s  are 
planned f o r  pr imary eva lua t i on  o f  g a s i f i c a t i o n  ra tes.  In add i t i on=  
design o f  bench-scale cont inuous g a s i f i c a t i o n  is being s tud ied  to 
evaluate the p o s s i b i l i t y  o f  making cont inuous feed runs on the bench 
scale.  

Concur ren t l y  w i t h  the k i n e t i c  s tudy,  i n v e s t i g a t i o n  on the phys ica l  
p roper t i es  o f  Na2C03-ash and Na2CO3-NaCi-ash systems w i l l  ~e performed. 

S p e c i f i c a l l y  dur ing  the next per iod work w i l l  be performed a long 
two l ines: 

a. So]ubi l i ty  of ash components in molten sodium carbonate as 
a f u n c t i o n  of temperature and ash composi t ion.  Me l t i ng  po in t  
curves w i l l  a lso  be developed. 

b. Studies w i l l  be made to determine the gas v e l o c i t i e s  requ i red  
to mix molten s a l t  and coal .  This w i l l  be s imulated by us ing 
wood charcoal and water. 
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IV. HECHANICAL DEVELOPHENT 

A .  En~[ronn~nta.l Tes t inq  of Hlqh-Te.-n~,erature AIloys 

An environmental test program has been ini~iated havin 9 as its 
o b j e c t i v e  the s e l e c t i o n  o f  cons t ruc t i on  ma te r i a l s  to  be used fo r  p lan t  
components. The tes t  apparatus is shown in F igure 3 and is designed 
to F i t  i ns ide  an 8"  ID X 25" long e l e c t r i c  furnace.  The apparatus 
w i l l  have DSD t e m p e r a t u r e  - compensating qu i ck -d i sconnec t  type connect ions 
at each end to f a c i l i t a t e  load ing ,  unloading and i n t e r n a l  inspect ion .  

Whi|e i t  ;s recognized tha t  cor ros ion may be acce lera ted by 
h igh  F lu id  v e l o c i t ; e s ,  i t  is  considered preJnature at  t h i s  time to 
propose a pumped c l r c u l a t i n  9 loop. However~ the t es t  apparatus is  
designed to cause a general c i r c u l a t i o n  o f  the mel t  and thus the tes t  
coupons w i l l  not be in a complete ly  stagnant envi ronment.  Since con- 
tamina t ion  o f  the mol ten sale by ash~ s u l f u r  and o the r  cons t i t uen ts  of  
the coal may s l g n i f | c a n t l y  a f f e c t  the c o r r o s i v i t y  o f  the mel t ,  i t  w i l l  
De necessary to conduct t es t s  w i t h  contaminated, as wel l  as pure, mel ts .  
The types and ex ten t  o f  the contaminants w i l l  have to be determined 
from Further process s tud ies .  

Corrosion data from p r i o r  p i l o t  p lan t  work w i t h  molten sa l t  
yTelded prom;sing r e s u l t s  on some al loys~ as f o l l ows  (231 hours of  
exposure) :  

Mater ia!  Composition Inches/Year 

Incoloy BOO 20 Cr - 33 N; 0.00 

AISi 310 25 Cr - 20 Ni 0.01 

50/50 A l l o y  50 Cr - 50 NI 0.01 

AIS I  309 25 C r - IZ  ~ i  0 . 0 2  

On the basis  o f  these resu i t sp  the above tes t  apparatus is being con- 
s t r u t t e d  from I ncoloy 800. The above l i s t e d  a ] l o y s j  ~nd o the r  
c o r r o s l o n - r e s i s t a n t j  h igh- tempera ture  a l l o y s  w i l l  be checked out for  
s u i t ~ b i l i t y  w i t h  t h i s  envi ronmental  test  apparatus.  
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in cons ide r i ng  mater ia l  su i t ab l e  for  i n d u s t r i a l  p lan t  a p p l i c a t i o n ,  
i t  is necessary to  g ive a t t e n t i o n  to welded j o i n t s ,  s ince the weld metal 
may not be equal in  cor ros ion  res is tance  to the parent metal .  For 
example~ Inco loy  800 is 9enera l l y  welded w i t h  Into-weld "A" e lec t rodes~  
but in some envi ronments be t te r  co r ros ion  res is tance is obta ined i f  
AISI type 312 or  310 e lect rodes are used. Accordingly~ |n a d d i t i o n  to 
t es t i ng  p l a i n  couponsj tes t  samples made by weld ing two b i l l - c o u p o n s  
together w ; l ;  be used. Another p r a c t l c a l  problem worthy of  a t t e n t i o n  
is the d e t e r m i n a t i o n o f  the type o f  j o i n t  connect ion su i t ab le  f o r  
molten sa l t  s e r v i c e .  The test  apparatus w i l l  permit an appra isa l  o f  
the DSD~ m e t a l l i c  0 - r i n g  jo in t~  in t h i s  environment.  

In a d d l t l o n  to  metal a l loys~ r e f r a c t o r y  m~ter ia ls  fo r  vessel l i n l n g s  
are a lso  being i nves t i ga ted .  Hajor r e f r a c t o r y  manufacturers have been 
contacted and t e s t  samples of commercla l ly  a v a i l a b l e  r e f r a c t c r l e s  
considered s u ! t a b l e  fo r  t h i s  serv ice w i l l  be obtained and eva luated.  

B .  ,~oal Feedlnq Hechanism for  Bench Scale Experimental work 

Methods o f  c o n t r o l l | n g  the very low f low o f  coal i n to  a bench 
scale set-up are be|ng s tud ied.  Two schemes are being pursuedj both 
re ty ing  on i n t e r m l t t e n t ,  ra ther  than con t inuous j  feed. Figure ~ shows 
a device which i n t e r m i t t e n t l y  feeds sphe r i ca l  s lugs by ac t i on  o f  a 
perforated r o t a t i n g  pla~e. Figure 5 shows a design u t i l i z i n g  an 
intermediate chamber between the storage hopper and the reactor  feed 
tube. This chamber a l t e r n a t e l y  communicates between the hopper and the 
feed tube by proper  sequencing o f  the p l nch - t ype  valves.  By t h i s  
ac t ion  d i sc re te  q u a n t i t i e s  of  coal are p e r i o d l c a l l y  fed to the hopper.  
For tes ts  performed at pressures from atmospher ic  to about 120 ps lg j  
the valves and hopper w i l l  be maintained a t  a temperature above the  dew 
poin t  so that  the pu lve r i zed  coal should f l ow  f r ee l y .  For t es t s  run 
above 120 pslg~ spec ia l  elastomers fo r  the va lve  elements w i l l  have to 
be considered o r  a condensate removing de, ice w i l l  have to be p laced 
between the reac to r  and the lower va lve .  

Convent ional  feed ing devices such as the s ta r  feeder and the screw 
conveyor have been considered,  but past exper ience at Kel logg w i t h  
these devices have sh~n  them to be u n s u i t a b l e  and u n r e l i a b l e  f o r  ve ry  
low Feed ra tes .  
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V. MANPOWER AND COST ESTIMATE 

Figure 6 shows a breakdown of development costs excluding fee 
and G & A. The three phases w i ] l  cover a per iod of f i v e  years. 
Phase i w i i i  be comp|eted in 18months, The second h a i l  of  the second 
year p i l o t  p |ant  cons t ruc t ion  w i l l  increase cost  to over $600~000. 
The t h i r d  and fou r th  years w i l l  be p r ima r i l y  concerned w i th  p i l o t  p lant  
operat ions.  The f i f t h  year w i l l  be devoted to commercia| p ro jec t ion  
s tud ies.  

Figures 7 and 8 show the projected manpower breakdown for  Phase I .  
I t  can be seen tha t  a slx-man e f f o r t  has been reached in August. A 
seven-man e f f o r t  w i ] l  be at ta ined in September and w i l l  continue u n t i l  
the end of  Phase I .  

Figures 9 and 10 show expenditures and cost  estimates for  Phase I .  
Through August the expendi ture was $213597.41 not includlng fee and 
G & A. This represents I ~ o f  the estimated development cost fo r  
Phase I .  I t  i s  est imated that  about $143000 w i l l  be spent during 
September. By the end of  196b~ i t  is  est imated thac $673000 w i l l  be 
spent. This represents approximately 31% o f  Phase I .  
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,. ~u~e-;.:a,~ reactor k.~y 

Prc, c,~ss r~es'gn~ have ~eem co,.-.plezec f~rv :h.;,. four ;,/=:e=~ a~.d cos: 
es:.'~a:es are r.o..., in progress. The f:r.c, choice ,-:i'" ~e ~asec on 

• ~. ~o~enz.ai For fuz~re st,~.~ of ~ve;op-,,en:. economic --:r--:.ve-ess. - . . -  
".-.,p r ~;,e.-..en: s .  

3- C=s PurTF'-~-.z'cn,.~ 

A s:~cy Ts no.....-.ce.-:-&y zo ,~-~:u-z.~ ,~ ..&r:ous ~es o.r'.::c-czion 
sc,=e=es" for t,~ purpose ~̂ .= se: ~z'.~ ~ -he o~:imu.-., syszem f-r~ ,;=,.~--~, of 

- / " -1 : h e  eric prcc~c:s uncer co-s'ce,~&z:on ~p,p=,ine cas: hyd.-oc~en, synthesis 
gas: ant =:a.~spcr: c&s]. The fo~iowlng regenerable soivent processes 
are ;eing conslcerec: 

~. Ho: poz&ssi~m c&rbonaze 

c. r:~iOr ~propy,-~," car~o.~a:8~ 

c. Ve:,ocoke (arsenic-promoter/. K2C0 3) 

e. Ca:acarb (or~anic-promozed K2C0 3) 

f .  £u:f inol (sulfo!ame) 

f -,.- c. Rec:iso] kre~,~era=ec mezhanol) 

Th~se soivenz processes v~ill be combined w i ~ h  iron oxide and activa:ed 
car~on contaczi~g steps as required :o re~uc~ concentrazions of carbon 
~ioxice anc ~uifur compounds zo accep=able leveis. 

It ;s ~xpec:ed zhat preliminary evaiuazion5 coupled with li:era~ure 
~ormazlon will permi~ reduction of the number of possible combinations 
~o a ma=a~eable lave!. Es=ima:ed inveszmen= and operating costs 
o::alne¢ From process proprie=ors or caicula=ed on the basis of Kellogg 
designs will faci~izaze selec=ion of :he op=imum systems. 
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so!iclte~ Frcm ~et.e~] prccess ~ro~r~etc-~ ~F]~cr. ~e~!: l _ r~T i ,  
for :~e s~ecTf;c gas ccmpos~:~o~$ a=d F~cw ra=es enco_~:arec. ~c~ef~iiy, 
zhe inTzi~ screen~nc wii~ s~mp!ify z~e su~secue~ zask oF cZoosi~c 
zne ~esz p~rifi~a~ion zrain fo- prod~cic S nyGrc~en anc synthesis Sas. 
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IV. XEC~A:CI CAL ~F.VZLOP,~,Z~T 

A. Er.viron.-.enz~ Teszln~ of Hic.'.-Tem~e.-~-zure ~',aterials 

T~sz samples of hish-ze~perazure, corrosion resiszanz alloys 
have been procured from ~hree incependen~ sources and w i l l  be subjected 
to our corrosion resis:ance ~esz. The alioys are as fo~iows: 

InternaZlonal Kickel Company 

l~conel 600 
Incone: 702 
Incoioy 800 
Incoioy 804 
AISI Type 309 
AISI Type 310 
50-50 Alloy (5~Io N~cke~ - 5~ Chrome) 

Sze]Iize Division - Union Carbide 

Has=e]loy 5 
Haszeiloy C 
Ku~imez 
Haynes Al loy 25 

Rolled Alloy, s. Inc... 

IRA 305 (Roiled A] loy 's  equivalent of AISI Type Stainless Szeal) 
• ~ 310 

330 
P~ 333 
Rayone~ 600 (RA's  e q u i v a l e n t  of  Incone l  600) 

In addizion to plain coupons a l l  oF :hese al loys w i l l  ~e :es=ed 
with welds made in accordance with =he suppliers' recommended procedure 
for  hish-temperature corrosion resistance. 
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Test samples of refrcctory materials are being supplied by three 
r.,~jGr man',f~cturers. The refractories are as follows: 

CarDor~nd~m C o ~ o a ~ v  

zuilfrax ~/ - fused mullite grain 
,full frax H 
Zircofrax 0 - zirconium oxide 
,~',&sna f rex 
KT Sil icon Carbide 

Hat5 T son-t.:a I ker Refractori as Company 

Ch ro.-ex B 
~arkiase 
Harbide 
'# i , . I  ~orunco, Xi} 
Varnon 5F 

General Refr~c:orles 

Chrome Magnesize 
Magnasi~e Chrome 

Fisure 9 is a scn~at ic  diagram of the zest sa=-~o. The specimens 
w i l l  be immersed in the sal t  bazh~ maintained at ISOO F, and remain 
there for a total  of 500 hours. The zest w i l l  be inzerrupzed at the 
en~ of 250 hours so that the corrosion rate at the intermediate point 
can also be determined. Thus~ having z~o corrosion rate points~ the 
corrosion raze change with time can be noted. 

The corrosion raze w i l i  be determined on the basis of two 
observa:ions -- weight change and linear dimension change. The 
corrosion rate based on weight loss w i l l  be calculated by the use of 
th~ following formula: 

~'~! 1 
Corrosion Rate = S x t x ~. 

= l o s s  of weight 

$ = surface area 

t = time of test 

~" = density of material 
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Th~ corrosion ra:~ based on chang~ in linear dimension wi~i 5e 
ae:e:n~ned by :he red~cz~on of pre~a~ged :h~cknesses on zhe ~pe~i~en 
as ~eab.rec ~izh a microme:er. 7o suppiemen~ zhis chan~e-of-dlmansion 
Cezerm;nat;on, iz is in~end~ ~o mlcro$co~ica~y, examine seczions 
:nrou~n :he specimens ~o observe if any in~er~ranular corrosion has 
zaken p~ace. 

~. Coal Feed;no :'techacisr for ExDer~menta~ Work 

Cf :he zwo ~chemes described in zhe iasz reporz, zhe ~ravi~y 
:yp~ F~eier sysze~ is zo be inveszi~azed F i r s : .  ~co ! /~ - inch  
Tu~-O-~z]c va]vas (Airmazic Valve, Inc.) have ~een placed on order 
and ~ i i ]  he checker ouz for ope:-abilizy and reprodu~ibil;:y in handIin S 
ana aon~rD~in~ a low ~ow rata o9 pu]ve:~ze/ coa}. 1~ ~S p~enzei :o 
Sez :he va:vin~ sys=e: up ,:izn a mozorlzed swi~chln~ arrangemenz and 
zo ca:ibraze zh9 pov;ger feed raze for var:ous cyci~n£ f~eq~encies. 

I Reproduced from I best available copy 
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v. XA,~P0'....'--R .:,XD COST EST~:<ATES 

-!c.-,re IG shcvJs zhe p ro jeczed  ..-.a.':po:.:er 5:eakclo....r. f o r  ?base Z 
f c r  ]c~'_; :-s we, l :  as the aczua! e f f o r z  zh,~.T. ;-,~s aZ:a~c,e.~. I z ca.-. 5e 
Sear. : h ~ :  ~ s]x-,.-.a.-, e r r o r :  was ~,~-inzaZr, ed C j r l n c  Sepze-.-.er. l :  :s 
hoped :i-.e: e seven-man e r r o r :  car, be azZa:,nacZ Tn Oc.-o~,er -.;:ten --h:_, 
; -~ :_ i f ;c ; - : icm r~ze. &.-.d co r ros io r .  ~.es z ec:,:ip.-..e.-,: Ts p laced o.~ sz. 'ea-. .  
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,.e;1;333 ;.;as ex~e.-.c~ed, noz !nc'.'dT.-.c, -ee ace C-. & A. The : ^z  - ' , ,  o exz, e.-.~iz~res 
:broker.  Sep~.ember -.~ere ~,~z,o~.  ThTs rep resen ts  approxi . . . .aze;y i5.27': 
o f  P ~ s e  1. 
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I .  1NTRODUCT|ON 

The equipment f o r  the g a s i f i c a t i o n  ra te  t es t s  has been received 
and is now being commissioned. 

Work was cont inued on process development studies~ bench-scale 
exper imentat ion on phys ica l  propert l ,  de te rm ina t ions ,  and the coal 
feeding mechanism for bench-scale experimental work, Each of these 
areas are discussed below. 



T H e .  I'~,+ W .  K, E L L O G G  C G M P A N Y  

R * n ~ l r c n  L ~)ev~oDment  

~l l }J~ma#tt  
~GG 

P a g e  No . . . . . . . . . . . . . .  3 . . . . . . . . . . . . . .  

Repo~ No . . . . . . . . . .  3 . . . . . . . . . . .  

i l .  PROCESS DEVELOPMENT 

A. Accomplishments 

I. Process F1owsheet Studies 

The continuin~ study of a l ternat ive process flowsheets for the 
gasif icat ion section of the pipeline gas plant has the objective of 
narrowing che range of operating conditions and processing alternatives 
that musz be investigated experimentally. Some recent resulas of thes~ 
stuaies are presented in Table I. These results are based on preliminary 
process designs of the gasi f icat ion ~ection~ reasonably complete 
mate r i a l  and energy balances~ and very  approximate es t ima tes  o f  p lan t  
cost. 

Several  f ea tu res  o f  Table I mer i :  e l a b o r a t i o n :  

a .  Coai ash is a l lowed to accumulate in the m~l ten s a l t  c a t a l y s t  
:o the leve l  o f  2 ~  by we igh t .  The ash is  , .moved by 
quenching a s i i p s t r e a m  o f  melt  w i th  water  to d i s s o l v e  the 
Nâ CO~.~ f i l t e r i n g  out the ash part ic les 3 and recovering 
Na~C0~ from s o l u t i o n  by one o f  several  schemes to be mencioned 
beTow.L. Recovery o f  Na2C0 3 is assumed Co be 9 ~ .  Exper imenta l  
r e s u | t s  to date have ind i~a ted  tha t  a 2 ~  m ix tu re  o f  ash in 
melt  w i l l  p robably  have acceptab le  f l u i d  p r o p e r t i e s  and tha t  
water  quenching o f  mel t  is a promis ing method o f  sepa ra t i on .  

b. Con:act time o f  gas w i t h  mel t  in the g a s i f i e r  has been set  
at  10 seconds. This is p r e s e n t l y  expected to  be r a o re  than 
adequace~ but the ac tua l  requi rement  must awai t  exper imenta l  
measurement o f  g a s i f i c a t i o n  ra tes .  A l though the ra te w i l l  
vary with different gasifler operating conditions~ the contact 
time has been held cons tan t  f o r  a l l  cases in Table I. 

c. A range of  s u p e r f i c i a l  gas v e l o c i t i e s  in she g a s i ? i e r  has 
been cons idered .  Pe rm iss ib le  v e l o c i t y  w i l l  depend on q u a l i t y  
o f  gas-mel t  c o n t a c t i n g  and en t ra inment  o f  me l t  exper ienced ;  
~hese f a c t o r s  w i l l  have to  be determined e x p e r i m e n t a l l y .  



I l l L |  I 

~I~+.~IOICP l t l f i l iX l lV lJOIL  fAIIII(ATIOM r l ~ t l [ [ l l  

I I ~ !  I ~  l i l l l l l l  I I I I m l m l  moll 
P i d l l l  ~ l i + l l l i l i  t l l  i l i l v i l l n l  IO 1~0 2~ ICfD ol t l i t l  I~! I l l  
l i l l i  + l l i l o . + :  l i l lO  i -  1~  l# l l  l ib  

P--i-tllll C l i l C l  T i l l :  I0 l i i l ~ l l  

+ l r l l l o n l  IP~lO+e#: to l l  l l i d l~ l l  l n l l l c l l l o + ,  ¢ + u i l l o n  
h i l l  I+Ipll+ l l iCOl- I Ih l lpr l l lO,~l I l l  e m i l . !  
Iplul ¢<l~i l i l lo+ +i l yn lh l l l l  i i i  I~ ~+0 I l i a  In f l i l h + o l  !0. I - i )  

Rra | inlkllll  i l l  I1,'~P~¢|1.9+ ¢+11. ~'/'~Z|CF Or Plmll|~l Gel 
r~lllrlq+ Ol~rallnV Comllllo+i Ollllllr 14~ar ol  A~ploxl~ie l~Imii+iml IP4 

rll~ikill llm~rllurl FrillU+41, $111~¢iiII)o111 supellll;lll ~-s l~tl~l of Olu.lters f.litfllTt |nVllllll~t+ I~DII II 51Ol~m llld IPOWlr II Lib+ i, RIjCOj ;Ixl+ Chl#Sil II tll~lhee. 

I-A-I I~O 

I-A-I ] 

I-~-3 
I-I-I l lk~ 

l- l-I  { 

I-I-~1 

I*C I 

f 
I-I  I 

I*[ I ! 

koo I 

45 

koo 

0.$ I~. l  

i,O 

I.O lit.? 

J.O 

1.0 

Otrcct Cc~- II 39 SO 
5 , s i l ~ l l  
HI~5 PIOIiUfl | |~ ~6 

J tO 4+ 

J 33 ~+ 
• i i  5~ 

IS S 41 

Olract (ore- 8.5 10 $1 
5usl Ion at 
LOll f r l l lU r *  

F I +¢d-Ttibu I |  t~ 62 
~elllr l 
Olrlcl C.~i- | +7 ~J 
iUII|O~II 

t |¢~I Prlslurl 

OlrlCt ¢¢m- 30 56 
bVlill~llt 
Hlsh PrlIIUrl 

Ig.O 

5.o 0.9 " . l .O 1.4 6.6 35.J I .a- I  

1 I ' +1  " '  " ' + '  0.9 S.5 3i.9 I-Ao3 

1.) 1,2 1.9 1.5 ~,! )) ,7 l - l - i  

1.8 1.2 t.9 | l . i  ~ ) | , )  |-I1.| 

3.) 1.2 o.S ~ £, |  31,4 l-D-3 
(-I.4~ i .8  z.3 . 6.g ) i .6  I -c  

|-1.5) l.J l . i  l . l  I . I  ~1.9 I-D 

(-I,5) 31.6 S.I I.S II).g S5.4 I , [  

4.6 1.3 1.3 1.5 I+4 35.0 i-r 

I 
f; 

I 

+ 

! 



T~ri-- IV,. Vi. ,(~.I.I.OC.C, CO,Y, PANY 

A l l w a r C h  ~r- i , ~ . v e l o D m l n l  

~vapDrltmvn~ 

Page N o  . . . . . . . . . . . . .  5 ................... 

3 Report: No  . . . . . . . . . . . . . . . . . . . . . .  

d. Three methods of heat supply that were ~ound to be most 
promising in previous screening studies ~l) were evaluated: 

(1) Direct combust'on of coal in the melt at 
high pressure (gasif ier operating pressure). 
In this case the melt can be circulated 
between gaslf ier and combustion chamber by 
u t i l i z ing a gas l i f t  or the kinetic energy 
of the entering gas streams. Thus no melt 
pump is needed. However: i t  is necessary to 
compress combustion a l r  to the hlgh pressure 
end ]ater to expand the f]ue gas to recover 
as Much energ V as possib]e. The scheme requires, 
therefore, a large and rather costly compressor- 
expander (in ef fect ,  a gas turbine) and an 
ef f ic ient  means of removing entrained melt from 
the f lue gas to p ro tec t  the expander. 

(z) Direct combustion of coal Q n the melt at low 
pressure. This scheme avoids air compression, 
except as required to get through the combus- 
tion chamber and heat recovery equipr~entj bu~ 
requites a high-head pump for circulating the 
melt between gasif ication pressure and 
combustion pressure. 

(3) Circulation of  melt through fired-tube heater .  
While requ ; r i ng  a minimum of  a i r  compression, 
t h i s  method needs a melt  c i r c u l a t i o n  pump and 
a metal heat transfer surface capable of with- 
standing co r ros ion  by the mel t  at a temperature 
somewhat h igher  than ;hat  p r e v a i l i n g  in the 
gasif ler. Finding a satisfactory material of 
construction for these heater tubes wi l l  pose a 
major problem. 

e ,  Gasifier diameters of 12 feet, about the largest that can be 
shop-fabricated and shipped to the si te,  and 25 feet were 
considered. Even larger diameters may be feasible, the major 
l imitat ion probably being the maximum meta] wall thickness 
that can be fabricated in the f ie ld .  The larger-dlameter 
units are expected to offer economics in both f i r s t  cost 
and operating cost. 

( I )  Progress Report No. I ,  August 31, ]964, pase 10. 



Tr iF . .  iV;,. W .  K I E L L O G G  ( ; ;O,~V;PANY 

~qlOlllll'C;h .e. Olsv6~oDl'~er~?, 

;~,,,;:,err.ment 

Page  N o  . . . . . . . . . . .  6 . . . . . . . . . . .  

Repor~ N o  . . . .  3 . . . . . . . . . . . .  

f. Flowsheets I-C~ D, and E show steam credits because the f lue 
gas From combustion need not be expanded to recover power. 
The energy is used instead to generate steam~ and i t  iS 
assumed in calculating this credit that the steam can be 
used to advantage elsewhere in the plant. This can be 
ver i f ied only by a complete plant design and overall energy 
balance. 

Some conclusions may be drawn from Table I :  

a .  The g a s i f i e r  must operate at high pressure~ in the range of 
400 psia. Case I-E shows that the cost of compressing synthesis 
gas generated at low pressure up to a level sat isfactory for 
synthesis of methane is prohib i t ive.  

b. I f  sat is factory materials of construction can be found~ the 
best method of supplying heat is the f lred-tube heater. 
Case I-D offers the lowest gas production cost~ which may be 
further reduced by almost 2¢/MSCF b~ using fewer~ large- 
diameter gasi f iers.  

C. The second-best method ~f heat supply is direct combustion 
in the mel~ at low pressure. Case I-C w i l l  be bet ter  than 
I-B-3 i f  given the advantage of la rger  gasif iers.  

d. Severe investment penalties w i l l  be incurred i f  a11owable 
superf ic ial  gas veloci ty in the gas i f ie r  f a i l s  below about 
0.5 feet per second. 

e .  Increasing steam/carbon rat io from 2 to 3 increases product 
gas cost s ign i f i can t l y  (Case l-F vs. Case I-A-2). The lowest 
rat io consistent with sat isfactory gasi f icat ion rates should 
be employed. 

f .  Increasing temperature of gasi f icat ion has l i t t l e  effect on 
gas cost (Case I-B-I vs. I-A-2)~ neglecting the fact that 
materials cF construction will be more severely tested at the 
higher temperature. I f  rate of gasi f icat ion is markedly 
improved by an increase in temperature or i f  melt handling 
becomes much easier  3 such a change may be advantageous. 

g. E f f i c i e n t  u t i l i z a t i o n  of heat by overa l l  in tegra t ion of  the 
process is importan% as indicated by the s igni f icant  steam 
credits in cases I-C~ D~ & E. 
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UzZ]izTn~ ;he figures for Case I-D of Table I and the results of 
previous iKellogg designs for converting coal into pipe!ine gas, the 
~ozal production cost of pipeline gas can be estimated. These figures 
are presented ia Table It .  Even though costs may be expected to change 
as moFe precise plant designs are developed, i t  is evident that the 
target gas production costj 50¢/~SCF, is within reach. 

2. ~ethane Synthesis 

The szazus of the methane synthesis evaluation is v i r tua l ly  
unchanged. Choice of ;he optimum methanation system is awaiting cost 
estimates For the Four a;ternatives thal have been designed. 

3. Gas Purl fica:ion 

Evaluation of gas purif ication processes is continuing. Process 
designs have been completed for monoethanoIamine and Vetrocoke preparatory 
~o estimating plant costs. Design and cost information have been 
requested From FIuor 3 Sheil, and Lurgi to perEit a comparison wlth 
their purification processes {FIuor Solvent CO 2 Removal, Su|fino|j 
and Recttso], respectively). 

4. ~:_~apC_GO 3 Recovery 

The currently-favored scheme for separating coal ash from molten 
sodium carbonate c~t~lys: is to quench a slipstream of melt fro¢n ~he 
sasl f ier  with water to disso]ve :he Na2CDR, then f i l t e r  off  the ash 
conszizuen~s, and f lnai ;y recover the Na~C03 from solution. The 
best me;hod of recovering the salt fra~ aqueous solution is not obviousj 
although the solubi l i ty curve for NazCO 3 presented in Figure I suggests 
two possibi l i t ies:  

a. Cooling to temperatures below about 80"F to crystal l ize 
the decahydrate. 

b. Heazlng to hlgh t ~ p e r a t u r e s  (at  high pressures)  to c r y s t a l l i z e  
anhydrous Na2C0 3. 

These two rou tes j  a]on 9 wi~h e v a p o r a t i v e  c r y s t a l l i z a t i o n ~  are  being 
investigated to d~ermine i ike!y operating problems associated with 
each and ~o es t ima te  cos ts .  The most a t t r a c t i v e  Ne~CO~ recovery  z ) 
scheme w i l l  then be i nco rpo ra ted  i n t o  the f lowsheet  s t u d i e s  p r e v i o u s l y  
d i scussed .  
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.,,~z~,._.~ ?: . . . . . . .  3-AS ?RO3UCTICN COST 

5~sis: 5Tz~:Tno=s coa~ az S~/zon 
220 :~:~ ~CF3 of plpei ine gas 

_ ~  Fiowsheez Xo. 
~ainZenance and f;xed char~es 

&z i2% of investment 

0 .;e ,"a : ion 

P;pe]ine Gas 
2roduczlon Cosz 

¢/MSCF 

Co~ szorase & preparation 2 e 

Gasificazion (Table I) 28 

Wazer - sas shif~ & 9as purif icazion 10:~ 

~ezhanaZion & product gas compression 2 ~L" 

Tozal 42 

*Fi~ures based on pr ior  Kello~g planz designs. 
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~. P~olec:icns 

i .  g!c"~eez Sz~d:es 

Th~ eva~oazion of a l te rna t ive  process flowshee~s w i l l  be con~inued~ 
u t i l i z i n g  zhe conclusions of screening studies made zo daze. Specificaily~ 
fu:~re f~Gwsneezs wi:] incorpoFaze gasif ication a~ hlgh pressurd: heat 
supply by eizher fired-zube hea=er or direc~ combuszion az low pressure~ 
an~ :~h removal by wa=er quenching, Within this conzex~ ~he effec~ of 
coal ~s~icaz~on ra~e~ of me~hane con~en~ of raw gas~ and of degree 
zo ~h]ck ash is perm:~zed ~o accumulate in ~he melz will be szudied. 
5y means of more compleze design, more precise material and energy 
balances~ an~ more dezailed cost eszima~es~ ?lus a careful evaluation 
of exper~menzal daze as iz becomes available~the optimum combination of 
operazin3 conditions for zhe ~asification section wiil be more clearly 
ten,neared. 

2. :,:e=~ zne Svn=hes~ s 

The cc=~arison of a~zernazlve mezhane syn:hesis processes will 
he comp:ezed~ anc zhe opzimum one will be chosen for inclusion in ell 
future f~o~s~eezs proc~cing pipeiine sas. 

T:.~ ava : ,az :oc  o f  sas p u r e r ; c a : i o n  ~rocesses w i l l  be cont inued as 
~nformac:on requested on =he several proprieaary processes is received. 
P:6~z costs v:::: be estimated for ~hose processes designed by Kellogg. 

~=2~_=3 

Coszs ~ : : i  be eszima=ed f o r  recover ing sodium carbona te  from 
aq~aoas so luz lon  using =he seve ra l  me=hods proposed.  The best scheme, 
consider~ng both operab i l i ty  and cos=, wii~ be incorporaceff in:o the 
F:owsneez s tud ies .  
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5 :~ . ! . - . c  :,c~::-.z 0,~z~r-..~r.~z:ons o f  ~sh-sodT~r, carbona~.e r.,ixzures were 

,.,:"- ' ::nc~ .~c.n~" c=zc:.-:.,~.'.c, zio.-,s ...:are .-..~.ce on So~zF. -3e.ulah ~ g n ~ : e -  
s o - - ~ , ~  c~.-~,G-.c.~ ~.~xz~.-~s. _L-e r..i>,z~,es were ~eiz~d az 16C,0"-~ 
r~.is,.~ :'rc,~.. 1 "~'c,.~ F zo . o ~  : over ~- :...-o-h.o~r perioc (Zo re~,~ce f o ~ : , S  
c~e . o  ,',cs e.c,.,~z:cn~ c~.c r.~:.c a: 16C0~F for i~ ~,nuzes. T~e freezin S 
ze-per&z-.~e :-.zs zi:e~..~eco:c~c. T,.e r e s ~ z s  &re shown ~n Figure 2. 
T~,e resu~.zs ~sTr.c Z:.:.,o] s~--.~!zu-,-nous coa~ ~,s~-sorJ'~r.. carbor.aze - i xZures  
&c~, . ..,~:- .: .--'c~.'e ~. L,--.- .~ozh zyp,~s o f  ash. v,scos:.zy increased 
rcpTCiv. _-=,, ::-cz -~x:~res c f  L~C, , o a r : s  v-f  as~. and i00 parzs o f  carbona:e 
V.G'- ' .G . ' .C: : , ~ . ; -  TrC~--. Zr.~.. C ; ' L ~ C : D ~ e  ~.': ,~, ,~v 

.~,z :~-e : ' - .e ,h~.z z.he ccz~ reporzec~ in F~u.-es 2 Gncl 3 were co l leczed :  

~.~,. " cc.:e z, ez;.-eer. :.-.e - . .~jo r -~s.-. co..~por.e=:~ ( ' ~  ." - ' t .  O.~ . ' ,u~. ,  am(~ s o c i u m  oarbonG~.e  
!s very F&pic. ~ -e:.: .-.,::.:':as az ,c,~ .-- sHou!c be su f fTc ien : ,  l n ' z i a i  
-z - -~ ;zs  c~ ,~x:):or:~.c ,r.e ~ f e c :  o-  ~o.-.cer reaczior. -ime - :  iSO0"F 
:.',~ p~occ,:C~.-.c. ?;eiT-.'n--r- r e s ~ z s  s~'.o,.: T.h~.z f ~ r : h e r  ~eaczlon does 
occur. " s_~-~ie c f  !s~-.~c~ C,-:,~e,.- -.:27 ~:'z~-.ir.o,s coai ash (9% '~r, car~onaze) 

- ~ ' -  m ~- : - -  p~T,-.z ~._:er "~.5 ~..'n,~zes rea r - ion  zime. A?zer , , ie lc~c ~ i>-.,, r , e . . . . .  
o r,o~Fs &z 100,~ - :he ..-.e'.,,n~ po'r.z "s depressed zo aao~;z 1450"F. 
~e&c: !c , .~ :T -e ;  r..elz.,. S ~oin:  rei&zio.-.ships are no~ ~e'r.c] developed -o r  

Prox~m~ze end s~iF~c analyses o f  a ~Tzuminous c o a i  ant zwo l i g n i t e  
s ~ l e s  zo ~e usec ~ ~e~ch sca~e w~rK are shown in Table 3- 

repot,co ;n .--z,~ mocz~'s seminary ~&s welghz loss) are sno~.n in Table 4. 

.~::~ ~:~emA:s have ~ee~ m&~e to separaze zhe ash from :he 
c&rbon&ze by sczz: :n~.  The resu~:s ~r~ s~own in Table 5- ~.~;ie some 
sep~razTon ~ s  bee:~ &c~Teved, :He resu]zs have not been p a r z l c u l a r l y  
successfJ~. Lz ap~eg~s zh&: sezz~ing mishz ~e easy zo achieve were iz 
no~ fo r  :~e f&cz :ha:  g~s~ p~o:aSiy CO2~ is conz lnua i l y  bein~ i i n e r a : e d  
in zhe ~e:z ~nd ~ee~s iz agizazed. 
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I. INTRODUCTION 

Two gas i f i ca t i on  runs were made wi th anthrac i te  in molten sodium 
carbonate at 1700"F. With I . ~  anthrac i te  and a steam rote of  
50 l b s . / h r . / ] 0 0  Ibs. of carbon~ an i n i t i a l  gas i f i ca t i on  rate of 23 lbs. 
carbon gas l f i ea /h r . /100  lbs. carbon was obtained; wl th 0 . ~  an thrac i te  
and 174 10s. steam/hr./100 Ibs. of carbon~ the gas i f i ca t i on  rate was 
125 lbs. carbon gaslfled/hr./]O0 ]bs. 

Work was con:inued on process development studies and bench-scale 
experimentation on physical property determinat ions. The tes t  vessel 
for  environmental tes t ing  of  various mater ia ls  has been received and 
is being se: up for  operat ion.  
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i l .  PROCESS DEVELOPMENT 

A - ,  Acco~pllsbmenRs 

I.  ,Process F1cwsheet Studies 

The e f f e c t  o f  methane concen t ra t ion  in  the raw synthes is  gas on 
the economics o f  producing p i p e l i n ~  gas from b i tuminous coal was 
i nves t i ga ted .  This  methane can be ,roduced by two mechanisms: 

a. Decomposit ion o f  hydrocarbon ma te r ia | s  present  in  the coal 

b. Synthes;s react ions3 such as: 

CO + 3 H 2 ~ CH 4 + H20 

C + 2 H 2 ~ CH 4 

Two methane concen t ra t i on  Ieve Is  were cons idered.  

(i) 

(z) 

a. Assumina that al l  hydrogen in the coal feed appears as methane 
(the maximum that could be produced by decomposition reactions)~ 
yielding about ~; CH 4 in the wet synthesis gas. 

b. Assuming that reaction (I) is at equilibrium}which yle|ds 
about 3..~% methane at 1800"F and 400 psle. 

The major change from case a to case b is that the gasification reaction 
is more highly endoth~rmic so that more combustion coal must be burned 
and the cost  o f  raw syn thes is  gas increases by about 0.5¢/HSCF of  
pipeline gas product. Most of thls increase wi l l  be recovered during 
the methane synthesis step because more heat wi l l  be liberated. 

I t  was concluded tha :  the maximum probable v a r i a t i o n  in methane 
content  o f  raw syn thes i s  gas w i l l  have an i n s i g n i f i c a n t  e f f e c t  on ~he 
cost o~ p i p e l i n e  gas product .  For o ther  prSduct gases (hydrogen~ 
synthesis gas~ transport gas) the effect must s t i l l  be investigated. 
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2. Gas Purif ica:ion 

A p u r i f i c a t i o n  system eraploying aceto::e as so lven t  is being 
designed For the comparatlve eva lua t i on  o f  gas p u r i f i c a t i o n  processes. 
Design and cost i n f o r ~ a t l o n  are being awaited on the Fluor  Soivent C0 2 
Removal~ S u l f i n o l ,  and P~ct lso l  processes. 

AnotheK sche~.~ is  being s tud led ,  in a d d i t i o n  to :he Four d iscussed 
in the prev ious progress repo r t ,  for  recoverTng s o C i ~  carbonate from 
the aqueous s o l u t i o n  produced by quenching the g a s i f l e r  mel t .  Th is  
scheme invo lves  p r e c i p i t a t i o n  o f  the b icarbonate accord ing to the 
reac t lon :  

Na2 C0) Caq.) + H20 + CO 2 (g)~ 2NaHC03 (c) (3) 

There is p len ty  o f  carbon d iox ide  a v a i l a b l e  from the gas p u r i f i c a t i o n  
s tep;  the sodium blcarbonate w i l l  be returned to the gas l f i e r~  where 
reac t ion  (3) w i l l  be reversed. The quant i~ ies  o f  steam and C02 thus 
produced are small w~en compared wi¢h the q u a n t i t i e s  o f  these gases 
tak lnc  par :  in ;he gas ;~ i ca t l on  reac: ;ons.  One b ig  advantage o f  ;he 
scheme is  the absence o f  major he.a: e f f e c t s ;  lower opera t ing  costs are 
expected fo r  t h i s  reason. 

B.__ Pro iec t ions  

1. Flowsheet Studies 

The economic e f f e c t  of  adding potassium and l l t h i ~  carbonates 
to the g a s i f l e r  to lower ,:he ca ta lys=  me l t ing  po in t  w111 be i nves t i ga ted .  
This  could be an important f a c t o r  in  the search fo r  s a t | s f a c t o r y  
ma te r i a i s  o f  c o n s t r u c t i o n .  

The e f f e c t  o f  g a s i f i c a t i o n  rates in the molten s a l t  system w i l l  be 
s tud ied more thorough ly .  To date j  in  the absence o f  exper imen;al  
data~ approxima~e g a s i f l e r  s izes have been est imated by se l ec t i ng  a 
super fTc la l  gas v e l o c i t y  and a gas-melt  contact  :[me tha~ se~ned 
reasonable~ though no ai lowance could be made for  the e f f ec t  o? these 
fac to rs  on coal u t i l i z a t l o n  or  equ~I ib r ium concen t ra t ion  of  c6rbon in 
the mel t  dur ing  g a s | f i c a t i o n .  As appropr ia te  exper imental  data become 
ava i l ab le~  these fac to rs  w i l l  be studied to  a s s i s t  in gu id ing  both the 
process designs and exper|mental  programs. 
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2. Me,¢hane,Synt.he.si s 

The comparison o f  a l t e r n a t l v ¢  methane syn thes is  processes w i l l  
be c ~ p l e t e d .  

3, Gas Purification 

Evaluatlon of gas pur i f ica; ion processes wiI ]  continue. 

4. Na~C0 3 Recovery 

The comparison o f  a l t e r n a t i v e  sodium carbona=e recovery schemes 
w i l l  be ¢ompleted~ except f o r  es t imates o f  c a p i t a l  investment ,  and 
the most a t t r a c t i v e  scheme from the standpoln= o f  both o p e r a b i l i t y  
and economics w i ] l  be chosen. Cap i ta l  cost  is  not expected to be a 
major f a c t o r  in t h i s  choice~ so i t  w i | l  probab!y not be necessary to 
wait unt i l  such cost estimates are obtained. Experimen~al work w i l l  
be recommended~ i f  necessary~ to support the chosen carbonate recovery 
flowshee=. 
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I | i .  PKOCESS RESEARCH 

A.  AcccmD!i,st~n,.ents 

Coal Gaslf~cat lon Kinet ics 

Experimentation on the gas i f i ca t i on  of coal in the bench-scale 
reactor has begun. The apparatus, prev ious ly  shown, is a two-inch 
! .  D. lnconel tube suppor;ed in a two foot~ hlgh temperature Kanthai 
furnace. Steam and nitrogen are bottom fed and pe l le ts  of coal pre- 
pared fr¢rn var ious mesh sizes top fed through two quick opening gate 
valves. I n i t i a l  experlr~ents are being performed on a batch basis 
with continuous coal and steam add i t ion  planned for  the fu ture.  

Results of  the f i r s t  tests ~re tabulated in Tables I and II ~nd 
production of CO, C023 H 2 and unreacted water given in Figures 1-5. 
The ; n l t i a l  rate of carbon gas i f i ca t i on  is taken as the slope of  
Tn l t l a ]  l inear por t ion of the CO + H~ curves in Figures i and 3 ~or 
runs J-9650 and J-9651 respect ive ly .  Neglectin~ the small c o r r e c t i o n  
involv ing the ~n l t i a l  hydrogen content o f  the anthrac i te  the rate o f  
CO + H 2 evolut ion ( to ta l  reducing power of the gas) is equal :o the 
rate at which carbon )n :he bed is gas i f ied ,  in both runs J-9650 
and J-9651, the steam consumption during these l inear  sections was 
hlgh, although e r ro r  may be involved during th is  time period due to 
equ i l i b ra t i on  of  the fo l lowing react ion which is a steam consumer: 

Na2CO 3 + H20 ~ 2NeOH + CO 2 

This e q u i l i b r l u ~  howeverj does not inf luence the tota l  reducing power 
(C0 ÷ H 2) o f  the gas. 

Using th is  ca lcu la t ion  procedure the rate of coal gas i f | ca : i on  
ac d i f f e ren t  steam rates has been computed and the resul ts  of 
runs J-9650 and J-9651 p lot ted in Figure 5. 

Physical P¢opert.es 

Hel t ing point  time re la t ionsh ips  for  mixtures of bituminous coal 
ash and molten carbonate have been developed. The change in melt i . lg 
point o f  pure carbonate wlth time was also studied. The decrease in 
~he melt ing point  of  these mixtures is shown in Figures 6 and 7. The 



TAOLE I 
COAL GASEFZCATION - TEHT U~IT RESUltS 

Run NO. 
Dato  , 
Run Timo, mins.  
Salt Charga 
Ca=bon S o u r c o  

Oporating Conditions 

Tompo~aturo0 op 
l12 Rata,  oo/m[n,  
[120 Ratae C~/m~h 
P ~ o o s u r o ,  p e i g  

Sample Ttmo, MJ.ns. 

Gds CompoHition, molo 

U2 
co 
CO 2" 

}12 

J-9650 ............................................. 
............................................. ZZlZ3-241G4 ........................................... 
................................................ 390 ............................................... 
............................................ 414 gmo X~2CO 3 - - ~  ..................................... 
................................. 5+0 gms An th rac i Lo  (minuJ ~0,menh) ................................ 

............................................... 1700 . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 20 35 $5 80 95 1 ~ ] ~ 1 ~ 0  190 240 300 360 390 

22,0 45,0 G6,0 60 ,8  5G.5 69.0  10.0 52,0 6G.O 74,Q 78,0 75.0 70,5 
33.5 17.0 2 ] . 5  25,0  23,5 14,5 1U,5 15,5 4 .8  3.0 3,0 1.8 2 .0  

~ 1 , 7  14,5 8.0 10,8 11,8 G,O 5.3 9 .5  13,2 12.5 I t . 5  10.6 12.5 
12,8 23.5 4.5 3,4 0,2 11.5 0.2 23.0 1~,5 9 .7  7.5 12.G 7.0 

(1) RUn k n t o r z u p t e d  and con t i nued  n e x t  day, 
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1120 R a t o ,  c a / m t n .  
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S~n;L)|o T L ~ o ,  H i n a .  

+n~ c o . t ) o ~ t t t o n ,  mo le  t 

f l z 
CO 
CO 2 

II 2 

TABLB I I  
COAL G ~ I F I C A T I O N  - TEST UNIT R~SULTS 

................................................. J-O~SZ ............................................... 

............................................... 1 ~ / 1 / 6 4  ................................................. 

.................................. ~ . . . . . . . . . . . . .  240 ................................................ 

........................................... 414 Um: HQ~CO 3 ........................................... 
-~  ................................. 2 . 9  gmu A n t h r ~ c L L o  (~Lnua 60 m o o h ) - - %  ............................... 

............................................... 1700 ................................................ 

. . . . . . . . . . . . . . . . . . . .  - - -  . . . . . . . . . . . . . . . . . . . . . . . . . .  |.11 • . . . . . . . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . . . . . . . . .  - - -  

10 20 40 S0 60 BO 95 1J5 155 175 195 215 235 

4 4 . 0  3 9 . 0  4 7 . 5  6 8 . 5  7 5 , 0  6 8 . 5  7 9 . 0  2 6 . 0  7 9 , 0  0 2 . 5  7 7 . 5  8 6 . 5  82 .~) 
11.:3" 1 1 . 5  9 , 8  5 . 0  2 . 0  4 , 7  3 .2  2 . 0  1 , 4  l . O  1 , 4  0 . 3  0 . /  

) . 2  ] . 0  .1.7 2 , 0  6 . 6  G.6 5 . 0  6 . 2  6 . 0  6.G 10 .~  5 , 6  9 . 7  
4 1 . 5  4 6 . 5  3 9 . 0  2 4 . 5  1 6 . 4  2 0 . 2  1 2 . 0  1 3 . 0  1 2 . 0  9 . 9  1 0 . 6  7 . 0  I . r ,  
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FIGURE 5 
COAL (ANTHRACITE) 6ASIFICATION 

1700 ='F MOLTEN No2CO 3 
2" I.D, REACTOR, 4 = BED HEI6HT 

MINUS 60 MESH COAL 
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FIGURE 6 
MELTING POINT OF BITUMINOUS 

IN 
SODIUM CARBONATE 

WITH TIME 
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FIGURE 7 
MELTING POINT OF SODIUM CARBONATE 

IN AIR WITH TIME 
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behavior of the melt ing point of these mixtures under one atmosphere CO 2 
pressure is shown in Figures 8 and 9. The d issoc ia t ion  of Na2CO 3 and 
the s o l u b i l i z a t l o n  of SI02 and/or A]203 in the coal ash is apparently 
completely supressed by the imposit ion of  a CO 2 atmosphere. 

Corrosion Tests 

Preliminary corrosion tests have been carried out using new 
310 ~t~inless steel cruc ib les For each run. In each test  the c ruc ib le  
was held at .!80O'F for Four hoursj dumped, ~ooled, cleaned and inspected. 

Previous qual i ta t ive information indicated that l ign i te  ash was 
the more severe corrosive agent. The high content of su l fu r  in the 
I i gn i te  ash was suspected. Tests ~ere therefore performed u~ing ] i g n i t e  
ash in molten carbonate ;n 310 ss crucibles. Test specimen A, {Figure lO) 
showed very severe corrosion. The presence of graphite, B, {as reducing 
agent) 5 raa t l y  reduced the corrosion and the presence of graphite and 
steam dramat ic~i ly  reduced corrosion as shown in test specimen C. Tests 
using Na~S04, Na-S or Na2SO 3 in molten sa l t  also sho~,ed serious corro-  

4 sion, whrch coui~ also be reduced by the add i t ion of graphite and steam. 

Thermodvnamlcs 

Compilation of pertinent thermodynamic date from the l i te ra tu re  
has begun. The f i r s t  data compiled involving the reduction of sul fur  
compounds has shown rather large negative Free energy changes. The 
reactions tabulated to  date are given in Table I I I ,  The high corros ive 
e f fec t  of su l fu r  compounds coupled with the large e f fec t  of carbon and 
steam appear tc indicate a su l fa te  or su l f i de  corrosion mechanism. 

B. Proiections 

Future work will continue in the area of gasification kinetics~ 
measurement of v iscosi ty  of ash/carbonate mlxturesj investigation of 
possible Si02 and A1203 corrosion mechanisms and further compilation 
of thermodynamic data espec ia l l y  ox ida t ion- reduc t ion  reactions 
involv ing iron~ chromium and n icke l .  
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FIGURE 8 
MELTING POINT OF SODIUM CARBONATE 

IN CARBON DIOXIDE 
WITH TIME 
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FIGURE 9 
MELTII~G POINT OF BITUMINOUS ASH 

IN SODIUM CARBONATE WITH CARBON DIOXIDE 
WiTH TIME 
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FI6URE I0 
coP-Ros~o~ oF 3!0 STA~LESS .STE~L 

M61~en Sodium Carbonate - Lignite Ash 

1800"F, Four Hours 

19 

~elt Composition 
Graphite 

CO2 A~mosphere 
S~eam Atmosphere 

A B C 
.... 10% Lignite Ash in Molten Na2CO3 .... 

0 10% 10% 
760 ~ .  760 mm. 735 mm. 

0 0 2 5 m m .  

[I/ Not shown: pure Na2CO ~, which =esulte~ in little, if 
8.~y • COl'rOSIOn 
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TABLE III 
ENERGY CH~GES ASSOCIATED WI~E 

SELECTED REACTIONS 

i. Na2SO 4 + 2C-->Na2S ÷ CO 2 

2. Na2S04 + 2C~2~5OH + ~CO 2 + CO + ~CS 2 

3. ~a2SO 4 + C + H20--~ Na2CO 3 + C02 + H2S 

4. 2NaOH + CO 2->Na2cO 3 + H20 

5. CO ÷ H20-->CO 2 + H 2 

6. C0 + S-->C0S 

7. CO + H2S--> COS + H 2 

8. Na2S + 2H20-----~2NaOH + H2S 

9 .  co + + "2  0 

i 0 .  ~a2CO 3 ------> Na20 + CO 2 
~ . . . .  

i i .  I~a2S + H20- - - -9  Na20 + H2S 

F @ 1300°K - 
Kcal/mole 

-39.7 

-35.0 

-31.0 

-16.2 

+ 1.45 

+ 2.54 

+8.8 

+24.9 

+25.6 

+34.2 

+42.9 

All data except Na2S04 from J~AF thermochemical data; all 
compounds i~ the liquid or gaseous states. 

Da~a for Na2SO 4 averaged from: 

a) X.K. Kelley, Bur. ~ines Bul° 584, p. 174 
b) Do M. Ginzburg, J. Gen. ~. USSR, 26, 968-70,(1956~ 
c) A.A. Fotviev, Zh. ~rikl. Ehimii, 35, 2402-2409 (1962) 
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IV ..... H ECHANICAL DEVELOPHENT 

A. W or  k Accomaltshed 

I. Enxironmental Testlnq of  Hiqh Temoerature Hater ta ls  

The tes t  vessel and a11 other special components hav~ been received 
and are-being set up for  operat ion.  A tenta t ive  plan f o r  the i n i t i a l  
tes t  has been established which w i l l  c lose ly  simulate an t ic ipa ted  
process condi t ions (other than pressure) and thereby y ie ld  per t inent  
data. Figure l l  sche~at ical ly shows the arrangement and tes t  operating 
condi t ions,  The appropriate gas composition and f low rat:e and graphite 
feed rate are presently under study and w i l l  be based on maintaining 
a stable composition of the melt during the test  period. Although the 
temperature on the f igure is indicated at 1800"Fj the temperature of 
the t es t  may be reduced to 1700°F i f  resu l ts  of  current process 
experimental work warrant th is  reduct ion. 

2. Coal Feed~nq Mechanism fo r  Bench-Scal,e Experimental Work 

The coal feeding mechanism~ described in the previous report3 is 
being set up for  operation in conjunct ion with the corrosion tes t  as 
shown in Figure II. In this ~pplicatlon a controlled rate of  graphite 
will he fed into the test vessel in a continuous automatic fashion. 

B. Work Proiected 

1. Environmental Test.inq of  Hiqh Temperature Materi.al.s 

Upon completion of the tes t  setup~ the f i r s t  tes t  w i l l  be 
i n i t i a t e d .  The materials to be tested f l r s t  are: 

lnconel 600 
Inconel 702 
Incoloy 800 
Incoloy80# 
AISi Type 309 

AISI Type 310 
50 - 50 Al!oy 
Hastel loy B 
Hastel loy C 
Rayonel 600 
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2. Coal. Feedinci ,H.,e.chanism for  B.e,nch-.Scale Exper|,menta| Work 

The coal feeding mechanism~ operating ~n c~-.iunct;on with the 
corros|on test ,  w ; l i  be subjected to an endurance tes t  pemi t t ;ng  an 
assessment of  the a b i ] i t y  o f  the device to mainta|n -~ constant feed 
rate over an extended per iod of operation. In addit;on~ the mechanism 
w~11 be tested under condi t ions c |ose l /  reserabl~ng a continuous feed 
bench sca|e coal gas i f ; ca t | on  operation. 
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V. HANPOI,,'E,R AND COST ESTI.'~AT.E,S 

Figure 12 shows the projected ~ a n ~ r  breakdown f o r  Phase I fo r  
196~ as wel l  as the actual e f f o r t  tha t  was at ta ined.  I t  can be seen 
tha~ a seven and one half-man e f f o r t  ~3s sustained during November. 
This is a s l i g h t  de-.tease from the eight-n~.~ e f f o r t  in October. Due 
to the ho l iday  shut-down in December, the average m:m hour e f f o r t  
fo r  the month wi ! | be much |G~er. 

Figure 13 shows the expend|tures during November as wel l  as the 
cost est imates fo r  Phase I fo r  19~=~. For the month of  November $12,200 
was expended not :.ncluding fee and G. & A. The to ta l  expend;*.ures 
throL~jh November were $60,~00. This represents approximately 2 ~  
of  Phase I .  
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MANPOWER FOR PHASE 

1964 

ID lO |lJ ~N;~l  I I  |O | | Z O & I i  I ;  | 0  | JXO:UI  J ZO | i 3 , 0  Zl~ Ill I~111S ;UD ,1~, B g'2 | I X O 3 J I  S IO IS;KO~I, 
J U I ~  JULY i M i I U I ~  | l g l r ~ ' l a l 4 ~  OCTOlllrJI K O Y I M I ~  DICCIBI l¢11 



" r i l l  IN.  W.  K ~ Q  GOII~gPA4HT 

I~mmee~t & Omwe~meel  

t 

4 

FIGURE 13 
COST ESTIMATE FOR PHASE Z 
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I. INTRODUCTION 

The v i s c o s i t y  o f  a 30% a n t h r a c i t e  ash-70% sodium carbonate  a t  
lS00"F decreases rapidly with time; from 403000 centipoise in t ta l ly  
to 7~000 in four to slx hours. Tests of the rate of gasification of 
a n t h r a c i t e  coal  a t  con tac t  t imes o f  4 ,5  seconds i n d i c a t e  t h a t  the steam 
conversion to synthesis gas is directly proportional to the concentration 
of coal in the molten suspension. 

Work was continued on process development. The "recovery of 
Na_C03 by precipitation wlth C02 and water to form insoluble bicarbonate 
se~ms to be the most attractive. 

The env i ronment  t e s t  f a c i l i t i e s h a v e b e e n . s e t  up and the mete r ing  
dev ices  were c a l i b r a t e d .  
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I I .  PROCESS DEVELOPMENT 

A. Acc~pli,shments 

I. ~a~CO 3 Recovery 

Five methods have been evaluated for recovering sodium carbonate 
ca ta lys t  from ;he aqueous so lu t ion  produced by quenching g a s i f i e r  melt 
w i th  water. I t  has been assumed in making the evaluat ion that bituminous 
coal is gasified at 18GO'F and 400 psia~ =hat heat is provided for the 
gasi f icat ion by means of a f lred-tube melt heaterj and chat ash is 
permizted to bui ld up in the c i rculat ing melt to a level of 2 ~  by 
weight. These conditions correspond to flowsheet No. I-D (Progress 
Report No. 3, page 4), which offers the lowest gasi f icat ion costs i f  
the associated technical problems can be solved. 

The f ive salt  recovery methods studied are the following: 

a. Hiqh Pressure Evaporative Crystal l izat ion (Case I-D2} 

As in a11 the schemes, hot melt from the g a s i f l e r  is quenched 
wlth cool ing water a; atmospheric pressure to d issolve most of  
~he sodium c a r b o n a t e  ca ta lys t  and leave the insoluble coal 
ash const i tuents  in suspension 3 so that they may be removed 
by f i l t e r i n g .  Five percent of the carbonate is assumed to be 
lost with the ash. The f i l t r a t e  is heated ac 400 psia to 
prec ip i ta te  anhydrous Na2C03, which is separated and returned 
to the gasl f ier .  The major advantage of this scheme is that 
the large heat requirement for evaporating quench water is 
not wasted, but is used to produce steam at 400 psia for 
9asif lcat ion. The major problem would probably be the fouling 
of heat exchanger surfaces by precipitated sal ts .  Because 
of the inverse s o l u b i l i t y  curve of sodium carbonate in th is 
temperature range (Progress Report No. 3~ page 8) i t  w i l l  
precipitate az (or on] the heat exchanger surface 3 where 
temperature is highest. 

b. Low Temperature Crysta l l izat ion {Case I-D_3) 

After the melt is quenched and insoluble ash constituenIs 
f i l te red  of f j  the Na2CO 3 solution is cooled to 4D'F by 
evaporating water at sub-atmospheric pressure in a steam-jet 
ch i l l e r .  The decahydrate of sodium carbonate is precipitated 
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and separated from the solution by centrifuging, and the 
water of hydration is then driven off  in a rotary dryer using 
hot f lue gas from ~he g a s i f i c a t i o n  sect ion.  Dried Na2CO 3 is 
returned to the gasif ier.  

The large heat requirement for removing water of hydration is 
=he major disadvantage: because this energy is then largely 
unavailable for further work. Alsoj fouling of exchanger 
surfaces is a possible problem~ although thls could be 
avoided at some increase in operating cost by treating the 
refrigeration less frugally. 

c. L, ow Pressure Evaooretive .C.rysta11izazion (Case l-Ob~) 

The heat exchanger fouling problem associated wlth Case I-D2 
is avoided here by direc~ contacz of aqueous solution with hot 
flue gas to evaporate water. However~ the heat consumed is 
degraded Zo a level ,,here i t  can no longer be used~ so the 
operating costs are s igni f icant ly  higher than those for 
Case I-D2. 

d. Hiah Tamoeratur ~ Precioitation (Case I-DT) 

This scheme makes use o f  the inverse s o l u b i l i t y  o f  sodium 
carbonate at  high t~peratures. After quenching and filtration 
of  ash componenzs~ the Na2CO 3 so lu t ion  is  heated in a ser ies 
o f  exchangers to p r e c i p i t a t e  anhydrous Na2CO 3. The c rys ta l s  
are separated by cen; r i fug ing~ whi le the mother l i quo r  is 
cooled and racirculated to the quench drum. Heat costs are 

minimized by recuperative heat exchange~ but tee problem of 
surface fouling will probably be severe. 

e. P rec i o i t a t i on  of Bicarbonpte (Case I-DIO) 

A f t e r  quenching and f i l t e r i n g  of ash components3 the 20~ 
sodium carbonate so lu t i on  is contacted w i th  carbon d iox ide 
a t  about 25 psia.  Insoluble sodium bicarbonate 35 formed 
according to react ion ( l )  and 3 a f te r  separat ion by cen t r i f ug ing ,  

Na2c03 + c02 * 2 aHCO3  (1) 

i s  returned to the g a s i f i e r .  There react ion (1) is reversed~ 
producing CO 2 and H20 w but the quan t i t i es  are small and have 
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] izzle effect on gas co~posiz;on. The b ica rbona te  decomposi t ion 
is endozhermic j  so ~ a s i f l e r  du:y  is increased s l i g h t l y  in  t h i s  
cas t  0nd = ! ; ¢ = i e  mor¢ ¢o=1 must bo burnod in ;he F i rod-¢ube 
heater. This salt recovery process yields a l~# operating 
cost because no heac is required. Further~ operating 
d i f f l cu l t ies  should be minimized because the f]owsheez is 
slmp~e and there are no exchanger surfaces to foul. 

The escima;ed co~z o f  ash re~oval  and c a t a l y s t  recovery  acco rd i ng  
to the f l v e  f l owshee ts  j u s t  d iscussed is su r~ar i zed  in Table ; .  The 
incremental coal cost ~o: Case ]-DlO represents that heat required to 
deco~,pose sodium bicarbonate. Total operatin~ costs in Table I do not 
include fixed charges because capital investment has not yet been 
estimated. However 3 :hls is not expected co affect the relative 
posizlon of the several cases. 

Cases I-D3 and I-D4 yield high costs bccause of their wasteful use 
oF heat, as already discussed. These have been given no further s~udy. 
For zhe re~..aining th ree  cases i= is o f  i n z e r e s t  whezher t h e i r  r e l a t i v e  
position wi l l  be affected by changes in zhe underlying assumptions. For 
-~'.,.~s reason the effect of 10% ash in the entering melt (instead of 20~) 
and of 10% Xa2CO 3 losses (rather than 5%) were investigated. The 
results are also presented in Table I. I t  is found that salt recovery 
costs do increase slgnlf lcan:ly under these conditions~ but the relative 
posi~ions of Cases I-~2~ I-D73 and I-DIO do not change. 

Iz is concluded that Case I-DIO is the mos= attractive of the salt 
recovery methods considered because i t  is simple~ its estima~ed costs 
are a~ng the lowest, and a minimum of operating d i f f i cu l t ies  is 
expected. 

2. Me:bane Synthes is  

The c ~ p a r i s o n  o f  a l c e r n a ~ i v e  methane syn thes is  processes has been 
s u b s t a n t i a l l y  co(~ple=ed. Th is  study was in=er rup ted  so t ha t  maximum 
e f f o r t  cou ld  be devo=ed to  ~aking a p r e l i m l n a r y  es t ima te  o f  hydrogen 
cos ts .  Resu l t s  o f  ~,~e methane synthes~s comparison w i l l  be repo r ted  
next month. 



TABLE I 

COST OF ASII IIEI.IOVAI, ANU CAI'ALYS'f REC(}VliliY 

Basis: Ilatv I ta te i ' la l :  Bittlliliilotis Colll 
Producl: liar./ synthc,<.;is gas equivalent to 2.50 141.1 SCFD 

of p ipe l ine O,'is 
Na^CO:~ Losses: 5~ per pass throuuh recovery system 
I.lei!ho~i of heclt supply: I:il'ed.-tul)e hooter 
Eiltel'incj melt composl fL'iOnl 20~ ash, 80~ Ita2CO 3 

Case llo. I -D2  ! - D.__~.3 I.-D4 I - D 7  I . .D IO 

Cos[ of Ash Itemoval and Catalyst 
l(ecovery, ¢/14SCF of Pipeline Gas 

I ncrel,e,ltal coa.l 
Ileal at llO¢/I-II.I BTU 
Cool Ing water 
Power at O.7¢/l~wh 
NaCo 3 losses ~lt 1.55¢//] 
Labor and overhea(I 
Tot¢'ll, excl .  f ixed charges* 

. . . .  0 . 3  
2 , 0  2 . 3  0 ,1  - 

- 0 . 4  - - - 

0 . 2  - - 0 .1  0 . 2  
1 , 2  ] , 2  1 . 2  1 .2  1 , 2  
o .._! " o ,_j O.~ 9_.! o .  1 
! . 6  3 . 8  3 . 6  1.5 

Total Cost, ¢/I.1SCF, I.~lth 107,, ash 
In en ter in  9 nlelt 

Total Cost, ¢/MSCF~ w i th  10% ash in 
melt and 10% Na2CO 3 loss per pass 

3.4 

6.1 

3 . 2  

5 . 9  

¢~HOTE: One m i l l i o n  do l la rs  of  Investment adds o.13¢/I,Iscr of  p ipe l ine gas. 
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3. Ses ?u.+iFic~-ion 

!cforma:ioc has been received f-om F~uor Corporation end from Shell 
Deve~opme~: Company co~cer~ing :he appiicazion of :he i r  respec:ive gas 
p=riFiczzio~ processes zo :he remove; of CC 2 and H2S for :hls s:udy, in 
acd~tion~ cos: eszlma:es ~Bve been comple:ec :or our own designs of " 
~onoezhanolam~ne: Ve=rocoke~ end acetone wash systems. When data on 
~eczisol are rece3ved from Lurg~, =his s~udy :o choose :he optimum 
gas purif~cazion sequence for each produc: gas of i~ :eres l  wi | ]  De 
concluded. 

4.  :-.'v~roeen Proc~uczTon Costs 

In response :o a revues: from :~e OffTce of Coal Research, a s~udy 
Ts in p~o~ress Zo make p~elimi~ary esaima:es of :he cos: of producing 
230 KX SC~ of hydrogen fro~ b~zum~ous coal via molten salt ~esific~=ion. 
The res_~z wli~ be a ~able of coszs similar zo =ha= presenzed previously 
fo r  p~peline gas (P~og~ess Repot: ~o. 3~ pase ~). The ef fec:  of :he 
f o l l ~ w ~  5 varTa~les wii~ be investisa:ed. 

Gasif!e~ o~ersz[n 5 cc~di-[ons 
b. Produc: hydro~an purTzy 
c. ExZen: of ~ez~ :e  p:o~=czion in ~es i f ier  
d .  ~:~:ho~ of ~ezhane remov~l 

(2 )  P a r z i a i  o x ~ d a z i o n  

5. Eff_+:~, of Ccz i .~ ' " r : c~ :~on  Rsze cn Choice o f  ~ee: c....~o.y~ ,,e~,.od~ -w 

Save,-~+l :ezh.~ds hzve be.=-.~ s,+'gces:e~ C?.-ogress Rapor: .No. I, page i0) 
f t .-  su~pl,/in~ he~;. fc.- :he en~o:~.ec-ic :as. Fica-io,~ re~.czlo,-.s. The 
,.-.os: p:c.-..is~n(~ c,- :hese '...'ere .our.d :o b~.: (~ ci-c~:iazion o f  r..e!: 
-=~:ou,~h.,. ~-.'. ex:err.~.'. -~rac~-z~:be. heeze-~ ~.-r.~: C2) co..-.bus:ion of coa; in 
d - ra t :  conzac: w ' : "  :.~,e .-.e~.:. i :  h~.s beco..-.e ~p.:~rer,: :ha: ;he second 
zl:err.~zive r. ay r.~: be a Fe~s:~ia o.-.e u.-.~ess c~.rbo- 5~-s'fica:,o.q ra~es 
a."e ex:ra.-=~iy hie-.  The re.aso-ir. S ~eh'r,c~ :his szzze.-..e.~: is reproduced 
~ e  I o'.,'. 

Reproduced from I 
best available copy 
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Quan~i~y of coal burned in the heater to  liberate zhls heat is only 
aaout 0.~ of zhe melz circulation rate. Now considering the direct 
combustion casa~ i f  the mei: entering the hea~er contains more =han 
0.4~ carbon~ combustion will be incomplete and excess carbon will be 
presenz Tn zha mel~-. In fac~ if equilibrium for reaction C3) is 
achieved~ :he carbon will be burned predominantly to CO~ no~ Zo CO 2. 

C0 2 + C ~ ~ 2C0 {3) 

Because combuszion zo CO l i b e r a t e s  o n l y  about 3 ~ a s  much heat as 
combustion to CO O a~ 1800"F~ more combus~ion air  must be supplied and 
more coal must b~ burned to provide she required heat. The C0-containing 
flue gas is a ra~her poor fuel and besides is produced in such large 
quantity that ;z can not be ut i l ized by the plant. TEe net result is 
tha~ the increased coal consumption wi l l  add about 9¢/MSCF ~o ~he cos~ 
of pipeline gas: which is clearly unacceptable. 

;n o r d e r  zo have less zhan 0.4% carbon in ~he mel t  e n t e r i n g  the 
heater and s t i l l  recain a gasifler of reasonebie dimenslons~ coal 
gasification razes must be higher than corresponding uncata lyzed 
razes by several orders of  magnitude. 

Thls problem caused by excess carbon in  ~he mel~ d isappears  in She 
case where heat is supplied via a fired-tube hea~er because ~he flue 
gas is no: in con:act with the melt. 

6 .  Pumolnc og Ne!z 

A n~mber of gesifier configurations of interest require pumping. 
:~e "melz"~ z~  mixture of molten sodium carbonaze~ coal ash, and 
~n~as;fled carbo~. In :he most severe case~ :hat of gasification at 
hig~ p~essur~ and direc:-con:acz hea:ing of melt a; low pressure~ ~he 
melt ~G~:G nave ;o ~e pu~ped agalns~ a head of several hundred pounds 
per sq~cre iAcn. t :  has been assu~d  =ha: a pump can be developed' f o r  
: h l s  s e r v i c e ,  l~ i s  conce ivab le  ;ha t  a = a : e r i a l  o f  c o n s t r u c t i o n  can 
be found : ba :  i s  r e s l s : a n t  ~o co r ros i on  by zhe melt~ but which is  not 
saZ;sfec:ory f o r  pump fabrica:ion because of ~he high stresses and 
c:ose :o~erances involved. In that case melt could be transferred 
agai~s= a ~ " ~G-ps head by a series o f  lock hopper~ lined wi;h the 
corroslon-reslszanz material and pressurized with carbon dioxide. 
Incr~=e~za] cos~ for :his operation over the cos~ of pumping ~he melt 
is estimated ~o be abou~ l-2¢/~SCF.of pipeline gas. I f  depressurlng 
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, v ,~ &=com~ ~hec '.v!:~ ~ vc]ve 5~Z m~SZ ~lso 5e done v ia 

~-3~/:':S~F of pipa~n~ ~s: or 0.6-~c/XSCF o: ~ycrosen. This me~ho~ of 
~a~z z~&=sfer raq. ' res a m~zi:uCe ~-f ~cck hoppers, and an eiaboreze~ 
~x~a~sive pTp~n~ system, boy;ever: so simp;e p~mping is m~ch ;o be 
~e fe~ec  : f  ~z is ;achn ica l i y  feasible. 

~. ~,,~rccz~ Fro~uczTo~ Costs 

T~e ~re:im~n~ry estimates of the cos: of producing hydrogen from 
~!z~mT~c.s coc~ as ~ f ~ c : i o n  of z~e seve~a~ v~i~b~es ~iszec w i ] :  be 

T~e results of =~e crania;ion of a~zernazive methane synthesis 
pro~esses m'm';'' Ca repOr~eC. 

3. -1 c'..:~~e~ : St"cTes 

~z~STas of aco~o~:c ef fect  of adc i~  poZ~ss:um a~d/or !izh~u~ 
c~rco~aze ;c the ~e~z ~nC of the ef fect  of varyi~g ~azes of ~es i f i caz ion 
o~ z~a ~rccass waFe ~nzer~u~zed ~y :he i~:e~esz ;n hydrogen cos ts .  
These s z ~ ; a s  w~:~ ~e res~=~C. 

T~a eva l~az [on  ~-f ~as o ~ r i f ' c a z ' ¢ n  p~ocesses wi l~ conzinue. 

Reproduced from I 
best available copy 



~-  . No. 10 

Re.~ o.-t: No . . . . . . . .  ~. . . . . . . . .  

; ' '  P~3C-ZSS R-'S--AP, CH , I . 

. .  9h'*.sTczT P r ' o - ; e r z v  ~*----:a 

V~sc3si=y :es=s .~ve  5e ,~"n on mol=en sod;am c a r b o n a t e - a s h  mix=ures 
: c a  , . , ~  ~ - ~ , c R .  ~, ' !scos~zi~s are =easured us i ng  a s tandard  

Z r o c < f T e : d  :tcCJ: RL'T V;sco~eze=.  A spec,a]  !~cone! V isco~a~e ;  s p i n d l e  
~zs co~szr~cz~c f o r  a-~a :n ; h e  dazerm~nazions.  A 1 . 7  ; r i c h  I .  S. x i6  
:~ch ~:~cc.~: : u = ~ . ~ : z s  used ~s a c o n : a i n e r  f o r  :he m e l t s .  The z u b e  was 

m .  . , o 

.r.~ v ' s c s s i z y  ~'.= ;'~='~,. ~-r~.~=;..--c,,,, 6.-.zn;ac:ze as.".-7"~% sod,um carbonate  
:.:as r.aa~ar,:d ~.: ' : 3 ' :  - :.~ ~. c.---rbon C[ox! ~-~= az.-..os.~here. The v i s c o s . z y  

~ ,  . .  " - 1 "~  @ ~J t JO  c.~cr~.a~,~, .'~.5;c~.: • ". . ' ;h =L.~e.  .-h = ;.-.['.i~.; v . s c c ~ i : , /  o;= about  " "  ~'~ 
ce.-.z'30"s-~s ~ :_ : "  " : :Cz ,S  :a .G,.-  : o  s l x  ~ . ~ r s  ,.-: a-~o-'.: 7,088 c e n : i p o . s e s .  
T.~e pr ,~.~.ca c,~ ~--.~.- " n the  i-.~^s - - ~ ,  ~ C8.> azmasp.-.ece :...zy silchzi,/ 
-f.-':=-z zc> raze -=" < . _ ' ' ' - . - - - - : i - z  - f  z h e l v ' s c o s l z y .  " - z ' -  23 hoers :he 

. .  . . . .  . • _ .  

- -e . . . .~c  = - ~ . c =  c :  z.-..s z : . × : , . . ~  '.-,'cs "=z~.-... 'n-" : o  ~-e .---:-.-.'t i'-:78°F. This 
, ~ ~ ,.~ ; . - ; n t  - .  ; h i s  mixz-'-'re ,...'hen zr.e 

:c.:~. a re  ,,-:.:-:.-.--', ,.,. "n z : . c . z := , ;=  c r ; ; c ' b l e .  7~'..s i s  .~robab;,/. due :o  the 
" c.." aac,:~, o~ c.- .-r- . ' -n, ,  ,,~ ,, pr"-a-z:~-, ,,,. ~ ,,'n z.-.e me".' 'ng~ .-~- i . ' .=.o Co.-rosior. 
~;c,=.=c.zs ~.-c,-.z=,;v. ~.c, no;  :~..:a,~.. -~,.,. the v ' scos .zv ,  zo ~.n,/ g r e e t  e x t e n t  
sT..ca : - . ,  v ' s c . c : : z y  '.;'as r e l . ~ v e . ~ y  s z r - b : e  ~-: 7C, C,0 c e n : i p o i s e  from .5 

. . . .  . . . . . . . . .  o.-. 58~= ~. 'ce.-. :- :oo: a . ~ = h r - c . = e  -=sh-78% sodi ' , .- . .  

A 5.c.=~n;.=.  : - a ; ' ~ : ~  :..'-=,., d~,-:~ ~._~-.~ ,.-c,.-.:- 'n;.-.~ ~ T.-.e :,o~,~::' a:'.t'.".rac.i'ce a s h -  
ca. -~c, . - .a :a  - : x : _ ' r a  . ' a .~ ' -~ '7  a = y ' i ' ' r - : = , ~  ~ ~ ; ~  zr, a ! 5 3 ; * -  m e i ~ , i n ~  p o i n ~ .  

. . . .  • . . . ,  

. . . . . .  . . , _  ~c~' . , . - - . r ; . :e:  c -  !~.7C, _.  7~.is - g . _ ,  , , ~ ,  ~ ,  e l )  z~.e =ossi=~e =-f---z=, o f  
co r rosZo . - . . : : cC , - :~ -  ,,-.-. i-..:~:'r.g~ ~ -h ~ .  ~ .-..=i z ; . % ~  .~-'a.,~ - =..--d {2) : h a t  :he 
=.-a.~e.=c~. ~,-~ s-'~.:..~ i t .  "i'.-, ,. ,,,,;~* c.:. .- .~,sa::ere z~.~ . - - re : ' . : l , l  ,.,'~"'~ a ~-o~ r e d u c e  ; - e  
- e .  :;.~:" .=- ~.-.:,, .-'u.'zher. .==-'-" ,,~ .,,~..,,=,.- c ;~  ;".C%) redaces -'-=~,,,~ =-, , ; i z l a £  po ; -=  
o . - . ] y  - ~ , - , -  2 3 " 7  " - " ' "  • ,; ,, , c,~.o": : .ha: o~ ~ r e  .~a2C03 a:'.d .~;u, .n  r..ol=en carbona:e  
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