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I. SUHHARY 

This progress report is the t h i r t y - s i x t h  since the awarding of  
the cont ract .  I t  is concerned wi th the F i r s t  phase o f  the contract  and 
summarizes the progress that  has been made in the three pr inc ipa l  areas 
now being studied: Process Research, Chemical Engineering Studies and 
Hechanlcai Development. 

Ana ly t ica l  resu l ts  have been obtained which v e r i f y  e a r l i e r  
q u a l i t a t i v e  observat ions concerning the Form in which su l f u r  is present in 
the melt .  The conclusions of  th is  work are that su l f u r  i r  the g a s i f l e r . w i l l  
be present as s u l f i d e  and in the combustor as su l f a te .  In add i t ion ,  a l l  of  
the su l fu r  should stay in the melt and none should be lost  in the e f f l u e n t  
gases- This w i l l  make i t  possible to decrease su l fu r  removal costs sub- 
s t a n t i a l l y  and thus y ie ld  lower gas costs. 

Experiments were perforn'~d to determine what w i l l  happen to 
py r i t es ,  FeS2, brought in wi th the coal.  These resu l ts  ind lca t~ ,  that  the 
py r i tes  most probably w i l l  react wi th sodium carbonate to y ie ld  sodium su l -  
Fide ( in  the g a s i f i e r )  and rnagnetitej Fe304, which w i l l  be removed in the 
ash removal sect ion.  

Addi t ional  work has been done to determine the degree to whlch a 
steam-carbon d iox ide mixture w i l l  ox id lze  sodium su l f i de  in the mel t .  Care- 
fu l  precautions were taken to prevent ox idat ion due to a i r  leakage or metal 
oxides present on the surf6ce of  an Inconel reactor  by the use of a pure 
alumina reactor. Qua l i t a t i ve  resul ts  thus Far ind icate that  there is a slowj 
but continuous~ ox ida t ion  o f  su l f ide  as the gaseous products of  react ion are 
removed. I t  is f e l t j  howeverj that  the presence of carbon in the g a s i f i e r  
w i l l  maintain the su l fu r  in the su l f ide  Form. 

A l i t e r a t u r e  search has indicated that  the C ia~  Process For con- 
vers ion of  hydrogen su l f i de  to su l fu r  should be appl icable to the carbon 
dloxide-hydrogen su l f i de  o f f  gas From the carbonation tower in the ash re-  
moval section. 

FIowsheet ca lcu la t ions  and equipment s iz ing  for  th6 synthesis gas 
plant  have been compteted and a cost estimate is being prepared. 

Work has continued on updating the p i l o t  p lant  flowsheet in pre-  
parat ion for  a process release. 

Simulation tests designed to check on the e f f i c i ency  of  melt c i r -  
cu la t i on  indicated a good c i r c u l a t i o n  pattern wi~h no obvious problems. A 
r e l a t i v e l y  high degree of mix|ng and good pumping act ion in both vessels and 
in the l i f t  l ines were observed. 
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Ef fo r ts  were made to setup a new mach;ne capable o f  cu t t i ng  
~0nofrax "A" samp]es f o r  use in corrosion tes ts ,  i t  is ant ;c ipated that  
these cut s~ap]es wi~,] be f ree from the cast in~ defects ~hich have pre- 
v i o u s l y  led to above norma] corros ion rates.  
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i l .  PROCESS RESEARCH 

A. Accomplishments 

I .  SulFur Fom in GasiFier and Combustor: 

Ana ly t i ca l  resu l ts  have been obtained which v e r i f y  the q u a l i t a t i v e  
observat ions and conclusions presented in the las t  summary. A melt o f  4~ 
sodium su l fa te  in sodium carbonate (r.orresponding to 0.9~ su l f u r  in melt) 
at 1740"F~ which had bee.n t reated wi th an thrac i te  and s t i r r e d  wi th 0.5 
f t . / s e t ,  nitrogen~ was subjected to gas i f i ca t i on  condi t ions and samples of  
the melt were analyzed For su l f i de  su l f u r  and su l fa te  su l f u r  at each con- 

d i t i o n .  - -  Me!t Analyses - -  

Time Sul f ide  Sulfate 
Hin. Condit ion Sul fur  Sul fur 

- -  CO 2 replaced N 2 0.54 0.15 
- -  A i r  replaced C02 - 5 min. 0.O0 0.87 

0 Steam replaced air~ anthrac i te  
added (zero time) 

5 Gas i f i ca t ion  0.65 0.17 
15 " 0.59 0.19 
30 " 0.67 0.19 
45 " 0.73 0.15 
75 " 0.34 0.58 
95 " 0 .00 0.90 

The ana ly t i ca l  resu l ts  show that a i r  ox id izes  su l f i de  to su l fa te  
ext r~ne|y  fast  3 that carbon rap id ly  reduces su l fa te  to su l f i de  under g a s i f i -  
cat ion condi t ions with a large excess of  steamj and upon deplet ion of the 
carbon and in the presence of  steam reoxidat ion of  su l f i de  to su l fa te  occurs. 
The presence of  a constant amount of  su l fa te ,  about 20% of  the to ta l  sul fur~ 
during gas i f i ca t i on  may be real or may be due to a i r  ox ida t ion  whi le removing 
the sample from the melt and reactor .  A l l  the su l f u r  appears to stay in the 
melt and none is los t  to the gas phase. 

Thusj i t  is  concluded Fmm the above and other resu l ts  that su l f u r  
in the g a s | f i e r  and c~nbustor of the process w i i ]  be present as su l f i de  and 
sulFate~ respect ive ly .  
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2. D i s p o s i t i o n  o f  Py r i t es  in  Me l t :  

Py r i tes3  FeS2, w i l l  en te r  the mel t  s ince i t  i s  present  in  the raw 
coa l .  A B e l t  o f  ~ p y r i t e s  in sodium carbonatewas heated t o  I~O°F  in  an 
alumina tube w i t h  pure carbon d i o x i d e  a t  0.5 f t . / s e c ,  s u p e r f i c i a l  gas v e l o c i t y .  
The mel t  was sampled and analyzed.  A par t  o f  the sample was q u a l i t a t i v e l y  
found to be h igh  in  s u l f i d e  s u l f u r  and low in  s u l f a t e  s u l f u r .  I t  i s  be l ieved 
the f o l l o w i n g  reac t ions  took p lace:  

3FeS 2 + 6Na2C03_.__.  ~ Fe30~ + 6Na2S + 6CO 2 + 02 

Na2S + 202 ~ Na2SO ~ 

The b lack  c o l o r  o f  the mel t  suggested the presence o f  magneti te~ Fe304. 
Formation o f  s u l f a t e  occurred i n t e r n a l l y  from the s u l f i d e  and oxygen. 

I t  i s  concluded tha t  p y r i t e s  w i l l  y i e l d  s u l f i d e  i n  the  g a s l f i e r  
and t ha t  the i r on  as magnet i te  w i l l  u l t i m a t e l y  show up in  the  ash r~-nova] 
sec t i on .  

3. .Oxidat ion o f . .Su l f i de  En N ~ t  by Steam - Carbon Diox ide:  

The o x i d a t i o n  o f  sodium s u l f l d e  in  a sodium carbonate melt  by a 
one to  one r e t i o  o f  steam to carbon d i o x i d e  has been mentloned in  p r i o r  
summaries. Precaut ions to  prevent  o x l d a t l o n  o f  the sample by impure gases 
o r  a i r  have been made and now the e l i m i n a t i o n  o f  any e f f e c t  o f  the Intone]  
reac to r  by use o f  a NcDanel pure alum|na reac to r  and gas i n l e t  tube has been 
donE. A B e l t  o f  5°~sodium s u l f i d e  in  sodium carbonate a t  1840°F w i th  pure 
n i t r ogen  a t  0.5 f t . / s e c ,  fo r  a g i t a t i o n  was sampled~ then the n i t r ogen  was ra -  
placed w i t h  a l / ]  m ix tu re  o f  p u r i f i e d  steam and carbon d i o x i d e  and samples 
o f  the melt  taken a f t e r  0.Sj 1 and 2 hours. Al though q u a n t i t a t i v e  resu l t s  
are not a v a i l a b l e  as yet~ q u a l i t a t i v e  t e s t s  f o r  s u l f i d e  and s u l f a t e  are g iven 
in  the f o l l o w i n g  ~able. 

Time - hours 
Q u a l i t a t i v e  fo r  (1) 

Su l f i de  Su l fa te  

0 4.+++ ÷ 
0,5 +++ ++ 
l -H- ++4-. 
2 + ++++ 

( i )  Higher concen t ra t i on  w i t h  increas ing number o f  +. 
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The r e s u l t s  i nd i ca te  tha t  some sodium s u l f i d e  is  ox id i zed  by 
the carbon d i o x i d e  which r e s u l t s  from decomposi t ion o f  sodium carbonate,  
accord ing to the Fo l lowing equat ions :  

Na2CO 3 = N  a20 + CO 2 

Na2S + 4C02 = Na2SO ~ + 4C0 

The o x i d a t i o n  is  s low but cont inues w i th  the constant  removal o f  the product 
gases w i t h  n i t r ogen .  I n t r o d u c t i o n  o f  steam which carbon d i o x i d e  appears to  
increase the o x i d a t i o n  ra te s ~ t ,  probably by the Fo l lowing reac t i on :  

Na2S + ~H20 = Na2S04+ 4H 2 

Constant removal o f  the hydrogen by the excess steam-carbon d i o x i d e  accounts 
fo r  the con t i nua l  increase in  o x i d a t i o n  o f  the  s u l f i d e  to s u l f a t e  which is  . 
s t i l l  a r e l a t i v e l y  slow reac t ion .  In the g a s l f i e r ,  the presence o f  carbon 
in  the melt w i l l  ma in ta in  the s u l f u r  in  the  s u l f i d e  form. 

4. Reco)/ery o f  Su l f u r :  

De ta i l s  were given l as t  month o f  the method f o r  recovery o f  s u l f u r .  
A p r e l i m i n a r y  search o f  the l i t e r a t u r e  revealed that  commercial u n i t s  are in  
opera t ion  which recover s u l f u r  by the Claus Process on a gas o f  10 to 2 l~  
hydrogen s u l f i d e  in  carbon d iox ide  (Chemical Engineer ing,  A p r i l  l~ 1963, 
pg. 3B). This composi t ion should be e a s i l y  obta ined in  the f i n a l  pa r t  o f  
carbonat ion o f  the sodium ca rbona te -b i ca rbona te - su l f i de  f i l t r a t e  from ash 
removal. 

B. Pro iec t |ons  

I .  Ash Remova.! Studies:  

In cooperat ion w i th  Mechanical Development~ a reac tor  se t -up  w i l l  
be assembled to enable cont inuous g a s i f i c a t i o n  s tud ies  to  be ca r r i ed  out  a t  
about |800°F. The mel t  i n ~ e  reac tor  w i l l  be al iowed to b u i l d  up to about 
• ~ ~sh andS% carbon at  which t ime i t  w i l l  be f rozen.  The s o l i d  melt  w i l l  be 
ground and an approp r ia te  amount w i l l  be used to study ash remova~ soc;~um 
recovery and s u l f u r  recovery w i th  an ac tua l  3 ra ther  than simulated~ mel t .  
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I I I .  CHEHICAL ENGINEERING STUDIES AND DEVELOPHENT 

A. Accompllshments 

1. Flowsheet Studies: 

The f|owsheet ca]culat ions and equipment s iz ing for the synthesis 
gas plant have been completed and a capi ta l  cost estimate is being prepared. 
Aiso the flowsheet for  the hydrogen-from-coal plant has been completed and 
w i l l  be drafted in f i na l  form. 

2. P i l o t  Plant Desiqn: 

Work has continued on updating the p i l o t  plant fiowsheet in 
preparation for a process release. 

B. Pro,i,,ections 

I .  Flc~sheet Stqdies: 

The estimation of  equipment cost for  the synthesis gas plant 
should be completed and on the gas cost w i l l  be calculated. Al l  of th i s  
information w i l l  be presented together in the form of a complete process 
package. Also the f ina l  flowsheet for  the hydrogen-from-coal plant should 
be completed and w i l l  be presented wi th the materlai ba|ances and u t i l i t i e s  
requirements. The costs fo r  th is  process have been previously given in 
Progress Report No. 33. 

2. P~lot Plant  Deslqn: 

Work w | l l  cont|nue on updating the pi lot  plant flowsheet and pre- 
paring equipment load sheets so that a process release can be made. 
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i.V. MECHANICAL DEVELOPMENT 

A, Accomplishments 

I .  Hechan~ifcal C h a r a c t e r i s t i c s  Tes t inq :  

Some p r e l i m i n a r y  tes ts  conducted in  the p l a s t i c  model descr ibed 
l a s t  month ind ica ted  a good c i r c u l a t i o n  pa t te rn  w i t h  nod)v ious problems 
o c c u r r i n g .  The v i s u a l  observa t ions  ind ica ted  a r e l a t i v e l y  h igh degree o f  
m ix ing  and good pumping a c t i o n  in  both vesse ls  and the l i f t  l i n e s .  

Due to  the sho r t  w o r k p e r i o d  t h i s  month caused by vacat ion  shut 
downj no f u r t h e r  observa t ions  have been made. 

2. Co r ros ion .Tes t i nq  of  Hiqh Temperature Ma te r i a l s :  

A machine to cu t  the Monofrax "A" samples to  be used in  these t es t s  
was obta ined and p a r t i a l l y  i n s t a l l e d  dur ing t h i s  per iod .  No f u r t h e r  t e s t i n g  
has been s ta r t ed j  as i t  i s  necessary to prepare new specimens before tes t ; r i g  
can resume. With t h i s  new machinej speciman p repara t ion  wi~! be eas ie r  and 
f a s t e r  than in  the  past .  

B. Pro jec t ions  

1. Mechanical Charac ter | .s t lcs  Tes t |nq :  

Some f u r t h e r  observa~;ons as to the c i r c u l a t i o n  in the tes t  model 
w i l l  be made. 

2. Corrosion Tes t inq  o f  Hiqh Temperature Hate r ie ls~  

Tes t ing  of  Honofrax "A" w i l l  resume as soon as new specimens can 
be prepared. The t e s t i n g  o f  iNSULAG as a thermal i n s u l a t i o n  behind the 
Honofrax 'YA" w i l l  begin as soon as i t s  tes t  f a c i l i t y  can be completed. 
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V. MANPOWER AND COST ESTIMATES 

F igure  1 sh~.vs the pro jec ted breakd~:;n for  Phase 1 f o r  1967 as 
wel l  as the ac tua |  ef for t :  tha t  was made. i t  can be seen tha t  a 6.8 man- 
e f f o r t  was m~de dur ing  Ju ly ,  The reduced level  o f  e f f o r t  i s  due to the 
Laboratory shut-d~.m for  the l a s t  two weeks o f  the monch. 

F igu re  2 shows the expend i tu res  dur ing  Ju ly .  For th~ Bonth 
$12~827 was expended~ not i n c l u d i n g  fee and G & A. The t o t a l  expcnd l tu res  
through Ju l y  were $707:845. I n c l u d i n g  fee and G & A~ the t o t ~ ]  expendi -  
tu res  were $807,363. This is  7t:~ o f  the encumbered funds. 
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