
R E S E A R C H  A N D  E N G I N E E R I N G  DEVEL.OP~ENT 

,DE VELOPHENT OF KELLOGG COAL GASIFICATION PROCESS 

CONTRACT NO. 14-01-001-~80 

AUGUST J l ,  1967 

PROGRESS REPORT NO. 57 

APPROVrD:  

~ / ~  , ~  /, ̧  
, , ,m ~/ 

P;o jec t  Hanager 

MANAG(R 

PF~FARCH & [NGINE[RING DEVELOPMENT DEPARTMENT 



THE M.W.  K E L L O G G  COMPANY 
A OtVI$1ON 0 ~ P U L l . M A N  INCORPORATED 

~ K I E a n C H  • D t V ¢ ¢ O P M [ N ~  O K P a m T ~ C N ,  

PAGE NO. 

REPORT NO,. 37 

CONTENTS 

Paqe No. 

!. Summary . . . . . . . . . . . . . . . . . . . .  I 

I I .  Process Research . . . . . . . . . . . . . . .  3 

I I I ,  Chemical Engineer ing Studies and 
Oeve|opment . . . . . . . . .  5 

IV, Hechanlcal  Development . . . . . . . . . .  7 

V. Hanpo~er and Cost Estimates 
( to  be t~ansmi t ted  w i th  i nvo i ces )  



THE M.W. KELLOGG COMPANY 
A DIVISION OF PULLMAN INCOIRPDRATEO 

R [ S [ & R C ~  a O [ v [ L O P ~ E ~ T  O [ P A W T ~ [ N T  

P&GIE ltO. 

IIEPOIT I10. 37 

I .  SUMMARY 

This Progress Report is the th i r t y - seven th  since the awarding 
of the contract .  I t  is concerned with the F i rs t  phase of  the contract 
and sumnr~rlzes the progress that has been made in the ~hree pr inc ipal  
areas now being studied: Process Researchj Chemical Engineering Studies 
and Mechanical Development. 

Addit ional experiments were pe.rformed to determine the amount 
of s u l f u r  in the coal ~ i c h  w i l l  wind up in the e f f l u e n t  from the gas i f i e r .  
Wi th in  the l im i ts  of ana l y t i ca l  accuracy these expe,lments indicated that 
a l l  of  the su l fur  w i l l  be reta ined by the melt and thac the gas i f l e r  e f f l u -  
ent w i l l  be p r a c t i c a l l y  s u l f u r - f r e e .  

In order to f u r t h e r  c l a r i ~ y  what hapl~ns to s u l f u r  in the melt 
system~ two addi t ional  experiments were carr ied out in ~ i c h  I% mix~ureseach(ff 
su l f u r  dioxide and hydrogen s u l f i d e  were bubbled through the melt at 17~O'F. 
Wi th in  detect ion l im i t s  (99.7% removed~ no su l f u r  compounds ~N~re Found in 
e i t h e r  o f  the runs. Even when the gases were allowed merely to impinge on 
the quiescent melt surface~ complete su l fu r  ree~vai was obtained. 

In cooperation wl th  the Mechanical Development Group~ attempts 
have been made to prepare an uncontaminated me i t  sample fo r  use in ash re- 
moval studies by ac tua ] iy  gas i f y ing  coal (bottom-feed) for  an extended 
per iod o f  time. Due to the small s lze of the coal Feed tube~ considerable 
plugging d i f f i c u l t y  was encountered. However~ t ~  important observations 
were made while the uni t  w~ss operat ing.  First~ no su l f u r  could be detected 
in the o f f  gases from the g a s i f i e r  thus ve r i f y i ng  the aforementioned con- 
clu~iOnSo Second, there was no s i gn i f i can t  breakthrough of  tars when the 
coal was bottom-fed ind ica t ing  complete gas i f i ca t i on  o f  the v o l a t i l e  matter.  

Several modifications were made to the pi lot plant flow sheet in 
order to reduce i t s  cost and to  take into account recent laboratory f ind ings.  
One minor change was to reduce the pressure of the ash thickener from approx i -  
mately 15 psig to atmospheric pressure in order to reduc~ i t s  cost. Mod l f i -  
cat ions are currentlY/ under way to change the sl |pstream withdrawal from the 
combustor to the gas i f i e r .  This has been done in order that  the su l fur  in 
the coal can be removed as sodium su l f ide  rather than sodium sul fate since 
the s u l f a t e  is more water so lub le  than sodium carbonate and would proh ib i t  
the r e j ec t i on  of  su l fur  from the system without an undue sodium loss. On the 
other  hand~ the su l fu r  can be recovered qui te eas i l y  From sodium su l f ide  by 
reac t ion  wi th carbon d iox ide in the carbonation tower. 
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Estimated capita]  savings in su l fu r  re~.ova! equipment due to the 
retent ion of su l fu r  in the melt is about $7j000~000. This corresponds to 
a reduction o f  about 2¢/HSCF in p ipel ine gas sei1ing pr ice.  An addi t ional  
1.5¢/HSCF savings can be realized i f  the su l fur  is recovered v ia the Claus 
Process. The combined eFFect of  these savings corresponds to a reduction 
in pipelZne gas se l l i ng  price to 47 to 49¢/HSCF depending on whether or not 
by-product power is credited. 

New Honofrax A specimens have been cut From a Diamond Cut Lug 
block in preparation for  new corrosion tests .  In addltion~ test ing of the 
Insulag insu]a t ing  materlal has been begun, 

Computer programs have been developed to enable the ca lcu la t ion 
of the stresses in the in terna l ly  insulated carbonate transport l ines to be 
made. 

Prel iminary sketches have been transmitted to Design Engineering 
For the preparat ion of a planning study of the gas i f i ca t ion  sect ion. The 
purpose of t h i s  study is to determine englneer;ng so|utions to a l l  serious 
design problems pr io r  to release of  the project for  f ina l  engineering design. 
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I I .  PROCESS RESEARCH 

A. Accom.p I.i shments 

1. S u l f u r  Content of  GasiF ier  E~fluen~: 

The i n i t i a l  at¢empt to determine whether s u l f u r  as hydrogen 
s u l f i d e  w i l l  be evolved from the q a s i f i e r  was performed in  an alumina tube 
w i t h  a melt  c o n t a i n i n g  i% s u l f u r  as sodium su l fa te~  8 ~ a s h  and ~% carbon 
From 12/20 mesh a n t h r a c i t e .  This melt was brought to 1740"F w l th  carbon 
d iox lde  fo r  ag i ta t i on~and  the melt sampled fo r  s u l f u r  ana |ys ls  which i n d i -  
cated 1.06°~ s u l f u r .  In o rder  to s imulate steady s ta te ,  30~ steam in a pre-  
pared product gas (26.2~ C02, 50.7~o H2J 9.~'% CO, and 13.6% N 2) was passed 
through the melt  For one hour and the melt  resampled. A~thougE no hydrogen 
s u l f i d e  was detected in the o f f -gas  from the reac to r  tube~ the mel t  ana l ys i s  
sho~ed 0.k6% s u l f u r ,  represent ing  a s i g n i f i c a n t  loss o f  s u l f u r .  Th is  was 
r a t i o n a l i z e d  as e i t h e r  due to  segregat ion in the bed or to  s u l f u r  p ickup by 
the inconel s ~ p l e r .  

A repeat o f  the above run was made and at  the end o f  the one 
hour,  instead o f  sampl ing and running a chance o f  s u l f u r  loss ,  the whole mel t  
was f rozen,  ground and sampled for  a n a l y s i s .  The o r i g i n a l  melt  analy2ed 1.13% 
s u l f u r  (I.05% s u l f u r  was ca l cu la [ed  from mix) and the f i n a l  sample analyzed 
0.95% s u l f u r  (I.0/4% s u l f u r  was ca lcu la ted  For the m ix ) .  Again e x i t  gases d id 
not con ta in  any hydrogen s u l f i d e .  

Cons ider ing the accuracy o f  the s u l f u r  ana lys i ss  the conc lus ion  
has been reached ¢hat s u l f u r  was not los t  fr~-~ the melt  and tha t  the product 
gas from the gas i f i e r  w i l l  be p r a c t i c a l l y  s u l f u r - f r e e .  The chemis t ry  o f  
carbonyl  s u l f i d e  was s tud ied  and the conc lus ion  reached that  i t  w i l l  not be 
present  in the g a s i f i e r  product gas. 

2. Addi . t ;ona l  Experiments on Su l f u r  [n He l ts :  

A melt  c o n t a i n i n g  ¢~ash, 2.5% sodium s u l f i d e  s and about 1-~¢  
carbon from a n t h r a c i t e  was held at 1740"F in  an alumina tube and a g~s m ix tu re  
of  1% s u | f u r  d i o x i d e  in n i t r ogen  was bubbled through the melt  us ing an alumina 
tube as an i n l e t .  The s u p e r f i c i a l  gas v e i o c i t y  was 0,5 f t . / s e c .  A f t e r  one- 
h a l f  hour the e x i t  gas was analyzed by gas chromatography and found to  be f ree  
o f  s u l f u r  d i ox i de ,  The l i m i t  o f  s u l f u r  d i ox ide  de tec t i on  was 0 . 0 2 ~ .  

The i% s u l f u r  d iox ide  in  n i t r ogen  gas was replaced w i t h  1% hydro-  
gen s u l f i d e  in n i t r ogen  and bubbled through the melt  a t  0.5 f t . / s e c ,  f o r  one- 
h a l f  hour.  Again complete absorp t ion  o f  the s u i f u r  in the gas occurred and the 
e x i t  gas was Free o f  hydrogen s u l f i d e .  L im i t  o f  de tec t i on  was 0,025%. 
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The s e n s i t i v i t y  o f  gas chromatograph~ detect ion was increased ten 
fo ld  and once again bubbling l% su l fu r  d iox ide in n i t rogen gas a t  0.5 F t . / sec .  
through a sodium carbonate melt at  1740"F absorbed a l l  the su l f u r  d iox ide .  
Hence at  least  99.T~oF the su l fu r  d iox ide was removed. A smell tes t  on the 
e x i t  gas indicated no s u l f u r  d ioxides and t h i s  ! im i t  of  detect ion has been 
reported as 5 parts per m | l l i o n .  

Instead o f  bubbl ing the sul furous gases through a melt~ they were 
allowed to merelylmplnge on the quiescent surface. Retention of  both SO 2 and 
H2S by the melt as analyzed by the highest s e n s i t i v i t y  o f  gas chromatography 
was at  least 99.T~, 

3. Pre~aratlon o f  8 % A s h i n  Sodium Carbonate: 

In order to prepare an uncontaminated 8,% ash in sodium carbonate melt~ 
s t a r t i n g  from coa~ which could be used for  determinat ion o f  su l fu r  d i s t r i b u t i o n  
and recovery~ sodium recovery and ash removai~ an alumina conta iner  and alumina 
tubes have been u t i l i z e d .  The Hechanical Engineering Group has undertaken the 
preparat ion o f  t h i s  me|t. 

An i n i t l a l  attempt to  bottom feed the h i g h - v o l a t i l e  bituminous coal 
f a i l e d  due to agglomeration in the i n l e t  tube. H i ld  ox ida t ion  o f  th i s  coal 
was performed to  prevent caking in t h i s  tube. Although t h i s  helped a great 
deal~ plugglng in the small diameter tube s t i l l  prevented completion of  the ex- 
periment. During .~- operable part  o f  the runj samples o f  the e x i t  gases were 
analyzed and found to be f ree  o f  su l f u r  gases thus v e r i f y i n g  the su l f u r  removal- 
melt experiments reported above. Also o f  considerable note was the lack of  any 
s i g n i f i c a n t  breakthrough o f  tars  and v o l a t i l e  matter from i n j ec t i ng  the coal 
at  the bottom o f  the melt .  Complete g a s i f i c a t i o n  o f  the v o l a t i l e s  and tar  
appeared to occur in the melt ,  

A f u r t he r  attempt Feeding an th rac i te  in the above meta l - f ree rea~tor 
systern w i l l  be made in order to produce an 8%ash melt ,  

B. Pro iec t ions  

A f te r  preparat ion of  an uncontaminated 8% ash melt the ana ly t i ca l  end 
process research w i l l  be performed as ind icated.  
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I I I .  CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomp I i shments 

}, P i l o t  Plant: 

Several modi f icat ions were made to the p i l o t  p lant  Flow sheet in 
order to reduce i t s  cost and to take into considerat ion recent iaboratow 
f~nd|ngs. 

One minor change involved f lashing the quenched melt so lu t ion Fed 
to the ash removal sect ion to atmospheric pressure rather  than the 17.1 psig 
indicated in the Proposal. The reason for  doing th is  is to al low the use o f  
an atmospheric pressure thickener rather than a considerably more expensive 
pressure device ( p a r t i c u l a r l y  in the commercia| p lan t ) .  Of course 3 th is  now 
necessitates adding a s l u r r y  pump pr io r  to the ash f i l t e r .  

Another n ~ d i f i c a t i o n  has been made as a resu l t  o f  the recent data 
concerning the d i spos i t i on  and type of su l f u r  ~n the melt system. I t  has 
been Found that  essen t i a l l y  a l l  of the su l fu r  in the coal w i l }  remain in the 
meTt - none w i l l  leave in the gaseous efFiue~ts.  This su l f u r  w i l l  be present 
as sodium su l f i de  in the g a s i f i e r  and sodium su l fa te  in the combustor. Since 
sodium su l fa te  is even more soluble in water than sodium carbonate, sodium 
recovery of  th is  por t ion of  the melt in the ash removal sect ion would be 
impossible. However 2 the sodium su l f i de  has been found to react w i th  C09 
under condi t ions of  the carbonation tower to produce hydrogen su l f i de .  Titus, 
:n odd i t ion  to e l im ina t ing  a potent ia l  po l l u t i on  problem (SO~), and to re- 
ducing su l f u r  removal costs downstream 3 the su l f u r  is u l t ima te l y  recovered 
in a form wherein i t  can eas i l y  be converted to elemental su l f u r .  

The estimated reduct ion in investment due to the e l im ine t ion  of  the 
su l f u r  removal equipment in the gas p u r i f i c a t i o n  sect ion is approximately 
$7~000~000 For the p ipe l ine  gas case, This~ in turn,  would resu l t  in a de-  
crease in gas s e l l i n g  pr ice of about 2¢/HSCF. In add i t i on j  i f  the su l fu r  were 
recovered v ia  the Claus Process and could be sold at  $30/ton w an additior~a! 
savings of  I.S¢/HSCF could be rea l ized.  The combination of these reduct ions 
in the case o f  bituminous coal would resu l t  in a p ipe l ine  gas se l l i ng  p r i ce  
in the range of  ~7 to ~9¢/MSCF (depending on whether or not by-product power 
can be c red i ted ) ,  

Hc~ever~ in order to achieve the above savings; the melt s l ips t ream 
to ash removal must be changed ~rom the combustor to the gas l f l e r ,  This change 
is cu r ren t l y  being made and the p i l o t  plant Flow sheet correspondingly modi f ied,  
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2. Flow Sheet Studies: 

Estimation of the investment for  the 2503000~000 SCFD synthesis gas 
plant is nearly complete. It is ant ic ipated that th is  estimate w i l l  be 
ava| lable by mid-September. 

B, Proiect lons 

!. P i lo t  Plant: 

Work w i l l  continue on modifying the p i l o t  plant f low sheet to take 
into account the new f indings on su l fu r  d ispos i t ion .  In addltlonp more con- 
s iderat ion w i l l  be given to the control scheme to be used in the p i l o t  plant 
in order to aid in thewentual d e f i n i t i v e  designwork. 

2. Flow Sheet Studies: 

I t  iS ant ic ipated that the investment for the synthesis gas plant 
will be completed 6uring September, 14hen it i s ,  9as manufacturing cost using 
bituminous coal w i l l  be calculated. 
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IV. MECHANI CAL DEVELOPMENT 

A. ,Accompl.lshments 

I .  He_..chanic~i C h a r a c t e r i s t i c s  Tes t inq :  

During t h i s  repor t  per iod the major e f f o r t  was in connect ion w i th  
prepar ing a sample o f  melt  that  had exper ienced actual  g a s i f i c a t i o n  cond i t i ons  
and that  had contacted on ly  alumina. This work was Done at  the request of  the 
Chemical Research Group~ and the resu l t s  w i l l  be reported by them. 

2. Co~roslon Yest inq o f  Hiqh Temperature Rateria~,,s: 

New specimens o f  Honofrax A have been cut  end ~esclng w i l l  resume 
s h o r t l y .  These new specimens were cut  from a DCL (Diamond Cut Lug) b lock  and 
were inspected to insure the soundest poss ib le  specimens. 

In a d d i t i o n ,  t e s t i n g  o f  the INSULAG i n s u l a t i n g  mate r ia l  p r e v i o u s l y  
descr ibed has begun. 

3. Oesiqn ~ tud ies :  

A computer program For f i n d i n g  the i n f l uence  c o e f f i c l e n t s t  s t resses 
and d e f l e c t i o n s  in  a shor t  con ica l  s h e l l  sub jec t  to a r b i t r a r y  a x i a l  and rad ia l  
( t h rough- th l ckness )  temperature d i s t r i b u t i o n s  was developed. An e x i s t i n g  
c y l i n d r i c a l  she l l  program is  being modi f ied  to  permit  the same deterT~,inations. 
With these two programsj i t  w i l l  be poss ib le  to  determine the s t resses  in the 
i n t e r n a l l y  i nsu la ted  carbonate t r anspo r t  l i n e s  i f  the temperature d i s t r i b u t i o n  
is g iven.  

P re l im ina ry  sketches were t ransm i t t ed  to the Design Engine.~rlng 
Department f o r  the p repara t ion  o f  a p lann ing  study o f  the coal g a s i f i c a t i o n  
sec t i on .  The purpose o f  t h i s  study is  to determine eng ineer ing  s o l u t | o n s  to 
a l l  ser |~Js design problems p r i o r  to re lease o f  the p ro j ec t  fo r  f i n a l  eng ineer ing  
design. F a i r l y  complete drawings o f  the major vessels  have been completed~ ~ d  
d e t a i l s  o f  i ns t rumen ta t i on  and con t ro l  for  the g a s i f i c a t i o n  sec t ion  are c u r r e n t l y  
under review. 

B. Pro iec t lons  

I ,  Rechanic#l C h a r a c t e r i s t i c s  Tes t l nq :  

No f u r t h e r  mel~ p repara t ion  is c u r r e n t l y  comtemplated at  t h i s  t ime;  
but the f i n a l  dec i s i on  w i l l  be made by the Chemical Research Group based on 
ana l ys i s  of  the cu r ren t  sample, 
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2. Corrqsion Testinq of Hi qh Temperature MaterLa]s: 

The new Monofrax A specimens w i l l  be measured and the test  
program restarted. The INSULAG test ing w i l l  continue. 

3. D#siqn Studies: 

Work on the planning study and instrL~nentation and control 
review w i l l  be continued. 


