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I.  INTRODUCTION 

The ob jec t i ve  o f  t h i s  con t rac t  w i th  the OFf ice o f  Coal Research is  
to develop the Kel logg G a s i f i c a t i o n  Process to the po in t  where i t  w i l l  
be able~ on a commercial scale~ to convert  coal i n t o  p i p e l i n e  gas at  a 
cost  of  50¢/MSCF or  hydrogen at  25¢/MSCF. F ive raw mate r ia l s  are to 
be s tud ied  - -  an an th rac i t e~  a h i g h - v o l a t i l e  b i tuminous coal~ a sub- 
b i tuminous coa l j  a l i g n i t e ~  and a char.  A l though Kel logg~s exper imental  
work w i l l  not extend beyond the product ion o f  raw syn thes is  gas~ the 
overa l !  p ro jec t  must make eng ineer ing  eva lua t i ons  f o r  four  u l t ima te  end 
products - -  p i p e l i n e  gas, hydrogen~ syn thes is  gasj and t ranspor t  gas. 

Basis f o r  the Ke l logg Gas i f i ca t i on  Process i s  the react ion between 
steam and Fine coal in  a molten sa i t  bath to  Form syn thes is  gasj a 
m ix tu re  of  hydrogen and carbon monoxide~ accord ing to the reac t ion :  

C + H20 + h e a t - - - ~  H 2 + CO 
(coal)  (steam) (syn thes is  gas) 

The necessary heat o f  r eac t i on  is suppl ied by c i r c u l a t i n g  a heated 
mol ten s a l t  stream. In add i t l on~  the molten s a l t  m i x tu re  is chosen 
to ca ta lyze  the g a s i f i c a t i o n  rezc t ion  so t ha t  i t  may be car r ied  out at  
e r e l a t i v e | y  low temperature.  

The program is  d i v i d e d  i n t o  three phases o f  s tudy extending over 
a F ive-year  per iod.  Phase I j  which is now in progress~ involves several  
concur ren t  e f f o r t s :  

I .  Bench-scale process research - -  to  i n v e s t i g a t e  melt proper t ies~ 
reac t ion  k i n e t i c s ~  and the e f fec t  o f  process va r i ab les .  

. Chemical eng inee r i ng  s tud ies and development - -  to determine 
the optimum process f lowsheet and ope ra t i ng  cond i t i ons  and 
to coord ina te  exper imental  work w i t h  o v e r a l l  p ro jec t  o b j e c t i v e s .  

. Mechanlcal development - -  to f i n d  acceptab le  mater ia ls  o f  
cons t ruc t i on  and develop techniques For hand] ing the molten 
s a l t  and powdered coal .  
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Phase I wi l l  be concluded by the design of a p i lot  plant to gasify 
24 tons of coal per day~ i f  i t  is Found that a pi lot  plant program is 
jus t i f i ed  by the bench-scale experimentation and economic studies. 

Phase I i  w i l l  be devoted l a r g e l y  to the cons t ruc t i on  and operat :on 
of  a p i l o t  p lan t  to convert  a v a r i e t y  of r a w m a t e r i a l s  i n t o  raw 
syn thes i s  gas, The e f f ec t  o f  opera t ing  var iab les  found to be s i g n i f i c a n t  
in Phase I w i l l  be i nves t i ga ted  to obta in  data For design o f  a comme:cial 
piant. 

Phase I I I  w;11 involve the detailed process design of a commerclal 
plant to produce 250 mi111on standard cubic feet a day of product gas~ 
including cost estimates and projected economics for those areas of 
the count ry  that  appear to  offer commercial possibi l i t ies. 
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I ! .  SUMHARY AND PROJECTIONS 

This monthly  summary is  the fou r teen th  s ince the awarding of  the 
con t rac t .  I t  is  concerned w i th  the f i r s t  phase o f  the con t rac t  and 
o u t l i n e s  the progress that  has been made in the three main areas now 
being s tud ied :  process research~ chemical eng ineer ing  studies~ and 
mechanical development. 

The study o f  combustion in the molten s a l t  was cont inued 6ur ing  
the month. A spec ia l l y - p repa red  coke was used as fuel  because the 
mate r ia l  a c t u a l l y  burned in the combustor o f  a commercial process 
w i l l  be ungas i f i ed  coal residue~ or coke. As expected, no e f f e c t  o f  
i n i t i a l  carbon concen t ra t i on  Tn the mel t  on the combustTon ra te  constant  
was d iscovered.  That is~ given enough oxygen~ i f  twice as much coke 
is present in  the melt~ twice as much w i l l  be burned in a s ta ted t ime 
interval. 

Here aging o f  the coke in the melt  showed no apparent e f f e c t  on 
the rate o f  combust ion. On the o ther  hand~ not enough data are a v a i l -  
able yet  to determine whether combustion (or~ fo r  that  matter~ 
g a s l f i c a ¢ i o n )  consumes the more- reac t i ve  po r t i ons  o f  the coal p a r t i c l e  
f i r s t ~  l eav ing  a l e s s - r e a c t i v e  residue as repor ted by o ther  researchers.  

Since g a s i f i c a t i o n  rates have been found~ in generaI~ to be h igher  
than combustion rates~ the p o s s i b i l i t y  o f  improving the l a t t e r  by 
adding steam to the combustion a i r  was suggested. An experiment showea 
tha t  combustion ra te  i3 in fac t  increased about 4 ~  by steam a d d i t i o n .  
This device could be used in a commercial process to decrease combustor 
volume appreciably at the cost of a fairly small quantity of steam. 
The economics must s t i l l  be i nves t i ga ted .  

The e f f e c t  o f  coal ash in the melt  on combustion ra te  was explored 
f u r t h e r .  The ra te  is found to  increase w i t h  increas ing ash concentra t ion~ 
at  leas t  doub l ing  as the ash r i ses  from 0 to 10%. Further~ the s a l t  
v o l a t i l i t y  i s  reduced by about 7 ~  when ash concen t ra t i on  ;s increased 
from 0 to 2 . ~ .  Both o f  these fac to rs  are~ o f  course~ favorab le  to 
commercial f e a s i b i l i t y .  
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The combustion rates set as ob ject ives in e a r ] i e r  process evaluat ion 
work (Progress Report No. 8: page 6) have been exceeded, even without 
the advantage expected to be gained by high-pressure operat ion. I t  was 
pointed out in that evaluat ion that combustion must produce C02~ not CO, 
For economic reasons, even though excess carbon is presen: in the meit. 
Th;s has been achieved in a l l  experiments to date 3 except when not 
enough a i r  was supplied to keep up with the rapid combustTon. I t  is 
f u r the r  necessary, though, that combustion to CO 2 occur in the mel t j  
where the heat is needed, not in the gas space above the melt. Whether 
th is  has been achieved is s t i l l  uncertain j  and a long-probe sampler 
is being constructed to extract a portion of the gas just above the 
melt surface for  rapid cool ing and analysis to t r y  to answer th is  question. 

Further combustion experiments ~,i11 be made to invest igate the 
e f fec t  of melt temperature, coal rank, and preheating of combustion a i r .  

Process design ca lcu la t ions  based on recent experimental data have 
been completed for  a plant to produce 250 MM SCFD of p ipe l ine gas from. 
sub-bituminous coal. A process flowsheet and cap i ta l  cost estimate 
are now being prepared. The overa l l  plant energy balance resu l t ing  
from th is  design has shown that i f  the Fluor gas p u r i f i c a t i o n  process 
prev ious ly  adjudged most a t t r a c t i v e  is employed 3 the plant w i l l  have 
a large excess of low-pressure steam that jus t  can ' t  be used. The net 
resu l t  is the select ion of  the Shell Su l f ino l  process~ which does have 
a greater steam requirement but a smaller cap i ta l  investment. This 
process is more economical when steam is v i r t u a l l y  free~ as i t  is in 
these circumstances. 

Study of the effect of several design factors and operating 
parameters on economics, and the ca lcu la t ion  of  a s im i la r  case based 
on bTtuminous coal w i l l  be continued. 

Corrosion Test #42 conducted at 1800"F for  500 hoursj was completed 
during the month. An unexpected and discouraging resu ! t ,  at least for  
the time being 3 was the complete disappearance of a l l  nine z i rconia 
specimens tested (three samp!es of each of three grades of  z i r con ia ) .  
However 3 because s im i la r  samples of z i rconia appeared to be completely 
unaffected in Test #33 conducted at the same condi t ions but for  200 
hours instead of 500, the poor performance in Test #4 might be 
a t t r i b u t a b l e  to the e f fec ts  of  corrosion products from other mater ia ls  
being co-tested. S i l i con n i t r ide~ molybdent=~ 3 and Inco i loy  800 are the 
suspect mater ia ls ,  and bench-scale experiments are in progress to sort  
out any in teract ions.  When these e f fec ts ,  i f  any, have been discerned, 
3nother 500-hour run at I800"F is planned to tes t  z i rcon ia  and a new 
cobalt-base a l l o y  obtained from the S t e l l i t e  D iv is ion  of Union Carbide. 
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High-pur l t y  alumina (99.3% A1203) survived Tests #3 and #4 in 
good cond i t ion  and appears to be a s a t i s f a c t o r y  a l t e r n a t i v e  to 
z i r con ia  i f  the la t te r=s  poor performance in Test #4 cannot be explained. 
The higher thermal conduc t i v i t y  o f  alumina may requi re special design 
precautions f o r  small experimental equipment to avoid excessive heat 
losses. On the other hand s the lower cost o f  alumlna (by an order of  
magnitude) is e d e f i n i t e  advantage for  a commercial p lant .  

A bench-scale coal feeder has been corapleted and tested at  1 
atmosphece and ~00 psig fo r  iO-to 200-mesh pa r t i c l es .  Good operat ion 
was obtained over the complete range of feed rate: pressure: and partlcle 
size. I t  is planned to incorporate t h i s  system in to  the hlgh-pressure 
test un i t  f o r  which mater ia ls  are now being procured. 

Because o f  the importance of  bubble s ize to heat t rans fe r  and 
efficiency of gas-melt contactE~gj a room-temperature simulation test 
is being set up in a 6" x 6'* transparent tower to study the effect of 
melt v i s c o s i t y  and type o f  gas d~s t r ibu to r  on bubb;e size and pat tern .  
Melt dens i t y  w i l l  be simulated by an aqueous zinc ch lor ide  so lu t i on ;  
v i s c o s i t y  w i l l  be var ied by add i t ions o f  Cab-O-Sil. 
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I l l .  PROCESS RESEARCH 

A. Accomplishments 

I .  Combustion Studie3 

E igh t  combust ion runs were completed,  seven us ing coke I I I  
( l s l a n ~  Creek b i tuminous coal coked at  956 C) and one w i t h  a n t h r a c i t e  
coal~ in which c o n c e n t r a t i o n  o f  carbon and ash in me l t~ ag ing  o f  coke 
in m e l ~  presence o f  steam in a i r~  and a i r  ra te  were s tud ied .  The 
c o n d i t i o n s  and r e s u l t s  o f  these runs are presented in Table 1 and 
d iscussed below. 

As in last monthms reportj the first-order combustion rate constant~ 
c o n s i s t e n t  w i t h  the g a s i f i c a t i o n  ra te  constant  p r e v i o u s l y  ~mployed~ 
was used to compare the data .  In a d d i t i o n  th ree  runs were c a l c u l a t e d  
based on a pseudo second-order  ra te  expression~ and a l though  the data 
p l o t t e d  be t te r~  i . e .  a s t r a i g h t  l i n e  was ob ta ined out  to  ~bout 7~  
o f  the carbon consumed~ the cons tan t  added no th ing  more to  the data 
than the  one from the f i r s t  o rde r .  More mathmatlcal work is  needed 
to a r r i v e  a t  a b e t t e r  r e p r e s e n t a t i o n  o f  the combustion data. 

Concen t ra t i on  o f  carbon in the bed was f u r t h e r  i n v e s t i g a t e d  in 
run J-9835 where 2.5~ carb(,n was present  i n i t i a l l y .  Comparison w l t h  
two p rev ious  runs at  5 and I ~  carbon c o n c e n t r a t i o n  shows no e f f e c t  o f  
i n i t l a l  carbon c o n c e n t r a t i o n  on the ra te  cons tan t j  as i l l u s t r a t e d  by 
the f o l l o w i n g  t a b u l a t i o n :  

Run J-  % Carbon k - spec. ra te  cons t .  

9835 2.5 0.41 

9823 5.0 0.43 

9825 I 0 .0  O. 38 

With each increase in carbon l e v e l :  however~ the amount o f  carbon 
burned is doubled.  This is  r e f l e c t e d  in the a n a l y s i s  o f  the  product  
~aS. 
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The increased ra te  o f  carbon d isappearance w i t h  t ime du r ing  
c~mbust ion led to  the sugges t ion  tha t  perhaps aging o f  the coke in the 
mel t  was enhancing i t s  r e a c t i v i t y .  Run J-9836 tes ted  t h i s  hypothes is  
in  a one-hour  ag ing pe r iod  and proved that t h i s  is not the case. The 
same ra te  cons tan t  ~as ob ta ined  as f o r  a normal unaged run under the 
same c o n d i t i o n s .  No tab ly  3 dur ing  ~he aging pe r iod  f u r t h e r  p roo f  o f  
carbon reac t i on  w i t h  sodium carbonate  was ob ta ined .  N i t rogen  sweep 
a t  2 |T te r s /m in .  was used dur ing  the 60-minute a~ing pe r iod .  A f t e r  an 
i n i t i a l  bu rs t  o f  carbon d i o x i d e ,  carbon monoxide avpeared to be the 
p r i m a r y  produc t .  Th is  can be accounted f o r  by the f o l l o w i n g  equa t i on :  

C + Na2C03 = Na20 + 2C0 

A r e a c t i o n  ra te  cons tan t  o f  0.07 for  the ag ing pe r iod  was ob ta ined  
and a l though i t  is low 3 abo~: 1 ~  o f  the carbon was consumed dur ing  
t h i s  pe r iod .  

Eva lua t ion  o f  the  combust ion r a t e  o f  a n t h r a c i t e  coal on a f i r s t -  
o r d e r  p l o t  i n d i c a t e s  i t  to  be e q u i v a l e n t  o r  s l i g h t l y  more r e a c t i v e  than 
coke I ! !  3 0.51 versus 0.43 ra te  constan% r e s p e c t i v e l y .  On e second- 
o r d e r  p lo t~ the r e a c t i o n  ra te  cons tan ts  are -0.18~" f o r  a n t h r a c i t e  and 
- 0 . 2 2  f o r  the coke,  e s s e n t i a l l y  e q u i v a l e n t .  

A d d i t i o n  o f  steam to  the combustion a i r  a t  a c o n c e n t r a t i o n  o f  about 
5 mole percent  gave in run J-9841 an improved ra te  constant  o f  0.60 
versus the 0.43 cons tan t  f o r  the a l r - o n I y  run. S u r p r i s i n g l y ,  the 
amount o f  ; a l t  c a r r y o v e r ,  as found in the t r a n s f e r  l i n e  and condenser 
system, was one o f  the h=ghest to  da te .  About 24 grams o f  dry  s a l t  
was ob ta ined  in t h l s  run as aga ins t  17 grams in an a i r - o n l y  run. 

The f avo rab le  e f f e c t  on combust ion ra te  oF b i tumincus  coal ash in 
tl~e me|t~ as , 'eported in the l a s t  summary, was Fu r the r  exp lo red  through 
severa l  runs in which the  ash con ten t  was v a r i e d  from o.33 to 20"/. 
in  t he  mel t  ( runs J-9837-9). The r e s u l t s  a r e  summarized in the f o l l o w i n g  
t a b u l a t i o n .  The amount o f  coke added was he ld  cons tan t .  

:" U n i t s  are l i t e r s  per  mole min. 
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Run No. J- % Asil A i r  - cc/min % O~ at  ~ min. 

9823 0 4230 6.5 0.43 

9838 o.33 4z30 7.0 0.55 

9837 2.47 4230 1.0 0.72 

9829 ]0.0 ~230 t r  0.86 

9839 20.0 ~230 0.8 1.06 

9842 IO.O 8460 1.5 1.50 

Addi t ion  oF the coke produces about 0.33% ash in the melt at the end of  
a normal run. Thus run 9838, made with only 0.33% ash added before 
the coke~ had a not iceable e f fec t  on the rate constant.  The remaining 
runs at  2 . 4 ~  ash and higher showed not only higher rate constants but 
less than one percent oxygen in the 5-minute gas sample~ which indicates 
that perhaps i nsu f f i c i en t  oxygen was present fo r  complete combustion. 
To v e r i f y  th i s  the a i r  rate was doubled in run 982~2~ and the rate 
constant increased frcm O.86 in run 9829 to 1.50 in t h i s  run. The low 
1.5% oxygen content at  5 minutes in th is  last  run also indicates that 
there s t i l l  may not have been enough oxygen presenL I t  was noticed 
in t h i s  run that the heat of combustion in the s a l t  zone in the reactor 
was s u f f i c i e n t  to keep the Kanthal furnace o f f  f o r  13 mlnutes and 
maintain t&~per~ture~ an ex t raord inary  condi t ion fo r  t h i s  resctor- furnace 
system. 

A k o f  1.5 corresponds to 22 }bs.of  carbon consumed oer hour per 
cubic foo t  o f  me|t at a concen t ra t ion  of ~ carbon in the melt or 47 
Ibs. carbon at l ~  carbon in the melt .  Thus i t  appears that  sa t i s f ac to r y  
combustion rates can be achieved. As in gas i f i ca t i on  s the presence 
of  ash lowered sa l t  v o l a t i l i t y  s i gn i f i can t ! y~  only  about one-quarter 
as much sa l t  being v o l a t i l i z e d  when ash at  2 . ~  or  higher was present. 

An attempt was made to t r y  to determine whether carbon monoxide~ 
i f  made from carbon and oxygen d i r e c t l y  in the mel t ,  would be released 
from them e l t  as such. In most o f  the runs only carbon dioxide appears 
in the e x i t  gas stream, In a few runs p r a c t i c a l l y  a11 the oxygen was 
consumed i n i t l a l l y ~ i c h  allowed i to 4% carbon monoxide to appear in 
the e x i t  gas. A mixture of  ~ carbon monoxide in a i r  was passed through 
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a reac to r  at 1800"F w i th  and w i thou t  molten sodium carbonate present .  
The e x i t  gas showed a l l  the carbon monoxide had been oxld~zed. Thus 
the experiment does not answer the quest ion.  A long-probe sampler is 
being cons t ruc ted  at present so that  a sample of the combusted gas as 
; t  is released From the melt can be i n s t a n t l y  coo:ed and taken For 
a n a l y s i s .  Thus ox ida t i on  o f  any carbon monoxide to d iox ide  as i [  
t r a v e l s  away From the melt  and up the hot reac tor  before sampling can 
be avoided.  

2. Corros ion Tests 

Pieces o f  z i r con ia  were tes ted for  cor ros ion  res i s tance  at 1800"F 
in sodium carbonate melts con ta in i ng  coupons of  s i l i c o n  n i t r i d e =  
I n c o I l o y  BOO and molybdenum. A b lank of  z i r c o n i a  in sodium carbonate 
was a l so  run. Inconel c r u c i b l e s  were used and the tes t  was run For 
112 hours in an atmosphere o f  carbon d iox ide .  

A f t e r  charging the c r u c i b l e s  to the furnace 3 i t  was not iced that  
the one con ta in ing  s i l i c o n  n i t r i d e  was evo lv ing  a gas. I n i t i a l l y  t h i s  
gas burned in the Furnace before C02 d isp laced the a i r .  Th is  ind ica tes  
t.U, at  i t  was carbon monoxide. The percent change in weight  o f  the 
z l r c o n i a  fo r  the four  t es t s  are shown in the f o l l ow ing :  

Zr02 
Tes.___tt % wt. Chanqe Note_.__.~s 

Na2C03 + Zr02 +0.27 - 

Na2C03 + Zr02 + Si3N4 -0.72 7 ~ o f  Si3N 4 gone 

Na2C03 + Zr02 + Mo +0./4/4 Mo d isso lved  

Na2C03 + Zr02 + I n c o l l o y  +0.42 I n c o l l o y  corroded 

As shown~ oni¥ the tes t  in the presence o f  s i l i c o n  n i t r i d e  showed a 
weight  loss For the z i r con ia  (0.06 inches per year)~ the o thers  
appa ren t l y  picked up some of the s a l t  in the pores. I t  is  pos tu la ted  
that  the f o l l ow ing  react ions may have occurred.  

Si3N4 + 6Na2CO 3 = 3Na2S|O 3 + 3Ha20 + 6C0 + 2N 2 

Zr02 + NazS;O 3 = Na2ZrSiO 5 
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A sample o f  z l r c o n i a  was placed in a n icke l  c r u c i b l e  c o n t a i n i n g  
sodium h y d r ~ ; - I r  nnd heated at  1200-1400"F fo r  a one-day per iod  before 
removing and washing. In t h i s  case a 2.4 inches-per -year  c o r r o s i o n  
ra te  was ob ta ined .  Thus i f  a l o t  o f  sodium hydroxide or  ox ide  Eecomes 
a v a i l a b l e ,  z i r c o n i a  w i l l  d i sso l ve .  

B. Pro iec t  ions 

The ef fect  of preheat temperature of the incoming steam on the 
rate o f  g a s i f i c a t i o n  of  b i tuminous coal w i l l  be determined. A preheat 
furnace w i l l  be placed between the steam generator  and the reac to r  
in let .  

A d d i t i o n a l  combustion runs w i l l  be made at  about ~ ash and two 
temperatures.  Other feedstocksj  i . e .  sub-bi tuminous coal and l i g n i t e ,  
are a v a i l a b l e  For eva lua t i on  by g a s i f i c a t i o n  and by combust ion. 
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IV. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomplishments 

Process design c a l c u l a t i o n s  have been completed for  a p lant  to 
produce 250 I~I SCFD o f  p i p e l i n e  gas From sub-b i tuminous coal .  Recent 
exper imental  data in the area of  gas i f i ca t i on~  combustionj and ash 
removal were incorpora ted in the design. The ove ra l l  energy balance 
fo r  t h i s  design has conf i rmed a suspic ion t ha t  arose several  months 
ago: I f  the most a t t r a c t i v e  gas p u r i f i c a t i o n  process is used~ one that  
requ i res  v i r t u a l l y  no steam fo r  solvent  regenera t ion  (Fluor)~ the p lan t  
w i ] l  have a large excess o f  low- level  heat ( i . e .  low-pressure steam) 
which l u s t  can ' t  be used because there is no need fo r  i t .  The fundamental 
reason fo r  th i s  is  tha t  the oxygen plant  which is  a very large steam 
consumer for  o the r  coal g a s i f i c a t i o n  processes is not required For the 
Kel logg process. The net r e s u l t  is that  the Shel l  S u l f i n o i  process, 
which needs a la rge  q u a n t i t y  o f  steam fo r  so lven t  regenerat ion but has 
a lower cap i ta l  investment than the Fluor process,  is more economical 
when the steam is  v i r t u a l l y  f ree,  as i t  is in the present c i rcumstances.  
The Su l f i no ]  process has thus been chosen in the eva lua t ion  s tud ies .  

This state of a f fa i rs  (excess low-level heat) w i l l  probably not 
e x i s t  in a p lan t  producing hydrogen as f i n a l  product  because the 
enormous quan t i t y  o f  heat l i be ra ted  by the syn thes is  o f  methane w i l l  
not be ava i l ab l e .  In tha t  case the Fluor gas p u r i f i c a t i o n  process 
should s t i l l  be the most economical. 

An est imate o f  c a p i t a l  investment is  now in progress and the 
e f f e c t  on economics o f  several parameters (opera t ing  temperature3 
g a s i f i c a t i o n  and combustion ra tes,  concen t ra t ion  o f  ash and coal in 
melt~ excess a i r  in combustor) is being invest igated 

B. Pro iections 

A process flowsheet w i l l  be prepared for pipel ine gas from 
sub-bituminous coal. The capital cost estimate w i l l  be completed and 
gas product ion costs  w i l l  be calculated~ inc lud ing  the e f f e c t  o f  the 
parameters mentioned. 

Calcu la t ion  o f  a s i m i l a r  case based on bi tuminous coal w i l l  be 
cont inued.  
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V. HECHANICAL DEVELOPMENT 

A. Acc~npl ishMents 

1. ,En~i,,rqqmental Test tnq o f  Hieh-Temperature H a t e r i a l s  

Test #4~ conducted a t  1800"F fo r  a dura t ion  o f  500 hours~ has been 
completed. The resu l t s  o f  the tes t  samples are inc luded in Table I I j  
an up - to -da te  summary o f  a l l  four  completed tes t s .  As noted in the 
t a b l e  the metal a l l o y  t e s t  samples have been sent to  the INCO Corrosion 
Test Laboratory fo r  co r ros ion  ra te  eva lua t i on ,  The d i s i n t e g r a t i o n  of  
the th ree grades ( three specimens of  each grade) o f  z l r c o n i a  was an 
unpred ic ted  r e s u l t  s ince t h i s  ma te r ia l  had proved to be s a t i s f a c t o r y  
in  th ree  prev ious tes ts .  In d i scuss ing  t h i s  r e s u l t  w i t h  a represen ta t i ve  
o f  the Zi rconium Corporat ion o f  America~ we were advised tha t  the 
d e l e t e r i o u s  e f f e c t  on z l r c o n i a  may be due to the presence o f  s i l i c o n  
n i t r i d e  in the same t e s t .  I t  i s  known that  s i l i c o n  reac ts  w i t h  z i r con ia  
forming a new phase at  the i n t e r f a c e .  Bench-scale t e s t s  to determine 
what e f f e c t  s i l i c o n  n l t r i d e  may have on z i r con ia  are underway and 
p r e l i m i n a r y  resu l t s  ere repor ted in  Sect ion I l l .  

As noted in  the tab le :  Inconel 600 ~nd RA600) has shown the best 
c o r r o s i o n  res is tance o f  a l l  the a l l o y s  tested to date. Al though the 
c o r r o s i o n  rate is  f~ r  in excess o f  tha t  fo r  a con~nercia l ]y-acceptable 
mater ia l~  t h i s  a l l o y  can be considered su i t ab l e  f o r  sho r t - t e rm e x p e r i -  
mental se rv i ce .  

2. Coal Feedlnq Studies 

F a b r i c a t i o n  of  the bench-sca le  coal feeder has been completed. 
C a l i b r a t i o n  t es t s  have been conducted f o r  var ious  coal p a r t i c l e  s izes 
rang ing  from I0 to 200 mesh (74 to 2000 microns) at  atmospher ic pressure 
and 400 ps ig  pressure. Resu l ts  o f  these tes ts  are shown on Figure 1. 



I. F~etal Alloys 

Inconel 600 INCO 

Inconel 702 INCO 

Incoloy 800 INCO 

Incoloy 800 INCO 
w/ 1,5 A1 

Ineoloy 800 INCO 
w/ 2,4 A1 

Incoloy 800 INCO 
w/ 3.6 A1 

Incoloy 804 INCO 

Type 310 INCO 

50 Cr.-50 N/6/ INCO 
w 

60 Cr.-40 ~ji/6/ INCO 

Source 

TABLd II 

CORROSIOP! TEST SU~:~!ARY 

~:uz~ber Renults 

i/i/ u 

4/4/ 

I U 

I U 

4 U 

Remarks 

Of all the metals and alloys tested to 
date, tilis orle has sho~Jn u F best o r all. 
Cerrosion rate i11 Test #] ,,a~ 

.1403 ipy/2/ (based on thk. of metal 
remaining) 

or 1,589 ipy/3/ (based on metal 
unaffected) 

See Note 5. 

1.612 Ipy/2/ and 1.812/3/ 

1.401 ipy/2/ and 3,510/3/ 

Severely corroded. See Note 5. 

4 U Severely corroded. See ~bte 5. 

4 u 

1 U 

1 U 

1 u 

4 

Severely corroded. See Note 5. 

.895 ipy/2/ and 1.850 ipy/3/ 

1.12] Ipy/2/ and 3.880 ipy/3/ 

.984 Ipy/2/ and 1.990 ipy/3/ 

See Note 5. 

,,~ 
0 

0 

~0 z~ 
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Metal Allovs 

Hastelloy B UC 

}lastelloy C UC 

RA 600 

P~ 333 

RA 446 

Thermalloy 47 

Thermalloy 38 

Thermalloy 28 

2, Pure Metals 

Platinum (Wire) Lab 

Tungsten 

Molybdenum Lab 

Source 

Rolled Alloys, 
Inc. 

Rolled Alloys, 
Ine, 

Rolled Alloys, 
Incl 

Electro-Alloys 
Div. 

Electro-Alloys 
Div, 

Electro-Alloys 
D1v. 

Source 

Fansteel 

TABLE I r(CONT.) 

Test Results 

1 U 

1 u 

i U 

Remarks 
Severely corroded. 

Severely corroded. 

Same as Inconel 600. 

1 U 

3/71 u Badly corroded. 

3 U 

3 U 

3 U 

Centrifugally-cast 25-2~ Disintegrated 
during test. 

Centrifugally-cast 28-1]. Disintegrated 
during test, 

Centrlfugally-cast 29 Cr-Fe. Disintegrl,- 
ted during test. 

Test Restllts 

4 U 

4 U 

4 U 

Remarks 

Wire maintained structural shape but 
surface seemed severely attacked. 

Not recovered. 

Not recovered. 

o - ~  
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Z ,  
P 

o ~  
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Z 

IR 

I z 
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• . I .  0 

O 

-I z = .o 
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3. Ceramics 

Zircofrax 0 

Mullfrax ~! 

Mullfrax W 

KT SiC 

Harbide 

Varnon BF 

Korundal XD 

|{arklase 

Chromex B 

Ritex CB 

Source 

Carborundum 

TABLE I. (CO!IT.) 

Test Result 

2-~7~i- s " 

3 U 

Carborundum 2 U 

Carborundum 2 U 

Carborundum 2 U 

llarbison-. 2 U 
Walker 

" 2 U 

" 2 U 

" 2 U 

I !  

Gre f co 

R e m a r k s  

Lime stabilized ZrO 2 (94.4%). 

Disintegrated. Attributed to poor 
structure of samples rather than 
material. 

90% AI203 - 9% SiO 2. Disintegrated, 

78% AI203 - 20% SiO 2. Disintegrated. 

~100% SiC, Disintegrated. 

89% SiC - 7% SiO 2. Disinteqrated, 

S 

O 

S 

U 

42% AI203 - 53% SiO 2. Dislnte~rated. 

89% AI203 - 10% SiO 2. Disintegrated. 

97% MgO. Recovered from test but 
crumbled easily. 

34% MGO-26% Cr203-21% ~1203. 

Disintegrated. 

> 50% Cr203 - Approx. 32% DgO. 

One (fully subr:erged) of ,  three sar,:l>ler; 
recovercd l)ut crur~l>]ed easily. 

m 

ip 

: F F. 

," 

• m - < :  
• 4 0 

0 

. P 
P 
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Ceramics 

Monofrax A 

Monofrax K-3 

Silicon Nitride 

Zireonia Y-I027 

Zirconia RMF-SF 

Zirconia 60D 

4. Misc. Marls. 

an ~oo w/ 
.040/.050 thk. 
Zirconia 
Spray Coat 

Source 

Harbison- 
Carb, 

11 # 

Carborundum 

Zircoa 

n 

I! 

Rolled Alloys, 
Inc, 

Alloy sprayed 
by Metco 
System 

TABI,!: I (CO::T.) 

3 S 

4 s{?) 

3 .U 

4 U 

3 S 

4 (7) 

4 (?) 

4 (?) 

Remarks 

99.3% AI203. Relatively ~maffected. 

All three samples recovered. Corrosion 
effeats will be evaluated at later date. 

60% AI203 - 27% Cr203. Disintegrated. 

Disintegrated. 

Appeared unaffected. 

Not recovered. See ~ote 9. 

Ram Mix. Not recovered. See Note 9, 

Castable. Not recovered. See Note 9. 

U Zirconia coat lost during test. P-asic 
alloy showed mino~- corrosion effects. 

I 

I 

IP 

0 
M 

o 

o 
Iq 
"11 
IB 

-I 
I 
M 
Z 
- I .  

m 

o 

O-4 

~m 

o~ 
I%, 

r- 
;o &% 

o 

m,,.~ 
D 

m 

z .o 



THE L£.W. KELLOGG COMPANY 
A DIVISION OF PULLMAN INCORPORATE~ 

RIKIII~ARCFI J& O=rvl[LOPlklmrNT [~LIWAPI'I'IkilENT 

PAGE NO. 

REPORT ND. 

19 

lq 

TABLE i i  (Con=.) 

~OTES 

Im 

2. 

. 

s 

5. 

. 

e 

8. 

9. 

Test #i: i00 hours @ 1650°F. 

Corrosion rate basod on a Micrometer measurement 
before test and after test. 

Corrosion rate based on interqranular corrosion at 
surface deternined by netallographic examination. 

Test #4: 500 hours @ 1800°F. 

~etal alloy samples of Test #4 have been sent to the 
INCO Corrosion Laboratory for corrosion rate evaluation. 

This alloy is available in plate and cast form from 
Universal Cyclops° 

Test #3: 200 hours @ 1800°F. 

Test #2: 200 hours @ 1650°F. 

It is suspected that the disintegration of ~he zirconia 
samples in Test #4 was due to the co-presence of silicon 
nitride. Tests are planned to conf{,-m this assumption. 
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The feeder appeared to operate sat is factor i ly  at al l  speeds and 
w i t h  a l l  p a r t i c l e  s izes tes ted .  However s w i th  the i a rges t  p a r t i c l e  
s i zes  tes ted  ( lO - t o  2~mesh) occa t i ona l  hanging-~ p was exper ienced and 
some tapp ing o f  the feeder was requ i red  to assure cont inuous f low,  The 
loss o f  f l ow  probab ly  r e s u l t s  from the f a c t  tha t  the s l o t s  in the feeder 
r o t o r  are app rox ima te l y  0.250 inches wide and 0.080 ~nches dee~ and in 
screening oblong coel part icles with a major dimension in excess of 
0.20 inches were included in the 10-to 20-mesh feed. 

in 9enera]~ the feed ra tes  at  atmospher ic pressure were very  
c lose  to or  s l i g h t l y  h igher  than those obta ined a t  400 psl 9 pressure.  
I t  is  f e l t  t h a t ,  as long as a uni form pressure is malnta;ned upstream 
and downstream o f  the feeder s pressure should have l i t t l e  e f f e c t  on the 
feed ra te .  

Several tests were conducted to dete,~ine some of the flow 
properties of coal beds of various part icle sizes. The bulk density, 
angl~ o f  repose in a packed and unpacked cond i t i on  s and minimum tube 
s i z e  requ i red  fo r  f l ow in a packed and unpacked c o n d i t i o n  were determined. 
These data are presented in Table 111. 

In screening and handling the coal samples i t  was noted that 
moisture in the a i r  affected the flow properties of :he coal samples. 
The f iner part ic le size cuts seemed mor~ subject to packing with high 
humid i t y .  

3. E f f e c t  o f  Physical  P rope r t i es  on Bubble Size 

In order to study the effect of viscosity~ density~ and type of 
sparg~r on b~bble size in the meit~ a simulation test has been set up. 
This test setup consists of a 6-inch x 6-inch square transparent tower 
to allow visual observationj with associated equipmen: for introducing 
air  through various spargers at the bottom of the tower. A zinc 
chloride-H20 mix, density = 1.83 has been prepared as the test medium 
and can be treated with Cab-O-Sil to give the required viscosit ies. 
P r o v i s i o n  has a l so  been made to photograph the bubble pa t t e rns  i f  so 
des i red .  
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B. Proiect ions 

1. Environmental, Testinq oF Hiqh Temperature Mater ia ls 

A new cobalt-base a l l oy  developed by the S t e l l i t e  D iv is ion of 
Union Carbide has been publ ic ised as e good cor ros ion- res is tan t  mater ia l  
in hlgh-temperature corros ive environmen:s. The a l l oy ,  designated 
Haynes A l loy  No. 150, is composed of 28 Cr - 50 CO - 20 Fe. I t  is 
planned to test  th is  metal a l l oy  in our apparatus in the near Future. 

I f  the suspected re~ction of s i l i con  n i t r i d e  wi th z i rconia is 
confirmed 3 i t  is planned to re test  z i rconia in an ]800°F environment 
for  500 hours without s i l i con  n i t r i d e  present. 

2. Coal Feedinq Studies 

The bench-scale Feeder w i ! i  be fur ther  tested at pressure (400 
psig) and at elevated temperature (40O'F). The condi t ions of actual 
operat ion of the high-pressure tes t  un i t  w i l l  be approximated as 
near ly as possib le and Ful l - range ca l i b ra t i on  tests  will be completed. 

3. Ef fect  o f  Physical Propert.ies on Bubble S~ze 

Ini t ia11y~ the test  f a c i l i t y  w i l l  be used to study bubbles in a 
simulated "mel t "  o f  1.8 densi ty end a v i s c o s i t y  of 600 ¢.p. (Brookf ie ld  
Spin, el #4 and speed of  20 RPM.) Th~s corresponds to a 10~-ash melt .  
Later ,  other v i s c o s i t i e s  and spargers w i l l  be invest igated.  
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Vl .  PIANPOWER AND COST ESTIHATES 

Figure 2 shows the pro jected manpower breakdown for  Phase I for  
1965 as we| i  as the actual  e f f o r t  that was made. I t  can be seen that 
a 14.Z-man e f f o r t  was made dur in  9 September. 

Figure 3 shows the expendi tures during September. For the month 
$26~877 was expended~ not inc lud ing fee and G & A. The to ta l  expenditures 
through September were $243~187. Including fee and G ~ A the to ta l  
expend|tures were $282~129. 1-nis is  ~ o f  the encumbered funds. 
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