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COAL FEED COMPONENT TESTING FOR COIF 

by C. Victor  Pearson, Burton K. Snyder, Thomac E. Fornek 

The s ign i f i can t l y  higher temperatures, pressures and power 
densit ies o f  magnetohydrodynamic (WID) combus tors, along 
w i th  the need to  u t i l i z e  low-sulfur, high moisture content 
coals i n  very dry form, makes preparation and in jec t ion  f o r  
t h i s  type o f  e l e c t r i c  power system qu i te  d i f fe ren t  from 
tha t  o f  current comnercial e l ec t r i c  power plants. I n  
addition, "seed" material must also be in jected a t  high 
pressure t o  enhance e l ec t r i ca l  conductivi ty o f  the high 
temperature gases. 

Investigations conducted during the conceptual design o f  
the Montana t4 iD Component Devel opnent and Integrat ion 
F a c i l i t y  (COIF) i den t i f i ed  comnercially avai lable process- 
ing and feeding equipment po ten t ia l l y  sui table f o r  use i n  
a reference design. Tests on sub-scale un i ts  o f  t h i s  
equipment indicated tha t  they waul d perform as intended. 

Studies on open-cycle FHD topping cycle, steam bottom cycle e l ec t r i c  

power generating plants indicate such systems have the potent ia l  o f  

achieving a 50 percent e f f ic iency (coal-pile-to-busbar) a t  a competitive 

cost o f  e1ectr;city. 

Accordii gly, a national goal f o r  WD F..= been established tha t  ca l l s  

f o r  the "Development o f  a comnercially accept Sle system f o r  conversion 

o f  coal t o  e l ec t r i c  power by a combined MHD-Steam cycle by 1989. " 

I n  order t o  achieve t h i s  goal , two major objectives have been 

estab! i shed by ERDA: 

1. Near-Term Objective (1985) 

Design and t es t  MHD components and sub-systems and to  integrate these 

i n to  system tests t o  be conducted i n  the p i l o t  scale Engineering Test 

F a c i l i t y  (ETF) which could be avai lable as ear ly as 1982. 

2. Mid-Term Objective (1990) 

To develop and operate a colmercial scale demonstration MHD e l ec t r i c  

power plant  before 1990, fueled by coal, i n  an environmentally acceptable 



Continue development, a f t e r  1990, o f  MHD technology t o  improve the 

performance, re1 i a b i l  i t y  and benef i ts  o f  c o m r c i a l  i z a t i o n  o f  t i i D .  This 

w i l l  make more e f  r i c i e n t  use o f  coal as comnercial p lan ts  begin t o  come on 

l i n e .  

The inherent ly  higher temperatures, pressures and power dens i t ies  o f  

MHD combustors, however, w i  11 requ i re  new approaches t o  coal preparat ion 

and i n jec t i on .  U t i l  i z a t i o n  o f  lower rank, low-sul f u r ,  high-moisture-content 

coals w i l l  inf luence system design. 

The coal-feed system development studies presented i n  t h i s  paper are 

the resal  t o f  inves t iga t ions  conducted dur ing the conceptual design o f  

the Montana MHD Component Development and In teg ra t i on  Faci 1 i t y  (CDI F) , the 

f i r s t  o f  the essent ia l  f a c i l i t i e s  i n  the MHD program o f  the Energy Research 

and Development Admini s t ra t i on .  

The CDIF located i n  Montana near the I n d u s t r i a l  Park 5 mi les south o f  

Butte, occupies approximately 50 acres o f  a 93-acre s i t e .  The f a c i l i t y  

speci f ic?t ions c a l l  f o r  a h igh l y  f l e x i b l e  50 thermal mgawatt  s ize,  m u l t i p l e  

t e s t  t r a i n  f a c i l i t y  f o r  (1 ) MHD component developmental t e s t i n g  and (2) 

determination o f  the component and subsystem in te rac t ions .  Coal and seed 

processing and i n j e c t i c n  are  an important aspect o f  the major design 

development program requi red t o  develop MHD t o  a v iab le  comnercial s tatus.  

The CDIF conceptual design p r o j e c t  establ ished a se t  o f  requirements 

f o r  prepared coal charac+ p i s t i c s  as a r e s u l t  o f  several MHD combustor 

design studies. Ex i s t i nb  coal processing and i n j e c t i n g  systems f o r  

comnercial paver p lants were invest igated and found t o  be inherent ly  

fnappl icable t o  WD requirements. 

The coal f i r e d  combustor designs proposed f o r  CD!F employed a coal 

combustion process residence time of the order o f  50-70 m i l l i s e c .  Seed 

vaporizat ion residence time i s  less than 50 m i l l i s e c .  Var iat ions i n  feed 



ra te  wi th  respect t o  time and space i n  the short residence system w i l l  

adversely a f f ec t  combustor performance. The net resu l t  i s  t o  require that  

thc coal and seed feed systems be dependable, extremely uniform i n  t h e i r  dense 

phase feed i n j ec t i on  rates and be able t o  be c losely control led. 

Studies by AVCO, Westinghouse, General Electr ic ,  UTSI , and others have 

shown tha t  sptimum cycle e f f ic iency f o r  plants employing nea r - t en  technical 

feasi b i l  i t y  reqti ire combustor conditions o f  5-8 atmospheres combustion pres- 

sure, and plasma discharge temperatures greater than 4600°F. If a i r  only i s  

used ( i  .e. no oxygen addi t ive)  the combustor a i r  i n l e t  temperature must exceed 

2500°F, (depending upon the type o f  coal used) i n  order t o  achieve the 4600°F 

flame temperature. I n  the case o f  the CDIF, Montana Rosebud, a sub-bituminous 

coal, i s  the reference fuel and the i n l e t  temperature o f  the combustion a i  ;- must 

exceed 2900° F . 
Figure 1 shows the coal combustor proposed f o r  i n i t i a l  tests i n  CDIF. 

Table I l i s t s  the character ist ics of the Rosebud Coal. Figure 2 shows a block 

diagram o f  the subsystems making up the CDIF conceptual system. 

Early i n  the evaluation o f  the status o f  technology o f  d r j  power feed 

system i t  became obvious tha t  mechanical metered feed systems could not be 

used and tha t  gas conveyance and in jec t ion  appeared t o  be the o n l ~  technical ly  

feasible method f o r  feeding the K2COB seed material, and powdered coal fuel 

i n t o  the plug-flow MHD combustors. 
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CDIF Reference Coals 

I l l i n o i s  d6 no~top;r  R O S ~ ~ U C ~  

U W ~  Nominal m e  
(1, 2, 3) (4) (2)  

3 .0 Proxiinate Analysis, moisture f  tee 
Vola t i l e  37 -7 - ~ 

Fixed Carbon 

4.0 Moisture, as r.xeitred, X 25 -5 20-35 9 -0 4-9 

5 .O Heat* Value 
Dry BTUIlb 

6 .O Fusions 
0 

I n i t l a l  Daf oxmat&ou Temp, F 2244 1960-2420 1960 1.890-2040 
Softening T q p  , P 2278 1990-2470 2030 1966-2100 
Fluid Temp, F 2362 2040-2520 2260 2060-2460 

References: (1) Rererrres and Propert ies of Rosebud McKay Coal Seams in SE. Montana, 
D. Brelsford, HEED1 .%rch 1976, ERDA Contract E(49-18)-1811, Task 52. 

(2) Coal Conversior Systems Technical Data Book, I n s t i t u t e  of Gas 
Techolog: , February 1976, ERDA Contract E(49-18) -1730. 

(3) Data from (163) fu l l  seam, core samplas. Cols t r ip  mine, Rosebud seam 
a r u  C & D. Private c ~ b n r n i c ~ t l o u  frca LllOtw Power Coy any. 

(4) Nominal P E E  rupplied data. 
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The l i m i t e d  study conducted i n  connection w i t h  the CDIF conceptual design 

included assessment o f  u t i l  i t y  experience w i t h  hand1 ing  and preparat ion u f  

Montana sub-bituminous coal?, survey o f  e x i s t i n g  technology f o r  appl i c a b i l  i t y  

t o  the preparation, feeding o f  sub-bituminous coals under MHD requirements 

and proof t e s t i n g  t o  v e r i f y  design assumptions and comnercial vendor assert ions. 

Because o f  the t i g h t  schedule f o r  development o f  the conceptual design, the 

program could no t  a f f o r d  the luxury o f  ail extensive evaluat ive program. 

Instead, due t o  the expediency o f  time, reference systems werq selected 

based on proven experience i n  other  appl i ca t ions  . The ind iv idua l  components 

were selected on an engineering judgment basis and then tested t o  assure t h a t  

they would work as intended. Those components having la rge  commercial usage 

under condit ions c losest  t o  the MHD requi  rements w?re given f i r s t  considerat ion. 

The CDIF conceptual design spec i f ied  dense phase coal i n j e c t i o n  ( 2 .  l i gh  

as 35 pounds n f  coal per actual cubic f o o t  o f  t ransport  gas, o r  more), a t  

high pressures (up t o  10 standard atmospheres). This i s  considerably d i f f e ren t  

from t yp i ca l  comnercial power p lan t  feed pract ices t h a t  use the primary a i r  t o  

convey d i l u t e  -phase, pulver ized coal d i r e c t l y  i n t o  the furnace a t  essen t i a l l y  

atmospheric pressure. 

I n  conventional comnercial p lants moisture i s  removed from the coal only  

f o r  the purpose o f  improving i t s  Hardgrove gr indab i l  i t y .  The moisture thus 

remov~d from the coal ul t imate?, goes back i n t o  the furnace w i th  the primary 

a i r .  Dilute-phase feed and h igh moisture content fuel  are inappropr iate f o r  



MHD f o r  several  reasons. The need f o r  dense phtse coal  i n j e c t i o n  f o r  the  

sake o f  ach iev ing extremely h i gh  plasma temperatarss precludes t he  use o f  

th2 r e l a t i v r l y  cool  p u l v e r i z e r  sweep a i r  f o r  coal  t r a n s b ~ r t  and i n j e c t i o n  

i n t o  the  furnace. Instead, t h e  MHD system r ~ q u i r e s  separat ion o f  t he  coal  

f rom the  p u l v e r i z e r  sweep a i r .  l ' h i s  u: t ima te l y  complicates t he  coal  

p repara t ion  system by i ntroduc; ng t h e  need f o r  bag f i 1 t e r s  , cyclones and/or 

o ther  coal  and a i r  separat ion means. 

An add i t i on ( i1  requirement i s  imposed by t he  sse o f  low r6.:C werte~n 

coals  having h i gh  mois ture contents,  (as h i gh  as 20% t o  3 0 " ) .  !!1 rkcl MHD 

system mois ture imposes a rana l  t y  on f lame tempsrature avd p l  ; ~ s m  cond,cti v i  t y ,  

thus r e q u i r i n g  t he  dry;?g o f  coal  t o  as low as 1% t o  2% t o t a l  mois ture 

content  f o r  g rea tes t  advantage. Accompl i shment o f  t h i s  degree o f  mois ture 

removal requ i res  h igher  d r y i ng  temperatures w k ~ c h ,  coupled w i t h  t he  h i gh  

py rophor i c i  t y  o f  sub-bi tuminous and 1 i g n i t e  coal  s ,  g r e a t l y  ~nhances  t he  

p r o b a b i l i t y  o f  exp los ion  and f i r e  and demands the  neeA f o r  oxygen c o n t r o l  

i n  the  p u l v e r i z i n g  and i n j e c t i n g  gas =ystems. 

Evaluat ion o f  the  e f f e c t s  o f  thesc conmercial a p p l i c a t  7n cond i t i ons  

on the  MHD ccvbustor performance i nd i ca tec  " ia t  c e r t a i n  pena l t i q s  f o r  l e s s  than 

optimum perfcrmance would be? incur red .  The n e t  3 f f e c t  o f  i n a b i l i t y  o f  t he  

comnerc ia l l  j avai  lab:c components t o  meet a1 1 t h s  MHD system requ i  .?merits 

was assessed i n  terms of e f f e c t  on combilstor-ocver chsnnei performance and 

t o t a l  system response t o  tiie anor31 i e s  geneva t~d .  Ir, t i ; ?  tf na l  ana lys is ,  

a t r a d e - o f f  was made t o  de te rm~nc  which o f f - des ign  coni : * iur~s created by 

t h e  use G T  comnercial s ta te -o f - the -a r t  feeu -ystem componentq c o ~ l d  be 

t c l e r a t e d  most i n  t h i s  t e s t  f a c i l i t y  O f  a l l  the  o f f - des i c - *  cor~r:i:ions, 

those tcnd;ng t o  reduce combus t o r  f lame temper.d+~ r e  j ~ p ? a r e d  t o  I tlre 



uas i3 i t  conpensated f o r  ( i  .e. . add oxygen t o  ra ise  the f 1 a m  temperature). 

Uniformity of flow and feed ra te  was considered t o  be the most c r i t i c a l .  

Consequently, a l l  system design features were optimized i n  order t o  produce 

5ptimun uniform a i r ,  coal and seed f low conditions. 

Figurzs 3 and . #;how the e f f ec t  o f  a i r  i n l e t  temperature and coal 

~soisture con+ent on flame temperature. 

The CDIF conceptual design ve r i f i ca t i on  tests f o r  the coal and seed feed systems 

included processing and feeding Montana Rosebud coal and K2C03 powder through 

equipment considered t o  be best capable o f  meeting the CDIF requirements. 

These tests also gave the manufacturer the necessary experimental data tha t  

i n  turn  could be used t o  recomnend the proper s ize equipment for the conceptual design. 

Tsn barrels o f  coal were obtained by the Montana Energy Research 

Development I n s t i t u t e  from the Peabody mines and shipped to  Williams Patent 

Crusher Co., S t .  Louis t o  be r o l l e r  m i l l ed  t o  the size and dryness necessary 

for  safe and dependable storage, handling and feeding i n  an i n e r t  gas storage 

and lock hopper feed in jec t ion  system. Both McKay and Rosebud seam coals 

were tested i n  these preliminary assessments o f  comnercial capabi 1 i ty. 

A r o l l e r  type m i l l  was c-. vcted because o f  i t s  a b i l i t y  t o  be adjusted 

t o  produce uniform size over a wide range o f  preselected gradations. Since 

CDIF i s  t o  t es t  d i f fe ren t  types o f  combustors, the f l e x i b i l i t y  of the r o l l e r  

m i l  1 over other types o f  m i l l  became an important consideration. Tests were 

run t o  determine abi 1 i ty t o  produce pulverized coal ranging from a coarse 

75% - 10, + 100 mesh;and less than 15% fines, down t o  95% through - 200 mesh. 

Moisture content i n  the dr ied coal was t o  be less than 2% (mine-mouth water 

content i s  normally i n  excess o f  25% f o r  combined surface and bound moisture. ) 

The tests indicated that  w i th  proper adjustment, the coarse coal s ize range R 
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could be d r ied  t o  4% t o t a l  moisture and the f i n e  s ize  range could be d r ied  

t o  2%. i n  a s ing le  dry ing stage without using excessive d r i e r  temperatures 

o r  complicated addi t ional  equipment. Based on the tes ts  t o  determine how 

the Montana Coal pulverized and dried, the manufacturer determined the reconnended 

s ize  and capacity o f  the r o l l e r  m i l l ,  separator, a i r  heater, bag house and 

fan t o  process the 25 tonslhour o f  moist coal f o r  CDIF. 

T4e 10 bar re ls  o f  coal supplied t o  the Williams Patent Crusher Co. 

f o r  t h e  processing tes ts  were then reloaded i n t o  the bar re ls  

and three bar re ls  of 902-325 mesh pulverized and d r ied  (-2% moisture) coal 

was sent t o  Petrocarb Inc. for  feed f low tests.  The f i n e  mater ia l  was used 

because previous experience i n  the  indust ry  had indicated t h a t  f i n e  mater ia l  

was more d i f f i c u l t  t o  feed than coarse mater ia l .  Also, since one of the CDIF 

combustor study designers had spec i f ied  a fineness down t o  80%-325 mesh, 

t h i s  p a r t i c u l a r  s ize  was used i n  the tests. 

The Petrocarb tes ts  consisted o f  two d i s t i n c t  feed flow tes ts  on a 

special min i - in jec tor .  The f i r s t  ser ies were designed t o  determine whether 

a sample o f  d r i ed  Rosebud Coal sized 90% minus 325 mesh could be in jec ted  

a t  cont ro l led  rates between 15 and 42 pounds per minute when feeding i n t o  a 

receiver  pressurized t o  100 ps ig  and a t  atmospheric pressure. 

The second ser ies was intended t o  determine whether calcined, pul -  

verized potassium carbonate could be fed  a t  rates between 5 and 15 pounds 

per minute when feeding i n t o  a receiver  pressurized t o  100 psig. 

The experimental t e s t  equipment used included a special "Mini I n jec to r "  

which has a storage iapac i t y  o f  approximately two cubic fee t  and which i s  

capable o f  feeding a t  rates consistent w i t h  a one-half inch Mix-Tee and trans- 

po r t  l i n e  (or  smaller). This u n i t  i s  normally used by Petrocarb f o r  pre- 



1 iminary evaluat ions t o  ob ta in  data on cha rac te r i s t i cs  of mater ia ls  t o  

be in jected.  The u n i t  was arranged f o r  feeding through a 25 f o o t  length  o f  

0.5 inch diameter re in fo rced rubber hose i r t o  the receiver  maintained a t  

atmospheric pressure. 

A special  Petrocarb Model 24 I n j e c t o r  t ha t  can be equipped t o  feed from 

a few pounds t o  several hundred pounds per minute i n t o  a receiv ing vessel 

t h a t  can be operated a t  pressures up t o  100 ps ig  was used f o r  the h igh  

pressure recc iver  tests.  

The t e s t  procedure involved manually f i  11 i n g  the i n j e c t o r s  a f t e r  screening 

through a 1/8 inch mesh sieve t o  remove any tramp mater ia l .  The rece iv ing  

vessel was mounted on a p la t fo rm scale used t o  measure the weight o f  mater ia l  

t ransported from the i n j e c t o r  t o  the receiver .  Mater ia l  was fed  f o r  t imed 

i n t e r v a l s  designed t o  demonstrate repeatabi l  i t y  and r a t e  cont ro l  as a func t ion  

of d i f f e r e n t i a l  pressure between the two vessels. Dry ni t rogen gas was used 

f o r  pressur iz ing and t ransport  of the d r i ed  coal. The pressure and gas flow 

ra tes  were manually c o n t r ~ l l e d  w i t h  regu la t ing  valves and monitored by 

f low ind i ca t i ng  rotameters and pressure gages. 

The "mix-tee" and t ransport  l i n e  each were 1/2 inch diameter. The 

t ranspor t  l i n e  consisted o f  40 f e e t  o f  hor izonta l  and 21 feet of v e r t i c a l  

1/2 inch Schedule 80 pipe fol lowed by a 180' bend and about 15 feet of 0.88 

inch I D  hose i n t o  the top o f  a pressurized receiver  i n j e c t o r .  The o u t l e t  

vent o f  the pressurized rece iver  was equipped w i th  a cot ton dust bag. 

The t e s t  t o  determine coal f lowab i l  i t y  and c o n t r o l l a b i l  i t y  consisted 

of f i l l i n g  the i n j e c t o r  hopper and pressur iz ing t o  15 psig. The coal was 

observed t o  f low smoothly and the i n j e c t o r  ran completely empty wi thout  

i n te r rup t i on .  



The i n j e c t o r  hopper was then r e f i l l e d  and the t ime f o r  feeding 5 pounds 

o f  coal was measured. Each of  e igh t  consecutive five-pound batches took 

18 seconds which corresponds t o  16.6 pounds per minute. This was regarded 

by Petrocarb as good repea t a b i  1 i t y  . 
A ser ies o f  runs were then made a t  pressures varying from 5 t o  35 ps ig  

i n j e c t o r  pressure and two d i f f e r e n t  t ransport  gas f low rates. These data 

are presented i n  Figure 5. The curves are  p l o t t e d  w i t h  pressure as the 

ord inate and so l ids  r a t e  as the  abscissa. The curves i l l u s t r a t e  the e f fec t  

o f  the volumetric f low r a t e  o f  t ranspor t  gas on so l  i d s  f low r a t e  as we l l  as 

the pressure i n  the i n jec to r .  The pre l iminary r e s u l t  w i t h  the "Mini" I n j e c t o r  

f u l l y  j u s t i f i e d  cont inuing the  t e s t  w i t h  the l a r g e r  scale equipment t o  demon- 

s t r a t e  the c a p a b i l i t y  o f  the Petrocarb I n j e c t o r  t o  feed con t ro l l ab l y  and 

uni formly against elevated back pressures. 

,I second ser ies o f  tes ts  was made w i t h  the Special Model 24 I n j e c t o r  

feeding i n t o  a receiver  which was rnaintafned a t  atmospheric pressure. F 

t h i r d  ser ies o f  t es t s  were made w i th  the receiver  maintained a t  100 psig. 

Three h igh  pressure runs were made using 15.2 SCFM, 12.8 SCFM, and 10.1 SCFM 

t ransport  gas addi t ions , respect ive ly .  The resul  t i n g  t e s t  data are p l o t t e d  

i n  the se t  o f  curves shown i n  Figure 6. Two o f  the curves were observed 

t o  cross a t  approximately 40 pounds per minute coal f low rate. This i s  due 

t o  the f a c t  t h a t  10.1 SCFM add i t iona l  t ransport  gas i s  s l  i g h t l y  inadequate 

a t  the higher rates and thus the f low r a t e  dropped o f f .  This ind ica ted  

t h a t  the t e s t  was no t  a t  the optimum minimum gas f low r a t e  ( i  .e., the r a t e  

which w i l l  r e s u l t  i n  the maximum sol i ds  f low f o r  a given i n j e c t o r  pressure). 

This phenomenon w i l l  occur even though the sol ids  f low i s  smooth and 

reproducible bu t  would normally be avoided i n  p rac t ice  by adding s l  i g h t l y  

more t ransport  gas. 
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Based on the data obtained i n  the coal feed tests i t  was concluded 

that  if the coal sample tested was t r u l y  representative, there shodld be 

no major problem i n  designing the system to  feed coal uniformly a t  

the flow rates o f  15 t o  42 pounds per minute f o r  the CDIF i n  a system 

u t i l  i z i ng  a number o f  112 inch Schedule 80 pipe feed 1 ines. The low 

end o f  the feed ra te  (15 lb/min) could be reduced fur ther  t o  10 pounds 

per minute but  the sol idslgas r a t i o  would have t o  be decreased somewhat. 

The feed mass flow ra te  r a t i o  of 7 l bs  coal11 l b  o f  a i r  resul ts i n  some 

d i l u t i on  o f  the net gas i n l e t  temperature, but the resu l t ing decrease 

o f  approximately 60°F i n  the flame temperature was considered acceptable. 

Two drums o f  calcined pulverized potassi um carbonate (-325 mesh K2C03 

powder)were supplied f o r  the seed feed tests. Even though the containers 

were sealed and the inner contents protected by p l as t i c  bags, the anhydrous 

sol ids were noticeably lumpy and agglomerated. The angle o f  repose was 

negative and the material very d i f f i c u l t  t o  handle. 

An attempt was made t o  i n j e c t  t h i s  material i n  the "Mini In jec tor "  

but flow was sporadic and non-uniform. The equipment was very d i f f i c u l t  

t o  clean up and a l l  valves and f i t t i n g s  required complete l ismant l  ing, 

c l  eani ng , and drying. 

Petrocarh recomnended tha t  consideration be given t o  adding a flow 

promoting reagent such as Cab-0-Sil (a fumed s i l i c a )  t o  determine whether 

the potassium carbonate coui d be made flowabl e. However, several other 

small tests were made t o  study means o f  converting the K2C03 t o  a more 

flowable form f o r  feeding. 

I n  one tes t  the K2C03 was heated i n  a srnall f l u i d i z e r  t o  +300°F wi th  

the in ten t  that  moisture would be driven o f f  and the sol ids converted i n t o  a 

flowable condition. The capabi , i t y  of feeding hot materials up to  a temperature 



o f  about 1000°F were considered not  t o  be unduly d i f f i c u l t  i f  the propert ies 

o f  the  so l i ds  were improved. However, prel iminary tes ts  indicate.  no 

improvement a t  temperatures up t o  300°F, so the t e s t  was discontinued. 

A s im i la r  t e s t  was made i n  a f l u i d i z e r  t o  study the change i n  

propert ies caused by addit ions o f  Cab-0-Sil. A marked improvement was 

obtained by the use o f  the f low agent. However, i t  was evident t h a t  

because t h e  c a r b o n a t e  on hand was lumpy, each mass o f  agglomerate required 

int imate hand mixing o f  the two materials.  Had the carbonate been f resh ly  

pulverized, it i s  bel ieved t h a t  a simple mixing would have suf f iced.  How- 

ever, because o f  the encouraging resu l t s  o f  Cab-0-Sil addi t ion,  a small 

t e s t  whs conducted t o  prove t h a t  the t reated carbonate could be in jec ted  

re1 iab ly .  About 75 pounds o f  carbonate was ca re fu l l y  mixed i n  small batches 

w i t h  5% by weight o f  Cab-0-Sil . This work was done by manually rubbing 

materials together i n  p l a s t i c  bags. Obviously, i t  i s  not  p rac t i ca l  t o  

produce l a r s c  s~mp l  t s  f o r  t e s t  by t h i s  means, but  since t h i s  was a small 

batch t e s t  conducted i n  the "Mici In jec tor " ,  t h i s  proved t o  be a p rac t i ca l  

expediency and provided a good feed material  . Petroci:  b indicated they 

could pred ic t  w i t h  good r e l i a b i l i t y  extrapolat ion t c  l a rge  scale equipment 

based on these small scale tests.  

The sample o f  5% Cab-0-Sil and carbonate was fed  a t  three d i f f e r e n t  

feed ra tes  and the resu l t s  are included on the p l o t  i n  Figure 5 w i t h  the 

coal tests.  Excel lent cor re la t ions  were developed t h a t  were then used as 

the basis f o r  s i z i n g  and select ion o f  a Petrocarb seed i n j e c t o r  as a 

reference design f o r  the COIF concept. The i n j e c t i o n  work was thereupon 

terminated. Further tes t i ng  w i  11 be necessary t o  establ i sh long-term 

performance and re1 i a b i l  i t y  o f  t h i s ,  o r  other  MHD seed feed concepts. 



One add i t iona l  t e s t  was made which involved the mixing o f  incremental 

quant i t ies  o f  raw carbonate t o  the sample conta in ing 5% Cab-0-Sil . This 

ind icated t h a t  the Cab-0-Sil r a t i o  t o  K2C03 could be reduced t o  2.5% wi thout  

not iceably changing the f low proper t ies o f  the mixture. As lesser  percentages 

o f  Cab-0-Sil add i t i on  were made, the f low proper t ies were not iceably poorer. 

Concl us i o n  

The coal and seed processing and feeding inves t iga t ions  conducted i n  

connection w i t h  the CDIF Conceptual decign i d e n t i f i e d  comerc ia l  l y  ava i lab le  

equipment su i tab le  f o r  use i n  a reference design and establ ished reference 

operat ion condit ions f o r  the desired performance o f  the coal and seed pro- 

cessing and feed systems. This in format ion became a p a r t  o f  the concepcual 

design descr ip t ion  and was provided t o  the Arch i tec t  Engineer f o r  h i s  

considerat ion i n  the preparat ion o f  the T i t l e  I design. Figure 7 shows the 

f low schematic o f  the 50 MW CDIF, coal feed system developed as a r e s u l t  o f  

t h i s  p re l  iminary coal feed system design development program f o r  the CDIF. 

Since t h i s  was a pre l iminary evaluation, i t  i s  recomnded  t h a t  t u r t h e r  

development be conducted t o  improve the processing and feed system components 

design and operat ion t o  improve the re1 l a b i l  i t y ,  uniform4 :y, and qua1 i t y  o f  

performance. ?aecial  emphasis should be placed on improving f low measurement 

instrumentat ion nd reduct ion o f  the conveyance a i r  weight f rac t i on .  






