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ABSTRACT 

The Morgantown Energy Research Center (MERC) has developed a va r ie t y  
o f  systems since 1945 f o r  feeding crushed and pulver ized coal i n t o  coal 
conversion reactor  vessels. Thi s paper describes t h e i r  past and cur rent  
work on these systems inc lud ing pneumatic methods f o r  feeding pulverized 
coal, s l u r r y  feeders, and coal pumps, methods f o r  steam pickup, and a method 
fo r  dry ing d water-coal s l u r r y  i n  a steam-fluidized bed subsequent t o  feeding 
the coal i n t o  a reac tor  vessel. 
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1 . INTRODUCT I ON 

The renewed emphasis on coal as a primary energy source and the  

inves t iga t ion  o f  a va r ie t y  o f  conversion processes on 3 l a r g e r  scale have 

resu l ted  i n  increased research and development ar:tib1i .y i n  coal feeding tech- 

niques and equipment. Processes f o r  del i vering,' feet' : ng the  coal i n t o  the 

g a s i f i e r  have usua l ly  been developed inc identa l  t c  t.he process w i th  varying 

degrees o f  success. The purpose o f  t h i s  paper i s  teerefore t o  review and 

summarize MERC's experience and research on coil1 feeding systems i n  the l a s t  

30 years. 

The development o f  coal feeding systems a t  MEKC i s  d iv ided i n t o  two par ts  

f o r  t h i s  presentat ion: 

0 A h i s t o r i c a l  discussion covering the period from 1945-1965 

0 A discussion o f  progress from 1966 t o  date 

Since our t ime i s  l im i ted ,  my presentat ion does no t  contain de ta i l ed  

data. tiowever, f o r  those who are in te res ted  i n  the system's problems and 

cur ren t  progress, a comprehensive b ib1 iography i s  included which 1 i s t s  

repor ts  and documents generated by MERC on coa l - fwd ing  systems. 

2. HISTORY ( 1  945-1 965) 

The Bureau o f  Mines a t  Morgantown has done considerable research on a 

va r ie t y  o f  coal -feeding systems i n c l  uding research on atmospheric and pres- 

sur ized coal g a s i f i e r s  as wel l  as developing a c o a l - f i r e d  gas turbine. Most 

of these processes required the  feeding o f  pulver ized coal ei ther- t 3  the 

g a s i f i e r  (atmospheric o r  pressurized) o r  tu rb ine  combustor. 

During t h i  s e a r l y  stage o f  coal -feeding development, K .  :,gantown successfu~ l y  

fed coal a t  varying rates fron: 2 grams ( laboratory scale, t o  2 tons ( p i l o t  

scale) per hour from vacuum t o  600 psig. Morgantown ;as a l so  awarded four  

patents, three on feeders and one on unique contr; i for & feeder. 

I n  the fo l low ing paragraphs, I w i l l  discuss those feeding systems which 

Morgantown has e i t h e r  used o r  conducted research on dur ing the 20 years from 

1945-1 965. 



2.1 FLUIDIZED FEEDER 

Purpose 

The ob jec t ive  o f  using the f l u i d i z e d  feeder i n  coal gas i f i ca t i on  was t o  

develop a system tha t  w i l l  continuously feed pulver ized coal a t  a uniform r a t e  

t o  a reactor  w i th  operat ing pressures up t o  600 psig. Developmental work 

extended from the 1950's t o  the  e a r l y  1960's. (4,12,17,21,26) 

Features 

The i n i t i a l  development a t  M o r g a ~ t o w  s ta r ted  w i t h  a laboratory-scale 

feeder which i n jec ted  coal a t  atmospheric pressure. As the inves t iga t ions  

progressed, l a rge r  feeders were b u i l t  u n t i l  sa t i s fac to ry  performance was 

demonstrated a t  p i l o t  scale. When the  emphasis s h i f t e d  t o  pressure gas i f i ca t ion ,  

the f l u i d i z e d  feeder was adapted f o r  use a t  pressure; however, feeding the 

pulver ized coal a t  pressure created d e f i n i t e  problems. 

A schematic diagram o f  the f lu id ized- feeder system i s  depicted i n  

Figure 1. Coal i s  f l u i d i z e d  i n  the pressurized feeder by i n e r t  gas (carbon 

dioxide plus n i t rogen) and recycled by the recycle compressor which maintains 

a bed density o f  about 20 l b s / f t 3 .  A dense, f l u i d i z e d  stream flows continuously 

through a ca l i b ra ted  c o i l  t o  the pressure g a s i f i e r .  Excess f l u i d i z e d  gas leaves 

the top o f  the feeder through an i n te rna l  cen t r i f uga l  dust co l l ec to r ;  passes 

through a knockout chamber f o r  f u r the r  de-dusting; i s  recompressed by the 

compressor; and i s  cooled before re-entry i n t o  the feeder. A small amount o f  

i n e r t  gas i s  added continuously t o  replace the conveying gas leaving w i t h  the 

coal . 
The Morgantown p i  l o t - sca l  e f l u i d i z e d  coal feeder, used w i t h  the  pressure 

g a s i f i e r ,  was equipped f o r  zone f l u i d i z a t i o n  which 1 i m i t s  the c i r c u l a t i o n  o f  

f l u i d i z i n g  gas and prevents the carryover o f  p a r t i c l e s  i n t o  the recycle 

system, p a r t i c u l a r l y  the recycle compressor. Zone f l  u i d i r a t i o n  funct ions 

(Figure 2) as fo l lows.  F l u i d i z i n g  gas enters as two separate streams, 

a u x i l i a r y  f l u i d i z i n g  gas and main f l u i d i z i n g  gas. A u x i l i a r y  f l u i d i z i n g  gas 

provides 1 i m i  ted f l u i d i z a t i o n  o f  the main coal bed and ensures migrat ion o f  

f i n e l y  d iv ided coal p a r t i c l e s  from the main bed i n t o  the cent ra l  column. Main 

f l u i d i z i n g  gas creates a f u l l y  f l u i d i z e d  zone w i t h i n  the cent ra l  column. 

F lu id ized coal i s  withdrawn from the cent ra l  zone through a feeder discharge 
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Figure 1. Pilot-Scale Fluidized Feeder Utilizing Zone Fluidization 
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l i n e .  The gas d i s t r i b u t i o n  p l a t e  near the bottom o f  the continuous feeder 

supports a 6- foot  h igh centra l  f l u i d i z i n g  column, w i t h  a 13-inch diameter, 

topped by a 70°funnel. The 60' ex t rac t ion  funnel sh ie lds the coal de l i very  

tube, preventing e r r a t i c  flow. 

qesul t s  

The f l u i d i z e d  coal-feeding equipment s a t i s f a c t o r i l y  demonstrated an 

accurate method o f  feeding coal t o  a pressure vessel a t  450 ~ s i g  w i t h  a capacity 

o f  1 t o  2 tonslhour ( tph) .  Two coal metering devices, cal  i b ra ted  c o i l  and 

weigh c e l l  system, worked s a t i s f a c t o r i l y  and f l u i d i z i n g  gas requirements were 

low. Equipment was a1 so developed f o r  s to r i ng  and t rans fe r r i ng  pulver ized 

coal. Scale tanks were used f o r  t rans fe r r i ng  coal between bui ld ings.  They 

were pressurized a t  the top w i th  the coal and gas leaving a t  the bottom. The 

valves a t  the e x i t  con t ro l l ed  the flow. Transfer rates o f  1 t o  8 tph were 

achieved. 

Figure 3 shows the f l u i d i z e d  feeder on the weigh c e l l s .  The feeder i s  the 

t a ? l  c y l i n d r i c a l  vessel. The recycle-gas l i n e  runs from the top o f  the feeder 

to  th, bottom. A surge tank f o r  the i n e r t  gas supply i s  i n  the foreground, and 

the c a l i b r a t i o n  receiver  w i th  conical bottom i s  on the scales a t  the r i g h t .  

2.2 PULSE FEEDER 

Purpose 

During the l a t e  1950's, Morgantown gained experience i n  pulse feeders 

through an improvement t o  a laboratory s ize  apparatus. This work was performed 

whi le studying dust co l lec t ion .  (34,351 

Featurk; 

The pulse feeder i s  a laboratory type feeder f o r  en t ra in ing  powdered 

so l ids  i n  a pulsat ing gas stream, wherein the powder i s  f l u i d i z e d  i n  a v e r t i c a l  

tube and i s  withdrawn i n t e r m i t t e n t l y  a t  the bottom. 

The system operates as fol lows. The pu lsa t ing  a i r  i s  admitted t o  the 

feeder a t  a cont ro l led  r a t e  through the o r i f i c e  j u s t  above the dus t -ou t le t  

nozzle. A t  each impulse peak, a small quant i ty  o f  the c a r r i e r  a i r  f lows up 

through the dus t -ou t le t  nozzle and the dust bed and escapes through a bleed- 

a i r  tube above the dust bed. A t  the low-pressure po in t  i n  each impulse, the 
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a i r  f l ow through t he  nozzle reverses, and a small increment o f  dust  i s  

ent ra ined by the  pu l sa t i ng  c a r r i e r - a i r  stream. Th is  operat ion r e s u l t s  i n  a 

continuous f l ow  of pu l sa t i ng  a i r  through t he  b l eed -a i r  l i n e  and an i n t e r m i t -  

t e n t  discharge o f  dust from the o u t l e t  nozzle. Feed r a t e  w i l l  remain constant 

i f  the average operat ing pressure and t h e  pressure d i f f e r e n t i a l  across t he  

dus t -ou t le t  nozzle and dust bed a re  maintained constant. See Figure 4 f o r  

an i l l u s t r a t i o n  o f  the system. 

Res u l  t s  

Findings showed t h a t  t he  system had a range of feed r .ttes from 1 t o  200 

gm/hr, However, t he  system may n o t  be f eas ib l e  f o r  scale-up. 

n /----Bleed -oir tube TO atmosphere 

Pressure top 

Feed hopper - 

Air- inlet nozzle -----, 1 :I 
Pressure top -3  

,' . - - -~ust-out let  nozzle 

Pulsating oir 
i --Pressure top 

\I- Dust - loden air to test opporotus 

Figure 4. Pulse Feeder 

Purpose 

I t  became necessary t o  develop a re1 i a b l e  coal  - feeding system i n  conjunct ion 

w i t h  the Bureau's programs on coal  g a s i f i c a t i o n .  The Ba i l ey  feeder ( a l s o  

re fe r red  t o  as the  steam pickup coal  feeder) was mod i f ied  and incorporated i n t o  

the  p i l o t  p lan t ,  which gas i f ied  pu lver i zed  h i g h - v o l a t i l e  A bituminous coal  w i t h  

oxygen and superheated steam. 



The primary purpose o f  operat ing the p i l o t  p lant ,  equipped w i t h  steam- 

pickup feeding, was t o  determine the  o p e r a b i l i t y  o f  the g a s i f i e r  fed by t h i s  

method as compared t o  the resu l t s  obtained when the g a s i f i e r  was fed  w i t h  the 

f l u i d i z e d  coal feeder. Development extended froni the l a t e  1950's t o  the ea r l y  

1960's. 

Features 

A Bai ley feeder (star-wheel feeder) was used t o  feed a mixture o f  coal and 

steam t o  the  pressure gas i f i e rs .  (36s38950) Figure 5 i l l u s t r a t e s  t h i s  process. 

Lock hoppers were used f o r  pressur iz ing the coal.  Between the hoppers was a 

4-inch motor-driven b a l l  valve. The system operated w i th  70% through 200-mesh 

coal. The star-wheel feeder was mounted a t  the bottom o f  the main hopper 

(Figure 6), and regulated the  coal f low t o  the  water-cooled tee where the  

superheated steam and coal mixed. 

Res u l  t s  

The system's capacity was from 1 t o  2 tons o f  coal per hour. It had an 

advantage over t he  f l u i d i z e d  feeder i n  t h a t  i t  requi red no recycle gas. How- 

ever, i t s  disadvantage was tha t  close cont ro l  o f  the d i f f e r e n t i a l  pressure 

across the  feeder was required t o  maintain uni fonn rates. 

2.4 ORIFICE FEEDER 

I n  support o f  a Bureau o f  Mines' program o! coal g a s i f i c a t i o n  prccess 

development dur ing the l a t e  19608s, an o r i f i c e - t y p e  feeder was developed. A 

patent was subsequently issued. (32) 

Features 

The o r i f i c e  feeder was a laboratory-type feeder appl i cab le  t o  continuous 

uniform coal feeding. As shown i n  Figure 7, the  feeder can discharge i n t o  a 

pneumatic pickup 1 i ne  o r  a screw conveyor i n t o  a f l u i d i z e d  bed and d i r e c t l y  

i n t o  a pressurized reactor.  (3,22932) 

The device consis ts  o f  a chamber w i t h  mu1 t:ple, v e r t i c a l l y  spaced o r i f i c e s  

a l igned and decreasing progressively i n  s ize  from top t o  bottom. Mater ia l  i s  

introduced through the  en t r y  a t  the  top o f  t he  chamber. When using t h i s  feeder 

t o  introduce coal i n t o  a pressurized reactor,  i t  has been found advantageous 

t o  maintain a s l i g h t  p o s i t i v e  gas pressure, r e l a t i v e  t o  the  reac tor  pressure. 

Lock hoppers may a lso  be convenien,:ly used w i t h  t h i s  system. 
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Figure 7. Orifice Feeder 



Coal char experience demonstrated a constant feed ra te  o f  4 gm/hr t o  

27.5 kg/hr i n t o  a f lu id ized bed. The system solved the problem o f  uncontrolled 

flow ra te  due t o  nonuniformity o f  pa r t i c l e  size. The inventor also claimed 

that  the system has a scale-up capabil i t y .  

2.5 LDC COAL-FEEDING SYSTM 

Purpose 

The Bureau o f  Mines conducted a colnprehensive research and development 

program on a d i rec t  coal- f i red gas turbine plant. The LDC coal-feeding system 

?R i s  one o f  the pneumatic systems tested f o r  pulverizing and feeding coal t o  
5" 
&. the conbustors. The feeding system was previously developed and operated by 

F Locomotive Oevelopnent Committee, Bituminous Coal Research, Inc., f o r  use i n  

i* loccnnotives u t i l i z i n g  coal. For the Bureau's purpose o f  evaluating the 
;r 

t effects o f  ccral f i r i n g  on turbine l i f e ,  t h i s  system was ins ta l led  i n  pre- 

2 paration f o r  the 1500-hour coal - f i r ed  turbine run during the f a l l  of 1962. 

Features 
t 

The LDC feeding system supplies 3500 1 b/hr coal a t  86 psig t o  the turbine's 

combustors. Coal crushed t o  3/16-inch x 0 and containing about 3% moisture 

and 6% ash i s  fed in to  the top o f  the coal pump and f i l l s  the pockets o f  the 

rotor. The coal i s  rotated t o  tne bottom o f  the pump, where a i r  sweeps the 

coal from the pockets a t  90 psig and carr ies i t  i n t o  the pulverizer. The 

pulverizer operates a t  approximately 86 psig and 3600 RPM and reduces the 

F 
coal t o  9 M  through 200 a s h .  The pulverizer requires 100 hp when coal i s  

k ground un&r pressure as compared t o  35 hp when coal i s  ground a t  atmospheric 

&i pressure, pr imar i ly  because o f  increased windage losses. The coal / a i r  mixture 

leaving the pulverizer flows through the 2%-inch pipe t o  the combustors. This 

system contains re1 a t i  vely compact equipment. Figure 8 shows the coal -feeding 

system ; (40943) Figurn 9 i l l u s t ra tes  the coal pup .  

Results 

The overal l  system was seriously l im i ted  by the pulverizer 's operating 

l i f e ;  erosion o f  the parts resulted i n  an unbalanced rotor. The pump also 



Figure 8. Coal Feeding System Using LDC Components 

Later  reports i nd i ca te  t h a t  the Koppers Company improved the seals so 

t h a t  a higher degree of success was obtained wh i le  operat ing a t  a pressure o f  

approximately 50 psig. 

2.6 FULLER-KINYON PUMP 

Purpose 

The Fuller-Kinyon pump was i n s t a l l e d  t o  determine i f  i t  would work a t  

90 ps ig  pressure d i f f e r e n t i a l  and feed d i r e c t l y  t o  the process, thereby 

e l  im inat i  ng the  need f o r  1 ock hoppers. 

Features 

Basical ly ,  the pump (Figures 10 and 11) consists o f  a high-speed screw 

wi th  a gradual ly reducing p i t c h  sect ion a t  the  de l ivery  end. The coal being 

conveyed i s  advanced by the screw f r o m  the  hopper sect ion i n t o  a short  bar re l  

sect ion where i t  i s  compressed t o  form a seal against blowback. The coal i s  

then discharged i n t o  a stream o f  i n e r t  gas which ca r r i es  the  coal t o  the process. 
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Figure 10. Star-Wheel Coal Feeding System 

Res u l  t s  

The coal-feeding system w i t h  the  Fuller-Kinyon pump s a t i s f a c t o r i l y  fed 

approximately 3500 pounds o f  coal per hour t o  the tu rb ine  combustor w i t h  a 

pressure d i f f e r e n t i a l  o f  15 nsig. The F u l l e r  Company i s  cu r ren t l y  working on 

improving the pressure r a t i n g .  

Figure I I. Ful ler-Kinyon Rrmp Schematic 



2.7 STAR-WHEEL COAL FEEDER WITH INERT GAS AS THE CARRIER GAS 

Purpose 

To ove .~or~e   he p u ~  :erizer problems, the star-wheel coal feeder system was 

developed, i ns ta l l ed ,  and tested f o r  the same 1500-hour t e s t  run on a gas 

tu rb ine  i n  1962. One ob jec t ive  o f  t h i s  program was t o  determine the system's 

re1 i a b i  1 i ty .  

Features 

The system (Figure 10) contained several standard commercially ava i lab le  
feeder 5 .  '?5'37'38'40'44'45) . The f i r s t  was a standard screw conveying 3/16-inch 

x 0 coal; the second was a ro ta ry  valve operat ing a t  7 t z  15 ps ig  d i f f e r e n t i a l .  

Another r o t a r y  valve a t  the bottom o f  a 10-ton capacity storage s i l o  was 

designed and b u i l t  a' MERC and operated w i th  balanced pressures. The Fu l l e r -  

Kinyon (screw-type) pump operated w i t h  a 15 ps ig  d i f f e ren t i a l  pressure. The 

lock  hopper star-wheel feeder combination was used w i t h  the star-w!xel feeder 

operat ing as described i n  the steam-pickup o r  Bai ley feeder. 

Results 

The system was automated, completely re l i ab le ,  and s a t i s f a c t o r i l y  

t rans fer red  pulver ized coal t o  the coa l - f i r ed  gas tu rb ine  f o r  about 2000 hours. 

The demonstrated r a t e  was 3500 pounds o f  coal per hour. The disadvantages o f  

the  system were the cos t  o f  i n e r t  gas and the complexity o f  the system. 

2.8 PETROCARB FEEDER 

Purpose 

During the e a r l y  19601s, the  Burpau o f  Mines gained experience w i t h  the 

Petrocarb feeder wh i le  i nves t i ga t i ng  the f e a s i b i l i t y  o f  pneumatic t ransport  o f  

pulver ized coal i n  small l ines .  The program's ob jec t ive  was t o  develop basic 

in format ion on pressure drops i n  a pneumatic system. 

Features 

The Petrocarb system i n s t a l l e d  a t  MERC consisted o f  a weigh hopper and 

a receiver  hopper. The weigh hopper and receiver  hopper were connected by 

250 f e e t  o f  2-inch o r  3-inch pipe, and operated as a batch system. I n e r t  gas 

(88% N2, 12% Cop) was used as the  conveying medium. 



Resul t s  

The system had the capacity t o  feed coal a t  a r a t e  o f  60 tph a t  pressures 

up t o  100 psig. Since t h i s  i s  a sophist icated r a t e  cont ro l  system, i t  depends 

l a rge l y  on instrumentation. The system performed s a t i s f a c t o r i l y  f o r  a complete 

series o f  t es t s  which l as ted  about four  months. 

3. RECENT PROGRESS (1  966-1 977) 

The feeders discussed i n  t h i s  sect ion are recent o r  on-going pro jec ts  a t  

the Morgantnwn Energy Research Center. 

3.1 LOCK HOPPER SYSTEM 

Purpose 

From mid-1960 t o  ea r l y  1970, the lock hopper coal-feeding system was used 

i n  the MERC gas producer. The feeding system was t o  d e l i v e r  coal ( 2  inches x 

0) a t  pressures up t o  300 ps ig.  

Features 

I n  the lock  hopper operation, coal i s  dropped f r o m  a feed hopper i n t o  a 

lock hopper a t  atmospheric pressure. The lock hopper i s  then pressurized t o  

s l i g h t l y  above the coal g a s i f i e r  operat ing pressure. The coal i s  discharged 

from the lock hopper, the  hoppe; i s  iso lated,  and the pressur iz ing gas i s  

vented i n  preparat ion f o r  the  next feeding cycle. I n  the f i r s t  setup on the 

producer, the coal was choke fed t o  the  g a s i f i e r  by lock  hoppers. I n  the 

second (present) setup (Figure 12 ) ,  the coal i s  t rans fer red  through a r o t a r y  

valve and an i n c l i n e d  screw i n t o  the g a s i f i e r .  The screw i s  MERC-designed 

and fabricated and serves as a scraper ra the r  than a feeder. 

Results 

Based on our previous experience, the lock hopper system i s  the mcst 

r e l i a b l e  and t rouble- f ree system f o r  feeding dry sol  ids.  However, the f i r s t  

problem occurred when t h i s  system was used w i th  our gas producer and requi red 

l a rge r  valves (10 inch) t o  f a c i l i t a t e  feeding o f  l a rge  s ize  coal. The systein 

operates, bu t  valve maintenance has been a constant problem. The system r a t e  

i s  1 ton per hour f o r  pressrrres up t o  300 psig. 



Figure 12. Lock Hopper System with MERC Gas Producer 

3.2 VALVE DEVELOPMENT FOR LOCK HOPPER SYSTEM 

Purpose 

Over the  pas t  two years, a valve R&D e f f o r t  has been underway a t  MERC. 

The o b j e c t i v e  i s  t o  develop valves which w i l l  be operable, e a s i l y  maintainable,  

and have a l ong  l i f e  when used i n  lock  hopper systems i n  coal  conversion 

p lan ts .  Th is  development program was i n i t i a t e d  t o  so lve the  con t inu ing  

problems o f  us ing l a r g e r  valves and h igher  pressures i n  l ock  hopper systems. (10) 

The p r o j e c t  was d i v i ded  i n t o  two programs: 

Prototype Valve Test Program 

State-of - the-Ar t  (SOA) Valve Test Program 

The o b j e c t i v e  o f  prototype valve t e s t i n g  i s  t o  design an e f f i c i e n t  l ock  

hopper valve capable o f  hand1 i n g  so l  i d s  w i t h  long 1 i f e  and minimum maintenance 

cost.  The valve designs should a l so  have scale-up c a p a b i l i t y  f o r  use i n  p i l o t  

p l a n t  t e s t i n g  and subsequently f o r  commercial p l a n t  use. 



T ~ E  prototype valves being fu rn ished  ERDA by con t rac t  w i l l  be a v a i l a b l e  

f o r  eva!uation i n  May 1978, w i t h  u n i t s  f o r  p i l o t  p l a n t  opera t ion  t o  be 

ava i l ab le  3 j 2 a r  l a t e r .  To b r idge  t h i s  gap, cornnercial ly ava i l hb le  designs o r  

s l igh '  design mod i f i ca t ions  are requ i red  t o  prov ide valves f o r  the  cu r ren t  

p i l o t  p lan ts  and e a r l y  demonstration p lan ts .  The SOA Program has been 

i n i t i a t e d  t o  he1 p i d e n t i f y  appropr ia te  valves. 

The o b j e c t i v e  of SOA valve test i r :g  i s  t o  generate a valve l i f e  cyc le  and 

engineel i n g  data base t h a t  w i l l  p rov ide a comparative basel ine from which t o  

measure improvements achieved by the prototype valves. 

Features 

For t he  purpose o f  t h i s  t es t i ng ,  a generic c l a s s f i c a t i o n  was developed 

t o  i d e n t i f y  types o f  valves f o r  s p e c i f i c  l ock  hopper app l i ca t ions .  F igure 13 

dep ic ts  t y p i c a l  l ock  hopper valve app l i ca t i ons  and i nd i ca tes  the  f ou r  d i f f e r e n t  

types o f  serv ice:  

Type I  - Feed system valves genera1 l y  loca ted  a t  the  i n l e t  t o  a  
load ing  o r  i n j e c t i o n  l ock  hopper 

Type I 1  - Feed system valves t y p i c a l l y  loca ted  between t he  
loading l ock  hopper and the  g a s i f i e r  o r  r eac to r  

Type I 1 1  - Discharge system valves usua l l y  loca ted  a t  the  
g a s i f i e r  o r  r eac to r  o u t l e t .  These discharge i n t o  the  char o r  
ash l ock  hopper 

Type I V  - S l u r r y  discharge system valves loca ted  a t  the  ash 
1 ock hopper o u t l e t  . 

MERC has the  c a p a b i l i t y  t o  t e s t  valves w i t h  so l  i d s  up t o  600 p s i g  and 

ambient temperature. By f a l l  o f  t h i s  year,  t h a t  c a p a b i l i t y  w i  , l  be increased 

t o  1200 p s i g  and 600'~. Two add i t i ona l  systems are  c u r r e n t l y  under design 

and scheduled f o r  completion nex t  year, one f o r  t e s t i n g  Type I V  s l u r r y  discharge 

valves and the  o ther  f o r  t e s t i n g  w i t h  s o l i d s  a t  teroperatures up t o  2 0 0 0 ~ ~ .  

MERC a lso  has a metrology 1 aboratory t o  support  t h i s  program and works c l ose l y  

w i t h  Oak Ridge Nat ional  Laboratory, Argonne Nat ional  Laboratory, and t he  Bureau 

o f  Mines f o r  ma te r i a l s  se lec t i on  and f a i l u r e  analys is .  

Resul ts 

SOA valves have been se lected and ordered from n ine  supplying companies. 

Select ion was made on t h e  bas is  o f  a techn ica l  eva lua t ion  o f  those design 



features t h a t  showed promibe o f  reducing the pr imary valve f a i l u r e  mode o f  

seat scor ing. E igh t  valves have been through a screening t e s t  and t he  metrology 

labora to ry .  Tests w i t h  s o l i d s  a re  scheduled f o r  June 1977. 

FEED 
HOPPER 

T Y P E  I 
VALVE 

LOCK 
GASIF IER - 

HOPPER-(- 

c- G A S I F l t R  

2000 F 

350 F 
INJE CTlON - 
HOPPER 

2000 F 

600 f 

i 

Figure 13. Typical Lock Hopper Valve Applications 

3.3 SLURRY FEEDER 

Purpose 

The development of a steam-dried s lu r ry - feed  system i s  a program which 

s t a r t e d  i n  FY 1977 and i s  expected t o  be completed i n  t h ree  years. The objec- 

t i v e  i s  t o  develop a coal - feed system f o r  high-pressure processes s i n g  

crushed coal .  The method i s  t o  pump a coal-water s l u r r y  t o  achieve opera t ing  

pressure and then d ry  the s l u r r y  i n  a v e r t i c a l  l i f t  dryer  us ing superheated 

steam. Steam was se lected s ince it i s  an t i c i pa ted  t h a t  i t  w i l l  be used i n  

o the r  pa r t s  o f  the  conversion process. Thi s development program provides 

technology support f o r  p l an t s  such as Bi-Gas. 

Ear l  i e r  work on coal - in-water suspensions fed t o  a pressur ized g a s i f i e r  

s t a r t e d  i n  the  e a r l y  1960's. Although research and development work has been 

i n t e r m i t t e n t ,  the MERC programs, i n v o l v i n g  coal - s l u r r y  feeding, cont inued 

step-by-step t o  t ry  t o  f i n d  so lu t i ons  f o r  problems encountered i n  e a r l  i e r  work. 



Previous work w i t h  s l u r r y  feeding a t  pressures t o  450 p s i g  showed t h a t  

major problems arose when i n d i r e c t  heat exchange was used t o  vaporize t h e  

water i n  t he  s l u r r y .  Temperatures had t o  be l i m i t e d  t o  about 600' t o  6 5 0 ' ~  

t o  avoid problems from p l a s t i c i t y  o f  t he  coal .  Also, even a t  these r e l a t i v e l y  

low temperatures, problems occurred when p a r t  o f  the  ash d isso lved  i n  t he  

water and was deposited downstream on the  i ns i de  wa l l  o f  t he  steaming sec t ion .  

Features 

This  cu r ren t  s l u r r y - f eed ing  p r o j e c t  uses superheated steam t o  d r y  a 

pressur ized coal  -water s l u r r y  i n  an en t ra ined  bed, thereby e l  im ina t i ng  problems 

o f  i n d i r e c t  heat ing. MERC i s  developing the  system (F igure 14) i n  a p i l o t  

p l a n t  nominal ly operat ing a t  r a tes  o f  300 t o  1000 l b / h r  o f  coal-water (50wt% 

o f  coa l )  s l u r r y .  The s l u r r y  w i l l  be pumped i n t o  a vessel a t  250 p s i g  where 

i t  w i l l  be contacted by superheated steam. Water i n  the s l u r r y  w i l l  be 

vaporized, c rea t i ng  a stream o f  d ry  coal contained i n  superheated steam a t  

pressure. The two componerlts w i l l  be s p l i t  i n  cyclone separators and steam 

w i l l  be vented. Eventual ly ,  steam w i l l  be recyc led through a compressor and 

superheater. 

STEAM 14308 D D ~ .  60OCF) 

COAL (500 pph) WATER (500 pphl 

PREMIX 

VERTICAL 
LIFT 

DRYER 
(250 pnpl 

COAL (25 pphl 

SEPARATOR 
SCRUBBER 

* Tn SUMP 

I I ORY COAL (472 ~ r h l  . . 

STEAM (3,808 pphl 

RECIRCULATION PRESSURE ORY COAL 
PUMP PUMP (3 pphl 

Figure 14. Steam-Dried Coal Slurry Feed System 



The ser ies  o f  MERC development work on coal  s l u r r i e s  a re  discussed i n  

d e t a i l  i n  several  references 1 i s t e d  i n  t he  b ib1  iography. 
(8,9,10,11,25,51,55) 

Res u l  t s  

The design i s  complete, and cons t ruc t ion  o f  the system hss s ta r ted .  

Operation i s  scheduled t o  begin  i n  e a r l y  October 1977. 

3.4 ROTARY P I  STON FEEDER 

Purpose 

The research program on new design concepts f o r  coa l  putaps was i n i t i a t e d  

l o c a l l y  t o  improve d ry  coa l - feed ing systems. De ta i l ed  designs o f  feeding 

mechanisms w i l l  be developed, and sea l ing  wear as we1 1 as l u b r i c a t i o n  problems 

w i l l  be invest igated.  A low pressure (100 ps i g )  p ro to type  w i l l  be b u i l t  and 

tested.  

Features 

The pump w i l l  c ons i s t  o f  a  r o t a r y  feeder w i t h  a  p i s t o n  (F igure  15) t h a t  

sea ls  t h e  feeder v o i d  a f t e r  t h e  coal  i s  dumped i n t o  t he  p ressur i zed  vessel ,  

thereby prevent ing gas loss .  Various means o f  a c t i v a t i n g  t h e  p i s t o n  t o  g i ve  

t h e  des i red feeding ac t i on  i n t o  t he  pressur ized chamber w i l l  be inves t iga ted .  

The present  design uses a f i x e d  cam w i t h  a  r o l l e r  f o l l owe r  t o  a c t i v a t e  t he  

p i s t o n  and p i s t o n  spr ing .  The main advantages o f  t he  system dre  i t s  compact 

s i r e ,  s i m p l i c i t y  i n  operat ion,  minimum use o f  gas, and va r i ab l e  capac i t y  

depending on t h e  number o f  c y l i nde rs  used i n  the u n i t .  I n  add i t i on ,  t h i s  

pump may be used on a l l  s izes o f  coa l  from run-of-mine t c  pu lve r i zed .  

Resul ts 

Th is  program i s  i n  process. Shop drawings f o r  t h e  proto type 

a re  complete, and cons t ruc t i on  on t h e  proto type w i l l  begin t h i s  year .  Cost 

o f  t h i s  program t o  date i s  less  than $50,000. 

3.5 EXTRUSION FEEDER 

Purpose 

I n  1970, MERC's program on formed coke i nves t i ga ted  product ion of a  

un i f o rm l y  s i zed  b l  a;t-furnace fue: us ing a ho t  ex t ruder .  While working on 

t h i s  program, i t  was recognized t h a t  t he  same technique may be app l i ed  t o  

high-pressure coal  feeding. 



A
P

P
R

O
X

IM
A

T
E

' 
R

A
TC

S
 I

L
B

/H
R

I 
FO

R
 

A
 R

O
TA

R
V

 
F:

S
TO

N
 

FE
E

D
E

R
 W

lT
H

 M
U

LT
IP

LE
 C

V
LI

N
O

E
R

S
 

S
E

C
TI

O
N

 B
 B

 
S

H
O

W
IN

G
 

I
 

C
O

N
C

E
P

T 
S

H
O

W
N

 A
S

 S
IN

G
LE

 P
IS

T
O

N
 F

E
E

D
E

R
 

M
U

LT
IP

LE
 

P
IS

T
O

N
/W

H
E

E
L 

D
R

IV
E

 
P

IS
T

O
N

 F
E

E
D

E
R

 W
IL

L 
IM

P
R

O
V

E
 F

E
E

D
 R

A
T

E
S

 I
S

E
E

 C
H

A
K

T
I 

A
N

D
 F

IX
E

D
 

C
A

M
 A

R
R

A
N

G
E

M
E

N
T 

2 
B

O
R

E
 6

 S
TR

O
K

E
 

M
A

Y
 B

E
 D

E
T

E
R

M
IN

E
D

 I
S

 T
O

 F
E

E
D

 
D

E
S

IR
E

0 
C

O
A

L 
S

IZ
E

S
 

S
H

O
W

N
 H

E
R

E
 A

S
 B

O
R

E
 

- 
5 

' 

4
 s

ra
o

n
E

 =
 2

- 
W

I'H
 

W
H

E
E

L 
O

IA
 

= 
18

' 

3 
FI

X
E

D
 C

A
M

 M
A

Y
 B

E
 D

iS
lG

N
E

D
 F

O
R

 S
IM

P
LE

 H
A

R
M

O
N

IC
 

M
O

T
IO

N
 O

F 
R

O
LL

E
R

 F
C

LL
O

W
E

R
 

4 
FE

E
O

 R
A

IL
 M

A
V

 B
E

 V
 

R
lE

D
 W

lT
H

 B
O

R
E

 6
 S

TR
O

K
E

 
IF

IX
E

D
I 

A
N

D
 S

P
E

E
D

 I
M

IX
 A

P
P

R
O

X
 

3
0

 R
P

M
 

S
E

E
 

C
H

A
R

T
) 

5 
M

E
C

H
A

N
IC

A
L 

S
E

A
LS

 T
O

 B
E

 D
E

V
E

LO
P

E
O

 F
O

R
 M

A
X

IM
U

M
 

P
R

E
S

S
U

R
E

 D
IF

F
E

R
E

N
T

IA
L 

A
C

P
O

S
S

 W
H

E
E

L 
'A

S
S

U
M

IN
G

 
B

U
L

K
 D

E
N

S
IT

Y
 O

F 
C

O
A

L 
- 30

 ~
8

1
~

7
3

 
A

N
0

 C
Y

LI
N

O
E

R
 V

O
LU

M
E

 1: 
F

IL
LE

D
 

IF
O

R
 P

A
R

TI
A

L 

C
O

A
L 

F
E

E
0

 P
O

R
T 

F
IL

L
IN

G
 

C
LD

U
C

E
 R

A
TE

S
 B

Y
 P

E
R

C
E

N
T

 O
F 

V
O

ID
 V

O
LU

M
E

; 

[L
O

W
 P

R
E

S
S

U
R

E
1 

FE
E

O
 P

O
S

IT
IO

N
 

R
O

T
A

T
IO

N
 9

0'
 

N
O

TE
 

W
IT

H
 I

 IS
T

O
N

 I
N

 D
IS

C
H

A
R

G
E

 
N

O
TE

 
C

Y
LI

N
D

E
R

 V
O

LU
M

E
 

IS
 C

LO
S

E
D

 
R

O
T

A
T

IO
N

 0
' 

13
60

.1
 

N
O

T
E

 
W

H
E

E
L 

R
O

TA
TE

S
 w

tr
n

 P
IS

TO
N

 
P

O
S

IT
IO

N
 G

A
S

 C
A

R
R

Y
 O

V
E

R
 I

N
 T

H
E

C
Y

LI
N

D
E

R
 

A
N

0
 S

E
A

LC
D

 
N

O
 G

A
S

 C
A

R
R

Y
 O

V
E

R
 

AT
 

B
D

C
 T

O
 9

0
" 

IF
E

E
D

IN
G

) 
O

N
 T

H
E

 
N

O
T

E
 A

S
 W

H
E

E
L 

R
O

T
A

T
E

S
 F

R
~

U
 

TH
E

 
F

IX
F

D
C

A
M

 
P

IS
T

O
N

 S
P

R
IN

G
 C

A
U

S
E

S
 

35
 

":
4l

TE
O

 
TO

 T
H

E
 L

E
A

K
A

G
E

 A
R

C
U

N
D

 
S

E
LL

S
 

lN
L

f
T

 
'I
o
E

 O
F

 
P

IS
T

O
N

 

I 
C

LO
S

E
D

 P
O

S
IT

IO
N

 1
2i

D
').

 
TH

E
 P

iS
T

O
N

 I
S

 
F

O
LL

O
W

E
R

 T
O

 F
O

R
C

E
 M

O
V

E
M

E
N

T
 

IF
 

W
H

E
E

L 
IS

 P
R

E
S

S
U

R
IZ

E
0 

IN
T

E
R

N
IL

LY
 W

IT
H

 
W

IT
H

O
R

'W
 

BD
i 

IN
E

R
T

 G
A

S
 O

R
 S

O
M

E
 O

TH
E

A
 B

U
tf

C
R

 F
L

U
ID

 
F

R
O

M
 T

H
IS

 P
O

S
IT

IO
N

 B
V

 A
C

TI
O

N
 O

f 
W

IT
H

D
R

A
W

N
 F

R
O

M
 T

D
C

 T
O

 B
D

C
 B

V
 

A
C

TI
O

N
 O

F 
TH

C
 

F
IX

E
D

 C
A

M
 C

V
LI

N
D

E
R

 
C

IG
A

IN
S

T 
H

IG
H

 P
ilE

S
S

U
R

E
 D

IF
F

E
R

E
N

T
IA

L 
LO

S
S

E
S

 F
R

O
M

 D
IS

C
H

A
R

G
E

 E
N

V
IR

O
N

M
E

N
T

 
S

P
R

IN
G

 L
O

A
D

tO
 F

O
LL

O
W

E
R

 

F
IL

LS
 I

N
 T

H
IS

 P
oS

lT
lO

N
 

W
IL

L 
B

E
 N

O
N

 E
M

IS
TE

N
T 

I
.

 
-
 
I
 

F
ig

u
re

 1
5.

 
R

o
ta

ry
 P

is
to

n 
F

ee
d

er
 



Features 

A commercia l ly  avai :able l a b o r a t o r y - s i z e  e x t r u d e r  (F igures  16 and 17; was 

improved f o r  use i n  t h e  Formed CoCe Program. I t c o n s i s t s  o f  a power fu l  d r i v e  

system and a wide s e l e c t i o n  o f  speed ranges, a m o d i f i e d  b a r r e l  and auger, and 

automat ic temperature c o n t r o l s .  The b a r r e l  i s  a 2!,-incn, schedule-43, s t a i n l e s s  

s t e e l  p i p e  e l e c t r i c a l l y  heated by r e s i s ~ a n c e  c o i l s  wraoped around t h e  p i p e  and 

i n s u l a t e d  t o  prevent  appreciabl ,  heat  l o s s .  The b a r r e l  i s  d i v i d e d  i n t o  two 

sect ions ,  conveying and forming.  Each s e c t i o n  r e q u i r e s  about 1500 wa t t s  f o r  

hea t ing  t h e  b a r r e l  t o  proper  o p e r a t i n g  temperature. ;he aoger i s  heated by  a 

c a r t r i d g e - t y p e  hea te r  l o c a t e d  w i t h i n  t h e  cen te r  o f  t h e  s h a f t .  

ELECTRIC-RESISTANCE-COILS 

7 

Kc!/ L A U G E R - T Y P E  E X T R U D E R  
Figure 17. Extruder Schematic 

Resu l ts  

The problems encounter3ed werp coke c l o g q i n g  o f  t h e  auger o r  b a r r e l ,  

premature cok ing,  Oxcess v o l a t i l e  m a t t e r  b u i l d u p  which caused "blowouts," and 

incomplete hea t  t r a n s f e r  throughout t h e  coa l  n i x t u r e .  To s o l v e  thcse  problems, 

c o a l s  were blended, p rehea t ing  was t r i e d ,  and v a r i a b l e  screw deptt,s were 

used i n  c o n j u n c t i o n  w i t h  tapered b a r r e l s .  These a t ~ e r n p t s  were o n l y  p a r t i a l l y  

success fu l .  The program emphasis s h i f t e d  and the  program was stopped. As a 

r e s u l t ,  t h e  i n i t i a l  p lan  o f  d e v e l o p i ~ g  t h e  e x t r u d e r  as a feeder was n o t  pursued. 





3.6 FlJTURC TESTING 

Start ing i n  1978, MERC w i l l  begin fu l l -scale tes t ing o f  two coal 

extrusion systems. An 1 t o  5 tph high-pressure extruder being developed by 

Ingersol l  Rand w i l l  be ins ta l led  i n  the 42-inch pressurized fixed-bed gas 

producer. Tests w i l l  be conducted i n  the 100 t o  300 psig range. A smaller 

100 pph atmospheric-pressure un i t  w i  11 be ins ta l  l ed  i n  the 18-inch atmospheric 

fixed-bed gas i f ie r .  The object ive o f  both o f  these tests i s  t o  provide in -  

f i e l d  ooeb &ing data and experience wi th both extrusion systems. Design, 

procurem.,t, and fabr icat ion o f  the modifications are underway. Del ivery  

of the extruders i s  planned f o r  January 1978. 

4. CONCLUSION 

Among the coal-feeding systems discussed, the lock hopper system i s  the 

most widely used. Such a system i s  very successful, especial ly when using 

smdiier valves ( less than 4 inch) and a t  lower pressures (up t o  453 psig). 

For the future, i n  addit ion t o  improvements i n  lock hoppers, other feeding 

systems need t o  be developed which are smaller and which have low cap i ta l  and 

operating costs, require minimum pressurizing gas, and include mechanical 

design requir ing minimum maintenance. 

The current a c t i v i t i e s  on coal-feeding development a t  the Morgantown 

Energy Research Center are presented ir. Figure 18 (exclusive o f  posi t ive-  

displacement p i  ston- type coal pump). This chart i den t i f i es  various a1 te rna t i  ves 

t o  feeding coal a t  pressure. However, each o f  these systems needs fur ther  

development before i t  can be adapted t o  a par t icu lar  coal conversion process. 
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