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ABSTRACT 

Energy,  i t s  production and consumption, i s  a p r i m e  concern  to  eve ry  
individual, a l l  corpora t ions ,  and the United States Government. 

9Oq'" of the known foss i l  f :el r e s e r v e s  of  the U. S. exis t  in rhe f o r m  of 
coal  - much of it  having a su l fur  content too high fo r  d i r e c t  burning in con- 
ventional power plants without t r ea tmen t  of the coal  o r  the combustion 
products .  The  utilization of this  coal  in an  efficient and environmentally 
acceptable manner  i s  important  to  help m e e t  o u r  national energy 
requi rements .  

The  future use  of coal  may  depend on aur  ability to successful ly 
convert  coal  to  clean gaseous and liquid fuels.  

One important  p a r t  in the coal  gasification p rocess  i s  played by the 
special ly designed ro ta ry  feeders  which - in a lmos t  any coal  gassif icat ion 
method - provide the  regulator  and a i r lock in the feeding of the coal  o r  coal  
c h a r  a t  high p r e s s u r e  and in s o m e  app'ications a t  high t empera tu res .  These 
units mus t  be of a n  a i r lock sealed type t o  withstand the differential  p r e s s u r e .  

Tt.c coal o r  coal  c h a r  i s  d ischarged f r o m  a reac to r  o r  p ressu r i zed  lock 
h.apper through a ro ta ry  feeder  into a p ressu r i zed  t r anspor t  line. This  flow 
m u s t  be control lable - a v e r y  important  fac tor  in such a p rocess .  The 
ro ta ry  Iceeder, placed between these  two s y s t e m s ,  plays a v e r y  essent ia l  
dual role. 

All these  f ac to r s  constitute a s e r i o u s  challenge to  the var ious  m a t e r i a l s  
used in +he manufacturing process .  A d iscuss ion of these  i s s u e s  should be 
a t imely undertaking to  pr2fessionals  in the coal  gasification field. 



every individual, a l l  corporations and the United States Government. 

Shortages of energy have already influenced the behavior and growth 

pattern of the nation, and w i l l  continve to  do so u n t i l  long term 

solutions to the prcblem are achieved. 

The continuous increase i n  the world population and the 

8; 
Q industrialization of many third world countries combined with the 

daily increase of energy consumption per capita i n  the en t i re  
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& world, requires that  a l l  countries make long range plans concerning 
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?. g t he i r  future energy needs. Research and iavrlopment, conservation 
** r r  

$' 
."= 

and finding new and m r e  ef f ic ien t  forms of energy are the principle 

targets for  a l l  the industrialized nations i n  the next 10 to  15 years. 

The U.S. has to  be i n  the forefront of t h i s  batt le.  

A s  President Carter clearly stated i n  h is  energy message: 

 h he heart of our energy policy problem is  that our demand 

for  fuel keeps r ising too quickly while our production goes down, 

and our primary means of solving th is  problem i s  to reduce waste 

and ine f f i c  ienc y . 
In the same message President Carter ra id  great at tention 

to  our large reserves of coal and the necessity cf converi~ng 

lJany present user of o i l  and natural gas to  coal. 

H i s  message was clear: 

"Although coal now provides only 18% of our energy needs, 
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fo increase the use of coal by 400 million tons - o r  65% 

i n  industry and u t i l i t i e s  by 1985. 

A s  mentioned above, by current estimates - nearly 90% 

of the known f o s s i l  fue l  reserves of the United States ex i s t  

in the form of coal - much of it  having a sul fur  content too 

high fo r  d i rec t  burning i n  conventional power plants  without 

treatment of the coal o r  the combustion products. The u t i l i z a t i on  

of t h i s  coal i n  an e f f i c i en t  and enviromentally acceptable manner 

is important t o  help meet our nat ional  energy requirements. 

The conversion of coal t o  clean gaseous and l iquid fuels  w i l l  

produce the b i r  break-through i n  solving the energy shortage. 

A s  you w e l l  know there are  many di f ferent  methods of 

con~~ers ion  and the p r ~ d u c t  of conversion can be o i l  o r  gas 

defined a s  low, medium o r  high BTU type. 

Today's enviromental regulations say ei ther  remove SO2 

from combustion gases o r  remove the su l fur  before burning. 

One answer: Gasify the 1l3al - then desulfurize the gas. 

Presently, d i f ferent  processes to  convert coal in to  gas are  

beginning t o  emerge and the research t o  f ind more sophisticated 

one is  very extensive. 

To f ind the rhost economical method t o  gasify coal is  

presently one of the rmst important projects  of many major 

engineering and research companies throughout the United States.  

The present c r i s i s  s i tua t ion  and the outlook fo r  the  future show how 



important the finding of the r ight  solution is, and to  find it in 

record time before a l l  our present resources of energy are gone. 

Coal and coal char present some different problems to  the 

engineer i n  the material handling field.  

The equipment must be designed to  handle large volumes of 

coal and to  be res is tant  to i ts  corrosive nature, especially when 

moisture is present. 

Str ip  mined coal also has impurities such a s  rock; sand which 

must also be taken into account. 

We are talking about a sizeable capi ta l  investment fo r  coal 

handling equipment even before the gasification stage. 

In the future, we feel  that  the development plants w i l l  prove to  

be much mre economical than the development of small coal handling 

uni ts  for  each individual user. 

Presently, each u t i l i t y  company, hospital, school, e tc ,  has 

i t ' s  own coal handling equipment The future w i l l  prove that  it w i l l  

be more economical for  these users to  obtain the coal in  a gasified 

form than trying ei ther  to  burn coal or  gasify it themselves. 

Based on the above, I fee l  that  we are ready to  make these 

large investments to  handle vast amounts of coal in  some strategically 

located coal gasification plants. 

One important part of the coal gasification process is played 

by the specially designed rotary feeders, The rotary feeders provide 
P 

the regulator in  the feeding of the coal o r  char a t  high pressure 
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and i n  some appl icat ions a t  high temperatures. 

Our Company - Beaumont Birch Co. - considers i t s e l f  for tunate  

t o  have had the opportunity t o  furn ish  the ro tary  feeders  f o r  

a number of p i l o t  plant  and laboratory research u n i t s  - i n  the 

pas t  5 t o  10 years. 

We intend t o  continue furnishing the special ized ro tary  

feeders  f o r  any fu ture  p i l o t  p lants  and a l s o  t ransplant ing 

our experience i n  the ro ta ry  feeders  f i e l d  t o  bui ld  l a rge r  u n i t s  

f o r  demonstration p lants  and hapefully i n  the near fu ture  commercial 

plants .  

The Beaumont Birch - specia l  designed ro tary  feeders  were 

and a r e  used i n  the foilowing loca t ions  and processes: 

CO? Acceptor Process 

A number of 4" s i z e  spec ia l  ro ta ry  feeders designed t o  operate 

i n  a high pressure system a r e  used a t  the  demonstration p lant  i n  

Rapid City, S.D. - developed by Consolidation Coal Co. and b u i l t  

by Stearns-Roger Co. 

The ro tary  feeders handle coa l  and dolomite, and some u n i t s  

were designed t o  handle high temperature char. 

Cogas Process & Project  Coed 

Beaumont Birch Co. supplied the necessary ro tary  ieeders  f o r  

both processes. 

The Cogas Process being based on the Coed experience, we 

developed the f i r s t  ro tary  feeder used i n  the Coed Project.  
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Westinghouse - OCR Proiact a t  Waltz M i l l s ,  Pa. 

Eleven high pressure rotary feeders especial ly designed t o  handle 

coal, char and dolomite a t  specified ra tes ,  temperatures and 

pressures a re  used a t  the Waltz Mills location. 

A t  Hydrocarbon Research Co. ic Trenton, NJ a team of researchers 

were using 2 - 4" s ize  Beaumont Birch Co. rotary feeders i n  a p i l o t  

plant  operation designed on the basis of the Bureau of Mines "~ynthane" 

process fo r  coal gas i f ica t ion under pressure. The two rotary feeders 

were working a l t e rna t e ly ,  They were used under a pressurized lock 

hopper a t  450 PSI, and were feeding the coal i n to  a super heated 

st am transport l i ne  which discharged the coal in to  a reactor.  The 

super heated steam transport l ine  was a lso  under 450 PSI pressure, 

with maximum d i f f e r en t i a l  pressure between the two systems of 25 PSI. 

Thebe processes and users a re  the be t t e r  known but the l i s t  does 

not end here. A number of companies are using our rotary feeders i n  

small coal gas i f ica t ion plants  such as  a Texas Cement Co. 

O r  they a re  doing d i f fe ren t  studies related t o  the 

coal gas i f ica t icn  f i e l d  as: 

Argonne National Laboratory in  Aronne, Ill.. Exxon Co. USA 

in  t h e i r  research laboratory i n  Baton Roupe, La. -- C. E. Lumrms Co. 

A t  Bloomfield. NJ etc .  

Presently we a re  working on some special - 2" s ize  un i t s  t o  be 

used by Rockwall International - Atomics InternatLonal Div i n  t he i r  

coai gas i f ica t ion p i l o t  plant  to  operate a t  Santa Susana Laboratory. 
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These feeders a re  designed t o  operate i n  a 300 PSI pressure 

system - between a pressurized lock hopper and gas i f i c i .  maintaining 

a minimum amount of leakage across the ro tary  feeders. 

A s  a s i s c e r  operation, our feeders a r e  used successfully by 

FMC Corp. - Indus t r i a l  Chemical Div i n  t h e i r  Kemrnerer, Wy. p iant  

i n  t h e i r  process t o  obtain coke. 

We consider the process s imi lar ,  because the feeders  have t o  

handle coke dus t ,  o r  coal.  Actually the f i r s t  u n i t  used by 

FMC Corp. a t  Kemmerer, was t ransfer red  from FMC'S Coed Plant 

i n  Princeton, N J .  FMC s t r e s s e s  t h a t  i t ' s  process a t  Kemmerer, 

gives a high qual i ty  coke from any s ingle  type of coal  from 

anthrac i te  t o  l i g n i t e .  

A l l  the jobs have i n  common the following fac to r s :  

1 )  A l l  handle: coa l ,  lim2stone, dolomite, char - products almost 

equally abrasive and j-n some cases corrosive.  

2)  They require  a very accurate regulat ion of product fed i n  order 

t o  obtain an optisi~al reaction. 

We a re  dealing with a product with many b u i l t  i n  var iables  as:  

bulk den.iity, variat ' l  : size (from %I1 down t o  mesh s i zes ) .  

The feeders ax,. able t o  reac t  t o  changes i n  bulk densi ty  and 

size of product by changing the speed a t  which they a re  working. 

A l l  ro tary  feeders a re  sized based on volume. The displacement 

f igure of every s i ze  of ro tary  feeder i s  very accurate and in most 

cases when handling mesh s i z e  products t h ~  ef f ic iency of the u n i t s  can 
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be considered 100%. 

Even when handling l a rge r  s i ze  products, by making a few 

t e s t  runs, the ef f ic iency fac to r  of the u n i t  can be establ ished 

t o  an exact number. 

3) They require  a "perfecc seal" o r  almost per fac t  sea l .  Based on 

our experience i n  the rotary feeders f i e l d ,  we can estimate r a the r  

accuratelv the amount of leakage which can be expected across the 

ro tary  feeder ( ai r lock) .  

Every u n i t  i s  tes ted  i n  our  manufacturing f a c i l i t i e s  f o r  

leakage under a d i f f e r e n t i a l  pressure of 10 PSI o r  higher i f  requested.  

The amount of leakage var ies  from l e s s  than 1 CFM for a 

2" s i z e  u n i t  t o  3 CFM f o r  c2 12" s'.ze, plus  the volume of the 

empty r e  turning pockets . 
4)  - They &re  custom designed t o  various pressure systems a s  

required by the process. 

5 )  - They a r e  custom designed t o  the various temperatures as  

required i n  process. 

6 )  - They are sized to  the capacity requirements of the 

process - using i n  every appl icat ion the optimal bize f o r  the 

process. 

We combined a l l  the design fac to r s  f o r  every job, and it 

resul ted i n  s wide var ie ty  of rotary feeders designed - var ie ty  

ref lec ted  i n  s i ze ,  mater ial  of constructbon, type of d r ive ,  machining 

d e t a i l s ,  choice of aux i l i a ry  mater ia l s  as :  packing, adjustable  
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blades, e t c .  

The most common s i z e  used u n t i l  now i s  the 4", because the 

capacity requirements were r a t h e r  small i n  the p i l o t  plant  operations. 

In  some appl icat ions even the 4" s i z e  was t o  la rge  and we had 

t o  use only a 2" s i ze  un i t .  

An exception t o  the above i s  the 10" s i z e  u n i t  furnished 

t o  a  Texas Cement Co. where they a re  gasifying coal  f o r  cheir  

in t e rna l  use. 

A s  w e  hopefully s t ep  i n t o  the next stage of coal  

gas i f i ca t ion  - demonstration and commercial u n i t s ,  the s i z e  

of ro tary  feeders (a i r locks)  should grow a l so .  

Based on the experience of some p i l o t  p lants ,  there  i s  a  

l i m i t  t o  the s i z e  of the ro ta ry  feeders  t o  be used- 

Being a  ro ta t ing  type of equipment withmanyparts 

required t o  be maintained i n  good condition f o r  constant 

good performance, the manageable s i z e  should be of concern i n  

the fu ture  feeder design. 

We f e e l  t h a t  the  12" s i z e  ro tary  feeder i s  large enough 

(capacity 150 cu. f t .  /hr.  f o r  each RPM - 3,000 cu. f t .  /hr. @ 

20 RPM - niax. recommendedj - but s t i l l  manageable f o r  t h i s  type 

of appl icat ion.  

The p rac t i ca l  experience chooses the use of multiple 

12" s ize  u n i t s  i n  place of one o r  two very large un i t s .  

Also, the mu1t:ple u n i t  approach can a l l e v i a t e  the complete 
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-;hut-down s i tua t ion  In  a multiple un i t  system the chances 

of a complete breakdown i s  ra the r  renote. 

The p i l o t  plant  u n i t s  were constructed o f :  

A - Cast S tee l  - Type WCA, WCB, WCC with 0.40 - 0.50 carbon, with 

body hardened t o  4'0 brine11 f o r  improving the wear res is tance  a t :  

1) C02 Acceptor Process - To Handle spent dolomite a t  

300' F design temperature, 335 PSIG pressure system. 

2) Project  Coed - To handle pulverized coal  a t  215' F 

design temperature 100 PSIG pressure sys tem. 

4) Low BTU Gas - P i l o t  Plant  Project  a t  Waltz M i l l s ,  Pa. 

(Westinghouse Co.) t o  handle coal ,  char,  dolomite a t  temperatures 

0 
ambient t o  200 F,  300 PSIG system. 

5) Atomics In terna t ional  - Santa Susana - To handle 

coal  a t  ambient temperature 300 PSIG system. 

6 )  C. E .  Lummus Co. - Bloomfield, N J  - To handle coa l  

0 a t  temperatures r a n g ~ ~ l g  from 75 to  100 F, operating pressure 

180 PSIG. The u n i t  was designed f o r  a max. pressure system of 

300 PSIG. 
0 

7) YMC Kemerer, Wy. - To handle coke a t  100 and 350 

F and 100 PSIG pressure system. 

B - Ser ies  300 Sta in less  S tee l  at :  

1 )  Coed Process - To handle char a t  600' Fa 

2 )  C02 Acceptor Process - To handle f r e sh  dolomite and 

f resh  l i p i c e  a t  600 and 700' F - 320 PSIG pressure system. 
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3) California Research Co. - To handle char a t  1600' F. 

4)  Argonne National Laboratory, Argonne, Ill. - To handle 

crushed coal ,  limestone, d i f f e r e n t  types of coal  (Pit tsburgh, 

I l l i n o i s  and San Juan),  l i g n i t e  (South Dakota type) 

A t  ambient temperature i n  a 135 PSIG system with :ro o r  

very small d i f f e r e n t i a l  pressure across  the feeder. 

5) Exxon P.es. & Dev. Co. - Research Laboratory, Baton 

Rouge, La. - To handle char a t  1200' F. 

A t  Linden, N J  - To handle coal  a t  300' F. 

6) Low BTU Gas - PiloL p lant  project  - To handle f l y  

ash, dolomite, spent dolomite, ash, gas f ines ,  and char a t  

6000 F, 300 PSIG pressure system. 

7)  FMC Kemmerer, Wy. - Coke Zrocessing 2 lant  - To 

handle coke a t  400' F. 

0 
On the above jobs - f o r  temperatures 600 F and above 

a type 309 o r  310 s t a i n l e s s  s t e e l  was used which kombined 

successfully the wear and heat resis tance.  

0 
Below 600 F, type 304 s t a i n l e s s  s t e e l  was used. 

Without ever mater ial iz ing a s  a job, w e  wer. ac t ive ly  

involved i n  the design of very spec ia l  ro tary  feeders t o  be 

used i n  the bi-gas process - feeders Eor handling both coal 

and char. 
0 

The extreme conditions - 1200 PSIG system and 600 F f o r  

coal  and 1200 YSIG systcn and 1 6 0 0 ~  F for char presevted some 
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very d i f f i c u l t  problems concerning the choosing of the r i g h t  

mater ial  of construct icn,  example HH, HK type s t a i n l e s s  s t e e l .  

Even f o r  the p i l o t  plant  operation the s i z e  of the 

ro tary  feeders was ra the r  large.  

The body and the end p la te s  had to  be designed with 

extremely thick walls;  la rge  and very th ick  flanges. The la rge  

s i z e  of these cas t ings  can cause machining and handling problems. 

The approximate weight qf the p i l o t  plant  u n i t  designed t o  handle 

char a t  1 6 0 0 ~  F, 1200 PSIG system i s  11,000 lbs .  For a good 

performance a t  these c o ~ ~ d i t i o n s  we a l s o  had to  design & very 

sophist icated type sea l .  

In order t o  design a commercial s i ze  rotary valve f o r  the 

bi-gas and synthane processes - we recommend the design, 

manufacturing and t e s t ing  of a p i l o t  plant s i z e  rotary valve. 

Only a f t e r  building and t e s t ing  sach a spec ia l  rotary valve, 

w i l l  we be able t o  lean1 about the problems and t r y  t o  improve 

the c r i t i c a l  wear points  of the u n i t .  

When we speak of r c t a ry  feeders constructed o f ,  we mean 

~I:at  the major c a s t  pa i t s :  body, ro to r  arld end p la te s  a r e  

c a s t  f r o r  the respective mater ial .  

1)  A l l  the mater ials  enter ing i n  the construction 

of the rotary feeder a s  sha f t ,  bearing, adjustable  blades 

and packing s e a l s  should be chosen t c  be t h e  optimal type 

f o r  the design conditicms. 
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In al l .  the f i e l d s  - metals, p l a s t i c s ,  packing e t c .  day 

by day new developments occur i n  producing a b e t t e r ,  more 

wear(7ble type of product. 

There a r e  some wear poin ts  concerning the type of mater ials  

used o r  spec i f lc  design but the ndw impulse given t o  d & D i n  the 

coal  gas i f i ca t ion  should eliminate a l l  these points  and generate 

an optimal u n i t  f o r  the appl icat ion.  

I n  many appl icat ions the ro tary  feeders provide the 

regulator  i n  the feeding of the coal  or  coal  char a t  high 

pressure and i n  some appl icat ions high temperatures. 

2 )  The ro tary  feeder i s  placed between a pressurized 

lock hopper and a pressurized t ransport  l i n e .  The ro tary  feeder 

not  onlv provides a s e a l  between these two systems, it a l so  

regulates  the £lo\; of coal  o r  coal  char fron, one system t o  another. 

In  most cases the ro tary  feeder i s  driven by  a var iable  

speed drive which chaqges the capacicy ~f the ro tary  feeder 

by changing the output speed of ths  var!aSle speed drive.  

The duvelopaezlt of SCR drives  - using DC motgrs operis the 

road f o r  even a wider regulatio:? of speed, capacity a;ld ;rolume. 

In many p i l o t  plant  ap,i icati_ons the Tressule i n  the lock 

hoppa- and the transpozt l i n e  may vary ? s  required by tl;~ spec i f i c  

process - from 150, 250,  375 t o  450 PSI, having a r;lax;.~:~~iz d i f f e r ~ n t i a l  

pressure between the two systems of 25 FST,  

Also the tempera:ure especia l ly  f o r  coal  chzr hard!.ir,g, 
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may be very high 600, 700, 900, 1200 o r  i n  some cases even 160o0 F. 

A s  mentioned previously fo r  p i l o t  plant operations, i n  most 

cases the rotary feeders a r e  made of type SAE 1045 cas t  s t e e l  

having the body hardened to  450 Brine11 for  a b e t t e r  wear resistance. 

The connecting flanges, i n l e t  and ou t le t  are  designed f o r  

the pressure ra t ing  of the specif ic  system. 

To achieve the a i r lock properties of the rotor ,  the major 

par t  of the rotary feeder, i s  equipped with two s e t s  of adjustable 

t i p s  and the feeder is  a lso  provided with two di f ferent  types of 

seals  - periphery and shaf t  seals .  

When the operating temperature i s  higher thaa 600 - 
7000 F, we recommend the use of d i f ferent  type of s t a in l e s s  

s ~ e e l  - type 309 o r  310 

I f  the pressure and temperature requirements combined 

require an even higher quali ty type of material, we recomnend 

the use of s ta in less  s t ee l s  with high allowable s t r e s s  z t  elevated 

temperatures. 

Example - Cast HK (25 CR:20 Ni) This a l loy has become 

highly popular fo r  steam reforming and ethylene pyrolysis p lants  - 
fo r  good reason - it not only provides higb tens i le  strength and 

excellent resistance t o  hot gas corrosion i n  the crucia l  1500 - 
0 

2000 F range, but o f fe rs  outstanding rupture and creep properties. 

A t  1 6 0 0 ~  F, fo r  example, HK'S 10,000 hour rupture strength is  
I 
i 

approximately 4000 PSI as  compared with about 2500 PSI f o r  i t ' s  4 \ 8 7 
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closes t  wrought equipment. 

Similar t o  HK, a l l  heat res i s tan t  a l loys  - HH HT & HX 

would be used extensively i n  making the rotary feeders used a t  

high temperatures and high pressures 

For long term service, materials should be duct i le ,  e a s i l y  

ca s t  and welded i f  necessary, small grained, able to  r e t a in  an 

erosion res i s tan t  smooth surface, r e s i s t an t  to  high temperature 

and high pressure; 

H2S (Hydrogen Sulfide) H2 Attack: and imrmne to stress 

corrosion cracking. A good candidate fo r  use could be a s  mentioned 

chrome-moly al loys with and without protective coatings. 

Coal, especial ly that  found i n  the Eastern par t  

of the United States contains substa.:tial sulfur .  KnowiFg tha t  

the need for  coal is  much bigger i n  the East than in the other 

par t s  of the Country, we have to  be prepared to  deal with the 

excessive sulfur .  During processing, much of t h i s  is  converted 

to  hydrogen sul f ide  which becomes increasingly ccrrosive to  carbon 
0 

s t e e l  a t  temperatures greater  than 450 - 550 F. W e  can draw upon 

the experience of petroleum ref iner ies ,  which have collected 

extensive data on hydrogen sulf ide corrosion a t  temperatures 

from ambient t o  about 1 0 0 0 ~  F and a t  operating pressures t o  3,500 

PSI. 

The combination of H2S and Hz i s  par t icular ly  troublesome, 

since the 5 CR - 4 MO and 9 CR - 1 MO s t ee l s ,  cornmonly used to  
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resist sul fur  corrosion a t  moderately high temperature show l i t t l e  

improvement over carbon s t e e l  a s  t he i r  resistance to  H2s/H2 

atmospheres. A chromium content of a t  l e a s t  12% i s  required. The 

series 300 of aus teni t ic  s ta in less  s t ee l s  (min. 18 CR - 8 N i )  have 

excellent resistance and a re  normally specified fo r  the H * S / H ~  

enviromen t . 
A t  temperatures between 800 and 1 5 5 0 ~  F the aus ten i t i c  

s ta in less  s t ee l s  tend t o  sensi t ize  and precipi ta te  carbides 

along grain boundaries. Based on that  experience a t  high temperature 

it i s  necessary t o  add s tabi l iz ing elements such a s  columbium, tantalum 

o r  titanium to  t ie  up the carbon. 

Another route t o  go t o  improve the l i f e  of the major 

components could be hard chrome plating, coating with wear - 
abrasion - corrosion res i s tan t  type agent, etc .  

Although the way to  obtain high BTU gas is by using 

high pressures, high temperatues, from a maintenance and 

cost  point of view it i s  reconanended to  use the rotary a i r lock 

feeders a t  lower temperatures and l e s s  harsh conditions. 

T-angsten carbide could be the answer fo r  a c r i t i c a l l y  
i 

wearing surface, however, even tungsten carbide can be destroyed .,? 
ru 

< ~ :: 

e within 500 hours of operation. With good maintenance and high 3, 
a" 

? quali ty workmanship a 2000 - 3000 hours service can be reached. :,$ 
!! Because of the c r i t i c a l  nature of rotary feeders - ai r lock - a 
i 7 
.w 

.Q- 9 
k ,% 
$ valves performance i n  coal  gasif icat ion plants, a program t o  develop 

9.: :$ 
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improved un i t s  - especially concerning material of construction 

should be the major i t e m  i n  the next R & D program. 

A s  we know, there are  many methods i n  use t o  gasify coal with 

some methods the operating conditions a re  not excessive. 

In  Coed pyrolysis, coal i s  hcated in  fluidized bed reactors.  
0 

I n  successive stages over a temperature range of 600 t o  1100 F a t  a 
C 

pressure of 10 PSIG. Char gas i f ica t ion takes plate a t  temperatures 

up t o  1800' F. No serious material problems wnre experienced a t  

the Coed P i lo t  Plant during the course of i t ' s  operation in  1970-74 

a t  Princeton, N . J .  

The greates t  challenges t o  the Materials Engineer ex i s t  

i n  the construction of the c r i t i c a l  par ts  of a coal  gasif icat ion 

plant as: high temperature reactor ,  hot gas quench systems etc. 

In the coal handling equipment, the major problem appears t o  be 

erosion caused by highly abrasive coal par t ic les .  This i s  

compounded by the f ac t  tha t  the coal o i l  s lurry  must be fed 

continuously o r  semi-continuously in to  the high pressure, 

high temperature reactor assembly i n  d i rec t  linkage with the 

rotary feeder. 

dear of the rotary - air locks - valve systein must be 

minkized to  prevent l o s s  of pressure and temperature. Even 

i n  the limited nuher of hours operation i n  the p i l o t  plants  

more conventional wear res i s tan t  s ta in less  and a l loy s t e e l  

did not prove to  be completely adequate. 
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The finding of the ideal  material of construction should be 

the major challenge especially when the p i lo t  plant w i l l  be 

transformed i n  demonstration and comnercial s ize  plants.  

In coal char handling there i s  a lso  a corrosion factor  

present. Alloys such a s  incoloy a l loy 625, hastelloy a l loy  "C" 

which displayed high resistance to  hot corrosion and s t r e s s  

a t  high temperature could find a considerable use i n  the 

manufacturing of major components i n  contact with coal  char. 

The good performance of the rotary feeders consis ts  

of three major features: 

1. Choosing the r ight  material of construction. 

2. Using the r igh t  combination of materials f o r  the 

adjustable t i p s  to  achieve a continuous t i gh t  sea l  

(almost rubbing type contact) between the body and the 

ro tor  with the edgk s equipped with the blades. 

3. Using the r igh t  periphery seal.  Seal provided 

between the body bore; ro tor  shoulder a t  both 

ends, consisting of packing rings o r  manufactured rings 

and following rings. In the case of using packing for  

periphery sea l s  the follower r ing i s  adjustable without 

taking the feeder apart.  

The shaf t  seal-standard on most rotary feeder designa has 

only a secondary role  i n  the Beaumont feeder design. The shaf t  sea l  

has t o  perform well only i f  the periphery seal  f a i l s .  
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The ideal  sea l  - m i n i m  leakage it  can be obtained only 

when a pa i r  of adjustable t i p s  a r e  used - a base blade - f lexible  

type manufactured of nylon, adiprene, teflon, ryton, vespel, e tc .  

and a supporting blade facer t i p  made of hardened s t ee l ,  tool  

s t ee l ,  s t a in less  steel etc. I f  the f lexible  type of blade can 

not be used due to  temperature l imitat ions,  a rubbing contact never 

can be achieved due t o  the metal to  metal contact. .I 

We are very optimistic that  the temperature l imitat ions in  

using p las t i c  based products is  raised higher a s  days go by, 

and by the time that  a feeder fo r  a comnercial coal gasif icat ion 

plant w i l l  be b u i l t  we w i l l  have the necessary type of material 

0 
fo r  blades to  use up t o  1200 - 1500 F. Already Du ~ o n t ' s  

Vespel product raised the temperature l imitat ion to  800° F, 

although the cos t  of vespel presently i s  too excessive fo r  use 

a s  adjustable blades. 

Also concerning the periphery seals ,  we hope that  with 

our R & D program, w e  w i l l  be able to  develop a longer las t ing 

type seal- minimizing the cos t  of maintenance and replacement. 

It i s  very important that  the rotary feeder be used 

in  the conditions to  which it was designed for.  If the 

design temperature is  much higher than the operating temperature, 

we w i l l  face an excessive amount of leakage. Machining 

clearances are calculated to  the design temperature figures.  

The sealing material used a s  packing may become f lexible  
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only a t  cer ta in  temperature. I f  the feeder w i l l  never reach 
.g 

tha t  temperature the packing may remain r ig id  not being able t o  

provide an adequate seal .  ,? 
:: 

The Beaumont type a i r lock rotary feeders have some speci f ic  8 
3 

design character is t ics :  

The i n l e t  of the body w i l l  be f i t t e d  with a V-shear 

plate.  

This device, an in tegra l  par t  of the body reduzes shock 

o r  the horsepower requirements. It a lso  reduces by approximately 

90% the amount of material sheared i n  passing through the feeder. 

A special ly designed ou t l e t  (par t  of the body) permits the continuous 

discharge of material from the feeder. 

The feeder ro tor  is welded to  an oversize s t ee l ,  
:$ 

s ta in less  s t e e l  o r  special a l loy shaf t ,  and both the ro tor  and 

shaf t  a re  machined while turning on centers. This construction and 

method of machining assure the ro tor  of always being concentric 

3 
on the ro tor  shaft .  It a l so  prevents the ro tor  from ever working 

loose on the ro tor  shaft.  With t h i s  design, the seals  (periphery) 

and adjustable ro tor  blade t i p s  a re  the only par ts  of the ro tor  

coming i n  contact with the feeder body. 

As mentioned previously, the periphery seals  a r e  adjusted 

through plugged holes in  each feeder end pla te  with a torque 

wrencn supplied with the feeder. The torque wrench i s  t o  obtain 

the maximum seal  with the minimum drag on the motor. 
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With a good preventive maintenance program re la ted  to  the 

adjustment and replacement of seals  and blades a maximum service 

and good performance could be obtained from the feeder. 

Each end plate is equipped with pipe connections used to  

i n e r t  gas o r  a i r  between the end plate= and the end of the ro tor  

t o  balance the pressure within the feeder, o r  t o  scavenge out 

the space with a i r  steam, e tc .  

By using these purge connections, we are  able to  keep the 

abrasive - corrosive f ine  powdered material out of the seal  area. 

The l i f e  of the sea i  is  dras t i ca l ly  shortened i f  the product 

handled would leek in to  the seal  area acting as a wearing agent. 

The par ts  which are  i n  contact - body, rotor,  sea l  have an acceptable 

l i fet ime and w i l l  wear out only i f  an outside wearing agent a s  f ine  

coal would a c t  as  2 f r i c t i on  agent. 

The cover p la te  ever the service door on the returning 

side of the feeder i s  a lso  f i t t e d  with two pipe plugs - these 

plugs can be removed and pipelines connected for  rel ieving the 

pressure o r  purgifig out the returning empty rotor  pockets. 

We have followed very closely the performance of the rotary 

feeders used i n  d i f ferent  exist ing p i lo t  plant operations, and 

below we wish to  summarize some of the conclusions learned: 

The wear and the maintenance requirements of every rotary 

feeder i s  i n  d i rec t  re la t ion to  the working conditions as: 

The wear was progressive with the s ize  of the uni t .  



Temperature of the mater ia l  handled - the u n i t  should be 

used a t  the designed temperature assuring t h i s  way the idea l  

clearance between the d i f f e r e n t  r o t a t i n g  p a r a .  Also knowing 

the  correc t  operating temperature w i l l  enable u s  t o  use the 

r igh t  type of mater ial  f o r  c a s t  pa r t s ,  adjustable  t i p s ,  and packing, 

In  one p i l o t  p lant  project  mater ial  a s  "Ryton" used f o r  
L I 

a d j u s t a t l e  t f p s  proved t o  provide the b e s t  wear res is tance ,  O n  one 

job a f t e r  6 weeks use the  t i p s  did n o t  show any wear. 

It i s  very important t h a t  before s t a r t i n g  t o  use any ro tary  

feeder a very concentrated maintenance study should be made i n  

order t o  know a s  well  a s  possible  both the ways of adjust ing the 

u n i t s  and a l s o  the replacing of d i f f e r e n t  pa r t s .  

We strongly r e c m e n d  t h a t  the parson who would be i n  

charge of the  maintenance of these u n i t s  s h ~ u l d  v i s i t  our shop and 

ac tua l ly  witness the  assembly process t e s t i n g  a d  adjustment. 

The periphery s e a l s  can be maintained f o r  a very long 

time i n  good working condit ions by purging the space between the 

end p l a t e s  and the r o t o r  with gas a i r  - a t  a 1 - 2 PSI higher 

pressure than the i n l e t  (equal on both end p l a t e s ) .  

The sha f t  s e a l s  taking a secondary r o l e  t o  the  periphery 

s e a l s  do not  represent any maintenance problem, 

It is  an establ ished prac t ice  ( i n  order t o  c u t  maintenance 

c o s t )  t h a t  each time the t i p s  a r e  replaced the yackings a r e  

replaced a lso .  
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Consulting a few users of our un i t s  i n  d i f ferent  p i l o t  

plant  projects the following running time without maintenance 

was found. 

C07 Acceptor Process I 

100 hours contincous running time was obtained with the 

complete plant operating. 

.1 
Conas - Coed 

The un i t  used fo r  coal handling required adjustment about every 

2 - 3 weeks. 

The coal char handling un i t  did not require any adjustment fc.: 

a period of 2 - 3 months. 

Coke Handltng 

The un i t s  a r e  running almost 4 - 5 months without any 

ad~ustment. 

The conclusion which w e  could draw from these experimental 

un i t s  can be summarized as: I f  our reconnnendations concerning 

operation and maintenance are  closely followed and a f t e r  a short 

learning period i n  every new job the rotary feeders can be 

opcrated cor~tinuously with good performance fo r  approximately 90 

days. 

A s  the un i t s  grow i n  s ize  the wear of the major cas t  

components a s  the body can be reduced by sleeving i t  with a 

much higher qual i ty  material a s  chrome plated sleeve inconel, etc .  

The cost of a sleeve represents only a f rac t ion of the new body cost .  



C02 Acceptor Process 

77-55 

We a r e  sure t h a t  many s p e c i a l i s t s  involved i n  the coal  

gas i f i ca t ion  jobs, consider the ro ta ry  feeder a troublesome 

type of equipment, It has been found i n  some cases t h a t  the 

blade 9.9s 'v.  .,.Y rapidly with the r e s u l t  t h a t  coal  o r  coai  char  

f lushes through without sa t i s fac to ry  flow control.  I n  addi t ion 

i n  some cases the sea l s  f a i l e d  due t o  abrasion from coal  pa r t i c l e s .  

Due t o  the f a c t  t h a t  the ro tary  valves a r e  a c r i t i c a l  

component of a lock hopper system being a control led r a t e  feed 

device our job is  t o  improve both the grade of mater ials  used 

and a l so  to  minimize o r  completely eliminate the  weak points.  

We f e e l  confidsnt t h a t  with Beaumont Birch CO'S long 

h i s to ry  i n  manufacturing ro tary  feeders  and o ther  types of 

equipment f o r  mater ial  handling systems, especia l ly  coal ,  we 

w i l l  succeed. 

Our ro tary  feeders  played a major r o l e  i n  obtaining good 

performance i n  d i f f e ren t  coa l  gas i f i ca t ion  pro jec ts ,  and we hope 

t o  continue t o  do so when we face the  next s tep  - commerical s i z e  

plant.  

In  the commercial s i ze  p lan t s  we would l i k e  t o  make the 

following coments  and recommendations concerning s i z e  and type: 

In  handling e i t h e r  l i g n i t e ,  western sub-bituminous c o a l  o r  

dolomite, our 12" s i z e  S.T.T. Mark I1 periphery sealed type feeder 

would be able  t o  give a good performance. This statement based 
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on the fac t s  learned from using our 4" s ize  similar rotary feeders 

a t  the p i l o t  plant working based on t h i s  process - a t  Rapid City, 

S. D. 

We f e e l  that  the 12" s ize  is  large enough - but sti-11 

manageable fo r  t h i s  type of application. 

We would recommend cer ta in  improvements t o  improve wear 

resistance and reduce leakage, i n  order to  have a be t te r  flow 

control. 

Bi-Gas Process & Smthane Process 

In order t o  be able to  recommend the use of a rotary feeder 

i n  t h i s  application - a t e s t  un i t  i s  required to  be manufactured 

and experience gained for  a scale up unit .  

The t e s t  un i t  should be t r i ed  with both char and coal. 

We c- r conclude our notes about the rotary feeders 

without men--dning the important pa r t  the complex drive systems 

play i n  both exist ing p i l o t  respectively laboratory un i t s  and 

for  the future use i n  demonstration and connner~.".al units .  

The drives have t o  be able to  t rans la te  the variat ion 

i n  weight to  variat ion in  speeds, with a ra ther  high percentage 

of accuracy. 

We are dealing with a product with to  many variables 

and a 100Xdesigned system has to  have ways to  deal with it. 

The variation in  s ize  and bulk density require tha t  the rotary 

feeder adjust i t s e l f  instantly.  A f a s t  changz in  speed of the 
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feeder would de l iver  the r i g h t  amount of coal  o r  coal  char 

i n t o  the reac tor .  

There a re  no l i m i t s  r - ~ r e r n i n g  the sophist icated contra1 

systems which can be used i n  the coal. gas i f i ca t ion  kield. 

In  some aspects coal  gas if ice^,^ repr2sents a challenge 

t o  solve a l l  the problems ~ h i c h  we may be facing today. 

But with a j o i n t  e f f o r t  and e3pecial ly  economic backing 

the existin.g problems can be solved. ~ o d a y ' s  technology - concerning 

especia l ly  mater ials ,  present ly i s  a t  such a l eve l  t h a t  there  a r e  no 

unsolvab ~e problems. 

The usual c l iche  - we could put a man on the moon why 

c a n ' t  we i n  t h i s  pa r t i cu la r  case - successfully and economicaliy 

gas i fy  o r  l iquefy coal  - the answer i s  we can. We hope t h a t  

the next few years w i l l  be the y e w s  whe2 coal  ~ a s i f i c o t i o n  

p lants  w i l l  be a common s i t e  be t h a t  a power p lant ,  i n d u s t r i a l  

user  o r  a-y other  f a c i l i t y  which would eitp.er replzice the s-srce 

o i l  o r  na tura l  gas. 

We hope t h a t  the discussions a t  t h i s  confere~lce already 

may give some solut ions to  the problems which today may delay t h e  

cvnstruction of the commercial s i z e  coal  gas i f i ca t ion  plants.  

We are read; f o r  the challenge and so I think i s  the e n t i r e  

industry. 




