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The Destruction of the Cakin, Yrogertirs of Coal 
By PreCreatment i n  il Fluidized Bed 

A. J. Forney, R.  F. Kenny, S .  J. Gasior,  ?.nd J. H .  Fielci 

U. S .  Bureau of Mines, SSOO Forbes iivenue, 
Pittsburgh .13, 1;ennsylnnie 

r n \ O 9 U C T  I O N  

k s i f i c a t i o n  of c o a l  t o  make it synthesis gas that can be converted 
t o  f l u i d  fuels is  a means of surplementing the country's  l i qu id  and gaseous 
Iue l  supplies while a t  t he  same t h e  increasins the mmket Tor coal.  ;. 
1zrt;c aarket ;or these f u e l s  ex i s t s  n e a  the ees te rn  coel-fields,  but,  
unfortunacely, -astern cos ls  do not :nndl.b y i e l C  to yas l f i cz t io r  i n  
cmiiercial  I":..rcd.-bed xid fluidized-bed ;~.s:f'iers. The:. becme p la s t i c  
2nd a.gi;loncrate .,rh?ii hea-Le8 tc the ~cisi?l.cztisa tenserstuye , -Uis 
EeiTioZb5lit;i of 2i?e bed >,G gas I:: redu?ci, and. objectionable Gclnimel.i:i; 
occurs ,  !ik Dureac .?f idi.nec. is - h v e c t l & s t i n g  rnethoGs oP '"-"ec-. uLea.binc 
~03.1:: to destroy ?,\r?!-r 2:Ll;iiX 2roper';iec In s;.&r 
obstacles .;3 ~,ac-L?k~ti .3:1.  The u l t i n x k  c5jecti-I:: 
cos t  yzoceaz.  T'he i i rs t  p h s e  of t.hc -.m:*:: :sni;isted of pret-.cz+aei?t 
s'iud:Les i n  a f lu id ized  ';e6 using vezious f l u i d i z i n ~ ;  geses snd qxratix 
conditi.onc . 'file sti.ili?ies :rere conducted ;rith strongly caking coals,  
t yp ica i  of those i n  the East.  The r e su l t s  of the study and the o p r a t i r 4  
requirements necessary t o  destroy the caking p r o p r t i e s  of the selec'ted 
coals a r e  reported. 

Other research has been done on methods t o  destroy the :&king 
properties of these coa ls .  
make a char f o r  hydrogasification. 
using a steam feed of 4-5 standard cubic f e e t  perpound bituminous coal.  
The time of treatment vas 60-75 minutes. 
process f o r  p re t rea t ing  coal a t  a temperature of 316O t o  4 4 1 O  c, re- 
quiring 10-60 minutes and using 0.02-0.08 pound of oxygen per 
c o a l  feed. Char vas recycled for temperature control.  mrl?&:Zated 
bituminous coa l  to  less thax 400" C with a gas containing oxygen. 

Chanabasappa and Lindenf/pretreated coa l  t o  
They operated a t  400" t o  700" F 

Nathar&patented a f lu id ized  

Sylvanderfi/also preheate coal,  t o  a telnpersture belov the p l a s t i c  m n g  , 
operated a f lu id ized  carbonizer, 'tile f i r s t  stage using oxygen. 

a t  tenperatures xLlihLn the p l a s t i c  range of the coal (725" t o  825" F) .  



i 

\ 

5 
i 
i 
i 

I 

i 

S 
1 

Recyq e char from the second stage is added t o  the Teed ii> <lie rirst. 
Focdcarhonized coal i n  a three-stage syskm.  He drieci aid pre!ie:-teC. 
coa l  t o  570" t o  750" F i n  the f irst  stage using gases resu l t ink  f rm 
partial combustion of pyrolysis gases from the second s tase .  ?he yru-  
heated coal i n  tne  second stage is ccrbonized using preheated a i r .  "he 
chai- is cooled i n  the th i rd  stage. 

\.then a caking coa l  i s  heated it becomes viscous and p l a s t i c  a t  a -  
Eiven t e q e r a t u r e  range that is  charac te r i s t ic  of the coal.  This property 
makes caking coals nonusable i n  fluidized-bed and fixed-bed gas i f i e r s  
because tile coa l  s t icks  t o  the walls and the pa r t i c l e s  agglamerate. The 
Bureau inves Ligated a canbined thermal 2nd mild oxidation treatment t o  
destroy in  a fluidized bed the caking properties of t j j i c a l  coals found i n  
tine eastern Unite6 S ta tes .  
successful It is not known def in i te ly  why the  pretreatment makes ' h e  coal 
nonaggloneratin&. 
surface of .the par t ic les ,  because the resu l tan t  char contains less oxygen 
than the o r ig ina l  coal.  (See table 1.) Rapid thermosetting of the l iqu id  
phase as It foivls may be an  explanation, bu t  this needs t o  be confirmed by 
e x p e r h e n - h l  s tud ies  tha t  a r e  beyond .the objectives of the investigation; 

Although the method described i n  t h i s  pager .;,as 

It camiot be a t t r ibu ted  en t i r e ly  t o  oxidation of the 

variable study was made t o  determine operable conditions fo r  pre- 
t r ea t ing  the coal Lo a nonagglamerating state i n  the minimum time i r i t h  the 
iecst loss  of valuable components. 

APPAI1pTUS RND EXPCRlMENTATIOIJ 

I, flovshePt of tLc bench-scale un i t  is shown i n  f igure  1 and a photo- 
graph of the un i t  i s  shown ia figure 2.  The reactor is  a 1-inch diameter 
s ' a in less  steel tube vith an  e f fec t ive  length of 18 inches. 
by e l ec t r i c  heaters capable of heating ;;he reactor 'LO c)oOo C .  Thermocouples 
a re  inserted both from the b o t t m  snd the tog of the reac tor .  The usual 
method of operation i s  t o  'neat the reactor rihile s e t t i ng  the proper gas 
velocily t o  give f lu id iza t ion .  This -relocity m s  determined by experi- 
nentatlon iii a glass tu'& a t  atmospheric terq-erature and pressure and then 
vas corrected fo r  the operational conditions. 
Is,reached, the coal is charGed t o  the  reactor. The gases a re  collected 
z l ter  leaving t h e  :eactor and p s s i n g  through a condenser and f l a sk  t o  
remove the tars. Vhen ine r t  gas is  used fo r  t r ea t ing  -&e coal,  the e x i t  
gas is  not collected because the g8.s oriyinatiny from the coa l  i s  too 
hi@l,y dilute& by Ae. iileri; gzs t o  ZLve s igni f icant  r e su l t s .  

It is surrounded 

After the desired temperature 

Different conditions of o1:eratixi ',=re tr-ied i n  the de-relopen-t of 
khe pyo-ess. 'Thc i ? ~ l l c ~ i i i g  fluiclizin; gases '::ere used: 
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Steam 
Steam plus a i r  
Iner t  gas ( N p  + GO2 + 0.1-1.0 percent 02) 
Nitrogen (contains 0.1-0.3 percent 02) 
f i e p u r i f i e d  nitrogen (essent ia l ly  02-free) 
Helium (essent ia l ly  02-free).  

Heat was t ransferred t o  the  coal  through :he reactor w a l l  (gas entering 
cold) and f rm the preheated gas (reactor m l l  maintained at  the same 
tenperature as the bed). 

Pit tsburgh seam c c e l  f r m  the Bruceton mine m s  used p r i n c i p l l y ,  
but  Pocahontas, I l l i n o i s ,  Seirickley, and Taggart coals a i s 3  rere t reated.  
!%e rank and a n d y s e s  of tl~e coals are slioim i n  tab le  1. 
indices of these coals range from 11.5 t o  8.5. mic Tree swelling index is  
indicative of the caking q u l i t i e s  of :he coals. If the i d e x  is reduced 
belov 2 by p,retreatment, -the i-esidue is u s u a l l j  noncakinL;. 

.To supplement the indicated resu l t s  frm the free svell ing iide::, 
another t e s t  was dev-ised t o  ver i fy  that t h e  char vas nomgglamern-linc,.~I/i3- 
sample of the char ~ m s  placed i n  8. c e r w i c  boat an& the boat placed i n  3. 

quertz tube in an e l e c t r i c  flunace.  The char vas heated t o  600c C while 
pure hydrogen V'BS passed through' the tube. 
i f  a f t e r  bydzogen trea';nent it flowed f reely out of ?ne b6at.  Later, t o  
t e s t  it more s e v e r e u ,  the char ~ W S  exposed t o  hydrogen at 900' C .  Usu2ll.y 
i f  the f ree  sirelling index tias l e s s  than 2, the 12\'dro&e:i . tes t  ilidiceted 
noncaliin(: elso.  

The free srrelling 

Tue char ira? considered noncalring 

Because t h i s  p;-etreatncnt pi-occss was developd. p5.ua-ily t o  xikc a. 
nom,g&meratlcg fiiel foi- a s s i f i c a t i o n  process, th- h;;i.rogcc - k s L  i s  nom 
pert inent  than the fyee s;ieil ing index t e s t .  As tilt char is fed into the 
gas i f ica t ion  u n i t ,  it w i l l  corne i n  coztact :i?.tk hot l~i.i;i,r;cr.-conB?.inS~~ Sro- 
duct p s e s  OI the p.sLfie:-, z condi t icn sinn?L?tec'. bd- t h s  li,-d:-o_;cn t c ~ t  e-i; 
GOO0 or 300' c .  

DISCUSSICN OF i3SULZS 

mitiell;. Pit tsburgh Sean coal,  1C-ih nesh, TWS used rritn incz-t 3 , s  
o r  nitrogen as the t r e a t i n g  gas. 
atxnospheqic pressure was about 2.5 f e e t  p r  second, and the expansion of 
the bed was about 100 percent.  
p a r t i c l e s  expanded 100 percent or  greater  a t  temperatures of 400" t o  450" C .  
Because.of the expansion of the t reated p a r t i c l e s  and the fluidized bed, the 
s ize  of the.charge was l imited t o  35 grams (60 cc) .  
of coal was heated indirectly by t ransfer  through the reactor  w a l l ,  the 
c o a r p a r t i c l e s  agglcanepted and adhered t o  the wall, making .the u n i t  in- 
operable. 

The gas velocity f o r  fluidizing: at  

Early t e s t s  showed that the individual coal 

\hen the fluidized bed 

However, *? the heat was supplied by d i r e c t  t ransfer  frm the 

/ 



gas *ile the reactor YBU vas maintained a t  a temperature for'..adiabatic 
conditions,. the coa l ' s  caking properties were destroyed by the. treatment 
and the unit was operable. 
Pretreatment was successful when inert gas, steam plus air, or 'n i t rogen 
was used, trhereas agglomeration occurred at  the same operating conditions 
when helium, steam, or  p repwi f i ed  nitrogen was the t r ea t ing  gas. This 
difference in results m s  traced t o  the presence of a small quantity o f ,  
oxygen (0.1-0.3 p r c e n t )  i n  the i n e r t  gas and nitrogen, end +e' absence of 
a measurable quantity of osygen i n  the other gases. 

The effect  of tenpz:nture on the caking p rop i - t i e s  of  P i t t ' s b u r a  seam 
Four mesh sizes  of coa l  were f luidized with nn 

'phe coal  pa r t i c l e s  sirelled and became globular. 

. .  
.. . 

coa l  is  &ovn i n  i lbure 3. 
Lnert gas' contabin5  0.8-1.0 ixrcent  oxygen. 
volme, the miat loss of the coal, and thc free swellin;: index of the 
r e su l t an t  char :dth n r i a t i o n  i n  treatment t cqere ture  . 
more relat ive than absolute, bu t  the trends of $he GSferent  s i zes  are 
r e a l i s t i c .  The larger  p r t i c l e s  liere exposed t o  more oxygen t5ha.n +&e smaller 
ones be.cauoe the i i n e a r  velocity - a s  h i b e r  fo r  the fluidiza,tio,n of the 
larger  par t ic les .  
n inutes  i n  a l l  t e s t s .  
and w i t h  the 8-10 and 10-14 mesh sizes,  a t  425" C .  
irere successfully pretreated a t  425" C, as xere a l l  s izes  at  400' C. 
the f luidizat ion of the coals was set isfactory in roe i-eactor a t  375" C, 
the chars caked v k n  they rrere tes ted e t  600" C v i t i  hydrogen, indicating 
insuff ic ient  treatnent.  The free siiell iag index test corroborates the 
hydrogen t e s t s  because the index w.s h i a e i .  thm 2 et  375" C and no higher 
than 2 fo r  a l l  t e s t s  a t  400" C, md below 2 et 425" and 11.50' C .  As the 
temperature of t reataent  increased, the veigli: loss increased as more of 
t h e  volat i les  irere removed. There was a greater increase i$;buUc voluue 
with increasing temperature. These tests shoved that the caking qualit+ 
of Pittsburgh s e m  coal of 28-45 and 48-100 mesh VRS destroyed a t  400" t o  
425" C i n  j0 ninutes. 

Plotted Ere the increase i n  

These i-::sults c r e  

The c o a l  i n s  maintained ct the t e s t  tempe:iFture for j0 
Poor f h i d i z a t i o n  oc:xrred i n  a l l  testys kt  450" C, 

Tile 28-43 &d lc8-100 ~ e s h  
While 

The e f f ec t  of pressure on the caking properties of P i t t s b u q h  coal  is  
shown in figure 4. 
ized with an i n e r t  gas containing 0.8 t o  1 percent oxygen for  30 minutes 
a t  400° C.  Chars made a t  a= pressures were noncaking. 
expansion became less as the pressure increased from 0 t o  3OO;pSig. 
The m i g h t  loss decreased as the pressure vas increased frori,'O, t o ' 7 j  psi&, 
then d id  not change with Purther increase i n  pressure. 
of about 0.4 foot per second -as necessary fo r  f luidizat ion of,.48-,130 mesh 
coal  a t  a l l  the gressures, so that a t  the higher pressures a larger  quint i ty  
of gas flowed through the coal.  
due t o  pressure-. 
leased when the char m s  removed f r o m  the reactor .  
seemed to explode, probably because trapped gas was released due t o  de- 
pressurization. 

Wing these t e s t s  a 48-100 mesh s ize  coal %AS f luld-  

The v o l m e t r i c  

A lihear gas .velocity 

Generally, there was no s ign i f i can t  changc 
The only novel e f f e c t  occurred when the pressure was re-  

Some of the p a r t i c l e s  

This e f f ec t  was observed a t  a l l  pressures above atmospheric. 
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Varying the  time of pretreatment of Pittsburgh seam coal of 18-100 
mesh producea the  results sham i n  figure 5. 
cent oxygen was the treating gas, and operating temRratures were 400" 
and 425" C. As shown i n  this figure, the char made by t rea t ing  a t  425" C 
for five minutes could be subjected t o  a hydrogen atmosphere at 900" C 
without caking. The f r e e  swelling index of t h i s  char vas 1.5. The might 
loss  of the coal  was 10 percent. Pretreatment for  only 1 minute a t  425" C 
vas enough t o  produce a char that did not agglomerate a t  GOO0 C w i t h  
hydrogen. 
indicative of a caking coal.  Apparently the test w i t h  hydrogen a t  600" C 
i s  not severe enough $0 determine if the coal has been rendered noncaking 
throughout. Sane difference between the free smiling index and hydrogen 
exposure tests can be e x p c t e d  because the char is ground for  the free 
sirelling index test but  is used i n  itti original  state i n  the hydrogen 
t e s t s .  !hen the 
coal  was t reated a t  400" C, the minimum pretreatment t i m e  m s  20 minutes 
f o r  the char t o  remain nonag&merating in  the hydrogen test a t  e i t h e r  
600" or 900" C. The f ree  swelling index was 2, indicative of noncaking. 
The ireight l o s s  xias 10 percent.  Since the migh t  loss et both 400" and 
425" C vas about 10 percent, the higher temperature is more desirable 
because less time is required f o r  treatment. 

Nitrogen containing 0.2 per- 

However, the  free swelling index of the char was 6-1/2, s t i l l  

i he weight loss in the 1-minute test was 8 F r c e n t .  

The e f f e c t  of temperature on the volume and camposition of the gas 
nade during coal  treatment with pure s t e m  for  30 minutes a t  375", boo0, 
and 425" C is shown i n  figure 6. 
y i e ld  increased f'rm about 5 t o  3 cubic centimeters of gas p r  gram of coal 
charged. The methane yield increased from about 1 t o  5 cubic centimeters 
per gmu, and the  C2 y ie ld  increased also.  The yields  of carbon dioxide, 
nitrogen, carbon monoxide, and oqrgen remained re la t ive ly  constxmt. 
of higher heating value m s  made a t  the higher temperature of operation. 

The e f f e c t  of varying the temperature of pretreatment of Pocahontas 
Iio. 4 (lvb), Taggart (hvab), I l l i n o i s  No. 6 (hvbt),and Sewickley (hvab) 
coals i s  shown in  figure 7. 
was used a t  a l i n e a r  velocity of about 0.8 foot per second t o  f lu id ize  the 
28-48 mesh p a r t i c l e s .  Chars, made frm Pocahontas or  I l l i n o i s  coal  "tit 
had been t rea ted  a t  375", 400", or 425" C, did not cake when subjected 
t o  a hydrogen t e s t  at  900" C. Taggart coal required treatment a t  425" C 
t o  be sat isfactory,  w h i l e  Sewickley could be t reated a t  400° only, a s  it 
agglawrated during pretreatment a t  425" C and was ineffect ively pre- 
t reated at 375 O C . 
Pittsbur& seam, a l l  being hvab. 

A s  the temperature increesed, the hydrogen 

A gas 

Nitrogen containing About 0.2 percent oxygen 

Tag& and Sewickley coals a r e  similar in rank t o  
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Pocahontas No. 4 and I l l i n o i s  No. 6 require less &-astic treatment 
than the hvab coals.  
coal,  which has a free swelling i&x of 4.5 compared t o  8-8.5 f o r  the 
hvab coals.  While the Pocahontas coal has the highest  rank, it may 
respond to m i l d e r  pretreatment because of i t s  low v o l a t i l e  content. 
Taggart coal required treatment a t  425" C. 
change i n  expansion as plotted i n  figure 7 ,  having 0 percent voluoe in- 
crease a t  375" C and 100 percent a t  425" C .  

This i s  not surpr is ing for  the lower rank I l l i n o h  

This coa l  a l s o  showed a dras t ic  

These t e s t s  showed that the technique of pretreatment u t i l i z i n g  
f lu id iza t ion  with gases containing small quant i t ies  of o q g e n  is applicable 
t o  several  caking coals.  However, conditions of pretreatment cannot be 
fixed exactly by the rank of coal; each coal  must be tes ted  t o  determine 
the most sa t i s fac tory  temperature for  pretreatment. 

c0NcIus10Ns 

The caking properties of coals tes ted  could be destroyed by f lu id iz ing  
the coal with a gas such a s  nitrogen, nitrogen plus carbon dioxide, or 
steam, containing a t  least 0.2 percent oxygen a t  400" o r  425" C. In a 
batch system, a thorou&ly nonagglmerating char could be produced a t  
425" C i n  a 5-minute trea&aent using 18-100 mesh s ize  coal .  
proyerty cannot be destroyed by the treatment described i f  oxygen I s  
absent.  It is desirable and may be necessary t o  heat the c o z l  in te rna l ly  
by the t rea t ing  gas t o  p-event the par t ic les  f r o m  adhering t o  the w a l l  of 
the reactor.  

The caking 

To o b ~ t n  deta that vi11 pernit a more exact evaluation of the  process 
and estimate of the cost  of th i s  method of pretreatnent,  a study of a con- 
tinuous system is n e e b d .  Ve plan t o  m o d i f y  the bench-scale e q u i p n t  for  
continuous feed of coal and remcval of char. 
determination of the optimum feed gas-to-coal r a t i o  and min- average 
resicence 5ime required f o r  2retrea"kuent. In a f luidized bed a l l  the coal  
i s  not pretreated for  a unif'on length of t i n e  because of the rqi6 mixing 
of thc i-a-,; cozl ana t rea ted  char. 
part;.cles t rea ted  t o  d i E e r e n t  ries-ees because &e residence tine of the 
inclividurrl par t ic les  varies. TIie resu l t s  of the batch study H i l l  be used 
EE 2, s i d e  for  the continuous stxCiies, bnt  the optimm sol ids  resi&ence 
t i n e  and conclitions of oyei-atioi: may be d i f fe ren t  frcm those obbl;ained i n  
the present i svec t i ip t ion .  

This w i l l  all017 a - r e a l i s t i c  

The discharge6 so l ids  : r i l l  contain 
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Figure 5-The effect of time of pretreatment on the caking properties 
of Pittsburgh seam coal (18-100 mesh] 
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