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ABS TRACT 

A c o a l  preheater  capab le  of drying and pre- 
heat ing suff ic ient  c o a l  for one  complete  c o a l  charge  
to  the  pilot  coke  oven  h a s  been  des igned  and buil t  
i n  the  I l l inois  S ta t e  Geological  Survey labora tor ies .  
Coking t e s t s  o n  high-vola t i le  A, B, and C bituminous 
c o a l s  preheated  to a maximum of about  450" F have 
indicated  tha t  preheating cons i s t en t ly  r educes  coking 
time a n d  i n c r e a s e s  the potent ia l  coke  making c a p a c -  
i t y  of a coke  oven.  The s t rength  of coke  made from 
the individual  h igh-vola t i le  c o a l s  t e s t e d  i s  c o n s i s t -  
en t ly  improved by preheat ing.  Similar t e s t s  being 
made on  c o a l  b lends  s u c h  a s  those  u s e d  commercial-  
l y  t o  produce meta l lurgica l  coke  wi l l  be desc r ibed  in 
a subsequen t  publ ica t ion.  

INTRODUCTION 

The demand for meta l lurgica l  coke ,  coupled with high operating a n d  rep lace -  
ment c o s t s  of coke  o v e n s ,  h a s  been  re spons ib le  for a cont inuing in t e res t  i n  develop-  
ment of methods to inc rease  the da i ly  throughput of c o a l  i n  o v e n s  producing coke  for 
b l a s t  furnace  and  foundry u s e s .  

Severa l  ways  t o  accompl ish  th i s  ob jec t ive  have b e e n  proposed,  inc luding the  
const ruct ion of t a l l  coke  o v e n s ,  holding 2 7  to ove r  3 0  tons  of coa l ,  a s  compared with 
15 to  18  tons  i n  the ave rage  present-day oven.  Tall ovens  have been developed and 
u s e d  i n  Europe, and  seve ra l  ba t t e r i e s  a r e  under const ruct ion o r  planned i n  t h i s  coun-  
try and Canada .  

Also planned i s  a n  i n c r e a s e  i n  the  oven coking ra te  by  u s e  of high dens i ty  
s i l i ca  brick and thinner oven  wa l l  s h a p e s ,  al lowing more rapid  t ransfer  of hea t  from 
oven f l u e s  t o  coa l .  This combination of d e n s e  s i l i c a  and  thinner wa l l s  h a s  been  
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shown in  experimental ovens to  be effect ive in  decreasing coking time with a cor-  
responding increase i n  coke making capaci ty  per oven (Price and Palumbo, 1965). 

Stil l  another way to reduce coking time and increase  coke production would 
be by drying and preheating coa l  before charging to  coke ovens.  Although such pre- 
heating faci l i t ies  are  not yet  avai lable  commercially, coke-oven builders are con- 
sidering how this  might be accomplished safely  and economically. At l e a s t  one coke 
oven battery in the United S ta tes  h a s  been equipped to preheat coa l  experimentally, 
and i t  i s  reported that  a procedure for partially drying and preheating coa l  before 
coking i s  being developed in Japan (Yoshida, 1967). 

When coke producers became aware that  coa l  preheating with significant re -  
duction i n  coking time might become a commercial possibili ty,  the Il l inois State Ge-  
ological Survey received inquiries regarding the effects  of preheating Il l inois coa l s  
and blends in  which they are used .  Although the U. S. Bureau of Mines had pub- 
l ished valuable information on their exper iences  with preheating cer ta in  coa l s ,  in-  
cluding one from Ill inois (Smith e t  a l .  , l956) ,  i t  was decided to design and build 
a n  experimental preheater with a capaci ty  to dry and preheat suff ic ient  coal  for one 
complete charge for the  Geological Survey' s 17-inch pilot coke oven (Jackman e t  a l . ,  
195 5) .  Investigations then could be made on the effects  of preheating any Ill inois 
coa l  or coa l  blend that  might be of interes t  to the Chicago or St. Louis s tee l  industry. 

COAL PREHEATER 

The c o a l  preheater c o n s i s t s  of a n  enclosed s t e e l  cylinder with a conical  d i s -  
charge end, which rota tes  i n  a n  e lectr ical ly  heated oven (fig. 1). The cylinder i s  
36 inches  in  diameter, 57 inches  in  length, including the cone,  and has  a capaci ty  
of about 24 cubic  feet .  A 700-pound charge of c o a l  a t  normal moisture occupies  
slightly more than half the  tota l  capaci ty .  

The cylinder,  or drum, r e s t s  on power-driven rollers within the oven and i s  
rotated a t  one-half revolution per minute. Eight lifting f ins ,  which are welded to 
the ins ide surface of the drum, c a u s e  the coa l  to mix continuously a s  the hot tes t  
coa l  from near the heated surface i s  moved toward the center.  

Temperature within the heating oven i s  normally controlled a t  5 00 " F . A 
thermocouple extending into the cen te r  of the  drum i s  used  a s  the sensing element 
to  a temperature recorder-controller. The controller c u t s  off the hea t  to the oven 
a t  any predetermined temperature. The tota l  time required for preheating has  var- 
ied from 3$ t o  7 hours, depending upon the moisture content of the  coa l  and i t s  
final temperature. 

Coal  moisture, which i s  driven off during the heating period, i s  re leased 
through a pipe extending from the drum and oven. A water s e a l  a t  the  end of the 
pipe prevents passage  of a i r  in to  the preheating drum i f  the temperature within the 
drum should fa l l  and thereby create  a partial  vacuum. The properties and yields 
of coke and tar produced have demonstrated that  there i s  l i t t l e ,  if any, oxidation 
of the coa l s  during preheating. 

After preheating to the desired temperature, the drum i s  lifted out of the 
oven and weighed t o  determine the percentage weight l o s s  of the coa l  during pre- 
heating. This l o s s  i s  assumed to be largely water and i s  subtracted from the orig- 
ina l  coa l  moisture to  determine the moisture content of the coa l  a s  charged t o  the  
coke oven. At preheating temperatures above 35 0" F, th is  weight l o s s  may exceed 
the ASTM moisture content of the original coa l  by 0.5 to  1.5 percent,  indicating 
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Figure 1 - C o a l  p rehea t ing  drum a n d  prehea t ing  o v e n .  
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some smal l  l o s s  i n  vola t i le  matter  or  water  of hydration not  usua l ly  driven off i n  
the  ASTM moisture t e s t .  

After weighing,  the  drum of preheated  c o a l  is suspended  over  the  c o a l  
charging hole  i n  t h e  top  of the  coke  oven.  A s l id ing valve  i s  drawn and t h e  c o a l  
drops  quickly in to  the  oven with l i t t l e  c o n t a c t  with a i r .  The drum i s  then l if ted 
from the  charging hole ,  and the  l i d  t o  the  charging hole  i s  replaced.  The c o a l  i n  
the pilot  oven i s  l eve led  by hand through the  level ing bar  hole  i n  the  oven door. 
More c o a l  is charged in to  t h e  oven  than i s  required to  f i l l  t o  the  proper l eve l ,  and 
the  e x c e s s  is raked o u t  whi le  level ing and i s  deducted from the  to t a l  weight of 
c o a l  charged.  
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PROGRAM AND COKING PROCEDURES 

Five c o a l s  have been  t e s t e d  to  determine the  e f fec t s  of  preheating shown 
i n  th i s  report .  Included a r e  three  h igh-vola t i le  B bituminous c o a l s  and o n e  high-  
vola t i le  C bituminous c o a l  from I l l inois  and  one  high-vola t i le  A bituminous c o a l  
from W e s t  Virginia. Tes t s  a re  i n  progress  o n  b lends  of high- and low-vola t i le  
c o a l s  s u c h  a s  a r e  u s e d  commercially for meta l lurgica l  coke .  Tes t  r e su l t s  on blends  
are  not inc luded i n  th i s  report ,  but  wi l l  be  d i s c u s s e d  i n  a second publ ica t ion.  All 
c o a l s  t e s t e d  were washed  a n d  prepared a t  the  mines with top s i z e  not over  3 i n c h e s  
and bottom s i z e s  ranging from one-quar ter  inch t o  zero .  C o a l  a n a l y s e s  a r e  shown 
i n  t ab le  1 .  

Each c o a l  i s  f i r s t  coked i n  the  mois t  condi t ion ,  a s  received from the  mine. 
Next, i t  i s  a i r  dried a t  room temperature and  coked and t e s t e d  to determine the  e f -  
f e c t s  of th i s  surface  drying.  A third coking t e s t  is made a f t e r  par t ia l ly  h e a t  drying 
the  c o a l  i n  the  preheater .  For th i s  t e s t ,  t h e  c o a l  is hea ted  to  210" F and i s  he ld  
a t  t h i s  temperature while the drum ro ta t e s  for 2 hours .  These coking t e s t s  a r e  fol-  
lowed by o the r s  i n  which the  c o a l s  a r e  f i r s t  preheated  t o  approximately 25 0 ° ,  35 0" , 
and 450"  F. 

All c o a l s  a re  coked  a t  the  same  oven flue temperature and under iden t i ca l  
opera t ing condi t ions .  Changes  i n  the  t imes  required t o  coke  and i n  the  phys ica l  
properties of the c o k e s  a r e  a s sumed  t o  be  due  to  the  inc reased  ra te  of coking a s  
c o a l  moisture is e l iminated  and a s  the  temperature of the  c o a l  is inc reased  by  pre- 
heat ing.  Data  from coking t e s t s  have  been  plotted and  cu rves  drawn t o  i l l u s t r a t e  
graphical ly  the  e f fec t s  of drying and  preheating.  

The pi lo t  c o k e  oven,  which i s  17 i n c h e s  i n  width,  holds  675 pounds of c o a l  
a t  normal moisture,  having a dry c o a l  bulk d e n s i t y  of abou t  46 pounds per cub ic  
fee t .  The oven wa l l s ,  which unt i l  recent ly  were bui l t  of s i l i con  carbide  brick 4$ 
i nches  th ick ,  have been replaced with the  same  t h i c k n e s s  of f ire c l a y  brick.  With 
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th is  change, the oven i s  now operated a t  a constant  flue temperature of 2300"  F s o  
that  coa l s  a t  normal moisture are  coked a t  a rate of about 1 . 0  inch per hour. The 
coking period i s  considered to be that time from the moment the coa l  is dropped 
into the oven until the temperature a t  the center  of the coke bed reaches 1775"  F. 
Coke i s  then pushed, quenched, dried, s ized,  and tes ted.  In addition, a contin- 
uous record is made of the pressure exerted on the oven wal ls  by the coa l  during 
carbonization. 

The pilot coke oven is not a precision tes t ing device.  The data  given 
should not be considered a s  an  exac t  measure of performance, because the t e s t s  
for coke strength, s i z e ,  and gravity are  empirical and adequate sampling is diffi- 
cult .  Therefore, the curves drawn do not a lways intersect  the plotted points, but 
are meant to show the most probable trends of the properties being determined. 

RESULTS 

Mois ture-free ba s i s  

High-volatile C Bituminous Coal from Ill inois 

I t  can  be  assumed that  preheated coal. cokes rapidly because of l e s s  mois- 
ture to evaporate and higher coal  temperature a s  charged to the coke oven. It fol- 
lows that  drying and preheating very high moisture coa l  would cause  the greatest  
reduction in  coking time, provided th i s  coa l  was preheated to  the same temperature 
a s  other lower moisture coals .  

High-volatile C bituminous coa l ,  mined over much of Il l inois,  is high i n  
moisture. This coa l  i s  agglomerating, and much of i t  i s  higher in  Gieseler  fluidity 
than the high-volatile B bituminous coa ls  from Ill inois that  are  used for metallurgi- 
c a l  coke by the s tee l  industry. A C-rank coal ,  with 13.9 percent moisture, was 
obtained from an  underground mine i n  the No. 6 Coal  i n  central Il l inois.  This coa l  
was tes ted over the range of drying and preheating to determine the maximum re- 
duction i n  coking time that  might be expected from a n  Ill inois coal  of this  rank and 
moisture content.  

Moisture 
(%I 

Fixed 
carbon 

(%) 

Vola t i l e  
mat te r  
(3 

Ash 
(%) 

Sulfur  
(%) 
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This C -rank c o a l  w a s  prepared for coking t e s t s  i n  the manner desc r ibed  pre-  
v iously .  The bulk dens i ty  of the  " a s  r ece ived"  c o a l  in the  coke  oven w a s  36.8  
pounds per cub ic  foot ca l cu la t ed  to  t h e  dry b a s i s .  Coking by our s tandard  opera t ing 
procedure required 18 hours and 45 minutes .  Subsequent  a i r  drying of a portion of 
t h i s  c o a l  by spreading o n  the  laboratory floor overnight reduced the moisture to 11.8 
percent .  The bulk dens i ty  of the  a i r -dr ied  c o a l ,  when subsequen t ly  charged to the  
coke  oven,  w a s  inc reased  to  40.4  pounds per cub ic  foot (dry b a s i s ) ,  and the  coking 
time w a s  reduced to 18  hours.  

A third portion of th i s  c o a l ,  h e a t  dried i n  the  preheater  for two hours a t  
210"  F to 11.3  percent  mois ture ,  w a s  coked  i n  17 hours a n d  10 minutes.  Longer 
drying a t  t h i s  temperature would undoubtedly have dr iven off more moisture a n d  re -  
duced the  coking time s t i l l  more. Examination of the "Coking Time" curve  i n  figure 2 
ind ica te s  how further drying would probably have af fec ted  coking time. 

Following t h e s e  in i t i a l  drying s t u d i e s ,  the C -rank c o a l  w a s  preheated  t o  con-  
s t a n t  temperatures  of 255 ", 360° ,  a n d  428"  F. In e a c h  c a s e ,  the  preheated  c o a l  w a s  
coked under the same oven  temperature condi t ions .  Coking time w a s  reduced c o n s i s -  
tent ly  t o  a minimum of 12 hours .  This r ep resen t s  a reduction in coking time of 6 
hours and  45 minutes ,  o r  36.0 percent .  Consider ing th i s  d e c r e a s e  i n  coking time 
and  the i n c r e a s e  i n  bulk d e n s i t y  due  t o  removal of surface  moisture,  i t  w a s  computed 
tha t  a n  oven  bat tery  opera ted  o n  th i s  c o a l  preheated  to th i s  temperature could  pro- 
duce  79 percent  more furnace s i z e  coke  than when opera ted  o n  " a s  r ece ived"  coa l .  

Complete coking r e s u l t s  of t h i s  s e r i e s  of t e s t s  a r e  shown i n  f igures  2 a n d  3, 
and in  t ab le  A of the  Appendix. Dry c o a l  bulk d e n s i t y  remained between 40 and  42 
pounds over  the  ent i re  preheat ing range,  expans ion  p ressu re  w a s  af fec ted  only  
s l ight ly ,  a n d  coke  s t rength  w a s  i n c r e a s e d  cons i s t en t ly  a t  the high preheat ing tem- 
pera tures  a s  shown by  the  tumbler t e s t  i n d i c e s .  

In  addi t ion ,  t he  apparent  gravi ty  of the coke  w a s  reduced cons ide rab ly  by  
drying the  c o a l ,  a n d  i t  cont inued to  drop a t  the higher preheat  temperatures .  Coke  
s i z e  i n c r e a s e d  a s  the coking time w a s  reduced,  which is contrary to normal coking 
pract ice .  Furnace coke  y ie ld  (p lus  1 - inch s i z e )  inc reased  s l ight ly ,  a n d  the minus 
1 - inch sc reen ings  were reduced.  The y ie ld  of tar  remained pract ica l ly  cons tan t .  
The f ac t  t h a t  coke sc reen ings  were reduced and t a r  y ie ld  w a s  not lowered ind ica te s  
tha t  very l i t t l e ,  if any ,  c o a l  weather ing occurred during preheating.  

High-vola t i le  B Bituminous C o a l s  from I l l inois  

A s e r i e s  of coking t e s t s  w a s  made o n  e a c h  of three  dried and  preheated  high- 
vo la t i l e  B bituminous c o a l s  from I l l inois .  One  w a s  a No. 5 Coa l  a n d  the o ther  two 
No. 6.  All o f  t h e s e  c o a l s  a r e  u s e d  commercially i n  b lends  for meta l lurgica l  coke.  
All a r e  mined i n  the southern  I l l inois  low-sul fur  a r e a ,  a n d  a l l  showed s imi lar  cok-  
ing t rends  when preheated  a n d  coked i n  the  Geological  Survey pi lo t  oven.  In  t h i s  
report ,  t h e s e  No. 6 c o a l s  a r e  ident i f ied  a s  No. 6 -A a n d  No. 6 -B.  

Coking r e s u l t s  with the I l l inois  No. 5 C o a l  a r e  shown in  f igures  4 a n d  5 and 
i n  t ab le  B of the  Appendix. Bulk dens i ty  i n  the coke  oven is s e e n  t o  i n c r e a s e  with 
a i r  drying, a n d  then remain pract ia l ly  cons tan t .  Coking t ime of the  air-dried c o a l  
inc reased  from 16 hours and  15 minutes to  17 hours a n d  15 minutes a t  t h i s  greater  
bulk dens i ty  and then dropped to  abou t  12 hours a s  preheat  temperature w a s  inc reased  
t o  440"  F. Expansion p ressu re  inc reased ,  but not dangerously ,  a t  a low preheat  tem- 
perature and  then remained e s s e n t i a l l y  cons tan t ,  The c o k e  became stronger a t  the  
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14 13 I2 1 1  10 9 8 7 6 5 4 Moisture 

Figure 2 - Results  of coking t e s t s  on  high-volat i le  C bituminous c o a l  
(111. No. 6 ) .  



8 I L L I N O I S  S T A T E  G E O L O G I C A L  S U R V E Y  C I R C U L A R  4 2 3  

1 1 1 1 1 1 1 1 1 1 1 1 1 1  

14 13 12 1 1  10 9 8 7 6 5 4 3 2 1 O/O Moisture 

I I I I I I 

Preheat ( O F )  200 250 300 350 400  45C 

Figure 3 - Results  of coking t e s t s  on  high-volat i le  C bituminous c o a l  
(111. No. 6 )  . 
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1 I I I I I 

Preheat ( O F )  225 250 300 350 400 450 

Figure 4 - Resul t s  of cok ing  t e s t s  o n  h igh-vo la t i l e  B bi tuminous c o a l  
(I l l .  No. 5 ) .  
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8 7 6 5 4 3 % Moisture 

Preheat (OF) 225 250 300 350 400 450 

Figure 5 - Resul t s  of cok ing  t e s t s  o n  h igh-vo la t i l e  B b i tuminous  coal 
(Ill. No. 5 ) .  
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fas te r  coking ra tes ,  and the average s i z e  increased.  The apparent gravity of the  
cokes  remained constant  after the c o a l  moisture had been largely eliminated. 

Here,  again,  the yield of coke screenings w a s  reduced slightly by preheat- 
ing and the tar yield remained practically constant ,  indicating that  l i t t le  or  no 
weathering occurred during preheating. Reduction i n  coking time and  the ini t ia l  
inc rease  i n  bulk densi ty  resul ted i n  a potential  inc rease  of 50 percent,  o r  slightly 
more, i n  coke production a t  the highest  preheat temperature used.  

Drying and preheating s tud ies  made with the two Ill inois No. 6 Coa ls  gave 
similar, although not ident ical ,  coking resul ts ,  and these  resu l t s  were a l s o  simi- 
lar to those obtained with the  No. 5 Coal .  Results of the coking t e s t s  are shown 
i n  figures 6,  7, 8, and 9 and in  t ab les  C and D of the  Appendix. 

Time required to  coke e a c h  of the No. 6 Coa ls  was reduced about 7 hours 
by preheating to  45 0" F. Dry bulk densi ty  of the c o a l s  i n  the coke oven remained 
essen t ia l ly  constant  after a i r  drying and removal of surface moisture. Expansion 
pressures  exerted on coke oven wal ls  were increased s l ight ly  with No. 6-A Coa l  
and considerably with the No. 6-B Coal.  However, a t  no time did th i s  wal l  pres- 
sure exceed 1.5 5 pounds per square inch. Coke strength and s i z e  were increased 
a s  the coa l s  were coked more rapidly, and the specif ic  gravity of the  c o k e s  tended 
to  increase a t  the  highest  preheat temperature, Coke screenings were decreased,  
and coke oven capaci ty  was increased approximately 75 percent.  

High-volati le A Bituminous Coal 

For comparison with the Il l inois coa l s ,  a strongly coking high-volatile A 
bituminous coa l  from the Eagle seam i n  Wes t  Virginia was tes ted in  the same man- 
ner a s  the higher moisture Il l inois coa l s .  This Eagle coa l  contained only 3.2 per- 
cen t  moisture a s  received, which was reduced by ai r  drying to 2.0 percent.  As 
with the  Il l inois c o a l s ,  i t  was heat  dried a t  2 10" Fy and subsequently preheated 
over the  range 300 " to  440" F before coking. 

Due in  part, a t  l e a s t ,  to  i t s  low moisture content,  th is  A-rank c o a l  i n  the  
" a s  received" condition was coked i n  l e s s  than 15 hours. Air drying t o  remove 
surface moisture caused  the dry bulk densi ty  to  inc rease  from 44 to 48 pounds per 
cubic  feet  and caused the coking time to  increase t o  16 hours and 15 minutes. 
Heat  drying and subsequent preheating reduced the coking time to  a minimum of 12 
hours, a s  with the B-  and C -rank Ill inois coa l s .  Compared with the  " a s  received" 
coal ,  th i s  reduction i n  coking time was  only 2 hours and 50 minutes. Expansion 
pressure increased very l i t t le .  

The tumbler s tabi l i ty  index of the Eagle seam coke was fairly high a t  44 
when coking the " a s  received" coal .  This increased consis tent ly  t o  a maximum of 
52  when the coa l  was preheated t o  435 " F. Coke screenings decreased slightly,  
and the tar  yield remained essen t ia l ly  constant .  The potential  coking capaci ty  of 
the coke oven increased consis tent ly  a s  the preheat temperature was ra ised but 
showed only a 27 percent inc rease  a t  435" F preheat.  Coking resu l t s  a re  shown i n  
figures 1 0  and 11, and i n  table  E of the Appendix. I t  i s  interesting to note that  
th is  Eagle seam coal,  when preheated to  435"  F and coked by i tse l f ,  produced 
coke having a tumbler stabili ty index in  the  range of tha t  required for metallur- 
g ica l  coke.  
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I 1 I I I I 

Preheat ( O F )  220 250 300 350 400 450 

Figure 6 - R e s u l t s  of cok ing  t e s t s  o n  h igh-vo la t i l e  B bi tuminous c o a l  
(111. No .  6 -A).  
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Figure 7 - Results  of coking t e s t s  on  high-volat i le  B bituminous c o a l  
(Ill.  No. 6-A). 
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10 9 8 7 6 5 4 Ol0 Moisture 

I I I I I I 
Preheat (OF) 210 250 300 3 5 0  4 0 0  450 

Figure 8 - Results  of* coking t e s t s  on  high-volat i le  B bi tuminous coa l  
(Ill.  No.  6 - B ) .  
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Figure 9 - Results  of coking  t e s t s  on  h igh-vola t i le  B bituminous coa l  
(Ill.  No. 6-B). 
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I l l  

3 2 1 Moisture 

1 1 I I I I 

Preheat (OF) 2 0 0  250  3 0 0  350 4 0 0  4 5 0  

Figure 1 0  - Results  of coking t e s t s  o n  h igh-vola t i le  A bi tuminous coa l  
(We st Virginia Eagle) .  
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Figure 11 - Results of coking t e s t s  on high-volatile A bituminous coal  
(West Virginia Eagle).  
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SUMMARY AND CONCLUSIONS 

In response t o  requests  for information regarding the effects  of preheating 
on  the coking properties of Il l inois c o a l s  and coa l  blends,  the Il l inois State Geo- 
logical  Survey has  designed and built  a c o a l  preheater capable  of drying and pre- 
heating sufficient coa l  for one complete coa l  charge to the pilot coke oven. Cok- 
ing t e s t s  on high-volatile A, B, and C bituminous c o a l s  dried and preheated over 
the range 21 0" to  450" F have indicated tha t  preheating consis tent ly  reduces  cok- 
ing time and increases  the  potential  coke making capaci ty  of a coke oven. All in-  
dividual c o a l s  tes ted to  date  have developed greater strength (tumbler s tabi l i ty  in- 
d ices )  when preheated. Coke screenings (minus 1 inch)  are reduced, and coke s i z e  
i s  increased.  Preheating tends t o  inc rease  the expansion pressure exerted on coke 
oven wal ls ,  but no pressures  considered dangerous have been encountered when 
coking individual high-volati le coa l s .  

This p,ublication presents  data  obtained when coking individual coa l s .  Sim- 
i lar  data  obtained when preheating and coking coa l  blends will  be presented i n  a 
subsequent  publication. 
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APPENDIX 



Tables A through E of th i s  s e c t i o n  p resen t  i n  tabular 
form the  complete p i lo t  p lant  coking r e s u l t s  for e a c h  of the  
c o a l s  s tudied and desc r ibed  in  th i s  publication.  Data inc lude 
preheat  temperatures ,  coking t ime, dry c o a l  bulk d e n s i t i e s ,  
coke  phys ica l  proper t ies ,  y i e lds  o f  coke  and  tar ,  c o a l  pul-  
ver iza t ion,  moisture in  dried and preheated  c o a l s ,  and the 
e f fec t  of preheat ing o n  the  c a p a c i t y  of coke  ovens  to produce 
coke .  

Table F shows  the laboratory a n a l y s e s  of the  c o k e s  
produced i n  e a c h  s e r i e s  of drying and  preheat ing t e s t s .  
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TABLE A  - RESULTS OF COKING TESTS ON HIGH-VOLATILE C  BITUMINOUS COAL (ILL. NO. 6) 

Condit ion of c o a l  

As r e c ' d .  Ai r  d r i e d  Heat d r i e d  Prehea t  Prehea t  Prehea t  
a t  210' F  a t  255' F  a t  360° F a t  428' F  

I I Run number 

Coking time ( h r  :min) 

Bulk d e n s i t y  (d ry  c o a l ;  
l b  per cu f t )  

Coke phys ica l  p r o p e r t i e s  
Tumbler t e s t  

S t a b i l i t y  
Hardness 

S h a t t e r  t e s t  (%) 
t 2 "  
+I%'#  
L 1" 

S i z i n g  (%) 
t 4 "  
4" x 3" 
3" x 2" 
2" x 1" 
1" x k t '  
-4'' 

Average s i z e  ( i n . )  

Apparent g r a v i t y  

Coke y i e l d s  (% of d r y  coa l )  
T o t a l  coke (d ry)  
Furnace ( + I t ' )  (d ry)  
Nut (1" x % I 1 )  (d ry)  
Breeze (-$It) (d ry)  

Tar y i e l d  ( g a l  d ry  t a r ;  
pe r  ton d r y  coa l )  

Expansion pressure  
( l b  per  sq i n . )  

P u l v e r i z a t i o n  (-1/8") 

Coke temperature (' F) 

* 
% mois ture  i n  c o a l  a s  charged 

Coke oven c a p a c i t y  
Coal charges/oven/24 h r  
Lb furnace  coke/cu f t /  

24 h r  
% i n c r e a s e  i n  fu rnace  coke 

(compared wi th  c o a l  
"as received") 

* 
Minus va lues  i n d i c a t e  weight  l o s s  on prehea t ing  g r e a t e r  than ASTM mois tu re  v a l u e s .  
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TABLE B - RESULTS OF COKING TESTS ON HIGH-VOLATILE B BITUMINOUS COAL (ILL. NO. 5) 

Coking t ime 
( h r  :min) 16:15 17:15 15:45 15 :10 13 :  15 12:lO 11:45 

b 

Bulk d e n s i t y  
( d r y  c o a l ;  l b  
p e r  cu f t )  40.6 44 .8  44.0 43 .9  4 6 . 1  45 .2  45 .6  

Coke p h y s i c a l  
p r o p e r t i e s  

Cond i t ion  o f  c o a l  

Tumbler t e s t  
S t a b i l i t y  
Hardness 

As r e c ' d .  

S h a t t e r  t e s t  (%) 
t 2" 
+lJ," 
+ I "  

S i z i n g  (%) 
t 4"  
4" x 3" 
3" x 2" 
2" x 1" 
1" 1 8 '  

2 
-5" 

A i r  d r i e d  

Average s i z e  
( i n . )  

Run number 

Apparent  
g r a v i t y  

Heat d r i e d  
a t  210' F  

1117 E 

Coke y i e l d s  
(% of  d r y  coa l )  

T o t a l  coke 
(d ry )  

Furnace ( t i " )  
(d ry )  

Nut (1" x 4") 
(d ry )  

Breeze (-i2") 

(d ry )  

P rehea t  
a t  225' F 

1118 E  

Tar  y i e l d  
( g a l  d r y  t a r ;  
p e r  ton  d r y  
c o a l )  

Expansion p r e s s u r e  
( l b  pe r  sq  in . )  

P rehea t  
a t  313' F  

1119 E 

P u l v e r i z a t i o n  
(-1/8") 

Coke t empera tu re  
( "  F) 

P rehea t  
a t  433' F  

1120 E 

% mois tu re  i n  
c o a l  a s  charged 

P rehea t  
a t  440" F  

Coke oven c a p a c i t y  

1121 E 

Coal  cha rges /  
oven124 h r  1.475 1.39 1.525 1 . 5 8  1 . 8 1  1 .975  2 .04  

Lb f u r n a c e  coke/  
cu f t / 2 4  h r  38 .0  33 .9  42.7 44 .4  53 .0  56 .8  59 .3  

% i n c r e a s e  i n  fu r -  
nace  coke (com- 
pa red  w i t h  c o a l  
"as r ece ived" )  - 5.0 1 2 . 4  16 .8  39.5 49.5 5 6 . 1  

* 
Minus v a l u e s  i n d i c a t e  we igh t  l o s s  on p r e h e a t i n g  g r e a t e r  t han  ASTM m o i s t u r e  v a l u e s .  

1122 E 1129 E 
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TmLE C - RESULTS OF COKING TESTS ON HIGH-VOUTILE B  BITUMINOUS COAL (ILL. NO. 6-A) 

Cond i t ion  of  c o a l  

Coking t ime 
( h r  :min) 

Run number 

Bulk d e n s i t y  
(d ry  c o a l ;  l b  
p e r  cu f t )  

P rehea t  
a t 4 5 0 ° F  

Coke p h y s i c a l  
p r o p e r t i e s  

1161 E  

Tumbler t e s t  
S t a b i l i t y  
Hardness 

P rehea t  
a t 3 3 Z ° F  

As r e c ' d .  

1149 E  

S h a t t e r  t e s t  (%) 
t2" 

.I$" 
il" 

Prehea t  
a t 3 7 0 ° F  

P r e h e a t  
a t 2 2 7 ' F  

1134 E 

S i z i n g  (%) 
t 4 "  
4" x  3" 
3" x 2" 
2" x 1" 
1" x 4" 
-2'' 

Prehea t  
a t 2 7 0 ° F  

A i r  d r i e d  

Average s i z e  
( i n . )  

Heat  d r i e d  
a t 2 1 8 - F  

1114 E 1113 E 1111 E  

Apparent  
g r a v i t y  

1115 E  1112 E  

Coke y i e l d s  
(% of d r y  c o a l )  

Ta r  y i e l d  
( g a l  d r y  t a r ;  
p e r  ton  d ry  
coa 1) 10.7 10 .75  11.0 

0.3 0 .35  0 . 4  

(Average of  81 .0 )  

Expansion p r e s s u r e  
( l b  per  s q  i n . )  

P u l v e r i z a t i o n  
(-1/8") 

Coke t empera tu re  
(" F) 

% mois tu re  i n  * 
c o a l  a s  charged 

Coke oven c a p a c i t y  

Coal cha rges /  
oven/24 h r  

Lb f u r n a c e  coke/  
cu f t / 2 4  h r  

% i n c r e a s e  i n  f u r -  
nace coke (com- 
pared wi th  c o a l  
"a s  r ece ived" )  

* 
Minus va lues  i n d i c a t e  we igh t  l o s s  on p r e h e a t i n g  g r e a t e r  t han  ASRl m o i s t u r e  v a l u e s .  
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TABLE D - RESULTS OF COKING TESTS ON HIGH-VOLATILE B BITUMINOUS COAL (ILL. NO. 6-B) 

I Run number 1 

Condi t ion  of c o a l  

Coking t ime  ( h r  :min) 

As r e c ' d .  

Bulk d e n s i t y  (d ry  c o a l ;  
l b  p e r  cu f t )  

Coke p h y s i c a l  p r o p e r t i e s  
Tumbler t e s t  

S t a b i l i t y  
Hardness 

S h a t t e r  t e s t  (%) 
t 2 "  
+ 1%" 
+I" 

A i r  d r i e d  

S i z i n g  (%) 
t 4 "  
4" x 3" 
3" x 2" 
2" x 1" 
1" x 5" 
-4" 

Heat d r i e d  
a t 2 1 3 O F  

Average s i z e  ( i n . )  

P r e h e a t  
a t 4 4 O 0 F  

P r e h e a t  
a t 2 3 0 ° F  

Apparent  g r a v i t y  

P r e h e a t  
a t 3 6 0 ° F  

Coke y i e l d s  (% of d r y  c o a l )  
T o t a l  coke (d ry)  
Furnace ( t l " )  (d ry)  
Nut (1" x k " )  (dry) 
Breeze (-%I1) (d ry)  

Tar y i e l d  ( g a l  d r y  t a r ;  
p e r  ton  d r y  c o a l )  

Expansion p r e s s u r e  
( l b  p e r  s q  i n . )  

P u l v e r i z a t i o n  (-1/8") 

Coke tempera ture  (O F) 

* 
% m o i s t u r e  i n  c o a l  a s  charged  

Coke oven c a p a c i t y  
Coal charges/oven/24 h r  
Lb f u r n a c e  coke/cu f t /  

24 h r  
% i n c r e a s e  i n  f u r n a c e  coke 

(compared w i t h  c o a l  
"as rece ived")  

* 
Minus v a l u e s  i n d i c a t e  weigh t  l o s s  on p r e h e a t i n g  g r e a t e r  t h a n  ASTM m o i s t u r e  v a l u e s .  
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TABLE E - RESULTS OF COKING TESTS ON HIGH-VOLATILE A BITUMINOUS COAL (WEST VIRGINIA EAGLE) 

1 Condi t ion  of c o a l  I 

I I Run number I 

Coking t ime ( h r  :min) 

P r e h e a t  
a t 4 3 5 " F  

As r e c ' d .  

Bulk d e n s i t y  (d ry  c o a l ;  
l b  p e r  cu f t )  

Coke p h y s i c a l  p r o p e r t i e s  
Tumbler t e s t  

S t a b i l i t y  
Hardness 

A i r  d r i e d  

S h a t t e r  t e s t  (%) 
t 2 "  
+ 1 y 1  
t 1" 

S i z i n g  (%) 
+4" 
4" x 3" 
3" x  2" 
2" x 1" 

x  + I 1  

-y 

Heat d r i e d  
a t 2 1 0 ° F  

Average s i z e  ( i n . )  

Apparent  g r a v i t y  

P r e h e a t  
a t 2 9 O 0 F  

Coke y i e l d s  (% of d r y  c o a l )  
T o t a l  coke (d ry)  
Furnace ( t l " )  (d ry)  
Nut (1" x  %I1) (d ry)  
Breeze (-4") (dry) 

P r e h e a t  
a t 3 4 5 " F  

Tar y i e l d  ( g a l  d r y  t a r ;  
p e r  t o n  d r y  c o a l )  

Expansion p r e s s u r e  
( l b  p e r  s q  i n . )  

P u l v e r i z a t i o n  (-1/8") 

Coke tempera ture  (' F) 

% m o i s t u r e  i n  c o a l  a s  chargedk 

Coke oven c a p a c i t y  
Coal charges/oven/24 h r  
Lb f u r n a c e  coke/cu f t /  

24 h r  
% i n c r e a s e  i n  f u r n a c e  coke 

(compared w i t h  c o a l  
"as rece ived")  

Minus v a l u e s  i n d i c a t e  weigh t  l o s s  on p r e h e a t i n g  g r e a t e r  than  ASTM m o i s t u r e  v a l u e s .  
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TABLE F - ANALYSES OF COKES PRODUCED (IN PERCENT) 

High-volati le C Bituminous 
( I l l .  No. 6) 

Coal coked 

As received 
A i r  d r i ed  
Heat d r i ed  a t  210' F 
Preheated t o  255' F 
Preheated t o  360' F 
Preheated t o  428' F 

High-volati le B Bituminous 
( I l l .  No. 5) 

V o l a t i l e  
mat ter  

As rece ived  
A i r  d r i ed  
Heat d r i ed  a t  210" F 
Preheated t o  225' F 
Preheated t o  313' F 
Preheated t o  433' F 
Preheated t o  440' F 

High-volati le B Bituminous 
( I l l .  No. 6 4 )  

Fixed 
carbon 

As rece ived  
Air  d r i ed  
Heat d r i ed  a t  218' F 
Preheated t o  227' F 
Preheated to  270" F 
Preheated t o  332' F 
Preheated t o  370' F 
Preheated t o  450' F 

High-volatile B Bituminous 
( I l l .  No. 6-B) 

Ash 

As rece ived  
Air  d r i ed  
Heat d r i ed  a t  213" F 
Preheated t o  230" F 
Preheated t o  360' F 
Preheated t o  440' F 

Sul fur  

High-volati le A Bituminous 
(West Virg in ia  Eagle) 

As received 
A i r  d r i ed  
Heat d r i e d  a t  210' F 
Preheated t o  290° F 
Preheated t o  345' F 
Preheated t o  435' F 
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