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INTRODUCTION 

Weathering can a f fec t  t he  behavior o f  coal in many product ion and end-use 
processes (1 ). Extens ive laboratory  research has been performed t o  determine the  
chemical n r t u r e  o f  coal weathering. Most repor ted coal weathering simulation 
experiments have  been conducted a t  temperatures greater  t han  100°C t o  accelerate 
the oxidation rate. Carboxy l ,  carbonyl, e ther  and  phenolic g roups  have been 
repor ted t o  form u p o n  coal oxidation (2.3). T h e  ox idat ion mechanism is  repor ted ly  
d i f ferent  a t  temperatures above and m o w  about 7OoC (4). In addit ion, recent 
studies indicate tha t  t h e  chemical na tu re  o f  coal o x i d a t i o n m a y  b e  d i f f e ren t  a t  t he  
lower temperatures more typ ica l  o f  natura l  coal weathering ('80OC) .(5). T h e  work 
repor ted he re  i s  a systematic laboratory  s tudy  o f  coal weathering a t  real ist ic 
condit ions o f  temperature arid time us ing  d i f f e ren t  ranks  o f  coal. The  objectives o f  
t h i s  s tudy a r e  1) t o  determine the  ef fects  o f  weathering o n  coal proper t ies wi th  
emphasis on f r o t h  f lo ta t ion and thermoplastic proper t ies,  2 )  t o  compare the  abi l i t ies 
o f  various techniques t o  measure the  degree o f  Weathering, 3) t o  be t te r  define the  
chemical na tu re  of low-temperature coal weathering. In th i s  paper, weathering is 
def ined as t h e  progress ive changes in coal proper t ies tha t  occur as coal is  exposed 
t o  humid a i r  a t  temperatures o f  80°C o r  less. 

Medium and h i g h  vo lat i le  bituminous coals were weathered a t  temperatures o f  25OC. 
5OoC and 80°C in f lowing humid a i r  f o r  as long as 369 days.  Absolute humid i ty ,  
which was constant f o r  al l  experiments, was equal t o  80% re la t ive humid i ty  a t  2OOC. 
Weathered coals were sampled periodical ly and characterized by a va r ie t y  o f  relevant 
techniques, inc lud ing ult imate and proximate analyses, forms o f  su l fu r ,  Gieseler 
plastometer, f ree  swell ing index (FS I ) ,  Aud ibe r t -A rnu  dilatometer, heat of 
combustion, s l u r r y  pH, alkal ine ext ract ion and pet rography.  The  f r o t h  f lotat ion 
performance o f  t he  f resh  and weathered coals was measured as a funct ion o f  
weathering t ime at several collector dosages. The  weathered coals were also 
characterized by Four ie r  Transform in f ra red  spectroscopy ( F T I R )  and X-ray 
photoelectron spectroscopy (XPS) t o  s tudy  the  chemical na tu re  o f  weathering. 

Propert ies of laboratory  weathered coals were compared w i t h  those o f  a natura l ly  
weathered coal. 

EXPERIMENTAL 

Weathering Uni t .  A schematic diagram o f  t he  weathering unit is  shown in F igu re  1. 
T h e  coal (1.2 kg ,  -28 mesh) used in t h e  s tudy  was d ispersed in a f ixed-bed 
reactor  (3"  ID1 us ing  3/8" ln ta lox ceramic saddles (ca. 1.2 k g )  t o  p reven t  a i r  
channeling. T h e  temperature o f  the coal bed was contro l led by c i rcu lat ing water 
from a thermostated b a t h  t h r o u g h  the  reactor 's ou te r  jacket. The  water c i rcu la tor  
maintained t h e  coal bed  a t  temperatures up t o  80°C t o  w i th in  1OC. Two thermo- 
couples were located a t  1/3 and  2/3 o f  t h e  coal bed height  t o  monitor bed tempera- 
ture.  A i r  was in t roduced t o  the  bottom plenum o f  t he  reactor a t  1.7 SCFH. A 
third thermocouple was inser ted in t h e  reactor bottom t o  monitor t he  temperature of 
the incoming air.  A i r  humid i t y  (80% re la t ive humid i t y  a t  2OoC) was control led b y  
d i v i d i n g  t h e  a i r  i n to  t w o  control led-f low paral lel streams w i t h  one stream passing 
th rough  two water saturators  in series. Feed a i r  and reactor off-gas, sampled 
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several times fo r  gas chromatographic analysis, showed no s ign i f icant  d i f ference in 
oxygen composition, t h u s  ind icat ing t h a t  these reactors a re  be ing operated a t  
d i f ferent ia l  condit ions and  t h a t  the a i r  flow i s  suf f ic ient  f o r  un i fo rm coal 
weathering. Periodic samples were taken from t h e  weathering un i t s  as follows. 
The  en t i re  reactor contents were emptied over  a screen t o  remove the  saddles. The  
ent i re  coal sample was r i f f l e d  ten  times and sampled f o r  analyses. T h e  remaining 
coal was re-mixed wi th  the  saddles, t hen  re-packed in to  the  reactor. T h e  reactor 
was tapped while being packed t o  sett le the bed. Bed back-pressure, t yp i ca l l y  0.5 
psig, was monitored t o  ascertain t h e  absence o f  channell ing. 

Coals. The  high-volat i le bituminous coal used in th i s  s tudy  was f resh ly  mined run- 
of-mine (ROM) P i t t sbu rgh  seam coal from West V i rg in ia .  The  coal was g r o u n d  to  
-28 mesh before use. The  medium-volatile coal used was t h e  na tu ra l  -28 mesh 
por t ion o f  f reshly  mined ROM Horsepen seam coal from West V i rg in ia .  The  mine 
from which the coal was obtained ext racts  b o t h  the  upper  and  middle Horsepen 
seams. The "natura l ly  weathered" medium-volatile bituminous coal used in th i s  
s tudy was obtained from an  adjacent mine tha t  also ext racts  t h e  Horsepen seam 
coal, except  in th is  case the  seams a r e  v e r y  near t h e  surface. T h e  "natura l ly  
weathered" coal examined here was t h e  natura l  -28 mesh po r t i on  o f  t he  coal. 
Analyses and proper t ies o f  these coals a r e  l is ted in Table 1. 

Analyses. Cieseler plastometer and  f ree swelling index (FS I) measurements followed 
-procedures. Aud ibe r t -A rnu  dilatometer measurements followed t h e  I S 0  
procedure. The  alkal ine ext ract ion tes t  was performed by t h e  publ ished proce- 
du re  ( 6 ) .  Ultimate and proximate analyses, forms o f  s u l f u r  and heat of combustion 
were measured by standard procedures. Four ier  Transform i n f r a r e d  ( F T I  t?) spectra 
were collected o f  the  neat samples (no t  g r o u n d  f u r t h e r  a f te r  removal from 
weathering unit) us ing  d i f f use  ref lectance w i t h  a Nicolet Model 7199 F T l R  
spectrometer. X-ray photoelectron spectroscopy (XPS) was per formed w i t h  a 
Perkin-Elmer PHI Model 560 ESCAlSAM spectrophotometer w i th  a magnesium X-ray 
source. 

F ro th  Flotation Tests. F ro th  f lotat ion tests were made us ing  a Denver  Model D1 
f lo ta t ion cell. Coal s l u r r y  (5  w t  % coal) was f i r s t  charged t o  t h e  cel l  and 
condit ioned a t  1500 rpm fo r  three minutes t o  ensure tho rough  wet t ing o f  t h e  coal. 
Collector (No. 2 fuel o i l ) ,  when used, was added and condit ioned fo r  15 seconds. 
Frother  (methyl isobuty l  carbinol) was then added and  condit ioned for  15 seconds. 
The a i r  va lve was opened and t h e  f r o t h  was manually removed for  t w o  minutes. 
F ro th  concentrate and tai ls were f i l tered,  dried, t hen  analyzed. 

RESULTS AND DISCUSSION 

Medium-Volatile Bituminous Coal. Horsepen seam coal (-28 mesh) was weathered a t  
B O O C .  Only s l i gh t  changes in chemical composition were observed upon weathering. 
For  example, t he re  was a small but s ign i f icant  decrease in heat ing va lue (14446 v s  
14809 B t u l l b ,  d r y ) ,  a n  increase in oxygen content  (5.6% v s  3.0%, by di f ference)  
and a s l i gh t  increase in sulfate s u l f u r  content (0.06% v s  0.02%)  as weathering time 
increased t o  84 days. In contrast ,  t h e  thermoplastic propert ies, i.e., Cieseler 
maximum fluidity and Aud ibe r t -A rnu  di latat ion, exhib i ted v e r y  r a p i d  decreases wi th  
weathering time. These two propert ies, log Cieseler maximum f l u i d i t y  and 
Aud ibe r t -A rnu  di latat ion, a re  p lo t ted as f ract ions o f  t he i r  in i t ia l  va lue and as a 
function o f  weathering time in F igu re  2.  A f t e r  30 t o  40 days, % d i la ta t ion became 
negative, indicating t h a t  there was no di latat ion, on l y  contraction. A f t e r  50 t o  60 
days, log Cieseler maximum fluidity became negative, ind icat ing Cieseler maximum 
f l u id i t y  was below 1 DDPM (essential ly n o  fluidity). In contrast  t o  these two 
thermoplastic propert ies, coal recovery (8 MAF) in t h e  f r o t h  f lo ta t ion tests  us ing  
f ro ther  (9.6 mg M l B C l L  s l u r r y ,  0.38 Ib M l B C l t o n  coal) but no  col lector showed a 
more gradual  decrease w i th  weathering time (F igu re  2 ) .  Clearly, cok ing l cak ing  
proper t ies are lost  more rap id l y  than  f lotat ion recovery.  Flotat ion recovery o f  t h e  
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weathered coal can b e  restored t o  a large extent  by use  of small amounts o f  
col lector oil. For  example, f lo ta t ion recovery of t he  coal weathered f o r  84 days a t  

Weathering Time Organic O/C Surface Su l fu r  
joays a t  80°C) Surface Bulk (Oxidized/Unoxidized) - 

coal) was used. 

Similar to  f lo ta t ion recovery,  FSI decreased much less rap id l y  during early 
weathering t h a n  t h e  Cieseler plastometer and Aud ibe r t -A rnu  dilatometer 
measurements. A t  80°C, FSI decreased from 8 1 /2  t o  5 1 /2  a f te r  44 days and  t o  2 
1/2 a f te r  84 days weathering. Th is  decrease in FSI corre la ted fa i r l y  well w i t h  t h e  I 
loss in flotat ion recovery.  FSI i s  obv ious ly  less responsive to  ear ly  weathering 

/ 

0 
31 
51 
84 

0.056 0.026 
0.072 0.032 
0.090 0.042 
0.105 0.051 

The  surface organic O I C  r a t i o  increased more rap id l y  than t h e  bulk organic O /C  
rat io, ind icat ing t h e  sens i t i v i t y  o f  t h e  coal sur face to  oxidation (weathering). The 
ra t i o  of oxidized t o  unoxid ized surface s u l f u r  was calculated us ing t h e  XPS SzP 
peaks shown in F i g u r e  5. Two d i s t i nc t  SzP p,eaks were resolved, one a t  a low 
binding energy (164 e V )  and one a t  a high binding energy (169 eV). The  peak a t  

410 i 



164 eV can be  assigned t o  unoxidized su l fu r  species ( p y r i t i c  s u l f u r  and  perhaps 
some organic su l fu r )  ( 9 )  and t h e  peak a t  169 eV can b e  assigned t o  ox id ized su l fur  
species (sulfate) (9,lOT. T h e  re la t ive i n tens i t y  (atomic percentage) of t h e  S2p peak 
a t  169 eV t o  t h e  SzP peak a t  164 e V  increased a f te r  84 days weathering a t  8OoC, 
indicating tha t  surface p y r i t i c  su l fu r  was oxidized t o  sulfate. 

High-Volatile Bituminous. P i t t sbu rgh  seam coal ( -28  mesh) was weathered a t  25OC, 
50QC and  80°C f or u p  to  369 days. As w i t h  the  Horsepen seam coal, small 
decreases in heating va lue and small increases in oxygen and su l fa te contents  were 
observed w i th  increased weathering time. Fo r  example, heat ing va lue decreased 
from 13335 t o  12940 B t u l l b  ( d r y ) ,  oxygen content (by d i f ference)  increased from 
6 . 5  t o  8.6% and su l fa te s u l f u r  content increased from 0 . 0 6  t o  0.09% af ter  45 days 
weathering a t  8 0 T .  As shown in Figures 6 and 7 ,  t h e  rates o f  change w i th  time 
(slopes) of bo th  the  Gieseler maximum fluidity and FSI a re  s t rong ly  dependent on 
weathering temperature. Similar changes in maximum fluidity and  FSI w i t h  t ime and 
temperature have also been repor ted by o the rs  ( 7 . 1 3 ) .  In terest ing ly ,  t he  r a t e  o f  
change o f  maximum f l u id i t y  w i t h  time shows a f i r s t -o rde r  A r rhen ius  dependence on 
temperature. Using t h e  A r rhen ius  expression, an energy o f  act ivat ion o f  about  40 
kJImol is  calculated. The  exact  physical signif icance o f  t h i s  resu l t  is  unknown. 
However, observations o f  relat ionships between mul t ip le  parameters such as th is  
should permi t  be t te r  understanding o f  t h e  ef fects  and  mechanisms o f  weathering. 

F T l R  was used t o  characterize the chemical na tu re  o f  weathering on  P i t t sbu rgh  seam 
coal a t  25, 50 and 8OOC. The  U.S. Steel oxidation index was used t o  rep resen t  the 
extent  o f  organic matr ix  oxidation. A t  8OoC, t he  ox idat ion index increased from 
0 . 7 2  ( f r e s h  coal) t o  1 . 6 3  a f te r  20 days  and t o  2.05  a f te r  45 days. A t  5OCC, the 
oxidation index increased t o  1 . 2 9  a f t e r  229 days and  t o  1 . 3 0  a f te r  268 days. A t  
25OC. t h e  oxidation index showed l i t t l e  change from t h e  f resh  coal, be ing  0 . 8 2  and 
0.71 a f t e r  weathering 268 days and 313 days, respectively. These data show that  
t he  ra te  o f  product ion o f  carbonyl  groups a n d  loss o f  C-H s t re tch  i n tens i t y  upon 
weathering is  s t rong ly  temperature dependent, consistent w i t h  t h e  temperature 
dependence o f  t he  change in maximum fluidity upon weathering (F igu re  6 ) .  

Fresh and weathered coals were characterized by XPS. A n  asymmetric C i s  peak 
wi th  a shoulder a t  high b ind ing  energy was observed a f te r  weathering a t  8OoC, 
ind icat ing t h a t  some oxyhydrocarbon was generated. Th is  i s  consistent w i t h  the  
F T l R  resul ts  showing carbonyl  production. As w i th  t h e  Horsepen Seam coal, two 
d i s t i nc t  SQ peaks were resolved w i t h  binding energies of 164 eV a n d  169 eV. The 
re la t ive in tens i ty  (atomic percentage) o f  the  S2p peak a t  169 t V  t o  t h e  S ~ P  peak a t  
164 eV increased a f t e r  45 days  weathering a t  8OoC, ind icat ing t h a t  sur face p y r i t i c  
s u l f u r  was oxidized t o  sulfate. F r o t h  f lotat ion performance depends o n  surface 
interactions (11). Flotat ion recovery i s  compared below t o  t h e  ra t i o  o f  ox id ized/  
unoxidized suTur  and t o  t h e  atomic rat ios o f  organic O / C  obtained by XPS. 
Organic oxygen was calculated as w i t h  t h e  Horsepen seam coal. 

t i o t a t i o n  
Weathering (% MAF) k i n a  S u l f u r  

Time 0.5 l b  Fuel 0. 
(Days a t  80°C) 

0 
45 

il/ (Oxidized/ Organic O/C 
Ton Coal Unoxi dized Surface 2 Bu 

94.5 
25.1 

0.62 
2.98 

0.077 0.066 
0.156 0.088 

Flotat ion recovery decreased w i th  increasing surface oxidation o f  b o t h  t h e  organic 
matr ix  and the py r i t e .  The  sur face organic O I C  ra t i o  increased more rap id l y  than 
the  bulk organic O / C  ra t i o  (obtained from ult imate analysis), ind icat ing the 
sensi t iv i ty  o f  t he  coal surface to  ox idat ion (weather ing) .  In con t ras t  t o  t h e  coal 
weathered a t  8OoC f o r  45 days, a symmetric C i s  peak, similar t o  t h a t  o f  f resh  coal, 
was observed in XPS spectrum o f  the coal weathered a t  25OC f o r  313 days, thus 
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showing l i t t l e  oxyhyd roca rbon  product ion ( 2 . 8 ) .  This is  also consistent w i th  t h e  
F T l R  resul ts  wh ich  show no  evidence fo r  s F n i f i c a n t  carbonyl  product ion a t  25OC. 
Two d i s t i nc t  SzP peaks were resolved (164 eV and  169 eV) for  t h e  coal weathered a t  
b o t h  8OoC and 25OC. i nd i ca t i ng  sur face p y r i t i c  s u l f u r  was oxidized t o  sulfate a t  
b o t h  temperatures. T h e  ra t i o  of ox id ized t o  unoxidized s u l f u r  f o r  t he  coal 
weathered a t  25OC f o r  313 days is  1.70. For t h i s  weathered coal, p y r i t e  oxidation 
was ev ident  but l i t t l e  organic  oxidation was apparent. Th i s  may suggest t ha t  for  
t he  25OC weathered coal, t he  loss o f  f lo ta t ion recovery is  p r imar i l y  caused by p y r i t e  
oxidation instead o f  organic  ma t r i x  ox idat ion (11). A similar conclusion was reached 
in an  assessment o f  a s tockpi le  sample o f  t h e  same P i t t sbu rgh  seam coal which 
showed poor f lo ta t ion performance (3). 
The  f ro th  f lotat ion resu l t s  w i t h  th i s  coal were qual i ta t ive ly  similar to those us ing 
the Horsepen seam coal. Coal recovery (% MAF) decreased w i th  t h e  extent  o f  
weathering ( t ime and temperature) and  could be s ign i f icant ly  improved b y  
increasing the col lector dosage. Even f o r  t he  coal most severely weathered at 8OoC 
(45 days), f lotat ion recove ry  was restored to  ove r  90% by increasing t h e  collector 
dosage from 0.5 t o  2 .0  Ibs fuel o i l l t o n  coal. Substantial losses in f lotat ion recovery 
occurred on ly  after v e r y  large decreases in fluidity had occurred; however, t he  
relat ionship between fluidity and  f lo ta t ion recovery appears t o  b e  temperature 
dependent as shown below. 

Weathering F l o t a t i o n  Recovery Maximum F l u i d i t y  
T ime (days) (% MAF) (DOPM) 

Fresh 0 94.5 
80 30.9 78.2 
80 45 25.1 
50 268 69.4 
25 313 46.4 

30,600 
2.6 
1.5 

70.6 
3,442 

These f lotat ion data were obtained us ing  0.5 I bs  fuel o i l l t on  coal as collector. A t  
each temperature, t he  degree o f  weathering t h a t  produced substantial loss o f  
f lotat ion recove ry  resu l t s  in d i f f e ren t  reduct ions in maximum fluidity. Th is  would 
suggest  t h a t  t h e  loss o f  f lo ta t ion recovery and loss of fluidity resu l t  from d i f f e ren t  
causes. Weathering temperature apparent ly  affects not  on l y  the  ra te  o f  weathering, 
but also t h e  re la t i ve  change o f  t he  d i f f e ren t  proper t ies affected by weathering. 
Thus,  it would appear t h a t  t h e  use o f  high temperature, e..g., ove r  100°C, t o  
accelerate weathering may produce coal w i th  proper t ies d i f f e r e n t  f rom those 
produced a t  lower temperatures and longer times. 

Natural ly Weathered Coal .  A "natura l ly  weathered" Horsepen seam coal was charac- 
v t h  the  laboratory  weathered coals. Propert ies o f  th is  coal, 
l is ted in Table 1, ind icate t h a t  it i s  a t  least moderately weathered. T h e  Cieseler 
maximum f l u i d i t y  measurement was low a t  30 DDPM, the % di latat ion (Audiber t -Arnu)  
was negative (-22%) a n d  the  alkal ine ext ract ion test  gave a low transmittance o f  
13.8%. T h e  f lo ta t ion recove ry  (% MAF) was ext remely low a t  10.1% us ing  f ro the r  
(0.38 Ib M l B C I t o n  coal) but no  collector. F T l R  and XPS indicated t h a t  there was 
mi ld  oxidation o f  t he  organic  matr ix .  T h e  surface organic O I C  ra t io  was extremely 
h igh  a t  0.29. T h i s  compares t o  a bulk ra t i o  o f  0.07 obtained by ult imate analysis. 
The re la t ive ly  large sur face organic O I C  ra t i o  occu r r i ng  in t h e  presence o f  only 
moderate ca rbony l  p roduc t i on  suggests t h a t  chemisorbed oxygen may be present  on  
t h e  coal surface (p robab ly  pe rox ide l (4 ) .  XPS characterization showed a rat io  o f  
ox id izedlunoxid ized s u l f u r  o f  3 .8 ,  indTcating t h a t  p y r i t e  was highly oxidized. It 
appears t h a t  ox idat ion o f  bo th  p y r i t e  a n d  the  organic matr ix  i s  responsible fo r  the 
poor f ro th  f lotat ion performance o f  t h i s  na tu ra l l y  weathered coal. 
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SUMMARY AND CONCLUSION 

T h e  Cieseler plastometer and  Aud ibe r t -A rnu  dilatometer are the  most responsive 
tests t o  the  ear ly  stage o f  weathering, t hus  demonstrat ing that  re la t ive ly  moderate 
weathering wi l l  dest roy coal thermoplastici ty. Other  parameters measured a r e  much 
less reponsive t o  weathering. FSI appears t o  b e  a usefu l  ind icator  on ly  for 
re la t ive ly  severely weathered coal. Substantial loss in f lotat ion recovery upon 
weathering occurred only  a f te r  t he  Cieseler maximum fluidity was g rea t l y  reduced. 
The  ra te  o f  decrease in Cieseler maximum fluidity w i th  time shows an  A r rhen ius  
temperature dependence. FT IR  shows product ion o f  carbonyl  g roups  a t  8OoC ( fast )  
and 5OoC (slow), but carbonyl  product ion is  small o r  nonexistent even a f te r  313 
days a t  25OC. XPS shows tha t  t h e  surface organic O /C  ra t i o  increased more 
rap id l y  than the bulk O/C  ra t i o  obtained by ult imate analysis, ind icat ing t h e  sensi- 
tivity o f  the coal surface t o  oxidation (weathering). Py r i t i c  s u l f u r  was also 
oxidized t o  sulfate o n  t h e  coal surface. F r o t h  f lo ta t ion recovery o f  t h e  weathered 
coals deteriorated w i th  increasing degree o f  weathering and showed a d i f f e ren t  
dependence on temperature than maximum fluidity. Flotation recovery can be 
largely restored by increasing the  col lector dosage used. The  re la t ive importance 
o f  t he  effects o f  organic ma t r i x  and p y r i t e  oxidation on f lotat ion recovery appear to  
be  dependent on  the  weathering temperature. If t h i s  is  t he  case, it would appear 
imperative t o  use real ist ical ly low temperatures t o  model natural weathering. 
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TABLE I 

ANALYSES AN0 PROPERTIES OF HORSEPEN AND PITTSBURGH SEAM COALS 

Proximate Analysis (wt % AS Det.) 
Moisture 
V o l a t i l e  Matter 
Ash 
Fixed Carbon (By Di f fe rence)  

U l t imate  Analysis ( w t  % Dry Basis) 
Carbon 
Hydrogen 
Nitrogen 
Sul fur ,  To ta l  

P y r i t i c  
Su l fa te  
Organic (By D i f fe rence)  

Oxygen (By Di f fe rence)  
Ach 

He'a'i'ing Value (Btu/ lb.  Dry) 

Horsepen 
Seam 

Horsepen P i t tsburgh "Natura l l y  
Seam Seam Weathered" 

0.61 2.29 1.75 
24.59 36.57 25.52 
5.82 10:41 9.83 
68.98 50.73 62.90 

84.06 
4.69 
1.33 
1.11 
0.41 
0.02 
0.68 
2.96 
5.86 

14,809 

74.04 
4.93 .. . 

1.39 
2.54 
1.37 
0.06 
1.11 
6.48 
10.66 
13,335 

78.75 
4.28 
1.19 
0.98 
0.15 
0.15 
0.68 
4.79 
10.01 
13,790 

Giesel er  P1 astometer 
Maximum F l u i d i t y  (DDPM) 1,836 
Softening Temperature ("C) 387 
Resol i d i  f i c a t i o n  Temperature ( "C)  511 
Maximum F l u i d i t y  Temperature ( "C)  472 
P l a s t i c  Range ("C) 124 

Free Swelling Index 8 1/2 

Audibert-Arnu Di latometer 
Contraction (%)  
D i l a t a t i o n  (%) 

T,, 'C 
T,, O C  

T t ,  "C 

T,-T,, 'C 

28 
191 
377 
418 
496 
78 

A l k a l i n e  Ex t rac t ion  (% Transmittance) 88.8 

F l o t a t i o n  Recovery (I MAF) 
Without Co l lec to r  94.1 
With Co l lec to r  (0.5 l b  Fuel O i l /  

Ton Coal) 

Wet Screen Analysis, w t  % 
T y l e r  Mesh 

28 x 48 mesh 
48 x 100 mesh 
100 x 200 mesh 
-200 mesh 

39.4 
26.4 
14.3 
19.9 

30,600 
348 
48 1 
434 
133 

7 1/2 

27 
103 
334 
404 
454 
50 

90.0 

94.5 

36.3 
23.7 
17.7 
22.3 

30 
398 
4 98 
440 
106 

7 

24 
-22 
384 
442 
475 
33 

13.8 

10.1 
49.1 

34.0 
24.9 
15.0 
26.1 
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