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Thermal analysis of  coals is  inherent ly

d i f f i cu l t  because  o f  t he  he te rogene i t y  o f  t he

mater l -a l ,  the complexi ty of  the chemical  react ions

and the physical  changes which occur dur ing coal

pyrolys is.  However i t  has been shown that  \^7i th

ca re fu l  expe r imen ta t i on  D .T .A .  can  be  use fu l  boch

in di f ferent iat ing bet l^ teen coals of  d i f fer ing rank

and in character iz ing some of  the Processes taking

p lace  t h roughou t  py ro l ys i s  and  ca rbon i za t i on  [ 1 ] .
D .T .A .  has  no t  been  used  s ígn i f i can t l y  f o r  assess -

ing the react iv i t ies of  var ious coals towards gasi-

f icat lon,  even though most of  the technological ly

important  gasl f icat ion react ions are ei ther st rong-

1y exoLhermic or  endothermic.  We report  here the

resul ts of  some prel iminary D.T.A.  exper iments made

on several  Western Canadian coals in an at tempt to

use the technique to assess their  gasi f icat ion

reac t i v i t i e s .

Exp-e.rimentel

D.T.A.  exper iments were carr ied out  using a

DuPont-9oo instrument in the normal manner except

that a one-\^ray (upward) gas flow was maintal-ned in

the combust ion tube.  Thermograms were recorded in

dry a i r ,  N2,  CO, CO2 and H2 and steam atmospheres

a t  va r i ous  hea t i ng  and  gas  f l ow  ra tes .  T .G .A .

tests stere run under s imi lar  condi t ions in aLr and

N2 to a id ínterpretat ion of  the thermograms-

Coals ranglng in rank f rom seml-anthraci te to

l ígni te ürere tested.

Results .and Disc.u.s_slons.

Highly reprodueible thermograms were ob-

ta ined for  a l l  coals tested once opt imum heat ing

and gas-f low rates,  sample packing and base- l ine

compensat ion condi t ions etc.  r ¡ere establ ished.

In n i t rogen atmosphere,  D.T.A.  thernrograms reveal

informat ion about the internal  processes occurr ing

as coals are heated.  Three dist inct  act iv i t ies

are present:  (1)  Dehydrat ion of  molsture at  1o\ . {

temperatures (endothermic) ;  (2)  d ist i l la t ion and

polymerizat l -on of  volat i les in the range 300oC-

500"C (exotherrnic)  and (3)  carbonizat ion which

cont inues to h igh temperatures (endothermíc) .

D .T .A .  i n  ca rbon  d i ox i de  does  no t  d l f f e r  f r om  tha t

ín N2 up to 800"C, but  above th is a strong endo-

thermic peak occurs,  due to reduct ion of  C02. The

inf lect íon Eemperature of  the endothermLc peak,

Trn,  occurs in the range 900oc-1400'c dependlng on

sample react iv i ty  and heat ing rate.  Typical

thermograms for a lignite sample are shown ln

f i gu re  1 .

In C0 atrnosphere,  there is  no evidence for

major  addi t ional  actLvi ty ,  thermograms resembl ing

closely those in n i t rogen, a l though sone methanat ion

could have occurred (exothermic) .  In H2 environment

D ,T .A .  t he rmog rams  ¿ re  even  l ess  i n f o rma t i ve t  due

pr imar i ly  to h igh thermal  conduct iv i ty  of  H2 $asr

which lowers the sensi t iv i ty  of  the system.

React iv i ty  towards the \nTater gas reactLon ís

found to vary not  only wi th the heat ing rate '  but

a l so  t he  ' soak  pe r i od r  o f  t he  coa l  i n  t he  s team

prior  to reduct ion of  H20. The fo l lowing have been

obser.red:  ( l )  a st rong endothermic peak,  at  950oC-

1050"C depending on heat ing rate,  which is  due to

Ehe  reduc t i on  o f  H20  t o  C0  and^H2 i  ^Q)  
b road  exo -

thermic 'peaks in tñe range 700o-800oc appear i f

s team is int roduced at  Ehis stage or  ear l ier ,  and

the  i nEens i t y  i nc reases  w i t h  " soak  pe r i od " ;  ( 3 )  a

fast  heat ing rate resul ts in complete reduct ion to

ash,  whi le the s lor¡er  the heat ing rate,  the lower

the extent  of  react ion at  the same temperature '

These observat ions conf i rm the fact  that  steam has

an act ivat ing ef fect  on coal  towards hydrogenat ion

and methanat ion,  especia l ly  pr ior  to the plast ic

zorte. However the coal cannot be reactivated if tt

has undergone substant ia l  carbonizat ion '

Kinet ic  parameters can be obtained f rom the

var iat ion of  endothermlc peak lnf lect ion tempera-

tures \ t l - th heat i lg rate 12'31.  Figure 2 shows

p lo t s  o f  t n  [ (Tmz ) /o ]  ve r sus  1 /T r  ( c  =  hea t l ng

iate)  for  present resul ts and apptoximate act ivat ion

energy and f requency factor  values obtained f rom

sf"pás and intercepts of  these plots are l is ted ln

tabie 1.  t ¡e note that  devlat ion f rom l lnear l ty  of

such plots,  as in the l igni te (Hat Creek) coal t  is

f requent ly observed ln d i f fus ion-contro l led pro-

c e s s e s  [ 4 ] .

The use of non-isothernal kinetic methods

(eg .  D .T .A . )  t o  s t udy  reac t i v i t i e s  o f  coa l  has  many

advantages over lsotherrnal  methods (e 'g '  T 'G'A') '

a l though the k inet lc  analysis Ls more complex s ince

react ion rates are changing l t i th temperature [5] '

The react lv i ty  of  coal  to l rards a gasi f icat ion re-

act ion at  a certa in temperature has meanl-ng only l f

the detai led history of  pr ior  thermal  t reatment is

included. Fortunately the use of  the D.T.A'  method

moni tors a l l  changes taking place up to the

temperature where react ion occurs.  In the case of

an isotherrnal nethod such as study of weight loss

with time at a fixed temperature this lmportant

informat ion is  not  obtained.
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Tabl-e I.  Kinetlc parameters
wlth reactlng gases

for gasíf icat ion reactl-ons
given 1n parenthesis.
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6'1 6.2 e3 6.a 6.3 e6 6.7
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Fíg.3. Simllar plot for a Kal-ser coal(seml-anthracite)
r\rhere good l inearity ls observedrdue to the
absence o f  d l f fus lon  process .

Sanple E/R( Ko) Ko(Mh-1)

ltc#s (c02)
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Kateer (Waehed)

Ilc#5 (H20)

11500

25000

263L5
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207 "

2.37 x Lo5
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