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The development of pulverized coal and
fluidized bed combustion requires good nu-
mer ica l  codes  fo r  mode l iz ing  the  sys tems.
Several codes are already avai lable. Hoh¡e-
ver, because of the lack of data on the
chemical and physical propert ies of coal
part icles and on thelr combustlon when sub-
mitted to high temperature gradlents (ca.
10{ K,/s) these codes need lmprovement of
sub-models, descrlbing the key steps of the
process. Our work is concerned wlth the
physico-chemistry of combustion of indivi-
dua l  par t i c les  o f  coa l .

Experimental

The method is based on in situ obser-
vation and subsequent characterization of
a coal part icle fal l lng in a drop tube
furnace in a well  defined chemical and
thermal environment. The vert ical furnace
is made of two parts ( longitucl inal separa-
t ion) whfch gives a good access to the
reactor. Heating is achieved with slx lan-
--hanium chromite elements ; the total power
i s ' 1 2  K w  a n d  a l l o w  t o  r e a c h  2 0 0 0  K .  A n  l s o -
cherm zone o f  400 mm is  fa i r l y  we l l  de f i -
ned.  Opt ica l  access  is  poss ib le  ax ia l l y  as
'¡e11 as by a 300 mm lateral window in the
aa l l  o f  the  fu rnace.

The reactor is a 50 m¡n diameter tube,
:n quartz for ' low temperature experiments
:r in si l ico-alumina ¡naterial for higher
--emperatures ; this last tube is equiped
rith I  saphir windows. The part icles are
: l jected, from a vibrator in the isotherm
lart of the furnace through a rrater cooled
;robe. A \"rater cooled movable probe al lows
- -he  co l lec t ion  o f  reac t ing  par t i c les  a t
r : f fe ren t  pos i t ions  in  the  fu rnace.  The
:es idues  are  co l lec ted  on  f i l te rs  fo r  ana-
i 1 ; s  i s .

Two onl ine diagnostics are used :
- an axial two color pyrometer. The l ight
a i t ted  by  the  par t i c le  i s  co l lec ted  by  an
:Ft. i .ca1 monofiber, 1 m¡n diameter, whose
=-r '-remi.ty is located at the bottom of the
i : : : race .  The in tens i ty  o f  l igh t  i s  measured
: :  á00 and 700 nn  ! " i th  photonu l t ip l ie rs .
: : : ra ls  a re  req is te red  bv  a  numer ica l

osc i l loscope and t rans fered  to  a  computer .
Temperalures are computed in applying
Planck law of emission, in assuming that
part icles behave as a grey body enitter.
-  the  second on l ine  d iagnos t ics  i s  a  h igh
speed movie camera. Fi lms are taken through
the lateral wlndow-

Ana lys is  o f  co l lec ted  res idua l  par t i -
c les  lnc ludes  :
- Elemental analysis (netals are part icu-
larly important for understandlng the che-
mistry of the phenomenon and as tracers for
de terming $re igh t  loss) .
- Electron nlcroscopy
-  Tex tura l  charac ter iza t ion  (mercury  póro-
simetry, gas adsorption, thernoporosimetry
us ing  a  d i f fe ren t ia l  scann ing  ca lo r imeter
e t c .  )  .

Descrlpt ion of phenomena and results

When a coal part icle is heated in the
presence o f  a i r ,  devo la t i l i za t ion  occurs  in
the  f i rs t  s tep .  Usua l ly ,  the  gases  produced
ignite and a dif fusion f lame surrounds the
coal part icle..  hlhen gas production vanishes,
there is ext inct ion of the f lame and the
carbonaceous material undergoes an hetero-
geneous oxidation with production of carbon
monoxide.

Experiments were carr ied on a high vo-
la t i le  b i tumi -nous  coa l  (37 .2  I  vo la t i . le
mat te r )  (1 ) .  The granu lomet ry  i s  be tween 80
and 100 ¡rm. The temperature determined by
the pyrometer versus residence t ime may ex-
h ib l t  two d i f fe ren t  p ro f i les  (F igures  1  and
2) .  On F igure  1 ,  the  f i rs t  tempera ture  peak
corresponds to the combustion of devolat i-
l iz ing gases. Such a high temperature i-s
attr ibuted to soot part icles produced du-
ring the cornbustion. The duration of this
emission is of the order of magnitude of
10 ms. The second stage corresponds to the
heterogeneous combustion of the coke part i-
c le  resu l t ing  f rom t .he  devo la t i l i za t ion  o f
the  in i t i .a l  coa l  par t i c le .  On f igure  2 ,
only one pulse is observed ; i ts duration
is  w i th j -n  30  to  35  ms fo r  par t i c les  o f  80-
1 00 pm and furnace temperature of 1 1 00 to
1300 K.  For  a  g iven granu lomet ry ,  one g foes
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.Figure 1 remperatule (two coror pyrometer)
versus t ime.

Temperature (t trc color Pyrometer)
versus  t ime.

rü) 2¡m

E lgure  2 .

from type 2 to type 1 when femperature
increases .

Though we have no quanti tat ive expla-

nation foi the above observation, i t  is

reasonable to assume that type 1 curve

occurs when the rate of devolat i l izat ion is

suff iciently high to stabi l ize a f la¡ne
around the graln. A temPerature increase
enhences this rate.

Mode l iza t ion  o f  devo la t i l i ?e l ion  and
ff i i i immc nyidation steOS.

-  Devo la t i l i za t ion .
ThffiITffifon stage ls often descri-

bed as  a  ser les  o f  para l le l  reac t ions  cor -

responding to a given distr ibution of act i-

va t ion  enárgy  (2 ,3 ) .  Us ing  da ta  g iven in

l i terature ior act ivat ion energy and pre-

exponential factor and introducinq the ex-

oei imental tenperature Profi les \"e have

lomputed using the LsoDE code (Gear method)

the duratlon óf devolat l l izat ion and the

rate of volat i le matters. Using the data
given by Anthony and Hor¡ard for a bitumi-
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nous coal :
Preexponentlal factor :
Activation energy
. average value :
.  standart deviatÍon :

T  ^ 2  ^  ^  6 T  -  l r  ¡  p  +  r ¡  |  . n 2
6  

,  . p p . t p . T T  -  l ¡ ¡ r  r  ¡ ¡ c  ¡  ¡ r q r  " - P

D :  par t i c le  d iameter
pB :  par t i c le  dens i tY
Ci :  heat capacity of coal
T' : temperature
t : ti¡ne
H¡ : radiat lve heat f lux
H^ : convectÍve heat f lux
Hl :  chemical heat f lux

AII parameters excepted Hq can be inde-
pendent ly  de termined (4 ) .  In  oür  computa-
t ion we have considered, according to our
tr igh speed movie camera observation, tbat.
D^- is  ia i r l v  cons tan t  dur ing  ox ida t ion  wh ich
.Eun" that ihe variable parameter is pp. the

chemical heat f lux corresponds to the en-
thalpy of ca.rbon oxidation. Provided carbon
is oxidized"into carbon monoxide and the
enthalpy of carbon monoxide formation fro¡n
carbon ánd oxygen ls known (a value of 2340
caL/g  has  been used) ,  i t  1s  poss ib le  to
compute the weight loss of the part lcle
veréus t ine. ComPutation agree with f inal
exper inenta l  va lue  (5 ) .  I t  l s  wor thy  o f
note that the measure of the surface tem-
perature of a coal part icle during hetero-
geneous cot¡bustion makes possible to comPu-
Le without any adjustable pararneter the
ra te  o f  we lgh t  loss  o f  the  par t i c le .
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we have found that the duration of de-

vo la t i l i za t ion  is  s l igh t ly  h igher  than 10

ms while exPerimental ly the duration of the

f i rs t  peak  l f tgure  
' t  

)  i s  s l igh t ly  .shor te r
than 1b  ms.  Us ing  severa l  meta ls  (S i ,  Fe ,

Al) as tracers to deter¡nine carbon loss of
part lcles burnt in the furnace described
áUo.r., it rtas found that more than 50 t of

the coal mass is devolat l l ized' In that ex-

Deriment coal part icle during devolat i l lza-
i ion is surrounded by a dif fusion f lame so

that oxygen dif fusion to coal surface is rpt

expectea to be signif icant. A high temPera-

tuie of the Part icle, due to heat transfer

from soot part icles in the dif fusion f lame'

might yielá such a high rat io of volat i le
mat te r .
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