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Introduction

Carbonaceous materlals heat-treated ln
presence of potasslum hydroxlde glve char-
coa ls  w i th  h lgh  sur face  area  (1 ,2 ) .  The ob-
ject lve of the present paper ls to lnvesti--
gate the role of potasslu¡n hydroxlde ln the
carbonization mechanism and to determine
why potassium ls so effect lve ln the deve-
lopment of the poroslty of the resultant
charcoa l .

Experimental

A low rank coal (Menouna, Algeria)
w i th  an  ash  conten t  o f  3 .5  t  by  we igh t  has
been sieved to a part icle size between 0.5
and 1 m¡n in diameter. Coal sample {10 9¡
were lnpregnated wlth KOH or NaOH in a
solut lon of ethanol whlch was then evapora-
ted at 310 K under f lowing argon. Alkal ine
hydroxlde content ranges from 0 to 70 t by
weight in the lnpregnated sarnple. Untreated
and alkal ine treated coal sanples were then
carbonlzed ln the argon stream at a heating
ra te  o f  5  K , /min  up  to  1200 K.  Evo lu t ion  o f
CO2 and CO e¡as recorded uslng infra-red
ce l l s .  A f te r  carbon i .za t ion  the  a lka l ine
salt Lras removed by ref luxing in di luted
HCI and the char was then washed with dis-
t i l led water. Adsorptlon isotherm of CO2
uas carr ied out at 273 K and the micropore
volume was determined by the Dubintn eiua-
t i o n .

Results and Discussl.on

The change in micropore volume of the
:harcoal after treatment at 1070 K is shown
::r Figure 1 as a function of the hydroxide
content. I t  is seen that the micropore
volume f lrst decreases by addit ion of hy-
:roxide and thereafter increases agaj.n. ln
j1e case of KOH however, Wo i.s considerably
larger than for NaOH. For a KOH content of
é6 t by weight, a high1y activated carbon
:s obtained since i ts equivalent surface
area is about 1600 m2 /g as measured by CO,
a isorp t ion .
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Flgure 1. Change ln mlcropore volume Wo of
the charcoal as a functlon of
hydroxide content.

The total welght loss of the coal af-
ter carbonization at 1220 K is lndicated in
Table 1. The weight losses corresponding
to CO2 and CO evolut ion are also sho!,rn. I t
is lnteresting to note that the total coal
weight loss ls almost the same in presence

T a b l e  1 . CoaI Weight Loss during Carboni-
za t ion .
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or absence of hydroxide. The weight losses
as CO2 and as CO are however far higher in
the piesence of hydroxide. f t  r i ras aiso ob-
served that CO2 is evolved at rather low
tempera ture  (570-1070 K)  whereas  CO s tar t ,s
on ly  a t  920 K.  These resu l ts  c lear ly  sug-
gest that the formation of CO2 and bO
occurs through Clfferent reaction steps.
The reaction with an.alkal ine hydroxiáe may



take place. The f lrst step is the for¡natlon
of  carbonate  and the  evo lu t ion  o f  H,  (3 ) .

4  MeoH + =  CHr  +  ! ¡ fe2Co3 +  Me2o +3 H,  (1 )
tite = K, Na

In fact, carbonate formation and hydrogen
evoLution rtere detected with our sanples in
the temperature range 470-1220 K. I t  has
also to be noted that H2 evolution is de-
tected at much higher temperature ln the
absence of hydroxide (T > 770 K).

In a second step the alkaline carbona-
te partly deconposes on the carbonaceous
materlal glving CO2 and a surface salt
complex as shordn U! urns et aI.  (4) tn the
case of K2CO3. Therefore CO2 would orlgina-
te from a partlal decomposition of carbona-
t e .

The fornatlon of CO occurs at hlgher
tetnperature and ls direct ly related to the
amount of hydroxlde init ial ly present. For
hydroxide content less than 10 t '  no CO
evolut ion was observed. For higher content
of hydroxide, the formation of CO rePre-
sents a slgnlf icant fract lon of the total
welght loss. A possible reactlon for CO
formation would therefore be :

M e 2 c o 3  + 2 c + 3 c o + 2 1 ' l e  l 2 l

The presence of alkallne metal was
lndlrect ly detected ln carbonlzed sanPle.
In fact these sa¡nples partlally burn when
rapldly contacted with air at room temPera-
tu re .

These results clearly show that ln
presence of MeOH carbonlzatlon and part lal
gaslf icat ion slmultaneously occur. Although
the precise mechanlsm of act ivat lon ls not
fut ly understood, l t  appears that the ln-
crease of microporosity is related to the
extent of decomposition of the carbonate
into CO2 ln the temperature range 570-1070

K. I t  has already been ¡nentioned that in
this temperature interval K2CO3 decomposes
on carbon lnto COr and a surface salt  com-
p lex  (4 ) .  A  h ighe i  number  o f  sur face  sa l t
complexes would, therefore initiate a higher
nu¡nber of si tes where gasif icat ion occurs.
Hence the pronounced development of micro-
pore volume wlth KOH hrould result from a
higher degree of dispersion of the potas-
sium salt through the coal partj.cle during
the heat treatment as compared to the
sodl.u¡n salt.

Concluslon

Carbonlzatlon and gaslf lcat lon simul-
taneously occur during pyrolysis of a low
rank coal in presence of alkal lne hydroxi-
de. The results suggest that the develop-
ment of mJ.croporoslty in the case of KOH ls
due to a hlgh degree of dlspersion of the
potassJ.un salt on the carbonaceous material.
The nicropore characterist ics of the resul-
tant charcoal are descrlbed 1n another
p a p e r  ( 5 ) .
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