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Abstraet. The dependency of the K2CO3 catalyz& CO2 gasification
on the catalyst content, studied by r€actlvlty and outgasing.
Deasuret¡€nts, revealed that: Tha catalygt ls nost effective
between 5-15 wtt, the activation energy remalns unaltered. The
catalyat Is present ln hlghly dispersed K2CO3 species and at high
loadings as bulk carbonate.

Introduction

The K,CO? catalysed gaslfication of carbon Ls
still a Éu¡Ject of Íntensiv€ research dlrect€d to
the understandlng of the oechanisD of the reactlon,
and especlally the role of the catalyst. A catalyst
can enhance reaction lat-eg in geveral rtays. In thls
case the potassium night'

- fncrease the nu!¡ber of active sites
- Increase thé concentration of reaction lnterme-

diates
- accellerate rates of eleDentary processes by de-

creaslng activation energles, provldlng alterna-
tlve pathways.

Reactivity and outgaElng reEults are preaented for
the K-catalysed cO, gasiflcatlon of, carbon uslng
different Krco" Ioádings.
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The results are discussed rrl.thin the f,ramevork of
posslble catalytic mechanisEs menlloned above.

Exper.ipental

The carbon substrate, an acld washed actlvated
peat char (norit Rx extra), was loaded with K2cO1
(Merck, cP) by pore volume lEpregnation resulEinf in
l ,  2,  5,  fO, 15,  20,  25 and 30 wtt  K2co3on c.

Saoples contalning about 360 ng carbon rrere gasl-
fied ln 100¡rnol,/s CO, at 1.5 bar by telrperature cy-
cling (10 K/nln) betieen ?00 and 1000 x2. the second
and further cycLes yielded ldentical lesults. The
advantage of this technigue is the low carbon burn-
off during an experinent.

After gasifieation the sanples were cooled in cO?
to 4?3 K after rrhtch a helir¡n flow (100 u¡ool/s) re--
placed the co, flow. Heatlng at a constant rate (1O
K/min) to 1250 K and analyslng the product gases
(Gc) yielded the outgasing pattern.

Results

In f,igure I the results of the temPerature pro-

gramed activity measurements are Presented- t'he re-

actlon rate is normallsed to the a.Dount of carbon

inltially present.
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Flgure 1, Nornalised reactlon rates for the co2 gasi-

f,icatlon of activated carbon as a fuñction

of l/T for dlfferent rrtt K2Co3 containlng
samples. (Co2 flow 100 unol/s, 360 ng C,

PCO.  =  1 .5  ba r ) .

Table 1. APParent Pre-exPonential factors, activa-

tion energies and no¡:oalised reactlon rates
(at 1000 K) for different vrtl K2co3 contain-

ing activated calbons in the catalysed CO2-

gaslfication.
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Table I llsts the apparent pre-exponential factor
*" 

Íut9t/=uolCr) and appalent activatlon energy,
E (kJ/rcI) . the reaction rate increases rdfth catal-
yst content, whereas ñu renalns constant yJithln
the exper imental  accurasy,  v!2.216 kJ, /nol  t  15.
This ls comparable with previous results2 ar one
Ioading. 8or comparLson the reaetLon rate at IOOO K
ls lncluded 1n table I and plotted in flgu¡e 2 as a
f,unction of the inltlal K,/C ratlo.
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Figure 2. Norma.Llsed reactlon rates at IOOO K versus

the in i t ia l  K/C rat io ( f ron Fig.  l ) .

In ffgure 3 the outgasing patterns are glven for
the dlf,ferent, sa¡nples. The CO2 productl.on patterns
(u¡¡ol/snolCl) above 5 wtt x2óO3 are nearl] iden_
tical. For the Co productLon t¡ro evolution p€aks
can be distinguished. One at high teDperatures(ll0O-
1200KI present ln all samples, at higher loadlngs
(above 10 wtt K2CO3) hardly percéivable because of
the nore pronounced CO evolution at lor¡er tempera_
tu res  (8O0-1100  K ) . _
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Figure 3. Outgasing patterns in He of actlvated car_
bon sanples contalning dlfferent wtt
K2CO3, after CO2 gasiflcatlon. (He flow
l0O U¡¡oI./s; heatlng rate lO K,/nin¡ inltlal
saople 360 ng C.

Figure 4 represents the amount of CO and Co^ re-
leased based on the aDount of potassluo pr"""r,É,
Lt¡ich are corrected for t'he a.mouÍ¡ts released by the
_ou¡e carbon. Up to 15 wtt K2CO3 tt¡e total O/X iatlo
ts a.bout 1.5 and decreases át ñtgher contents. The
:c/K raclo ls about I at low contents a¡rd decreases
..lso at higher loadings. In the latter results the
:c productlon arlaes froo a different CO evolution
:egi.on.
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Flgure 4. Amunts of CO2r CO and total O (CO+2CO2)
released by outgasing Ln He of X2CO3,/acfi_
vated carbon sanples (from Fig. J).-

Discussion

The resuLts presented here are obtained by direct
gasiflcation of the samples in CO2r since pretreat_
ment effects elght.disturb this córrparison.

lhe reactlon rate versus the K/C ratio shorrs the
S-sbaped relation reported by other authors . The
deviation form a linear trend is explained by a
strong lnteraction at lon Ioadings resulting in re_
Iative low activities and at hlgh loading the sur_
face area liDits the dispersion of the caialyst and
bulk K2CO3 is present, .Ieading to a lower activlty
Írer a¡¡lount of potassit¡rD present.

The constant activation energy suggests that only
the nuDber of active sites increa"a" ,ith increaslng
potassium loading and agrees wLth results of kinetic
analyses .

The outgaslng results indicate that after gasifi_
catlon and cooling in cO2 the potassiu¡¡ is present
1n carbonate-llke specieÁ up to 15 wtt. At higher
Ioading possibly stable bulk K2CO3 crystals are pre_
sent rrhlch cannot be decoorposed cónpletely, resulting
ln lower o/K ratios. The high tempeiature-cO evolu-
tion peak up to lO wtt is ascribed to reduction of
oK-specles present at the surface2. At higher load_
ings there 1s also CO productlon at lower Eemperaru_
res (CO2 release followed by gasl,fication). This
aeount. strongly depends, however, on the history of
the sample and therefore coraplicates a correlation
with a nu¡üer of active sites.

In conclusion, these results constitute an exten_
sion of results published earlier for the alkali ¡¡e_
tals and conflrn the conclusions proposed there2. In-
creasing the potassir¡nr content increases only the
number of active sites and doesnrt change the appa_
rent activation energy. Outgasing after cooling in
cO2 indicates the presence of highly dispersed car_
bonate-llke species that can be deconposád at high
temperature (up to 120O X); at higher loading (>20
wtt K2CO3) possibly bulk K2CO3 is present resultlng
ln co/co2 release, and lor¡ér ieaction reates. No
correlatlon can be found, hovever, between outgasing
results and the flaction of potassiurn active in gasi_
flcation. our results revea] that betrreen 5 and 15
rrtt the addition of the potassium 1s thé most effec_
tive per potassium atom.
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