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Introduction

Gasi f i .cat ion of  carbonaceous mater ia ls  l ike
coal or coke with pure water vapor¡r offers a
possib i l i ty  for  producing c lean fuel  gases,
synthesis  or  reduct ion gases,
As react ion rate is  rather  smal l  the use of
cata lysts beqomes of  in terest .  A lkal i  meta ls
and earth alkali metals are known as being
potent ia l  cata lysts (G.  I^¡OYKE '  1975' ) .  Among
the transition metals iron has shown to be
ve ry  e f f ec t i ve  (D .McKEE,  1974 ) ,  p rov ided
that  is  ex is ts  1n reduced metal l ic  s tate un-
qer  react ion condi t ions.  I t  h¡as chosen for
th is  s tudy,  because i ron-sul fate or  -ch lor l -
de are available in vraste acids of chemical
industry .  The coke used h/as a calc ined,
needle- I ike petro leum coke of  low ash
( o , o 3  w t - t )  a n d  l o w  s u l f u r  ( o r 4 6  w t - t ) .

Lxperimental

The coke particles r ene to tlro ¡¡un in diame-
ter, were vacur¡m impregnated wlth iron-sul-
fate solut ions of  d i f ferent  concentrat ions
and then vacuum dr ied at  5OoC. I ron-sul fate
Lras present as tetrahydrate. Iron concen-
t rat ions were in  the range OrO5 up to
1 ,8  w t - t .  E lec t ron  m ic rop robe  ana l ys i s
showed homogeneous dlstribution of iron on
the wal ls  of  the pores.

The react ion was studied in  a f ixed bed re-
actor at temperatures betvreen 89O and IOOOoC
using N2/Hp-gas mixtures and one bar  tota l
pressure.  Besides temperature and par t ia l
pressure the in f luence of  t ime,  feed rate,
bed depth and catalyst concentration on coke
and water vapour conversion r^¡ere investiga-
ted. Coke conversi.on $ras in the range up to
5Ot and water vapour conversj-on up to lOOt.

Resul ts

In the fo l lowing,  some selected resul , ts  wi l l
be g iven in order  to demonstrate the extent  D.
and the l imi ts  of  i ron cata lys ls .  The rate of
coke gasi f lcat ion eras measured under var j .ous
conditions up to 5Ot and found to be con-
s ta ¡ ¡ t ,  i . e .  i ndependen t  o f  bu rn -o f f .  F ig .  1
shows the corresponding constant r.rater va-
pour convers ion.  F ig.  2 g lves the BET-sur-
face increasing l inear ly  wl th t , ime.
var iat ions of  water  vapour par t ia l  pressure
and feed rate had the most  dramat ic  ef fect
on  gas i f i ca t i on  ra te ,  as  shown  i n  f 19 .3  and
4,  respect ive ly .  Stat ionary l i ta ter  vapour con-
vers ion decreases wi th increasing par t la l
pressure and increasing feed rate in  two dI-
s t i nc t  r anges  w i th  d i f f e ren t  l n tens i t y .  I n
any case the rate of  the cata l ized react ion
is  h igher  than that  wi th pure coke.

Fig. 5 shows the reaction rate for varlous
catalyst concentratlons. Maxi¡nu¡n rates are
already obtained with low iron concentrations.
Temperature dependence ls f lnally glven in
Fig. 6 by an ARRHENIUS plot. The starting tem-
perature of catalysis is around 9OOoC. The
apparent actlvatlon energy for thc catalyzed
reaction varles betrreen 1Q and 2Q kcal/mol as
compared to 43 kcal/mol for the uncatalyzed
coke gasi f icat ion.

Discusslon

Gasi f icat lon rates,which are constant  and in-
dependent  of  burn-of f ,  a l though BET-sur face
increases st rongly ,  seem to be surpr is lng.
De facto,  i t  can be suggested,  that  the re-
action only occurs at carbon surfaces covered
wi th cata lyst . .  E lect ron microprobe analys is
showi,ng agglomeration of iron with burn-off
and, combined with the observatJ.on, that ln-
creasing cata lyst  concentrat ions beyond or5t
don t t  acce le ra te  t he  reac t i on , con f l rm  th l s
suggest ion.

The th¡o ranges found with increasing $rater
vapour pressure and feed rate show that the
react j .on is  wel l  cata lyzed by metal l ic  l ron
and less cata lyzed'by i ron ox ide.

The temperature range in which cata lys ls
star ts  coinc ides wi th the^transi t ion of
o¿ - l ron to B- i ron at  91O-C. I t  can be the

suppoéed that the higher carbon solubil ity
ofB:- l ron is  of  in f luence on the cata lys is
by  i r on .
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