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Introductlon

Several mechanisms have been proposed to
expla in the cata ly t ic  ef fects of  a lka l i  meta l  sa] ts
in the steam gasi f icat ion of  coal  chars.  These
inc lude redox-cycles involv ing a lkal  i  met¡ ls  [1-2] '
a lka l i  ox ides [3-4] ,  meta l  -  carbon intercalates
[5-6], and the format' ion of surface conp'lexes
which are the catalytic sites for water dissoci-
ation and carbon oridation [7-8]. our previots
infrared work [9-11] with potassium salts have
shorn the forrnat'ion of a cqrnon IR spectrum for
all the salts inpregnated on coal chars except
for  the inact ive chlor ides.

This paper descr ibed k inet ic  and FTIR studies
of the gasification of coa'l chars by Na and K salts
which have led us to formulate a procedure to
act ivate the otherwise inact ' ive a lka l i  ch lor ides.

Experimental

Kinetic experirnnts were performed by
following the weight loss of the sample in a flow
reactor equipped with an electrobalance. The
infrared spectrum of coal char samples, pressed
with KBr, rrns recorded using a fourier transform
infrared spectrometer (FTIR). A spectrum was
col' lected by co-adding fifty scans at resolution
4 cm-r ¡avenumber ratioed out against a pure KBr
disc used as a reference.

Resul ts  and Discussion

Convers ion versus t ime resul ts  obta ined
dur ing gasi f icat ion of  I l l ino is  #6 coal  t reated
with various Na and K sal ts at different catalyst' loadings, 

were sunmarized in a plot of the
gasi f icat ion rate (at  50Í  convers ion)  versus
metal /carbon rat io .  Al l  sa l ts ,  except  the chlor ide
exhib i t  good cata ly t ic  act iv i ty .  The gasi f icat ' ion
rate of  the sodium sal ts  fo l lows a l inear  re lat ion
with the sodium/carbon ratio unti l a saturation
point  at  about  Na/C=0.12 is  reached.  Fur thennore,
the method of introducing the salts into the coal
does not change the gasification rate more than
10f .  At  the sane metal /carbon rat io ,  potassium is
about 70Í more active than sodium for steam
gasi f icat ion of  coal  chars.

, The IR spectrum of the sodium impregnated
coal  chars exhib i ts  bands at  1450 and 880 cm-r
corresponding to Na2C03 regardless of the parent

sal t .  Upon devolat i l izat ion,  the in tensi ty  of
these bands decrease, although they should have
renained the same as those of the non-devolatized
sample,  due to s imi lar  sodium and carbon losses
dur ing devolat i l izat ion.  Moreover,  upon fur ther
gasi f icat ion to 25f  convers ion,  the in tens ' i ty  of
the carbonate bands decrease even further even
though the l la/C ratio increases, and the same
anount  of  sarp le ms used in a l I  the IR studies.
The loss of  IR absorbance intensi ty  ind icates
that the carbonate has reacted with the carbon
substrate to form a species which cannot be seen
by IR, and which is presurnbly responsible for the
cata ly t ic  act iv i ty .  This  is  fur ther  demonstrated
by_the increase in the IR absorbance intensity
of  a sample gasi f ied to 941 convers ion.  In  th is
case the absorbance increases due to the release
of sodium by the depletion of the carbon
substrate.

The interact' ion of Na with the carbon was
further demonstrated by thermogravimetric
experinnnts of decomposition of NazC0g in He with
and wi thout  a carbon substrate.  The weight  loss
in the presence of cárbon char starts at a much'lovrer 

temperature than the carbonate decomposition
temperature. However, the decomposition of NaCL
in He was not affected by the presence of a
carbon char.

The thermogravinetr ic  and inf rared resul ts
clearly shows that an interaction between the
alkal i metal and the carbon substrate occurs
for  a l l  act ive sal ts  except  the chlor ides.  I t  thus
can be inferred that  the chlor ides lack of
cata ly t ic  act iv i ty  is  due to i ts  s tabi l  i ty  which
prevents a direct interaction of the meta'l with
carbon. This point was further demonstrated by
adding different amounts of gas phase HCL to a
coal char treated w'ith Na2C03. It was found that
the act iv i ty ,  and IR absorbance intensi ty  of  the
HCL treated sarples, decreased as the anpunt of CL
in the sample increased.  These resul ts  shows that
the format ion of  NaCl ,  which is  IR inact ive,  was
favored over the interaction of Na with the carbon
substrate thus decreasing the catalytic effect.

A coro l lary of  the above is  that  i f  Na could
be freed frcrn chlorine one can use NaCL or KCL
as the source of Na or K to catalyze coal
gasi f icat ion.  Accordingly ,  a procedure l {as
devised whereby the chlor ides of  sodium and
potassium v ' ,ere contacted wi th coal ,  and a sui table
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solvent  which reacts wi th chlor ine,  ánd f rees the
alkal i  meta l  for  fur ther  in teract ion wi th the
carbon substrate.  The chlor ine ions could be
removed and the solvent regenerated and reused.
All operations were performed at room temperature.
6asification rates of coals treated with dílcferent
amounts of l{aCl and KCL using the activation
procedure ¡rere found to be tñe same as rates
obtained_with .Na2C03 and KzC0¡ trpregnatej coal scnars.  Ine advantage of  th is  procedure is  that
r [  uses tne.  tes-s.  efpensive ch]or ide sal ts  as thesource of the alkali ¡retal. The fact tt l i t tne
same activJty is obtained with the othervise
inact ive chlor ides,  fur ther  substant ia te the
cla im that  the a lkal i -meta l  in te"act ión- i i '
responsible for the catalytic effect. The speci_
f ic  nature of  th is  in terat t ion and the
structure of  the.resul t ing species st i l l  awai ts
def in i te  e luc idat ion.
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