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Secondary ion mass spectrometry combined with isotopic labeling has been applied to study the 
interaction of potassium carbonate (K2C1~O3) with carbon black (t3C) at 300-1500 K. The SIMS 
analysis shows that K2CO3 decomposes above 800 K to form K20, which subsequently decom- 
poses at 1070 K. A K20 surface species was identified by SIMS at all the temperatures studied. The 
presence of K20.before K2CO3 thermally decomposes is attributed to the presence of H20 in the 
original sample, and a model is presented to explain K20 formation. © 1990 Academic Press, Inc. 

INTRODUCTION 

Potassium carbonate, one of the most ef- 
fective catalysts for coal gasification, inter- 
acts with carbon to form an active catalytic 
complex (1). As shown by their ability to 
exchange CO2, such complexes form below 
gasification temperatures (2, 3). Both 
Freriks et al. (4) and Mires and Pabst (5, 6) 
proposed that a K - O - C  structure forms 
when K2CO3 reacts with carbon. Mims and 
Pabst (5) concluded that the surface K - O -  
C groups were at aromatic edge sites, and 
others (7-9) have proposed similar com- 
plexes. Metallic potassium has also been 
suggested as an intermediate, however. Po- 
tassium metal was observed at gasification 
temperatures directly by Knudsen cell 
mass spectrometry (8), and potassium 
metal was observed on reactor walls fol- 
lowing gasification (2, 10). 

In contrast, Yokoyama et al. (I1), using 
XPS measurements of K2CO3/C samples, 
observed that K2CO3 decomposes at 925 K 
to form K20. The K20 was reduced by car- 
bon at higher temperatures to form metallic 
potassium. Saber et al. (12) also proposed, 
on the basis of stoichiometry measure- 
ments in TPD/TPR experiments, that a K20 
intermediate formed. They argued, how- 
ever, that during an oxidation/reduction 
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mechanism, the potassium cycled between 
K~O and K202. 

We carried out secondary ion mass spec- 
trometry experiments (SIMS) to obtain a 
direct measurement of the surface species 
present in K2CO3/C mixtures. These mix- 
tures were heated in UHV and their surface 
compositions measured as a function of 
temperature. The oxygen in the carbonate 
and the carbon in the substrate were iso- 
topically labeled in order to trace the reac- 
tion pathways. We find that K2CO3 decom- 
poses in the presence of carbon above 800 
K to form K20, and that the K20 subse- 
quently decomposes under vacuum above 
1070 K. We also show that water on the 
carbon black apparently causes some 
K2CO3 to dissociate to form K20 when the 
K2CO3/C sample is prepared at room tem- 
perature. A mechanism for the room tem- 
perature dissociation of K2CO3 on carbon 
black in the presence of water is discussed. 

EXPERIMENTAL 

The sample used in this study consisted 
of 2.5 mol% K2C1803 and 97.5 mol% 13C- 
labeled carbon black. The K2ClsO3 (Pro- 
chem, Inc.) had a minimum isotope purity 
of 71.5 at.% lsO, and the carbon black (Iso- 
tec, Inc.) was 99% 13C enriched. The 
K2C1sO3/13C sample was prepared by physi- 
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cally mixing the K2C1803 and 13C compo- 
nents and then mechanically pressing the 
mixture into a 1-cm-diameter pellet with a 
force of 8000 N. Both the K2CI803 and 
the 13C were used as received. The sam- 
ple contained some water since a small 
amount of liquid water was observed 
around the sample after it was pressed 
into a pellet. 

The SIMS experiments were performed 
in a two-level turbomolecular-pumped, 
stainless-steel UHV chamber (base pres- 
sure = 5 × 10 -1° Torr). The sample was 
bombarded at normal incidence by a 4.5- 
keV primary Ar ÷ ion beam, which had a 
current density of 1 × 10 -7 A/cm 2. The Ar ÷ 
ion beam was generated by a Colutron 
Model G-2 ion gun and was mass analyzed 
by a Wien-type velocity filter. The ion beam 
was collimated to a diameter of 2.4 mm by a 
grounded aperture located in front of the 
sample. The secondary ions emitted from 
the surface were accepted into a Bessel box 
energy analyzer and were subsequently 
mass analyzed by an Extranuclear Labora- 
tories quadrupole mass spectrometer. Both 
positive and negative secondary ions were 
detected using pulse counting techniques. 
The pass energies were 8.0 eV for positive 
ions and 3.3 eV for negative ions. The en- 
ergy band width was about -+2.0 eV for 
both positive and negative ions. 

The sample was mounted on a sample 
manipulator located in the UHV system 
and the sample temperature was monitored 
by a Chromel-Alumel thermocouple lo- 
cated adjacent to the sample on the sample 
holder. The sample was heated by electron 
bombardment and radiation from a W fila- 
ment located behind the sample. Sample 
temperatures up to 1600 K could be 
achieved. 

RESULTS AND DISCUSSION 

SIMS Spectra ofK2C1803/13C at Room 
Temperature 

To establish the chemical composition of 
the surface prior to thermal treatment, we 

examined the SIMS spectra of the K2Ct803/  

13C sample, as prepared, at room tempera- 
ture. The positive and negative ions SIMS 
spectra are shown in Fig. 1. Table 1 
presents selected ratios of secondary ion in- 
tensities from Fig. 1 after correction for 
mass spectrometer sensitivity, which is in- 
versely proportional to the square of the 
mass. The 13C hydrocarbon ions seen in 
both spectra indicate the presence of ~3C 
hydrocarbon species intrinsic to the 13C car- 
bon black. Since the carbon black is speci- 
fied to contain only 1% 12C, the 12C and 12C- 
hydrocarbon ions that appear in both spec- 
tra suggest that some hydrocarbon species 
have adsorbed onto the sample from the at- 
mosphere. 

The presence of water on the sample sur- 
face is reflected directly by the appearance 
of the H~60 + and H~80 + ions (Fig. 1). The 
H2~80 + ion shows that some surface water is 
derived from oxygen that was originally as- 
sociated with K2C1803. However, since the 
observed l j  18¢-~t +/ur 16t.~ + ta2 ~, ~ra2 ,-, ratio of 1.1 is well 
below 2.4, which corresponds to the 180/ 
160 ratio of the carbonate (based on the 
specified isotope purity of 71.5 atm% 180 in 
the K2CO3), much of the surface water is 
derived from noncarbonate oxygen. The 
presence of surface water derived from 

TABLE 1 

Ion Intensity Ratios at Room 
Temperature 

Ion ratio Intensity 
ratio 

K~SO+/K~60 + 2.4 
KlSO+/Kl60 + 1.0 
KIsO-/Kt60 - 1.3 
K~sO+/KlsO + 140 
K~60+/K*60 + 120 
180-/160- 1.2 

IsOH-/16OH- 0.95 
H~SO+/H~60 + 1.1 
H~sO+/IsOH - 0.45 
HI60+/ I6OH - 0.44 
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FIG. 2. Temperature dependences of the H~60 +, 16OH , ~8OH-, ~60-, and x80- secondary ion signals 
for the K2CtsO3/13C mixture. Standard deviations of the H~60 +, J6OH , ~sOH-, ~60-, and 180- signals 
are 15, 5, 5, 5, and 5%, respectively. 

noncarbonate oxygen is consistent with the 
water observed when the sample was pre- 
pared. Much of this water presumably orig- 
inated by adsorption of water from the at- 
mosphere onto the sample components. 
The water that contains carbonate oxygen 
probably forms by an oxygen exchange re- 
action between the carbonate and the sur- 
face water that originated from the atmo- 
sphere. This suggestion is supported by 
results described below. 

The 160- and ~80- ions reflect the pres- 
ence of surface oxygen species, but not 
their specific chemical states or environ- 
ments. We note, however, that the ~80-/ 
~60- intensity ratio is nearly identical to 
that of the HISO+/HI60+ ratio (see Table 1). 
This suggests that most of the surface oxy- 

gen contributing to the O- signal is derived 
by fragmentation of surface water mole- 
cules. This interpretation is supported by 
results presented in Fig. 2, which show the 
intensity variations of the H~60 +, t60-, 
J80-, 16OH-, and 18OH- ions as a function 
of increasing sample temperature. In this 
experiment, the ion intensities were mea- 
sured after sequentially heating the sample 
to successively higher temperatures and 
maintaining the sample at that temperature 

HI60+ for 5 min. The rapid decrease of the 2 , 
and H~80 + ion intensities between 300 and 
1000 K correlates with the desorption of 
water observed in previous TPD measure- 
ments on a sample prepared with the same 
carbon black. The O- ions decrease essen- 
tially in proportion with the H20 + ions dur- 
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ing the desorption of  water, while the 
WSO+/H160 + 2  2 , lSOH-/16OH-, and 180-/160- 
isotope ratios remain nearly constant and 
equal to 1.1. The strong correlation of the 
intensity variation and the virtually identi- 
cal isotopic distribution of the O- and H20 ÷ 
ions during the thermal desorption of water 
imply that most of the surface oxygen that 
contributes to the O- ion signal is derived 
by fragmentation of surface water mole- 
cules. 

Similarly, the 16OH- and ~sOH- ions ap- 
pear to be derived primarily from fragmen- 
tation of water and not from hydroxyl 
groups. The 16OH- and lSOH- ion intensi- 
ties decrease in proportion with the H20 ÷ 
ions during heating, and the zsOH-/16OH- 
ratio remains nearly equal to the H~SO÷/ 
a l60  + ratio. 

Although the sample contains K2C~803, 
most of the oxygen contributing to the O- 
signal comes from surface water, not from 
the carbonate. Since compensation for 
sample charging was not used in the SIMS 
experiments, differential charging of the 
nonconducting K2ClSO3 component proba- 
bly prevents the detection of ions emitted 
from the carbonate and thereby prevents 
any contribution from the carbonate to the 
O- signal. Indeed, no CO~ ions are ob- 
served in the SIMS spectrum of the 
K2C1803/13C sample, and when charge com- 
pensation was not used, no secondary ions 
of any type were observed during SIMS 
measurements of a pure K2C~803 sample. 
Likewise, no 1~C ions were observed in a 
SIMS study of a physical mixture of 
Ca13CO3 with ~2C carbon black (13). Most 
of the ions detected in the SIMS measure- 
ments, therefore, are apparently emitted 
only from the surface of the carbon black, 
since it is a relatively good conductor and 
hence less susceptible to charging than car- 
bonates. 

The parallel decrease of the ~60- and ~sO- 
labeled ions in Fig. 2 suggests that H160 and 
H~80 have nearly the same distribution of 
binding energies to the surface and there- 

fore probably exist in similar chemical envi- 
ronments. The virtually identical values of 
the H~60+/16OH - and H~aO+/laOH - ratios 
(Table 1) further confirm this conclusion 
since molecular dynamics simulations of 
the ejection processes (14) and experimen- 
tal measurements (15) indicate that the 
yield ratios of ejected parent molecules 
to ejected fragments thereof are sensitive 
to the intra- and intermolecular bond 
strengths and to the binding site geometry 
of the parent molecule. If the H~60 and 
H~sO molecules were in different electronic 
environments, one would also expect dif- 
ferent values of the H~60+/16OH - and 
H~SO+/~8OH - ratios because the ionization 
probabilities for positive and negative ion 
formation tend to vary in opposite direc- 
tions with variations in the local electronic 
structure of the surface. The similarity of 
the surface chemical states of H2~60 and 
H~80 further supports the suggestion that 
H2~80 forms by an oxygen exchange be- 
tween the carbonate and the H~60 that ad- 
sorbed from the atmosphere. 

Also of interest in the SIMS spectrum is 
the appearance of the K~80 ÷, KI60 +, 
KISO +, K160 +, K180 -, and K160 - ions. 
Several types of surface species could con- 
ceivably be responsible for emission of 
these ions, since they can, in principle, 
form by several mechanisms. For example, 
molecular dynamics simulations of the ejec- 
tion process in SIMS (15, 16) and recent 
SIMS measurements (17, 18) indicate that 
bound molecular surface species and frag- 
ments thereof can often be emitted from the 
surface intact. The observed K20 ÷ and 
KO ÷ ions could thus be derived by intact 
emission and simple fragmentation, respec- 
tively, of surface K20 molecules. Another 
possibility is that the K20 ÷ and KO ÷ ions 
might be formed by a mechanism involving 
recombination of K and O atoms that are 
emitted independently. Both theory (15, 19, 
20) and experiment (15, 16, 21, 22) suggest 
that this mechanism will dominate the for- 
mation of K20 + and KO ÷ if K and O atoms 
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are located in close proximity to each other 
on the surface (typically 0.1-1.0 nm) with- 
out being associated as bound molecular 
K20 and KO entities. A combination of in- 
tact emission and recombination processes 
may also be involved. For example, if mo- 
lecular KO but not K20 surface species 
were present, the KO ÷ ions could be de- 
rived by intact emission of surface KO mol- 
ecules while K20 + could form by recombi- 
nation of intact KO molecules/ions and K 
atoms/ions. 

The K-containing ion ratios in Table 1 
contain additional information which 
strongly indicates that the K20 ÷ ions are 
derived primarily by intact emission of mo- 
lecular KzO surface species while the KO + 
ions are derived by both fragmentation of 
the K20 surface species and in part by re- 
combination of independently emitted K 
and O atoms. Specifically, we first note that 
the KlsO+/Kt60+2 2 ratio of 2.4 is the same as 
the 'sOp60 ratio of the starting potassium 
carbonate. This shows that the K2~SO + and 
K2160 + ions are derived exclusively from 
oxygen atoms originally associated with the 
carbonate and not from a recombination 
process involving oxygen atoms from an- 
other source. The K~SO + and K~60 + ions 
must therefore form either by intact emis- 
sion of surface K20 species that are derived 
exclusively from carbonate oxygen or by a 
recombination process that involves car- 
bonate oxygen only. The KJ80+/K~60+ and 
KIsO-/K160 - ratios are substantially less 
than 2 .4and thus the KO ÷ and KO- ions 
form from both noncarbonate and carbon- 
ate oxygen. Since the major source of the 
noncarbonate oxygen is water, most of the 
KO ÷ and KO- ions that contain noncar- 
bonate oxygen probably form by recombi- 
nation of independently emitted K and O 
atoms, in which the O atoms are derived by 
fragmentation of water. Since noncarbon- 
ate oxygen can apparently be incorporated 
into KO + and KO ions through a recombi- 
nation process, one would expect that non- 
carbonate oxygen would also be incorpo- 

rated into some K20 + ions if they were 
formed by a recombination process. The 
absence of any detectable K20 + ions de- 
rived from recombination processes involv- 
ing noncarbonate oxygen atoms therefore 
indicates that K20 + ions are not derived by 
a recombination process, but rather by in- 
tact emission of K20 surface species that 
are derived exclusively from carbonate 
oxygen. 

Both theory (23, 24) and experiment (24) 
indicate that the probability of forming mo- 
lecular ions by recombination of indepen- 
dently emitted particles often tends to de- 
crease as the number of particles that 
recombine increases. Indeed, some KO + 
ions but no detectable K20 + ions appear to 
form by recombination mechanisms. If the 
K20* ions that appear in the SIMS spectra 
were formed by recombination, one would 
expect the K20+/KO + ratio to be less 
than 1. The large values of the K~sO+/ 
K~80 + and 1VI6g~+/l/'16f'~+ ,--2 u ,~2 ,-, intensity ratios 
(Table 1) thus support the concept that 
the K~80 + and K~60 + ions are most 
likely formed by intact emission of surface 
K20 species. 

We finally note that while the K~80+/ 
K160 + and Kl80-/K160 - ratios are less than 
2.4, which corresponds to the ~80/160 ratio 
of the carbonate, they are greater than 1.1, 
which corresponds to the x J  2 L l l s r ~ + / u l 6 t ' ~ + ' , J  t l l  2 v.* 

ratio. This indicates that some KO + and 
KO- ions are derived from recombi- 
nation processes involving oxygen de- 
rived from surface water while other 
KO + and KO- ions are derived by sim- 
ple fragmentation of surface K20 spe- 
cies. 

As shown below, K20 forms by thermal 
decomposition of K2CO3 only above 800 K; 
the K20 observed by SIMS at 300 K must 
therefore be derived by another mecha- 
nism. The presence of HzJSO suggests that 
K20 at 300 K results from an interaction 
between surface wate r  (HI60)  and K2C1803 . 
The formation of K20, which is derived ex- 
clusively from carbonate oxygen, can be 
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explained by the following process: 

K2C1803 + C--> 

K \ 
18 0 

K / ~1802 
I I 

K I 8 0  
C1802 
I 

HI60 
) K21SO C16018 O H21SO . 

I I I 

In this model, hydration or solvation of 
some of the K2ClsO3 by surface water al- 
lows some potassium and carbonate ions to 
migrate onto the carbon surface where they 
interact with each other to form K20 and 
adsorbed CO2. The oxygen in the K20 
formed by this mechanism thus originates 
exclusively from the carbonate, as ob- 
served. The H~So forms by exchange of ox- 
ygen between HI60 and the C1802 that 
forms from the carbonate. We note that 
H~60 cannot exchange oxygen directly with 
the K2C1803, since subsequent decomposi- 
tion of the carbonate would then lead to the 
formation of some K20 in which the oxygen 
originated from H~260. This is inconsistent 
with the observation that K20 is derived 
exclusively from carbonate oxygen. The 
exchange of oxygen between CO2 and wa- 
ter is consistent with the observations of 
Saber et al. (2, 3), who showed that the CO2 
from the gas phase can adsorb onto 
K2ClSOs/carbon black samples and ex- 
change oxygen with surface species. 

The formation of CO2 at 300 K, by the 
interaction of the carbonate with adsorbed 
water, is also consistent with the previous 
TPD measurements of Saber et al. (25) 
shown in Fig. 3a. The upper TPD curve 
(curve A) shows that when K2CO3 is physi- 
cally mixed with the same water-containing 
carbon black used in this study, a IsCO2 
thermal desorption peak occurs at about 
450 K. In agreement with results presented 
above, this suggests that some carbonate 
decomposes to form ~3CO2 below the onset 
of thermal decomposition of the carbonate. 

The 13CO2 peak at 500 K is believed to cor- 
respond to the decomposition of some po- 
tassium bicarbonate that is present in the 
K2CO3 starting material and is known to 
thermally decompose in this temperature 
region (26). Saber et al. (25) showed that 
most of the 13CO2 that desorbs between 550 
and 1000 K results from isotope exchange 
between K13CO3 and riCO2 from the carbon 
black, but desorption of 13CO2 above 1000 
K results from thermal decomposition of 
the carbonate. In contrast, curve B of Fig. 
3a shows that the 1sCO2 peak at 450 K is 
absent for samples prepared by physically 
mixing K2X3CO3 with pyrolyzed carbon 
black, which contains little or no water. 
These results thus suggest that the forma- 
tion of CO2 derived from the carbonate, at 
temperatures below the thermal decompo- 
sition temperatures of the carbonate, oc- 
curs only when water is present, which is in 
accord with the mechanism proposed 
above. 

Thermal Treatment 

The surface chemistry of the K2C1803/13C 
mixture was monitored by observing the in- 
tensity variations of several SIMS ions as a 
function of increasing sample temperature. 
The ion intensities were monitored after 
subsequentially holding the sample at suc- 
cessively higher temperatures for 5 min 
(Fig. 3b). The K2180 + and K2160 + intensities 
were essentially constant until 800 K, at 
which point they increased rapidly to a 
maximum near 1100 K. The intensities then 
decreased as the temperature increased 
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from 1100 to 1300 K. Up to 1300 K the Kl8r~+/v 16:~+ 2 ,-, ,~z  ,-, ratio was essentially constant 
at about  2.4, which corresponds to the 180/ 
160 ratio of  the carbonate.  

The growth of  the K20 + intensities above 
800 K correlates with the high-temperature 
13CO2 peaks of  the TPD spectra in Fig. 3a. 
Since these TPD peaks result from 13CO2 
decomposi t ion (25), the SIMS result indi- 
cates that KzO is a surface product  of  
K2CO3 decomposit ion.  The essentially 
identical values of  the ~'-2vls'-~+/~'16c~+w ,~'-2 ,-, ratio 
and the 180/160 ratio of  the original carbon- 

ate indicate that the surface K20 species 
are derived exclusively from carbonate ox- 
ygen. The surface K20 species apparently 
do not undergo oxygen exchange with non- 
carbonate oxygen sources up to 1300 K. 

The decrease in the KzO + intensity above 
1100 K is apparently due to thermal decom- 
position of the surface K20 species to form 
potassium metal. Several  workers (2, 10, 
27) have observed potassium metal on re- 
actor  walls following K2CO3-catalyzed gas- 
ification, and potassium metal has been 
detected in the gas phase at gasification 



18 CHANG, LAUDERBACK, AND FALCONER 

30 

..-. 2 5 -  

c" 
20 -  

0 
o 

• ~ 15- 
c- 
O 
c -  

1 0  ° 

5 

30 

25" 
ffl 

t -  
20- 

0 

15" 
o3 
t'- 

10. 

KisO+ 

I | I | I ! • W | II | ! 

K18 O- 

• 46o ' 6bo ' 86o ' l o ' o o '  f f o o '  1~:oo 

Temperature (K) 

FIG. 4. Tempera tu re  dependence  of  the  KlsO + and KIsO - secondary  ion signals for the K2CI803/13C 
mixture .  S tandard  deviat ions  of  the  K ' 80  - and Kt60 - signals are 15 and 15%, respectively.  

temperatures (1000-1200 K) by Knudsen 
cell mass spectrometry (8). Although the 
appearance of gas-phase potassium metal 
has led some workers (28, 29) to propose 
that metallic potassium may be a surface 
intermediate in gasification, the similarity 
in temperature of K20 decomposition and 
K metal detection suggests that K metal 
formation is limited by K20 decomposition. 

The invariance of the K~SO + and KI60 + 
intensities from 300 to 800 K (Fig. 3b) sug- 
gests that the carbonate does not thermally 
decompose below 800 K. Saber et al. (25) 
also reported that most of the 13CO2 in the 
TPD spectrum of the K~3CO3/carbon black 
mixture (Fig. 3a) between 550 and 1000 K 

was due to isotope exchange between the 
carbonate and 12CO2 derived from surface 
oxides on the carbon and was not due to 
carbonate decomposition. 

Unlike K20 ÷, the intensities of K180 ÷ 
and KIsO - ions decrease as the temperature 
increases from 300 to 700 K (Fig. 4). Above 
700 K, the K180 ÷ and KlsO - intensities 
then increase to a maximum at about 950 K 
and subsequently decrease again above 
1000 K. The K160 + and KI60 - signals ex- 
hibit essentially the same temperature vari- 
ations as the K180 + and K180 - signals. 

Variations in ion intensities due to 
changes in the electronic properties of sur- 
faces generally cause positive and negative 
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ion intensities to change in opposite direc- 
tions. The similar intensity variations ex- 
hibited by the KO + and KO- ions indicate 
that the intensity variations of these ions 
are dominated by changes in the concentra- 
tions of the surface species that contribute 
to these ions as opposed to variations in the 
electronic properties of the surface. 

Thus, if the KO ÷ and KO- ions are de- 
rived in part by fragmentation of surface 
K20 species and in part by recombination 
processes involving oxygen derived from 
surface water, as suggested above, then the 
intensity variations of these ions should re- 
flect changes in the surface concentrations 
of both K20 and H20. A comparison of Fig. 
4 with the intensity variations of the K20 + 
ions in Fig. 3b and the H20 + ions in Fig. 2 
shows that the KO ÷ and KO- ion intensi- 
ties reflect changes in the surface concen- 
trations of both K20 and H2Oo The de- 
crease in the KO + and KO- intensities for 

increasing temperatures between 300 and 
700 K correlates with the desorption of wa- 
ter indicated in Fig. 2. The increase in the 
KO ÷ and KO- intensities between 700 and 
950 K, on the other hand, correlates with 
changes in the surface concentration of 
K20. The shift in the peak maximum of the 
KO ÷ and KO- curves to slightly lower tem- 
peratures than the K20 + curve in Fig. 3b 
can be accounted for by the contribution to 
the KO + and KO- intensities of surface wa- 
ter, which desorbs in this temperature 
range (Fig. 2). 

The strong correlation of the KO + and 
KO- ion intensities to changes in the sur- 
face concentrations of both K20 and H20 
strongly supports the interpretation that the 
KO + and KO- ions are derived in part by 
fragmentation of surface K20 species and 
in part by recombination processes involv- 
ing surface water. The constant K20 + in- 
tensity between 300 and 800 K also shows 

• .,= 0"015  I 

+ 0 . 0 1 0 - t  

O. 0 0 5 1  , , , , , , , , , , , , , 
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T e m p e r a t u r e  (K) 

FIG. 5. Temperature dependence of the K~/(K + + K~) ion intensity ratio for the K2C1803/13C 
mixture. Standard deviation of the K~-/(K~ + K +) ratio is 10%. 
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that K20 + ions are not derived by recombi- 
nation processes involving surface water, 
since the surface concentration of water de- 
creases in this temperature range. 

Also of interest is the variation with tem- 
perature of the K~/(K~ + K ÷) ratio, which 
is the fraction of potassium ions that eject 
as dimers. As seen from Fig. 5, the K~/(K~ 
+ K ÷) ratio exhibits a variation with tem- 
perature similar to the K20 ÷ intensity. This 
suggests that the K~ and the K20 ÷ ions are 
derived from the K20 surface species. 
Since the formation of K~ requires close 
proximity between two K atoms on the sur- 
face, the K~ ions are apparently derived 
primarily from K atoms associated with the 
same 1(20 molecule. In contrast, for the 
Ca~3CO3/nC system (30), CaP ÷ ions appear 
in the SIMS spectrum following thermal 
treatment, but neither Ca~- nor Ca20 ÷ ions 
were observed. This suggests that CaCO3 
thermally decomposes to CaP, and, in the 
absence of  Ca/O species, Ca atoms are not 
sufficiently close together to form Ca~ ions. 

CONCLUSIONS 

Using secondary ion mass spectrometry, 
we have examined the interaction of K2CO3 
with carbon black before and after thermal 
treatments. The results suggest that K2CO3' 
decomposes above 800 K to form K20. The 
K20 subsequently decomposes above 1070 
K, apparently forming metallic potassium, 
which either vaporizes or diffuses into the 
bulk. The water initially contained in the 
sample mixture appears to interact with 
some of the carbonate at 300 K to form K20 
and lSO-labeled water. 
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