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Chemistry of Carbonate-Sulfur Flux
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Reactions of alkaline metal carbonates with sulfur are investigated in detail. The evolution of CO and a trace of
S0, were observed in the course of reaction with major component of polysulfides. Some evidences that the reaction
proceeds with breaking of terminal sulfur-sulfur bond in the sulfur polymer, and forming CO, SO; and polysulfide
are presented. Polysulfides have the role of keeping free sulfur and allow it to react with other chemicals to rather

high temperatures.

Introduction

The reaction of alkaline metal carbonate and sulfur has
been known to produce alkaline metal polysulfides.

*To whom correspondence should be addressed.

3Na,CO;+ 128—2Na,S;s+ Na,S,05 + 3CO, a
4K,COs+ 165 3K;S5s + K50, +4CO, 2y
3KoCO3+ 2(x + 1)S— 2K, S, + K;5,04+ 3CO; @y

(the reaction of Na;CO, with S begins at 275-280 C; that
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Figure 1. Gas evolution for the reaction of Na,CO; and S. The
composition of the reactants: Na,CQ,, 0.03 mole; S, 0.1 mole,

of K:CO; with S begins at 108 T and completes below 180
T)

On the other hand, sodium thiosulfate disproportionates
at temperatures above 223 T as

4Na,5,0;>3Na,S0; + NaySs @y

and is formed readily at lower temperatures by the reac-
tion

Na,S03+ S—Nay5,0; 6y

Alkaline metal carbonate-sulfur flux was used for prepa-
ring sodium chromium sulfide (NaCrS;) from NaCrQ; or Cr;
04%. Recently yttrium oxysulfide (¥:0,S) has been prepared
in the same flux’.

In the present work, further details of reactions taking
place in the alkaline metal carbonate-sulfur flux have been
studied.

Experimentals

All of the chemicals used in this investigation were from
commercial products of chemical pure grade without further
purification,

The reaction mixture was loaded in a quartz tube and
heated in an electric furnace. The gaseous products were
collected above water in a Mariott bottle, to measure volume
and to sample for IR spectral analysis.

The molten mass remaining in the quartz tube was washed
out with water and analyzed for anions in it: Water soluble
sulfides, sulfites, and thiosulfates of the reaction products
were analyzed by iodometry, and sulfates by conductometry
with barium chloride. Water insoluble solids were analyzed
by XRD and IR.

Results and Discussion

Reaction of Na;CQ, with §. Gas evolution is repre-
sented in Figure 1. IR spectra shown in Figure 2 reveal
that the gaseous product is mainly CO, and a small amount
of COS, indicating production of CO gas in the course of
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Figure 2. Infrared spectra of evolved gas for the reaction of:
a) Na,CO; (0.09 mole) and S (0.22 mole), and gas is collected
at temperatures from room temperature to 470 T; b) CaCQOs
(0.001 mole), Na,CO; (0.0015 mole} and S (0.01 mole), and gas
is collected at temperatures from 450 T to 650 T ; ¢) CaCO;
0.04 mole) and Na,S5,0; (008 mole), and gas is collected at
temperatures from 500 C to 600 T.

reaction. Since CO+CO, mixture of total pressure 1 atm
can contain less than 0.1% CO below 400 T due to the
Bourdourd reaction

2C0->C+CO; (6)

Since the reaction (6) is rather slow at lower temperatures,
most of CO would be converted to C+CQ» and small amount
of CO may react with sulfur to form COS. The volume of
gas evolved corresponds to 0.8 mole per mole of sodium
carbonate used. Therefore, it is plausible to assume the reac-
tion proceedes as follows:

Na,COs+ S« y—>NazS, + 50, + CO 3]

followed by the reaction (7),
N2;CO3+S0,—>Na,S0;+ CO. ®
Na,S0;+ S$—>Na,S,0; 5)

followed by the reaction (4).
Overall reaction can be described as

2Na;CO:+ 751y, Na,Ss+3 NaSO,+1, C+1y, CO.(9)

which would predict that 1.5 mole of CO, will be produced
from 2 moles of Na,COs, but part of CO from reaction (7}
would be followed as:

CO+S—C0S 10

Actual total gas volume was measured to 1.61 mole, corre-
sponding to conversion of 20% of CO to COS.
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Figure 3. Gas evolution for the reaction of CaCO;, Na,CO, and

S. The composition of the reactants: CaC0Os, 0.02 mole; Na,CO,,

0.03 mole; S, 0.1 mole.

Gas evolution starts at about 300 T and is completed at
around 400 C.

Reaction of CaCO, with Na;COQy and S. The course
of reaction for this mixture is shown in Figure 3, which
indicates that CaCOy reacts with sulfur after completion of
N2;COz+ S reaction, from about 450 €. The IR spectra indi-
cates the gaseous product is constituted mainly of CO, with
a fair amount of COS and small amount of SO,. The volume
of gas produced at each step corresponds to nearly 3/4 moles
per mole of metal carbonate present; the first stage: 0.81
mole per mole of Na,CO;, the second stage: 0.89 mole per
mole of CaCQy. Therefore, the reaction mechanism for CaCOs;
+$ reaction appears to be the same as for Na,CO; The
differences of this reaction with the previous sodium carbon-
ate reaction are that CO is produced at higher temperature,
so COS formation proceedes faster and that greater stability
of solid CaS may prevent formation of calcium polysulfides.

CaCO;+5,+2"—=CaS+50,+CO+S,,
CaC0;+S0,~>CaS0;+CO,
CaS0y+5—CaS,0;
4CaS;0;—>CaS+3CaS0,+ S,
CaS0,+S—CaS+ 280,

Furthermore, the reaction
2N2,50,+ S—2Na,S0;+ SO,

takes place below 550 C. At temperature above 600 C, the
reaction
Na,S0.+ 25—Na,S+ 280,

may be predominant, but supply of free sulfur from the flux
will become negligible at higher temperatures. In fact, gas-
eous product obtained beyond 550 C does not contain de-
tectable amount of SO,.

Reaction of Na,CO; with Na;S;0s. The total amount
of gaseous product evolved corresponds to 0.31 mole per
Na:S:0; used. Gas evolution starts at 420 C and ends at
about 600 T (Figure 4). Since 1 mole of free sulfur as Na,Ss
is produced by disproportionation reaction (4) from 4 moles
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Figure 4. Gas evolution for the reaction of Na;C0O, and Na;S,0;.

The composition of the reactants: Na,COs, 0.04 mole; Na:S;04,
0.04 mole.
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Figure 5. Gas evolution for the reaction of CaCO,, and Na;S;0,
The composition of the reactants: CaCQO;, 0.002 mole; Na:S:0,,
0.005 mole.

of N2;5,0,, more than 0.25 mole of CO; per mole of NaS,05
is expected to be produced assuming the disproportiopation
reaction {4) and decomposition of Na,5,0;. When Na;S.0;
alone is heated small amount of SO, evolves up to 600 T.

Reaction of CaCOs with Na;S;0;:. The gas evolution
starts at about 475 C and ends at about 800 C. The volume
of gas produced is about 0.32 mole per mole of Na.S;0;
used (Figure 5). From Figure 3 and 4, supply of free sulfur
by the disproportionation reaction {(4) of sodium thiosuifate
is fast enough for CaCQOs+8 reaction at about 450 T.

Reaction of Na,$ with Y.0s. It has been known that
Y-0,S can be prepared by the reaction of Y,0; in Na,C03+ 8
flux (starts at 375 € ?), but the reaction of Na,S with Y;03
did not lead to formation of Y;0.S. The reaction of Y,0O;
in NagCOs+ S flux is very complex and the detailed reaction
will be presented in a later paper.

Reaction of CaCQ; with Nas$S. no reaction was ob-
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served.
Conclusion

In conclusion, the carbonates may be assumed to attack
the terminal sulfur-sulfur bond in the sulfur polymer to form
CO, 80, and sulfide, and leaving free sulfur chain to form
polysulfide with sulfide. Thus, the role of Na,CO;+S flux
is to keep free sulfur in the form of sodium polysulfide allow-
ing the latter to react with other chemicals up to rather
high temperature®. In case of carbonates reacting at higher
temperatures, COS may also contribute to sulfurization reac-
tions.
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