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Exothermic Reaction among Sodium Sulfide, Carbon Black,
Calcium Oxide and Iron Powder

Risaburo Yoshida, Keisuke Kaiho, Akira Arikawa and Toshio Seta

The exothermic phenomena in the mixture of sodium sulfide, carbon black, calcium
oxide and iron powder in the air were investigated by means of x-ray diffraction, calorimetry,
thermogravimetry and gas chromatography.

On the basis of these experimental results, the mechanism of the exothermic reaction
in the mixture can be assumed as follows.

The oxidation of sodium sulfide was at first begun by air in the presence of carbon
black and then, the water of crystallization in the compound was dehydrated at about 353 K.
The dehydrated water reacted with calcium oxide to form calcium hydroxide and the heat
of reaction raised the temperature of the mixture. Iron powder reached to the combustible
state at about 643 K and successively changed to Fe; O, and Fe, O3 while the exothermic
reaction, Carbon black partly ignited and formed carbon monoxide and carbon dioxide. The
carbon dioxide reacted to calcium oxide and formed calcium carbonate.

The mixture which consists of 18% sodium sulfide, 18% carbon black, 22% calcium
oxide and 42% iron powder generated heat about 2.63 kJ g~!.
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Table 1  Particle Size Distribution and Chemical
Composition of Iron Powder.

Composition Concentration (wt%)

Iron 6897

Iron Oxide 2536

Silicon Dioxide 523

Carbon 0.44

Particle Size (mesh) Distribution (%)
+100 -
100~145 -
145~200 0.1
200~250 0.1
250~325 0.4
—325 994

Apparent Density 2.10 (g/cm®)
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Fig. 1 Gas Generating Apparatus
(1) Witt’s Filtering Apparatus
(2) Sample Specimen
(3) Three way Stop Cock
{(4) Gas Sampling Nozzle
(5) Straight Stop Cock
(6) Vacuum Pump
(7) Integrating Flowmeter
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Fig. 2 TG—Curve of Flake Sodium Sulfide.
Heating rate 5 K/min
Sample weight 10 mg
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Table 2 X-ray Analysis of Chemical Composition

After Exothermic Reaction.

d(nm) Intensity
0.254 VS
0.161
0.148
0.264
0.220
0.184
0.169

0.203
0.143
0.278
0.241
0170
0.145
0.139

Material
Fe,0O,

7

”

a-Fe,0,

’”

”
”

Fe

”

Ca0

0.487
0.263
0.193
0.180

0.386
0.304
0.229
0.209
0.188
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Fig. 3 X-ay Diffraction Patterns of Oxidation
State for Exothermic Composition at Vari-
ous Temperatures: (A) 543 K, (B) 648 K,
(C) 773 K.

50

(arb. unit)
o
[

w
(=)

[yl
[l

Diffracted Intensity

600 700 800 900 1000 1100
T/K

Fig. 4 Iron Oxidation with Increase of Tem-
perature by X-ray Diffraction.

Heating Rate: 1.25 K/min.
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Fig. 5 Relationship between Calorific Value AH
and Chemical Composition.
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