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Kinetics and Mechanism of the Thermal Decomposition
of Some Transition Metal Sulfates
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Synopsis

The thermal decomposition of sulfates of Fe,(SOs);, CoSO,, CuSO, and ZnSO, was
kinetically, isothermally studied in flowing high-purity nitrogen by use of a thermobalance.
Disk-like pellets compacting the anhydrous sulfate powders were used. The decomposition
occurred at the phase boundary between the undecomposed sulfate and the oxide product,
and the boundary proceeded uniformly from the surface towards the interior. The thick-
ness, x, of the oxide product layer was proportional to the time, z, for Fe,(SO,);, CoSO,
and NiSO,: the rate equation was x=kct. The x vs ¢ curves for CuSO, and ZnSO, were
shown to become two straight lines with a break point. From the kinetic data and the
results of X-ray diffraction, it was known that the break is due to the formation of their
oxysulfate as the intermediate. The In k vs 1/T relationship moves from lower to higher
temperatures in the order: Fey(SO,);, CuSO; CoSO,, NiSO,, ZnSO,. The activation
energies of the decomposition for sulfates of iron (III), cobalt, nickel, copper and zinc
were 212, 217, 257, 211 and 238 kJ mol™, and those for oxysulfates of copper and zinc
at the later stage after the break were 221 and 275 kJ mol™!, respectively. The activation
energies were shown to be close to the enthalpies of decomposition for the sulfates,
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Fig. 1. Schematic diagram of the geometric
changes due to the decomposition of
a disk-like pellet of the sulfates.
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Table 1 The ratio of the bulk density to the
theoretical, 7, and the cubic root of
the ratio, yz=7'"® for the pellets of
metal sulfates.

Sulfates l 7 7L
Fex(SO: | 0.73 0.90
CoSO: | 0.61 0.85
NiSO; 0.61 0.85
CuSO; 0.68 0.88
ZnSO4 0.76 0.91
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Fig. 2. Relationship between fraction decomposed
and time for Fe;(SOy); in flowing high-
purity nitrogen at the rate of 200 cm?® min~*.
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Fig. 3. Relationship between thickness of the
product layer and time for Fe.(SO,); in
high-purity nitrogen at the rate of 200 cm?
min~i,
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Fig. 4. Relationship between thickness of the
product layer and time for CuSO, in flow-
ing high-purity nitrogen at the rate of
200 cm® min~1.
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Fig. 5. XRD patterns of the products for the
decomposition of CoSO, at ~0.1, ~0.5
and ~0.1 of the fraction decomposed.
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Fig. 6. XRD patterns of the products for the decomposition of
CuSO; at ~0.1 and ~0.5 of the fraction decomposed.
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Fig. 7. Relationship between logarithm of the decomposition rate and the
reciprocal absolute temperature for sulfates of iron (II), cobalt,
nickel, copper and zinc in flowing high-purity nitrogen of 200 cm?
min~!. Fe(air) shows the decomposition in flowing air of 200 cm?
min~!. 1 and 2 for Cu and Zn show the earlier and later stages
of the x vs ¢ curves for CuSO, and ZnSO,, respectively.
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Fig. 8. Relationship between the standard enthalpy
for the decomposition at 298.15 K, 4Hasgs,
and the activation energy, Q, for sulfates
of iron (1), cobalt, nickel, copper and
zinc in flowing high-purity nitrogen of
200 cm® min~!. Fe (air) shows the de-
composition of flowing air of 200cm?
min~!. 4 shows the results obtained by
Ingraham and Marier. [10, 11].

b=+~ 298.15K ki 28D = v 2 1
¥ — AHC 505, TS L\ T LT %, Fig. 8 CHiEAED
BOMROEM b= ¥ — Loy 2 A —DRARZ R
3, Bzt Ingraham and Marier!®!? I - CHIRE
ShicEEb=3 A F —~% 4L TH 505 Fea (S04
DfEit 83 kI mol™t DETH - T, KIKIIRINT
Wit Fig. 8 B b= 2 A ¥ — 50 20
Y- DEET LR T, DT LILREEE, B
REEH Lo 7 ACOWT TR T h, BB
WTLHEDD BT ENTER, MEDEI—KT B
Enb, BERIEDOTERL = : ¥ —% FG O AEFTIC
DERBIFER=F ¥ — &, RIEGTEEE LTS
D DBIFER= I AF ~CHT R ENTEDLLD
LR, ORI R iR O BS R T,
BEO=FAF — IR EFFT,

X ik

1) L. A. Booth and J. D. Balcomb, ‘ Nuclear
heat and hydrogen in future energy utiliza-
tion”’, LA-5456-MS (1973).

2) G. E. Besenbruch, K. H. McCrokle, J. H.
Norman, D. R. O’Keefe, J. R. Schster and
M. Yoshimoto, ‘“Hydrogen production by the
GA sulfur-iodine process’, in ‘“Hydrogen
Energy Progress, Proc. 3rd World Hydrogen
Energy Conf. at Tokyo, 1980, p. 243, Per-
gamon (1980).

3) P. W. T. Lu and R. L. Ammon, ‘“Develop-
ment status of electrolysis technology for the




4)

5

6)

7

8)

9

sulfur cycle hydrogen production process’’,
in ‘““Hydrogen Energy Progress, Proc. 3rd
World Hydrogen Energy Conf. at Tokyo, 1980,
p. 439, Pergamon (1980).

S. Mizuta and T. Kumagai, ‘““Thermochemical
hydrogen production by the magnesium-
sulfur-iodine cycle’’, Bull. Chem. Soc. Japan,
55, 1939 (1982).

S. Sato, S. Shimizu, H. Nakajima and Y.
Ikezoe, ¢ Nickel-iodine-sulfur process for
hydrogen production”, in Hydrogen Energy
Progress, Proc. 3rd World Hydrogen Energy
Conf. at Tokyo, 1980°°, p. 389, Pergamon
(1980).

K. E. Cox, W. M. Jones and C. L. Peterson,
“The LASL bismuth sulfate thermochemical
hydrogen cycle’, in ‘“ Hydrogen Energy Pro-
gress, Proc. 3rd World Hydrogin Conf. at
Tokyo, 19807, p. 345, Progamon (1980).

H. Tagawa, ‘‘Thermal decomposition tem-
peratures of metal sulfates’’, Thermochim.
Acta, 80, 23 (1984).

T. R. Ingraham and P. Marier, ‘“Kinetics of
MnSO; from MnQO,, Mn,0;, and Mn;0, and
its decomposition to Mn;O; or Mn;0,’’, Trans.
Metall. Soc. AIME, 242, 2039 (1968).

N. A. Warner and T. R. Ingraham, “‘Kinetic
studies of the thermal decomposition of ferric

10)

11

12)

13)

14)

15)

16)

103

sulfate and aluminium sulfate’ , C..n. J. Chem.
Eng., 40, 263 (1962).

T. R. Ingraham and P. Marier, ° Kinetics
of the formation and decomposition of nickel-
ous sulfate”, Trans. Metall. Soc. AIME, 236,
1067 (1966).

T. R. Ingraham and P. Marier, ‘‘Kinetics of
the thermal decomposition of cupric sulfate
and cupric oxysulfate”, Trans. Metall. Soc.
AIME, 233, 363 (1965).

C. C. Furnas, “The rate of calcination of
limestone”’, Ind. Eng. Chem., 23, 534 (1931).
I, ZHEE, TREEH AEORL 2 FHK DA
REDMEBERE ], Tt 61, 946 (1931).

B, T#SRoBECY 2 5 FIKADHRBRORE
|, TAk, 64, 1759 (1961).

D. D. Wagman, W. H. Evans, V. B. Parker,
R. H. Schumm, I. Halow, S. M. Bailey, K.
L. Churney and R. L. Nuttall, ¢ The NBS
Table of Chemical Thermodynamic Properties;
Selected Values for Inorganic and Cl and C2
Organic Substances in SI Units”, J. Phys
Chem. Ref. Data, 11 (Suppl. No. 2) (1982)"
I. Barin and O. Knacke, ¢‘Thermochemical Pro.
perties of Inorganic Substances”, Verlag (1973);
and I. Barin, O. Knacke and O. Kubashewski,
“Thermochemical Properties. of Inorganic Sub~
stances, Supplement”, Verlag (1977).





