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DETERMINATION OF HEAT EFFECT OF
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Zhang, Hengzhong Fang, Zheng Zhang, Pingmin
Department of Chemustry, Central South Unwersity of Technology, Changsha 410083

ABSTRACT

The electrowinning of Ni;S, was designed to take place in a calorimeter in order to measure
the heat effect of the electrolysis with electrochemical calorimetry. The effect was determined un-
der different cell voltages ranging from 1. 50 to 2. 16 V, and based on the data the heat effect of
the anodic dissolution of NisS, was figured out to be A/, = 22.4 ~ 99. 0kJemol '( == 2)
within the anode potentials 0. 74~1. 30 V( »s SCE).
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Ni;S,
1 INTRODUCTION was melted and cast to form the desired Ni,S. elec-
trode. The phase composition of the electrode was
The anodic process of Ni;S., the main ingredi-  ¢xamined by XRD, and the single phase was con-
ent of nickel matte, has been researched frequently firmed.
with electrochemical methods for many years '™, The electrolytic system was

NiSO, (1. 0 mol+dm *)
(—)Ni|Na,SO,(1. 0 mol+dm *) Ni;S.(+)
H3;BO; (0. 2 mol+«dm *)
of which the anode was the Ni;S. electrode with an

and a lot of understanding was achieved. With the
improvement of the electrochemical means utilized
and the development of the technique in electro-
chemistry, the research becomes more and more
complete and profound. Even so, there is no any outer diameter of 10 mm, and the cathode was the
report about the thermochemical research on the an-

odic process of NisS, so far. In order to further re-

nickel sheet 40 mm X 10 mm in dimension. The pH
value of the electrolyte solution was about 5.

The main apparatus used in the present work
include a HT1000 micro-calorimeter (SETARAM,
FRANCE), a HDV — 7 potentiostat, a XFD — 8
signal generator, and a WYJ—S high-precision di-

search the mechanism of the anodic process of
Ni;S., and to obtain the basic data for the energy
balance calculation of the process, the heat effect
of the anodic dissolution of Ni;S, will be deter-

mined with electrochemical calorimetry in the pre- rect volt power, etc. All experiments were per-

sent work. formed at the room temperature(23 ().

2 EXPERIMENTS AND RESULTS 2.2 Measurement of Polarization Curres and Po-

tentwd Distribution to Llectrodes

2.1 Samples and Apparatus
Out of the consideration that it is necessary to

The sample of NiS, was synthesized from have a general understanding of the elctrochemical
high-purity element sulfur and metal nickel in a behavior of the system to be studied in order to car-
vacuum atmosphere at high temperatures, and then ry out the electrochemical calorimetry of the anodic
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process of Ni3S, under proper experimental condi-
tions, the polarization curves of each electrodes
and the potential distribution to the anode and the
cathode were measured in the process of the elec-
trowinning of Ni;S,. Fig. 1 shows the polarization
curves of both the anodic dissolutien of Ni;S. and
the reduction of Ni’* on the cathode.
coincide with the literaturest® %1,

The results
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Fig. 1 Polarization curves of both anodic

dissolution and cathodic reduction of
Ni** (5mV/s)

At a given cell voltage in the electrowinning
of NisS;, there exist a certain anode potential and a
certain cathode potential, i.e. the potential dis-
tributes to the two electrodes. The potential distribu-
tion with respect to the saturated calomel electrode
(SCE) was measured with the high independence
voltmeter of the HT1000. The results are shown in
Fig. 2. It is demonstrated that the anode potential
of the dissolution of Ni3S, increased linearly with
the increase of the cell voltage, yet the potential of
the cathodic reduction almost stayed at —0. 8V. A
comprehensive combination of Fig. 1 and Fig. 2 re-
vealed that the Ni;S; anode dissolved in different re-
actions at different anode potentials, and that there
was only one reduction reaction of Ni’~ taking
place in the cathode, for the ions SOi” and H " did
not participate the cathodic reaction’'®- and the cath-
ode potential remained almost constant. Conse-
quently the heat effect of the anodic process of
Ni;S, can be obtained by subtracting that of the
cathode process of the reduction of Ni®~ from the to-
tal heat effect of the electrowinning process.

2.3 Determination of IHeat Effect of Anudic

Process of NisS,

The electrochemical calorimetry were conduct-
ed in an experimental set- up that coupled the
HT1000 micro- calorimeter with the usual electro-
chemical equipment. The experimental data was
collected and processed by a micro-computer with
the software for electrochemical calorimetry,
THEL-'"), The accuracy and the reliability of the
set-up were verified and confirmed by the standard

system, the electrolysis of water’''’.
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Fig. 2 Potential distribution to both
anode and cathode in process of
electrowinning of NiS,

The principle of electrochemical calorimetry is
as follows.

At a certain temperature and pressure, the
first law of thermodynamics employed to electro-
chemical reactions becomes-'?- ,

AN = Qp — W,

/NI represents the enthalpy change of the
electrochemical process, @ the process heat, and
W. the electrical work done.

where

For electrolysis, the
above equation becomes( 7, "> 0);

NI = Qp + Jll'dt

Jra

or Al =@+ Jll'dl

i.e. Ny = (Qs + J‘II'dt).:F/Jldt D)

/Il in equ. (1) is the molar enthalpy change of
the electrochemical reaction (the electron transfer
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number is z ), @p the heat absorbed, and / and I”
the current and the cell voltage of the electrolysis re-
spectively. The signals, the heat flow of the electro-
chemical process /&, the current /, the voltage I, the
temperature and the time ¢ were all collected auto-
matically by the computer, and then such quanti-

ties as the process heat @y = Jhdt, the electrical
work W, = — Jll'dt, the mole number of the elec-

trochemical reaction N = Jldl /zF , the process heat

per molar reaction @p/N, and the molar enthalpy
change of the reaction AIl,, etc. were all comput-
ed.

The electrochemical calorimetry of the anodic
process of Ni3S, were performed at five anode po-
tentials of polarization (Fig. 1) and their correspond-
ing cell voltages as well. Fig. 3 is an example of
the record of one experiment. Experimental results
are tabulated in Table 1 in which A/, is the total
heat effect of the whole electrolytic reaction( =z =
2). From the table, it is known that the total heat
effect increased with the increasing cell voltage.

I /mA
3.0 1. 0 2.0
2.2 4 3.2 11. 6
h
T 1.4 L2, 4 .
z 12,
~
< 0.6 7 k lo.8
—o.zH L0. 8 0. 4
—1.0 . 10 , 0
0 600 1200 1800 2400 3000
t/s

Fig. 3 Record of clectrochemical calorimetry

With the thermodynamic data from the litera-
turel!®), the enthalpy change of the cathodic reduc-
tion of Ni** is,

Ni?* 4 2e=Ni

AH (298 K) =54. 0kJ+mol ™'

Considered that the concentration of the solution

less influences the enthalpy change of the process,

the actual enthalpy change of the cathode reaction,

NAeHn, equals to A%, (298 K) in approxima-
tion, hence.

Nl = NI, — AN
= AHs — ANJI° (298 K)
= AIM, — 54.0kJ emol ' (2)
/a1l in Table 1 was thus calculated with
equ. (2). The heat effect of the process of the an-
odic dissolution of Ni3S, increases with the anode po-
tential (Fig. 4). The curve shows a “~" shape.

Table 1 Results of electrochemical calorimetry
of electrowinning of Ni;S.( = = 2, ¢
being s SCE)

No. | 2 3 1 5
Cell Voltage /V .50 160 1.80 .49 2,16
@a (NisS2)/V 0.71  0.81  0.97  L.15  1.30
@ (NI IV 0.77  0.80  0.83 0.8t  0.85
Al /KJ+smol 1 76,1 83.8  89.3  98.5  153.0

e/ N /kJ=mol !

Nallm /RIsmol =1 22,4 29.8 35.3 1.5 99.0

2.1 Discussion

Based on the results shown in Fig. 41, we con-
clude that.

(1) The varying /A\,Il. with @, proved that
the process of the anodic dissolution of Ni;S. is not
a simple reaction, otherwise the /\.//, should be a
datum invariant with the potential.

(2) The A\.Il. — . diagram can be divided
into three potential regions in general; Region |
(0.70~0.85V), Region 1T (0.85~1.10V)
and Region M (1.10~1.30V). In Region I
and M where /A\./l, increases with the increasing
@, , it is probable that there are two or more paral-
lel reactions taking place, the fraction of each reac-
tion changes with the potential, and thus A,/ . al-
so changes with ¢,. Region [ is the transient part
to Il , where the reactions taking
[ and I may all occur and then

from Region 1
place in Region
reach a relative stable state, thus /\,/I, appears
constant approximately.

Fang et al.-® concluded that. within 0.7 ~
0.9 V (it is comparable to Region [ in Fig.4),
the end product of the anodic dissolution of Ni;S, is
p —NiS.;

Ni;S: = 2NiS+Ni’" + 2e
within 1.2~ 1. 5V (it is comparable to Region I
in Fig. 4), NisS, forms element sulfur directly ;

NiyS, =3Ni’* 4+ 2S5+ 6e
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Fig. 4 Heat effect of process of
anodic dissolution of Ni;S,( z = 2 )

and within 0. 9~ 1. 2V (it is comparable to Region
I in Fig. 4), Ni;S, may form a series of intermedi-
ate products except p -NiS.

Nt +4S
NiS—Ni;S,

NiS,—Ni’* -+HSO,
Evidently, the reactions in Region 1 covered
those of Region 1 and Il , which is in accordance
with the point(2). As a matter of fact that /\.//.,
changes with @, (as shown in Fig. 4), the reactions
in Region | and I should not be a simple one,
for in such a case /\./I. is constant. Hence the re-
actions tacking place in each region should contain
another one or other reactions except those stated in
ref. [ 6] Further research to the chemistry of the an-
odic dissolution of Ni;S, with the thermo- electro-

chemical information will be published later.
3 CONCLUSIONS

(1) In the process of the electrowinning of
Ni;S, the potential distribution to the anode and the
cathode were measured. It is found that during the
electrolysis the potential of the cathodic reduction
of nickel ions maintains almost constant, while the

anode potential of the dissolution of Ni;S, increases

linearly with the increase of the cell voltage.

(2) The heat effect of the process of the elec-
trowinning of Ni3S. at the cell voltages ranging
from 1.50~ 2. 16 V was measured with electro-
chemical calorimetry, and based on the measured
data the heat effect of the anodic dissolution of
NisS. was derived. It is found that the heat effect
changes from 22. 14 t0 99. 0
kJemol™'( = = 2 ) with the anodic potential chang
ing from 0. 74 to 1. 30 V( rs SCE).

of the anodic process
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