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[ Abstract] Cyclic voltammetry and choronopotentiometry studies on aqueous polysulfide solution at graphite anode have

been reported. The experiments show that the anode oxidation of the polysulfide , which consists of several parallel elec-

trode reactions and following che mical reactions , is an irreversible process, and that the potential peak in time — potential

curves for constant current steps indicates a self-catalysis process in the electroche mical oxidation of the polysulfide solu-

tion . It is found from further analysis for the cyclic voltam metry and choronopotentiometry that the number of electrons

transferred in rate- determining process of the anode oxidation is close to1 , and that the reaction rate constant of self catal-

ysis is large . These results indicate that interreactions of the polysulfide are quick processes. The potential peak in the po-

tential ~ time curve disappears with the increase of the current .

[ Key words] polysulfide ; voltam metry ; electrolysis
[ CLC number] 0646 .51

[ Document code] A

1 INTRODUCTION

When alkaline hydrogen sulfide solution, repre-
sented by Na,S, is electroche mically oxidized, poly-
sulfide ions are firstly formed and the polysulfide ions
are finally transited into ele mental sulfur. This pro-
cess is a new method used to treat H,S waste gas and
it has some economic advantages over the convention-
al Claus process in recovery of resources , re moval effi-
ciency of H,S waste gas and energy saving[1 "6l The
polysulfide ions have also been applied in pulp and pa-
per industry . It is reported[7] that if the white liquor,
i.e. the alkaline Na,S solution, contains polysulfide
ions which can be produced by electroche mical oxida-
tion of the aqueous Na,S solution, the production of
the suspension or pulp would increase .

Unfortunately , little electroche mical investiga-
tion about the polysulfide solution has been reported.
Lessener et all®! reported the theory of coupled elec
troche mical and che mical reactions , response to a lit-
tle potential step for aqueous polysulfide solutions .
The results for the two homogeneous kinetic models
obtained were qualitatively similar but differed quan-
titatively . Detailed reviews for the electrolysis of the
sulfide solution can be found from work of Behm et
all’1 . 1In this paper, an investigation of cyclic volta m-
metry and responses to current steps for aqueous poly-
sulfide solutions will be reported, whose purpose is to
obtain a better understanding of the anode oxidation
of the polysulfide ions and to supply some funda men-

tal data both for the electrolysis of aqueous H,S solu-
tion and electroche mical production of the polysul-
fide .

2 EXPERI MENTAL

All chemicals were reagent-grade materials and
not purified before experiments. Anode was made
from high-density graphite and Pt cathode was from
pure Pt whose purity is 99.9 % .
continuously bubbled into the solution, solid sulfur

During N, gas was

was dissolved in the aqueous Na,S solution, and its
concentration was titrated by a standard iodine solu-
tion. The polysulfide solution was preserved in a
closed vessel. All experiments were carried out in a
constant te mperature water bath. Potentials of work-
ing electrode were monitored by HDV-7B potentiostat
with KS-1 signal scanning producer. Both relation-
ships of currents with potentials and potentials with
times were recorded on a Yew Model 3086XY; Y,
function recorder. Before experiments, both anode
and cathode were polished carefully using e mery pa-
pers , following washed by acetone and deionized wa-
ter, finally dried in air. The glass electrolytic cell
consists of two compart ments separated by a catiomr
selective me mbrane, which can be crossed freely by
cations but hinders both the polysulfide ions S% and
sulfur produced at anode to migrate into cathode com-
partment where they are to be reduced. Before exper
iments were carried out, nitrogen gas was bubbled
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through the anolyte so that dissolved oxygen gas was
removed . All experiments were finished in static solu-
tion. The potentials reported in this paper were on
the SCE scale . Catholyte was always 1 mol/ L NaOH
solution .

3 RESULTS AND DISCUSSION

3.1 Voltammograms of polysulfide solution

A wider anodic potential peak will be obtained
when an anode potential scanning is applied with the
polysulfide solution, which is similar to the aqueous

[4]

Na,S solution"**. This is because of the complexity of

the polysulfide solution containing more electro-active
Species[g]. Therefore, the anodic oxidation process
may consist of several continuous reactions, and the
electrode potentials about interreactions of the poly-
sulfide ions have little difference, which leads to a
wider anodic peak. The phenomenon that Fig.l
shows an obvious shoulder peak A, at lower potential
for the polysulfide solution is similar to that of the fol-
lowing potential scan of the sulfide solution'®!, which
indicates that, during the cyclic potential scan for the
first time , anodic oxidation of the Na,S solution or
the following che mical reaction produces the polysul-
fide ions which will be oxidized at anode in the fol-
lowing potential positive-scan.
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Fig .1
aqueous polysulfide solution
Molar ratio S*: S=1:1, total sulfur 0.3 mol/ L,
V=200 mV/s, 10 C, anode area 0.078 cm?

Cyclic voltammogram of

Fig .1 shows that anodic peaks and cathodic
peaks are separated with larger potentials and that ca-
thodic peaks are not obvious. Therefore, the anode
process transferring electrons does not keep balance .
Further research for the system shown in Fig .l indi-
cates that the shoulder peak ( A;) at lower potential
becomes more obvious with the decrease of the scan
rate and the peak will weaken or even disappears with
the increase of the scan rate . Dependences of the po-
tentials of peaks A; and A, on the scan rates , respec
tively, are shown in Fig .2, and their slopes are ap-
proximately the same,
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Other conditions are the same as Fig .l

A d( g/ d(lg Y =52,

Ay d( @o)/d(lg Y =59 .

If charge transfer coefficient a, is 0.5, the
transferred electrons of the rate-determining process
in the anode reactions will come close to 1 according
to d( @,)/d(lg? =30( na,) in the irreversible sys-
tem. Possible anode reactions or che mical reactions
for the polysulfide ions are

HS (aq) =(1/ x)S% (aq) + H (aq) +

[2(x-1)/ x]e (1)

S*"(aq) =(1/ x)S% (aq) +[2( x- 1)/ xJe (2)

S (aq) =[ x/( x+ n) 187 (aq) +

[2n/( x+ n)]e (3)

S% .(aq) +S* (aq)(or HS™ , lower
polysulfides) = S, (aq) ,( m< x + n) (4)
S, (aq) = mS(s) (or higher polysulfides) +2e
(5)

where reactions (1), (2) and (3) are electrode reac
tions of the initial species in the polysulfide solution .
These reactions are similar to those taking place in the
sulfide solution'?*'®) . Because S2, (aq) formed by the
reaction (4) may be the same as s34 (aq) formed in
electroche mical reactions, the system has a self

catalytic characte risticl 4]

. The dependence of the po-
tential peak A; on the scan rate »shows that the
mechanism of the reaction corresponding to the anode
peak A; may belong to EC reaction. When the anode
potential increases, the current increases too, but
concentrations of the electro-active species near the
electrode surface decrease . After the top of the anode
peak , if the scan rate decreases, the products by an-
ode oxidation have sufficient time to react with the
electroactive species transferring from bulk solution
to the electrode surface . Therefore , the more the an-
ode reactants are consumed, the more obvious the an-
ode peak A; becomes with the decrease of ». The
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reduction process for negative-scan is that of the ab-
sorbed sulfur or S%; (aq) into lower polysulfide ions
even sulfides , such as S?° (aq) , HS™ (aq) , or H,S
(aq) -

It can be concluded that the electroche mical reac
tion process of the polysulfide syste m is similar to that
of the sulfide system, except their initial reaction
species .

3.2 Time  potential curves of polysulfide system
Responses to current steps for the polysulfide so-
lution are shown in Fig .3 . When the current step is a
smaller value , 1.e. 35 .7 mA/ ¢m? , the response curve
(101 - After get-
ting to a maximum value, the anode potential de-
creases , then it gradually increases . At initial stage of

is similar to that of the Na,S solution

electrolysis main electro-active species are s?- (aq) ,
HS" (aq) and polysulfide ions s34 (aq) . However,
reaction (4) results in increasing concentrations of the
electroactive species , i.e. polysulfide ions, in reac
tion (3) , so that the anode potential decreases . When
the lower polysulfide ions are consumed, the potential
rises and the higher polysulfide ions formed from
these lower ones at larger anode over potentials con-
tinue to be oxidized. Then the potential in time - po
tential curve increases steadily .

tis

Fig.3 Choronopotentiometric curves for
graphite electrode
Conditions: 0.1 mol/ L Na,S, 0.2 mol/L NaOH at 10 C

3.3  Self catalytic process

Fig .3 shows a short platform when the current
density is 52 .8 mA/cm?. From the above- mentioned
cyclic voltammogram, electroche mical oxidation of
the sulfide or polysulfide system is an irreversible
electromr transferring process. Therefore, the depen-
dence of the anode over potential 1 on time ¢ can be

expressed by following Eqn .( 6yl

RT . J. _RT t
e = ﬁ) (6)

where ], is a current step and 7is transient time .
Because it is not easy to determine the equilibri-

um potential of the system, Eqn.(6) is changed into

Eqn .(7) :
RT, Ja RT f
@ = (Z+aanF1n ]0)- aanFln(l_ Z_)
(7)
where ¢ is electrode potential on the SCE scale, Z

expresses the equilibrium potential . According to J,
=52 .8 mA/cm? and the linear relationship of ¢ and
In(1 - (t/ ©)"?) shown in Fig .4, one gets a,n =
0.60,
voltammograms .

which agrees with the result from cyclic
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Fig.4 Relationship between ¢ and In(1 - ( ¢/ 7)!/2)

Conditions are the same as Fig .3

If the steady potential of the system was its
equilibrium potential , the exchange current density
Jo was calculated to be 5 .28 x 10°%2 A/cm® from
Eqn (7).

Whether the peaks in time against potential
curve appear or not is dependent upon the current val-
ue . The time at the top of peak corresponds to that
the concentration of the catalyst in the selfcatalytic
process becomes minimum at electrode/electrolyte in-
terface. According to general reactions of the self
catalytic process[ 1] s

R—=b0+ ne (8)

bO+Z" (excess) »(1 + f) R+ Y  (excess) (9)

where R and O are the catalyst and its oxidized
product respectively , Z orY’ represents a species in
the system, one gets the time t when concentration
of the catalyst R becomes minimum at the top of the
peak[”] :
1
ks
The self-catalytic process for the polysulfide sys-
[107].

1
t = In(l + 10
n(+f) (10)

tem may be expressed as following reactions

2- X 2. 2 x
S5 (aq) v+ nsx+n(aq) + (2 - v+ n)e
(11)
X 2. xn 2.
X + ns“”(aq)+(x+ n)(x-l)s (aq)
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n

2-
A+ 5 St (a) (12)

According to the time corresponding to the peak
in Fig .3, the rate constant kg of the electrode reac
tion can be figured out from Eqn.(10) :

ks = 20.031g(1 + 1/ f)
where  f= n/( X+ xn- x- n) . The possible rate
constants k, under different x and n values are listed
in Table 1.

Table 1 Possible rate constants k, in
self-catalytic process for polysulfide solution
x 2 2 2 3 3 4
n 1 2 3 1 2 1
k/s™' 12.059 9.557 8.532 19.113 15.586 24.118

The calculated rate constants show that reaction
(9) or (12) is faster. Occurring of the peaks in
choronopotentiometric curves may be related to both
the self-catalytic process and the dissolution of ele-
mental sulfur in the solution. The two fast processes
result in increasing the concentration of Szx' (aq) ,
thereafter leading to the decrease of anodic potential
one time in choronopotentiometric curves .

4 CONCLUSIONS

1) The polysulfide solution consists of more elec-
tro-active species and its anode oxidation includes sev-
eral parallel electrode reactions, which leads to a
wider anode peak in its voltam mogram .

2) The anode oxidation of the polysulfide ions is
an irreversible electrontransferring process and the
transferred electron in rate-determining process is
close to 1.

3) Atalower current density, a potential peak is
present in time — potential curve because of the self
catalytic process of the syste m including interreactions
of polysulfide ions and dissolution of ele mental sulfur
in the solution. When the current density increases,
the potential peak disappears, which can be seen from
the time —
increases at the initial stage of electrolysis, then in-

potential curve that the potential sharply

creases slowly .
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