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The Electrolytic Formation of Persulphate. Part V. With
Alternating Current Superimposed on Direct Current,

By Ryoichi MATSUDA and Teruichi NISHIMORI.
(Received February 21, 1939.)

The previous parts® of the present investigation dealt with the
mechanism of persulphate formation and various influences of experi-
mental conditions, when sulphate solutions were electrolysed with D.C.
It was shown that the current efficiency, which will be denoted as C.E.
hereafter, of electrolyses of sulphate solutions without diaphragm did
not seem inferior to those of electrolyses with the same, so it could be
assumed therefrom that cathodic reduction did not take place to any con-
siderable extent in those cases. If it is the case, it cannot be expected
that the C.E. will be improved by such a means as suppressing the cathodic
reduction, but it is possible that ‘the anodic oxidation will be influenced,
favourably or unfavourably,r when A.C. is superimposed upon D.C.

Various treatments of the Pt-anode prior to electrolysis caused more
or less change in the C.E.,® and the best result was obtained when the
anode had been heated by passing A.C. through it. In the present case
A.C. takes part in the electrolysis itself, so that the circumstances are
evidently much more complicated.

Experimental. The anode consists of a spiral of Pt-wire which is
0.1cm. in diameter and 30.5cm. long. It is thoroughly ignited im-

(1) Parts I—1V, this Bulletin, 11 (1936), 1; 11 (1936), 650; 12 (1937), 331; 12 (1937),
425 respectively.
(2) Part III, ibid., 12 (1937), 331.
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mediately before use and is kept rotating during electrolysis. The
cathode consists of a Pt-plate, 5 cm. X 2.6 ecm. The volume of electrolyte,
unless specified, is 130 c.c. and it is electrolysed at 15°C. with the same
amount of electricity by D.C., 3397 coulombs. A.C. which is of 60 cycles
and 100 volts is superimposed upon it. The connection is as shown by
Dr. Tanaka.® The analysis of the electrolysed solution is made by the
same methods as those described in Part I. The C.E. is calculated with
regard to D.C. only.

Experiment 1. 10 N sulphuric acid is electrolysed and the volume of
the electrolyte is varied from 130 to 490 c.c. The C.E. are shown in
Table 1 and Fig. 1 which are all referred to the total C.E. Those regard-
ing to Caro’s acid are always found less than 1% in these cases and are
not shown here. The current density which is abbreviated as C.D. is
referred to D. C. only.

Table 1. The C.E. of electrolysis of
10N H.S0,. With 0.1 amp. A.C.
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Experiment 2. 10 N sulphuric acid is electrolysed with diaphragm.
Two different porcelain cylinders are used as diaphragm, one 38 mm. and
the other 55 mm. in diameter. The anode is kept rotating at the center
of the cylinder, and the solution inside it becomes the anolyte. With the
smaller diaphragm, the anolyte is 45 c.c. and the catholyte 85 c.c.; with
the bigger one, the anolyte 100 c.c. and the catholyte 30 c.c.

The catholyte is found not to contain peroxidic products. Therefore
the C.E. shown in Table 2 and Fig. 2 are the results obtained by analysis
of the anolyte. The C.E. of the electrolysis without diaphragm described
in Experiment 1 is also shown in the figure for comparison. It is in-
teresting to observe that when diaphragm is used the anodic oxidation
takes place even with smaller C.D., while without diaphragm no, or very
little, C.E. is obtained and also that the C.E. fluctuates little as the C.D.
changes, when diaphragm is employed.

As stated already in the previous parts, the C.E. was not influenced
much by the use of diaphragm when electrolysis was performed with
D.C. only. It is observed in this case that the dimensions of diaphragm

(8) J. Electrochem. Assoc. Japan, 4 (1936), 4.
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do not influence the C.E. considerably, although the greater cylinder is
rather more favourable.

Table 2. The C.E. of electrolysis of
10N HoSO4. With 0.1 amp. A.C.
superimposed on D.C. ‘

| o | o s |f .
| CD.(amp./dm?) | 10 20|40 80 | L....m. s /‘-
| s e O Eee
| Plaghr. | The total C.E. ‘16.3% 18118.8/15.9 | 4 1l /K‘“
38mm | The Caro s acid ¢ C.E. ; 0.3 | 0.2 0.1/trace u_L-é J-ﬁu J
Diaphr. | The total C.E. 138 [16.619.2/16.6 - C.D. (amp./dm %)
ia .
|55mm. | The Caro’s acid C.E. | 28 | 1.6 0.4 04 Fig. 2.

Experiment 3. Sulphuric acid containing a small quantity of
potassium sulphate is electrolysed. The results are shown in Table 3
and Fig. 3. It can be seen that the C.E. is somewhat improved by
replacing part of sulphuric acid with the sulphate when the present case
and Experiments 1 and 2 are compared. In the electrolysis with
diaphragm, the catholyte is found, in this case also, to contain no peroxidic
products. The presence of diaphragm improves the C.E. at smaller C.D.,
and the bigger diaphragm is more favourable to the C.E., as in Experi-
ment 2,

Table 3. The C.E. of electrolysis of HsS0,
containing K,S0,. With 0.1 amp.
A.C. superimposed on D.C.

C.D. (amp./dm®.) | 10 |20 | 40 i 30 ‘

0.65N KQSO4 Wlthout
9N  H;S0,| diaphragm 349 8.3 21 839, 5|

—+ C.E. (%)

. _|—
0.64n K,S0, | With diaphragm i '
9.36N H,SO, | (dia. 88mm.) " /181 [13.519.049. 3| ;
— - C.D. ( Jdm.2
0.64N K.SO, | With dlaphra.gm ‘ amp./dm.’)
9.36N H,S0, | (dia. 556 mm.) 20.3 F27.482.7[40.5‘ Fig. 3.

Experiment 4. A solution which is 0.64 N and 9.36 N respectively
as regard to sodium sulphate and sulphuric acid is electrolysed. As in
Experiment 3, the bigger diaphragm is more favourable to the C.E. than
the smaller, but the difference is small. It is seen from the present case
in comparison with the previous case in which the potassium salt is em-
ployed that potassium sulphate is more favourable in increasing the C.E.
of persulphate formation than sodium sulphate. Such a difference be-
tween twe sulphates is attributed to that Na-ions® are more effective
catalysor to decompose persulphate than K-ions, as stated in Part I.

(4) A. Kailan and E. Leisek, Monatsh., 50 (1928), 403.
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Caro’s acid is found less than 1% in C.E. in each electrolysis. The results
are shown in Table 4 and Fig. 4.

Table 4. The C.E. of a solution which is
0.64 N NazS0; and 9.36 N H:SO,. With

0.1 amp. A.C. superimposed on D.C. 40
r 8o
C.D. (amp./dm?.) 10 .20 40 80 ~
—_————— - - e | < —— S m
Without | © 10
diaphragm 3.4% 68 149 236 1
With diaphragm - | P 10
(dia. 38 mm.) 3.4 | 78 | 149 | 204 — C.D. (amp./dm.?)
With diaphragm i | 3 Fig. 4.
; 78 | 162 242

(dia. 55 mm.) 4.2

Ezxperiment 5. The electrolyte is 0.64 N and 9.36 N with regard to
ammonium sulphate and sulphuric acid respectively. The C.E. which is
shown in Table 5 and Fig. 5 is nearly similar to that of Experiment 3 in
which potassium sulphate is used, but is better than that of Experiment 4
in which the sodium salt is employed.

Table 5. The C.E. of a solution which is
0.64N (NH4)2SO4 and 9.36 N sto.g . With

0.1 amp. A.C. superimosed on D.C. % L_@.ﬁ@?}/
— fo i
T e O . e
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diaphragm 13.3% 176 259 | 401 | /2 |
— _._:_....,.,'_ S - - -
With diaphragm | ! ; 0 CD. (ame d“, v
(dia. 38 mm.) 113 | 189 | 232 331 = C.D. (amp./dm.?)
With diaphragm G Fig. 5.
(dia. 55 mm.) 167 | 225 820 483

Experiments 6, 7, and & Three solutions which are 2N and 8 N, 4 N
and 6 N, and 6 N and 4 N as to ammonium sulphate and sulphuric acid
respectively are electrolysed in these experiments. The more con-
centrated as to the sulphate the solution is, the greater is the C.E. But
the present C.E. are inferior to those of corresponding cases described
in Part I in which D.C. only took part. Therefore A.C. is not favourable
to increase the C.E. of persulphate formation. The formation of Caro’s
acid in these cases is less than 1% in C.E. The results are shown in
Table 6 and Fig. 6, 7, and 8.

Experiments 9 and 10. A solution which is 2 N ammonium sulphate
and 8 N sulphuric acid, the same one as in Experiment 5, is electrolysed,
but in the present case the quantity of A.C. is varied, the other condi-
tions remaining the same. The influence of the amount of A.C. on the
C.E. in these cases is not considerable. The results are shown in Table
7 and Fig. 9 and 10.
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Table 7. The C.E. of electrolyses of a ”

solution which is 2 and 8 N as to (NH)2SO; wighosy 80007
and H:SO, respectively. A.C. S T S
. 4 = [ diaphr. (dis. 56 mm.)
is superimposed upon D.C. ;1’ o
e I ]
1 | @] /’;/ (0.01amp. A.C)
f C.D. (amp./dm?.) | 10 | 20 | 40 | 80 t 27
i Without , s e W wom
| diaphragm I15.6% 22.6 | 39.3 | 46.8 — C.D. (amp./dm.?)
| %cﬁ With diaphragm Fig. 9.
am (dia. 38 mm.) 16.1 | 21.8 | 39.4 | 44.9
p-
f With diaphragm | — #‘mn L
! (dia. 66 mm.) 20.2 | 27.8 | 38.0 | 41.2 3\3 4 V- mm«imt diaghrag™
' Without . i H sy A diaphr. (dia. sissmm.n
,} diaphragm 10.5 | 32.0 ‘ 41.2 | 44.6 f? / ; 0:2amp, AC)
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Experiment 11. 15 N sulphuric acid is electrolysed at 15°C. without
diaphragm for 5 hours. The C.D. is 80 amp./dm.2 as to D.C., and A.C.
is 0.1 amp. The same solution was electrolysed, with D.C. only, in Ex-
periment 5 of Part II. In the latter case the Caro’s acid C.E. fell off as
the time went on, but in the present case it is kept nearly constant during
the course of electrolysis. The total C.E. is almost the same in these two
cases, falling off gradually with time. The results are shown in Table 8
and Fig. 11.

Table 8. The C.E. of electrolysis of 15N
H:S0, without diaphragm. C.D. is T
80 amp./dm?. by D.C., and A.C. S
is superimposed on D.C. =
; o i
| mk %
Time (hour) 12|38 (5| 1s N
I 20
The total C.E. 60.7%| 57.1 | 49.6 | 28.6 | N The “"""i“’” CE.
— e 2 -1 4 5
The Caro’s acid C.E. |15.3 J 185 | 17.8 | 17.7 ~ Time (hour)
Fig. 11.
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