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Study on generation of persulfate by electrolysis with anodes of

different materials at low current density
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( College of Environmental Science and Engineering , Taiyuan University of Technology , Taiyuan 030024, China )

Abstract: Using four common electrodes including Si/BDD ( Boron-doped diamond) , Ti/Sn0,, Ti/PbO, and Ti/Pt as
anodes, the electrochemical behavior of electrodes in the process of producing persulfate (PDS) by electrolysis of
Na,SO, was investigated. The effects of electrolyte concentration, current density and the addition of PDS, H,SO, and
NH,SCN at low current density on the preparation of PDS by electrolysis were also researched. The results showed
that, under the condition of low current density, the main way to generate PDS was +OH produced by electrolyzing
water mediated the oxidation of SO,”. Under the same reaction conditions, Si/BDD anode had the best effect on PDS
formation among the four kinds of anodes. Under the conditions of 0.9 mol/L of Na,SO, concentration, 60 mA/cm® of
current density, the PDS yield reached 24.12 mmol/L after 60 min with Si/BDD electrode as the anode. Increasing
electrolyte concentration and current density could improve current efficiency and PDS production. The addition of
Na,S,04 and NH,SCN to the electrolyte reduced the occurrence of oxygen evolution side reactions and the addition of
H,S0, reduced the cell voltage required for the reaction. According to the orthogonal experiment analysis, the domi-
nance of each reaction condition on the electrolysis-generated PDS followed current density, Na,SO, concentration
and Na,S,0, dosing concentration.
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Fig. 1 CV curves of four anodes
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Fig. 2  Performance comparison of PDS generation by
four kinds of anode electrolysis systerm
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Fig. 3 Degradation of RNO in each anode system
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Fig. 4 Effect of electrolyte concentration on
the preparation of PDS by electrolysis
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Fig. 5 Effect of current density on the preparation
of PDS by electrolysis
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LA SR 17 S A 3 e SRR R AR K AN T
HL U 25 B R AR 8 PDS B2 A AN [R] o BRI, B2 B Tl
FH R, S 345 03 4 L i AACRE I PDS 77 o T S B AR 5

o FEL Y T SR AT F AR A IO T i Y AR T R AT
Pl o
2.3.3  PDS #= H,S0, #) % m

g 4 TE E A O SR, PDS Y Tl A 7 e R A
HL A W TP VR N PDS A HLSO,, 3 AT AGH 1 24 i,
i F 5 g e rp 4R 4l . 78 HL T B B N 60 mA/em?,
L f#% JB 0.9 mol/L Na,SO, ¥ W 45 15 T, 4 51 LA
Si/BDD .\ Ti/Sn0, 2y B A% , AN 1] BH A% & o 8 i A [
JZ PDS, B A 1] B A% ¥ 4 I 500 mmol/L H,SO,, %
£ PDS M H,SO, X% PDS A= 5 1 52 1), 25 3 L 1] 6.

O R
%= 20 mmol/L Na,S,0, .
30 - % 100 mmol/L Na,S,0,
o O~ 400 mmol/L Na,S,0 s e
= < 500 mmol/LH,SO, |~/
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¥
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6 BAAR/FA % BB % & AR #2 0 PDS/H,SO, X
R % # & PDS KSR

Fig. 6 Effect of adding PDS/H,S0O, to anode/cathode
electrolyte on the preparation of PDS by electrolysis

FH 1l 6 RN, A5 1) FH AR 2 H 8 i 400 mmol/L PDS
i, B f# 60 min J5 , Si/BDD Fl Ti/SnO, B #% H, % 52 i
() PDS A AR 4 R U 0 B 4 B4R T 20.2% M
5.3%. Z54 CV e 455, B W b PDS B9 % i af
(GRS TN R A = S I L S A =W D 2
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A, IRl B Si/BDD FH AR AT b 1 B A JH: 3% T A9 PDS # ik
Sk PDSHIE T 7 - OH B A4 >, 3 AT BE & PDS 2k i
AR R, S8 o g E] 5 R
PDS HH L, 2 Ff B AR 52 7 Jir 7 769 A BRL Bt PD'S 14 38 i
WA F B, e R R RS 1V,

& 6 38 AT 1, A 1) B AR W S 0.5 mol/L
H,S0, %F F 2 F BH B 1R 22 PDS 1 A= i 34 B A7 B i
B0 (0 A B T R A R A i A R R . HLSO,
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AT H,S0, A0 Eb L 2 B BE AR R 4 B R R 38 3
4V, ]V 60 min B (1) B R FEAK IS BE LA 2 V A A .
M. DOYLE 2548 & Bl H* 7 7K 1 Al % 3 Nafion117
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SV A2 BR ) Na,SO, 4k 1 2R 2, S il 0, 1 2E
J , — B R BUAE BE AR B P R T AT G2 50 1 S
CL A WF 55 22 B, AT 480400 4 00 T e AR AT 4603 %, 41 £
0,25 1, H X PDS 19 25 1 JE 671 T 52 i

TEHL 3 % 2 60 mA/em?, H i 54 0.9 mol/L
Na,SO, ¥ W 2% 1 T, 1) BH B & H %% i 2.3 mmol/L
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Fig. 7 Effect of adding NH,SCN into the anode electrolyte
on the preparation of PDS by electrolysis
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£ 60 min 19 HL A L B v, R R T AR LAY PDS A MR
248 N 2 30.17 mmol/L, 5 AN il NH,SCN B #f Lt
BT 6.05 mmol/L, 5 BL [A] B, 28 0 2 1R &R 19 H 3
RO T 25.10% . 3% 4 W] NH,SCN 1) % fin xf 1
Si/BDD FH % H1 A4E PDS A fEHE/E T . 45/ 1(e) 1
CV I & 25 53, 4y Hr 459 ) NH,SCN X #r 48 i A7 Y $2 7+
UK Ay 480 SR 4 40 1) 7T B A& Si/BDD BB H i 14
Z PDSE s B M Ay I . i X T Ti/Sn0, FH# , 78
VSN NH,SCN J& , B 88 W58 21| s W B PH Al 2 T <7
Az S B H L PR AR Y PDS = A A T R o
IE A, A8 A A R 45 44, LA Ti/PhO, #l Ti/Pt L B
Shy BEAR, 214 S 565 eF b YR % 38 BH AW A7 2E s 2 DA B
PDS A= ff f 39 i A 3 B % . X R B X T T/
Sn0, . Ti/PbO, F Ti/Pt FH AR > P , 76 AR 1 L 3 %5 B2
TR VR B, BT S0 B R AS 2 BR Al PDS A= A 1Y
FEHFE, H NH,SCN 7 H by 2 187 (4 W BiE 38 a6 s
e BRI PR AL A A5 NHL,SCN 1Y 3 i xF T 42 T
PDS A Bt R e 25 . L, Tk b AE G i 2%
JE A F R i 45 PDS B, 2438 JH Si/BDD HL R A 2 FH AR
HAE X AE B PDS 41 B R AN S i1 00T L Al DL %
J 38 1o S I NH,SCN SR 34 PDS 7= &, 1 XF F HoAh
3 o IoH A ) iz 4 % NHL,SCN A9 .
24 XBEHRUEHAR

R TR G R R v R A S0 2R A AR
PDS 1 5% e A5 B, 16 95 117 390 52 96 240K A 19 Si/BDD
HL A A FHAR , DL Na,SO, ¥ BE (A) L% B2 (B) 4
I PDS ¥ B (C) 34> F B 5w PR 2 T IE 28 S, 5
B R MK 1,

F1 EXKEEERKER
Table 1  Orthogonal test factor level table

A B 4
K- Na S0,/ L i A1 PDS e FE /
(mol-L™") (mA-cem™) (mmol-L™")
1 0.3 20 20
2 0.6 40 100
3 0.9 60 400

T2 RIEAR LI . R 2715, £ IR X HL i
A Ji PDS A4 520 (1) 8 35 P 5« FL 37 %6 > Na, S0, ¢
JE>HM I PDS ¥ JE |, B AE PDS A= i 4100 & BALC, 1E
ZLE AT, PDS A SR B AT 35 29.95 mmol/L,
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K2 EXIWHER
Table 2 Orthogonal test results

S R SIS PDS L I/
A B C 2= (mmol-L™")

1 0.3 20 20 1 1.68

2 0.3 40 100 2 3.42

3 0.3 60 400 3 15.58

4 0.6 20 100 3 3.55

5 0.6 40 400 1 11.36

6 0.6 60 20 2 19.85

7 0.9 20 400 2 7.83

8 0.9 40 20 3 12.91

9 0.9 60 100 1 27.79
K1 6.893 4.353 11.480

K2 11.587 9.230 11.587
K3 16.177 21.073 11.590
R 9.284 16.720 0.110

3 i

WF 5% SR H RS2 0 #45% 6 1H 300 Fi i s oy A2 X %
5% 1 Si/BDD . Ti/Sn0, . Ti/PbO, . Ti/Pt 4 Fft fH 4% 75 v ¥
ZME T AR AT R, AR AR H 30 % B 2R R T HL
Az i PDS o A8 v f fi TR B IR L PDS U HLSO0,
J NH,SCN i £ hn xf PDS A= 5 19 5% | 45 2] an
é:lgl:i/lf\;:

(1)CV i & v, Si/BDD BH B 4 HEL 3447 10 e 5, 2
Ji5 M YRS Ti/Sn0, . Ti/Pt 1 Ti/PbO, BH#% . Si/BDD FH#%
Al DL E AR SO, (AL BE 18559 , i HiA4y 3 Fh FHAR
BRI SO M EU A o AE AR AR U %% B 45 4 T L 4 Bl BH
e A PDS A 32 B34 4% 0] i 2 3l ok f g K = AR 1 - OH
NG T S0 M EAL .

(2) 761K HL U %% B2 1Y L 25 P8 T, Si/BDD FH A%
il % PDS A9 % B 2 fE T Ti/SnO, | Ti/Pt #1 Ti/PbO,
FH# o XFF Si/BDD FH K , Na,SO, ¥ J& A9 38 i ) F
PDS 19 4= i, [ B PDS B A A i o Bl FRL 30 2% B85 114 38
TSI 5 A AV PR A 285 R Y PR DAY 3 4R T P U
AL ARAS B e R E AR . B TR
H,SO, A FIF RSN e &, BH A% &8 in PDS A F
T4 TF PDS 2k ik . NH,SCN Ay B AT L3 i B 48
Rl R, A #E SO, i 44k .
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