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Analysis of aluminum electrode dissolution and electrochemical behavior
In inorganic salt environment of indigo wastewater

ZHANG Mengdi', ZHANG Wei'?, YAO Jiming""

(1. College of Textile and Garment, Hebei University of Science & Technology, Shijiazhuang 050018, Hebei, China;
2. Jiangsu Engineering Research Center of Textile Dyeing and Printing for Energy Conservation, Discharge Reduction
and Cleaner Production, Soochow University, Suzhou 215123, Jiangsu, China)

Abstract: In order to improve the electrocoagulation efficiency of indigo dyeing wastewater, and determine
the optimal formation conditions of hydrolyzed metal salts, the Al-Ferron timed spectrophotometry was
used to investigate the influence of initial pH, coexisting anion species, and current density on the distribution of
aluminum salts during electrocoagulation. Meanwhile, the changes of floc Zeta potential, termination pH,
system current density and conductivity were monitored. The dissolution and corrosion of the electrode
were observed microscopically, and the electrochemical behavior was analyzed by measuring the electrode
polarization curve and electrochemical impedance spectroscopy using an electrochemical workstation. The
results showed that, when the initial pH range was 6~7 during the electrocoagulation, the content of
medium polyaluminum(Al,) with the dominant flocculation form was higher. The addition of chloride ions
inhibited the electrode passivation and enhanced the electrocoagulation reaction rate. The low current
density was beneficial to the uniform corrosion of electrode and the existence of Al,. The content of Al in
the system could reach 4.76 mg/L at a current density of 15 mA/cm?, which could produce good flocculation.
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Fig. 4 Dissolution corrosion of electrode after cleaning at different initial pH (a); Micrograph of electrode corrosion (b)

* MpH=10~12 (H¥/5)
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Table 1 Resistance of electrode with floc adhesion
LR WA T VERT HLBH/Q T Yk fE HLBH/Q

1 6.2 0.4

2 6.8 0.6

3 8.2 0.4

4 10.7 0.2

5 8.8 0.9

6 9.8 1.1

7 11.2 0.7

8 6.4 0.6

9 6.8 0.4

10 9.0 0.4

-3y 8.4 0.6

2.4 FE¥IE pH TERMEMBULZEITA

M R A 2 A sl e — 28 0 A 0 BH AR A P
1320, WA i 2 B B mT (AR 3 S i A P e et
BB oL, Bt Z8er- e, DL s P>,
K5 g ARG pH T B A AR BB AL it 22

log (FLI/A)
L

_5 -
_6 -
_7 -
-5  -10 05 0 0.5 1.0
LR LSV

Kl s AFERIHR pH T BOS 55 B AR A B A 24

Fig. 5 Polarization curves of electrode after reaction under
different initial pH

ME 5 ATLUAE W, #14 pH o 5 B, FHAR XA
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AERIEE pH T ROV S 55 FHAR 1 Ak 27 28 Ui BH
Prig il il 6 s, nTLAEH, Bk pH M 3
I X TCY B 2SN, AR H e A X 25 050
FEAT DX B 4 1L 2 4 A o i M X AR AR B A )
f pH BYFHREIEAT I/, AR e o I X R
FEERIG pH Fhm s, RUIPI4G pH XX
FPUNGEmER, R AR R AT H Warburg 97
BBHPT (W) KRR . RBHPTE SRR B AU G 25
Wk 2 s, ATLIE N, WIth pH RHA R A RS2 4
/Ny YR pH R 5 I, EHLRH AN, TIRIAS pH A
5~7 WA HFFREHE (Ry) W)y, RO AR R
AL R BH 1A /0N, FEAb A O RS . W, 7
PIHR pH g 5 R 11 AN £ bR v BRI il 155 L
SHAFITNRE, WG pH N 5~7 I, BCRS)
Bifk, mAb2ATEERLS, A RT RARSE RN AT .
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E 6 AFEIIH pH T S5 87 FIB Y Nyquist 128
Fig. 6 Nyquist plots of electrode after reaction at different
initial pH

w2 OFRUEBE S

Table 2  Fitting results of equivalent circuit

Wi pH
3 5 7 9 11

e I o o R & S
Ri/(Q-cm?) 7.18 5.70 6.69 10.60 7.16
QPE-T/(F-em®)  5.14x107°  8.88x107 1.78x10™* 4.88x10™* 5.25x10™*
QPE-P 0.7479 0.5433 07452 06916 0.7728
Ry/(Q-cm?) 265.7 53x10° 33x10° 1240  27.89
Wi/(Q-cm?) — 823 23220 2627 0.8

I RACRIFE AL ; QPE, MU ZHLEE, MR
AFL , TGk FL R AN 2 2, R R AR A R AR
HH QPE-T WMUHZHZ, QPE-P AR ETEAL.
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TEHE RN 15 V., WME pH N 7 RMET, B
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B, 250N 3 FR. IR SR, g
WS AR R, B R AR R Ak 2 N 1Y
HEATRPH X AR K 2 R 3 R BH S T /K %, Horb NaCl
KRB FREBAC, (AR (600 mA );
Na,S047K 7 Fll Na,SO; 7K R W1 4R B 5 553 51 ok 5.07
F1'5.10 mS/em, {HRIGRE G 55 F1 18 mA, KR
WG AIZE K MUK ZHmA 3 M T
BRI AR R . SRR R AL, H A B in
AR R T, P R TR R Eh 1 i A
HRARTF TR R B, CIRR PR, Bk
SN R R R AR R SR I AT B0 R L TR,
AT R e o3 P ki B A o1 I 7 A S - o B S
AR ZR LR AR, CURY AT g R THA R
Wi, B AR N R

R3O ONFEKREM TR R A S TR

Table 3 Changes of current and conductivity under different
water system conditions

Kz sp? WILRHLIR ZA0bMIR IR SR bR
/mA /mA /(mS/cm) /(mS/cm)
[EDY & 51 131 4.89 474
NaCl /K & 600 640 491 4.86
Na,S0, /K £ 55 110 5.07 4.88
Na,S0; /K £ 18 45 5.10 4.90
NaCl+H5UK & 1003 1170 7.87 8.43
Na,SO,HEAUIK 65 336 9.88 10.18
Na, SO +HAUIK 5 42 29 9.70 10.05

DK RN BRI N 1 /L HERREWR .

26 AFRMABFTRUEFITARBRSSH
IAFHE T A DGR R I, b 2R PR Y
Wi BHIUK RS AR E IR R T, B
FRE TR A NP 7a B . 5 HALK R AL, W3]
CI A7 /K 2 R PR T AR 2 2] 0 SRR
Cl HARME, s ClHs | B, it sH
A2 I L2 BIABHEYZ , BRI A,
CI Al R BlAL , R STl (R R AL TRTE R
A1 To BB AEIh L, A CUJS, LAl E A JE ik
OGRS, BB R ph 222, R ls L
FEBERRRG , AUACE D) SR This i o TERIRERILA K R,
PR A pd it 2 A SRR DX )8 /) o R BB R ERAE — & i
JE EAMHI B . AR ER A 2 FEL A
RLIEm B S, RS2 3] e postife g, H
BEALIX TR . X RO R Al For 5 Rt T
Br (F 7c), CIIAFKRF, Al HSHRE, A
46.65% NI, [F S 1A B0 ) LA RO i JE 1o,
MM R . A CURT A Sl e i st A
P HL AR, SRTHAR Al, B 203 i FELBERUR

b
_—
<
8 4
B
@ —S.0F —— Bk SR
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BTS00 05 0 05 10 15
I G TAY
C
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ol 3811% A021%
S
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<
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0
HEIKR  Na,SO, NaCl Na,S0,

KFR KE K#FR
7 OR[R BT % AR B i i B IR R Ca ) B ol
T LI ZE (b) F1 AL B h () BIsEm
Fig. 7 Micrograph of electrode corrosion by anionic species

(a); Effects of anion species on polarization curves
of electrode (b) and Al, content (c)
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iR RZLWAERP, fE0Ith pH A 7, ARIETS
JE T FL 2R SN S AR R SR B i E S AR A A 8a
Fimne ATLAE M, B RS BRI, AR B
TN, FERREE N 5~10 mA/cm® PR S RAR
feiets . MR EE N 15 mA/em’ i, BESRIEE
10.78 mg/L. ZFZLERm e, SRS iR
L% ANFIEEE N, G HEIE AR nE 8b
Fime WTLAEW, MG RIS BRI, Al B o
FEAR, SO FRANWHRIREE T, SRS ERAR,
Wik, APKMRASRERE, PSS HEREE.
B L BT, IR RO R, KR AP
HOH F=i Rl i, 45 /KA -5 =22 IR P A L Al
JUREER, AT AL IERL. LA e X B e
EERTEAS MR T, SRR 15 mA/em’
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B, KRN AL, SRR, N 4.76 mg/L,
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Fig. 8 Effects of current density on total aluminum content
(a) and Al, percent content (b)
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Micrographs of electrode corrosion at different
current densities
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HE 9 ATLLAE S, s BRI, iR
TRBTIR /N  Bif A R B T, TR IR R T
Z, R\ E RS EA A TR T, Y
LR R 10 mA/em?® J&, LA A4 T8 inh a7t i1 B
W2 HR/NAE), B4R S im bt , BB JCie
FREL R T, 40 BHAR B SR B A ], el b
FLEAT R —B o G54 B I % B X R TE S 0 A (R R T
g BUAE A5 i 1) 2 0 ) i P R A4 AT T ok,
T FE AR HITE 15 mA/em’,

3 it

T SRS W Y LR KB UK RIS & IR
XoF EEL AR A i AL AR 22 AT A B RS, A BRI )
Az tn pH AALE R PR m sk, H
With pH ML, AR ) 2
R EE R P 5

(1 )00 4 pH 52 HLAG B i 2280 Y AL 2E i
KR Al, A 53 & A P M N, PTG pH=6
AR %] 57.95%. & pH L RFM e Rm, &
AR B o A R TE SRR 1 [ ) A e AR At A
W P K L R BRI 0 B pHL N IR 6~

(2) A7 BH B 3 2k 5 i) e A 7 Mot R ol ot i 52
MR R . CURY I A AT 4l B AR ik, fR0E i
i, RIHAR Al TR

(3)fICHL i 2% Bl f AR A 20 S ke, 34 R F Al
B4R, YIRS N 15 mA/em? i, KEH Al

ik, M 4.76 mg/L,

SE 3k

[1] HENDAOUI K, AYARI F, RAYANA 1, et al. Real indigo dyeing
effluent decontamination using continuous electrocoagulation cell:
Study and optimization using response surface methodology[J].
Process Safety and Environmental Protection, 2018, 116: 578-589.

[2] ZAZOU H, AFANGA H, AKHOUAIRI S, et al. Treatment of textile
industry wastewater by electrocoagulation coupled with electrochemical
advanced oxidation process[J]. Journal of Water Process Engineering,
2019, 28: 214-221.

[3] TAVANGAR T, JALALI K, SHAHMIRZADI M, et al. Toward real
textile wastewater treatment: Membrane fouling control and effective
fractionation of dyes/inorganic salts using a hybrid electrocoagulation-
nanofiltration process[J]. Separation and Purification Technology,
2019, 216: 115-125.

[4] HU C Z, WANG S Q, SUN J Q, et al. An effective method for
improving electrocoagulation process: Optimization of Al;3 polymer
formation[J]. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 2016, 489: 234-240.

[5] CANIZARES P, MARTINEZ F, JIMENEZ C, et al. Comparison of
the aluminum speciation in chemical and electrochemical dosing
processes[J]. Industrial & Engineering Chemistry Research, 2006,
45: 8749-8756.

[6] WANG X, XU H, WANG D S. Mechanism of fluoride removal by
AICl; and Alj;: The role of aluminum speciation[J]. Journal of
Hazardous Materials, 2020, 398: 122987.

[77 ANGY, YUE Y, WANG P, et al. Deprotonation and aggregation of
Alj; under alkaline titration: A simulating study related to
coagulation process[J]. Water Research, 2021, 15: 117562.

(TH#% 1148 W)



