hE ISR 2022,42(6): 2671~2679 China Environmental Science

B-PbO, #1 BDD FERALIBEN 2 7 351E ik K 1 R

KRR B 5L, T, T, W22 (IRT TSI BES B 07T HUM 310014)

WE: RYGULALT B-PbO/Ti-Ti Fl BDD/Si—Ti P r AR A4 5 Ak 52 B B GAT ML RVBIE WK (ROC) I PERE, B4R T W) A0 22 B 2 77 Ui (COD) FILE ZU(TN)
BRI 3 2, LA ORI K T AR A A 10 538 475 0. 45 SR 3 W1, BDD/Si-Ti - HIAR AR R (KI8T S8 HBAL(2.45 V) RTS8 HLRL(1.90V), LA K B AR LAk R RN9 B it L A7 )
YaxHE I T B-PbO/Ti-Ti MU AR I F AR %) COD BAJL TN BB A&l — )3 ) %, o BDD/Si-Ti HUBRAKR R X COD 2 Bk (14 WL 4 5
KRR R AR T B-PbO/Ti-Ti HIAR A FR; 1] B-PbO/Ti-Ti FAR A FR AT TN 2 B i) F WL 5 7 HOR B F R A3 L. B-Pb O/ Ti-Ti MUK R 1E
SmA/em® FFLIT AR L 15min, Al RIZ1EWRK BOD/COD M 0.18 FF& 042 (& 1.33 £5), BDD/Si-Ti WAHRIKRIURTE 0.78 fif. Bi# HILL,
BDD/Si-Ti HuMAA R F 1415 34 4),B-PbO/ Ti-Ti HIMK A4 5 38 F 5t e /K ml AR 1.

KR RBEROK: WS IR B

PESES: X703.1 XHkFRIRAD: A NEHS: 1000-6923(2022)06-2671-09

Performance comparison of §-PbO, and BDD electrodes for treating reverse osmosis concentrate in printing and dyeing
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Abstract: Two electrode systems of B-PbO,/Ti-Ti and BDD/Si-Ti were systematically compared for the performance in treating
reverse osmosis concentrate (ROC) from a real printing and dyeing industry. Kinetics of simultaneous remove chemical oxygen
demand (COD) and total nitrogen (TN), as well as the improvement of the biochemical properties of the effluent were also
investigated. It is shown that the BDD/Si-Ti electrode system has a high anodic oxygen evolution reaction (OER) potential (2.45V)
and chlorine evolution reaction (CER) potential (1.90V), and the absolute values of anodic oxidation potential and cathodic reduction
potential are higher than those of the B-PbO,/Ti-Ti electrode system; the degradation of COD and TN followed pseudo-first-order
kinetics. The BDD/Si-Ti electrode system is more effective in COD removal and current efficiency while the -PbO,/Ti-Ti electrode
system is more effective in TN removal. Electrolysis at a low current density (5SmA/cm?) for 15min resulted in a rise in BOD/COD
from 0.18 to 0.42 (a 1.33-fold enhancement) for the ROC for the B-PbO,/Ti-Ti electrode system, while the BDD/Si-Ti electrode
system only showed a 0.78-fold enhancement. As a result, the BDD/Si-Ti electrode system is suitable for pollutant mineralization,
and the B-PbO,/Ti-Ti system is more suitable for the improvement of wastewater biochemical properties.
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Table 1 The main characteristics of the reverse osmosis
concentrate
it T Y A W | KBUEdE B4 WA
CODc¢, mg/L  546.6~770.1 Na* mg/L 3903~5707
BODs mg/LL.  78.9~113.5 K* mg/L 340.1~473.0
NH;-N mg/L  13.4~1574| Ca* mg/L  78.9~101.0
TN mg/l  604~649 | Mg mg/L 69.8~77.9
TP mgL  0.60~0.80 | SO, mg/L  3571.4~3845.4
pH {H 7.04~7.48 cl mg/L  2789.3~3288.5
iR mS/cm  18.8~20.7 NO; mg/L 180.1~223.2
TDS g/L 12.85~13.83] NO; mg/L 2.73~4.92
ENic times  2021~2158
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Fig.1 Schematic diagram of the experimental electrolysis cell

H A P i 00 3k A R ) — AR AR R T o
(B Ta), ARG 7E FO AR TR AT (B 1b). BFHKIE
JH B-PbOo/Ti HLF A1 BDD/Si Hi b, B A% 326 T 0 AR 4k
(Ti)HL K, 23 IR . B-PbOo/Ti-Ti Hi#4A Z F1 BDD/
Si-Ti HARAR.

1.3 JrMrIt H Ak 7 vk

i I HLAL 22 T AR CHIG60(H ) HEAT Fa A 1
AR Zz M, FREE 100mV/s, TAEHA B-
PbO,/Ti Hibk(1cm?®). BDD/Si HiAk(1em?®), % Hitl
Pt J(1em?), s b B A g A A0 H 7R HUA, IR AE 50
AT, R ELE T 0.5mol/L NapSO,4; 2 AR 2]
IR 10mV/s, MASAER] b, H A 5Tk 5 537
4 0.5mol/L Na,SO,4 Fl1 0.5mol/L NaCl L % SEE fipfd
FH B35 WK, DA AR IR 4 AT ez, DL L
8 52 B 1 7K HR IR BH AR S8 A FEUASE H AR R A 2 B B
(EIS)HAZ i PR BT 4 15 Ay 10*~10°Hz, i 3h ¥
M54 0.5mV.

1k 2% 5 48 5 (CODe,) 1 H 245 R 21V E I 72 (GB
11914-89) 75 T A 21 4 R R 7K B i JA2 7K h S 25
T4 H AL 75 4 2 (BOD;s) il H] Hach BOD
TRAK 1T (3 )3 B E ; S A HLB(TOC){f FH Byt
TOC-V(H Z) I 5E ; &5k (TN R Bl 1 3 At 1 9
R AN 66 VL ] Hach DR6000 K413t
JE VT (32 ) o 28 R FH 9l B L € vk a2 s pH
HALH] EZDO B6339 {4k ([ 5 75)Mll &, TDS . H
SR H EZDO W6277 (485 20l sz 28 (h [ 5 7))
2;CL. SO,” . NO; 5B F,Na's Mg, NH, %%
FH B - BEAT ] &5+ (11542 8% Dionex 1CS-2000(3%
ESpMITprel

B SZIe BRI E 3 ANST 5256 (1 P44,
HH AT H 1R 2 <6%.



6 31 KFEEE S -

B~PbO, A1 BDD Hi % Ah P E1 4 Jz v 3% R /K 14 g

2673

2 #ER5i1e
FE A P8 6 AR AE
TEHEN 100mV/s B 7R 2(a)1.2V A4k
I 7E 0.9V A IR 5, )& T PbO,./PbO HIEALIE 5
X720 2 ¥ PbO, HIAL. I 2(b) B B

) N
PbO-/Ti #tt BDD/Si LAY 5 HLIR /DN, AL 2F 3 E

2.1

PR AT HA B2 5 T B-PbO,/Ti Ha M.

A HLAL 2E BT (BIS) H, 0 B FEL 1 8 6 A R B
J2 2 V) PR A B R A 2 R e T 5T~ 22 PR A XK
AN R H AR 0.5mol/L NaySO, Wk H 1 Bk 2
BT E W 2(c)fT7n, BDD/Si HUB I HLAL A S
IS G THI 1 FEL A B 7% B BEL/N, B W AR EE B-PbO,/Ti HL
%, BDD/Si FLAR B A 5 iy 1 HL A 22 5

0.03 () B-PbO,/Ti Hifk 0.03 | (b)BDD/SI Hifk (c)EIS Wiyl —= BDD/Si
6l —o— 3-PbO,/Ti
0.02 0.02
< z E 4t
E 001 < 001 C
e S a8
= To L
0.00 0.00
-0.01 0.01 0F

0.5 1.0 1.5 2.0 00 05
FLAZ(V)(vs. SCE)

0.0

1.0
HLA7(V)(vs. SCE)

16 20 24
Z'/ohm

1.5 20 25 12

K2 B-PbO,/Ti F1 BDD/Si HIAZMIPEFRR % S BABTIE (vs. SCE)
Fig.2 Cyclic voltammetry and impedance diagrams (vs. SCE) of f—PbO,/Ti and BDD/Si electrodes
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Fig.3 Linear voltametric scan (vs. SCE) of the —PbO,/Ti and BDD/Si anodes
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Table 2 Pseudo first order apparent rate constant of COD

removal
-PbO,/Ti-Ti BDD/Si-Ti
i ——D 0 . DASTT
ey DRAOWER RN
W kapp (min 1) # kapp(min l)
5 0.007 0.992 0.0088 0.994
10 0.0074 0.990 0.0131 0.941
15 0.0129 0.975 0.0182 0.993
20 0.0192 0.990 0.0212 0.972
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Fig.5 Kinetic analysis of COD removal effectiveness
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Table 3 Pseudo first order apparent rate constant of TN

removal
L B-PbO/Ti-Ti BDD/Si-Ti
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Table 4 E., of COD removal by two electrode systems at

different current densities

P B-PbO,/Ti-Ti BDD/Si-Ti
(mA/em?) Eeo[kW-h/(m*order)] Eeo[kW+h/(m*-order)]
5 18.50 15.80
10 40.84 27.68
15 42.67 34.00
20 43.47 4276

TN 22 5 2 B e T BERR AT B AR Fy e oy 42 1471,
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Table 5 E., of TN removal by two electrode systems at

different current densities

FHL I B-PbO,/Ti-Ti BDD/Si-Ti
(mA/em?) Eeo[kW-h/(m* order)] Eoo[kW-h/(m*-order)]
5 47.97 115.85
10 94.44 226.66
15 95.94 254.99
20 128.41 312.59
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Fig.8 Comparison of energy consumption required for

achieving the effluent standard
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Table 6 Energy consumption of two electrode systems with

different treatments

~PbO,/Ti-Ti BDD/Si-Ti
AEE 5 P=PbO,/TITi (L
E. (kW-h/m®) E. (kW-h/m®)
T B/IC+ AL 0.84+0.90 0.91+0.90
L AR IR B A TR 13.83 9.53
3 Hie

3.1 BDD/Si BT S HLA (2.45 V) FI KT S FL AT
(1.90V) T B~PbO,/Ti FHA%,BDD/Si-Ti HLHK A4 & 1)
Ha WK HL AT 45 I KT B-PbOL/Ti-Ti FEAR A4 545761
AH 7] FL VA 5 )5 BDD/Si—Ti - HI AR 44K 2 R Bl 1R 25 0
T B-PbO/Ti-Ti HHAZ.

3.2 WM AR RN COD Al TN 2 BRI gl —2%
) 2R AR R Rl 5~20mA/em® S 9 AR
PEA A 7 RE M 52 45 9, BDD/Si-Ti Hifl /A& COD
LR EME R AL kapp 1T P-PbO/Ti-Ti HIARAA
A, TN LR WA 5 5K, BDD/Si-Ti HARIAR
COD % BRFEEHEHE Eeo MK, TN L:BRIBELAERE =y A2
B SEBR BN GAT M I M /K I B-PbOy/Ti-Ti HLAR A4
ZAESCHL COD M1 TN [A]25 2 f%,1& HI T COD Al TN
FBFR R /K, 1T BDD/Si-Ti FEARAA 28 0038 & 0 T35
Y56 A0 TR 2.

3.3 B-PbO,/Ti-Ti HIMAKRFRSE SmA/em® 414 FH
fift 15min 7] LUK B/C M 0.18 $27+ 48 0.42(#27F 1.33
)1l BDD/Si A&+ 0.78 £ AH L 2 T, fd FH B-PbOo/
Ti-Ti FARMA R FEAR HL I 5 B A A PAL B v] g —

& B AL B A R Pl A REAE.

S 3Lk

[1] Joo S H, Tansel B. Novel technologies for reverse osmosis concentrate
treatment: A review [J]. Journal of Environmental Management, 2015,
150:322-335.

[2] Weng J, Jia H, Wu B, et al. Is ozonation environmentally benign for
reverse osmosis concentrate treatment? Four—level analysis on toxicity
reduction based on organic matter fractionation [J]. Chemosphere,
2018,191:971-978.

[3] Lin X H, Li S F Y. Impact of the spatial distribution of sulfate species
on the activities of SO4 /TiO, photocatalysts for the degradation of
organic pollutants in reverse osmosis concentrate [J]. Applied
Catalysis B: Environmental, 2015,170-171:263-272.

[4] Barreto-Rodrigues M, Silva F T, Paiva T C B. Combined zero—valent iron
and fenton processes for the treatment of Brazilian TNT industry
wastewater [J]. Journal of Hazardous materials, 2009,165(1):1224-1228.

[5] Chen M, Pan S, Zhang C, et al. Electrochemical oxidation of reverse
osmosis concentrates using enhanced TiO,~NTA/SnO,-Sb anodes
with/without PbO, layer [J]. Chemical Engineering Journal, 2020,
399:125756.

[6] Radjenovic J, Bagastyo A, Rozendal R A, et al. Electrochemical
oxidation of trace organic contaminants in reverse osmosis concentrate
using RuOy/IrO,—coated titanium anodes [J]. Water Research, 2011,
45(4):1579-1586.

[7] 253, AR KWE, V0 vt ) AL 22 A VA Z B 22 K COD il
NH;-N [J]. H ERER2E, 2022,42(2):697-705.

Li J C, Song Y H, Tang J L Removing of COD and NH3;-N from
blue-coke wastewater by electrochemical oxidation [J]. China
Environmental Science, 2022,42(2):697-705.

[8] Onn S W, Bashir M J K, Sethupathi S, et al. Colour and COD removal
from mature landfill leachate using electro—persulphate oxidation
process [J]. Materials Today: Proceedings, 2020,31:69-74.

[9] Olvera-Vargas H, Gore-Datar N, Garcia-Rodriguez O, et al.
Electro-Fenton treatment of real pharmaceutical wastewater paired
with a BDD anode: Reaction mechanisms and respective contribution
of homogeneous and heterogeneous OH [J]. Chemical Engineering
Journal, 2021,404:126524.

[10] Pereira G F, Rocha-Filho R C, Bocchi N, et al. Electrochemical
degradation of the herbicide picloram using a filter—press flow reactor
with a boron—doped diamond or B-PbO, anode [J]. Electrochimica
Acta, 2015,179:588-598.

[11] Garcia-Segura S, Ocon J D, Chong M N. Electrochemical oxidation
remediation of real wastewater effluents — A review [J]. Process
Safety and Environmental Protection, 2018,113:48-67.

[12] Zhou X, Wang s, Ma C, et al. Effect of Ag Content and f—PbO, Plating
on the Properties of Al/Pb—Ag Alloy [J]. Rare Metal Materials and
Engineering, 2018,47(7):1999-2004.

[13] Sirés I, Low C T J, Ponce-de—Ledn C, et al. The characterisation of
PbOs—coated electrodes prepared from aqueous methanesulfonic acid
under controlled deposition conditions [J]. Electrochimica Acta,
2010,55(6):2163-2172.

[14] Abaci S, Yildiz A. Electropolymerization of thiophene and 3-
methylthiophene on PbO, electrodes [J]. Journal of Electroanalytical
Chemistry, 2004,569(2):161-168.

[15] Zhou X, Zhou Q, Chen H, et al. Influence of dimethylphenol isomers
on electrochemical degradation: Kinetics, intermediates, and DFT
calculation [J]. Science of The Total Environment, 2021,794:148284.

[16] Pérez G, Saiz J, Ibafiez R, et al. Assessment of the formation of



KRR

B~PbO, Al BDD Hi iz b FE E[1 4 [ 53 R K 1 g

2679

[17]

(18]

(191

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1]

[32]

[33]

inorganic oxidation by—products during the electrocatalytic treatment
of ammonium from landfill leachates [J]. Water Research, 2012,46(8):
2579-2590.

Panizza M, Kapalka A, Comninellis C. Oxidation of organic pollutants
on BDD
Electrochimica Acta, 2008,53(5):2289-2295.

He Y, Huang W, Chen R, et al. Anodic oxidation of aspirin on PbO»,
BDD and porous Ti/BDD electrodes: Mechanism, kinetics and

anodes using modulated current electrolysis [J].

utilization rate [J]. Separation and Purification Technology, 2015,156:
124-131.

Panizza M, Cerisola G Application of diamond electrodes to
electrochemical processes [J]. Electrochimica Acta, 2005,51(2):191-199.
Martinez-Huitle C A, Ferro S, De Battisti A. Electrochemical
incineration of oxalic acid: Role of electrode material [J].
Electrochimica Acta, 2004,49(22):4027-4034.

Li A, Weng J, Yan X, et al. Electrochemical oxidation of acid orange
74using Ru, IrO,, PbO,, and boron doped diamond anodes: Direct and
indirect oxidation [J]. Journal of Electroanalytical Chemistry, 2021,
898:115622.

Santos J E L, de Moura D C, Cerro-Lopez M, et al. Electro- and
photo—electrooxidation of 2,4,5-trichlorophenoxiacetic acid (2,4,5-T)
in aqueous media with PbO,, Sb-doped SnO,, BDD and TiO,~NTs
anodes: A comparative study [J]. Journal of Electroanalytical
Chemistry, 2020,873:114438.

Xing X, Ni J, Zhu X, et al. Maximization of current efficiency for
organic pollutants BDD, Ti/SnO,-Sb/Pb0O,,
Ti/SnO,-Sb anodes [J]. Chemosphere, 2018,205:361-368.
HEACHT, FEWIBR, A N, 55 R A S A A AT A8 — TP R IR 284 JB fH
WA EHOTFRERE [7]. AL TH AR 2021,49(4):267-271.

Deng D L, Wu M Z, LI Y. Advance on anode material for
electrocatalytic oxidation of phthalate ester [J]. New Chemical
Materials, 2021,49(4):267-271.

Song S, Fan J, He Z, et al. Electrochemical degradation of azo dye C.I.
Reactive Red 195by anodic oxidation on Ti/SnO>—Sb/PbO> electrodes
[J]. Electrochimica Acta, 2010,55(11):3606-3613.

ERESP R X, A N TR RR AT Ti/PbO, LR B 11 LA UAL
SNVAF R [T]. ATE2R, 2021,72(5):2810-2816.

Ye Z P, Zhou D F, Liu Z F, et al Electro—oxidation information of
p—toluene sulfonic acid on Ti/PbO, electrode [J]. CIESC Journal,
2021,72(5):2810-2816.

Zhang C, Lu X, Lu Y, et al. Titaniumboron doped diamond composite:

oxidation at and

A new anode material [J]. Diamond and Related Materials,
2019,98:107490.

Santos J E L, Gomez M A, Moura D C d, et al. Removal of herbicide
1-chloro—2,4-dinitrobenzene (DNCB) from aqueous solutions by
electrochemical oxidation using boron-doped diamond (BDD) and
PbO, electrodes [J]. Journal of Hazardous materials, 2021,402:123850.
Chen X, Gao F, Chen G. Comparison of Ti/BDD and Ti/SnO,-Sb,0s
electrodes for pollutant oxidation [J]. Journal of Applied
Electrochemistry, 2005,35(2):185-191.

Sun J, Lu H, Du L, et al. Anodic oxidation of anthraquinone dye
Alizarin Red S at Ti/BDD electrodes [J]. Applied Surface Science,
2011,257(15):6667-6671.

Deborde M, von Gunten U. Reactions of chlorine with inorganic and
organic compounds during water treatment—Kinetics and mechanisms:
A critical review [J]. Water Research, 2008,42(1):13-51.

Zhou Q, Zhou X, Zheng R, et al. Application of lead oxide electrodes
in wastewater treatment: A review [J]. Science of The Total
Environment, 2022,806:150088.

Huang Y K, Li S, Wang C, et al. Simultaneous removal of COD and

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

NH;-N in secondary effluent of high—salinity industrial waste-water
by electrochemical oxidation [J]. Journal of Chemical Technology and
Biotechnology, 2012,87(1):130-136.

Labiadh L, Barbucci A, Carpanese M P, et al. Comparative depollution
of Methyl Orange aqueous solutions by electrochemical incineration
using TiRuSnO,, BDD and PbO, as high oxidation power anodes [J].
Journal of Electroanalytical Chemistry, 2016,766:94-99.

Santos J E L, Antonio Quiroz M, Cerro-Lopez M, et al. Evidence for
the electrochemical production of persulfate at TiO, nanotubes
decorated with PbO, [J]. New Journal of Chemistry, 2018,42(7):
5523-5531.

Zaidi S Z J, Harito C, Walsh F C, et al. Decolourisation of reactive
black—5at an RVC substrate decorated with PbO,/TiO, nanosheets
prepared by anodic electrodeposition [J]. Journal of Solid State
Electronics, 2018:1-12.

Kuang P, Natsui K, Einaga Y, et al. Annealing enhancement in stability
and performance of copper modified boron-doped diamond (Cu-BDD)
electrode for electrochemical nitrate reduction [J]. Diamond and
Related Materials, 2021,114:108310.

Kapatka A, Joss L, Anglada A, et al. Direct and mediated electrochemical
oxidation of ammonia on boron-doped diamond electrode [J].
Electrochemistry Communications, 2010,12(12):1714-1717.

Yao J, Mei Y, Yuan T, et al. Electrochemical removal of nitrate from
wastewater with a Ti cathode and Pt anode for high efficiency and
Naselectivity [J]. Journal of Electroanalytical Chemistry, 2021,882:
115019.

Su L, Li K, Zhang H, et al. Electrochemical nitrate reduction by using
anovel Cos04/Ti cathode [J]. Water Research, 2017,120:1-11.
Kokabian B, Bonakdarpour B, Fazel S. The effect of salt on the
performance and characteristics of a combined anaerobic—aerobic
biological process for the treatment of synthetic wastewaters
containing Reactive Black 5 [J]. Chemical Engineering Journal, 2013,
221:363-372.

Abou-Elela S I, Kamel M M, Fawzy M E. Biological treatment of
saline wastewater using a salt-tolerant
Desalination, 2010,250(1):1-5.

Asaithambi P, Sajjadi B, Abdul Aziz A R, et al. Ozone (O3) and sono

(US) based advanced oxidation processes for the removal of color,

microorganism  [J].

COD and determination of electrical energy from landfill leachate [J].
Separation and Purification Technology, 2017,172:442-449.
Daneshvar N, Aleboyeh A, Khataee A R. The evaluation of electrical
energy per order (EEo) for photooxidative decolorization of four
textile dye solutions by the kinetic model [J]. Chemosphere, 2005,
59(6):761-767.

Long Y, Li H, Jin H, et al. Interpretation of high perchlorate generated
during electrochemical disinfection in presence of chloride at BDD
anodes [J]. Chemosphere, 2021,284:131418.

He Y, Zhu Y, Chen J, et al. Assessment of energy consumption of
municipal wastewater treatment plants in China [J]. Journal of Cleaner
Production, 2019,228:399-404.

Yao J, Pan B, Shen R, et al. Differential control of anode/cathode
potentials of paired electrolysis for simultaneous removal of chemical
oxygen demand and total nitrogen [J]. Science of The Total
Environment, 2019,687:198-205.

B R S A R MR B WL A8 R B R T SR S F,
e IFE0A.

TEB BN XUREB(1997-), 35 M WM ST ok k2 LB 5 2,
LN A A A B SOBIE IR KR



