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Table 1. The properties of the desulfurization solution from a coal-fired power plant

pH ss

S0,” cr COD

Value 7.51 231 mg - L™

823 mg - L

9413 mg - L™ 4389 mg - L™

2.2. PbO,/Ti Hat ikl &

e H 10 cm x 10 e BKMAE b AR LIS, I
W AT WAL B, F S0y H 3R T B0 B AT
TS, FATIEVERRIN, 25 H 10wt.% SRR
B 1/NE, fJE HR ST KIS R RAFAE L1
W . FETVEH ZHIMAIG (14, 15], PAEH
Wk YT B-PbO,, ¥EWH pH =1~2 # 1 mol-L™
R R BT VA W, PRI R PRI AE 50 °C. SR
PA5 mA-cm™ Hi i % BE UUA 80 ~ 100 mm (1) 5%
B-PbO, 2, 2L 20 mAem™ HUFRZEDIR 0.5
mm 5P B-PbO, .

2.3. HLAEZENA

R Ak 2 D a2 7 DA R T OR FL AR (standard
calomel electrode, SCE) A% 7 43 8 2 L MK
I AR ) = rBR AR ZR rhidb AT, AR R Ot —
JZ LT B-PbO, 1 EK & HitK ( B2 D =3 mm).
LMk AR ‘% H i (linear sweep voltammetry, LSV)
(KL R 0.0 ~+2.0 V vs. SCE.

2.4, FELAFEZSTEIA

1 R, SEEG AT A HL AR RS S S G A H
T3 BRI A R A, R AR B AT LB B A,
I N HLRIF BB, BAFN 121, H) i
)& 7K 1 75 95 ®BT102S I sh =G, i A 200
mL-min~. HLUR R B AR BHM, AN B
e, HBE TAEMIAR N 80 em®. FRARBLLA F i B-PbO,/
Ti MBHM, AW BN, B TAEmR RS 160
em’. HUTRLZ 5 B RS 5 43652 Pk MS-155D FLif
TEARAE . AR K 2t r Ak A Ak P e AR
T pH AV TR B 43 5 B 75 i PHS-3C pH it
Al PXS-270 B 1t . &K COD Hi % B Rl
5B-3F COD il e {3 52 .

Steel cathode B-PbO,/Tianode
Al anode - s - A

n = Qutlet

Inlet ==

Electro-

coagulation
section

B 1 98 [ 7T St i 2 A 7 G ]
Figure 1 Schematic diagram of homemade square continuous
plug-flow electrolyser

3. &R 5ifig
3.1. B-PbO,/Ti HLMEAIRAE

Electrolysis
Section

R T KRR R AR F AR e S R Ol 2 )
B, E R E SRR TR — B B8R
1 PbO, IR 2, WK 2 fi~. SEM B4 EIR,
BRELE BT T — 2Ot PR S BUE I PO,
W2, WEIEMRL, WIRT A LLE H 5 R
J. B XRD B AIA1, 1% PbO, YiAUZ Malib £,
TG B(110) W, DL B(211) Ry e, AR 4
R

g 0.892 O

B,, cosO

X, A XH&REK. B, HFER. 0K
R A1, ¥ p211) Fo U 5EA A, AT RLORAG
B-PbO, Eh iR R <14 1.8537 A, W&l 3 iR, 424
VUL B, PbO, TR IS, (HA) 2 %%
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WEPE [16]. 4 b(110) 3206 06 5 o A AR X,
] LARAS B-PbO, FiR RN 3.5037 A,
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Figure 2 (a) SEM image and (b) XRD pattern of the base layer PbO, of the PbO,/Ti electrode
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Figure 3 (a) SEM image and (b) XRD pattern of the surface layer PbO, of the PbO,/Ti electrode

3.2. JR AT

AERGE PbO, HLBK HAL i HL ) 06 R 7K o A vp
W R W ALER, 6 DR R I R AR R K AT
T LSV Hl, SR mE 4. B —ANAEALE (+0.84
V) FIE A A AR IE (+1.08 V) 43 BRSO Fl
HSO; 7& PbO, 1 i fifb 5 4L [17]. & =BFE4b
PSR BE ) AR R K pH=7.51, ¥ W [E i A7
1£ SO;” Al HSO3. AR — & i 25 V- =X [18]:

HSO; <> SOZ +H'

1<=M(SO§_)=6.30><10'8 @)
c(HSO;)

Al {15A Y SO F HSO; Ik 43 51k 552.28
mg-L™ 127411 mg- L. HJm B4 52 0 A f g
ST CI RY4EAL (+1.48 V) il PbO, HI5 AL
(+1.60 V). &l 5(a) AA R H BT 19 LSV k.
Al AE B ERE R OR, B B AR
fhug g AL E 2 IERS, WL HLRE 2 3 K. Afk
WAL E, 5 1g(v) URIFILMEC SR, £ SO,
F1 HSO; £ PbO, HIAR R 1 A AS a] 38 48 Ak i v 2t 32
Pl ol R [18,19]:

1.15RT le(v) 3)
aF

A, R ASMHEE, 8314 Jmol " K"; F NEEHL

E, =
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FHEL, 96485 C-mol™'; T MiSE, 289.85K. Hi
X @) WA, WfeE R o 4043, H
K 5(c) MIA1, SOF AfbIEHIE i, 5 v 2 R IFIY
LMERFR, H R REEMR [20,21]:

i,=272n**D"*p" c=Bv"? (4)

A, ¢ MW SO H P, 6.90 mmol L™, DK
SO ¥ ¥ A B, 2.29x10° cm>s[18]. #& W] LA
HH A 5] SO; £ B-PbO, HLM 1 & A4 Hi A fb I
RS I HL T4 n = 2.08. HRIEIE 6 Fil HSO, #HL
ZB M 1.18x10° em™s'[18], [& B w] PL it 5 H
HSO;™ 7 PbO, MK T HL Ak SV 1) AL A 4% 128 2R
oo MRS T80 n 4 3128 0.61 Fil 2.60, SO5”
FHSO; & TR NGB T RTF 2, &
B PbO, HIRAS S(IV) ® S (VD) i BA B AL 4R,
PTG [17]. & 4 A =ANIH S8 A AR A0 FRUITR (+1.45
V vs. SCE) % i F B-PbO, MM FR1Hi & A M Hr
W [22], GNE 7(a) iR, ARG E, S lg(v)
WAL RAFIEME R R, K B-PbO, HUMR KT & A
AT 58S VT A P AN T 33 Sy HL A2 4 ddzE I (19
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Figure 4 LSV curve in the desulfurization wastewater from coal-
fired power plant
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Figure 6 (a) E-lg(v) plot of bisulfite oxidation; (b) i,- v " plot of bisulfite oxidation
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Figure 7 (a) E,-1g(v )plot of CI” oxidation; (b) 7,- v plot of CI” oxidation
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F 1 /NI 2 mA-em™ 247 . N T ARIESE 2 LR
KA SR, AR BARTE BB AT 1 /e 58
AR BRIE K B TE Y IF PR R K B . FE LA
FEZATHT 30 min, HL) AR K K H COD FS B
TUWREE TR, MK 8(b) HaT LA Hi LA fift B
T COD L BRFIRZCE KT 100%, FKIIHE
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SR AT RETC I AL CL . Y Hafif R 5 21 3.5
V i, LA Z 300 min B K K COD B &
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K S S EARH B-PbO, BH AR 3 i A S 1 7
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Figure 8 (a) COD removal and (b) current efficiency during the electrolysis under various voltages
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Figure 9 (a) ClI" removal and (b) current efficiency during the electrolysis under various voltages
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Figure 10 (a) The current density of the electrolyser and (b) pH variation during the electrolysis under various voltages
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Figure 11 XRD pattern of the B-PbO,/Ti electrode after
electrolysis
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JE K HO AR R ER N S B 1 I ROV, S =
H 7 T S X AR, 23 o IR TE Bl
fitBe, Bk T T 2B BARMAET Al 471, LA
CRH) KA — A E IR R KK B 42 il FR b )
(DL/T 997-20006) HE J& #x #E (COD < 150 mg-L™)

HALBRER, HLR ELE N 3.5 VIR AL P AEREAL K
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Abstract

Zero-emission of desulfurization wastewater is one of the main demands for coal-fired power plants. As typical
high salinity wastewater, it is hard to purify the desulfurization wastewater from coal-fired power plants through
traditional physicochemical treatment or biochemical treatment, e.g., COD and CI". A high concentration of CI°
ion in desulfurization wastewater restricts wastewater reuse and zero-emission. Electrochemical technology is an
attractive method for high salinity wastewater zero-emission, which provides a versatile, efficient, cost-effective, easily
automatable, and clean industrial process. For advanced treatment of effluent after triple box process treatment in power
plants, this paper reports an electrochemical method to remove COD and CI from the desulfurization wastewater,
which combines electrolysis with electrocoagulation. Aluminum plate and stainless steel plate were applied as the
anode and the cathode, respectively, for electrocoagulation. Homemade p-PbO, coated Ti anode and stainless steel
cathode were used for electrolysis. Homemade -PbO, coated Ti anode was prepared with a two-step galvanostatic
electrodeposition. The electrodeposition solution was 1 mol-L™ Pb(CH,SO5), solution with pH = 1~2. The temperature
was set at 50 °C . Firstly, an 80 ~ 100 mm dense and smooth -PbO, coating was electrodeposited onto the titanium mesh at
5mA-cm”, which is used to protect the titanium substrate. Secondly, the electrodeposition current density was increased
to 20 mA-cm ™. About 0.5 mm more electroactive f-PbO, coating was deposited on the top layer. The electrooxidation
mechanisms and dynamic parameters of SO:, HSO;, and CI” on the homemade B-PbO,/Ti were investigated particularly
by linear scan voltammetry. It was testified that the homemade -PbO,/Ti is an excellent anode material for sulfite and
chloride electrooxidations. A continuous plug flow electrolyser was homemade to test the feasibility and economy
of the electrochemical method, which consisted of an electrocoagulation section and an electrolysis section. The
electrocoagulation section could remove almost all suspended solids and a part of COD. To meet the industry-standard

“Discharge standard of wastewater from limestone-gypsum flue gas desulfurization system in fossil fuel power plant”
(COD <150 mg-L™), the energy consumptions of the electrolyser were 10.78 kWh-m™ and 15.17 kWh-m ™ at 3.5V and 4.0 V,
respectively. For zero-emission, 91.43% of COD and 92.98% of CI” could be removed within 300 min at 4.0 V.
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