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Abstract

To effectively address the defect of traditional electrocoagulation processes, where anode loss makes
electrode replacement difficult, this thesis establishes an electrocoagulation arsenic removal system with a
siderite-filled anode. The study explored the treatment effect on As(III) within this system. Through single-
factor experiments, the impact of operational parameters on the removal rate of As(Ill) from water was
investigated. Combining experimental data, several factors with the most significant effect on the removal
rate of As(IIl) were selected from the single-factor experiments. Subsequently, the interaction between these
significantly impactful factors was analyzed using the response surface methodology, leading to the
prediction of optimal operating conditions. Thereafter, characterization methods were employed to analyze
the structure and elemental composition of the flocs formed during electrocoagulation under the optimal
operating parameters. The study explored the treatment effect on As(Ill) within this system. Through single-
factor experiments, the impact of operational parameters on the removal rate of As(Ill) from water was
investigated. Combining experimental data, several factors with the most significant effect on the removal
rate of As(IIl) were selected from the single-factor experiments. Subsequently, the interaction between these
significantly impactful factors was analyzed using the response surface methodology, leading to the
prediction of optimal operating conditions. Thereafter, characterization methods were employed to analyze
the structure and elemental composition of the flocs formed during electrocoagulation under the optimal
operating parameters.

(1) Single-factor experiments identified the main influencing factors of the siderite-filled anode
electrocoagulation system. Operational parameters of the siderite-filled anode electrocoagulation system
were explored, revealing that under conditions of an initial As(III) concentration of 400 pg/L, a current
intensity of 30 mA, an initial solution pH of 7, and a Na,SO4 concentration of 10 mM, the arsenic removal
rate could reach 99.3 + 0.37%, leaving a residual arsenic concentration in the solution of 2.80 pg/L. The most
significant factors affecting the As(IIl) removal rate were identified as pH, current intensity, and circulation
rate.

(2) Stability of the siderite-filled anode electrocoagulation system and its performance in treating
actual water. After six cycles of experiments, the residual concentration of arsenic in the effluent was 5.60
+ 1.80 pg/L, which complies with the concentration range specified by the World Health Organization. For
the removal of As(III) from actual groundwater, the arsenic removal rate reached 96.48 + 0.27%. The valence

state of arsenic in the effluent was As(V), with an arsenic concentration of 1.76 + 0.14 pg/L.
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(3) The response surface methodology optimized the operational parameters of the siderite-filled
anode electrocoagulation system. Utilizing the response surface analysis method, in conjunction with
single-factor experimental data, and conducting a factor level design for the three factors identified as having
the most significant impact on the As(Ill) removal rate from the single-factor experiments, the optimal
operational parameters for actual As(IIl) removal rate were obtained. The main effects relationship of factors
on the arsenic removal rate in water was pH > circulation rate > current intensity. A regression equation model
was subsequently established, predicting the optimal conditions to be a current intensity of 30.682 mA, pH
of 6.710, and circulation rate of 102.449 mL/min.

(4) Characterization analysis explored the oxidation pathways and removal mechanism of As(III).
It was found that the oxidation pathways of As(IIl) in the siderite-filled anode electrocoagulation system
depend on the combined results of direct electrolytic oxidation, *O; oxidation, and *OH and Fe(IV) oxidation.
Moreover, two primary mechanisms exist for the removal of As(Ill) in the reaction: one is the direct
adsorption and removal of As(IIl) by flocculants with strong adsorption capabilities, such as goethite (y-
FeOOH), magnetite (Fe3Os), and other highly active polyferric hydroxide complexes; the other is the
oxidation of As(III) to As(V), which then forms bidentate complexes or ferric arsenate for removal.

In summary, the siderite-filled anode electrocoagulation system exhibits high efficiency, low cost, and
good stability. It effectively addresses the drawbacks of electrode loss in traditional electrocoagulation
processes and has a broad application prospect in the treatment of actual arsenic-containing water bodies.

Key words: Siderite; electrocoagulation; arsenic; influence factors; mechanism investigation
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o -3 40 3 A S M EE. KR RKER i DL As(IDAT As(V)IX PR R & AEAER
ALV b, RIS R, BRGNS TSR, FR SR
AARARI A B o H 2 T I LR, DR i ik R, DRI B g FR A o AR Bl R
&)@, MEERT TG TR, JHmiig] 610°CH, #tnl LLE BTSN,
PR DG AR AR, BOR O B 5ak . BHPE B SRR SE £ A0 T IR,
HAL GV T DL A T A AN K Y), WO KB . WS . 56 KRE, R —FhsiH
HERNEBICER, ErEE MR, i@ N A RS, I+ HE & Z RN b
?:[310

I R AR AR AR 2 BT FAR RSB (K VeGSR G 30 Btk A R
Bh G40 PG plr) . X T EUHEE W BT Z BRI S A (R UK, B35
W o AAAE TR K A AN, X S SRR K TR g N, AT R HAE
NAE N I BEFN R R IS (], ] Be 2 S BUN A4 H 30 B () 4 R ) - 01, ARt 5 AR
41 (WHO) WibnitE, SN 10 ng/L FIKREE, R &R RV IR, 78 B
INPLE, 50 pg/L A A& TR K i 0 ] 3252 7K 16

ffi— ELENBINAR, TTRES 0 AR I D BE3E it KR ) LR Rk, PR R
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It R 25 4% o AHOGS 00 T R G0 S M B0 5 a0« v AR S s I P R0 XU A 1
i, mEMNEZESFEIECE, MR EEH RS SEEETR M. E A ED
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BRI T 6 R TR 3R S A B R AL S R TR, T e i I AR T AR DI RERREAS |
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15 HARAEAE KR, BRSNS EE S ZEERE pH. SRR B (Eh),
TR S5 — R B REIA R 2175 N IR 22 VB BRI 25 B s o KA (R A P — FCRT 43 9 R AR
A WIEAFIRRASD . BRI Z DLBS T BRI XAEAE, BRI 2 58 B
Fr s, DARITR R Al 75 FARIRER R, K2 B0t 90 35 18 R A% X k)
SR, T IR R AR AT LB 0.45 pm FUBEREIE. R KRk —
LA AsO2> 1 AsOs* TR R 3, BN & A B T AR E, 22 B &4 .
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A REAAAER B AN E S SEAEE e, s FISOm 1), Nga 558 ANUOZE PRl 207 = £
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