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GUAN 45 "% F o S0 AL - F DT B 2 0 A 3 55 2 -
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Wi o S A T 20 Ak R B R K R R AR R R s S Rk
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[ B, b 5t T 7K s G P HE kb 1 (DB 11/307—2013
3) M, 2 4 A G ) BAE R 15 K HE
FUREIN , 225k K R 85 L A5 IKF 0.1 mg/L, BAKF
0.4 mg/L,

F1 RAKKERHAMIRE
Table 1 Raw water quality and discharge standards /( mg - L™)
B[N SE Y e i G

S e (DB 11/307—2013) %3
pH' 2.5-4.5" 6.5~9"
COoD 476~965 500
Cu 2.5~33.8 1 W EHER O
Zn 1.5~7.5 1.5
Mn 1.2~6.5 2
Pb 8.1~21.6 0.1
Ni 2.9~33.2 0.4
Co 0.7~5.6 0.1
Cr 0.1~0.3 0.5 ) S AL PR
Ccr® 0.1~0.3 0.2 JiEHE
As 0.2~0.7 0.1
cd 0.02~0.04 0.02
Hg 0.002~0.008 0.002
LEF I Vi (X A

1.2 R FI R AR

F 2R 5] K 41 L FeSO, - 7TH,O(T Ak %%) 5 H,0,
(30%); NaOH (Tl 2%, 98%); A5 H AL (Tl 40 RN
I e (B 25 1 AL) 5 BBSEidi ok s 25 G WA (CH-90Na,
Tulsion, £[ . #0415 0.3~1.2 mm, E A2 2.0 meq/mL
(HY); M L bR M & 8 2 7T : Cu>Pb>Ni>Zn>
Co>Cd>Fe>Mn>Mg>Ca>>Na),
1.3 REEEETZRE

R T 2B E 1R, B8 R 5 H R K
T 2 A58 B Al | rb R S N Al | 2R TR A L RS DLTE
L TR] KRS B PR AR AR AT L 24 70 R AR FR
e JROKEE CHRDKEE T R ) R AR ] AE A
B, IFECE A pH M 2550 3 S i i R 4
PE ML PLC AL R =217,

T AWM ALY A E 4R K e oK
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Fig.1 Schematic representation of the multi-barrier coupling process of Fenton oxidation, neutralization precipitation and

resin adsorption for organic complex heavy metal wastewater treatment
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I (R R 5 55 25 AR B 32, 4848 ICP-MS7800),
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Fig. 2 Optimization of pH neutralization conditions
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Table 2 Process conditions of Fenton oxidation for breaking complexion /(mg - L)
T Cu Pb Zn Ni Co COD
ZVIN 5.1 8.29 2.07 8.69 4.93 789
RAACHEL 1.39 0.27 <0.1 0.26 0.17 617
FeS0O,(10%, 0.5 mL)+H,0,(0.5 mL/L) 0.31 <0.1 <0.1 0.19 0.28 469
FeS0O,(10%, 0.5 mL)+H,0,(1 mL/L) 0.36 <0.1 <0.1 0.14 0.19 364
FeS0,(10%, 1 mL)+H,0,(0.2 mL/L) 0.97 <0.1 <0.1 0.42 0.14 467
FeSO,(10%, 1 mL)+H,0,(0.4 mL/L) 0.55 <0.1 <0.1 0.12 0.16 412
FeS0,(10%, 2 mL)+H,0,(0.2 mL/L) 0.89 0.1 <0.1 0.28 0.13 445
FeS04(10%, 2 mL)+H,0,(0.4 mL/L) 0.52 0.11 <0.1 0.36 0.11 386
FeSO,(10%, 4 mL)+H,0,(0.2 mL/L) 0.73 <0.1 <0.1 0.35 0.1 346
FeS0,(10%, 4 mL)+H,0,(0.4 mL/L) 0.61 0.13 <0.1 0.23 <0.1 306
FeS04(10%, 8 mL)+H,0,(0.2 mL/L) 0.94 <0.1 <0.1 0.19 <0.1 367
FeS0O,(10%, 8 mL)+H,0,(0.4 mL/L) 0.78 <0.1 <0.1 0.17 <0.1 286

X} b AN [F] FeSO, 5 H,0, #% hin #1445 %0 R &
B, ALK HT A R vE B, i K COD(617 mg/L). Ni
(0.26 mg/L)., Pb(0.27 mg/L) F1Co(0.17 mg/L) 1} #&
b, R EOK AT LY S 4 R 15 455 AR BRI T
G pivE T 2% fE. 51 A Fenton B b5, B3 H H
F:(-OH) @ A B A HLECR 5 5 4 8 0 2% &, 1B
FRTFT ISR LR OHM 4 F W E 3) .
S HH : FeS04(10%)4 mL/L . H,0,30%)0.2 mL/L .
pH 3~4, L H K COD [% & 346 mg/L, Ni, Co. Pb
Ay IR 035, 0.1 F1<0.1 mg/L, 7] 35 F| HE kxR v
Z 55 R 5 DL AN 10— 2, B Fenton %04k 7] 55 81
FEfRE G AP R S S E SR .
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Fig. 3 EPR spectrum of hydroxyl radicals captured by

DMPO in Fenton oxidation process
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T e I 6 R R % A B R L R I R IR T B
FEPo M AR, IR 5 E G BE CH-90Na 1Y 1 Fff
R (B pH 3~5, pH 5~7 K 2Z) MIAF, B iF T 592
PE S5 A X W BEE 1 A1 AR T 1O 25 I HE TR HE (pH
6.5~9.0) 5B g W o A 4 10 ASCARRE 2550 17, AR R A a2 K 3
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Fig. 4 Optimization of resin adsorption condition
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5T F Rk 2 8% 1 FeSOL(10%) 4%
it 4 mL/L. H,0,(30%) #& fil & 0.2 mL/L. "' FlpH
10~10.5; FHAEWZ B pH 6.0~6.5, LB 4T 35 d(BHIE
A TR 0 35 d), HEMG T 209 b AR K i
SLinfiReoEE, SR NFE 3 PR

SR, ZhE RS T 22X R 4405 Yy e 3
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Table 3 Continuous operation treatment effect of coupled

process under optimization conditions /(mg - L™)
e mT AR Yo Lr & R i

AH VK K (DB 11/307—2013) %3
pH’ 2.9-4.2 6.68+0.15 6.5~9.0
CcoD 564~892 145~269 500

Cu 2.59~22.68  0.32%0.14 1.0

Zn 1.61~5.87  0.16+0.08 1.5 i EHE
Mn 1.55~5.93  0.52%0.12 2.0

cr 180~420 142~324 500
TDS 410~1400  254~890 1600

Pb 8.61~20.67 <0.1 0.1

Ni 3.45~22.96  0.16£0.07 0.4

Co 1.27~5.43 <0.1 0.1

Cr 0.1~0.3 <0.1 0.5 2 ) w4k F A i
cr 0.1~0.3 <0.1 0.2 HE

As 0.2~0.7 <0.1 0.1

cd 0.02~0.04 <0.02 0.02

Hg 0.002~0.008  <0.002 0.002

TE: DR RWNR I (n=35); "pH I,

145~269 mg/L, £Br*FE>70%, FZIHF F Fenton &
AT BP0 & 8 A R RITTUE AT 25 B K 43 i
BT 4B B, G RE WL AT 2 B ik B i IR vk
FERESEHZASELRE 7T, ZMERESEH
FHe B, AINi(0.16£0.07 mg/L). Co(<0.1 mg/L). Pb
(<0.1 mg/L), ¥{EF DB 11/307—2013 HIFR{E , i54%
H100% 5 7] I 7K 2% T4 A i 2l /0N, B 38 B HE ik
PR 20K, SRR & T 20 38 2 3 A 35 e 7K i % 2
HLA 3 K o o e
2.4 ZEFHESW

RIGIEIL TS50, #5082 m®/h Ab BRI &
TAHATAETAE . A L2t A &3 )
e 52550 B, Horh 3 ) S R K A Rk g L 24700
HEMAGE  EEIL, hE R G SR HAE, B17 7%
FH2.79 90 /m®; 24 5% 2 A $5 4 B WAk (F in 3 4 g/m?°,
Hffr40070/0) i AL H BN E0.2 L/m’, 514/ 1 60070/,
AN & 0.4 kg/m®, HL4 3 000 TG /1), £ iR (5%)
(FnE 0.5 L/m?, B4 700 7T /t) . PACHE AL 150 g/m’,
HL 1200 76 /t) PAME I 3 g/m’, B4 12 000 7T /1),
BT 17370 /m’ o A SRR A T 517 AR
it 4.5270/m®, A% G 0 B Ak B0 T UE 15 AR R AR
30% LA I, = s A0, Hoidt Fentonif 7] (FeSO,
H,0,) 5 H #15 (NaOH) . HCI (125 7 %% 5 F 29 90%,
{3 3 2 BOH Ak (st 20 H,0, 3800 & L % H A pH i
FEE10) P T RCR S & AR
15 %5 T 2 Bt B U [R) A I 1 X B — i FE RE 2R 19 1Y
M, $m T T2 s TR

3 4

‘a

1) $2&H 1Y “Fenton %A fk + th FIVLTE + 25 W g )
B Z B ARG 120, At 22 B ol 280 e 3 PRt
THEIREERELIRIE KW IAGE ., EL5ETT4
R, HK COD FasE 4 % 145~269 mg/L, Ni, Co,
Pb %% H bR E 42 8 ¥ (Ni: 0.16+0.07 mg/L; Co ,Pb: <
0.1 mg/L) ¥KF (b5 i K 5 Yo 9 25 45 HE b 1 )
(DB 11/307—2013) £ 3 FR{A, IkHrFE 100%, REEHE
PR RAF R BOK B S, Wk T T EME
FaE

2) LI B AL TS S HOh - SR 4
Bt FeSO,(10%) ¥ il 4 mL/L . H,0,(30%) #% hn &
0.2 mL/L; HHIB pH 10~10.5, PAC # /143 mL/L .
PAM £ i 3 mL/L; B B W il B pH 8 6.0~6.5, |
2868 i 2 B B Bl AR IS FCHL ] SE B0 T IS e W i 4y
B B e 02 o, % () 28 78 v U0 B M S R K Ak BT
FEEA R AP 0 e M.

) BTSRRI G T 258G BIT A
4.5270/m’, H 24550 5 ReFE S e & B (5 /1 9% 2.79 7T /m’,
257012 1.73 50/m’), A AP 2 5
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Multi-Barrier Coupling Process of Fenton Oxidation,
Neutralization Precipitation, and Chelating Resin Adsorption for
Efficient Treatment of Complex Heavy Metal Wastewater

ZHANG Kai, QIAO Jiyang, LIU Fengbiao, LIU Yanli
(BGRIMM Technology Group, Beijing 100160, China)

Abstract: The existing wastewater treatment process (neutralization and sedimentation+activated carbon
filtration+arsenic removal resin adsorption) at a state-owned enterprise R & D center in the mining industry exhibits
aging facilities and insufficient capacity for breaking complexes, leading to frequent heavy metal exceedance (such
as nickel, cobalt, and lead) in the effluent. The treatment efficiency fails to meet the discharge limits specified in
Table 3 of Beijing Comprehensive Emission Standards for Water Pollutants (DB 11/307—2013). To address these
challenges, a multi-barrier coupling process of "Fenton oxidation+neutralization precipitation+chelating resin
adsorption" was proposed. Using the enterprise's high-concentration organic complex heavy metal wastewater as the
research subject, the treatment efficiency and operational stability of the coupled process were evaluated through
parameter optimization and 35-day continuous operation, with an economic assessment conducted. The results
demonstrate that the multi-barrier dynamic adaptation mechanism enable phased and efficient removal of pollutants.
Fenton oxidation (FeSO, dosage of 4 mL/L, H,0, dosage of 0.2 mL/L, and pH value of 3-4) effectively degrades
organic matter and disrupts organic-metal complexes, releasing free heavy metals. Subsequent neutralization
precipitation (pH value of 10-10.5) removes over 90% of free heavy metals via coagulation and co-precipitation.
Chelating resin adsorption (pH value of 6.0—6.5) further eliminates residual low-concentration free or complex
heavy metal ions. During the 35-day operation, the effluent COD stabilizes at 145-269 mg/L, while concentrations
of target heavy metals [Ni: (0.16+£0.07) mg/L, Co and Pb: <0.1 mg/L] consistently comply with the regulatory
limits, achieve a compliance rate of 100%. The system exhibits strong resilience against influent fluctuations,
confirming the process reliability and stability. Economic analysis indicates that the integrated operating cost of the
coupled process is approximately 4.52 ¥/m’ (power cost: 2.79 ¥/m’; reagent cost: 1.73 ¥/m’), representing a 30%
reduction compared to conventional sulfide precipitation methods. Additionally, sludge production is significantly
reduced, attributed to the synergistic effects of multi-barrier mechanisms minimizing dependence on single high-
energy-consuming steps. In conclusion, the proposed coupling process provides an efficient, cost-effective, and
robust solution for treating high-variability organic complex heavy metal wastewater. Its successful implementation
establishes a replicable framework for similar engineering applications, beneficial for the sustainable development
in mining and metallurgical industries.
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