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FE. TR TR BRI (US/UV)-2h K Fe £ 3r iR A2 Bk B %A S TALBEKGER LM KA EH EsT
WFEEEFT(COD)Folb b B ERBWY XTI, 4R KW . £ US/UV AT, 4k Fe' £ 3 ik 4 2
COD & F 1738.86 mg/L. %44 473.14 mg/L . %.4£43.35 mg/L. %47 8.53 mg/L 94 o5 T2 BENK, EpHIA A 3 R
JEH1 65 °C 3k 3% ik B 150 r/min B, 24 K Fe' &£ 8 ¥ 4 9.6 g/L \H,0,4& 4% 4 1 mL/L, & & 20 min /& ,COD . ¥4 . ¥
A e BAR ) TR FE S H A 96.75%.99.99%.99.94% F7 99.57%., ABER TAE Lo 300 %, % 7 ik B RORL AR R RO BT )
HHE T 66.6%, F R FER G 10%, LiFRFB Y 13%., HRFEAARMIRG, B EETLENXREME
50% A b, ST LA R Fe" & A A) AT, B, 4R Fe" B 3L 3 R A8 T2 8 kK7 @ AL RG89 B R AT = o
KB B EEBEAK RN R B AREMNELFFERZ (COD)
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Treatment of complex heavy metal wastewater by
ultrasonic/ultraviolet nano-Fe’ Fenton-like process

Ma Lu'?, Zhang Peng', Xiao Ling”, Yuan Xiaochao®, Tang Jie', Zhang Yunju'
(1. School of Resource and Environmental Engineering, Mianyang Teachers’ College, Mianyang
621000, China;2. Sichuan Yinhe Chemical Co. ,Ltd. , Mianyang 622656, China)

Abstract: The suitable conditions of ultrasonic/ultraviolet (US/UV) nano-Fe’ Fenton-like process for
the treatment of high-concentration complex heavy metal wastewater were studied, and the removal
mechanism of chemical oxygen demand (COD) and complex heavy metals by this process was ex-
plored. The experimental results show that under the action of US/UV, nano-Fe’ Fenton-like process
can treat the complex heavy metal wastewater with COD concentration of 1738.86 mg/L, total chromi-
um of 473.14 mg/L, total nickel of 43.35 mg/L and total copper of 8.53 mg/L. When the pH value is 3,
the temperature is 65 °C and the oscillation speed is 150 r/min, the optimum condition of nano-Fe’ is
9.6 mg/L. After reaction for 20 min with 1 mL/L of H,0,, the removal rates of COD, total chromium,
total nickel and total copper were 96.75%, 99.99%, 99.94% and 99.57% respectively . Compared with
the traditional Fenton method, the reaction rate was speeded up, the reaction time was shortened by
66.6%, the removal efficiency was improved by 10%, and the sludge amount was reduced by 13%. Af-
ter repeated use of nano-Fe® for three times, the removal rate of complex heavy metals is still above

50%, which shows that nano-Fe’ has good reusability. Therefore, nano-Fe’ has a good application pros-
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pect in the treatment of high-concentration complex heavy metal wastewater.

Keywords: complex ; heavy metal wastewater ; ultraviolet; ultrasonic ; nano-Fe’; chemical oxygen

demand (COD)

2R 1) | 5 N Bl | S T P L
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Tab.1 Chemical composition of mixed heavy metal

electroplatingwastewater

i H COoD o |t | NI | Mcu
Srit/(mg' L") | 1738.86 | 468.56 | 5.18 | 4335 | 8.53

1.2 SEIK A ALEE Rk BRI E 77 %

(1) 52564857 - 45K Fe' (nZV1) , 1 mol/L & & 1k
#4,0.1 mol/L FirBii iR , 30% ALK

(2) 5B #% : ASAFG12 J5 F MR I 43 et e i,
FA2204 HLF K, JJ-1 34 1l i P4 , PHS-25 7Y
pH i1, F-100SD M 7 35 VEHL, 1 365 nm 584N,
DL-1 HLFHL ", DZKW-1H i /K ¥ 8 , SHZ-D (11D
WK ZHESE,

(3) 7K B 5 1 77 1%

SRR AT 2R AR PE TCHLAL T 7= KA
JL - W A S 3 v (GB/T 23768 —2009)" 1 12 1R &
4R B TR , COD I & Ty 12 5% FH T 4% IR 0 vk
(GB/T 22597—2014)""",
1.3 XWAHZE

B 100 mL A4 T 43 B K TR e, fafi FH L i
PIFHA AR N R, B 5 FHRR GRR IR AL, I A —
SE 8 nZ V1, B A AH R 0 e s 1 B0 A 8 SR
KRN TE A5 A — 2 & 1 A AR AR DY I
Mk e (PAM) |, #8538 OV I 5 B0 33 VR 5 I 7K
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36, R 45 5 A AR i R SR AR BN
W, BETBOK 1 B AR A Bk B AR R I PR R
T, E5E Bl AR Cr LS Cr IR L, A SR IE
PRIk 25 A Fe' i 3t , DAB Crvgl S A . e i 7
i B US s 5 PR IR 25 R T 2 72 58 A R
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32 BEZFRR
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pH 1H 4 3, [ I il £ R 65 °C, ¥k % &% M
150 r/min, 44 K Fe' £ Jin & 4 9.6 g/L, H,0, & fil &
1 mL/L , FR WA NN 5 35% , ¥R 5% S 7 e (1) 722 £ Xof 2%
HATESE R KE RBRBOE, SR ME S PR, A
157 Bl A SN S [B] 38 i, COD AT EE 4 Ja 1) 2%
s, % 20 min, COD | A 4% | 45 1 5 4
) BT i B 43 5k 56.56 mg/L . 0.051 mg/L .
0.026 mg/L 1 0.037 mg/L, ¥ i /& HECbR fE™ . 24
JZ W 1.5 h, COD FIHE 4 J& JS BRACHR 8 B i b, Bk
FIR2 PR o ARG % IS AR TR S bris
FHAFIG O, 1 5 S256 S0 20 min 386014 .
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Fig.5 Effect of reaction time on the reaction

R2 F'REEXETEERIERIR

Tab.2 Removal effect of complex heavy metals by Fe'

5 BB/ | SVBRMREE/ | BRI/ | COD MR EE/
I
(mg' L") | (mgL") | (mgL") | (mgL")
LTS e W)
e 1.500 1.000 1.000 100.000
HERChR e
Ab PR 473.740 43.350 8.530 1738.860
AP S 0.039 0.021 0.031 41.370
EBRFE/% 99.990 99.930 99.500 97.670

3.2.2 YK Fe"¥EIERIEm
pH R 3, e MR R 65 °C, 4% 3% % # 150 r/min,
H,O, # it | mL/L, FRIEH N1t 35% , S JBi fisf [1] 2y

20 min, ZEEGK Fe' BN X 2585 25 5 4 s K 1Yy
o S5 R 6 TR . CHYK Fe' s 2> T 0.96
/L INF, 402K Fe BN 4% i, % COD #1H 4 & 2 Bk
SRIENN B B 4K Fe B 38 m i 7 A= () Fe*
W%z A/ HT 5 H0, N, 7 £ -OH, {2
R . K Fe i, 7RI I [R] P 23 A ilid
(¥ Fe*' , Z A Fe*' X235 - OH L, Bz 5 45X
(10) , 52 5 JiF 7= 4= 1) - OH # 7 #E , A F F I Jif
HEAT o PIL, fe A 9 oK Fe B ok 9.6 g/L.
Fe’+-OH—>Fe" +OH (10)
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Fig. 6 Effect of the dosage of nanometer Fe’ on the

reaction
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pH 4 3, SV IR K 65 °C, 4k ¥ 55 1 150 r/min,
H,O, 8 i 1 mL/L, 942K Fe'# i 4 9.6 ¢/L, ¥k 3%
SV 20 min, PRIEIR WA NN 16 2% 5 78 1 4 | M K
A2, 25 5 7 Frs o B R s 3, &
SR ERRFDE . (B2 YWk B, B
A H AT 2 MR AR RN A o M R A3
1K 10% (R KR BF, COD | B | B FlLEL
B () 25 6 R 0 ) A 78.03% . 70.21% ., 97.62% FI
89.87% 5 bifi 45 I W A 0 et 3 0, 71T >4 192 80 o+ ik
£ 35% B, COD | Gl 4% . BB ARV 25 Bk 40 il s 8
96.55%.99.99% . 99.94% £l1 99.57%, COD F1 & 4 J&
BTN ARER G B, BN LR 35% 5%
RS, B K pH R 2 24 o



2023 44 H

LR R

o545 % A 4 W RS 361 ) - 61 -

4 100
95
4 s
= a0 s
= -
## 90 #
& #
# N
a 480 =
g i
d
8 &
70
£ it ' 1 L

10 20 30 40 50

BRI IOE/%

E7 BRFEIINEXT R K30
Fig.7 The effect of acid dosage on the reaction
324 H,0,¥MERFNT
pH g 3, Wi EE K 65 °C , 35k 7% % 150 r/min,
YK Fe" B4 9.6 /L, BRI N 35% , ik 7 I
N/ 20 min, #8597 H,0, # 0t X 45 & A H 4 8 IE KR
o, g5 B ANE 8 TR . COD A% BV AN BV 1Y
L BRF LA H,0, I HS hn 52 30563 0 5 B i
#OOH,0, F AN R 1 mL/L B, 25 5 3k B i ok,
COD ., S 4% SV BR FI G AR 1Y 25 B 28 0 il hy 43 5l
96.5%.99.99%.99.91% £198.98% . 4 H,0, # fill &
B F 1 mL/LB, B 72 A5 /) - OH /0, A H] T4 2%
AANELEE BN EA X FECOD ME & &
T ZBRFBAL, kA HO, &g hn, 5 391
ZBRF LA EB0 B IMA )G, BN H0,45 -
OH [ , ik - OH ¥k /b , fifi HLO, B9 B JCR% , [ v 7
a1 fC12) . 28 BTk, 0O, 8
H 1 mL/L# A
H,0,++OH—>H,0+HO," (11)
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Fig. 8 The effect of the H,O, dosage on the reaction

325 REGREHFMm

pH 2 3, RSEE R 65 °C , #57%%%34 150 r/min,
4K Fe BN 9.6 g/L, H,O, & Ml iE 1 mL/L, R ik
BN 35% , 35 7% SV 20 min, ¥RST 50 RS X 464
DELEBIE KWW, 2R ME IR, NE9IH
B B IR Y BT A JE BRI, Y
L 65 °CLA LIsf, COD T 42 @ (1) 5 b % -+ 2%
18, 3% 2 i TR EE A 65 °CHT, F )i 20 min, S o 3 72
TV, T v R AR A R R /N, (H
TEIRFE 50 °CLAR I, 23 i S AS 5843, 5% 00 5 1
R KA R R bR . BRI, 25 R B 28 5% A FN T
TR LBz F , 8RN R A 65 °C.
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Fig. 9 The effect of temperature on the reaction
3.2.6 HRiHEERIFG

HAt 2 A AR G 5 18 0 5296708 i, BRFTR
D e RN 285 25 T 4 JR R OK IS, 45 R AN &1 10 B
N PR COD MIH 42 & 2L BRACRAT & 1Y
SR o XS T ANK Fe' 7R S i e P 4 5y kAR A
R, IR 5 e s BE A 2E SN o 2 PR35 B
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Fig. 10 The effect of rotational speed on the reaction
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3.2.7 UV/USHIZIN

M3 0 E H, HoA P ORAE i B UV/US #
R A EREEIRZRE —EMECR, X Eh T
H,0, 7 UV/USEH T & A= b Z i 3 2 1y 2 58 [

FIE  fIPR2% 5 A58 il B AS IR N A o T
PR S Briz 25 18, UV/US J&— il B 2 /K Ab 3 )
Wi TFBL

£&3 US/UV RIS
Tab.3 Effect of US/UV on the reaction

X BN/ B Cu i/ X
ik COD #iit/(mg-L") | & Crigiht/(mgL") ] 1 S it [] fmin
(mg-L™") (mg-L™")
Fenton 180.250 28.557 7.943 0.194 60
US/UV-Fe'-Fenton 50.890 0.049 0.025 0.036 20

3.3 Xftearh

I3 41100 mL 2% & A 5 4 J&@ JE K, 40 0l 4
US/UV-Fe'-Fenton 3% . Fe’- Fenton 1 FlE G5 25 iy b
X COD HE 4 @ 19 R BRFEAT AR . fEpH AN
3 H,O, N 1 mL/L W I N 65 °C ik 5%
150 r/min | 2 N 35% B9 SR, R4l A
0.96 g 4K Fe', 55— A 1.25 g i) FeSO, % & 7K it
b3, 25 N 4, B3 4 7] I US/UV-Fe'-Fenton

12 1 Fe'-Fenton ¥ 2 1% 4 75 1 72 COD 2 B R 42 5
T%~8% S SRR 1) 25 B 00 B R 6%~
7% 17%~18%, \2%~3% , 12 Uik J 38 4 75 908 £ %) LU
D 11%~13%, HAOK Fe"nl & PEMTH . 25 R Ui .
US/UV-Fe'-Fenton 1 #1 Fe’-Fenton 7 4b ¥ 12 25 & 7K
B AL T2 48 25 1 ¥ . Fe’-Fenton ¥ 3| 3k I 1 P
i 2% 55 % 25 min, {1l US/UV /5, 10 min #1357
M2 s, A T R NS ] BT T R N R

x4 EFWESEHFBERBREITLL

Tab.4 Comparison of removal rate between Fenton-like method and traditional Fenton method

Ik FRAE ) FSONAE | i | mCrmBEme | BNiZBE | 8 CukBE G
/(g L") /(gL
Fenton 0.000 1.250 89.634 93.972 81.676 97.730
Fe’- Fenton 9.600 0.000 96.747 99.989 99.940 99.566
US/UV-Fe’-Fenton 9.600 0.000 97.073 99.988 99.555 99.931

34 HKFEEMLE

pH M 3, N 65 °C JRi5H5H 150 r/min, 44 K
Fe' % il i 9.6 g/L , H,0, £ il & 1 mL/L, & v i
6] 20 min, B2 & £% 2 35% , F] F US/UV-Fe’-Fenton
Qb PR 2K 25 T 4 R IR K S I8 T — K RN S A
K Fe”, HZEB/K G VRIS IR G AT — IR, R 5%
Yok Fe' (i H &2 G &L, 25 SR anld 11, AR 11 7]
M, Bt 400K Fe® i H 52 A PR 22, COD Al H 4
JB B 25 BRI B WA . K Fe" 2t SR & 1
SEH, HAZ A 3 K5 COD Al 4 J8 A8 25 B R 475 8%
1E50% DL b, BEHA 44K Fe® if /E i Fe*'/Fe™ A k4
R, K Fetnl B2 A
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Fig. 11 Removal rate of nano-Fe' after repeatability

experiment
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. [8] Zhang, Lin S, Qiao J, et al. Malic acid-enhanced chito-
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e RGN ELBEK,COD N
1738.86 mg/L Gl | VAR FILEVER 9 T 8 ¥k B2 40 1) oy
473.14 mg/L . 43.35 mg/L . fl 8.53 mg/L. #| [
UV/US-Fe'-Fenton 140 BRI /K, B 5% S 7 5] () L 44
K Fe BN S IR 48K Fe® B i 55 52 M [
o SRR WS SOV YR
K Fe' & it X RBRACR K. pH A 3, N
65 °C , 4§ 7% ¥ i 150 r/min, 44K Fe' 44 9.6 /L,
H,O, ¥ M4 1 mL/L, 2 B i 6] 20 min, B2 4% /0
H35% MU RAE T, COD B4 | RV ANV B 22 B
558 96.75%.99.99% .99.94% F199.57%., US/UV-
Fe'-Fenton 1%t Cr(VI) F1 Ni (1) 5 BRCR B, 24k
PR 256 R HE bR o
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