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Efficacy and facilitation mechanism of hydroxylamine-enhanced

flow-through electro-Fenton degradation of dimethyl phthalate

WANG Jilong, WU Bei,SUN Jie’
(College of Resources and Environment, South-Central Minzu University, Wuhan 430074, China)

Abstract The Electro-Fenton (EF) process represents a significant advancement in Fenton reaction technology, effectively
addressing the inherent risks of H,O, transportation and storage in traditional Fenton systems while minimizing iron sludge
generation. A flow-through EF system incorporating hydroxylamine sulfate as a selective ligand for Fe™ was developed.
Hydroxylamine exhibited selectivity toward Fe®* while leveraging its reducing properties to promote the Fe® */Fe**cycle, thereby
enhancing DMP degradation efficiency. The promoting mechanism of hydroxylamine in DMP degradation within the flow-through
electro-Fenton system was also explored. The investigations revealed that the introduction of hydroxylamine into a circulating electro-
Fenton system achieved 90% Fe'-to-Fe™ conversion efficiency, reduced iron dosage to 20 wmol-L" and extended operational pH
range to 3-7. In addition, the system maintained stable degradation efficiency across 20 operational cycles under interference from
NO, , CI', PO, and humic acid, and demonstrated versatile plasticizer degradation capabilities. Thus, a novel strategy for
optimizing homogeneous flow-through EF systems was provided.

Keywords flow-through reaction apparatus; Electro-Fenton reaction; hydroxylamine; Fe/Fe’ ions; dimethyl phthalate
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Tab. 1 HPLC detection method of organic matter
159 A Wi/ (mL - min™") P /nm
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Fig. 1~ Contribution of different ligands or electrocatalytic systems to DMP degradation
(LR pH=3 ,E,=—0.9 V,V_ =100 mL,c(Na,S0,)=0.1 mol-L", Q(H,0)=0.2 L-min",(0,)=0.1 L-min" ,p(DMP)=10 mg- L™, ¥l . HLIf il
M B R RV R B2 4 0.5 mmol-L™")
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Fig. 2 Effects of different reaction parameters on degradation of DMP in HA/FT-EF system
(T 251 H Ey=-0.9 V., V, =100 mL,c(Na,80,)=0.1 mol-L"", Q(H,0)=0.2 L-min™, 0(0,)=0.1 L+-min",¢(Fe™)=20 pmol-L",
p(DMP)=10 mg-L", ¢(FL£)=0.5 mmol-L™")
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Tab.2 Relevant indicators of actual water
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p(S0,)/(mg-L™") 29.3 38.5 25.8
p(NO, )/(mg-L7") 12.1 2.8 25.0

10 mmol - L™ i, DMP F9 2 |5 258 01 52 7 8 38 0 BB AR
(3RS | W] NO, X HA/FT-EF {4 2 [ % DMP 1)
AN X R NOBEA 5 Fe 50 # Fe 4 &
WATHFE HA/FT-EF (R R b A2 19 - OH. W&  3(b) i
7R, Y U O mmol - L 38 1% 10 mmol - L7 B,
DMP i 25 Bk M 96.0% T [ 5] 85.4% , I i R H

Cl PO ) FIE SR % HA/FT-EF {K 2t DMPR&f# 1 2N 0.105 min™ TFER] 0.065 min™, BB CIX R F [
s AR 3(a) H, M NO, VR EE A O mmol - L' ME] i DMP HAMHIVEH , X & H A CIRT LS -OH
(a) 3.0 1 (b) u £=0.105, R*=0.998 =
10 - » £=0.091, R=0.995 10 - 3] o k0092, R=0.999
251 @ k=0091, R*=0.999 ~ v k=0.078, R*=0.999 A
= o | v k=0088 R=0997 E | A k0065 R=099 /’ g
S A 1,=0.089, R2=0.998 B2 % o v
0.8 1 2 0.8 - 5 N
= Z A
3 5! -
< 0.6 1 ! < 0.6 4 /;(/'
T T T T T T 5 10 15 2’0 25 30
04 510 15 20 25 30 04 4 timin
. NO; #/min 3 le
R —#— 0 mmol-L™
024 —®= I mmol-L" 024 —® 1 mmol-L™
—— 5 mmol-L! —¥— 5 mmol-L!
—4A— 10 mmol-L™ —4&— 10 mmol-L"’
0.0 4 T T T T T T 0.0 4 T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t/min #/min
(© 3 (d 3
10 | » £=0.093, R*=0.998 10 d m k=0.093, R>=0.996

@ k=0.051, R*=0.998
v ks=0.042, R=0.996
A £=0.042, R*=0.995

S

0.8 4

~In([DMP]/[DMP],)

30

0.4 4

—&— (0 mmol-L"!
024 —®— I mmolL!
—¥— 5 mmol-L"!
—4&— 10 mmol-L"
0.0 4= T T T T T T

® £=0.087, R*=0.998
v ks=0.082, R*=0.998

N

=
E A J0=0.073, R*=0.995
0.8 4 =
=
=
81
E
e
< 0.6 1
N
O
5 10 15 20 25 30
0.4 4 #/min

JEHARR
—&— () mmol-L"!
024 —®— I mmol-L!
—¥— 5mmol-L"!
—&— 10 mmol-L!

0 5 10 15 20 25 30
#/min

00 T T T L} L} T T
0 5 10 15 20 25 30
#/min

(a)NO, ; (b)CI7; (c)PO, ;5 (d) JEFHTR
B3 RIETF A% HA/FT-EF {4 R DMP (900
Fig. 3 Effects of different distractor on degradation of DMP in HA/FT-EF system
(BRI 2)
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Fig. 4 Application comparison of HA/FT-EF system in actual water.
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