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Abstract: Red mud (RM) was selected as the Fe source and orange peel (OP, pH=3.0~4.9) as the carbon source, RM@OPB
composite was prepared through impregnation-pyrolysis method. The regulation of red mud alkalinity by orange peel and the
influencing factors were analyzed. The catalytic performance of RM@OPB in activating PMS for IPM degradation was investigated
as well. The mechanism of IPM degradation in the RM@OPB/PMS system was further explored through the combination of
HPLC/MS analysis, active species quenching experiments, fluorescence spectroscopy, electron paramagnetic resonance (EPR), X-ray
diffraction (XRD) and X-ray photoelectron spectroscopy (XPS) of the pre-post-reaction of RM@OPB.Finally, the ecological toxicity
of IPM and its intermediates was predicted using the Ecological Structure Activity Relationships (ECOSAR) software. The results
demonstrated that orange peel co-impregnation effectively regulated the alkalinity of red mud, with the leachate pH decreasing from
11.0 to 7.27, at impregnation time and mgy: mop of 24h and 1:2.5, respectively. During the pyrolysis, reductive gases generated from
orange peel facilitated the transformation of Fe,O; in RM into Fe;0, and Fe’, magnetic RM@OPB materials was manufactured.
Notably, RM@OPB-800exhibited effective catalytic performance for IPM degradation, with the degradation of 8mg/L IPM
achieving 96.5% in 60min (k=0.065min""), under the experimental conditions of 0.5g/L. RM@OPB-800, 1.0mmol/L PMS, and initial
pH=6.7, respectively. Singlet oxygen ('O,) was identified as the dominant reactive species in the RM@OPB-800/PMS system. IPM
degraded mainly through side-chain amide hydrolysis and oxidation, dehydrogenation, deiodination, and hydroxyl addition, with
12intermediates generated. ECOSAR analysis confirmed no highly toxic intermediates were formed. The findings can provide some
critical insights into the resource utilization of red mud.
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Fig.1

The effects of impregnation time, RM/OP mass ratio, and pyrolysis temperature on IPM removal efficiency, as well as the

impacts of impregnation time and RM/OP mass ratio on the alkalinity of RM
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Fig.2 The SEM images of OPB-800 and RM—-800, along with the SEM-EDS mappings of RM@OPB-800
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Fig.4 The FTIR,XRD, and XPS spectra of different materials, as well as the Fe 2p XPS spectra of RM@OPB-x

2.3 RM@OPB-800 frIfifk 1 fE

IPM ¥ 8mg/L,PMS ¥ J¥ 1.0mmol/L.RM-
800. OPB-800 fl RM@OPB-800 #jil+E 0.5g/L,
pH=6.7 I, SN [F /R 06 TPM. (1 BAf 55 1, 45 SR
Bl S o, i & 5(a) T 40, 580 PMS 7F 60min 1Y%
i T 12%11 IPM, PMS H A7 8 & 1) Ak ik i ri A
(Bo=1.82V) % H 73 il 7= 15 10,8 {H 43R /5 Bt
'O, AT BR 1927 OPB-800 £l OPB-800/PMS X IPM

()22 B9 590k 30.2%411 38.2%, OPB X IPM B
58 IR B R, OPB 1) 75 48U By 6 T RE AL 3k PMS (1)
TEARM X IPM LT3 B 2R . RM/PMS 44 5
IPM PR ZR LT 4 25.8%.RM@OPB-800 X IPM
(IR BF 2K 8%, TN PMS JE 4 & 96.5%,0PB 1
RM JICRL 345 43 8, HF A2 g I B o RM A
Fe,05 Aty Fes04 2 Fe® (WL XRD H1 XPS 45 5), M
i T % PMS s 48 oP ek RM 2%



4440 L ES 2N

45 %%

B A L PMS 44k TIPM.

RM@OPB-800/PMS 1414 & Fe RHI4BIE
WEWR G (0200 2 AL BT T FH 28 8% 14 BT A Nl 5
Wil 5(c) o, b ) S EAT, M43 AlL Fe FI1 Ti
= HAERF SR 0. 24 S W 42 30min I,AL(0.11mg/L)-
Fe(0.21mg/L) 1 Ti(0.039mg/L)i& i T T4 . [ v

£5 9 (60min) 5,73 Al. Fe I Ti & H 48514 0.12.
0.23 F110.04mg/L.3E— ¥ RM@OPB-800 5 HAth /i
JeFPRI AR YEAN Fe™ i tHREAT ELIR (R 3), A0
TR A R AE B D BN LB PMS ¥
FEF 60min WA LA AL BR IPM, H4 J@ i Hh &4l
A, RM@OPB-800 &I H B 5 (R AR k.

(@) AN [ AR Z AL AR TPM (6) Ky ()RR P 4 R 1 .
0.065 o
oF 02k —
[_Jpms
RM
== IRMPMS e
—~ OPB/PMS —_
e OPB = ————
o— -
g | B~ RM@OPB-800 &by
= RM@OPB-SOO/PMS é /-/
0.4 L —e—pMs s O
—*— RM-800 = "
—a— RM-800/PMS \ a4 A
0.2  —e— OPB-800/PMS A
—=—OPB-800 ™~ 0.0 ok
—<— RM@OPB-800 — 0.0079 . ’ Fe
0.0 F —v— RM@OPB-800/PMS T 00023 00051 [ 00016 > 5 Ti
. L . . . . L [ SE4 T ] (e 00016 |+ < " . L . L . L
0 10 20 30 40 50 60 0 10 20 30 40 50 60

#(min)

K s

#(min)

AR ZRH TPM. (1) A 2 e AR R 11 s LA X RM@OPB-800/PMS A 5 st i ik Fi Hp 43 g ¥2
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leaching during the reaction process in the RM@OPB-800/PMS system
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Table 3 The efficiency of different red mud based materials—activated PMS system and Fe’" leaching
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