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Preparation of Pb-doped tailings-based nano-TiO, and study on

photocatalytic degradation of PAM wastewater

XING Huijuan, FAN Yuping, MA Xiaomin, DONG Xianshu, HOU Jinying, GUO lJiaqi, PEI Weiwei
(School of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: As an efficient flocculant, polyacrylamide (PAM) is widely used in water treatment process. The acrylamide monomer (AM)
produced by depolymerization of residual PAM has been listed as a class IIA carcinogen, and its treatment is imminent. Flotation tailing
(TC) was used as raw material to prepare a modified tailing matrix by alkali excitation. Nano-TiO, was loaded onto the modified tailing
matrix by hydrothermal method to prepare tailing-based nano-TiO, composite (TiO,/TC) and Pb-doped tailing-based nano-TiO, composite
(Pb-TiO,/TC). The photocatalytic degradation properties of TC, modified coal matrix, TiO,/TC and Pb-TiO,/TC were analyzed with PAM
as the target pollutant. The samples were characterized by XRD, SEM, UV-vis and BET, and the degradation products were analyzed and
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studied by high performance liquid chromatography-mass spectrometry. The degradation mechanism of PAM was explored. The results
show that TC is irregular and the surface is rough; the surface of TiO,/TC is loose, the pore structure is obvious, and the fine tubular TiO,
is uniformly coated on the surface of modified tailings. The structure of Pb-TiO,/TC is more flufty, and the modified coal matrix is loaded
with more tubular TiO,. The band gap of TiO,/TC was 3.16 ¢V, and Pb** doping reduced the band gap of Pb-TiO,/TC to 3.08 eV. The spe-
cific surface area of TiO, is 286.66 m”/g, the specific surface area of TiO,/TC and Pb-TiO,/TC are 360.33 m*/g and 358.54 m*/g. The high-
er specific surface area provides more active sites for the reaction, and the adsorption-catalytic synergistic effect significantly improves the
photocatalytic efficiency. The degradation rates of PAM by TC and modified tailing matrix were 3.39% and 4.68%. The degradation rates
of polyacrylamide by TiO,/TC and Pb-TiO,/TC loaded with TiO, increased to 38.92% and 63.87%. After five cycles, the photocatalytic
properties of TiO,/TC and Pb-TiO,/TC remained basically unchanged. In the degradation process of PAM, the macromolecular PAM

breaks into small molecular weight PAM molecules, and further decomposes into NO, , acrylic acid, acetamide and acetic acid.

Key words: tailing coal; titanium dioxide; high specific surface area; polyacrylamide; flocculant
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B 1. TC KM 1.12%, K4 70.00%, 15 %
SR 17.13%, [ EHN 11.75%.

x1 EREERILSH

Table 1 Industrial analysis of tail coal samples

N M,/ % A% Vi %0 FC./%

i 1.12 70.00 17.13 11.75

1.2 E&MRHE&E
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Fig.1 Preparation diagram of TiO,/TC and Pb-TiO,/TC
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R, TER A AR 77.3 KR, WEE S p 50
JEABANZE SR ST po Y HLAELAE 0.01 ~ 1.09 Y AN, I
E i 1) RO BT TR B AR R 2, R BET 2497 F )2
W B ERE TSR i A R L R TR, S BIH A AL
SRR B FLA FFLAR o A, E 100 2B e = B L 2
AR B 2 T RRU A8 A 1T 25 | S AR A e ) e R
1.4 4IRS

L 1000 mg/L /) PAM S AL Tk 157K, 2851
JEUE T, TC, st B SR | Tio/TC il Pb-
TiO,/TC 4 F#1BHE PL-GHX-V BG4k 2% [ i A
X PAM AT GRS . A PAM TERRME 5%
T S5 E R & AR R S HHRN, A A
(1 S e el v R T ok, WO FE S PAM R B I e
(R B, ol AR, 722G R AT L4366 T H:
WO, DT S A Ak ) R A BB . A ™ W FH
B A1 HPLC- i MS BRI AR (LCMS) BT
SrFTREIN, PR LR AL

FREL 0.10 g M EHIA 200 mL /) PAM )
o, DL 500 W SRATE A YGIR, TG 14 T b1 TR,
i 30 min #EGHEAT G RN B BL, J& 90 min 4TH
SCIEHATC OV AR BT B . AR 10 min BU—IK
FE, 28 H1850 A i B0 LB 0 L 0.22 pm JE AR U8
J&, BHL S mL 8 E 50 mL AR, A S mol/L
(VKBS R VA W 10 mL, F8 408857 J5 ## & 2 min, FN
A 13,1 g/L IR E RN R 15 mL, 785048 51 )5 i
B 30 min, 7F 470 nm P FIHOEEE . A1)
P14 PAM WK%,

n=SC s 100% (1)
Co

b AAPEHRERRR, %; C, i PAM ISR TR
J¥, mg/L; C, y PAM ISRV ¢ min J5 VRS, mg/L.

2 HBERSITR

2.1 ##HE XRD 547
R4 TC., Bt B SRR TiO, Y XRD & 2a
FI: TC B 12 e Ay . A8, JrfiAa LA
KA, B — 5 UG, R EH —E
TETERR; Dot AR SR b S A A B AT B, A
A1 S R AT ST 2R LR A O P . e
259



2023 4F55 6 A

# £ M F H# K 551 %

AAF T AR, N )R 5 )3 2 A
PRUO), HL ARG AR Jy il M B 1 TC e T i 17, ot
1M 7E Na,CO5 1 AE T i 151 0 A i 28 A6 il T 8 B
Si0,M", TiO, Bl 3% Xf % (101). (004). (200). (105).
(211). (204) FhHIA-S5 B RS TiO, AH—2k, FH Frifil
7 TiO, A HLEkA R, REE 2b A LIE i, TiO/TC
F1 Pb-TiO,/TC HEELERH &Y TiO, YA 5T, 1M H. &
PR EH ] TAURE (1 (101) 1, & Tio, )5
Ut AR SAAASS A .

(101)

—~
(=
(=3
N
~

~

o= g

°5 TiO
N 10,

- < ’

10 20 30 40 50 60 70 80
26/(°)
(a) TC. TiO, AP RBIEHA ) XRD K

5 Pb-TiO,/TC

5 TiO,/TC

10 20 30 40 50 60 70 80
20/(°)
(b) TiO,/TC Al Pb-TiO,/TC ] XRD

I—@e AT 2— A3 3—Jrfff: 4—5 i Ss— &Lk
B 2 TC.TiO,, K 1 B 21K  TiO,/TC fn
Pb-TiO,/TC # XRD A
Fig.2 XRD patterns of TC, modified tailings, TiO,,
TiO,/TC and Pb-TiO,/TC
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B 3 TC.TiOy/TC #1 Pb-TiOyTC #j SEM A
Fig.3 SEM images of TC,TiO,/TC and Pb-TiO,/TC
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Fig4 UV-vis DRS diagram of TC, TiO,/TC and Pb-TiO,/TC
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Fig.6  Effect of TC, modified tailings, TiO,/TC and Pb-TiO,/TC

on PAM removal rate
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Fig.8 Mass spectrum of Pb-TiO,/TC degradation
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