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SR FH S0 35 1 1) 1RO RS 0L 8 o AR A 3 8 A
CS [ REREAT VPl o 5 B 28 1 A 42 50 mm
(IR o /NGRS ZRAE R 3l IR AE AU 7K A
FREmEM E 2 TEL A IEAR R, FES CS I
AR AR LI 19.6 cm?. 78 HEAT AL B AR 92 56
LT, AR BRI RN A 2 mol/L 1) NaOH
TIRAT pH {242 E, PNP #ihig & it
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FFOLE 1a), AT LLLE 20 4 7.5°, 19.8°, 26.7°F1 28.6°
AbWLER B A 1) HL B (JCPDS 75-1597), X3 B
JrAk 32 B v A A R RIS, 7R 20 4 29.4°.43.00,
47.4°F0 48.5° Kb LK IE] T CaCOs fiTH I (JCPDS

¢ —CuO ¢— CaCoO;
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(a) XRD patterns of sepiolite and CS-400 sample

72-1652), it B kL AF TR B 2 AR AR AR 2
CaCO;. MHELZF, fEFES CS-400 H, O. Si H
Mg S&EIAT 82.08% (i %), 1M Ca X[
1.49% (i 7r40). FEFEM CS-400 ¥ XRD &t
A R IE W& (JCPDS  75-1597) A5 8RiE I vl ., 1
CaCO; FFFIE V2T 2. AEMEALTI ) &l FE
PR 1) Cu(NOs ), VR 3 EUFF i CS-400 H Ca # H
SN, S CaCO; & LK ikiE
XRD #ill. fEIXANEFEH, fEEZ4H CaCOs 4 EE
A T ST B S Y A R T B RE . 1t
Ah, TERES: CS-400 () XRD i, 7E 35.5°H1 38.7°4k
K] 2 A CuO(JCPDS 80-1917)4FiEIE, iEH kTh
45 7 CuO. Bl 1b A— R FIFESL CS-X AL AR 1)
XRD . HE 1b 7] I, 4 Beei BELE 500 'C5 600 C
I, A R S L P SE il R, fE 9.3°H 28.7°
AL T TAES I A REIEIE(JCPDS 83-1769). fifi & 1
BEiRETHEE 700 °C, WA R AR T A sl . iX
A G5 SR W I v PR 2 5 BV A S5 R R R
DRIIE, e ) 2% e T a0 S P M U P88 58 9 400 °C .
#*x1 EBEAMER CS-400 HTRERK

Table 1 Element composition of sepiolite and CS sample

Mass fraction of Mass fraction of

Composition

sepiolite/% CS-400/%
Si 19.61 18.50
Mg 14.44 13.19
(0} 55.83 50.39
Ca 9.26 1.49
Cu 0.05 14.64
Mn 0.03 0.03
Fe 0.13 0.16
Zn 0.04 0.02
¢ —CuO v— Talc #— Sepiolite  CS-700
v v e+ CS-600
fm e A A
* v *e CS-500
2 2 Fa e CS-400
=
2 *
£ & S 00 €S-300

JCPDS 80-1917CuO

JCPDS 83—1769'|Falc
1 A
J]CPDS 75-1597 Sepiolite

10 20 30 40 50 60 70 80
26/(°)

(b) XRD patterns of CS-X sample

B 1 ASEEES R XRD g% b

Fig. 1 Comparison of XRD patterns of various samples
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AbK Si—O—Si RS FRIRSNIE, 1212 ecm™ ALHY
W 3 5 Si—O—Si BRIk N . 5 it 4 4

Sepiolite

Transmittance/%

L, BEAh CS-400 (ZD5M IS B 526 W AL, N on ot L

3 22 B ] 4% 3ot TR b R BE SRS AT (945K, 5 XRD

G SR, W S5 M B T AR R AR5 T

IR, 53 57 0 595 R B e, T o siosi

R e RCR . 4000 3500 3000 2500 2000 1500 1000 500
3t SEM AT TEM 2 FiAE B, XA ATk Wavenumber/em

i CS-400 fLIEIERRIY ZA SR BORILSRIAT M2 A CS-400 LRI R

: T o Fig. 2 FT-IR spectra of sepiolite and CS-400 -catalytic
BT o Bl 3a AT 3b 435 A A TEARE i CS-400

membranes

\ ﬂ ‘,i

(a) Optical photos and SEM image of sepiolite catalytic filtration membrane

- i y.. | S

(b) Optical photos and SEM image of CS-400 catalytic filtration membrane
> :

LR
(c) TEM images of CS-400 catalytic filtration membrane

100 nm
| —

(d) EDS spectra of CS-400 catalytic filtration membrane

K3 R A CS-400 AL IR IITESA TR 70 A
Fig. 3 Morphology and elemental distribution of sepiolite and CS-400 catalytic filtration membranes
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Table 2 Pore structure of different catalytic membranes
Sample Mass (@ =50 mm)/g Thickness/um Porosity/% Water flux/(L'h*m>MPa ) Average pore size/nm
Polytene (PE) 0.078 133 52.48 45454 388.8
CS-400(1) 0.049 63 73.19 18 035 129.0
CS-400(2) 0.102 114 75.28 7232 107.1
CS-400(3) 0.150 180 74.32 3354 92.7

IR o X 2 AT IS SR I H R A1
AIEYE, B EN RS ERER R, e
AL I AN R €8, T RE i CS-400 {10 I JE
AN B . 76 SEM A Ff, 64 fE A i i
HIE Al CS-400 LIS JEMRIY 230 EAEA 10~100 nm
SRR AT DY R = 4E R 28 25 . XS LF 4T S
FRAEFLIE, T 7 (A B £ 3 K 1 e AN
Pl 2, JEMOR IR B AR RE . MURE B
CS-400 Ak €M ) TEM I8 7] WAL & 3¢), CuO
AR F (I SRR e P e e, HE AN T
WA Y E AR . Ak, TERE S CS-400 {1kt 38
JEir HRTEM R iR (LI 3d), W82 2127 43R T
RBI2E0EIFE N 0.252 nm,  XF N CuO(002) 5 1,
R SR DA ER ORE T 2047 3 T 4R 4R I .

AL R RS « FLBRR . Al R LR 25
Wi LA Ak PR RE AN KO E M R B R 3R . 3R 2 SRR
FHAR ) 5 321 & J2AT AN [ o R 88 O A o i
[CS-400(1-3)|IFLIR G5 . FHER 2 AT R0k L e
KR LA S T E 2 A, miLKR S R E
BHWERRR MEMTEN 0.049 g i, FLERZR
N 73.19%, KB 18035 L'h "'m > MPa ', “F
LA 129.0 nmo FAT, 24 Ak I8 5 o E 48
F| 0102 g B #E 0150 g, KBBEEZE T FE
7232 Lh''m*MPa' 83354 Lh'm*MPa'. A7
TR AR % R KR &, f B I IR AL RS T 22 1%
J20.049 g. RMESEZENRE, ZREMNFEERH
A 63 pum, J5YIRIEA T 5T E T IR A (A1
XA ELRFE i CS-400 i Ahsk P I B A B 4T Ak 1
fit. N 3 flzn, KRS CS-400 fiALI IR L2 1
#1(59.35 m¥/g)E CuO(4.89 m¥g)i] 12 . AHELT
CuO, Fffh CS-400 fiAbIt M A R LR TR,
KRR CuO 5 PMS/T5 i, Mz
TR e RE

#£3 FRRELERER

Table 3 Specific surface area of different samples

Sample Specific surface area/(m*g ")
CuO 4.89
Sepiolite 78.93
CS-400 59.35

2.2 {ECPERESCIS

Bl 4 9 7 AN [E R Ao IS4 25 A% PNP ) 6 i
R, 4TI, EEBAEH PMS HEAT R,
PNP (HEBRFNLN 9.9%, KPEMEME T PMS
TEA 4R PNP. 2810, 7ERES CS-400/PMS 14
Z 1, PNP LB S 94.45%, TiBHEHEH/PMS
&£ (13.3%)F1 CuO/PE/PMS 1 R (45.4%). iXLEsk
FAUESE T FE T CS-400 AL I JEE B &1 7 (1) PMS
AL AR, B REAS 25 T CuO R A 2 1A f)
FEER

100 - 94.45

80 |

60

45.42
40 b

Degradation ratio/%

20}
9.94 13.25

L ]

PMS  CuO/PE/PMS Sepiolite/PMS CS-400/PMS
Varisou systems

PMS is peroxy-monosulfate.

K4 ASFEAL DB IR AE A A4 2 TP i) PNP R Rk R
Fig. 4 Degradation effect of p-nitrophenol (PNP) in different
catalytic membrane oxidation systems

221 W& FAHEA R R BISR
il 8% S A AT SR B PR RE A s . I Sa Tl L,
Fr A i CS-X/PMS & & H PNP [ 2B %] LUA 2|
80%ULA L, ML CS-400/PMS A& £ 7 PNP )3
BRH R fE(94.45%) . il & REREIT 400 CHY, f#
RPERER T RE VT BE S BRI A 96 . FEIELL M iR
TERR, 400 CHHELA A S H gk i Bl )l
#1&, £ 500~600 CHIZE KAWL, [FiEiAa
AT AT A, FHAE 700 °CIFHZRHT 1) A JER K A7
ARV S A (R FEE i R A X Aot an i e
I . B FHFR A FE A 1 mmol/L & 19 in 22
30 mmol/L, PNP [ 25 [ 20V £ 5 22 95.8% . R 1M »
TERSER AR A P R F 8055 20 mmol/L i, PNP (125
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B A RS . FHEE 4w, PR (R B i
T TR 5 U RE B CS-400 AL JEIE  Cu & &
B8 & B BR A BE AN 1 mmol/L 34 n%) 20 mmol/L,

FEfL CS-400 AL IEE Y Cu &EH 2.0%TH 2
15.7% (A2 4350 . #E— 0 8Nl iR o ik fE &
30 mmol/L, Ff &l CS-400 4L SE B Cu & &k

1.0 |
0.91 ool 0.89

0.81 0.85

S g e
- N [>s]
T T T

Degradition ratio

e
(8]
T

300 400 500 600 700
Calcination temperature/'C

o
o

(a) Effect of calcination temperature

B 16.7%. MIEBRAIAE R T 8055 T 20 mmol/L
i, FEfh CS-400 EALITJEE R Cu S EHEAR
FrfaE, RN A AR CHOE ARG . XL
gERAESE T AR CS-400 LI JEIEMERE S CuO
MEBEHEVIMK, HHEE Cu BTFRERER
20 mmol/L.

L0 - 094 096
0.87

o
o0
T

0.72

o
(o)}
T

N
-
T

Degradition ratio

0.25

=]
9]
T

0.0 .
1 5 10 20 30

Impregnation concentration/(mmol-L™")
(b) Effect of concentration of Cu(NOs),

Bl 5 i8S XTRE S CS-400 HEALPEBE I B2

Fig. 5 Effect of preparation conditions on the catalytic performance of CS-400 sample

R4 TERESRREHEAIER CS400 EUTERS Cu EE
Table 4 Content of Cu in CS-400 sample prepared with
different concentrations of copper nitrate

Impregnant concentration/(mmol-L™") Mass fraction of Cu/%

1 2.0

5 7.4
10 12,5
20 15.7
30 16.7

222 AERMNFMS LR EERE RN E
6a NN RIHT4E pH AE 2 A4 Ak 3 e s Ak o B2 i
HE 6a AI WL, 7fE¥I4 pH 1H RN 9~12 HIFE M
CS-400/PMS & R HA T PNP HIFEARBCR . 4

FKW, fF£ pH{EHA 11 B, PNP EERREME; 4 pH
BN 11 B, Bl pH EIEIN, PNP BRI
e XRFCAERM AT Cu(l)ERE 5NN
Cu(l), MITHNEE PMS [#3EE2, SR10, 24 pH {4k
SIEE 120, BT CuO- A 2 8 5e 4N
T PMS R, 93 PNP LR EE T, B
6b >y PMS F =X ALt JEAEPERE M2 M. I 6b
AL, FEARNFE PMS & X PNP FEARBCR A 5
. % PMS FEIH/D, PNP BFAAZR A2 AH Bk
/b 24 PMS [F & 0.1, 0.2g/L #10.3 g/L I}, PNP
(R B R A3 TN 37.8% T1.7%A1 85.0%; 414k 7]
RN 0.4 g/L I, PNP (MR L 94.45%.

SR, HE—2B R PMS &3 0.6 g/L, PNP %

R IR R g = . — 7 T2 BT A
JERERLHE . K 1 R T R SR R A e A
JRSLIE BRI 55— T T SR ARAUL R /K ik B A AL
W BE R B 1K, Had & 2 530 PMS B4
=B S STE iR

Bl 6c NAIE PNP ¥ 4f 5t & 9 B 5t FF 5
CS-400/PMS R ZH PNP FEESURIRM. HIE 6c
AT UL, 24 PNP #4657 53 E A 10 mg/L 34N %] 50 mg/L
I, PNP ()25 94.45% T 4 ZE 43.8%, X%
0.4 g/L ¥] PMS Joi%EA R P fif =k FE 1K) PNP VT o
SR, AU PNP &R BT LU S PMS Bl
PEYIFD Z (A1l R, AN IRD T ISR 7= A 1
PMS jR%%. FEFEVIL PNP JTEIRFEG M, SEbr
Pt N 37.78 mg/g BN ZE 87.7 mg/g. K 6d N
ANFEFOE FRER CS-400/PMS 1A Z 1 PNP [&A# Rk
R HE 6d v, FEEGUEMIIEIM, PNP LR,
PMS JHFEEALEA PUR(TOC) MR KBS R . 24
JU% A 2.9 mL/min i, PNP 2%, PMS JHFEL A
TOC EBRFED N 95%-87%F1 45%, Z1°4 15 mL/min
I 1.2 £5(PNP £BR#F N 85.0%, PMS JHAEFEN
68%, TOC %£BF N 36%). @ ifti#E N FE
CS-400/PMS A& Z 1 %F PNP [ AR R S5 R HE A
ZT) 1, XM THES CS-400 Ak i e e —Fh s
) PMS JEALTR,  HONHSERRR FH 858 T Refifh

SR R K I8 AR SR I R T AR AR A LA
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HHINOM), "B AITIE AT LA R 3RS M4 i LAE
AL TG . Bk, &8 T UM B B 7 (CT,
SO, CO™) Ml J& FH M (HA) 3k iF # Bt W
CS-400/PMS 1A R AbHESEBR K IRE /1. W&l 7 B
N 2 CI, SO A COs™ M in® CS-400/PMS 14
A, PNP [ LFRREEAR FRAHZRIEW. SR,

1.0 0.94
0.8
2
g
£ 0.6 |-
= 0.49
s
5041
j53
a
02
0.0
9.0 10.0 10.5 11.0 11.5 12.0
pH value
(a) Effect of initial pH value
14,
1.0 ° 3
o/ g
—14.0 &£
0.8 _— - 2
° =
: 1358
= 0.6 g
g o {308
e ! ;
& 0.4 b
2 125 2
=
02 =
o 12.0 §
1 1 1 1 1
0-0 10 20 30 40 50 13

PNP mass concentration/(mg-L™")
(c) Effect of PNP mass concentration

TOC is total organic carbon.

Dergradation ratio

Degradation ratio

7F HA fA7EITEL R, CS-400/PMS & & A1 PNP ]
EBRFSRITRE, X AR H T HA 1 PNP Z [H]
X T IR 56 4 o AR HE IX g BT DA H 4508,
B 76 A [R] [ 55 7 11 HA FISEm R, #E 5 CS-400
WEAERIFMMEAER, XU H TR
CS-400/PMS 1k R E A R U 1S b B 77 .

Lo 094 095 095
0.85
0.8 |-
0.72
0.6 |-
04+ 0.38
0.2 |
0.0 1
0.1 0.2 0.3 0.4 0.5 0.6
PMS concentration/(g-L™")
(b) Effect of PMS concentration
[ Degradation ration E=PMS utilization
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Extended Abstract

Introduction Sulfate radical-based advanced oxidation processes (SR-AOPs) are a highly promising technology for water treatment,
and their processing capacity is affected by the catalyst. However, the existing catalysts are mostly powder-based and cannot meet the
requirements of recovery and mass transfer in practical applications. Catalytic filtration membrane is a functional membrane that
combines catalysis and filtration. It provides a support for the catalyst to ensure its recovery, and restricts the reaction to pores,
facilitating a close contact between pollutants and active sites, thereby achieving efficient utilization of peroxymonosulfate. Sepiolite
is an excellent catalyst carrier because of its excellent thermal stability, great adsorption capacity, and abundant acid-base sites. In
addition, sepiolite is a high-quality film-making material with fibers interwoven into a mesh structure in the same or different
directions. In the paper, we prepared a CuOf/sepiolite catalytic filtration membrane (CuO/sepiolite) with excellent catalytic
performance via impregnation-filtering coating-drying-calcination. In addition, the performance and activation mechanism of
catalyzing peroxymonosulfate method were also investigated.

Methods 0.1g sepiolite was dispersed in 20 mL of 20 mmol/L Cu(NOs), solution to obtain a suspension A. The suspension A was
heated at 30 ‘C and stirred continuously for 3 h. The mixed suspension was filtrated through polyethylene (PE) microfiltration
membrane (0.45 um) and dried at 60 ‘C for 12 h to obtain a precursor. The dried precursor was placed in a muffle furnace and heated
at 400 ‘C for 2 h to obtain a catalytic membrane. The catalytic membrane was cut into a circle with a diameter of 50 mm (named CS).
A series of catalytic membranes were prepared at different calcination temperatures (i.e., 300, 400, 500, 600 ‘C and 700 C) (named
CS-X, where X represents the calcination temperature).

The chemical composition of the samples was determined by X-ray fluorescence spectroscopy (XRF). The Cu content was
quantitatively measured by an acid dissolution method combined with inductively coupled plasma atomic emission spectroscopy
(ICP-AES). The crystal structure was analyzed by X-ray powder diffraction (XRD). The functional groups on the surface of catalytic
filtration membranes were detected by Fourier transform infrared spectroscopy (FTIR). The microstructure and structural
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characteristics of the membrane material were determined by scanning electron microscopy (SEM) and high-resolution transmission
electron microscopy.

A lab-scale catalytic filtration system was established to evaluate the catalytic performance of the CS. The inside diameter of
filtration is 50 mm and the valid test area of CS is 19.6 cm”. The simulated wastewater flowed through the catalytic filtration from top
to bottom at a certain flow rate. Before catalytic degradation, a feed PNP solution firstly flowed through the catalytic filtration system
to achieve adsorption—desorption equilibrium, and then the catalytic reaction was started by adding a specific mass of
peroxymonosulfate (PMS). After a specific interval, filtrate was collected for measurement of absorbance, ion leaching concentration
and TOC in alkaline conditions. The removal ratio (R) is calculated by

R=20"%100 1)

Co
where C, and C; are concentrations of pollutants in feed and filtrate after reaction time t, respectively.

Results and discussion The catalytic filtration membrane (CS-400) has the optimum catalytic performance when the calcination
temperature is 400 ‘C and the concentration of copper nitrate solution is 20 mmol/L. After the continuous catalytic degradation of 15
L of p-nitrophenol solution at a concentration of 10 mg/L, the performance of CS-400 catalytic filtration membrane does not show
any degradation, and its structure is not damaged. Hydroxyl radical is the main reactive oxygen species for the degradation of
p-nitrophenol in this catalytic reaction system. The CuO/sepiolite catalytic filtration membrane is a potentially valuable
peroxymonosulfate catalyst with the promising applications in wastewater treatment.

Conclusions A novel CuO/sepiolite catalytic filtration membrane was prepared according to the process route of
impregnation—filtering—forming—drying—calcination for activating peroxymonosulfate. When the calcination temperature was 400 °C
and the concentration of Cu(NO;), was 20 mmol/L, the prepared catalytic filter membrane (CS-400) had the best catalytic
performance. After the continuous catalytic degradation of 15 L of p-nitrophenol solution at a concentration of 10 mg/L, the
performance of the CS-400 catalytic filtration membrane did not show significant degradation, and its structure was not significantly
corroded. The hydroxyl radical is the main reactive oxygen species for the degradation of p-nitrophenol in this catalytic reaction
system, and the CuO/sepiolite catalytic filtration membrane is a potentially valuable peroxymonosulfate catalyst for the application in
wastewater treatment.

Keywords copper oxide; sepiolite; peroxymonosulfate; catalytic filtration membrane



