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Table 1 Basic water quality indexes of landfill leachate

K A/ EMEmgEE/  TOC/ CODg, /

SR/ K"/ Na'/ Ca™"/

Mg*"/

Hhr (mg+L™") (mg+L " (mgeL " (mgeL D mMSeem ) (mg+L ') (mg+L!") (mgeL ! (mg+L")

Bl 3 269.4 377.1 4 766 16 150 22.5 500. 0 120. 0 332.5 110.0
1.3 $hEXTFTMRBENFIEHE mL i 15 % (2080 i A AL ST . TR A 66

AW 1 e S I Seng S 5 ik o5 A UB M
B e T AR 5 mmol /L (1. 455 2 @) 175 7K
EMR %A1 25 mmol/L(1. 501 5 @) (IR R fEAE 30

p L B RUE A (4B 12 45 (NCDs) % 7E 500 r/min
BT 10 min {9 FOC 0. R IRV
BF| 50 mL AT DU R £ 0 A R TR A IR AE
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GEEEZH 10 nm.
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Wb A 1) PMS W 5 J5 AT 0,01 mol/L i)
NaOH 5 WCHs A0 B ) pH 8152 7.0 4= 0. 1
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R iRl L/ (m® « h).
1.5.3 #HRIIHA

HR A 25 505 G 7 HH AR 7K e e i 53
B R R NGO THA

é&i%%:(l—%)xmo% (5

e R AT G o e mg/ Lz e, itk
K B ey B e JEE  mg /L.

2 HR5i%®

2.1 HHEXFREIBENRIE

PVDF JEE# CN-PVDF JE Y54 S8 2 2
fR. N 2 Al LLE Y, 24 PVDE ) E gk T
Co; O, /NCDs #1 5, LEP i i 118 kPa ¥ &
136 kPa, i] WL GZF A RHA 5| AN T B s 71t
P ) B YA . (AR R, 3RS A FLBR

8

M 58 V0 KA 2 4005, {HJE T Cos O, /NCDs #4
B U AR L 7 2 U o R v RE A A it 22
WAL IS, AR5 ) 27K T A B T

K2 KRR EASA

Table 2 Physical parameters of different membranes

4 =
Wk fLBR/Y  LEP/kpa SR/
(Lem?<«<h™")
PVDF 58+1 118+3 30.5+0.5
CN-PVDF 40+1 136+2 35.24+0.6

1 tb# T PVDF S F1 CN-PVDF il 2 i
Bl IR 25 44 » £ 28 Co; O, /NCDs Ji7 » [ JE S K Uk
B A A AR L I Har A A LE 1(b) .
B 1Co i K B8 B b Bos , 78 K Co, O, FUkL I
FATEVFZ/NBURL, X FTRE 5B 22 1 ik i T A
K. SEM R F ik B 2 PR 41 BL7E PVDF JEE | 71 %%
).

1 (PVDF LK (b) ~ () ARJF L BRUF i CN-PVDF 8351 SEM [ A
Fig. 1 SEM images of (a) PVDF membrane and (b)~ (c) CN-PVDF membrane surface under different measuring scale

2.2 Puimttst
2.2.1 il AR L

TEZS FLH R PE K 45 3 CRI 7K 300 mlL) B ff) i
AN 8. 99 L/(m” « h), Y fiAb 3y PMS # Nt
>4 5 mmol/L 1 20 mmol/L B}, f 2 @ 45 5 F
R 28 8. 37 Fi16.36 L/(m” « [ & 2(a) ], izs PMS
T T 8 o R e ) TS AR K. 3K T R PR
i PMS 25| AR m B K 4 53N L
fibT5 Y AR BN, 51 & T 7™ 5 4 T L. Li A
AT AP KT 5 HA 20 TE50 N IR IR FE A (0 25
b Ca™ BENE %% K75 3 1 o i oL B iV FH s 2>
T HA SN, B K 2B R4
TV RS NS0 (5 G )2 5 7K ) e D 25 k.

SRIMITE CoN-PMS 2 [ 4n[&l 2(b) iR 1. 8
20 mmol/L PMS J5 fi§ 38 & A9 T R4 08 B2 55/, DL i
Mi 25 2 3 PMS oy () HL T 2 55 78 21 TR 2 4 kLY

BB R A O, 1A B, & A AR T IN SE 3 TS
YL BEA. BB IR L S 05 B IR, 2T
J TR BREAE ML b 26 R 2 GBI AR AR G T I R
fhid A v, HA 2RO & B 25 W i 2 9t 1 S 1%
fife IR AR AL Ho O A CO, , HEAYH A B W A
RN FA B 0] B8 A BT 5 A P ) PR R 2
PR S ) 50, 5 Y ) B K P S R IR i
CoN-PMS ()i ab B ] LA R 55 15 Ye -5 i i 22
[B] AR 7K — B /K RH AR .
2.2.2  JREIGYIEET

X258 LA LA & 20 mmol/L PMS &~ Y
PMS F1 CoN—-PMS 52 56 2 114 38 2t B4 2F 17 28 14 42
G B ERBIYKRT 0. 99, FFiGH & HL AR
ENH FIAE 25 R K 3 iR, 76 PMS SCge 4,
T K 5 %) i e B A FH - BT e R B il F I
F T 16,24 m ', SR CoN-PMSHY #il A 1k
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Fig. 2 Variation curves of membrane flux in DCMD treatment of waste leachate after (a) PVDF membrane and

(b) CN-PVDF membrane photofenton preoxidation at different PMS dosages (5 and 20 mmol/L.)
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2.5 R*=0.997 3
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Fig. 3 Linear fit of 1/J, to specific pemeate
flux during MD treatment of landfill leachate in blank

and two experimental groups

SIS R B PE T A RN T MD gh By 3%
BRI AR FIAE. /N T 29 6020, B 9. 41 3§
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2.2.3 TS Y B

K4 Ca) FIEN 4 (b 73l R BT 3 A S 40 A
DCMD iz 17 45 5 J5 B 11 19 JC AL AT AT #1490 53 D R
HOESAHAP, BRI K Na  Ca"
Mg? 3524 0.5.1. 2.2. 7 F1 0. 3 mg/cm?. 7E& 1t
PMS Fil CoN-PMS fii kb B 5 » B iR 1 K A5
B, Na® & 8% A U el 2s i Ca** it Mg™™ (1)
SHERAE/N. 5 Mg M, Ca 5H LY B 4%
B /R EERE T SR T, BT A B B Ca ) I AE I
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MD g 3E F i b K e B 2 T o A5 15 1 0 AR Y
K" S84, R WA Bk, JERE N A LY R
TR E . Catt il Mg®™ AT ML 2 1] (4 28 & 42 it
T A &R e TURL B B uE U L R AR
AP SUREZ M4 )R & . F CoN-PMS
RS R T Fe b g Ca®t LR A as R BT
U/ T 20 24 %, R BB A LN S Ca® 1Y
AN SRR, B T H IS Ca™" Z IR 4%

AN
(=

ME 4 (b) rha] LU i 7 ) CoN-PMS [ i b
HPRREASFE— BB b7 1A LA e B T i LR
BLDTRRR N 19, 4 /N ZE 17, 4 mg/em? , i1 TiX Fh
O AL REA RLHBE Ca® " AYUUAL, AT LUFE I X P24
JETAE RS G ot 2 vh A A8 D IR . L e 1Y
RS 5 e B TR AT R LA O R
Boane 3 Wi, e A S R 80k 0. 862 7, I L
A AL 76 TS Y 0 I i ad B ke 3 SR (B
JE MR RARAE LY i HAD £7 78 1, 78
pH=7 i} HA %5 PVDF JETH 1) Zeta FLA YN
F{H , HA 5 PVDF 2 AH B HEF /9, 76 7= 7K o 7
o HA iDL ZEB AR IS T . 24 IEHLE T (i Ca™ " Al
Mg" DBl AJG T Zeta B HHIEME & BV 15
Yy 55 BT (4 7 I =Xt 5 A8 O AR B 5, kRt
TWLE T2 5B/ W% AT L Wi s g,
HCA MU ICHLY BT B R AE R A 2 5 R B i R
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Fig. 4 Amount of (a) inorganic substances and (b) organic substances deposited on the membrane

surface after test for each experimental group

A3 BT HILL & RBET RN R
HBFHEEMEAAX ZHR
Table 3 Correlation coefficients R* of the linear fit
between the decreased values of specific flux and

the deposition of various types of membrane foulants

K™ Na™ Ca’" Mg?*" TOC
FFEZRER? 0.0155 0.7399 0.4779 0.112 0.862 7
2.2.4 WmE R

B 5Ca) P T 45 S I 4l K B S R A AR Ak
L. B P KRR T, 45 S22 v s K A L
RS A ST P R LT X Sk
BB IR I B RGE R A KA 5, 445
YA K S 2 S RS R 24 Oy 355 mg/L. Bl 5
(b)~5(c) S BT 4% 5246 4 0 T b7 38 3 i h e HL
ALY 8B AR, Hoh s g dlxd + Ca* Al
Mg [ BR R A T4 3 K, 43 ik 3] 99. 77 Yo A
99. 50 %0 , SR X — M AL 7 (K* il Na™) i 3 H4
RORAE AU 94. 84 YR T4, 425, i KA T —

(ARSI SR T (B I B2 #E 8] 5 (o) 1 45 i
SR aE SUE SR R R G RS R DN TRz i
AT LA 00 R Y A R % T I 1. b 3B IRV
B A I TR (R ITE PERD T BE 251 & B i, ff
150w Y B E A HLE 2 oK. MM e
R B SRAT SR AR TE R R 7K F- T B2 FE DCMD 11y
RN M HE TS AIYIE R TSR a8, Ha5
FERGEFR I, ME LLGZ 5o AL E A LR K. AT 5 (o) AT
PIFE . 2 PMS 1 CoN-PMS ik # 5 , DCMD 53
FXF CODe, A1 TOC (R B AR A fr i 7t CODc, Y
AR 98. 86 W 4-TFE 99. 35% 1 99. 16 %, TOC
BT R SR AL FR 96. 46 Vo3 THZE 97. 92 %01 97. 46 %0.
PMS 255 S B 7E 6o ip £ CoCHD i+
I B A AR TR s AR R Co CTID) BA K« OH Al
SOs — HH 2, K SO~ AHES 5Ky FiE—
WES G O, WETEEW T, « OH A O, {EPEEY)
TS Aoy KT A LI ER A HL A dk
RN AR BT Z RN SS B A H

(@) 1600 010 = @ S @ | © % T
~ 1400 e |
‘ P 100 ) o0l /
£ 12001 - os L m
o 1000F o\: r % 8| X ogt
= 800 ¢ 90f 1>
s 800 ) 90 || %,
% 600 = sl 1
i 400+ —a—ZH : S| 22 o6 Q
£ 200" PMS 80

4 CoN-PMS 751 L | 95l

Or n " . . . " L 7 “ S % ’
0 50 100 150 200 250 300 70 o p— £ N P_ 94 ;FI e C/ri\l/ e
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Fig. 5

(a) Variation of permeate conductivity and removal rate of (b) inorganic substances and (c¢) organic substances

in landfill leachate treatment for each experimental group
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Fig. 6

(a) Specific flux variation curve of two-cycle “fouling-cleaning” and (b) Percentage of reversible and irreversible

fouling in the “fouling-cleaning” process for CN-PVDF and PVDF membranes

(Note: The membrane cleaning process in PVDF (Blank) group utilized pure water rinsing)
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Study on the application of cobalt-based photo-Fenton distillation membrane
to the treatment of actual landfill leachate

LU Zhenyu', YANG Qizhen', JIANG Yuling*,

QU Fangshu®, YAN Zhongsen'
(1. College of Civil Engineering, Fuzhou University, Fuzhou 350108, China;
2. Fuzhou Water Group Co. Ltd. , Fuzhou 350001, China; 3. College of Civil Engineer,
Guangzhou University, Guangzhou 510006, China)

Abstract; Landfill leachate contains all kinds of harmful substances, which pose a threat to human health
and ecological environment. Although membrane distillation (MD) has the advantages of high interception
efficiency and low operating pressure, it shows certain potential in the treatment of landfill leachate,
However, in the practical application of MD, the membrane complexation fouling caused by organic and
inorganic substances reduces the efficiency of water purification, thus limiting its potential application. To
solve this problem, this study integrated sulfate radical based advanced oxidation process (SR-AOPs) into
MD technology to enhance the control of membrane fouling. Co;0O,/NCDs/PVDF (CN-PVDF) photo-
Fenton distillation membrane was synthesized by direct hydrothermal method combined with vacuum
filtration, and it was first used in direct contact membrane distillation (DCMD) to treat landfill leachate.
Under visible light irradiation of 1. 9 kW/m? and activation of 20 mmol/L peroxymonosate (PMS), which
could alleviate membrane fouling during DCMD treatment of actual landfill leachate wastewater, and
reduce the deposition of Ca’", Mg®", and organic matter on the membrane surface during water
production. In addition, CN-PVDF membrane can realize the self-cleaning effect of photo-Fenton, and the
specific flux of CN - PVDF membrane can recover significantly from 0. 449 to 0. 928 after cleaning. In
conclusion, this study proposes an innovative method to improve the anti-pollution ability of MD mem-
branes.

Key words: membrane distillation; landfill leachate; light-Fenton; membrane fouling; self-cleaning



