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Preparation and Properties of PESU / NZVI Composite Membranes
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2. Guizhou Material Technology Innovation Base, Guiyang 550014, China)

Abstract : Polyether sulfone / nanoscale zero-valent iron (PESU / NZVI) composite membranes were successfully prepared
by blending, metal coordination and liquid reduction methods. The PESU /NZVI composite membrane were characterized by scan-
ning electron microscopy, X-ray diffraction, X-ray photoelectron spectroscopy and Fourier transform infrared spectroscopy, the
influences of NZVI on the property of the PESU / NZVI composite membranes were investigated. The results show that the main
elements in the surface of PESU / NZVI composite membrane are C, O and Fe, NZVI is uniformly dispersed in the membrane in the
form of spherical particles. When the mass fraction of NZVI is 8%, the PESU /NZVI composite membrane has excellent compre-
hensive property, the surface contact angle of PESU /NZVI composite membrane is down from 82.37° of PESU base membrane to
39.04°, the pure water flux is reduced from 137.58 L/ (m’ - h) of PESU base membrane to 38.22 L/ (m’ - h), the flux recovery rate
of 1 g/L bovine serum albumin solution raises from 86.67% of PESU base membrane to 97.43% and the retention rate of 100 mg/
L hexavalent chromium increases from 11.83% of PESU base membrane to 92.13%, respectively.
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ASERIE K BRI T Yk B B EAT SIS BOK AL BRI ST Y A — B (B ESE
b, B EFE AP IR ES RIS —, B RS, NZVI i TR/, KR rh i #e g
B BoR FEVE AR AL, UM E AR A BEE AR, PR AR AR R A, th TR
IR LA 1, GREM Y (NZVD) TRl BRI 5 AR i A b 2 T AUIE , A Al R 22
AN GEJEERR R RRSE R IR E A @R ERRE T NZVI f B P H Ao
E&WA : SUNERHCERPFTT I H GRS FE (2018 11089 ), St = XAHEHHRITH (RS R (2020 132 45, SHHA RN
FAB Al H GE R A (2020 13Y007 )
BIEEE : 2200, Wit BYATSE 0, ER SRR S YRR A = A v
W B A 2021-04-10
1A BI0E, 00, A 4 . REKIN / DR BRI A IR 6 BOVERE (9] TAZZRLNIAT, 2021,49(7) « 113-117,131.
Wau Xiao, Li Jian, Shao Huiju, et al. Preparation and properties of PESU /NZVI composite membranes[J]. Engineering Plastics Application,
2021,49(7) : 113-117,131.




114 TR R

2021 4F 55 49 %55 7 #i

FEHT IR NZVI A 16 P e 7 R s ©
Bhse PR U AR AR U SR A e
(R R 552>, BB 4238 AR DN I Ik 2 1Ak, A
7% T NZVI TEEM L AR T J . Wang Xiangyu
S U LR IIR IG IEM A B9 T 538 NZVI RN
S TG A BE 7K Fp R R P S R i, 25 SRR L 1%
S AR FE e LA 50 i ) S W 5 Liu Peng 45 1
DIRG9 T RIS / REZ T /
YR T BRI Kt S i i e, 45 R 3R %8
G ABERTE S 55 8 A = ik, Bl S TR B
PE=Mi% / =gk E A NZVL RS Y
HBITAEE

RELOU (PESU) H T R 4 AP AR
P b5 AR R S5 A, B2 L T 4 0 3 450
E# UL PESU M JUkE, R IR A AE R 5 | AR
FHEILRYIR 20 H R TR (SMA) , A FH R T 36
Je e A BRI T A SR A U AR S e
il #& 7 PESU/NZVI & & B, Jf i o 4+
% (SEM) ., X ST 5 (XRD). X JH£&6H FhE
7% (XPS) i 57 725 4 2T A8 56 1% (FTIR) 25 97 15 %)
PESU /NZVI [RiE4T T R G FAL M, B2 TR
] NZVI 8 52 A IR K v Gl PTs Yerk s
B RAEPERE Sl PESU /NZVI 8 & AR S48 1% 7K
RN R T o AR
1 IERS
1.1 EZRMF

PESU : BASF3010, f [ [ 7 R\ A 5

fif L R (SPSF) : T {b B Ry 25% , KM HER}
FABRAH

SMA : FRIF& 0 50%, F il 5

N, N- “HEZ B (DMAC) : Tl 4%, i
LIS R/NGIF

B IR LEE (PVP) « K30, [E 258 Ak 2Aa
FIABR A

A A AL B (NaOH) & 7K 6 R \E 2k (FeSO, -
7H,0) . R4 (K,Cr,0,) : JhHral, [E 245 4E k2%
A PR A

WA AL 84 (NaBH,) : 40 b4l A 1S dr Bk A
BT

IR Al
1.2 EBMNERXE

SEM : KYKY-EM6000 %!, Jt. 50 rh RFRHY 4 AR
KIRABRTHE AT ;

XRD 1Y : D8 Advance %Y , 75 [E] ffi & 75 /N H)

XPS 1% : Thermo Scientific K—Alpha %!, £ %k &
HRBHE A

FTIR ¥ : NEXUS670 %, 3¢ [ J& g1 J1 LA A F 5

F M £ 0 Y . DKSH Y, 78 [ Kruss 23 7 ;

AT WL Y EE T 721G-100 A, | ifE4Y
BT AR PR A F

AP TEHL B REI R . A
1.3 PESU A g4 & [

PESU JEMRAC 7 W35 1. T NZVI F 258 i
SMA Hh i [T 56 P 1) 4 i TC 47 £ 28 L, i i
FfFE SMA SR IETY NZVI gk, FRE—E i
) DMAC T = H B AR — 7 BT i) T8
PESU, SPSF, SMA 1 PVP ¥l FWRIRA G HE T
70 CHHIRK B TP I HE 12 h, B — B
PR, QRS T 70°C T EIREE M 6 h, B BOR
{EI4E 70°CHE B AR b, B AT 4 T 1 B AIL 0 33 L P
il —)Z 2 200 nm JEAYHAE, B 70 CHEFE R
B 120 s B, BT AR I PESU BRI,

R 1 PESUEMERH %

' PESU SPSF PVP SMA DMAC
¥ 15 10 5 1 69
2" 15 10 5 2 68
3* 15 10 5 3 67
4 15 10 5 4 66
5" 15 10 5 5 65
6" 15 10 5 6 64
7" 15 10 5 7 63
8" 15 10 5 8 62

1.4 PESU/NZVI £ & #) 4 &

H4 £ 1) PESU L& F 10 g/L NaOH %
HK f# B2 % 2 h, i PESU 3 B8 i SMA & 7 JT 36
S, ek, il B PESU/ 7K fife SMA i #4 PESU/ 7K
fit SMA i & T 15 g/L FeSO, W h #1742 J& It
BRI 6 h, YU, TN PESU/ #8k 551/ /K f# SMA
JIE; FoKs PESU/ 2Bk T-/ /KMt SMA & T 1 g/L
NaBH, & #i *F i HH 38 I 30 min, ] 753 PESU/NAVI
AN VAR A A T,

1.5 Mgeml

(1) SEM 7347

BYE—/IN 5 B 5 RO G T A
B L, B A4 R T SEM RE A, WLBE I ) 3¢
eSS

(2) XRD 4.

BB — /N AR A, IE T W LB TR



IG5 - B/ R E M ERE 5 0 w4 2 PEfE 115

o, DL Cu BB B SRR, U BRI AR A HLR
40 mA,EHLE 40 kV, XA R ITHETT XRD $## .

(3) XPS 5.

B /N7 BB, -5 H I T ) [
ARG L BRI . B, ORI Al
K, B4 (0.6 V), HEF 400 pm, T/EHE 12 kV,
JT22 W% 6 mA, LA C,=284.80 eV 454 HE MAERKE
IEFRUE, SRR SR AT XPS $4 .

(4) FTIR 73#f7.

ANy i i Ay = ST = S T N k=
TEHEA RS, 7E 500 ~ 4000 cm™ 3t B IR AE
() FTIR 3K .

(5) FASHE ik £ D 2 o

SYIC—/N R A BB o [ T R B
TUCHE T S A 25 /KO TR il R T, K 4 ik
PRI S PN BB Sk AR AR R RGO 53 K ik
o A3 RN A

(6) R 1 BoTs Gt B B R

JI55 38 5 AT TS G P47 I GB /T 34242-2017
R, B A BH R 4% BB GB /T 342422017 1 GB/
T 7467-1987 i,

2 #ERE5iE
2.1 BEEREEMSH

AR NZVI & & ) PESU /NZVI & 4 JIii SEM

TS WE 1R,

@ (b)

(© (d)

NZVI T4 a—0% ; b—1% 5 ¢—2% ; &—3% ;6—4% ; F—5%
Bl 1 A[E NZVI F53500 PESU /NZVI &4 Efl SEM I8 F

M 1 AT RIE H, PESU REEAY K mHCH , BA
LALLM . 4 NZVI S BEfk ek PEJ5 , PESU /
NZVI & A W3 1 HA B W oHURE 1A SO 2544 .
HAEBER A 245 T 50 ~ 100 nm K/NYBRIE
NZVI kL ; B NZVI 25 A58 0, I8 3% i A0 RS
TR AW BRI NZVI Bk B £ 5 i T
B R/INA BR , 1 55 9 NZVI & 4 S8 NZVI AR
B ZMS THEE NZVI BREYEFI ik A e,
2.2 XRD 45#1

K SMA Jii 52 43 50h 5% 1 57 e 5 il 4 /Y
PESU £:%F1 PESU /NZVI & & JE ) XRD % K 4
Bl 2 iR

PESUJLJB

PESU / NZVI& & i

20 40 60 80
20/ (°)
&2 PESU ZEfAN PESU /NZVI & A %A XRD %%

ME 2 FTLLFE H, 5 PESU JE i 1Y XRD i 4]
FH I, PESU/NZVI & & BE7E 20=41.43° ib 5 — 14~
HH S 1) SRR AR 06, T RRAIE W NZ VI R iE e 1) 33
B PESU /NZVI & & L &4 NZVI, HBRIZEE
W 4h, PESU/NZVI & B TE HE Fe TR B FRHIE
I, Ui W] PESU/NZVI & 45 6 1Y Fe JUR F 2 LU
BATTERAELE LT ICR I A MR A = o
2.3 XPS 5#r

K SMA J 52 43 80k 5% B 5" e O il #% 1
PESU 3 5 Fl PESU /NZVI & 4 I () XPS 1% & 4n
Kl 3 iR

Cls
Ols

PESUZER

Ols

Fe,, PESU/NZVI&Z {3
‘,.;__L.'.-

0 200 400 600 800 1000 1200
ZE5HE / eV

%3 PESU M PESU/NZVI & & XPS i 4]
ME 3 AT LA, PESU FEARAY XPS 1% & i
SROGHLTEE T EA C, M O, I, PESU/NZVI &
JEE1Y XPS 3% P R C,, BT O, 35 IS, IR 1E 45 4 ik

Cls




116 TR R

2021 4F 55 49 4,55 7 #i

2y 745 eV AMAFTERSMY Fe,, 1505 , 15 PESU JLf5
KA ETEILE N C MO, PESU/NZVI EA
Y FEITE A C, O Hil Fe,
2.4 FTIR »#7

K SMA J5i 2 43 50h 5% (1) 5" i 75 il 4% 1
PESU &I A1 A PESU /NZVI & 4 Y FTIR St i
TR 4 fis .

PESURLJE

PESU / NZVI&Z A J#

4600 3300 3600 25‘00 2600 1300 ldOO
PR/ !
4 PESU JFA1 PESU/NZVI & &Y FTIR j5%K

MK 4 7] L& H, PESU 4 i Fil PESU/NZVI
52 A W50 i T S AR AL, NZ VI B 28 R B 5 i
A PESU i 7 fiF 06 (1) 7 & FUE AR, B3 R 20
fig ¥ B —CO0— (1320.1,1240.27,1 147.16,
1105.3 cm™), 5 PESU # ¥ #f] Ik, PESU/NZVI &
A A 10 B B 32 28 i T—OH (1411.91 cm™).
XN 148 NZVI By 2 rh, PESU B SMA
P ) T2 15 5 A 28 NaOH JK f#i & —COOH Fil—OH
J&i, —COOH il i 43 J@ B AR AR IV E TR R 1
—COOFe, i T RE—OH, AL, 24 NZVI X}
PESU BEJE AT AT, W 1R = A KPR B RE
W1, ] fiff PESU /NZVI & £ 3% 11 19 557K 14 Bt 42
=] o
2.5 NZVI 4% *f PESU/NZVI & & FL K42 fi

EOREA!

TR fil Ff S T RSOR RE Y SR B K M R, — i
FEERA k14 7K 2 i 1 88/ D) G S oK M e . AN [
NZVI &1 PESU / NZVI & 4 [ 7K 42 fih £ 4 1
5 Fns
80
70 +
60 -

50

IKEEfA /()

40

0 2 4 6 8
NZVIF 550/ %

E 5 AR[E NZVI B /r800 PESU /NZVI & A A K 3 £

ML S T LLFE H, B NZVI & &t 09 3 i,
PESU /NZVI & 4 5 (1) 7K 4% ik £ 14 7 B#AIR, 5% 7K
PEZ T 5R , 2 NZVI 5T & 5380k 8% i}, PESU/
NZVI & AR 7K 2 fi i PESU JEIR Y 82.37° F#AIK
% 39.04°, BXEFh— B NZVI & s 3,
PESU /NZVI & & B SMA f9 FH 5 4 K, HoK fig
J& 7 A R K M B BRI —OH B £ 5 )
—J71H , NZVI BAT 8 0 LR AR, A 2 W ff K rh
(—OH"™, 357K —OH M K AR BE ML B2 = 1T & A IR
KM
2.6 NZVI 4 &3t PESU/NZVI H &8 2 49 %h

A NZVI &) PESU /NZVI & SRy 4iik
EAE 6 Fin .

140
120 +

—_

B [N} [} (=1

(=S = =]
T T T

gl /(L - m? - h™)

o 2 4 6 8
NZVIJF 5041 / %
K6 AR NZVI B340 PESU /NZVI B A5 4l K i

ML 6 7T LLFE H, B & NZVI & &t 19 35 i,
PESU / NZVI & & 55 4l 7K g s/, 24 NZVI
53 Bk 8% IF, PESU /NZVI & 4 I (1) 4l 7K i
H 1 PESU LAY 137.58 L/(m” - h) %% 3822 L/
(m”-h), XSER N4 NZVI 5, PESU 3K i
SER Y EOBRIE NZVI RS 28 7350 AL, 5
BliZs NZVI & 2, LG JER B R o ,
PESU/NZVI & & BB EREREIL
2.7 NZVI 4% *F PESU/NZVI £ & B 45 %

A

T PR A AT DA SO S R B A R R 4 S G
PERR, — MR AR A3 K R, IS etk
I, A NZVI 519 PESU/NZVI E& LT 1 g/
L4+ LI 85 11 (BAS) W A s 2 3 an K1 7 s

M7 W DL, Bl NZVI a8,
PESU /NZVI 5 & X BAS ¥ W (193 5% 5 %
FTb, bris YRR R, 2 NZVI TR B0k 8%
if, PESU/NZVI E & X BAS A A8 k52 %
i PESU £/ 86.67% #27+E 97.43%. X & A
i NZVI & & AN, PESU/NZVI & & H Y %
AP &, FLEE A /K I BE T B 5, 5200 2R 11T A RN
G EREE, S e



XI5, 55 - B/ R E M ERE 5 0 4 2 PEfE 117

98 -
£ 96
~
M 94 r
i |
= 92
g 90 -
= 88
86 L L L L L L
0 2 4 6 8
NZVUF 54/ %

7 AR NZVI il 4350 PESU /NZVI & 4 il
X1 g/ L BAS Wt 5 4
2.8 NZVI4 &4 PESU/NZVI 4B &8 £y
#om
AN [A] NZVI £ & () PESU /NZVI & 4 JE Xt
100 mg /L NUMESH A #UEE Z2 a0 Kl 8 s .

100

80 +
X
~ 60
B 40 +
et

20

0 L L L L L

0 2 4 6
NZVIUF A4 / %
&8 Al NZVI 4340 PESU /NZVI & 45 i
X} 100 mg /L AR EE R

ME 8 B LLA Y, B 35 NZVI & 1 19 35 i,
PESU/NZVI & & BEXF 100 mg /L 75 4% 175 i 1
BRI 8, 24 NZVI T80k 8% i, PESU /
NZVI 2 A BT 100 mg /L /<P a8 T 0 # BE R i
PESU J:%1Y 11.83% $2& 15 2 92.13%, U] NZVI (1)
A BT T PESU LIS TERE . X2 A
PESU /NZVI & & PR BEAL K IE NZVI kL
WIES IR ALARAR /N, B TSI iEE ; It
S, A BT /A5 B9 NZVI i1 T FE R AR, X 7S
W ELA e (R I B I i
3 #ig

(1) SRR 4R BC AN 2 RO 4 TR i 4
T PESU/NZVI & 15, Hil 453 19 52 & I i 25T
N C, O Ml Fe, H MM NZVI LLBRIE Bk (1) JE
B 5 W o T REA B R T

(2) 7€ PESU/NZVI & & il & i # H, th T
NZVI 155 b 2 B & W B K b i —OH , FL il 4%
i SMA K A R ) —OH A 0% T
BAA BRI K FNSTTE Gtk

(3) 24 NZVI Jit 5 53 500 8% B, PESU/NZVI

oo

BAEBMNEE S ERe . LI, PESU/NZVI Z
A T 0 K 4 fioh £ 1 PESU %2 15 (1) 82.37° f& Ik &
39.04°, 4li7Kif & 1 PESU A5 137.58 L/ (m’ - h)
F%Z 38.22 L/(m’-h), %} 1 g/L BAS ¥ (1)1 &
M2 R i PESU FE 1 86.67% 1 TH 2 97.43%, X}
100 mg /L 75 ¥ 4% % 0 388 %t PESU LI 11
11.83% & % 92.13%.
S & X ok

[1] Mitra S, Sarkar A, Sen S. Removal of chromium from industrial
effluents using nanotechnology:A review[J]. Nanotechnology for
Environmental Engineering,2017.doi:10.1007/s41204-017-0022-y.

[2] Lyu Honghong, Tang Jingchun, Huang Yao, et al. Removal of
hexavalent chromium from aqueous solutions by a novel biochar
supported nanoscale iron sulfide composite[J]. Chemical Engineer-
ing Journal,2017,322:516-524.

[3] Mystrioti C, Toli A, Papasiopi N, et al. Chromium removal with
environmentally friendly iron nanoparticles in a pilot scale study[J].
Bulletin of Environmental Contamination and Toxicology,2018,
101:705-710.

[4] Huang Xiaoyue, Ling Lan, Zhang Weixian. Nanoencapsulation of
hexavalent chromium with nanoscale zero-valent iron:High resolu-
tion chemical mapping of the passivation layer[J]. Journal of Envi-
ronmental Sciences,2018,67:4-13.

[5] Xue Wenjing, Huang Danlian, Zeng Guangming, et al. Performance
and toxicity assessment of nanoscale zero valent iron particles in the
remediation of contaminated soil:A review[J]. Chemosphere,2018,
210:1145-1 156.

[6] Deng Junmin, Dong Haoran, Zhang Cong, et al. Nanoscale zero-
valent iron / biochar composite as an activator for Fenton-like
removal of sulfamethazine[J]. Separation and Purification Technol-
ogy,2018,202:130-137.

[71 Ma Fengfeng, Philippe B, Zhao Baowei, et al. Simultaneous ad-
sorption and reduction of hexavalent chromium on biochar-support-
ed nanoscale zero-valent iron (nZVI) in aqueous solution[J]. Water
Science and Technology,2020,82(7):1339-1 341.

[8] Cheng Yujun, Dong Haoran, Hao Tianwei. CaCOj; coated nanoscale
zero-valent iron (nZVI) for the removal of chromium (VI) in aque-
ous solution[J]. Separation and Purification Technology,2021,257.
doi:10.1016/j.seppur.2020.117967.

[9] Yang Facui, He Yuanyuan, Sun Shiqi, et al. Walnut shell sup-
ported nanoscale Fe’ for the removal of Cu (II) and Ni(II) ions from
water[J]. Applied Polymer,2016,133(16).doi:10.1002/app.43304.

[10] Zhao Shifeng, Fan Xin, Yang Junshan, et al. Enhanced removal of

Cr(VI) from wastewater by nanoscale zero valent iron supported on

layered double hydroxides[J]. Journal of Porous Materials, 2020,
(THEF131])



XU, 55 - Z2Jhb 2 B IR i P RE ARt

131

(7]

(8]

(9]

[10]

(1]

study on mechanical properties of glass fiber reinforced plastic mor-
tar pipe culvert [J]. Special Structures,2016,33(6):66—70.
AVRRE, THIU, BRIE T, 55 . A BRI Y I A IS4 1 24 T o B
S3HT [3]. WAL TP R 7241, 2019, 48(3):67-72.
Shi Huawang, Yin Hang, Wei Lianyu, et al. Finite element analysis
of mechanical properties of buried-fiber-glass-reinforced-plastic-
mortar pipe[J]. Journal of Hebei University of Technology,2019,
48(3):67-72.
WRJemg Y B R, 45 i T B AR T P FRPM 4518
2 A EWEE (] B0 / S AT AR, 2019(11):81-85.
Chen Zhaonan, Pei Yanan, Wei Lianyu, et al. Study on safety of
shallow burial FRPM pipe culver heavy vehicle dricing during
construction period[J]. Fiber Reinforced Plastics / Composites,
2019(11):81-85.
T T, BLERT, 55 . AR B AT WA ) 2 VEREDT 5
(1. BEES / S A kHRE, 2018(7):82-88.
Wang Qingzhou, Wang Yang, Wei Lianyu, et al. Study on mechani-
cal property of multiple FRPM pipes culvert [J]. Fiber Reinforced
Plastics / Composites, 2018(7):82-88.
B . A BRI N IR R W IR PN BRI AT (1], A S
VRIZ,2018(4):142-144.
Wei Bin. Experimental study on initial ring stiffness of highway
FRP sand pipe culvert[J]. Highways & Automotive Applications,
2018(4):142-144.
TR, SRR B, 5 BT 2 e R B A e A
RS FRARE [7]. TSR T, 2020,48(12):107-113.
Wang Qingzhou, Zhang Zhaoyang, Xue Xiao, et al. Failure mode

of FRP sand pipe culvert structure with multiple sand layers under

[12]

[13]

[14]

[15]

[16]

[17]

load[J]. Engineering Plastics Application,2020,48(12):107-113.
SRTFUR . R I DB B0 3 A PR M 2 5 ST [D]. K
He A TR, 2016.

Zhang Jiyuan. Research on mechanical properties and the ap-
plication in highway engineering of buried FRPM pipe[D].
Tianjin:Hebei University of Technology,2016.

AEWHIF it T AT AR AE TN BB A R4 0 28 VAT (0], 23S
2020,65(11):73-78.

Ren Yanyan. Safety evaluation of FRPM pipe culvert under con-
struction load[J]. Highway,2020,65(11):73-78.

MR g, BRI R, EIE Y . 2 FRPM A0 i 20 g A oY
[I1. FHAMA R, 2018,38(5):144—147.

Chen Zhaonan, Wei Lianyu, Wang Qingzhou. Experimental re-
search on static load failure of highway FRPM pipe culvert[J].
Journal of China & Foreign Highway,2020,48(12):107-113.
WRIERS it T e AR A A 2 B R A e DA e ) 2 A P REATT
¢ [D]. R LTk R, 2017.

Chen Zhaonan. Study on safety performance of highway glass
fiber reinforced plastics mortar pipe culvert under construction and
service[D]. Tianjin:Hebei University of Technology,2017.
AN, BLERT, BRI R, 5 . BERELT A0 5t SR I AT IR 55
PEREIIGIITY [J]. B / 24K 2017(3):21-24.

Shi Huawang, Wei Lianyu, Chen Zhaonan, et al. Experimental
study of fatigue performance for FRPM pipe buried in highway[J].
Fiber Reinforced Plastics / Composites,2017(3):21-24.

Affolter C, Barbezat M, Piskoty G, et al. Failure of a sag water
pipe triggered by aging of the GFRP composite relining[J].Engi-
neering Failure Analysis,2018,84:358-370.

(EEF11TR)

(11]

[12]

[13]

[14]

[15]

27:1701-1710.

Dalal U, Reddy S N. A novel nano zero-valent iron biomaterial for
chromium (Cr'to Cr’") reduction[J]. Environmental Science and
Pollution Research,2019,26:10 631-10 640.

Wang Xiangyu, Liu Peng, Ma Jun, et al. Preparation of novel
composites based on hydrophilized and functionalized polyacrylo-
nitrile membrane-immobilized NZVI for reductive transformation
of metronidazole[J]. Applied Surface Science,2017,396:841-850.
Liu Peng, Wang Xiangyu, Ma Jun, et al. Highly efficient immo-
bilization of NZVI onto bio-inspired reagents functionalized poly-
acrylonitrile membrane for Cr(VI) reduction[J]. Chemosphere,
2019,220:1003-1013.

Ho W K H, Bao Zhiyong, Gan Xiaorong, et al. Probing conforma-
tion change and binding mode of metal ion—carboxyl coordination
complex through resonant surface-enhanced raman spectroscopy
and density functional theory[J]. The Journal of Physical Chemis-
try Letters,2019,10:4 692—4 698.

Sthoer A, Hladilkova J, Lund M, et al. Molecular insight into

carboxylic acid—alkali metal cations interactions:Reversed af-

[16]

[17]

[18]

[19]

finities and ion-pair formation revealed by non-linear optics and
simulations[J]. Physical Chemistry Chemical Physics,2019,21:
11329-11 344.

Wang Xiangyu, Wang Tao, Ma Jun, et al. Synthesis and charac-
terization of a new hydrophilic boehmite-PVB / PVDF blended
membrane supported nano zero-valent iron for removal of Cr(VI)
[J]. Separation and Purification Technology,2018,205:74-83.

Wau Jinhua, Yan Mingjia, Lyu Sihao, et al. Preparation of highly
dispersive and antioxidative nano zero-valent iron for the removal
of hexavalent chromium([J]. Chemosphere,2021,262.doi:10.1016/
j.chemosphere.2020.127733.

ZRIR SR, 0, 45 BT IRAN /SR TR N B 1 o R 1
REARAE [J]. TAEEERI ], 2016,44(5):10-14.

Li Lang, Zhang Minmin, He Ying, et al. Preparation and charac-
terization of SPSF / PES nanofiltration membranes[J]. Engineering
Plastics Application, 2016,44(5):10-14.

Taha A, Da’ na E, Hessien M. Evaluation of catalytic and adsorp-
tion activity of iron nanoparticles greenly prepared under different
conditions:Box—Behnken design[J]. Molecular Simulation, 2020.

doi:10.1080/08927022.2020.1784475.





