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Fig. 1 Synthetic schematic representation of HFO@PVDF composite membranes
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Fig. 2 Photo of dynamic filtration experimental device
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Fig. 3 SEM images of cross-sectional and surface views of the membranes: PVDF(a), HFO@PVDF s, (b),
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Fig. 7 The effect of solution pH on the adsorption performance and stability of HFO@PVDF membrane(a) ;
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Fig. 8 Adsorption isotherm (a) and adsorption kinetic (b) of phosphate on HFO@PVDF, s,
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Table 1

HFO@PVDF, 5, & B # 8% 2 69 Langmuir #= Freundlich #£# &4
Langmuir model and Freundlich model parameters of phosphate on HFO@PVDF 5,

Langmuir F& %Y

Freundlich 5 1

H
pH fH Qux/(mg e g H) Ki./(L*mgbH R? Ke/(g+ LY 1/n R?
3 27.51 0. 35 1. 00 9.16 0. 32 0. 87
6.5 13. 04 0.62 0. 66 7.39 0.18 0. 94
% 2 HFO@PVDF & W &85 25 6 3 /1 AL R R
Table 2 Kinetic model parameters of phosphate on HFO@PVDF
H i Ph— ) )yl th 2% B F1 2 A5
! k1 /min ! q./ (mge+g™") R? ky/ (gemg 'emin ') ¢,/ (mgeg ') R*
3 0.011 18.73 0. 95 0. 000 74 20. 91 0. 98
6.5 0.017 9.32 0. 90 0.002 3 10. 18 0. 95
2.2.4 AFYIE A FE 2 L pH (E 24 F . HFO@PVDF ) BR# fig
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Table 3 Adsorption selectivity of HFO@PVDF for phosphate
o2 TEHE T POV AREMRE LR POVORY Ko/ (Leg ™)
ERET pH A 0 1 5 10 15 20
o 3 2. 82 2.65 2.52 2. 40 2.41 2.00
6.5 0. 92 0. 89 0. 89 0. 86 0. 87 0. 88
\O 3 2. 82 2.16 2.32 2.02 1. 89 1.68
’ 6.5 0. 92 0.75 0.74 0.71 0.72 0.74
SO 3 2. 82 2.16 1. 84 1.83 174 171
e 6.5 0.92 0.77 0.71 0. 68 0. 69 0.70

A B2 LU AR HA Ry fai] B9 T K e
AR HFO@PVDF BRBAZSCR A2 . 45 R 4K
9 Fron. 3 HA B0 4h 5 e N 0 38 m =
80 mg/ LN, 52 3[R0 W R e Ay R A 2 (S e mlmli 0>
XFEREMTE G FLIEEE TR,

el AN B 422 fl JBE P 38 £ 2k 1) HFO, A7 ML AN o5 4
HFO@PVDF 3 [ ) —/NEB 43 6 Ve 8. S AT
T BV = v B 1 ] B 1 R R T A L A AE Y
UL T s HFO@PVDFE &2 & BRAT 28 30 = R ) i i
Eh LBRAE SR A RE M . L HOEAESE PRk IR



- 62 - WOR

5 o5 45 45

s

TR 5 v 2 3 AR T AL A A 15 S B L X
ol 8. 5 11 R R ol LA SRR e LA ) R i
2.2.5 WRENALIE AT

ARFFEFIF FTIR fi1 XPS £ K5 T HFO@
PVDF & &b Bt B i (W S ALH . & 10 () J&
7/~ T HFO@PVDF 7E W B #% g $h 1 /5 19 FTIR S
Tk, Hr.3 426 cm 'H 1 635 em A B IR UG I
HF KA O—H #RHLHHRSI-Y .1 070 em™ ' AbAY
WXt Fe—OH SR PR 2N, 471 cm ' Ab A1 H
Fe— O B hifdRah, 1 773 em ' Ab Ay N 5
C= OfERY PR SNASC . W IBERRER ) . 75 1 110
em I T —ASET A IS, IR T P—OH 1Y
FIAPHR B, BCUE S T B R +h O 6 T W B A #4 R 2
5, BeAh RS Fe— OH SEAH R 3h & A %
Ak, R — OH JEH 25 T M i W 2

itk — % HFO@PVDF W 5 2 £8 1 J5 A
A BT XPS 23#r, Z5 A 10 (W) s . W iR

&
G REATEZ) 132,48 eV ALV T — N80 P 2p
ZEAREIE  XAIESE T HFO@PVDF X B2 £h 14 i 2
W R, T 10Ce) AW B A IS AR rh Fe 2p 19 XPS Ol
T, WEENRTA T 724, 05 €V F 710, 75 €V [EHIE I
ﬁjkjulljxﬂ‘m Fe 2pis Fl Fe 2Ps/2 s %%Eﬁg%ﬂﬁqjﬁﬁ
Fe(lll) . TEMEMRERWI IS, IS RRAE G35 ) i 45 &
fEJ7 101 B8 3l , R B TR Sc 4 i BB R £ 5 HFO
TERL TRk A, sl Xt O 1s ek A 7401640
BT T W AT IR HFO@PVDF 26 i #7158 A [R]
AR IR ELAE (— OHD L 8 S (02 ) DL K4y
TR B AR H T T 4 4L A X
el anfE 10 (D frs. W ET. HFO@PVDF
M—OH B L2k 42. 76 % , T W BB R £ 5 1%
Lo % 2 41, 6706, 31X 3% B o R AR 2l i AR
HFO i) —OH FAJG 5 Fe BT Fe- iR ih
A LA 10 (DIFE ] X —458 5 A 05
ZER—Y,

(a) o (b) | bt P2p
LU : /\
1110
I3 i I \
1! 1 A\ P2p
°\\° l\fé;\/\\{ ) : /; P2p, / '\‘ P2p,,
¥ 1773 i 1 f . < / N
e 3432 o I A
% N mE : e / \
0 ! /_/  \ \
1635" Voo : N __.::—:éﬂ\
3426 1193 : e e——
: . . : . S (L[ | PN 3 . . 3
4 000 3000 2 000 1 000 11501100 138 136 134 132 130 128
WA fom! ZEEHE feV
(c) | mebti ‘ Fe 2p,, (d) | ekt
oo zl’ui/z > 710]75 eV (42.76%,531.16 eV) ~-OH (48.95%,529.52 eV) O2-
Sat o ¢ N 1 11 AN~/ \ S mm—m—-—-
= (8.29%,532.99 eV) H,0 '
£ ) SN N N A
s 7 (4] I‘. i ”I "I‘- .
—]:h‘b( % Bt J ‘ Fe 2p,, Fe 2p M VA ) 0 1s
B Fe2p,, 710.85 eV o (31267553 16 cV) ) OH (46.74%,529.52 eV) 0>~
= - 24156V ) ==
R N ' (11.59%,532.99 ¢V) H,0
AR y

ZEARE feV

740 735 730 725 720 715 710 705 700 536

532 530 528 526

ZEERE eV

534

10 HFO@PVDF W fff iR £k 5 FTIR P (a) A1 XPS L (b) ~ (D G ok s R HLEE R 3= 8D
Fig. 10 FTIR(a) and XPS spectra [ (b)~(d) ] of HFO@PVDF before and after phosphate adsorption

(The illustration is a schematic of the reaction mechanism)
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Phosphate removal from water using hydrated iron oxide/polyvinylidene

fluoride composite adsorption membranes

XU Qianhui » XIA Longbo, ZOU Dong , NIE Guangze

(School of Environmental Science and Engineering, Nanjing Tech University, Nanjing 211816, China)

Abstract; In this work, a composite adsorption membrane (HFO @ PVDF) was fabricated to address

phosphate removal in complex aqueous systems by embedding hydrous ferric oxide (HFO) nanoparticles

into the pores of a polyvinylidene fluoride (PVDF) membrane using a simple blending method. This
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Preparation and properties of high flux anti-pollution
polyamide composite membranes

LIU Xindian, DAI Lei, ZHUANG Sijie, SUN Chang, LONG Zhu

(Research Laboratory of Functional Materials for Short Fibres, School of Textile Science

and Engineering, Jiangnan University, Wuxi 214122, China)

Abstract: By employing a physical coating-crosslinking method using glutaraldehyde (GA) as the
crosslinking agent, a polyethylene glycol (PVA) coating was constructed on the surface of a polyamide
(PA) composite membrane. Carboxymethyl cellulose (CMC) was used as an additive to enhance its
permeability and anti-fouling properties. The study demonstrated that when the mass fraction of PVA was
1. 0% and the mass fraction of CMC was 0. 2%, the resulting PA composite membrane with a PVA-1.0/
CMC-0. 2/GA coating achieved a pure water {lux of 53. 2 L/(m? « h), which was a 14. 4%4 increase in pure
water flux compared to the membrane with only a PVA-1. 0/GA coating [ pure water flux of 46. 5 L/(m®
« h)]. This improvement was attributed to the relatively regular structure of PVA, which contains a large
number of hydroxyl groups that can form crystalline regions through hydrogen bonding, thereby hindering
the permeation of water molecules. The addition of CMC reduced the crystallinity of the coating, thereby
improving the membrane’s water permeability. Anti-fouling experiments indicated that compared to the
pristine PA membrane, the PVA/GA and PVA/CMC/GA coatings significantly enhanced the anti-fouling
performance of the polyamide composite membrane, with the addition of CMC further improving the
permeability of the coating. This high-purity water flux and anti-fouling composite membrane has broad
application prospects in water treatment, separation, and environmental purification.

Key words: polyamide composite membrane; anti-pollution property; high permeability; polyvinyl alcohol;

carboxymethyl cellulose
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(L35 65 W)

composite membrane integrates the outstanding chemical stability, high permeability, and porous structure
of PVDF membrane with the unique phosphate affinity of HFO, resulting in superior phosphate removal
capabilities. The study systematically investigated the effects of pH, reaction time, initial concentration,
coexisting anions, and macromolecular organics on the phosphate removal efficiency of the HFO@PVDF
membrane. Results demonstrated that the membrane exhibited high phosphate removal efficiency and
selectivity. Static and dynamic cycle experiments confirmed its excellent regeneration capacity. Practical
applicability was further validated through real-water simulations. At a pH of 6. 5, the HFO@ PVDF
membrane achieved a treatment capacity of 130 L/m? for synthetic water containing 2 mg/L of phosphate.
Importantly, the membrane not only efficiently removed phosphates but also enabled simultaneous removal
of heavy metals like Pb*", while effectively retaining suspended solids on the membrane surface. These
findings highlight the HFO@ PVDF membrane’s strong potential for advanced purification of phosphate-
containing wastewater, offering a new approach for utilizing HFO nanoadsorbents in practical aquatic envi-
ronments.

Key words: phosphate; hydrous ferric oxide; composite membrane; adsorption; separation



