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Preparation of polyvinylidene fluoride microfiltration membrane and

optimization of phase inversion process parameters

NIU Hongnan, WANG Jianming, HUANG Jieping, JI Jing"

(Guangzhou Institute of Advanced Technology, Guangzhou, 510000, China)
Abstract: In this work, microporous membranes were prepared using polyvinylidene fluoride (PVDF) and
dimethylacetamide as the solvent via non-solvent induced phase separation technique. The effects of dope
compositions (i.e., various additives) and phase change conditions (i.e., evaporation time and relative humidity) on
the membrane structure and performance were systematically investigated. It was found that hydrophobic PVDF
membranes with large pore size and high permeance could be obtained by adding 16 wt.% isopropanol and 6 wt.%
glycerol in the dope solution, followed by evaporation for 4 min at RH 80% before being immersed in water. The
membrane possessed a completely open surface and bicontinuous interconnected structure, which contribute to
little resistance in the filtration processes. The prepared PVDF membranes showed high pure water flux of 8650.74
LMH after pre-wetting and 200nm-polystyrene-microspheres rejection of more than 99%. In addition, the
membrane was hydrophobic with water contact angle of 122°, which make the membrane as a promising candidate

used for gas sterilization in the bio-pharmaceutical manufacturing process.

Key words: polyvinylidene fluoride; microporous membrane; non-solvent induced phase

separation; sterilization
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1. 3 IRAYHI &

P 16 wt.% PVDF Solef 6010 HE G, DMAc NIEF, 22 wt.%H/N>FaImzmA
FI=ER, T 70 CCRIZABERE 4 h EHL T v, TR ST IR, AR B AE IR T
B B

FE SR T A BIBEL GARBEIAIE A 200 um) ¥RBJE, 76— 5 IR B 46 1F 5 34T 70
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Fig. 1 Dissolution conditions of dope solutions containing different non-solvent additives ( a:
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1,2-propanediol; b: 1,3-propanediol; c: glycerol; d: ethanol; e: isopropanol; f: acetone)
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248.69 + 16.71 cp. R INE RS S BRI IER 2, EF AR B 5 R AEAN T 1
PECFNIAAE, A 1 AR SR S v BRI 50, s, TOVER TR s, FRidt—
A v P U
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ot S5 AT SR A i 1 o ) R VR ST AR S (R0 ), A5 St DA S 7R e T TV
W, ST A R A R DA R T AT I R A TR RO R, s B
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Fig.2 SEM Images of the surface and cross section morphologies of membranes prepared with different
non-solvent mixtures (a, b, ¢ stand for the top surface, bottom surface and cross-section of the membrane,

respectively)
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Fig. 3  Pure water flux (columns) and contact angle (lines) results of the membranes prepared with

different non-solvent mixtures
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Fig. 4 SEM Images of the surface and cross section morphologies of membranes prepared with different
amounts of non-solvent additives(a, b, ¢ stand for the top surface, bottom surface, and cross-section of the

membrane, respectively)
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Fig. 5 Pure water flux (columns) and contact angle (lines) results of the membranes prepared with

different amounts of non-solvent additives
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Fig. 6 SEM Image of the surface and cross section morphologies of membranes prepared with different
pre-evaporation times(a, b, ¢ stand for the top surface, bottom surface, and cross-section of the

membrane, respectively)
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Fig. 7 Pure water flux (columns) and contact angle (lines) results of the membranes prepared with
different pre-evaporation times
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Fig. 8 SEM Image of the surface and cross section morphologies of membranes prepared with different
environmental humidity(a, b, ¢ stand for the top surface, bottom surface, and cross-section of the

membrane, respectively)
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Fig. 9 Pure water flux (columns) and contact angle (lines) results of the membranes prepared with
different environmental humidity
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MU N 80%K, 2% Bt A ] LLIA B 122 + 39,

3RS HEREMRE
AUHASEIG 45 SRR B, [ HIIE M-80 FTH 254 58 A A, PN 30 FH OZE 36 1Y) 0 3 IR FL 25 A 2E Rl
VR 5 267K E B A 8650.74 £ 305.29 LMH, H B AR EMIEKME, Bemsi & 25/ 5 B

WP ESR . N T — DI IE SRR TERE, X M-80 #E4T T AARIE R B5BRH ) AR
PERE A
SN SEFEE

AR R AR B A () B T R 3 T A R R AR R AR AR, 4585 T R 1
FEBCE@E LR, HIE M-80 )44 58 7£ K 7 0.1 bar B4 1168.66 + 101.21 m3m?h-'bar,
fE 0.2 bar B 24 877.61 + 77.52 m*m>h'bar!, 7E 0.3 bar iy 767.16 + 56.15 m*m?h-'bar!, &5
PR b AR R R R S A6
3.2A

AR BE 2 RAL A LS JEPERE R 25 (¥ 55 — A EHELRER, BHIDEN, RS I T
N 1 fios, 4£ N KRR, B 615 M-80 FIFH 7175 7.22 + 1.55 kPa, EJif/E 71749 100 kPa
IFPH SR 11.21 +£3.33 kPa, _LJif/E 7124 200 kPa BB /14 6.00 + 1.07 kPa, A% T B 5 Ax
e, 2 A I M-80 [iB i 1k RERAT
F1 BHESN-80 IR HLERRERRE

Table 1 Resistance of membrane sample M-80 and the National Standards

TR %A
THES KRE E¥ES 100kPa E¥ES 200kPa
H RS M-80 7.22+1.55 11.21 +3.33 6.00 = 1.07
GB/T 36118-2018 <20 <15 <10

3.3 g

LB L T2 AR T I 2 I T LA 20 1) S 2, AR [ bR vk GB/T 36118-2018 Al
GB/T 36138-2018, A4 b T AR 4 & F AU O AE R BEANR], ) R Y e e AR 0 B B R4
AR T B B A RS A P, AP R 6 L B £ 200 14 48 B e o R S T PP AR AR
300-400 nm, AT AL FEIRAE A 200 nm (15K LR TERVE NARAERL T, BLADLIR IR EARE
il M-80 1A B 8 ) o 45 SRR I M-80 Xf 200 nm SRR LB BRI BT 2 05108 99.5 £ 0.1%,
R FLA 07 73 (4 S BE AT DA WA i M-80 X P3040 300-400 nm F1 iR ¢4 4 BR g 1 12 ]
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