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Measurement of Porous Membrane Porosity by Gas-Liquid Displacement Method
DONG Zeliang " , PAN Xianhui, ZHANG Yanping, HAO Jun, WANG Xuliang, LI Zongyu, ZHAO Jinghong
(The Institute of Seawater Desalination and Multipurpose Utilization, MNR{ Tianjin) , Tianjin 300192, China)

Abstract Porosity is an important pore performance parameter of porous membranes. The current standard test method has some
limitations in applicability, and can not accurately characterize the permeability of separation membranes. The gas-liquid displacement
method can be completed at normal temperature conditions. When used for porosity testing, the porosity of through holes of porous
membranes can be obtained. The testing principle, experimental method and testing conditions of porous membrane porosity test by gas-
liquid displacement method had been systematically studied and elaborated in this paper. The method precision and method comparison
had been carried out. The results showed that the process of pressure boost was the key control condition of porosity measurement by
gas-liquid displacement method. The end point was when the wet curve changed from a steep rising curve to a gentle rising straight
line. This method is scientific in principle, simple in operation and has high precision, which test results can accurately characterize
the permeability of porous membranes.
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Fig. 1 Gas Flow-Pressure Curve in the Process of Porosity

Measurement by Gas-Liquid Displacement Method( Wet Curve )
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Fig. 2 Gas Flow-Pressure Curve in the Process of Pore Size

Measurement by Gas-Liquid Displacement Method
(Wet Curve and Dry Curve)
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Fig.3  Device for Porosity Measuring of Porous Membrane
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Fig. 4 Variation of Dry Membrane Mass and Porosity

040

0.30F

/8

o

= 0251
020

0.15F

with Gas Flow Rates

150%

g 140%

130%

120%

410%

0.10 3

1
10 20
V/(L-min’)

B 5 5 AL B AR A2 1
Fig.5 Variation of Dry Membrane Mass and Porosity

with Gas Flow Rates

— 129 —



ERE RN S R

AR AR B 2 LB FLBR R

Vol. 43, No. 1,2024

R FTFL B LT AR NS, AR S0 R i < R e
77, B BRI ) RIS AN 2 B 2 i AR LB
RGN, XF PA6 AR, i AR AE 19~
50 L/min 7% Ak B, LB 500 3K (8 19 A8 Ak 5 (Ll
0.49% ; %F PLA JEFE i, 24 3% o SR I /2 7F 13~ 35
L/min AR, FLBRRMEAAA AL = 0. 71%

1L UL M FE h IR 2R 5 T i 2k s
U B S R iy T S L PN A R AR e AR
SEA BT AR SR T, 3R 2, BN
PO AFAE TR A, T 10 2 R i L T A il £ 5 52 4
Z 5 A S LN SN AR W 2k oF- 2%
T LR 7 i B G (B AR R T IE E
BN, BT ATE S -V B v R 22 FL B LR R AR
TR R S N S T B 2R A8 R BRI, X R 1
NS A FLBR R A R v S i 22 FLSE A FL&G
FREE , R FLSEALIRR
2.2 FAEBEEMR

3L 2. 1.8 NTT I PAG AT PLA 5N BIFSE
X5 TER T AR A F U LB R ARG 5 BT
2.2.1 PAG6 EFLER ML

% 2 N LAZK A A, PA6 JESF-1 7R b 1 FL
B A 5

F 2 PA6 BEFLBIRMIRSS
Tab.2 Porosity Test Results of PA6 Membrane

2.2.2 PLA JEFLERZRMR
% 3 ML) Porofil IR, PLA BESE474E 5
A FL B R 55 R

R 3 PLA JBALBARIIALS
Tab.3 Porosity Test Results of PLA Membrane

K5 MR W, /g THIEBUR W,/g Lpx p
1 0.412 6 0.185 1 40.83%
2 0.416 5 0.186 7 41.01%
3 0.420 3 0.182°8 40. 73%
4 0.412 1 0.184 6 41.31%
5 0.414 1 0.184 1 41.04%
6 0.416 7 0.183 8 40. 60%

H 3% PA6 AT PLA [ SP-A74E 5 iYL %
T2 SR T 0, A RIS S R A TR L B R
IREE R AR RRUE R R . 6 IR PA6 IRFLER %
(R 2k 25 S TE 50% ~ 52% , KA R B U DR 2% N
0. 90% , AbFEEARI KT 56 Y PLA JRAL B3R (1403
SERIITE 40% ~42% ,HXF BRI 224 0. 62% , [RlFE
AFEREAR K U IR -V 7 2 — RO B 11
ZALBEAL BRIy 1
2.3 FiEHILE TR
2.3.1 PA6 JEFLEERIM

PAG6 IR 35 K Mgt ELT v 3R, T 2R FH BLAT 19

RERS ISR W, /g TR W, e fLBEp (LU BEFL I BE I 22 J7 %) (HY/T 039—1995) 1E
1 0.068 5 0.037 3 51.03% R X KA ST LR 0.8 pm [ PA6 i
j g’ 327 s g' 237 ; zg 3;0;" AT LRI, 25 R AN 3R 4 PR, vk 4G
7 7 . 05%
: . b 32 A > LR “\T"‘Q:l: L2 AA >
.y 0. 068 3 0,037 5 <0 370 JHE I 52 48% ,‘ﬁ E/ffjleﬁjn%ﬂﬁq:igﬁjﬁ
5 O 068 1 O 037 2 50 54% 54 02%0 wﬂ]%% ?%‘@Eﬁ%ﬁ‘”ﬂ“lﬁéﬁ%(z 2 1
6 0.068 6 0.037 3 51.19% N 6 YRAFA TR ZE J - 2{E Sk 50. 56% )
F 4 PA6 BEHIEFLBRARMN AL
Tab.4 Porosity Test Results of PA6 Membrane by Thermal Method
pegp TP R R, WM
B/mm R mm g TR e ey (g LB
1 47 0.125 0.253 5 0.130 8 56.78% 0.603 4 53.94%
2 47 0.126 0.2515 0.130 1 55.73% 0.595 4 1.31 54.55%
3 47 0.125 0.254 8 0.1318 56.92% 0. 608 1 53.58%

2.3.2  PLA BEALERRMK

PLA SE/KPER 22, 78 S W 22 e, BN /&
T, TR FHERAT b o A vk A7 FL B R
VER FE X 5%, 2R R R 325 XF i R i 18 47 FL B 2R

— 130 —

T (HY/T 065—2002) , MR 4S5 5K 54% , K F
S -WCE R IS R (2. 2. 2 /N 6 UOEATARE
TERZE B BN 40.92%) o [H A TR oK vk A
FE IR , 233 AR MUBRE St A5 R 00 22 4k , 34 752



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 43 ,No. 1,2024
January 25th, 2024

Mk

A3 SR 14 PAG B PLA AL B
SRS S AT 0, H A R 24 W R T - T
VIR SE S, TR PR R A [R5 e i
T AR 2 A P 32 0 S ), I R A LR S L
DR N, 5 e R A, A R R -
A T FLAN, Sy B 60 5 2 JBE T N | o 4 5 9% i
SRR TTERAE L, A TR ARIRAL S TR
55, HOE FLARRT B 22, DRI 4 3 B — A e 1 1y
UEE SR AR T BUA AR v 0 12, X T DL A2 Bk
L7 EH/INLR Z AL, DR e B FLAR X 40
=B R A TAR A D I i IR g A T
FHEE , RERSRI MR S W43 1 IR 35 P RE 1Y
FREVEAY , - E e B TR JRRIEM
3 &g

B TR IR A R R 2 AL Y AL
PR AR VR AR A7 B NG % B2 v, I 45 R e s B
2 R WY B IS B ERE e A, AT
B PRV R A ISR B 7 T BT
IR T e FH RE A% (o I RE: i 5 295 T Al MR s 4
FEP I IR 5 RBARE i 96 BBORE IR < o f 3 3 s A
e D U b 1R A A 9 R TR S R G
i TR TR AR IR I B L T 2R
A5V 2% ETHR AR

&% ik

[ 1] e R SR G5 i B e I e SRy, o ) ) e

LTI B 2. BB A AR GB/T 20103—2006[ S].
Jent: H EbRIE L A, 2006.
General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration of the People’s Republic of China. Technical
terms for membrane separation: GB/T 20103—2006 [ S ].
Beijing: Standards Press of China, 2006.

[2] ®Bi%E, W5, 838, 5. ZSAUMRIYFLES 1 X H 0 2 fk

K ZALR B[ J] . RACRF2 4 (A RFERR) | 2021,
42(12) : 1768-1774.
JIA P, XU X T, HUANG F, et al. Effect of pore structure on
mechanical properties and fracture mechanism of porous materials
[J]. Journal of Northeastern University ( Natural Science ),
2021, 42(12) : 1768-1774.

[ 3] #Eess, WhlkME, 2255, 4. MBS E I i 2R 0 90 2 4%
ALIRSLAR R R R T 5E [0 ] Rk 5 80R, 2020, 40
(1) 148-158.

[10]

[11]

DONG Z L, PAN X H, LI Z Y, et al. Study on influencing
factors of measurement of pore size of polyvinylidene fluoride
microporous membrane by gas permeating method[ J]. Membrane
Science and Technology, 2020, 40(1) . 148-158.

Rl e R AL B L R BB 52 7 5 . HY/T 039—1995
[S]. dbat. hEbRHER AL, 1995.

State Oceanic Administration. Method for measuring the pore
properties of microporous filtration membranes; HY/T 039—
1995[S]. Beijing: Standards Press of China, 1995.

American Society for Testing and Materials. Standard test
methods for pore size characteristics of membrane filters by
bubble point and mean flow pore test; ASTM F316-03—2019
[S]. West Conshohocken; ASTM International, 2019.
American Society for Testing and Materials. Standard test method
for pore size characteristics of membrane filters using automated
liquid ~porosimeter: ASTM E1294—1999 [ S ]. West
Conshohocken; ASTM International , 1999.

Japanese Industrial Standards Committee. Testing methods for
pure water permeabilty flow of ultrafiltration modules: JIS
K3821—1990 [ S]. Tokyo: Japanese Standards Association,
1990.

Japanese Industrial Standards Committee. Testing methods for
bubble point of membrane filters; JIS K3832—2021[S]. Tokyo:
Japanese Standards Association, 2021.

He R T ] ] 2 o b W B A A B R, v el A v
A Gl ox. B AR IR T s Y R URIF 20
GB/T 32361—2015[ S]. Jbat: *PELRHEMAL, 2016.
General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardization
Administration of the People’s Republic of China. Test methods
for pore size properties of membrane filters—Bubble point and
mean flow pore test: GB/T 32361—2015 [ S ].
Standards Press of China, 2016.

[ A Jey. P s P ARRCLUR BRI AT 75 . HY/T 051—1999
[S]. dbnt. sPESRER R, 1999.

State Oceanic Administration. Test methods for hollow fiber
microporous membranes: HY/T 051—1999 [ S ].
Standards Press of China, 1999.

| G 5 Sy R A SR 2R B AL IR A . HY /T 065—2002[ S].
et A EBRE S RE, 2002.

State  Oceanic

Beijing

Beijing

Administration.  Microporous membrane of
polyvinylidene fluoride; HY/T 065—2002 [ S ].
Standards Press of China, 2002.

S, o, 2R, AR RIS Bk R IR AEY)
JRAALBR AR )], R 5EOR, 2023, 43(3) : 74-80.

DONG Z L, ZHANG Y P, 11 Z Y, et al. Measurement of

Beijing

porosity of polylactic acid biofilm by gas-liquid displacement
method[ J]. Membrane Science and Technology, 2023, 43(3) .
74-80.

— 131 —



