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Table 1  Surface tension properties of the three probe liquids
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Fig.2 The spontaneous wetting of the surfactant solution
invading the hydrophobic pore
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Table 2 Calculated results of SV and SL interface tension of unwetted and wetted membranes

1 1

JEPR A O sk’ () O =g/ (°) O/ (°) Opin/ (%) Ysy/mN+m - Ye/mNem~
AN 106. 76 99. 85 77.95 96. 09 18.56 35.47
iz P 88. 01 76. 19 60. 58 78.23 29. 47 18.23
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Fig.3  The relationship between the equilibrium concentra-
tion and the amount of adsorption for DEA molecular
adsorption on the S—L interface of the PVDF mem-

brane
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Table 3  The structural parameters of the DEA molecule

calculated by HyperChem75

ez FK/nm (s il s/ (°)
0—H 0.09471 H—0—C 106. 388

c—0 0. 14098 0—C—H 110. 449

c—H 0. 11077 H—C—H 107.336

c—C 0. 15327 H—C—C 111.215

C—N 0. 14842 0—C—C 106. 925

N—H 0. 09993 C—C—N 109. 667

H—C—N 107. 827

C—N—C 112. 692

C—N—H 109. 589
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TR (12) ~ (14) XK 4 PEEELL G 2], B
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Pe= (v —23.702)

V. =1.323[P] —1.999 (17)
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Table 4 Critical data for alcohols and amines

S F T./C Ty/C p./101 kPa V,/cm® mol 7! [P]
CH,OH 239.43 64.7 79.9 117.79 88.6
CH, CH,OH 243. 1 78 63 166. 92 126.8
CH; (CH,),0H 263. 56 97.4 51.02 218.55 165. 4
CH, (CH,);0H 289. 78 117.7 43.55 274.52 202. 4
CH; CHOHCH, 235.16 82.5 47.02 220. 15 165. 4
CH;CHOHCH, CH, 262. 8 99.5 41.39 268. 55 204. 4
(CH;),CHCH,OH 274.58 108 42.39 272. 50 204. 4
(CH;);COH 233 82.4 39.2 274.52 204. 4
(CH;CH,),NH 223.5 55 36.6 300. 99 217.9
(CH,CH,);N 262 89.5 30 389.19 297.8
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Fig.4 The spontaneous wetting of the DEA solution invading

the hydrophobic pore of the PVDF membrane

3.4 BREEAASHITR
M 3.3 T R A LIS T, DEA % A R
PVDF FREALE W B 7 AN AR [ 9 5 1o e o, g ]
AT — ELZRRER AR, 3k A R LA W AE
N ER WA 0 56 Y [ S B AH B Pk kBT DEA
AR Tl SO L A NI = N T SRS RN
i, ASCERRAENE S NaCl, KCI \Na,S0, ., 1H
TREE M AR WAS Bk 22115 DEA )
TSI AT LT, R T kA i T 3R 1 5K ) 3 5
JIrHE R B HEHTIE AT A, A SCHMA i £ 2 DEA
st NIELS WTLUE B G B A 5B S
Tk B 5 I DEA AR BT, SR, B
IS TA] B AFERS RIS 00 5 | A HIRT i 0 1 RCR T
AR E . B TREREE TS5 DEA A XT3+
JE AT, PR 2 T RO R R P AR R AR S T
ISR AE FH HE NaCl, KC1 H B 48085 1 FH 4% [ Y B
BT R X W AT A Na, SO, 7 SR [ Hi i
MR HEJJ Lt NaCl F1 KC1 B4 5 K, 17 NaCl i KCl
PRSP IR e I AR AT

102.0
3

101.5

101.0F

£ 100.5F
&

—=— DEA
—e— NaCl+DEA
99 51 —— KCI+DEA
—— Na,SO +DEA

¥ 1000}

3
A
4
99.0 L . . . y
0 10 20 30 40 50 60
) /s
5 Jindh DEA W5 DEA V0 B2 i fy i A8 i 72
Fig.5 The contact angle evolution of the DEA solution and

the DEA solution with added salt
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Mechanism of the spontaneous invasion of aqueous diethanolamine
solutions into polyvinylidene hydrophobic microporous membranes
based on the analysis of interfacial interaction energy

XU ChenHan DING ZhongWei~ LIU LiYing

(College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The van der Waals surface tension fitting method according to van Oss has been used to fit the interfacial
tension of unwetted and wetted polyvinylidene ( PVDF) membranes. It was confirmed that the adsorption-invasion
mechanism of surfactants is also suitable for treatment of the process of wetting PVDF membranes with diethano-
lamin (DEA) solutions. The interaction energy of DEA molecules on the solid —liquid(S-L) interface was calcu-
lated using the results of adsorption experiments and molecular optimization with HyperChem. The interaction ener-
gy of the solid —gas(S—-V) interface was calculated using the Hamaker constant algorithm. Based on the equation of
Starov, the adsorption constant of DEA molecules on the S-V interface of the PVDF membrane was calculated to be
almost zero, showing that the reason why the DEA solution just slowly wetted the PVDF hydrophobic microporous
membrane was the additional pressure reversal, caused by the decrease on the S—L interface tension due to the ad-
sorption of S—L interface. The wetting phenomenon was studied by the method of interfacial interaction energy, and
an effective approach to prevent wetting has been proposed.

Key words: membrane wetting; interaction energy; diethanolamine; polyvinylidene
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