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solution on the surface roughness of the membrane

HI & 5 W15, Bl be ik SiO, 12 R i £ B 1] 1)
FEAC , JE T RLAE B 52 B e s =0 B TR AR A .
IIMTIN s WG W BOR IR AR SV 58 4 T P AFAE
RN SiO, Ki g BASAF FEL S, {3 Bl
B T AE A, RN — 1 SiO, KE-38 20 1, Hi
AR R BEREGK SIO, K158 — R IR 7SR 1 , S,
FI S, AR5 i R [ 70 AN 30 5 3 T RELRES 2 )
P& T SEPIEET 7K 5 B S I 8] E— 2P SE K, SiO,
KL R AR TE BRI IR 5 5 R AR TS - e,
S, RS B KN B Sk SO, 2
R I 24 hint, S, 5 S, B {E R R T
D RSO I g o ) 5 1) b D R RE L X 57, HLte
I F RS2 T 42 ik £ S0 ( e e RIS 1567,

2.2.3  BERmEIERH

HURSEARTEAN ) ) £ I PIr A A e 4k SIO, 32
TRWON BB AR ), o IS K S0P s ) B AT 1
TESREE R, 55 anlE 6 PR, B 6 (a) Ry JE e, &
6(b).6(c).6() 7RI N IRTRM 4 12 h.24 h.72 h
J5 X BRHEA TR AR B TE S AR AL 5.

MIET 6 ] 1 24 35 U3 ) 4 P T 5 L I SO,
AR I T A4 5 B B RORLRE 2548 B 2R
PILULIE 6(b) 6 (o) . BEA ek SiO, 5 I Wil # i
] A AE I SIO, QKA1 53 i = E HEARL LI 6
(1.



- 68 - BB

5 f A 1%

() J5UBE; (b) s (o) + (d) il i [H] 12,24,72 h
R
B 6 et SiO, BRI B X B 1 T 40 A 5% i)
Fig. 6 Effect of preparation time of alkyl SiO, dipping

solution on the surface morphology of the membrane
OC,H, OH

_ WP BE l
H.C,0 = Si = OCH,

OCH, OH

ShG LIARRREE TH B fk A KRR B2 L) SO A I
BTN TG 3E i TEOS il £ 15 2] SiO, 442K ki
TR N 725, BA 2B KPR I A HLcH: 7 s
MTES 8 5 SiO, 3R I Y 58 JE 52 o 8 i 7K 1 2 1]
H LA B SIO, g0 Kb T 32 101 159 21 57 7K 1 ot L
SIO, BRI SN R B AN E 7 R, O B (] 4 0
it MTES $ER etk S0, £ 5% 4, SI0, 2 Y 23
TekF oS5 ONE. Bl AE N TE) ) 38, R i Y
MTES (i i K H A 4245 3]SI0, R, 428 7 1 b
FE SIO, oKL R I B K ME MG KT R I
FEfl Ay . IR SR B K R BB 4R . 24 h B A A ) do B
SIO, KA ¥ 7 J5E 55 T 3k B4 F, MTES 5 SiO,
B THT FR ik S I 6 A TR 3] T S Bt 2 s I s ] 1)
P IE, SIO, YK &R H R AL R IR
FE MK, PTFE R Ml T B, S UM 5K
PERE T .

OH CH, CH,
| | |

vy HO=—— Si =—=O=— Si =—=OH mwwsp HC=— Si = O— Si —CH,

Bl 7 MTES ZER AT T BRSO SO, KKK DAL

Fig. 7 Reaction mechanism of SiO, nanoparticles grafted by MTES under alkaline conditions

25 LRTIR et SIO, RIRW I AR A BT
24 h.

2.3 MTES/TEOS [ £ Lt X B 25U 14 30 SR 9 54 i
2.3.1 BRI

IR I 24h, 4858 MTES 5 TEOS Jit
O R 2 I, JE T MTES/ TEOS Jii &
Feo1:1.2: 1.3 1.4 1,455 8% 5 SIO, 12
TR PR SR & B S10, = IR PTFE
ZALBEHA TR R A 3, R 45 2 i K 0 PTFE
Z LR IR T o A L 45 SR R 8 P s.

FH L 8 AL, 4 il &5 i[RI AH ], s MTES 5
TEOS Jii i H 38 0, e 3 SiO, 12 iR AL 5 1 i
EINEpS LV R e N R AN ) N T T
biiE MTES £ i3 in . 35 2 iygi K PEke 3 Sio,
YAALT B A PTEE B8 181, 15592 1f 42 foh £ 20(EL
HEK s gk 23 i MTES (&, SiO, gKki 125k
AR VRIRREREE T B, R A A EUE T
R, X LEAS R MTES 5 TEOS [t Hoxsf B e e /9
A AZE RS, 24 MTES 5 TEOS it th h3 + 1
FisF o M TR M 71 RSO (E i K 3 e AT 156°,

OH CH, CH,
160
140}
& 120 F -
= A R R R
2 100}
E o0 0 O O
#®
80}
60
0 1 2 3 4
MTES / TEOS Jfi& Lt

8  MTES/TEOS Jit ik b 54 i 42 ik £ 19 52
Fig. 8 Effect of MTES/TEOS mass ratio on the

contact angle of membrane surface

2.3.2 BRI E

N T LRSS MTES 5 TEOS Ji i o i
BOERCR S22t S5 19 PTEE RS T 2547 T
FEHE I, 25 R AN 9 F7R.

FE 9 AL, B MTES/TEOS Jii & H iy 3
T FRER TR A B2 5 R 8 R — D/ s — 38 R A2 A
Fe oA . 2 MTES J & 80 i), SiO, ki1 B



556 30

B B5E etk SIO, il & 45X PTFE BEg K S MR R 520 © 69 -

IKEPER e 4 2 MTES fliid Z 0, SiO, ki1 k&
AR F RS, R, il ki SIO, Rk
# MTES/TEOS Jtg ey 3 ¢ 1. S, 5 S, %
(LRI FsF 35 380 05 /0N o A B Ot el A% 2 1) B8 2 T -5 D e
DT TR TR AN 1] B R JEE e I - ELIG T o e
THT 12 il £ BECAE fme R IS A /K P RE AR A

160
-?ﬁﬁﬁﬂ!ﬁ 50
140b 5§
P . {40 g
= =
& 120 B J 30 {R(
# 100 120 B
= f=
H% 80t tio ¥
{0
U 1 2 3 4
MTES / TEOS Jfif& [t

59 MTES/TEOS J5i i bt B2 kLA BE 19 5% 1w
Fig. 9 Effect of MTES/TEOS mass ratio on membrane

surface roughness

2.3.3 REEREIESN

FURLEER G MTES/TEOS Ji 5 Fb %o B ol P 78
SO o X6 B K e S A R R AT T O 4 5 A
L. B 10 Ca) | (b)Y, (o), (d) 4351 A 8 5 MTES/
TEOS btk 1: 1.2 1.3+ 1.4 ¢ 1 #1415 8]k
FE SIO, BRI X BEIEA TR VRS 2 A B2 T 50
K&,

MTES/TEOS JFitith:(a) 1: 15 (b) 2: 15 () 3: 15 () 4:1
K 10 MTES/TEOS Jii & b 3 B 55 (1) 5%
Fig. 10 Effect of MTES/TEOS mass ratio on membrane
surface morphology
A 10 A] 0, B 10 (D) A B F 10 Ca), (b)),
CON | EJTRSTONELP/S TATEE & Vi -

ZRA IR T fl £ R BE DL SO B I
BTN R s BT MTES § SiO, #8057 Si0,
AR R G A B K S, i — 2P X% PTFE fii
PCPETE BE K R AE. PRI, MTES #2211
BiKPEREA W3 152, X4 MTES 5 TEOS Jiis [t
INTEET 3 B, fliE MTES it 34 0, 55 2 (1) B
TRPERESE SIO, UK KL+ 7T LI & 7E PTFE ~F- A i
FRIAT i B3R 1T B K P BE AR T 5 2434 i MTES /9 H
T E KT 3 8L AN MTES MUK BEYEZE
5 SiO, gk 3R 0 v . b2 F 3L SiO, 44K kr
TR T A A R RN (A B SR T A A PR AR 2
FE A A U]

g b ik, il £ ke 3t 5102 12U WA Bl
MTES/TEOS JEiH e h 3 ¢

3 ik

1) 4lizk , 2 K TEOS 1 H 1 5% i i 1 4
) SIO, GAKRLT-RifE 3Nk . TEOS i, #27+
alizK 5 JoK SR E A AT DAjs IR AR, aligK L LT
K TEOS i =13, 32:11. 92:1. 9221, fif
il £ 1) S10, GKpF-FER 4250 nm.

2) JoeHk SIO, IR A it B rh R IR A B
KA MTES 5 TEOS He @52 miz i etk 5 PTFE
B KM  HARE AR, JedE SIO, BBk IR TR
£ KR 24 he MTES/TEOS Ji & I 3: 1), %t
PTFERSE A TR TR AL BE , FEE T2 i £ 5 5 AT 36 156°,
R KROR B3, R LE I SIO, Gk H I
TN SE R 2 1A AR TH B K 25 R4 A FH.

S Hk:

(17 AR, SR I09R 24 S i ge st e [T . #iimifk T,
2020,51(3) :1—5.

(2] 5FIA. ABHEAK — 8027 2 DU 56 2075768 20 2 4k 1) 1 45
Kvi FAWESE LD, A - VT3 T K24, 2023.

(3] HEATHL. & IR B A . 25, B /K 3R U 56 2 475 44 L 1
& LB L) ] v S h 55 By b2 4l 2023, 43
(2):231—241.

(4] 2 3, AR, 25—, A5, FLAT U LR 205 4 1 8
KRR LT A BT F 2 (] IR % 54 R,
2024,44(1) :63—70.

(51 B BRATWVE, 8870, 45 3 T RISk b 3 57 3% 7
e R K RRFFELT ). B AL T, 2023,43(7) . 176—181.

(6] E3CH: My W& b, %5 M KA K 43 85 b v
A gE e LT ). Ak TR AR R, 2019, 47(SD) - 16— 19.



.70 - BB 2%

5 og A 14 2

[7] Wang P,Li C,Zhang D, et al. Recent advances in chemical
durability and mechanical stability of superhydrophobic ma-
terials: Multi-strategy design and strengthening] J ]. ] Mater
Sci Technol ,2022,129(34) :40—69.
[8] Wang SQ, Wang Y M, Zhou Y C, et al. Scalable-man-
ufactured superhydrophobic multilayer nanocomposite
coating with mechanochemical robustness and high-tem-
perature endurance [ J ]. ACS Appl Mater Interfaces,
2020,12(31):35502—35512.
(9] 2= i, X v e, 2% 4 0, 55 G /K A4 0 BIF 5 3k i
(] W FA R E S TR, 2020,36(12) : 142—150.
(10 SRIkHg Ak 52 00, TR 4. BE KR JZ W& I ke
R Bl 56T, 2023,34(4) : 15—19.

L1 e, s 5% 2%, 55, K 972U BHIE 5T B0IR
[T AR 5B R R 2023,51(2)  24—29.

C12] XI ¥ V5 s i, SRPIM s 2F 4B 0 i K e L .
KT K A=24R, 2017, 36(1) : 15— 19.

(18] EfRT . XIEE . SBHN, . B T 2Rk be/ bk Sio,
PRI SR i) PTFE Hp 25 1 2 [ 36 T 48 5 /K el e B 5%
(7. 3R Tl 2020.48(7) . 19—23.

[14] £ .8 %485 2% #HHKSIO.@OTES §if
TEURZ R H s KRR . BAAE T, 2023,52(4) : 1115
—1120.

L15] Z29E0T 4 %9 #. 5%, SRIESOEUK — 4 itk
Tl e 5o BRI . LR AR S48, 2019,
36(10):159—162.

(16] BR  WL.BRF=Z AR 75,5 90k A fbrE R E i v p
gEit [T ] AR AL, 2017,31(5) : 396 —400.

(171 207, XUTR 3, WRIHGER , 55, 402K SIO, IRk i il 45 5
Haby S rEnettae )], o EPg% . 2024,60(2) :9—19.

[18] FETFAT  ARARAY o ] BT, 55, 4 Ak / 2R DU IR 2 s B
AHFER £ [T ). BRI TR K224, 2022, 44(2) .
170—173,218.

[19] B . otk S bmh 7 At & R X K PR IR
MK BCPELD ] M AR R TR A, 2022

[20] BEZERG D R, SR ER 0. OGS IR AR W Ass Il R hi
HEURE B R FE LT . il B R 54085 5 2023, 29(2) .
203—208.

[21] skafede. & 8. BOCILER M BT A4 76 22 TR A
R FE . Bl e L. 2020, 28(3) £ 26— 29,

Effect of alkyl SiO, dipping solution on the superhydrophobic
modification of PTFE membranes

SHAO Wei', PENG Qiangian'*, GUO Chungang®, CHANG Na',

WANG Haitao®, LIU Guochang?*

(1. College of Chemical Engineering and Technology, Tiangong University, Tianjin 300387, China;
2. The Institute of Seawater Desalination and Multipurpose Utilization, MNR(Tianjin), Tianjin 300192,
China; 3. School of Environmental Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract. Hydrophobic polytetrafluoroethylene (PTFE) membrane has a wide application prospect in membrane
contactor processes such as membrane distillation and membrane absorption. In this research, a colloidal solution
of silica (Si0),) nanoparticles was prepared by sol-gel method, using pure water, anhydrous ethanol, ammonium
hydroxide, and tetraethyl orthosilicate (TEOS) as raw materials. Then, with methyl triethoxysilane (MTES)
used as the organic modifier, Si(), nanoparticles were modified on the surface to prepare the alkyl SiO, dipping
solution. This research investigated the effect of raw material ratio on the particle size of Si0), nanoparticles, along
with the effects of preparation time and mass ratio of MTES to TEOS on the hydrophobic modification of PTFE
film were further investigated. The results show that the size of SiO, nanoparticles can be reduced by increasing the
amount of ammonium hydroxide and TEOS, and increasing the ratio of pure water to anhydrous ethanol.
Extending the preparation time or increasing the mass ratio of MTES to TEOS could increase the contact angle of
the membrane surface at first and then decreased. When the mass ratio of raw material was 13.32 # 11. 92 : 1. 92
: 1(pure water, anhydrous ethanol, ammonium hydroxide, and tetraethyl orthosilicate) , the preparation time of
alkyl SiO, dipping solution was 24 h, and the mass ratio of MTES to TEOS was 3 ¢ 1, the surface contact angle of
the modified PTFE membrane reached 156°, and the superhydrophobic effect was significant.
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