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Nano-atomization for Construction of EVOH / TiO,—TMPS Super-hydrophobic Fiber Membrane
Liu Zhigiang, Gong Guifen, Fan Jingiang, Zou Minggui, Xu A’ wen, Cui Weiwei
(Department of Polymer Materials andEngineering, College of material Science-and Engineering,
Harbin University of Science and Technology; Harbin 150040, China)

Abstract : poly(ethylene-vinyl alcohol) (EVOH) fiber membrane was fabricated by high-voltage electrospinning, in the elec-
trospinning process, nano-TiO, was prepared by using ethanol solution of tetrabutyl titanate (TBT) through in-situ hydrolysis of
nano-atomization, after forming fiber membrane; TiO, nano-particles were modified by propyltrimethoxysilane (TMPS). Through
the synergistic effects of the three micro-structure construction methods, EVOH / TiO,~TMPS fiber membrane was synthesized. The
surface morphology, chemical structure-ultraviolet absorption and hydrophobic properties of the fiber membrane were studied by
scanning electron microscopy, Fourier transform infrared spectroscopy, ultraviolet energy spectrum and contact angle measurement.
The results show that the composite effect of nano-atomization technology is remarkable, EVOH / TiO,~TMPS fiber membrane has
obvious micro-structure. TiO, is successfully grafted with TMPS and hydrophobic nano-particles were constructed. The TiO, nano-
particles prepared by in-situ composite method also make the fiber membrane show excellent ultraviolet absorption ability. When the
concentration of TBT solution is 0.1 mol /L, the contact angle of EVOH / TiO,~TMPS fiber membrane reaches 153.4°, which indi-
cates the super-hydrophobic fiber membrane is prepared successfully.

Keywords : super-hydrophobic ; nano-atomization ; fiber membrane ; poly(ethylene-vinyl alcohol) ; titanium dioxide ; propy-
Itrimethoxysilane
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& 7 > 0.02 mol /L TBT. AR N4 [ (1 i
SEM e . MK 7 WIS M RS2, fiff FH 40 oK s 55 3
15 TBT IR KR 2 A e, 9K T R AR 5o 2
— KIfRAE 200 ~ 500 nm, 7ELT4E22 | (V) RH 2 A1) EL
PE R, XF LI 6 AT LIAA 9K E AL A SE i,
A 35 AR T B 2 B B

17 0.02 mol/LTBT ¥ N EVOH/TiO,~TMPS
LFYERBEIRTIE SEM I
i 3k 25 22 5 K 55 6 5 i TR B AT K
T HYESE IR Sy = YA R I K AR R A AR TBk
CTAENESR R E . BE A ALK AR A 1Y TIO,-TMPS
GUKRL 34 2, T eI R A A K BB R TEOK
AL, Gt v AT o Sl 2, 7 ) e R 2 T IR
FE I RE 1Y [F] I (E AR 6 25 e B 520 BB R B
TN | S AR A S I R K P ST R A 25

KW F5 EVOH ZF 4 LR 45 SRR e 19, 9K
FLFRBRIRME TA4E22 FIF RIS . NG5 I,
TiO,~TMPS GKAL T 5 FLARLF 2 228 Wl S 1T, 74
FUEAER, TMPS 5 EVOH [F) K 55 1437, B AT
—E AR , B R R 4 A o 5 B 43 [RIVE FKS:
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L5 iR Sl b AR . DU T L, AR S5 A A
IR A 1 THO, R KA H T JH v B A 4 A st
T, ERE AR
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& 10a HAE SRy H: Al 220 A 15

(d)

®
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% 10 4l EVOH, EVOH /TiO, fil EVOH / TiO,~TMPS £F- 4R 57K (1)
TR LA F i 5 s 7R
TBT AW K 0.1 mol /L i, 4k 554k J5 A
IK i 525 ) EVOH / TiO, 21 4 IR fi /1y 121.0°,
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A —E WA AE, X2 A TiO, 94Kk 2 1 g
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HAWARE . RO AK R A Kb
T r TR LB I TE 4l , 9K T3S il
el et AL i) | NP S AR OB R S
IR R M AE S RIS AL UEA TR, t S g2 R
A AL TR R A X R /R 1) 1) % R T A
7 30 Nl NS

TBT ¥ Wi ik £ >4 0.1 mol/L i, EVOH/TiO,—
TMPS &1 2k il £ firh £71 A 153.4°, an & 10f fr 7w, B34
S K FPRHE fl A KT 150.0° U FE . il Tio,
YK KL 5 TMPS 3245, XF TiO, 91K i1 E 4751
TR R e, 72 525 # 4k 2 J5 R filf SR T BE A K
(R RE EL AR FH AR, 4 T2 BE 4 A RE T BRZE AR B i 7K
BRo IXEEH K BRI A O AR AR 2 Ak,
B B /K i L T AR wi /K Bt i, LKA EVOH/
TiO,~TMPS £ 2 1 — [ W AH S o] AT 2 3,
PR S 3 S 7 BT, 2 WL AN A7 A AR 3 0] L,
WA AN B AR 281, AR 3R B HE R AR, [P AH A
TSTAEAE P FEROW_E TMPS %42 TiO, I, i
PIFE [RS8, PR BT 3R TS K ), T R SE
IR AR A 22 B0z, HE P BB, gl Tk A
B R O, A O B U T, YRR R T K R,
O — P, R AR
2.5 TBT &k KT EVOH /TiO~TMPS £F 4 i

A F KA v

W ATiR, TiO, 9y —F7E 5 e i H 25 B L Bt
PR SELFE R o 4l o o B A i /K RE D 4 e, (HU S TR
FER) TBT i W AE #EAT IR A K iR 52 & H 2k TMPS
Ji , BT 2 B 08 5 UL K M B A B AN ), E 4 i A
(R 2 v, 2 R — e R ) 22 5, ORI 1 2 T
AR AR, B 11 78 R TR TBT Sk EE T
EVOH / TiO,~TMPS £F- 4 5 15 7K i w25 422 fl £ Rl
BT R THRE

H I 11a nTLAE H, TBT SRk 5 el &
TEARS R (B R TBT 1R Mk B A3 b2z ik £
MR RLRA PN, SER RN, Y TBT i
Jn%) 0.10 mol /L LA, TiO, X i&sH b e e
FEARMAN, R AR, AR RCR TR,
fih £ B 58— M U R0 0k 30, bt A R0 22 KRG 25

FH &l 11b ] DL H KRG B 2 2 TR AT bl A
TBT 7B O 38 I o/ N o T) e o B T e Tl

AE -5 K B 20 22 ) B9 2 (B ORI, IEAT 5 ik TBT
VAR MR B 3 K #) 0.10 mol /L, B2l A SE AR
AR B 58— [l A B S B B4

160

L /
120 /

110 I I I I
0.02 0.04 0.06 0.08 0.10

TBTHWRSE / (mol - 1Y)
(a)

= =
Y [$2)
o o

by / ()
g

50 50
& 40 40 E
E —
- 30 0 &
= ~
~ Ryiv]
= 20 — 120 ‘E
= . ;
£ 100~ 1w &
- ¥

(()).02 0.‘04 0.06 0.08 0.18
TBTHRIKIE / (mol - 1.7
(b)
a—HEi A s b—RE R T 572 R ik
F 11 AR TBT M 1) EVOH / TiO~TMPS £F4E Ity
Fefiff KGR SR I aE
3 4k
(1) SR R YT 22 80K i 4 2T 4 R AR
JETE 500 nm i) EVOH £F 4t fii. & i) EVOH £F
i Sy KRR U T AR RO HEZR S A, OF HAR
HESARSIATTE BB K P HENR b, S5 1 LR 4R Ay
KL B G RREE
(2) 44 Kk % 4t 2 i % EVOH/TiO,~TMPS £F
R I B SCHEBOR , i i X A A R 2 A TIO, 4k
KL, #2741 EVOH 214 Y Gl 2 48 AL PR, AN
i 2 2 2 A 35 1 52 A ROR I S B T
EFYEIEE SR K m BRI AS . 2 TBT IS
0.10 mol /L i, EVOH / TiO, £F- 4 M5 £z i /1 1 5]
T 120° ¥4 £F 4 f5 b (1 TiO, ki 203 F il v
#3320 () EVOH / TiO,~TMPS £F 4 i (1) 32 firk 71 15 5]
153.4° , KW INFeAT 1B KL HEE
& % Lk
[1] Barthlott W, Neinhuis C. Purity of the sacred lotus, or escape from
contamination in biological surfaces[J]. Planta,1997,202(1):1-8.
[2] Neinhuis C, Barthlott W. Characterization and distribution of water-
repellent, self-cleaning plant surfaces[J]. Annals of Botany,1997,
79(6):667-677.
[3] Miyauchi Y, Ding B, Shiratori S. Fabrication of a silver-ragwort-

leaf-like super-hydrophobic micro /nanoporous fibrous mat surface


杨超


XRG4 . 9k E A RIS EVOH / TiO,~TMPS i /K 74 5 13

by electrospinning[J]. Nanotechnology, 2006,17(17):5 151-5 156.

[4] Fong H, Redeker D H. Electrospinning and formation of
nanofibers[M]//Salem D R. Structure formation in polymeric fibers.
Munich:Hander,2001:225-246.

[5] Yokoi N, Manabe K, Tenjimbayashi M, et al. Optically transparent
superhydrophobic surfaces with enhanced mechanical abrasion
resistance enabled by mesh structure[J]. Acs Appl Mater Interfaces,
2015,7(8):4 8094 816.

[6] Zhu Xiaotao, Zhang Zhaozhu, Yang Jin, et al. Facile fabrication
of a superhydrophobic fabric with mechanical stability and easy-
repairability[J]. Journal of Colloid & Interface Science, 2012,
380(1):182-186.

[71 Ding Guoming, Jiao Weicheng, Chen Liuyang, et al. Self-
sensing, superhydrophobic, heterogeneous graphene network with
controllable adhesion behavior[J]. Journal of Materials Chemistry A,
2018, 6(35):16 992-17 000.

[8] Pan Yunlu, Huang Suichu, Li Feiran, et al. Coexistence of super-
hydrophilicity and superoleophobicity:Theory, experiments and
applications in oil / water separation[J]. Journal of Materials
Chemistry A, 2018, 6(31):15 057-15 063.

[91 YunG T, Jung WB, Oh M S, etal. Springtail-inspired superomni-
phobic surface with extreme pressure resistance[J]. Science
Advances, 2018, 4(8):4 978-4988.

[10] TARIK, T4, 251, 45 . & A 44 PCL / EVOH [k 14k

T gy 22 ki o SO MEREAT S [3]. F6 T 8RS B, 2014(5): 74~
76.

Bt AR Ry CES 2019

55 52 Ji [ bR s 2 IS B T S R Y 4 (CES) T 2019 4R
1 H 8 H ~11 HAER W iz 47, W51 7ok B &k
4500 ZlL B .

5G . A Hr & 4 8K HL 3D fL % bl O TEAMLAE
B ARFGDE R RS BRI

CES [n] 2k & B & R I 7 1A%, 2408 WosF AR 1 75
. 44E CES, OLED, 8K Hi1, i I i /R B A2 T 37 8
IR BRI R R ST, T i S AR
S B ANTF 2R “ JE sk, LA OLED Afl, FLFH
WAkt FH 205 W S-i R A AN SR A ; 78 KRR,
BRI T REY BN FANULA Y FERRARL )y H
ZH%) TAC,PVAL . COP Ji&, Jf-H COP IRt il F- ik .

L LG #E iy mT 2 il e RN 22 2 S BRAY Flex Pai( 229k )
FHLIN S T REEW e (PI) KBTS, DL PR3
TRAEFAR, JEAS “NI B (1 RSS2 T 25 i

VERH AR H R SRS , CES 51 AU 28R
Hom iAol A —Le bR & 7, fE AR CES |, Ak
TVE TR A S o SRR R TR LA SR R RR R IR A, M
TN FSE TR A il A e 07 58, ol SR At i vk
TR TR B K R SEIRA A R

Wang Jiaona, Wang Zhe, Li Xiuyan, et al. Preparation and
properties of PCL / EVOH composite fibers by laser melt
electrospinning[J]. New Chemical Materials,2014(5):74-76.

[11] JUEETY, T, 20 Y R O - CIRBERIREE / BT

JHeH B L B R A 5 BB HL A2t B [0, S A R
2018,35(10):2 632-2 639.
Gong Guifen, Wang Lei, Li Ze. Electrochemical properties
of EVOH-SO,Li / Pl Li-ion battery separator composite by
electrospinning[J]. Acta Materiae Compositae Sinica,2018,
35(10):2 632-2 639.

[12] Wang S, Yu X, Zhang Y. Large-scale fabrication of translucent,
stretchable and durable superhydrophobic composite films[J].
Journal of Materials Chemistry A,2017,5(45):23 489-23 496.

[13] Bottiglione F, Carbone G. An effective medium approach to
predict the apparent contact angle of drops on super-hydrophobic
randomly rough surfaces[J]. Journal of Physics:Condensed Matter,
2015,27(1).doi:10.1088 / 0953-8984 / 27 / 1 / 015009.

[14] 250, TRINES, D38 A5 T BE TNk TiO,-SIo, E & ki F il i
SN K 2 ARSI 0], RERREL NI , 2016, 35(3):772-778.
Li.Qian, Xu Lihui, Shen Yong, et al. Preparation of anti-ultraviolet
and superhydrophobic multifunctional cotton fabrics based on
TiO,-SiO, composite nanoparticles[J]. Bulletin of the Chinese
Ceramic Society,2016,35(3):772-778.

[15] Liu Yan, Li Suiyi, Zhang Jijia, et al. Corrosion inhibition of
biomimetic super-hydrophobic electrodeposition coatings on
copper substrate[J]. Corrosion Science,2015,94:190-196.

DA S A/ NS R R e A o ], AN e A e ©
HilVE, P Ll iz B2 T RS FEA L © RIIMRL, 7
Hyrohh BHER  JCL A5 530 1 PEdy SRR ) [ H A A
MRS BB . W] R A5 3 B Embr Labs FDKY
WHAREAESSE, FEH T Embr Wave PVAERT 27 %
B BARE AR

BRI 2B 7= b B BE R B R Az Bk a5 2 AR
J CES Yy E A4, Ash Chromics MK 7E CES F#t R
T BhAR 6 E BUAR (7 FADES IR #% % 51, FADES iR
5% Z 3% Al Ash Chromics (XU & W1 i 808 A AR, 72 1R
SR €07 1T, A S PR ) D) e ) A e v ) LR TP
A A LCD FLEUE BT ELRE A o 148 Z R i
MHH AR T Z 30 AHL S BB 5 7= o BB 5 AR
KR B A AR IR BRI 5 | 8] T 8 i Fok , RZ )
FIFFAS SRR RG22 0 2 AN 567E

I IR AY CES AXER B, 7B B W BB T,
FOR B T2 HM R AR 2% i K E T L S T i
HEACHT B B, T 3% B B2 52 r ) 2 AR o T i e R R i e
2019 AEAT AL BB A 19 55 4 KR — M B &, i 5 =2 ARG 1Y 48
BEIE R, KA X AR 47 A/ N £ €8

(BRBHRM)


杨超




