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Preparation and properties of functional polypropylene with hydrophobicity and toughening
YANG Tingting, WANG Jingjin, CHEN Ran, ZHOU Changlin, WANG Lei
(College of Materials and Chemical Engineering, Key Laboratory of Inorganic Nonmetallic Crystalline and Energy Conversion Materials, China Three

Gorges University, Yichang 443002, China)

Abstract : Mechanical and interfacial properties of polypropylene (PP) serve as core elements to support its application from
traditional to emerging sectors. To expand the diverse application scenarios of PP, the synergistic improvement of hydrophobicity
and toughness is an effective way to extend the breadth and depth of PP applications. Long-chain alkyl fluorinated polysiloxane
(FPW-C,-X) was prepared by ring opening polymerization with 1, 3, S-trimethyl-1, 3, 5 (trifluoropropyl) cyclotrisiloxane (D,;), octa-
methylcyclotetrasiloxane (D,), and hexadecyltrimethoxysilane (Dynasylan 9116). The structure and relative molecular mass of FPW-
C X were characterized by nuclear magnetic resonance spectroscopy, gel permeation chromatography, and Fourier transform infra-
red spectroscopy. Then, the modified composite material, FPW-C16-X/PP, with both hydrophobic and toughening properties was
prepared by melt-blending of PP and FPW-C -X. The properties of FPW-C,-X/PP were optimized through regulating the molar ratio
of D, and D, to Dynasylan 9116, as well as the addition amount of FPW-C,-X. The interrelationship between the morphology and
thermal properties of FPW-C,-X/PP composite materials and their comprehensive performance was revealed through microstructur-
al analysis and thermal analysis. Combining dynamic thermomechanical analysis and rheological analysis, the intrinsic relationship
of mechanical property evolution at the molecular level was studied. The results show that when the molar ratio of D, : D,.:
Dynasylan 9116 is 1 : 1 : 0.06 and the mass fraction of FPW-C16-X is 6%, the water contact angle and toughness of FPW-C16-X/
PP are 124.92° and 164.3 J/m’, respectively, which are 18.97% and 25.93 times higher than those of pure PP.
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Fig. 1 Synthesis route of FPW-C, -X
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51 Bruker 23 Al ;

BE IS 1 155 4,31% (GPC) Y : Agilent GPC 50, Jb 5L
ST BRBMUA A PR AT

S MRS T (DMA) L : TA DMAS8S0, 3 [
TALAN A A

AR{Y . Haake Mars40 , FE 2R K iR Bl2# A A

Yy K 53% v 43 B3 B W 8% (TEM) : JEOL
F200, H & iR ot
1.3 RXAEH &

1.3.1 Me,NOH % i & 1t 7| #9 %] &

Me,NOH B 5 Ak 77 Y G 1l 2 RESCRR[25] 4
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0.06. 1: 2: 0.06 X Jij il % FPW-C,-1, FPW-C -2,
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MIE
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FHRH 2R 3 °C/min, BRI AR

T AEPEREIR < 1H %2 N AR 0.5% , 45 R A8 Ak 7 Rl
0.1-100 rad/s,

TEM M - M HL A 100 kV o
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Fig2 FTIR spectra of FPW-C, -3 and FPW-C, -3/PP.

2.2 NMR4#H

K NMR XA FPW-C -3 (&3 | S0 A
BEATRAE, 45 RN E 3 iz, A&l 3a s , AR 3
IR FRAR AL 27 051 7 (8)=0.1~0.3 Ak AR LA
KU AT B2 ARG, ZHOCE IR
FI LA B RE A A5, 6=0.02~0.04 2 fik 42U St Fff
I H R, 8=0.61~0.63 J& K A be 5k oK 2 Y H ik

A, 0=1.17 oA R R B R H 5, 6=1.96 il
R P TR 1 I SRR b R R A 6=
3.36~3.4 & 55T =GR S IR . 454 I 3b,
FPW-C, -3 1t 6=—68.86 &b i Bl —Fh U AR I, 19 )
T D, CF, I F AFRFIEIE™ [ 3¢ HHE6=-21~-23
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Fig.3 NMR spectra of FPW-C -3
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FPW-C, -3 1Y) GPC [14& (43 & X BL- T o
AR 1gM-dw/digh) U 4 i . FPW-C, -3 By AH X
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Fig.4 GPC curve of FPW-C -3

®1 FPW-C 3HBEXMASFRENS FESH

Tab.1 Relative molecular weight and molecular distribution of

FPW-C, -3
Sample M, M, M, PDI
FPW-C, -3 7 849 16 997 31618 2.1

Notes: M, is number-average molecular weight; M is weight-aver-
age molecular weight; M, is z-average molecular weight; PDI is polydis-

persity index.
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()51 AXS PP 3R E s /N . Hi &1 5S¢ AT,
PERTJG PP IJE AR B 14, 5 A iRk 4 43 T
IRABAIS) BB B AR 27

T3 —J7 T, AR 45 B 5 A RS 1 OC R AT LS
|25 [ PP .FPW-C,-3/PP .FPW-C,-8/PP 4 1 £ /3 5]
429.5%.29.3% .28.9% , 4 &ty & BAIK AT I BH Pk 541
BB PP 22 A s AR B A FH B9 TPN 2544 , BHLAS T
PP &5 B e HES] , R 25 i o TPN 2544 {5
45 A NS, R AR S8 S AL ] FEBCE £
B s PR R AR S IX 5 FE A3 N, R E R R
THE BTG o B R, T A R I RE i D RS
J& AR I R Y
2.5 BARMAESAT

K6 JER T Zeat AN ] SO ek o i i L i
) FPW-C, X FIAS [F] 8 0 & FPW-C, -X 2P PP 5 119
Pefolfr , 8 1 1] 6a F1P 6b ¥R 5T SN FL BTk
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—— FPW-C,-8/PP
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60

401

20+

Mass residual rate/%
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Temperature/°C
(a) TG

=20 ——pp
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—— FPW-C, -8/PP

Derivative mass/(% min™')
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Temperature/°C
(b) DTG
204
1.5¢ %
E 1.0+
é 0.5¢
g
T 05 PP
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_1‘590 165 1é0 13‘5 150 165 lé() léS ZiO
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K5 PP FPW-C,-X/PP TS HT
Fig. 5 Thermal analysis of PP and FPW-C, -X/PP composites
#2 PP5FPW-C,-X/PPH4HERE
Tab.2 Characteristic temperatures of PP and FPW-C, -X/PP

composites
°C
Items PP FPW-C, -3/PP FPW-C, -8/PP
T, 370 365 330
T 490 461 458. 1

max

Notes: T, is temperature at 5% mass loss; 7, is temperature at

maximum mass loss rate.

PERERY SN, >4 S W) ) o i 1 LRy 1:1:0.06 B
AR 32 il 1 R 124,920, AHEE T-25 (H PP (1) 105°4%
120025 47 HR T4 18.97% ;i 1 1] 6¢ & B, Ble
FNLEAR IS 2 i 55 0 S ATH SR BAT R A Y i 7K 0
2.6 NFHERRSHT

& 7.3 3 F14 4 &R T 25 1 PP AN [A] i i 4)
Fe ) A TR 42 FPW-C, -X ek PP &2 A RN
PR RRAS A O, 0 A% R U TR ) 1 e
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(a) Effect of Dynasylan 9116 content on tensile properties
150 - while n(D,) : n(D,F)=1 : 1
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* 105 00 400 fFPWC66/PP o
) 90 - — FPW-C -7/PP | o
g —_FPW-CL-3/PP 1 1
kst 30+ — FPW-C -8/PP | ! g
<
£ 60 - § — FPW- c -9/PP 304.6%
© 30 7 20- | |
2 | |
N ‘ ‘ Z ! 733.1%
. ?Y) 06 06 06 B 06 10+ ! ! 866.7%
0- 0 02 Qs Qv 00 123.93% 554% (36677
n(D4) n(DBF) n(Dynasylan 9116) 0 1 ‘ ‘ ‘ L ‘
(b) Effect of n(D,) : n(D,F) : n(Dynasylan 9116) on hydrophobicity 0 200 400 600 800 1000
Strain/%
150 - an n (b) Effect of 7(D,) : n(D,F) : n(Dynasylan 9116)
—~ - 127.78 126.08 124.92 126.34 125.10 on tensile properties
<120}
2 105.00
é‘) 407 _0 | | Il
s 90 —2% 11804.61%
g 742/0 I I Il
E 60} L 30F T f\
@] a, | | ]
2 | I
30¢ 2 20} ; h
2 | | | Il
oL W W W W ¥ & 2393% || |
o2 4 6 8 10 10F || 33349%1 g om0
Mass fraction of FPW-C16/% ! Lo N
(c) Effect of FPW-C, -3 addition amount on hydrophobicity, I I I N
- . . . . | L Il L Il L LU
while n(D,) : n(D,F) : n(Dynasylan 9116)=1 : 1 : 0.06 0 0 200 200 600 300
Kl6 PP FPW-C, -X/PP 4 fitfA Strain/%

(c) Effect of FPW-C, -3 dosage on tensile properties

K7 PP FPW-C,-X/PP (1R F1-RiAs 2k
Fig. 7 Stress-strain curves of neat PP and FPW-C, -X/PP composites

Fig. 6 Water contact angles of neat PP and FPW-C, -X/PP composites
JIBOR UL AR R . 18] 7a 518 7o KB, AW
LA FPW-C X%t PP AU BIVEA RAF A BCHESOCR

£3 REYYIRKEEI FPW-C, -X/PP 15146k
LA FPW-C, (-1 MOHE I AL KK 51 1 131.5%, nce of motr e

Tab.3 Influence of molar ratio of reactants on mechanical proper-

JE25 H PP B 244K % 23.93% 19 47 5 L I, FPW- ties of FPW-C, -X/PP
C-6 WU 5 5245 14 LT 24 3R B Ay 554% ,4T) Tensile p eation FOSEC o ohness/
Molar ratio strength/ N modulus/ T
SRIEZS PP Y2745 LA Lo [ 7e B[RS fin 2 11 MPa APy, (Jrm™)
WCPE I ERAT B A RS BIRCR , Forh B hn o &5 534 0:0:0(PP) 365 239 1144.0 61
1:1:0.02 32.0 11315 6247 322.0
6% IRCR A, ZRE Kl 6 FiR 445  FPW-C -3 7F 1:1:0.04 39.0 752.6 1418.1 217.4
HITECH 6% i, FPW-C, -3/PP f 42 fish f AN 1) 1:1:0.06 275 804.6 962.4 164.3
e i . X 1:1:0.08 284 824.8 1105.1 1915
ZRa PERERAL , 7300 124.92°,164.3 J/m’, 54 PP 1:1:0.1 26.6 660.8 606.6 138.9
A3 AR R 18.97% F125.931% . 2:1:0.06 22 554.0 1024.1 1015
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Tab. 4 Effect of FPW-C -3 dosage on mechanical properties of

FPW-C, -X/PP
Mass fraction Tensile Elongation Elastic Toughness/
of strength/ o modulus/ 5
FPW-C,-3%  Mpa P yp, J-m”)
0 36.5 239 1144.0 6.1
2 29.8 780.9 895.2 164.0
4 30.2 3335 1156.0 72.0
6 27.4 804.6 962.4 164.3
8 26.0 450.1 11624 88.8
10 26.7 666.3 953.6 137.3
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