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Silica Modification by Grafting and Its Application in Polypropylen for
Synergistic Flame-retardant and Antistatic
Zheng Junchi?, Wu Chao'?, Liu Jidan'**, Meng Zheng'*, Sun Zhaoyi'?, Qian Jing'*
(1. Beijing Aerospace Kaien New Material Co. Ltd.,Beijing 100074,China; 2. Beijing Institute of Aerospace Testing Technology,Beijing 100074,China)

Abstract : The main objective of this study was to achieve a significant improvement in the synergistic flame retardant and
synergistic antistatic effects of silica in polypropylene (PP). Firstly, y-aminopropyltriethoxysilane (KH-550) and +y-glycidol ether
oxypropyl Trimethoxysilane (KH-560) was used to prepare 1-[3- (triethoxysilyl)propylamino] -3- [3- (trimethoxysilyl)propoxy] -2-
propanol as a network dispersant agent (NDA) for silica modification. The successful synthesis of NDA was confirmed by Fourier
transform infrared spectrum analysis and liquid chromatography-mass spectrometry analysis. Then, silica modified by using NDA
(NDA-S) was investigated by using Fourier transform infrared and thermal gravimetric analyzer for confirming the chemical graft-
ing between silica and NDA. Combined with scanning electron microscopy analyses and dynamic light scattering, it was clearly
observed that the particles of NDA-S were connected to one another but were not conglutinated tightly, exhibiting a novel networked
structure with a certain extent of inter-particle distance. In flame-retardant modified PP, the flame retardancy was maintained and the
bending strength and modulus were improved, when a total of 2.5% flame retardant was replaced with 5% NDA-S, confirmed by
flame retardancy test and mechanical properties test. In antistatic modified PP, the volume resistivity was decreased by more than an
order of magnitude, when an additional 10% of NDA-S was added, confirmed by the resistivity tests. The research results indicate
that the introduction of NDA for grafting modification of silica could enhance the synergistic flame retardant and antistatic effects of
silica in PP, and provide a new solution for reducing the corresponding cost.

Keywords : silica ; chemical grafting ; synergistic flame retardant effect ; synergistic antistatic effect
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SiO MRk, FER B rh [ RAE TV R BRI 5 R
SR G, PR E LR FE DM E R o 550-S
55 560-S R & 28 L R RAE MY SiO,, TER G
) A REATRE, 5REWIIR M E A
XTHCAT, 8 3 S Si0, 78 PP H Y4 5) 43k, 550-S 5
560-S HBAAE T —E AL BHIAVEH . NDA-S AMH
2 RAMEM , BRAE SCIAE PP TR 351 05, i REE
LRI 4 AR AOTE s0AFAE T PP 1, FH IC RE RS AE R SR AR
T 2 R BELAAAE T

R4 SO, HBIBBRECME PP HIIE Bk BE

T W R4 FE 50 % T A BEEI
Te U BH A 28.1 V-1
Sio, Bk 27.9 V-1
550—S Wik 28.3 V-0
560—S sk 28.2 V-0
NDA-S 5L 29.1 V-0
(2) HBE A Si0, AR 2 BELAA 751 512 0 BH K ek
P PP AT EMIL AL ST .

FIAFERAE M S10, 1 A BEAR D& 4 73 ) 32 22
H e T IR AR B RO U1 &0 T, ]
RERE AR BELAZRR] ) FH R, DAL S B Bl A 5



150 AR

2023 4E, %5 51 4,55 9 1

PERE i A SL R AL . DR, ABF ST, LGPk
2 43 1) BELJAR 501 PP 1 LR 1 R S b, A5 A
5% Jii 12 43 B 1) NDA-S 1 A B33 BEL K 20 43 19 1
T BRI AR B, R AE R PR A R Y
FESEERE

2 50 SiO, Wk A5 FH X BELIZA el 1k PP i i Kk
RERSZIN . FH 3R 5 AT UL, fff FH NDA-S PR BH AR AT LA
fifi PP 7E FEAR BT 2.5% BRI & 015 50 T, B
PERBASFLACREE o [RIASS, Ak 4y sy 5 18 R SR e A
S AT I 45 PR 285 4 11 B S A4 1 NDA-S BT
H4.8% M 7.1% 0 ETF. 254G A BT, 4
() NDA-S D SHIAVE A 8.3, 78 PP Hh 5] A%
FERGAE M Si0, RENE S BRBEIA T FH &2 ik /b 241k
REMEE T, O T ifE— 25 B AR A PP A REARAS , #1
Jr LN FHEA — M E L.

£5 SO, HEEAT MBI PP IR R HEAERI BN

YE| TCHCPIEL  NDA-S Bk

e BR AR E % 28.1 28.2

A LRSS V-1 V-1

TR IR It % 22.5 20.5
AT Y% 7.5 7

FrfH58 B /MPa 24.2 245

5 11134 /M Pa 33.5 35.1

5 B AR B/ MPa 1410 1510

R 1 iR /(KT m ) 7.7 8.0

2.4 HHASA SI0, % PP #4344 w0 Y AF A

R BAIE A AB M Si0, 78 PP L i L H 1 Bk 1
FHAE RO 580 2 BT L kot PP S Y, InA
I 5 FH 42 10% B9 46 Si0,, 550-S, 560-S K NDA-S, 1
T R S AL B e ok PP RS, ELARHL 7 L& 6.

F6 INFHEIUMEPP RS %
iR 44 B
iy T Sio it 550-S#L 560-S#HT  NDA-S
b e i 2N G2 P
PP 60 50 50 50 50
IR BB 40 40 40 40 40
Sio, 0 10 0 0 0
550-S 0 10 0
560—S 0 0 0 10
NDA-S 0 0 0 0 10
R7 SiO, thhERE B PP RIEFRBEE
FE AL BH 2R/ - cm)
T 2.8x10°
Si0, i 8.7x10°
550—S Prskbiga 5.3x10°
560—S Pk ien 6.6x10°
NDA-S Ui 9.1x10’

JURMARE B AR F B AR S R LR 7, 3R
7RI, TC 2 A S R, Si0, I I A AR BE S
KA PP AR B FL B3R SEBIBU R R I PVPE . 3
SERCA TCHLIFE R 43 4l 1 PP A Y2 ), DA 38
S HL e SRAE /N B 23 [R130 B N 43, B O 5 H 3
M R A SR A . AT HRTTT T NDA-S B K
B A o 2 X 5 H - RS i R mAE
A, WRIERE BT A bk Rm
NDA #7412 A& i PR A, X R 5 76 NDA-S 5
B PP TR IR b, 3XFR 5 NDA 5 R 3R T
()2 Jk ol R FE A RS R A e I g, Pl AR o e P
454 NDA-S, SC 8 i B 1] NDA-S 11 & 4 5 A/ Hlsh
¥k , NDA-S 7£ PP v HL A7 Uk AH B 3% #2345
I3 B ARG | IX RS & A2 7E NDA-S JHi 1Y
IR B RERSTE NDA-S 55 T 510y /5 50 IR 1 I 45 4R
SEHLUIE B, SCE PP AR PR RE DA

G VAL Al R, B 45 ) NDA-S s
FLVE P IRIRE IR 25, 76 PP R g | AR &1 Sio, [a)F:
RERS SN SOME PP AR AR B A, S 0
R —E A Bl
3 #ig

(1) FH KH-550 Fll KH-560 7] L4 45 B — Fl 755 3
A = SR I 25K 2 B 7R NDA

(2) NDA B8 i {2 4R 0 7 208 Si0, #6147
i, A R 5 KH-550 Fl KH-560 JEASHH 2 ; 45
NDA 45 (1) Si0, 2 B —Fhoki—AH B £z (H 0k,
(]38 38 7 E /N2 B AR R P 25 AR5 1

(3)1E FHAA M PP Y , NDA-S RE % & 45 PRk BH
WRVEF, {44 8L LOTE b Tt 1% A1, {5 FH 5% 1)
NDA-S RE S B AE AR LT 2.5% BER R FH 2 1) 1%
BLT , BEER PP AF AL RHIA P REAS LA ORI , LUES B4R
25 iy 5 B R G A AR B A BR A 9 il HE T 4.8% Al
7.1%.

(D FEPT L U PP, NDA-S REAS & #7151
YU AER AR AR F B A8 IR A — 14K
X
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