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K S0, FIOCES TH 10h G, H
APS 1 GPS S REFI R AT 0t K f7 T R Ej 4t
HARSGEEMSAH ETFXPEXFINEN, A
FEHKA RSN S0, ERM 3% . Bl /8%
Si0, WIRM R G BKAHF KT NBBEESI ZN
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1.3 BERNFEMNR
1.3.1 SHEMAOIESH(PCC) FRARERE
88 2R fBIE A APS 1 GPS 2L sio, A
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3% b7 BT A<M B35 {5 Shimadzu GC-7A B
(4 f® 3% Shimadzu PYR-2A), 4 #7 0 & & 50 ~
220°C, F B & # 8 K/min, WL E 250C, &
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1.3.2 £ EIE 2 (FT-IR) BEMNESE
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BIFE2ATHREO NI ZEHSFEDHH SO,
IV B e 37 40 T 48, KBr | i B 69T FT-IR
487 BT AR B 5 2R Nicolet 560.
1.3.3 #EFH(TGA) KA TA 2050 BRI E
AT, THBE BE 10 K/min, F N, S P WE b
RE.LAEDE S0, REH S0, HNEBTR. B
TAHBE SN REERE.
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i .5 B A Lzod fBR 17 pp 7 92 FE 8 . L4, 3R 4
HEEE65% R.H.(HEXEE)W &S FIRBAeR
48 b fa #HAT T HIFI®E . Hoob, B A B fi oL R
S X8 EE TS-2000, H /B BE K 50 mm/min; 25 Bl
W 20 mm/min, EEEE 3.2 mm. LR
AU BEEREPECHH, ML ABER
U
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S0, AXKFEAFEEABMNER, X
EEGEREMENEE, XY HBETHERES
RERME AR REM T T HEHE . EH X S0, &
FRELHA TR E S, KZ R MEBER
KA SH &SI NN EREE, M
FLBmE BPENERE . AEE . RE. &5
- AR E D, R APS M GPS R E R
MIEEE B B, X Sio, B F# T AV babH, ol
EHERESIAZREMAERSR NIETREE &
X Sio, WETMHRGBHEEFER . S8
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2.70 min 4b; X T 24P IR IS 19 Si0, #ER L FE
WXEATHLRAENRE, BELA 2.65 min
HERNF IS X S REHARIEE THAXRET
REBBKE M ESE , RH APS SREHR T LIEH
WA SO, FH L. A EREBEANEN,
Si0, KEMEEREAFRAENEREHNRERE, B
EHREEIAT -ERKBENANS FELH, X
Ay REPEEH .
2.2 Si0, EEMEERE
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Fig. 1 PGC spectra of (a) nano-5i0;, (b) APS and (c)
nanc-5i0, modified with 5% APS
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Fig. 2 FT-IR spectra of silicas

a) Raw material (as received); b) Sepamted from nylon 6/nano-
5i0, composite (50, was premodified with APS}; ¢) Separated
from nylon 6/ nano-5i0, composite (Si0; was premodified with
GPS); d) Separated from nylon 6/ nano-$i0, composite (Si0; was
unmodified )
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HoATEAEABRTESYCEATRES
Pedk HBE AT DA X B BB B E M
i@t A T Sio, ¥R EM. X R
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Table 1  The gafting of silicas isolated from nylon 6/nane-Si0,

composites

Serial number Grafting (%)
b 16.1
c 14.5
d 13.1

* Herein the serial numbers are in accordance with Fig.2.

MFHXK S0, AFERFRAK . XERTH
X EEMER FETERNFENSA, NRK
REEAEANASTERR N TFE
AR INA LA LB R R R R 21T 3 i 4t
BOALIEM, R AESK Sio, REFIAEEZH
R YEE REH, H R ER B AL A B — A
ATHRIEX &, FHAREBE S0, MARN
4.3m% %4 . APS #1 GPS ABIBT R T Bikk
HEREEEARREMNEASE KR P S0, &
EEHNEE, R 2 A REVMAKAMNE
AIH M Si0, MREEBEEE FFHBE.

Table 2 The grafting of silicas isolated from the composites with different
amount of silane nsed in the pretreatment
Types of silane Silane used Grafting
coupling agents (g/100g Si0,) (%)
— 0 13.1
APS 3 16.1
APS 5 22.4
APS 15 28.1
APS 25 27.6
GPS 3 14.5
GPS 15 23.6

23 BEKZRNEESRYETLLREAX SO,
FENEEHKX

FAMEREE REAYERN—NH, 58
AT R, LR T AR REEE
HEg Kk Si0, MIMAXERR ST TRME
WoAEINUEL, EFAERIANESERESD,
BEAESF SO, SR MEYTEEOEERAS
BN . E4FYRNENEESEHE L ANE
B TRECARKETRECKRALEATHE
faEmE, B TFERRPAIUEERMATEAR
LUBH, HEEEE—NH TENEE, DRE
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SR &4 EK Z H 4L E (Si0,—0H) M K,
Si0, REEHEREAAZAFAEMNSIADFE X
FOUBMmELSBRYHE LB E HXET
EEAFEREEAM Sio, /2 # 6 2k 8] i R M
&5 7 #h i X —NH, F1—COOH . & i 3 1k,
R REAERSAE. H W, 3 F A (Si0,—
NHOHHER, EEPNEESBhBREREAL
FHAE T 6 PR 5 i BT AR A 4 AR, , 5 S 3L T 1Y
MEBMBARRERN, H AR ES5IESTEHYP
P ek B T o B A T X B T S R AR R M R EUR R
ERZEMNAT XN TS0, EEFEHREENE
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HAEESEEEFTRAE KM EMFEE",
A ARHEEREESER 6 KA THIERRE
REAREEES YW T REY  RIECHIRE, X
BRRNEREI9~20CE —BEAEL4E.B
R TFRERALBAIIAHFERE ERVES
HET(220-2600C)RE RN EFRT S
HURERM R RO BRI R Y AR PERLY
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#—OH B A 8 X8 IE ¥k, 77 LI F1 38 BE A A9 %%
RERRL,HESREW PRI E R A BR R, W
XA N B AR R R R —NH, S BN .

WA AR 1~ 3 FRR R AL R Sio, R R/
EHERANAETRRETUER, R0
Si0, (Siica-OH) I E G U EZSAEMBENHE N

3%M &4 T, & Silica-NH, H Silica-epoxy & & o
TEAERRTEERENAKR RT3 PERL
HSio, SBMNEN  KRPESTYHNREES
BEFEMEE LBEMA. ZRANTRLRY
K S0, Mg, HEBMM—OH ¥ Bimim X TR
BERA A EFRHEMN—OHB, NAESMER
BERENnARSE HAEXI PHREEBE
FOEM, U FEBBAMNK SO, FEHEHER
HgMas2E5RN MEE—- BN EMEEY .

Table 3 Amino content of pure nylon 6 and nylon6/nano-Si0; composites

Composite Si0, content( % )

system 00 0.9 26 43 59 82 11.9

Nylon 6/silica-NH, 22.7 23.3 27.1 34.9 30.07 33.9 47.3
Nylon 6/silica-epoxy 22.7 23.8 24.7 26.6 32.3 35.3 42.2
Nylon 6/silica-OH 22,7 23.4 26.0 26.9 34.5 31.1 30.0

ZERTR, X FH A AR RN E AN
Sio, M5, REHECHBRKNEABREFMR
MNEZMHAESE EEEEERE®E ST TEN
REFANWAEFUT S, MEx4FFR.H
P, XMEE—OH FM—NH, EgEFA 1 Sio, T E
AR RN FTHEBE MAFR
HERAM SO, MIEET (—CREAZST
HEE YR EBELEREIAT —E2NE
R IFEE, H Sio, K HFEE X H—O0H
A HETFEFRAES AN T ORGEHERE
S FHEENT Y.

Table 4 Characteristics of the possibie bonding modes of the surface grafting of silicas

Surface functional groups Bonding mode

Characteristics

—OH

~NH,

OH

Ov (IZHCHZOCOWV\

OH

O\n CH—CH,
|

OH N.w»nAn

Q=C A

O\A?HCHzNH WA
0

Bonded via single molecular chain

Bonded via single molecular chain

Bonded via multi-molecular chains
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2.4 MAWHPINEELE
: h FABF G TR Sio, BEE /<15
m), Bk ETEMBREGEREKPBIABKYT
gt BEPEI MR T AY—RWARE, A
BN BREREAE 100 nm LT ZFFEM
Revnand " FOBFIC4L R —BW M4, RER
TR EREHAK Sio, WIMAEESEE
MEREEEEE N HERREAN NG TRA
EHEE LRK,AEEFRLAHT.S0, BED
Ab 28 R 3 i B R R & AR X T B9 AR R IE I T AR
AAEMEAFAEETEENER ATHEXER
HAEA WL HEEE.

mFES AR, IENE SO, ARK 43w H

MR T, FinALBEMLEERN sio, HEEH
BES, CERETSERESAET . EEYH
hfEE R ERTHRESRAERe
FHBESE EXRFSE -BESPHEK . E4HH
) 5% B A 1 T LA SR et A8 Bk AL W R R
HEMAEEN SO, 25 E6 FUREH, W
FHE S F R E B A K. WA K& FH B SO,
B, 5 A bR BRI 3R A g 3R BRIl AR by
B2 6 A BT &, (ELBT 2K R R MR

BB T RE.

Table 5 Mechanical properties of pure nylon 6 and nylon 6/nanc-510, compasites

Tensile strength Elongation Imgact strength Flexural strength Flexural modulus
Samples (MPa) (%) (V/m) (MPa) {MPa)
Nylon 6 71.9(56.6) 172(265) 33.9(50.9) 84.6(71.5) 2153(1875)
Nylon 6/silica-NH, 85.2(67.4) 182(304) 48.6(64.7) 100.5(85.2) 2565(2219)
Nylon 6/silica-epoxy 87.8 143 4.0 108.1 2734
Nylon 6/silica-OH 82.8 63 17.6 9.2 2392

The silane used in the composite systems was 5 g/100 g $i0y. The data in the bracket were measured on samples preconditioned to R.H.65% for 48 h.

X T e nk BB A APS #1 GPS 4k BE ) SiO, ,
PR FIIR ERIFETHR RN EEANHALGE
S5RMBARNENEHRSY . AMSER
6 EAREEARBMYAEME MW A TERE
PR EENK SO, ERNERTEAI~4 1
CH, B R R @2, AT 43 168 ] LR #t
Si0, FAMHEESYERNBRANBIEEE, 2
KR PEBRENRE BEMAERE

{Ef AL B SiO, B, B AR — E AL T R\ AT LA &
—ERMNEEESY.ES5EE 6 BikEE R
BHMREKE EEHFEERREEEETE.E
5 R i R T B i AR R, RP R 4R
BREAREMARN, SHPENBRA BT R,
MFRIE /MK SO, EARKRINSE  EHREAH
MR ERFT.EEFOEREES
Mh¥EHENERETSEERN.
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THE INFLUENCE OF SURFACE FUNCTIONAL GROUPS OF NANO-Si0,
ON NYLON 6 in situ POLYMERIZATION

LI Ying, YU Jian, GUO Zhaoxia
( Institute of Polymer Science and Engincering , Department of Chemical Engineering ,
School of Materiale Science and Engineering , Tsinghua University , Beijing 100084}

Abstract The influence of different surface functional groups of nano-5i0, on nylon 6 in situ polymerization was
investigated . FTIR and TGA measurements of silicas isolated from the composites showed that surface grafting was
formed during polymerization of silica particles with or without silane pretreatment on the surface, and the percentage
of grafting increased with increasing amount of surface functional groups.Compared with pure nylon 6, the presence
of silicas with various functional groups resulted in a decreasing tendency of the average molecular weight of nylon 6
in the composites. According to the possibly occurred reactions in the composite systems several bonding styles of
surface grafting were proposed. Mechanical tests revealed that the addition of silane treated silica improved the
strength and toughness of the composite malerials simultaneously, whereas the addition of untreated silica improved
the strength at the sacrifice of toughness, indicating the importance of the flexible interlayers introduced by silane
treatment .

Key words Nylon 6, Nano-5i0,, in situ Polymerization



