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ARG A AR RE (Si0,) BAT B i A9 24 T AR L
F R , BEA o 5 PN Hi (8 T AL A 77 el T, L G
TE SR s F A B 53 T, DT 532 W) A 855 . SR T
T ) ek AR A e R T AR RE AR LA RN
W v A 23 I, AT 2 g 5P 3R T 0 ) 45 P e
VIE ¢ -

[T A SR — R IR B 2T AR 1) B 2R B 1
W, K E 500 ~5000 nm, H 4% 10 ~20 nm, J§ F
— YA AR AT AL B A A A AL IE
HA B Lo 2 T BRI B BE 1, & AR K T A
S W B T R R R 4 A
AT A4, A5 D9 8 T 063 B k114 490 K OSSR
A, 5 B G X AT R v A R A
SEORAR AR

AT AR R 0l A, — SO A LA
5 THAE R E A 0 AR ECR — i A
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LA IS 55 M AR A HILAAZ ) NATT G
BLGH AL 11 ™ A K — SR Ak ik 21 4 5 1
APLICHLE 5 2. M A% 790 BT o K LA B
790 38 [ o BOAE [R] — 7K 0, T2 AR EL 27 4 e S
FOPR A, SR Jm i o M 5 1, e PR TR K 2 )
A7 A 700 F) 5 L 20 MR R AR A L 2 RS 3 IR
A& W LUAH E B B AR S A AR 1A HL/ JCHLAZ
SRR NSRS, A 4170 B8 15 5 N I B R o
ARATF R 20 B, DR W O ROR IR i — 2 R
RN 1A RE. R A BLCHLE & ik A E AT
R MR A A2 5 A 390 B0 A, i L 3l 5 o 25 1
X4 BT 3 AT AAS X JEHURL 5 2847 A HLE vk Ak
Bl BT TCAL AN KR T 5 A HIL A R T AN
B8 5 20 1, 5 1 BT B0 B3 A, 0k ) i oo AR AR 1Y
RN M S MR 7R e — T Y 2 IR R

1 SLIEER4Y

1.1 ZIwEH

REVA I (ZA-25) | 35 B i VA0 A BR 2 W) A=
77 R 10 ~ 200 nm, Si0, JiF & & &k 25 wi% ;
B NATT(NP-58) , fb2: £ kol 2,2 -3 B H -
T(4,6-AE T HER ) R AN, ik ik A RA
AR, H AR OR, A > 400 CL R E <
0.5% 5 MM 4 (701A) , LR L0 WA FRA
A7, 4y 1 U Mg (Al Sig0,, (OH), (OH,) -
4H,0, & —Fhi 2R EE R R KB 0, AP L2
PR B 4Rk, K 29 500 ~ 5000 nm, F{ 4% 10 ~ 20
nm, 40 400 H. LR R KR, JL etk THF5R
Bt Hk M 2E 77, 4 Rl 95 B MFR = 5.52 ¢/10min,
(230 C,2.16 kg). B, b mt b T 477, 4347
afi. JrEA R 1010 1 168,y A LA R () 2
Al A
1.2 SEREFNE&

AP A AP R A A R
1 g & ORI B BE L, B SE K NATL A% 5 4% 10
wit% I Wk B T JC K & BE P 19 B 5S40 I R Y
NATL Jo7K B V. AR ICTIC AL oK Z6 4 1 B £
(AT)InA LB F oK W BE R 5 wi%e , 5T 50 i
B AT LA FR R S0 T A A BRI A
EETFRKTEAHA A BNWE R 5 wi% iR
JE. R JE A R 3 ol A% R0 1 8 R A IR — 2 LE TR
B3] = TC AL FNR AW, 30E F NALL Tk R
VYR 00 55 T e R VR R R 1) R A TR

193 70 B FITR AV TR A 2 v 5 U0 43 BbL
(FA25 f#i[%] FLUKO 2~ ))& #1515, R B %
FHEHL(QP-3X, db 3 Ak T AR5 B ) 47 T 1 dic 4.
W55 T MR 2% B HE MR B 150 C L 1R E R
60 °C , T Jie W53 2 5 rh Ui 4R 45 2 T8 5 19 oo sk
= ICE A AR — 7T R TR H A R
AH A BILBURZ R & I, 52 A% 7% 3R 7R A 14 1
MR, 50—k T2 A R v 2 i A TEL
BAZ R LABRAR LA, R T A ML R (525 wi%
TEHLBAZ T b7 75 wi% [ BC H. SCH Y AT75/NA25
PR B A U P AZ R B i A 3 Ry T A
4 75 wt% ,NA11 3} 25 wt% ;Si75/NA25 %5 &
fbRE 75 wt% ,NAL1 [ 25 wt% ; AT50/Si25/NA25
H = I E A A, HA N B A 50 wi% , TR
fERE 5 25 wt% ,NA11 5 25 wi%.
1.3 SE6BZFARERAENH &

P B 1 PR TC R R B SRR AR T
1 s B IR & 5, FHOBUIE AT #% Hh #L (ZSK-25 , 7 [
Werner and Pleiderer) ¥5 gt 5 1, 31 F B = i dih i3
WAL (HTFLI10X /11, o [ 3 i 1 K2\ ) T 9 45 5]
BE SRR 7 41 B8 5 45 T AT N BUR AT BF AL 11
TS HOh SRR R B 2 A Y I 43 ) Ry
180,200,200,200,200,190 C , ik} 3k B 8% , 12
FF4% 3 350 v/ min; JEIBHLAY T2 S 508 B AF N
HERBE 2 R EE 43 51 4 190,200,210, 220,
220 C ,WEFT%% 4 400 v/min, 7E 54 B 220 C.
1.4 A=tk

T35 F 4% i R b v 0 22 1sF ) 9 IR S S L FiE
v BE R FH PRI B AL (AG-1,10KN H A 8 He /s
A]) 4% B8 18O 527-2:1993 Fp e i 47 03K, 257 il 5%
R RS iR B HL (AG-1, 10KN H 28 5 HE A 7))
i 8 1SO178 : 2001 F v #E 47 I3, B2 32 b o i
JE R R 2 b o R 96 AL (HIT25P, £8 [ Zwick/
Roell 73 7] ) % I8 180180 : 2001 47 i #E 47 M ik, 44
A5 T 5 B SR IS I 38 5 0 343 (148-HDR-S, H
AR = HAEHL) He B 1S075-2:2004 £ o #E47 I
1.5 mXERE (POM) MK

DR 8 T R 35 3 2 [],200 C
N Rl B L O SR A DMLP i O s
(POM) (DMLP, 8 [® Leica 7\ ) M %% ic 5% 45 i
AR 7E N, SRR S TR 2 200 C L R KRS
min, BRI 8 2L 10 K/min (1958 5 M 200 C [
EE] 50 C iR MidHE.
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Table 1 The composition of PP modified with nucleating agents

Nucleator

Sample code
Nucleator code

Nucleator type Loading ( wt% )

NAT1l

NAT1l

NA1l
AT75/NA25
AT75/NA25
AT75/NA25
AT75/NA25

O 0 NN N R W N =

AT50/8i25/NA25

—_
(=]

AT50/8i25/NA25

—_
—

AT50/8i25/NA25

—_
[\S]

AT50/8i25/NA25

—_
w

Si75/NA25

—_
~

Si75/NA25

—_
W

Si75/NA25

—_
o)}

Si75/NA25

— 0
NALI 0.1

NAIl 0.2

NALL 0.4
AT/NAL1(75/25) 0.1
AT/NA11(75/25) 0.2
AT/NA11(75/25) 0.4
AT/NA11(75/25) 0.8
AT/Si0,/NA11(50/25/25) 0.1
AT/ Si0,/NA11(50/25/25) 0.2
AT/ Si0,/NA11(50/25/25) 0.4
AT/ Si0,/NA11(50/25/25) 0.8
Si0,/NA11(75/25) 0.1
Si0,/NA11(75/25) 0.2
Si0,/NA11(75/25) 0.4
Si0,/NA11(75/25) 0.8

L6 | faXH&THIH (WAXD)

6 I — 5 JEE B AR /N 1 b B 2%, AL T
FHFR)ZE /3 JERE K UIl R b ke 2 ey 2
PHILIPS /A 7] % X Pert MPD % &5 Ify 4L 40 X 5
AATHHL P, Cu #8 (K 0. 15406 nm) , 4 K
40 kV 45 7% 300 mA , Je4% £ % DS =SS =0.6 mm,
FEWOHEE 0.2 mm , FAE 850 £ 52 LA 8%, (N KR T
BTGB 1.2(°) /min, H#JEH (260)
5° ~35°,

1.7 ESHEE (TEM) MK

525 WA AE SR Js v 1 0 TBCIR 28 FH 32 S
HL 5% Tecnai20 ( 32 [E FEI 20 F]) WL, ik B &k Ry
200 kV. ffi 4] 8 ¥ 1 R/ HL (A-1170, 3 K F)
LEICA EMFCS) 1E - 55 C F #4781 1, B
4 100 nm , ANYLAn.

(4T A A AR AR R KIS WCIRAS TN B AR
H1 3% 55 oL 7 B 6088 (TEM ) (Tecnai 20, 3¢ [ FEI
oA BTSSR K TR K AS W A R,
02 S Vi A7 R — T T A R L S IR AT AR B T
BNUWE.

1.8 H#EBE (SEM) MK

{4 4 10 W B8R (SEM) (XL-30 , 36 [
FEI A &) ) X &2 & BRI i R B ST 048, 2
B BUAZ TRy AR %) 2 THD ey 5 4 A 3, DA T4
TE =55 CF XF BURZ ) v 3R V9 95 T 28 2 4 o i
A7 V0T, BT U161 A8 T AT A S L BT AR

2 #R5ITR

2.1 AFEHEDH

1 45 Tl 2 G WA 39 e BECAS ] 1 B 3] o A 381 4
BRI, 5 X R T 2= MR i s, [
1 g % Tl A% 50 0T SR D 0 07 2 PR R 0 52 ). 45 2R
e LIRS 2B DO S E U N RE TR L& o
IR A e F R N B

P 1 (b) R AS [ R 20 F 2 A B AZ: 7510 6t 23R 79 4
AR B Y 52 e NI R LR R B
X SN M 77 2% PERE I 2 AR K. /D R [ 2 A%
FIEIMA CHIEE 0. 1 wit% ), fdi SR V9 945 1) 25 i 5 5
JFSE Y 25 MPa £ 55 5] 27 MPa L) |. Bl NALL 1
T, FH B 038 i xF g 2= P fe T W1 e i A28 4k, i
TN 0.1 wt% ~0.4 wt% , 5 7545 25 il 5 B AR 15 78
28 MPa oAy, Mt T 52 & BUR I 5, S s 25 it
S RE B A FH A 3 RG> 52 G A R i
ANT 0.2 wi% B, 3TN 1 Al e R IR T B
NALL (A, 5 & A B 30 B i K F 0.2
wt% I, 58 P 0 45l SR v T R NATL A
A F B DR AR A UG & /D i, NATL
FA MR REAT] 0.1 wi% , i KTk &
PRI SAZAE L. 2 526 W% 00 0 FH £ 14 e,
T NATL &t Bl 22 398, A2 80 5 32 7 b s 1
. FANNE AT LU B, & 3 R 4 R A U
FIRD AT50/Si25/NA25 (1) F7 2Pk fe w36 & F — o0
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AR B Si75/NA25, AT75/NA25. 4 1 4% 5
AR N A 0.2 wt% B, = 0 & A F AT50/
Si25/NA25 Stk 5N I 1 45 it 9 ) © 2l ad 1 A
[ 5 0 g Sl NALL SCPE i RN . 0.2 wi% =t
A AZH] AT50/Si25/NA25 o NATL & BHA
0.05 wt% , AR T A7 HLAAZ 5 9 JH B9 29 7 BlAR
B LA TCALAN K RL T U1 b 0 — SR AR A £ [
TNARE T A HLARZ 7 NALL S 58 T 0 25 i vk i
ek

M T (e) R B, &4 Bl NATT BUAZ R 1Y
RN EEREE NALL F & Y 3 i 3 e A
K, RAEO0. 1 wi% ~0.4 wi% B}, W o B {55
1E 45 k)/m® Ze 47 b T2 A R L, 2 AR
a0, 1 wt% ~0.2 wt% i, 58 N 4 i i BF
Wi 5 o A 790 FH ) 184 0 T e AR PR R R AR | 2 R A
FIH BT 0.2 wt% B, I P M vl o 56k 3 i i A%
TR ] ) 3 T ARG 53 A, FRATT e BEAE AR [
BRI BR I s BN, & o0 E A U

1.5 32+
31+
_ L4 =
< & 30+
& =
213+ £ 291
g 2 281
s 12r E
5 227
E, —o— NAIIl o —o— NAIll
=11 —a— AT/NA11 =75/25 = 26 —A— AT/NAIL1 =75/25
—o— SiO0,/NA1l = 75/25 —o— SiO,/NAI11 =75/25
—o— AT/SiO,/NA11 = 50/25/25 25 —0— AT/SiO,/NAI11 = 50/25/25
1.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
Nucleator content (wt%) Nucleator content (wt%)
48 252
—o— NAII
47 —A— AT/NAI11 =75/25
—o— SiO,/NA1l = 75/25
& 46 —0— AT/SiO,/NA11 = 50/25/25
2
< 45
B0
g
& 4
5 !
g_ 43 5 —o— NAIll
= 1 =238 —A— AT/NAI1=175/25
12+ 236 —o— SiO,/NA1l = 75/25
. —o0— AT/SiO,/NA11 = 50/25/25
41 1€ L L L 1 L L 1 1 234 d I I I L L 1 1 L
0 01 02 03 04 05 06 07 08 09 0o 01 02 03 04 05 06 07 08 09
Nucleator content (wt%) Nucleator content (wt%)
105
9
£100+
15
2
£
4
E 95
2
5 —o— NAII
= —A— AT/NAI11 =75/25
& 907 —o— SiO,/NALI =75/25
o —o— AT/SiO,/NA11 = 50/25/25
0o 01 02 03 04 05 06 07 08 09
Nucleator content (wt%)
Fig. 1 The effects of types of nucleating agents as well as their concentrations on the properties of PP (a) flexural modulus, (b) flexural

strength, (c¢) impact strength, (d) tensile strength and (e) heat deflection temperature



1128 A

]

%

(14 2014 4

2,
¥

Si75/NA25 RN My v g & A — o B A
i AT50/Si25/NA25 Fil —JC 5 & WA H) AT75/
NA25 19 58 N F B AIG, H oy 3 5 B A A% 57 FH
R T AR

T38RI 1 (d) ik & B, A% 5
AR I T A e 2R VA s 1 A e B . X 1 I n 4l
NALL Jl A% 300 9 58 V3 0 T 75, o 1 1% e B % A%
I BB AR AN KL X T B A R R U B
PR BB 5 B BE 2 G R R B 04 1 i
H A

TIN5 VA s AR T ek B A T B
T, L R AZ ) R B T, AR T T A AR R
AN EBFE 100 C 224y Hp & — o0& A il
Si75/NA25 BN I #A A8 IV I B2 o v, S i R
I FH LU, e KB R A] a5 ) 13 K.

MSZIREHE o, E BRI 0.2 wt% = u R A
AT AT50/Si25/NA25 B 5 T8 s 10 45 301 07 24
BB L IR AR ) 5 5 NATL B RN, sk
AU, B il E A = I R AT50/8i25/NA25

AL LAS 8 NATL A 56, 76 FE AR NALL &% &t [R]
BF B T A, 32 v A1 R e
2.2 EEUE

REWE A MBI SRR X R A Y
(9 O ) 2 P R AL 3 ZE O B9 VE L B
TE SR T A 43 R AS BLHE 52 e 3R TR I 1 ) 2 4k
fig, NATL 76 2R M o 0 43 HOCPE 8 22, 4b T AT SRR
i NALL 43 F R B 5 SN I 73 1 B 20 47 4% fir
SCELE PEHES , B 5 . BT R AR AR BB T M R
1 53 B DL HEAT I8, F 9 48 0 R BR T U R
5 T HREOR G 25 19 2 00 5 A U HE N b Y
SYHCNG B0 78 52 BRI A RA% R0 0 2R P 0 Y
1 0.05 wi% ~0.5 wi% Z [8], F & 1R 2> 19 i % 5
TE RV M R b AR M 5 75 S 53 4 e A e AT
WLEE BT AL, FRATT R Bl A 00 A 3R 9 A (9 TE 7
O R IV S B S wi% |, A T s R R VR
YRR DURE T 8. B 2 o0 A% B A R e T o
TEWRA TR m ARy K3 e A
A% A 5 N 0 v 18 325 S P IR

Fig. 2 SEM micrographs of the fracture surfaces of PP modified with nucleating agents: (a) 5 wi% AT50/Si25/NA25, (b) 5 wi% AT75/

NA25 and (c) 5 wt% Si75/NA25

Fig. 3 TEM micrographs of composite nucleating agents in PP; (a) 5 wt% AT50/8i25/NA25, (b) 5 wt% AT75/NA25 and (c¢) 5 wi%

Si75/NA25

MIEL 2 3 Fral LUFR H A [R] if 26 14 52 45 B A5
TE M v 23 Ok i 22 S R, = o052 & U
AT50/Si25/NA25 715 A M v 14 7 BT BE e 4. 7
Kl 2(a)  SEM & A ILEF i R T AR Z2 KRR 1

Y350 04 3 WIOE B A b Tl — e &2 R ) (I
2(b)F12(c))AT75/NA25 Si75/NA25 v 3T 3
4, TEM B R i R WS I = J0 5 4 BUA% 57 ATS0/
Si25/NA2 (18 3(a) ) ALEF Y A 2 , 7 WU . ]
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3(b) 3(c) fr/n TEM B R, R 35 1A 38, 43 0
#. K 4 £ =08 A A% AT50/8i25/NA25 H
20 3 AE BN s T LATE 4l K 43 1

Fig. 4 Enlarged TEM micrograph of PP containing 5 wt%
AT50/Si25/NA25

1 T A HLAAZ R NATL 75 3R 0 b i 23 BOiR
DU A 3 S R B AN 4 il A B AR XE B UL ¢ B (AR
SEM A TEM 8 A, A HLAUAZGH] NATT 55 2 fASR
W2 ZEARZ) . %% NALL 76 NI P Y
IrBCIRAS LR S A R0 A 3R N M R o BT O
AT X NATL 78 58 3R 9 4 v AR i L %€ 51 114 1)
R, SR FAT HILIR 79 & T 0 RRAZ: 791 ok P ) 3R N s
A7 20 b 38 0o 451 i R 5 O R 5 A SR TR 0 P Y
SIBIOCIRAS . W& J7 2 A S wi%e B ) Y 2R TN

R B TR TR N D) R A B E, R
A5 A R R R AR R AE TG K S BE P 24 h
Ja B T FF 220 £ TR L A P TR 7
HLBE T R AT LR

PS5 (a) o AR IR AT A B A2 ) F) 5R TR 0 22 3t
SR B RE it 1 TS R B TR, AT RUR B,
FMARZ 8 8 M, X 28 M5 A 77 16 0] fE 2
H TS 56 0 FH G 3R R DA v 2 AR B B 2 B
AT A LS (b)) RS (o) a1 RlA% 550 19
RN URE 5 S (a) B A [R] A 2 30RE 9 2
BT B BRI A — B LR T3k 26 L R B B
BN 1% B R B NALL 3 T Z B0 8 R ).
MCH BB AR Z2 AL Al DLAE I ) NATL 76 5 9 0 vh
f9 50 HOF A HLAE. 5 (b) A1 S (o) s i B R/
AT AR I BA AR KA DX, 15 W 52 4 A0 Hh g
NATL Fefoph 9 NATL 75 58 P s w19 20 HICIR 25 T8
2200 75 Sh NS (b) A B R A R 2 K
RLAR B BURL B, U0 B GZOK RLAR B B E A 2
NALL, 855 2w i KoRL 9 o, K JEILAE 5 14T
bR A RE T A TR AR AR S T A
5 (b)) i ARCREIR 4 5 o JE AL AN KR 5 11T 42 -

Fig. 5 SEM micrographs of cryotomed PP cross-sections after etching with ethanol: (a)PP, (b)5 wt% AT50/Si25/NA25 and
(c¢) 5 wt% NAll

i 1o 175 S5 R B R R R B R R 3 T A
AR AR SN M T B 23 BOTE , AT LAAS H 2598 O 4%
528 R R A LR ) NATT £ 8 4 v B9
Iy BCPERE T B A T oL ROk [ A
SR BT A5 2 2 (R, = TR R A )
AT50/Si25/NA25 ( H o A 55 A HLRLAZ 77 NALL TG
BLGY AL F U1 i 4 R — S A RE ) B0 19 3
FJCAIL AN KL [T A A SR A T 0 IR S
2T P, Wt e U = I K A U R ATS0/
Si25/NA25 mft NALL Al — S ALtk 41 70 A7 B T JC L
A0 OKRL T T B A 5T TR R 94 K B, T
BIVE A B e B B e B A B0 R AT 2R AT
SEAF B A R RE . TR I P SR T M 8 g e v E AR

15 V1% 45 e R TG ML AR 1 R BOIRS %
Y1 SE 1.
2.3 RHREHE(POM) &S

P 6 Sk AN [i) ot 28 A0 FH - s A 50 w5 P 1) 2R T 4
4 Ji 6 B8 . A EE P 6 (a) B 40 3R TR RS FE &, 618
SR AT LR R NALL 3B 2 A A% 7
AT50/Si25/NA25 1l 4% 1 58 75 %75 B 2 (1 B 5 K /N
0 Bt 5 S 0 Y 1 i AR . P 6 (f) Y BR  R
F/NTF I 6(b) [, UE S TCHLAN KA (1 i A ] L
AL B AR A 1 LA B 6 () 16 () hal DL H
BR Al AR/ 1T 6 (F) P A HL B R NATL 11y
FEAA 0.1 wi% , B 6(c)h NALL [ & 2R
0.2 wit% , vt B AR o WA A2 A ML AZ 5 1 4
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SR AR JCHL A RAL (9 FH Al DUSE B R B B ebaly s 8, 5 0“2 PR RE S R — B (R E G W
BRO RO 2R TR AT AR RRBAS . oy TR i3 RN A A5 0 A K 08 ek, o ot 5 B L X AT iE
Z B AR RS A 2 B R B R, B RS 5 A A O R O LR T A R R R A
AR EROR AR AR OB A SRz BIAN ) AR

PEFI I, A0 AL ER AT LU SR 22 ) R S, 4 v A

Fig. 6 POM micrographs of PPs modified with nucleating agents at 110°C ; (a) virgin PP, (b) 0.1 wt% NA11, (c) 0.2 wt% NAI1l, (d)
0.1 wt% AT50/Si25/NA25, (e) 0.2 wt% AT50/Si25/NA25 and (f) 0.4 wt% AT50/Si25/NA25

BT RN A 0.2 wi% AFRMEL S XRNMEER S/ R0, 7 2 B b 23 #r 5
JRAZ R ) DR E IR . IR ARAEIXC > 3 M S BEEAT XK.
R AT75/ NA2S | Si75/NA25 , ATS0/Si25/NA25

20 um %

20 um

Fig. 7 POM micrographs of PPs modified with different composite nucleating agents at 110°C ; (a) 0.2 wt% AT75/NA25, (b) 0.2 wt%
Si75/NA25 and (c) 0.2 wt% AT50/Si25/NA25

2.4 WAXD HIES# 20. 1°) 250 AnIEALYE K kL T 1M A R/ B R
WAXD M R A Y IR KRR & B B4 LR A WL R NALL 4% (9 & 4 A% 70 O
BB T WAXD MK A RE 8 0.4 em x8 em A BUE SRR BN 1045 SOE .
x 1 em FRUETEIBRE S, ot WL T 22 1 1/3 & Il s B WAXD 32 9 BE 5k © 281 98 1 1
FE BRSO TE ML T2 0. 8 g2 WAXD  BE4&, 400 92 bR 2k 72 4 4 3 7 v 1 5 230 . A
FEEE. AL 8 AT AR RBRAERE G PP AN, B IAR  WAXD $E 2 B i, B A MR G T
PZF) AR BB o ih 0 (260 = 14.0°,16.8°,18.6°, AT75/NA25  Si75/NA25 & & = Jo AT50/Si25/
21.0°F0 21.8°) 2V Ah #R A M A Ay I (20 = NA2S X BTN (9 45 5 A 4R
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Fig. 8 WAXD diffractograms of PP modified with different

nucleating agents: (a) virgin PP, (b) 0.1 wt% NAII,

(¢) 0.4 wt% AT75/NA25, (d) 0.4 wt% Si75/NA25

and (e) 0.4 wt% AT50/Si25/NA25
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Table 2 Crystallization data of PP with nucleating agents

Nucleator
Nucleator type Phase  Crystallinity (% )
content (% )

— 0 a 48.0 1.7
NA1l 0.1 a,y 48.8 £2.7
AT75/NA25 0.2 a,y 49.7 £3.4
AT75/NA25 0.4 o,y 55.3 +4.4
Si75/NA25 0.2 o,y 50.1+3.8
Si75/NA25 0.4 a,y 54.4 +£3.9
AT50/Si50/NA25 0.2 a,y 51.7+4.5
AT50/8150/NA25 0.4 o,y 56.0+6.3
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AR AR R R 2K TR T T DL A B B A R ik 4
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Fig. 9 TEM micrograph of the water solution containing

attapulgite and silica sol
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D NAI1

®  NAII dissolved in ethanol

Fig. 10 Schematic diagram of the formation process of ternary composite nuleator: (a) morphology of attapulgite and

silica in water, (b) NA1l dissolved in ethanol and (¢) morphology of ternary composite nucleator after spray-drying
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Modification of Polypropylene with Composite Nucleating Agents
Containing 2 ,2-Methylene-bis- (4 ,6-di-t-butylphenylene )
Phosphate/Attapulgite/Silica Nano-particles

Min Guo''?, Jin-qing Li"’, Zhuang Miao""*, Yang Zhang®,
Guo-yuan Pan’, Hao Yan®, Yun-jun Luo'", Yi-qun Liu*"

(' School of Material Science and Engineering , Beijing Institute of Technology, Beijing 100081 )
(* SINOPEC Beijing Research Institute of Chemical Industry, Beijing 100013
(* Academy of Ordnance Science, Beijing 100089 )

Abstract A series of composite nucleating agents based on inorganic nano-particles ( attapulgite and/or
silica) and organic phosphate nucleating agent (NA11) were prepared via spray drying technique. The effects
of nucleating agents on the mechanical properties and nucleation behavior of PP were studied. Transmission
electron microscopy ( TEM ) , scanning electron microscopy (SEM ) , polarizing optical microscopy (POM) and
wide angle X-ray diffraction ( WAXD ) were employed to characterize the dispersion of composite nucleating
agents and their effects on the crystallization behavior of polypropylene. The mechanism of influences of
composite nucleating agents on the properties of PP was also discussed. The research results suggested that the
mechanical properties of PP were improved substantially with addition of composite nucleating agents into the
system. The stiffness of PP was increased significantly with increasing the loading of composite nucleating
agents. The ternary composite nucleating agents showed significant effect on improving the stiffness of PP at a
loading of 0.2 wt% ,which was similar as using pure NAI1l at such loading. The observation on microscopic
morphology showed that the three components in the ternary composite nucleating agent were inter-partitioned
with each other,resulting in the improved dispersion of NAlland the inorganic nano-particles in PP matrix.

Keywords Polypropylene, Composite nucleating agent, NA11, Silica, Attapulgite, Mechanical property,

Crystallization
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