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PR —FhET R B TE RIS RS B . A SOR FRUR AT BF I ML & T RN % (PP) /Pglass A HLR G ¥/ FEHLBL
B MORE IR X AT A S BE U S PR RE A5 AR PR RE L E MR BB AR E PERE EAT TR . SRR
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195 70 TR R B 22 B9 R RS L L T 50— 1) 5 20 R R AR L RE 6 AT R 75 5K o BUA AR 2t
17 IR AN 5 WO T 28 M B B A & A2 IR B TR R g . AR R BT — i LB S R R
(Pglass) ¥ TEHLAR 58T BL 52 5 A4 RE . Palass B A G5 1 J2 by @ 480 D0 1 A R0l < Ja8 B 3 i TG o7 it
A FH TR B EAT B ) I AL B AR IR BE (T o 1R R 2 HUR & W) Rl in 13 B2 YW Rl ) Pelass AR AR TE
AUAFAE DRI BEAT 6 BT AL 04 K6 B i T4 ) B, T W TR T Palass B 9 @ WM 2T
SAMBIRIEE . NI, Pelass BERA REGY 25 W0 WIPE R 5 SCRA RS W R ) 1 4 il mT
Tk B TSR Y 5 AW Z 8 B SRR AR B T AR R Tl A e

R (PP AR Rl BB 2 — A 0 B 9 DU 97 1 T A 2 s P R0 5 i T4k S A 4 52 VA A7
MGG T TIZ N . PP ) 2R — R AE 30~ 38MPa. BHEHTE 1. 1~1. 6GPa Z[H]" , 4 %}
ARG 72 AR BR ) 7 LA TR AT A I P DR Ik, PP 394 5 38 4900 18 A ATTRFF 5 A 48 . AR SR AU
FEEF AL Al L IR ] %5 PP/ Pglass A #8E X HAIE S A LRSSt P RE L 45 S PR BE L 22 PR RE Al
K PEREFEAT WT ST UM REXT PP/ Pglass 3 M B4 & b IT 2 F) ] B BEAT 45 45 4
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1.1 LIEN

PP = A4k b A4k T2 /), MFI(260°C L 2. Tkg) :20g/10min, % £ : 0. 90kg/m” s Wiz — & &% . 4l
JE=99% , 2B EAL T8, 48 =902, [H 2 A1 AL - 4l =99 %, Aldrich A+ .
1.2 HREEE
1.2.1 Pglass (il & # LARTSCHE (9 77 15 i 4 Pglass™ . Pglass () T,y 137°C , % 2 3. 72g/cm’,
1.2.2 HEAMERGE R PP A Pglass 78 120°C H.45 T4 10h. #25 & 4 kb Pglass 19 # & & &
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SR 0% (wt) (5% (wt) .10 9% (wt) L 15 % (wt) .20 % (wt) FlT 30 % (wt) BV I LLIR & 34 CF e LL PP,
PP-5.PP-10.PP-15.PP-20 1 PP-30 4R . il A 15 B 4F 1) 7 52 B2 &) 14 [7) 1) SO AR 55 1 AL b, I8
# 18mm, KB 756mm, lEfK 150°C ~240°C , 5% 3 250rpm, /K ¥ YT KL, Bl J5 76 1 ¥ 48 5L AR BB HL AR 2 ) (1
SZ-5-C RUGYOR 1 BB AL b 3 98 A W % BB A, 3 O A5 R 0 Rl T B 260°C , B B B 60°C L W R 1
0. 3MPa, #f JE B[] 7s . fi KBS H] 55,
1.3 ik 5 RAE
L3, 1 AR F DR (SEMD ML B4 F VR, 18 4 4 315 78 H AR Hitachi 22 8] By SU8000 A4
Bd FOULSEITTD AT 300 . g 2 o 7 SR S T 4 Ak LS R AT LR
1.3.2 #Eflmi  RAEE Dataphysics 22 7] ) OCA20 2% 42 filt 1 I 40 PP A4l Pglass £f & 1) £
fik 71 03 R R AKORT R e . TR 28°C
1.3.3  Jefem ARG SRHEE TA 2 F 1 ARESs O i 28 A FE a1 3 S i A2 PR RE .+
d ELAR 25mm, SPAT AR L R B 240°C R AR 10 06, B R0 3 7E 2 PR L XA T
1.3.4 BHAERZN RAFE Malvern 23 7 # Rosand RH2000 Y = 41145 3 728 AL 38 AE o 74 37 28 1
fE. BAME N 0. 5mm, KALEL 32: 1, KR B 250°C , B Y] % 100~8000s ',
1.3.5 ZRHAMBEBPALDSC) R E Netzsch 28 7 9 204F1 £ DSC 38 LR AL 5 i 45 e . 78
AARHTF L LL10°C /min A 20°C FHE F) 200°C , fE R Smin KBR#T L, 485 LA 10°C/min ¥ 4 5] 20°C,
FELL 10°C /min FHEF] 200°C . 4% FRIMH L RED .
H

X = L
KX AH, HIERLKS T/ gsm O Pglass M8 &340, %0 s AH, Ol 100 %45 & PP IS RLES .207] /g,
1.3.6 X HLATH 0 (XRD) R H A Rigaku AR D/max-2550 PC A X B 28 437 S0 % v 8k
SR DR AR - Cu B8 Ko 885, A=0. 154nm, IRAG R 7 0/ 7 98 5 2 48 K b 4l Ok 1) 45 b B 2%
S T FE SR AE 90°C 4 iRIE K 12h,
1.3.7  JiPEREsrdr LA 10mm/min (9 h7 4 5 36, 78 92 16 B3 45 28 W 19 Instron 5969 %17 58 A4 A4 40 ML
R AR S D AR R RS RE SIS WRIBCE- A . B AR AE 90°C AEIRGR K 12h,
1.3.8 #ERHE(TGA) AR H 8 E Netzsch /A A #) STA409PC A 4#1 7 48 76 A ST S 47 0
B, LA 10°C /min B THR R E L E 600°C .,

2 #HXR 5

2.1 HBEWMES

P 1 D LR AR i B Vs W T AL 28 PP AT 2ER WOGH O MEVE BT R . WL S AR IR IR Pglass 1E
PP 3 A e DLBUREIR 20 5 T0RE BT A% BE 35 % 5 59 3% 0 i 84 i [ PP-5 (1. 6 £0. 4pm) . PP-10(3. 0£0. 9um) ,
PP-15(3. 640. 8m) , PP-20(3. 6£0. 8um) , PP-30(4. 2+ 1. 2pm) |, HLJUR: 5 e A 22 0] KG 45 #5055 . B 35 5%
RN, B A O L R PGB B (. X 5 Pglass Al PP TR RO PR [, 9 4 =2 18] 9 AR B AR
TN R 2 AR
2.2 FREKABAEHTH

F T K 7 AT LA AR A [R] 21 73 22 18] 64 AR 2 1 100 KG B 20 DU AT LS AT 2 73 22 [ B4ORS B 0 R/ . PR A
e fih o 0 1A T LA SR AR [ AR5 W0 bR 4 2 T K g L BETTREAS A W0 T Z B AR I R . 4
RFRT L 4l PP RS K A i B e (4 4 Ml A 2300 S 1057 58, 4l Palass JIB 5 /K F — i FF b 1) 422 fih £ 43 331
N 82°FN 52°, AR A R (D) A (2™ J5 15 %], 4l PP Y »* = 34. 6mN/m, y* = 0. 02mN/m, % i 5k J1 &
34. 8mN/m, X — 45 B 5wk 0y 2 31. 08mN/m A7 . Pglass 19 y'=26. ImN/m, y* =10. 5mN/
m, L7k 36. 6mN/m, A LA 2], PP Fl Pglass FAH 1 3 1 5K J7 (940 M 7 AR 22 80K

X 100%
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Bl 1 JEHE SEM B A
(a) 4fi PP, (b) PP-5, (¢) PP-10, (d) PP-15, (e) PP-20, (f) PP-30
Figure 1 SEM micrographs of (a) pure PP, (b) PP-5, (¢) PP-10, (d) PP-15, (e) PP-20 and () PP-30
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ey MK Ty F ok S OB RS 43 &y o R E TR A E S By =7 075 0u,0 KRR
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K :1,2: PP fl Pglass 4055 371, FHHISK 7 Woo RS20

¥4l PP R4l Pglass (92210 7K 118 A W 38 F15F- 35 5 #2 (3) AL (O AT U433 PP/Pglass 1 5 i 1k
F14 11 7mN/m, KB D)k 59. 7mN/m. 38K A AT 5K 7 A ) T AR 04 B 80 b R A A AR A 2
T3 458 /0N 8 R B 0y D0 55 3 ok 19 A 1 o 8 B 42
2.3 mEMERE

WNE 2 Fiow 78 260°C MK 4% {1 T . 4l Pglass 2B 2R W 3 14, L& BORE B (7 ) 2l 700Pass 7247,
4l PP 7EARMIIX 1Y 5 7€ 90Pass BHE . I35 0% (o) it 1rad/s 5 MORER B BT V1B FR AT . KRB
oy FEER LG, BiA Pglass INA . PP/Pglass E A MEHY 9 5 Pglass & Z R RIELECR AR
LA F 4l PP FN4E Pglass 19 9" Z 1], B 2(b) B BRI B (G BEF o M3 I3 0 . Pglass )
I A MR G —@ 8,

Kl 3 Ryl PP Fl PP/Pglass &4 A0 FH 35 DI RG BE 5 59 D) R MO OC R& . W Hha] DUE L BT A R
i BRI I B BT I AR R AT A . H Y Pglass /N T 30 %0 (wo) B, B4 RHE 59 DIRS BE i %5 Pglass & &
F8y 184 O AT 3 TT R 5 v Y ) R T I S 1Y Pglass & A R4S E T 5 PP 4 4% & A BUR A %,
FoATHOTE L 7 B AR A0 BT V) R AE 10° ~107 s 22 A" i B U0k SRR AR B DR B T — 20 X T
AR I T3 B R 156 T BE A R Y
2.4 HEmIERE

Bl ACa) bR IR 25 mih 2 256 32 1 i8R vT 45 BB Pglass & 5k 09 550, 4 B4 455 7R 45
T (T 1 115, 9°C T 2 120. 8°C , M FATTHIE Pglass (9 T, o 137°C , B HE I [ 25 19 Pglass kLA
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Figure 2 The complex viscosity () (a) and loss modulus (G") (b) dependence with oscillation frequency (w) of

pure PP, pure Pglass and PP/Pglass composites
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Figure 3 Shear viscosity vs. shear rate of pure PP and PP/Pglass composites

PP /3 FHE 0 45 SRt 7 a7 5 . B 5(b) 1] 45, Pglass fdi A4 B} 4 45 @l IR B (T W8 G088 i, 3 2 vy Fr
M SE AR RN S . 5 1 ARG T (X BE Pglass & 2 38 0 i 58 fin a8 8ok . 159 31 Pglass
158 B R .

AL PP (Y

g5 PR OO AT L i ELIE $E & PP 4

ot H
=1 HH

£ 1 4 PP #1 PP/Pglass & §# B HI B T & 3E
Table 1 Thermal properties of pure PP and PP/Pglass composites

BE T/ C Tw/C AH,/(Jeg™ ) X/ %

PP 115. 9 162.0 89. 2 43.1
PP-5 118. 9 164. 4 88.9 45. 2
PP-10 120. 0 164. 6 83. 4 44. 8
PP-15 120. 2 163.5 80. 6 45. 8
PP-20 120. 2 165. 1 74.3 44. 9
PP-30 120.8 164. 1 82.7 57.1

2.5 EHEREW
L5 S TR AR IR 45 5 19 XRD IR, AT UL, 7E 20=14. 2°,17.1°
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2 PP-5 \V B PP-5 A\
w PP \/ .
j/ PP
20 40 60 80 100 120 140 160 180 200 220 20 40 60 80 100 120 140 160 180 200 220
Temperature (C) Temperature (C)

Kl 4 4 PP Ml PP/Pglass & & #1 &Ly DSC £k

(a) BRIRMRLE, (b) R TR A&
Figure 4 DSC of pure PP and PP/Pglass composites for (a) cooling process and (b) second heating process
A AT 50 L 23 0% R (110) (040> . (130)  (111) A1 C041) 77 5t i it , J& T o #4 PP 454D, PP-5 H1 PP-
10 AT 5T BT 28 20=16. 0% H I — /N A 55 W AH IZ (300) 177 5 1o WU J 7 B A B . 3 ot Y — MO 7E 4%
AR A AR T AR BN . (B7E DSC A AR B Ok 148°C 1Y B R I Mg, X 5 B
An B ) B BN B R & A . B Pglass & BRI, S5 BORLAY B fR BUATT S0 KL XTI RE S
Pglass &4 2 . PP A% ARG P, 70 5 BER A b I B T4 UG 2 B B ) PR 2R CBEIR T p e C
Bl 1 T B AR S B ES . A e AR ST LR Palass £ kI 3G i 34 685
HAE Pglass KT 10% (wO J5 . 7F 20=26. 3°.29. 6° B AN 5 B A5 5 0 . X 2 Pglass FOEFRA E
T 45 ) T AT S 0

(130) , (041)

Intensity
[
0
(o]
=
&

20(9)

Kl 5 4l PP #ll PP/Pglass {E ¥ 7E 90°C 4R 45 5 12h J5 19 XRD El %
Figure 5 XRD of pure PP and PP/Pglass injection samples after isothermal crystallization at 90°C for 12h

2.6 F1FMERE

W] 6 Sy 1 SRR 2 ML AR (8 7 -0 78 il 2 TR 7 Sy R AR % 0 W SR TE IR i, HAR ) S R 9 TR 2
W, 4l PP Wi K ORTE 1060 A4 85 A 7T iR i Wi 4 3 im . Hl e 4l PP O MEEWT 24 . B
Pglass & 1 (380, B4 REAG 5P B4 R 1478, IMPa(4li PP) 34 fin %] 1812, 9MPa(PP-30) . 44 K} i Ji iz 5k
FEFIWT 258 FE M BE % Pglass &t A 3G Ims A FEA% . B 2440 R A — 8 B2 B b AT LA SRAE BB B 1 I
S RAE Pelass & /N T 20 % (wo) B BEBERFEAR L 24 Pglass & K T4 T 20 % (wt) B S i 384 i . B A%
BB R TR . A KT WA 8T, W% Pglass & & B3I, 4R W7 24 18 A8 15 A PGP 3
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Pglass At )BUKLAR (PP-5) 22 JE g # IR (PP-10) HI BRAR A2 JE (PP-20, PP-30) , 1X i fE 728 0 T LR A A1
TERR R b RS 19 Pelass 7o 78 558 W U 38 b B9 B AL T . Pelass (03X 7 Al 281 5 0 AH 9 KG B2 1L 2
HIORABUR, T4 L TR 5K 00 L BT YDA g S5 A 061 B TR A AL 5 30— 2B 9T . Pelass TR g
V53 JE B PP 4T85 S A BT 3 Rl ) 45 40 55 Pglass [ 4 19 5 86 18 (29 29. 29GPa) & 55 1 B RL Y 31k
Bt WEBRMENY Pelass ORI AL BE AR 32 2 40 7 1 FH I A= JB0 286 R0 44 Hh 7 1 6 Kk oy &0 4% 38 11 g et
M3 5 1 A4 R B4

40
351 3 1
30| 4 "
5 25) 2 5
2
s 20¢
£ 1: PP
@ 15¢ 2: PP-5
10} 3: PP-10
4: PP-15
5 5: PP-20
6: PP-30
o 1 L 1 1 1 1 Il

o 2 4 6 8 10 12 14 16 18

Strain (%)

6 4li PP #l PP/Pglass Vi BAE 4% 1 IV J1- 13 A48 1 26

Figure 6 The stress-strain curve of pure PP and PP/Pglass injection samples

& 7 hrfhiriE SEM B
(a) 4li PP, (b) PP-5, (¢) PP-10, (d) PP-15, (e) PP-20, ([) PP-30
Figure 7 SEM micrographs of tensile fracture surface for (a) pure PP, (b) PP-5, (¢) PP-10, (d) PP-15, (e) PP-20 and (f) PP-30

%k 2 4 PPN PP/Pglass jE 8B HE &M H 1k

Table 2 Summary of tensile properties of pure PP and PP/Pglass injection samples

B i PP i/ MPa Jif e 5 B2 / MPa Wi %4568 2 / MPa WA 5/ %
PP 1478.1427.8 35.940.7 31.8+2.4 10.0£1.9
PP-5 1551. 7+18.1 34.040. 1 29.9+2.5 8.241.8
PP-10 1616.2437.8 34.3£0.7 29.8+2.1 8.2+1.7
PP-15 1642. 6447.0 33.840.8 28.8+1.6 9.5+2.4
PP-20 1659. 5£25. 9 32.6+0.8 25.9+2.1 17.043.2
PP-30 1812.9432.7 30.240.8 24.9£2.2 14.0£5.1
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B 18 8 AT UL, Joits PP ik J& PP/Pglass 5 Mk M HAFFE — DR FTE G W, 3R 3 AT 15,
afi PP {1y 46 FA 53 il RS (Tonee) M 401, 5°C LB Pglass BYIMIA MBI T o B WG N PP-20 () T opee 14
T 12.7°C (414, 2°C) X 5IRATER I T ZHi 9 & T PET/Pglass 4 MBI R R T A, X5 PP
5 PET By LA R A 5C . 78 PET/Pglass B G Mk Pglass 73 fif 7 Az 1 ¥ JE g i 2k e 2 1Y) i 24
IMXT PP 43 fige 7= A= (4 11 PR B 0B s 52 e o [RIRE b R 9 35 R AR o0 g IR B2 (T 0 L BEE Pglass WS IN
M 444, 4°C(PPYIG AN E] 448. 7°C (PP-30) . 1E 41T RL, B4 RE A 5% 2k 1 (C. R. g0 ) U Bl Pglass & &5 (9 15 /0
M. Pt Pelass #8785 17 &5 MR AER E .

(a) (b)
100} _
N2 o
< 80} & [ PP-30
S P m/—
z £ [Ppas
S 60} s
8 T S—
2 g
B 40t T/
14 15}
@ g N—
= PP-30 2
5201 PP-20 8
$ 3 5
0 ~PP-5 o
1 1 1 1 1 1 PP 1 1 1 1
0 100 200 300 400 500 600 700 300 350 400 450 500 550
Temperature ('C) Temperature (C)

5 8 4 PP Y5 PP/Pglass A M BN (a) $AKTE, (b) KT M I M4
Figure 8 TGA (a) and DTG (b) curves of pure PP and PP/Pglass composites

K3 4 PP 5 PP/Pglass E 5 MBIk EHIE
Table 3 The data from TGA and DTG curves of pure PP and PP/Pglass composites

FE R Tonser®/C T/ C C. R.s00c ¢/ %
PP 401. 5 444. 4 5.7
PP-5 401.0 440. 2 10. 2
PP-10 409.1 444.7 13.7
PP-15 411.9 446. 8 14. 4
PP-20 414. 2 449. 0 18. 3
PP-30 412.5 448.7 24. 1

T SR R IR 2. 590 . T A AHSMRIREE - C. R, soot. —600°C i (5% 5t
3 i

R FOBUBRAT 5 il 5% Hh vk i 4 1 PP/Pglass & MK, SEM AR W] IR A b Pglass LI B A2
2~4pm [ R0R 73 B PP SR b, P 2 [RDRG B 5055 o 2 s £l I WIAE 28°CF . PP/ Pglass Y 5 i
567309 11, ToaN/m KB D04 59. 7TmN/me B AY ST 5K T 38 P A A A PR 2E . sh A T AR KR
Pglass 0@ INAE A4 RE B S ORG BE RGN . B AN TR AR ISR B AL BT U1 R T PP/ Pglass 245 4B 5Y
DIRG BE FEAIR 3 AT BB 1h T Pglass 75 87 U1 SR 7 A 1 W) I A2 #E M5 S PP 23 B /Y M) . i B2
AR PRORG B2 AT R T R0 B RN T, DSC XK B, Pelass $2 7 1 PP R4S & 5B MIZE & 8 X = il T
Pglass #2517 45 i BUOEGH BO A . J1 22 IR R W1, Pelass B98I0 AT LLRE PP 508 52 4k 39 i 23 06 (PP-
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30) .24 Pglass & 14 20 %6 (wO I ABHK W2 AT 8n 7020 (PP-20) 53X 5 i ¥ N T3 8 Pelass
MIEAEA XK. TGA MHKE W] Pelass 3§ 1T PP SR p $R 88 1
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The Structure and Properties of Polypropylene/Tin Fluorophosphate
Glass Composites

LIU Hui-chao', MA Jing-hong'* , GONG Jing-hua', XU Jian'?*"
(1. State Key Laboratory for Modi fication of Chemical Fibers and Polymer Materials, College of Material
Science and Engineering s Donghua University . Shanghai 201620, China;
2. Beijing National Laboratory for Molecular Sciences, Laboratory of Polymer Physics and Chemistry ,

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Tin fluorophosphate glass (Pglass) with low glass transition temperature is a relatively new inorganic
polymeric glass. During the melt processing temperature of many polymer, the Pglass is liquid. In the present paper,
polypropylene (PP)/Pglass composites have been prepared by twin-screw extruder. Moreover, the morphologies, interface
properties, rheology properties, crystallization behavior, tensile properties and thermal stability have been investigated.
The results showed the Pglass particles dispersed in the PP matrix with a micrometer diameter, and phase interfacial was
clear and the compatibility was poor. With the addition of Pglass the shear viscosity of the composites decreased. The
crystalline properties increased with the Pglass content. The composites had much larger elasticity modulus than that of
pure PP. The thermal stability of the composites increased.

Key words: Polypropylene; Tin fluorophosphate glass; Crystalline properties; Mechanical properties; Thermal stability
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