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Influence of compatilizer on the structure and property of PP/PGA

Jia Tianfei' Yang Haicun® Ma Wenzhong' Gong Fanghong'? Tao Guoliang' Liu Chunlin'

(1.Jiangsu Key Laboratory of Environmentally Friendly Polymeric Materials,School of Materials
Science and Engineering, Changzhou University,Changzhou 213164 ;
2.Department of Mechanical Technology, Wuxi Institute of Technology, Wuxi 214121)

Abstract Polypropylene/polyglycolic acid blends (PP/PGA) were prepared by melt blending. The effects of the
content of PP-g-MAH compatibilizer on the mechanical properties, melt crystallization behavior, rheological behavior
and fracture morphology of blends were investigated in detail. The results showed that the compatibility of the blend
system was significantly enhanced with the addition of PP-g-MAH, the mechanical properties were improved. On the
other hand,PP-g-MAH had heterogeneous nucleation effect on PGA crystallization,and the previously crystallized PGA
can also be used as the heterogeneous nucleating agent for PP crystallization. With the increase of the amount of
compatibilizer, the crystallization temperature of PGA was increased, but the degree of crystal perfection was
decreased,and even did not crystallize. The crystallization temperature of PP decreased first and then increased,and the

complex viscosity was increased first and then decreased.

Vol.47 No.9

Key words polypropylene, polyglycolic acid, compatilizer, blend, structure and property

RN (PP) HA7T i A8 28 1 58 fi e 19 7
SFPERE RN AP, LI TR REAL R, A AT 78 H % 2=
I B A S5 GURAT 2 T Z N . SR PP A A Y
N EESNN R N T IR P N 3 7 (A S R i
FEREAR 5 & A= W 2L, Rk, PP el Pk — B2 [ P S
ERAIDIE NN | AR DO R (= S CATTR= I /B
PEIE B A B A BT A AL B 0 E A R
H)Z T

SUME AR AN TE LA R PP TR i vh H Y el
PEARL, B B R Bt PP 2 T AR Sk BIF 7 2 14 #1
R R R SRR 4 B e PPt L B AT 5 o R

SN ER S BT V)7 Ve SR A B L 5 SBURE R A O B
e AR AR TR 7 A T 2 SO FERE B L [R] i)
SOATAE S AR a2 1k 50, BHL R B e A T 2 5 PP
AP . SR, 5k MR TR S B PP Rd ] R A 2
AR 28 B 5 EE TR G 75 0 A 40 KL 1 % PP A7 A
SR BEAN L BEBRAS W A R I R R F S PP LR
AP AS AT 5 0 0 A A T e 3R 0 ) M | PR
SE MR T ARG R T

R OBERR (PGA) J& — ] 5 1) 4 P I 17 7 2R
B HAT D B R WA B 4 2 e . SR PGA &5
s B R N T B i A A B SRS RE BR A T R

EE&TB VLI 4 7= 2 0F Ay BE M B4 0F 58 300 B (BY2016029-05) 5 [H 8 H S8 B 2% 3 4 (21406017) L4 @ 524 R A R B 2# o2 m L3 |

(18KJB150004)

EER N TR €993, B B LB 5L, BN H & 4y F AR S5 1 S PR RERI AT 5T

B R AT,



< 204 - o T BB ow AT &

Y R FAT T A B O L 8T PGA
R DO A 2 43 1 RO A B ST AR AR A
HHE PGA B RJER KM T M B A, H PGA 5
PP AT R 595 A 3l i 5, P R AT SR e 3
PP Jy 2 PR B8 0 R I 0 BF R LA — R 9 I fi 1 i
A A% RE B LR M A SHR S R
AR T R U PP/PGA LR Y, IF PR 4R
WF5T 1 AH A0 5 B X L IR W) )~ PR RE A5 A R
TALAT R

1 SLIEEH

1.1 ERSNEE

RN K (PP, S FSOOE) , [ A 1k b 47 3
L THBRA A B LR (PGAL S PGA-08) .
I ST AR Wt A BR 23 ) 5 2R VO M He B 1D oK R I
(PP-g-MAH) , A il s BT 1010 CEAME ) , F 5t B
Ak T s Bk A R SR f Ak = e (UN-03, Tl
g0, i LB THRA A,

MUZFFBF HHL(SHI-30 B , g 51 ik 42 58 HL IR
T EMBALCHYF800 &) L 57 8 if JE LA A B 28 7 5
SERRALHL (XLB-D350 X 350 X 2 &), M 45 — 1%
IR A A PR AL 22 78 A L (DSC, DCS214
A) 8 Netzsch 23 Al ;s 7 B8 A EHA 56 HL (WDT-30
D) TN B 5 R BB A R 2 5 e e 5K AR A
(MCR301 B, B F| Anton Paar 25 ;¥ & 97
i H 55 (FESEM, SUPRAS5 1), i [{ Zeiss 23 7l 5
P Y6 5 4% (THMS600 B9 , H A NIKON A #] ,
1.2 HRH&

¥ PP A1 PGA 43 B 4E 70°C #1 120°C F EH 25 F
He 4h, BRG [ PP 5 PGA WYl el 90: 10, PP-
g-MAH MR 1% .2% 4% F 8% . 4 5 Bt A A
FBL K A 390 7 55 R G WL AT R0 IR 1 38 o XA
FEBF I HLEEAT 8 Al R B 0L 1—6 DX BE 23 5 Ry
160°C ,220°C ,235°C ,235°C . 235°C 1 230°C , 48 4T 4%
BN 55r/min, K BF S RS 0 R Y AT T8,
G AETEIBAL B Wy 2 Ve RE AR %, TRV 14
X 3L BE 2359 Ry 235°C ,235°C ,225°C #1 225°C , I i
A AR BIL A A AR R L R R R 220°C
£ 543 W10 8 PP/PGAL.PP/PGA2.PP/PGA4 Fil
PP/PGAS,
1.3 M5 R4

J12F M B 2 SR 0 AR A ORE I 36 AL 4 R
GB/T1040 #EATHLA L5, % GB/T1843 #E4T nfriky
SEHY . 3E I DSC %R W 04 K wl R 2 AT O HEAT

AT B 3~5mg, A H RETHE 2 240°C,
TR 2min JHBRIT S, BELL 10°C /min A R IR 3 R
W2 2R 12 6 TR DL 10°C /min 19 FH IR 8 % R
2 240°C , 15 B 25 &b A il it £ 5 e i Tt 7 ) a2 ik
JH 25mm B P47 AR e B A 5 R BE S Tmm, ) 25 45
AT A K A% R O AR 5 VIR [
0.1~ 100rad/s, [& & W 28 2 1%, W & B
230°C, B IR G AL, R H S R T 110C T
TH R ZE & 20min 5, 388 2 i D' 8 F05 O 258 O 0 4 5
SR B B 2LV W i W TR B2 R FESEM W
B FE i TR0V T DR T VS 4 A B

2 #FR5iTR

2.1 SR

F 1O T AN PP-g-AMH ] & XF iR
JIZEPERERSE N, Hr 3R 1 AT IR 2 50 A K, 3
TR LA i B S S RS i #a # . PP-g-MAH
HIINAFERR R TR 5] AT R T A 1 A, mT D 2 ek
% PP 5 PGA A HAHZEE, I 5 PGA 77 1
i R R, BRI i PP-g-MAH-PGA , 3 — 2 4
54 2 2 ] ) ST AR T BEL BT 0 4 R IR
LR, A, T PE 2 R 2= R ERK,
JeLE Ay PGA & 1A 7T A Sy 1 5 RH AR 22 S HK A
Wil AH 75 700 5 B3 R, PGA AR B 4 1 73 0FE PP SE (K
oL (A5 2 A W A A, SR B R KL IR Y
i e R BB AT B4R T, SR, 7E A R AR
PG BL T . 540 PP AH L R 9 10 W 24 1 K 2 B
TR TR R A R B AR A5 Y A S 5 R
R ST R i DX T A 3R i XK AR A ) N ) T A
M JE LA 5E iR PGA A A% BB . PGA SR 1E N
I 3 B v R A ARk I A R [ T AR 2
T kLG KR, W R R I R, X S SRR
g e, R, i £ PP-g- MAH-PGA ™ & i 38
TR R A, S EIEY ) E R A B R B,

E R ES )k SRS P E AT A

B4 PP PP/PGAl PP/PGA2 PP/PGA4 PP/PGAS
PR/ MPa 26.6  29.8 32.4 31.5 27.1
WA=/ % 319.7  140.2 180. 4 204. 6 255. 3
AR/ (kKlem™2) 6.7 5.8 7.5 8.2 7.1

2.2 HEMMMERMBERTA

4 PP.PP/PGA IIRYFI 4l PGA 1Y I fill A1 45
pni R UL 1, AT, 4l PGA 7E 198°C &£ 4
BT AR5 1m0 L U A AR Ak B A 2 T B B
HIHE AL s RIS A 215°C 2247 BT 32 06 il 0 L 3 3 W



oMl BER KA R AT SR TN M /2R £ R VR ) 45 4 5 P B Y 5 i . 205 -

PGA i i B —BOME By, B 45 B b 53 . A
MR DI, 32 M2 TS, PGA 145 5 i
JE BT PP-g-MAH 58 PGA 45 5 S5 A s 7 L it
BF PGA R REIE B T AN [A] 14 & 280 51 . 5 80 PGA
FE AL BT B S R X, R B PGA T
ARG E 1S 2, 25 o0 BB REAC. [Fat i Tk
i PGA 5 PP MHIZ 3 R HELAR, JE 45 0 1) PGA
R ATAER PP 25 & i iz 5, BY PP A &5 it i 72 2
S A A R 59 AR A TR R AT L8R T LAY S A
WAL IR AR, PP (25 & il 5 460 PP AH A ir
R X AT RESE A A R . PGA 45 dh 45 15 1
R R 5B S 2 RS /INB — 2 R B, 43 WM
FBCH & 15 A SR R B B SR O A
BEHEIR L& T 5 M B R AP AT, A5 R
PGA /r iU A o tE AN Y i % i S PP o0 2
g i FLREAR 28500 & i3 K, PGA Fh IR 23 80 R~
/N 3 IR G P 3K R 4 2 43 BORS AN Y 4
TR 7 S B AE Y s i, YR 4 il il 2
PP W JE T 1 8 AN [ 1) L) i 06

(@ :
__’PP_//L
PP/PGA4 :
PP/PGAZ BN
g PeoaL T o
S \
50 100 150 200
REE/C
PP
PP/PGA8
PP/PGA4
&; PP/PGA2 ’H\/ﬁ'
= A
PGA V
30 100 50 200
REE/C

1 PP/PGA iR Al () FIES H (b) T £k 18]

Bl 25 FE 30 Bk itk — 5 B PG A 110 4 il i 1
VI 2 D DR ML ) S R R — B R TR R
B A 25 1, JE B9 PP-g-MAH-PGA ™ & W T
PGA [0 45 o B 38 R S 2k 45 i S 3085 0 i 4 o
PGA (45 G0 ¢ . e, 1 R SR B % 15 3
2k, PP FH UL Rl g 5 725 o B T UGG . 52 A 2501 9
WL PP K4 T4 138 B0 BE ) F B 45 il 4h PP
F) 45 3 1 JEE T S 90K, W 8 4l PP DL AT S
SEVERESSANAT . EAOR L, IR Y P PP A PGA
T 26143 B0 225 S A7 20 L W ) I 2 A )

R
2.3 HBYMRREITH

AN TR AH 28 70 5 BT TR TR A AR A2 HRE 2 B AR A
HAEfE R M2 0L 2, ol AT, IR AR R B SR
A B U] T L4, WA 25 500 4 K IR W
2 ROR RS RS W/ # . Edward 585
AR TEARAT X IR B i A8 AT 2 ARG
Prigps st AT BRI, BV BRI R AW 2 5
1) R A58 2 A Wy B 23 30 T T 5 R 45 4, DA T
BHL 1E R 43 5% 1932 3, 76 B 400 X P 5 b 3 4 24 48 4%
FIRE, 0 B89 U) A2 i B0 4. DR AAE 25 R S
PGA 5 PP-g-MAH J N J5 % i T 8 £ 2k 454 .
H SR S B AR W) 10 52 BORE B AE (R0 X ] i
T B A 25 R gk 2238 K, i £ PP-g-MAH-
PGA B J 52 1 ke 30 15 S84 T = 300 1 52 50 Zh
TR L3k G 98 1 P AE v A DX R B

1000
.....
R T VA
@ 3’099.. Trellta
= ”:’v Te ta
& .'v".
o ARBA ] .
W 100F | e vty
& « PP-g-MAH-1% APREE
& a PP-g-MAH-2% <« 9
= v PP-g-MAH-4%
< PP-g-MAH-8%
10, .
0.1 100

lﬁﬁ$/(r:3's“)

Bl 2 PP/PGA LR K 7 & 50R B i A TR 1

A AK OG FR HT4R ]

2.4 FESEM 4 #7

&3 Sy 2R W 75 WA H VR B B BB T FESEM
. el AT g, A2 R 100 B PGA BURL 3K
WE BT TR E D SO 1EDE 09 LR UL PP
TRFT PGA (4 AH 25 VAN 08 4, 5L A e85 . A

v ] Y - :

#l 3 PP/PGA F:RYH FESEM JE $i €l
[(a)PP/PGA1; (b)PP/PGA2;(c)PP/PGA4;(d)PP/PGAS]



. 206 1 T 8 B W4T

ZEF00 I 2 2 S0, LR B A s b, HALAE R
SHF R DB AR A B . HE AR
AR R Z 4 %I, PGA RLAR S0 A 98 BB A0 550 0
B @ Wi LT B S B PGA ORI 1 5 B2
AL A RSN T A 2 R G ik #)
8 Vo I, FE H5¢ fey 14 TR A B R A W ZE AN B PGA
B, UL PGA JLT- WA 2458, iX 5 DSC 45 5 — 3L,
FZE P4 2 0 & B 3%
2.5 RAEBRHESHN

Bl 4 2R AN Y PP/PGA LR Y6
Bh 2 G AR 2 110°C , IF H & 45 & 20min J5
AL 500 FF 6 AR I S I AR B L R BT
UL MRS 16 SR Y T e F 2 PP 3K
B AR [ B PGA SR> BUE PP BR 2
], HOR S R Bl AH 25 700 = 3% & 200 B, PGA
BRimth 2, H RGBS o0 0 . AR 25
I B Ak Ll 3 K, PGA SR R B @ s/, FAR AR
FBAH PP BRI 2 5 06 BT, J0 A A R
oA 8 Y. JLF WL AR B PGA fiki . 32 AH 255 Fn
PGA B[R] 5 i . PP 35 25 52 50 40 1034 20 79 40 1%
AR X DSC g v . BRAEWILIR S
AN T AL 4338 43 FH 25 1) TR) s SRE 4% ) B 2 e
R IHIR R R L i, PR 22 A7 A — R R A E
ST v TR P 2 O v R R L AR R A
KT R 2R, % PP HI PGA 45 5 5% #5K
F3 PP M PGA 45 & 58 B R R F R, X T A
TAE T PP/PGA SRR R, B0 H A8 1) 45 48 R 1 5
i PGA &okL KT 2 4% /s B 43 A 3443, R T AH
AR PGA ki 5 PP AR A 18] 5L i 78 H . bl
# PGA ffoki RH FEAK, vl i 21 25 F TS AL 4 oK ki

() I

v

4 PP/PGA 3R Py 4 1 6 b i Bt &l
[(a)PP/PGA1;(b)PP/PGA2;(c)PP/PGA4;(d)PP/PGAS]

TR B BRI
3 4iE

(L) B 35 FH 73 790 P 4 O L3R 0 ) o e i 32 D
e 1 el 5 B S R R T I BT A I AR O
(O AHZ R I A T3 PGA &5 & TR B 8 7 i, (3
SEAhOE TR B W T B, BN, A R
PGA fivki Xt PP 45 i BA7 5 # R A A . [/l ik PP
MIZE IR E R TR BT a s, H Aok RF B
N 5 (3) TR WA 1A 14 52 Rk BE S RS 8D

S % ik

L1 RaKER BT, R 55 R MR 58 B i ME A s R e [ .
A R A 5 % 2018, 47 (1) :85-90.

(2] E5,EL3CBUEFRNEF ST ST R R
TR, 2010,22(6) :55-59.

(3] GRIEA A PV A0 B ML) . R, 2007(3) :9-
12.

[ 4] Peyda S, Morshedian ], Karbalaei-Bagher M, et al. A novel
technique in the foaming process of EPDM/PP via microwave
radiation: the effect of blend compatibilization and additive en-
capsulation[ ] ].RSC Advances,2016,6(84) :81400-81407.

[5] L, TR, IM, 5. 2 BERR IR E & 50 RINM/ £ B
e 40 K AE A L B2 S b k1 R A R o BF 5 (). Ak TR R R R
2018,46(3):58-61.

[ 6] Jolfaei A F,Gavgani J N.Jalali A.et al.Effect of organoclay
and compatibilizers on microstructure, rheological and me-
chanical properties of dynamically vulcanized EPDM/PP elas-
tomers[ J].Polymer Bulletin,2015,72(5) :1127-1144.

[ 77 Pinheiro L. A,Bittencourt C S, Canevarolo S V.Real time as-
sessment of the compatibilization of polypropylene/polyamide
6 blends during extrusion[ ]].Polymer Engineering and Sci-
ence,2010,50(4) :826-834.

[ 8] Razak N C A,Inuwa I M, Hassan A,et al.Effects of compati-
bilizers on mechanical properties of PET/PP blend[]].Com-
posite Interfaces,2013,20(7):507-515.

[ 9] Velde K Van de, Kiedens P.Biopolymers:overview of several
properties and consequences on their applications[ ] ].Polymer
Testing,2002,21(4) :433-442.

(100 EHIFH BRI, 3R & B R 25 Lk Wy W ik i o3 - L) MG 2%,
2004,29(1) :50-57.

(11] BREEA P B EE MER R ARFEEL]] A THERE,
2011,30(1):172-180.

[12] forfig, 5 ok HESE  SE R OB S RN ML IR LI ). & W
A B 28K, 2007, 24 (4) :83-84.

[13] BT 97 XIS JE Je 1010 435 5 o He o A e B T ok 2 I8 19
FPL RO B IR AR ROFSE L) 4 T2 4R, 1999(5)
557-563.

[14] Edward K,Wang W J,Zhu S P,et al.Rheological and thermo-
mechanical properties of long-chain-branched polyethylene
prepared by slurry polymerization with metallocene catalysts
[J].Journal of Applied Polymer Sciecne, 2004, 92 (1):307-
316.

Wk B #:2018-04-26
&R B E:2019-04-24





