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¥ 1 BEBRABRAZSUN, A 60 mL —
FEMBAHREEELEBER RAEMALERN
M EARMAREEREERYLIE GMA 1 St #)
MR TR, M PP REEYIE TRk, N
RYLEMBEESHT.
1.3 EBENE

EHEERSLE CMA 1 St WEEEEM FTIR
(Nicolet 560 M) HEBEERH/LA/EE LK
EANSMEREA (PP B 2723 em™ ' ,GMA R HEE
H:1730 em ™', B Z 8702 cm ") MR L B HE, 1R
WhREm g SRR RN EXE(E ).

Table 1 The degree of grafting of the samples
gPP}  gPPd

Sample PP gFPP1 gPP2

Degree of grafting
(GMAY{(wi%)
Degree of grafting
(st} (wm%)

0 3.7 53 5.7 6.4

0 0.7 0.6 0.8 0.8

1.4 DSC & #

5 B A DSC{ Mettler Toledo DSC821¢ ) &t
REFFRNSHEFARARBTHT FFEES
AR KRB EE 50 K/min B 210C,
AR 5 min, LR ERF R B —FRREERE
B (5 K/min, 10 K/min, 15 K/min, 20 K/min) & B &
25C . FRE SR AEHF HFEEL 50 K/min 11
#F] 210C, HEER 5 min, UBRERFT R HEH

A ICREMRBERECHNSRERERE,
HRAESREE.
1.5 REAIHMERR

BLrEREEAGSIEEREFABERE L
QIC)ERERE NERBEIREEBESHES
mERERGAREEHEMNELRES.

2 HER5itTie

2.1 EERBER

SRR IBEMOBAME 58 ex)
MEHRENERBE T, SREAXBEE TR
RSB 509 B B % R & B 18] Oy o 5 G i
&l t,,, RIS REE.

MTFESREHI N ELIR, TIFEH
Aviami FRHBHE R #FT 5. Avami TR E
AR RESRE &P ZFEAMITE,H Avami J7
ERATESHERTIE" 483,

X (t) =1-expl- K(R)("] (1)

ZEPFESEIBREEL, X K #ETEBER
#. :
InK = InK'/R (2)
X, HHMEERE;  AERIFTHEE; R HRE
RER K HEFRIBNEHERETER.E54%
MEKERMSEBEREARX; » B Avami T,
ERMESBORBEMEKEN.
BERY LA T Aviami H 25 Ozawa
BOESRARYBREDL:
InR = InF(T) - alnt (3
He o ma et R VEBREE o 2
Avvami W n 5 Ceawa TEB m B HHE. W o = n/
m, BESERESFRXNER. F(TIHYHERE X
BBTR E] P9k R R BIR 45 5 BT A A0 B
1] 2285 = 0
F 2R PP SEHM PP(oPP)EERLEGLTR
FSCR BOIR R 6 A Aviami Ut B # AT 718
FME X ¥ S HERBEENEL, PP
538 PP(gPP3) 45 & I8 B 02K 45§ o il B 2
e En, FRERBLA, & ABERK, ¥E
i EEE. BEAEMHRMBERELEEZMGT B
PPRIZRITHS PPASEX S, B 1 & PP A
B PP AE 5 K/min MEEREERHT S5 DSC
BRI EE R SFHEREERT R PPHE
REELPPRET 16~ 19C,ERERFTEN
KRB /D I, BB PP B 55 R E]
L HE AESEREEMR ERBERN
SK/minkt, 8 PP WE REER PP L FH
18.7°C, ¥ &5 @6 @ {5 PP I 70% .

Table 2 The parametcrs of non-isothermal crystallization of PP and
2PP3

R PP gPP3
(K/min) § 10 15 20 5 10 15 20
T.(C) 112.4 107.9 104.9 102.7 131.1 126.5 121.9 119.0
tpls) 191 9% 66 56 132 69 54 M4

n 2.8 131 3.2 3.6 2.5 2.6 3.0 33
K 0.026 0.215 0.388 0.469 0.046 0.253 0.399 0.506

" R is the cooling rate.

R Avrami B0H 7 BX PP MR E PP W FE
SHREMTIRH#AITHIITNER(E XN, &R
—EEEE AT, 4 PP Al PP A9 Aviami 88 n
EW/TFos5, B8 F2.5~3.6 BN . XHEHA
BB PPHMPPE SRR EMERKBERMER,
BRTFRHABENRK=FLEK FEOERN
SEEREhEEREENE KEENTEHRE PP A
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Fig.1 DSC thermograph of nonisothermal erystallization
of PP and gPP3(cooling rate 5 K/min)
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T PP-g-(GMA-co-5t), GMA-co-St X # W E EEH
RMEHTRABNREEE R XBENRE
AUERDMILEERET =L, SREH PPL
mRENKEEARAR, DEREEE Z M.

MTFREREEHNRB=REL™,

K = (3/4)aNG’ (4)
K Ri@&id Aveami BB A BRI EBAME BEFR
HEN P MEBRANAERSERE; ¢ I
mEE KR,

BT GMA-co-St X PP REBEEEE
KRR, B PPH NEBR KEERRA,
(FHESNERBADER T X—&,H4).H
BH PPH KEMNE AT PP(E 2), BIERX 4,4
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Fig.2 K of crystallization versus cooling rate

MR PP BAEKERE ¢ L PP /. XREH
% ,PP 8 ) GMA-co-S1 X 5P T 45 B85y
Ty, e EER.

ZIRHRAEEES FEMESRS R
BEBATHFHER BRE F(IT)NDEE L, &
R 16 K/min M FEEEFE 7 1 min Z )5, EH PP
M G&ETED 70% ., PP REEE W 40% . X —
HERMERAER PPRHAGERERE PP B
x.

Table 3 Non-isothermal kinetics parameter F( T) at different relative
crystallinities

X, 02 03 04 05 06 07 038

F(T)}(Kimin)
of PP 13.3 147 16.0 17.1 18.2 19.4 20.9

F(T) (K/min)
9.3 10.5 11.7 12. 143 16.0 18.2
of gPP3 2.9

X F CMA B LR AF R EE BT gPPL.
gPP2. gPP3 FI gPP4, A1 A HI R g 0f 3Lk
FRLEMUBHELTTHR.ERNEI . hTHE
GMA/S  ZH M B AR BERFR P, St W EE
AR K, LR A GMA WEKRESLL, %
EREHENTL AREA, HERH RN
n, B PP ) Aveami 383 n JLFARZE R #E
2.6 o A7, v T B o ) AR AL I R A B R B
RERBEATLEEW, HRABRTRHEREZERY
HRE=HERK SRBEMREENOMM, LG
EAX FEHERS,  AEHREE BICES
A HREENRESAHNBMERBERER
K BEE GMA EHi A N & 4 e 28k (A 3),
BEHEBAEMSIm, 8RN ARERAS. S
AEREY K AFmEREME.

Table 4 The parameters of non-isothermal erystallization for grafted PP
with different grafting degree( cooling rate:5 K/min)

Sample gPP1  gPP2  2PP3 gPM4

Degree of grafting{GMA) (wt% ) 3.7 5.3 5.7 6.4
T.(C) 129.3 131.0 131.1 130.8
112(s) 135 125 132 146
n 2.6 2.6 2.5 2.7
K 0.044 0.052 0.046 0.037

BB Ry eT LUR# T 45 & m RMEEHE,
BRI B TR =4, A&
BEREEM. SBRERBEAR, ¥ RNESH
B, AERERMB R RREEH IO, KR
TREERHEBEREN T PP NERIRMWE
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Fig.3 K.T.z of non-isothermal crystallization for different gPP

CEESE AOABANERSERE IEH
AEEFCRAXBRK, FUSREERFREA
BEXFAERAT . EEREEN T ERERRT
A KER TRMEERARAERAERE
AERI RIER(4), N AE, K /D, LS
HREERER ¢ T/ FFULERHFEREE N, 1,
HAk B3 PATLUER, gPPAEB R 6.4%) K
peontEE 28 T gPPI(ERE3.7%),E
A mEaEn A TFEEBNERK, FRTEH
B FY HEENBME, mERR TRANER,
o AEER TR,
2.2 SRSH

BEESELEANTRAR (R 2)#ETH
H,BE PPH £PP3 EREERE N ONKE SR
EA4SHI15CH 35C. AREBEELENE
HEGEERAH#TERERTR, HERARE
B Aviami B MG BET T WL ERAR
SHESHBEEREENA®. PPRERPPH ¢,
PR B SERE /N, LR REENL
FREAMESNRRN, SRUBRBEERNE.
PP HIEEH PP 1Y Avrami B HHELE RBRENA
T A.ZE 125CERER/ROAE P, PP HHEH
PP i) Avrami $8 305919 2.3 f1 2.4, IRHE 125
AY,PP HIEEH PP W& REBRMEKEA MM, S
HRHEEENRS =LK MEHRERNLE
REENERE K, EH PP LS R EY
PP 4.4% XEHEE PPHELRAERKRT
PP, i B A PP LA CMA-co-St L XS PP
KRHEREEE KHESER. SAEFEHS S
MERSEER—HEN.

B 4% PPH gPP3 FE2I0CIHRE L o, &
HERDI15CEAG TEREATEENRAR
MmEEE MERALLEL PP I gPP3 RGEBRK

BAOBL ARHRGUEBREE XIELTEE
PP I 89 GMA-co-St X HEX 2 R B9 7 Rtk
AR AMERER, FBREERAEEEM, &
RAFERBERE. W, QREENEN, 3
A SBHEKSEMED, ERG R E N, RS
ZEHRHEHE, ZERBRTHE 4 PHRAER
% Rk

Table 5 The parameters of isothermal crystallization of PP and gPP3

T, r K fiz(s)
110 1.8 1.10E-03 41
P 115 2.0 8.43E05 84
120 2.2 7.30E-06 195
125 2.3 4. 00E-07 541
125 2.4 3.79E-04 24
PR3 130 2.5 4.57E-05 45
135 3.2 1.64E-07 106
140 3.6 1.33E-09 273

Fig. 4

Micrographs of crystal from
isothermal erystalliztion at 125°C( x 100)
a)PP; b} gPP3

EEPRGESRRELE D, TRBRHFE
MEAEAEEL2, REREEHENA/N,E
ERHEGRENESBE RENFEA b
BN RBRES RZWFABLERRE" .

RESHERUBEREESERRERN
P3 S

In(1/t,, = A - B(T)Y[T.(AT)'] (5)
Het 70 BEHH A (T, =481.15K,PP), AT =
T -T. EAEREMLRE. k=12 KELF
MBREEGHEE A RER, B KBTS ARE
HENREAGEG)MERRE AL,
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B, o (o) (AHL! (6)
RS OB, A n(Ue,, )X ()Y T.(AT)*]
fEETLIHP B, WE, LSRN E.EBPPH
B il PP B E TR, ULBIEH PP WAL A i B8
TR, &5 R .

Table 6 The value of B, for PP and gPP3

Sample B, (x 10%) By{ % 107}
PP 1.48 1.21
gPP3 0.96 0.67

& FATR 3T GMA/S: B A 4 SRR EEH
MTERAMEERE CMA BEHENEEERR
BUEFREENESEE RSB AEEKE
ASERBNHM BTRHARERNRA=4%
Ak EESRESERSREP BEEEAKNSRE
EREER, EERDE 16 ~ 19C; 24 F @45

BAGEREEHES IR EAFREHKIRH
(125°C) , ¥ 8; PP By 25 R InH 8] Y PP 4840 96% .
4 PP I GMA-co-St XHEMALE BIKTHER
HmABEE. E#HT PPEH RN RHEEE, #1180
AUEENMIIRERGETRKESE . AULE
FEENMAMIRTELREERARE THRES
B.AR EHENGFESEB T8, BHsS
mAERERE /N, BEEBREAKEHELT &
B R RERAER S EFHA, HIEE
BEHEWERN EHPPHERBETS, BER
EEMR EREREAEN, , EERERHE 5
RE.ZGBEAFREAR, XEANEHER
HRELENEBEMEXMNTF PPRESIREMS
CERBL ARRBEECIABBK, b
B — 2K, SEESRN > T8 E e,
FPEEBTHRAMNEK FAGRBERZMHE/D.
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CRYSTALLIZATION BEHAVIOR OF GMA/St MULTIMONOMER GRAFTED
POLYPROPYLENE

ZHANG Jingchun, XIE Xuming, KE Hua
{ Adoanced Maserials Laboratory , Institute of Polymer Science & Engincering , Department of Chemical Engineering ,
Tsinghua University, Beifing 100084}

Abstract The isothermal and nonisothermal crystallizations of glycidyl methacrylate/styrene ( GMA/St )
multimonomer melt-grafted polypropylene [ PP-g-( GMA-co-St) ] were investigated by DSC, crystals of the grafted
PP were observed through polarized optical microscope. Avrami equation was used to analyze the kinetics of
crystallization. The erystallization of the grafted PP was heterogeneous nucleated , and three dimensional growth of
spherulites can be observed as in the case of neat PP.Compared to neat PP, the crystallization temperature( T.) of
the grafted PP increased 16 ~ 19°C and the overall crystallization rate was accelerated dramatically . The grafts of
GMA- co-5t reduced the interfacial free energy of the surfaces of the crystal nuclei and promoted the heterogeneous
nucleating. When the degree of grafting was not very high, T, and overall crystallization rate of the grafted PP
increased with increasing the degree of grafting.In the range of higher degree of grafting, with increasing the degree
of grafting, T, stopped rising and the overall crystallization rate was slowed down due to the severe obstruction of the
grafts to the growth of the crystal.

Key words Polypropylene, Multimonomer-grafting, Glycidyl methacrylate, Crystallization, Avrami



