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W OE RDSCHEWRTERB(PPMENSESR AN ILERY (PP-g-PU) AR ESHHE R T A7IEFE
BRENYE  Aviami B M EE MR DSC MELRHET T AL, B REY, PP-¢-PUKNSI I BHEE
BENHE Aveni FEAEEFEYH TR PPESETREAECHE SRAEREX RRANE KNREIH
BHEZERE MEEAARSEMYNARBNSHREIHEX.
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MtERE R B SN ENIFHEERK
BEFERETHEAEH OBERE SRR
Mgl FARSHEN ST'EY  — 8k,
GRER DIERE EHERE EE ATRE
EEHeER, MEHE EHEMN SRR Hi,
HREEEVERIBNERBER THAEZHE
.l M EERTHEFERNN TR EFRLSF
BRUEHEAR K.

ERHrPHEE TrhERERK. HRE
R, —EERERHTHMASHE, X 58 AMMN
HRRE TR 54 N AR R TBRXH S &
(NN BEAEORBIAEX B FETIR
EMMFR I EHEREEFTERNEXRLE
HEAREREMHRME. X TRESBERE
BEATHETEZESIRERSGE LA X BT,
RIS R RAR(MPP) Hi# & &, #
AH# FMMAEHREASEEAREMED(PUMN
REEmBERAERR,TE PP X8 L5l A PU X
B, AL E M e RS SR s R A
NEEMRTRAG - BEBEBEELED(PP-
gPURNESFREZIINFE, HET PP-g-PU K
PR EREERERYNE AEEES PP IR
MHER.
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1.1 EH

B (S PP-F401) BT MOk &
THEPERE R, BSREH (MDY 3.0 ¢/10 min.
ME R H & MPP, 8 MPP ' & K BR BT
(MAVH S BRI 23% ; RARHEYIELLEE
B . REMERE (NGO HR. B2 FEA
2360:250 mL = O, AR EAT.H 8&H /O
MPPHIPURBME T W EENN S, £ E
BETREM—EMHEEG,INA 2 mL XKIEH
%R R PU; 753 78 A DMF &, BT 45 D 3 B
% PP 5 PU B E W (PP-g-PU) . =¥ A DMF #h
B.BREREN PUREES TR E3 TRt
BB PP-g-PUHPUMSTE(C, )T HHR4.5%.
13.1%M19.9%(BEEH 550 .

Coo = 100% x (W, - W)} W,
Hw, SERNHITMPPIER, W, HRNEER
MINEE.
1.2 &3k

% F Perkin-Elmer DSC7 %) 22 7= 1331 B 4 (U B7F
3% PP #1 PP-g-PU MIIEF R RfT N, A ME S
AREASAPHT, BRARN4~7 mg MEMN
SR EGREABREABK, BB S5 min, UHER
HmI e EE, REHHFERSHILL2.5.5.10.20
40 K/min I EFER F 323 K, iR X I B R M
WAL, K18 PP R HERYIES R DSC HE£E .
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) Aveami FEHR .

1 - X(t) = exp(— Z, - ™) (1)
AP X() R NRAKHEMNERE, Z hsh %
HE,n R Aveami 188, HRXNEEBEHFRAUR

FRISRA X, ()RS
lg[— In{t - X(¢))] = IgZ, + nlgt (2)
TEINFRCUIESZRE SRR, LIBHEEEN
RIEHT, BEREEFEESNB N ¥ESH 2, .
lgZ, = (1gZ)/R (3)

Kb RALHEFRER.

HERSEYEE TSRS RIB T LG
B SEEMXE, H—FH Avami 7 B Ozawa
FREXBEMTERLEESYESRS &
B, BT ENT .

lgR = 1gF({T) - algt (4)
A F(My=[K(TYyZ 1", BHK K-8,
EREEEFTRULSHBNERZFLES R
AR ERRERER, F 8 6P 8L A

FA15r B KA Aveami F R EFEXHR
FBX PP-g-PUBRBHREYNESFRE R ¥
ARG TR, UETELRNEERSEBHE
L iER ATk Ao AR

E1BARNPUSEN4.5%1 PP-g-PU
BEHEMTEAFSHHERETRIESR DSC i,
HEASHWESHEGHR S5 HAEM . ER
DSC B8 P 3k F IR 4 b e IR I S BT T B A0 5 SR iR
ET UMERMERAR A0  HERNTE
1.AJLLEN AR R EEMH I, PP R HEHEY
T R Rmm KRS, RAKRERX
o B4 FEAEBEHFAGEANEEES LB
ETHNEE, RAYSEEXNIB EA GRS
A 2 TR P AR BE A 4 D W U B R R R 1 I i
THNEEHEHERYEX, EHARTRH
HREHDTHED.

Table 1 Values of the T_ and AK_ at various cooling rates for PP and
PP-g-PU

Sample R{K/min) 2.5 5 10 20 40

PP T.(K) 116.4 112.5 109.0 102.6 94.2

AH (Jg) 111.9 110.4 108.3 105.7 102.8

PP-g-PU T.(K) 119.1 120.5 116.5 111.9 106.6
(CPU=4.5%) AH.(}g) 83.8 B4.0 B2.9 8.0 81.0
PP-g-PU T.(K)  120.2 {16.7 113.2 109.4 103.1
(CPU =13.1%) AH(J/g) 79.7 B2.1 81.2 8l.4 79.9
PP-g-PU T.(K)  118.0 114.% 111.7 108.0 102.0

(CPU =19.9%) AH (Jg) 71.2 71.2 69.5 9.2 68.4

The crystallizing enthalpy of PP segment (AH_) in PP- g-PU copolymer is
determined by the equation: AH, = AHY/{(1-CPU}, where AH® is the
enthalpy of copolymer sample determined from DSC cooling scans and CPU
is the weight fraction of PU in copolymer.
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Fig. 1 Effect of the cooling rate on crystallization exotherm
of PP-g-PU(Cp; =4.5%)
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Fig. 2 Polt of lgl-In{1 - X(¢))] versus lge {min) of PP and
PP-g-PU at a cooling rate of 10 K/min

EHFEMOSHEET , PP-o-PUBBILEY
B T, B8 T4 PP, XRFAXLBY D E PU L&
PPERBREIBREERAER, AMEERNIR
ETEREGEHHARESPT,PUSEF 13.1% 8
PP-g-PUREBEBRAKH T.H. HEM KX PUNTE,
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FELERYE AH, BT8P, R R R
AH B PUSEMTABWMMEK, X2 THAE
PUHBKMELEUR PURKRIFEM S RERHEBT
PP 5+ FHOE FHED & PP RiABLMGIE L B R T
EREREME ATHER AH, WK,

B2k PP REBEEWH lg[-In(1-X (1)) ]-1gt
B, HFHNERE x (D)o dHIESE DSC i
gh HANBSERELEReEmBRELE
Bl,e=(Ty- TR, T, HERBRGERERER,T
Kot RXRIABE . BT LR AR EAE S
EETEN B SRR, %0 PP
BEYHEFRESN T FEH BT HME Avrami
HE . EPHENBEMFETIHIRE Z, M
n 3P —ERBALEBBBE ¢, (2, = (In2/
Z)" , RIEFF GRS B REFEMN XA )M
FERE[HNESYE Z, FEBERTE?2.

B2 OBEITR, TR, s h¥EE
EEW Z AN ERO MK, ML
MEpEZ%E, ZH T EELC RS REER
B ER—BHHER T, PP-g-PU MM T4 PP
AHERKM Z AN 1,68 XTERHT
PP-g-PUSr TH PU X H BRI BEAAGHT
HEE B HE RS, PP S T RBESEMAE
F T A F BB B BE b, L4 T B A 07 i (] T G
MSEBEMBR BN ATNRE T PP-g-PUME R
HE.

— KR, Aveami TEE n RMLE B EED

PMHE KT EL . B FTE KBS A%
BHEEIEAE RAERZ M. KESBEE Y HE
L F R OH B PR L S R B Bl R A
EJERCH 1,5 A 5 e 06, Hoad (e 4 3
HE HE2WVR,PPRHEESEY n ILTEHN
R ATRERNSESRERTIBE TR E
EERFAMNESROFR - REKHER" PP
n HETE3I-42Z0IEHEFTEUHHREHN =
e R A&, I n (B B I 0L 2 SR p 19 0K TS O
DN RETFEMGHERT,PPUEHRMBME
RBEER, AFRBHER . PPUHHREMR
HEEREEFM IR A#ATRENER, AR M
REEH LS EFHEY NEEXRMBBENE S
H.PPHBEEEY EEYNEREIN  HH
FREREXRNTLAPEE S PPHTELARE
HFEL B HE - BB R B8 KW/ BR,
Xf PP-g-PUT 5, n {EWIBA R HO1E K14 K, XA
HERATHMEXT T PP AL THE B, XX —
PR E, RITIANRTATGES PP-g-PU H PU X #
B REART . SRIERRH TH
BREIMHELRS | mEHNEE ERIKSHERT,
HFPUHFTEMNBPHEEEN EHYHNER
ARZEEER,  AE/EERERMIELR,
PU T 8E5T PP 4 BF AL HE ) B9 B 7 B R 386 K,
EmT PP REZFMNBEERTL, BHHESEH
ERESHE HERIBEARERTRER . &
AfE n (K.

Table 2 Avrami parameter, n, and rate constants Z,, Z_ and time constant t,,, during nonisothermal crystallization of PP and PP-g-PU at different

cooling rates
Sample R({K/min)} 2.5 5 10 20 40

Z, 0.0039 0.0527 0.5%08 4.,0504 17.2203

PP Z, 0.1081 0.5552 0.9487 1.0724 1.0739
n 4,13 3.83 3.50 3.28 3.25
15 (min) 3.55 1.98 1.08 0.61 0.38

Z, 0.0121 0.1622 3.4253 82,9851 1129.776

PP-g-PU z, 0.1708 0.6950 1.1310 1.2472 1.1921
(Coy=4.5%) n 4.53 4.67 4.7 4.5 4.83
t12 (min) 2.36 1.34 0.71 0.34 0.21

Z, 0.0311 0.2887 6.5902 103.04 687.07

PP-g-PU z, 0,249 0.78 1.2075 1.2608 1.1774
(Cpy=13.1%) n 3.59 3.81 3.93 4.15 4.32
212 (min) 2.22 1.25 0.62 0.30 0.20

Z, 0.021% 0.1652 7.4319 189.67 647.14

PP-g-PU Z, 0.2166 0.6976 1.2221 1.2999 1.1756

(Copy=19.9%) n 3.67
£32 Cmin) 2.55

3.79 3.81 4.39 1.718
1.35 0.51 0.27 0.16
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Fig. 3 Polt of IgR (K/min) versus lgi (min) for PP and
PP-g-PU at X{ 1) = 0.5 during nonisothermal crystallization

at different cooling rates

Table 3 Values of the T, and AH, at various cooling rates for PP and
PP-g-PU

Sampile X)) 0.9 0.7 0.5 0.3 0.1

PP F{r) 16,62 1380 11.47 912 6.04

a  1.2620 1.2374 1.2249 1.1985 1.14

PP-g-PU  F{1) 868 B.68 6.67 572 4.35
(Cou=4.5%) o 1.1342 1.1342 1.1185 1.i119 1.118
PP-g-PU  F(:) 7.9 6.89 6.04 5.10 3.6
(Cor=13.1%) o  1.1223 1.0932 1.1072 1.114 1.1279
PP-g-PU  F(;) 7.78 6.88 6.12 5.31 3.9
(Coy=19.9%) o  0.918 0.9653 0.9593 0.9645 0.975]

A Aveami FEA KL FHEMA .

LR, PP-g-PU MIEFES RS ¥HE
BEFHNFEE Avami T ERNEEFYUH TR PP &
HTREERXHES SREXEMK REMNERA
L LHI A R R AR ST, T AR L e g
5 PP-g-PU 53 FH PU X EREIBE 4 BE S
HERAX . XAHEREHEANTHBRINHEE
0% 31ROt AR, T PP-g-PU LRSS B
THERTHEN PPILEY.
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NON-ISOTHERMAL CRYSTALLIZATION BEHAVIOR OF
POLYPROPYLENE GRAFTED POLYURETHANE

LIU Yeqiu, ZHU Yafei, XU Jiarui
( Key Laboratory for Polymeric Composite and Functional Moterials of Ministry of Education, Material Science Institute
School of Chemistry and Chemical Engineering, Zhongshan University , Guangzhou  510275)

Abstract The non-isothermal crystallization kineties of polypropylene grafted polyurethane { PP- g-PU)} copolymers
under the different cooling rate has been studied by DSC. A kinetic equation for nonisothermal crystallization was
employed to analyze the crystallization characteristics of PP and PP-g-PU. The results show that in the range of
cooling rate of 2.5 to 40 K/min, the kinetics of non-isothermal crystallization of PP and PP-g-PU with different PU
content can fit the Avrami equation and a combination of Avrami-Ozwa method . The presence of the PU branches in
PP- g-PU results in less crystallization enthalpy and higher crysiallization temperature upon cooling. All the PP-g-PU
copolymers have higher nucleation rate and overall rate of crystallization assuming that the spherulitic growth was
initiated by heterogeneous nucleation alone, as characterized by the higher values of Z, and low values of ¢,, than
those of pure PP, The crystallization rate is not only dependent upon the cooling rate, but alse dependent on the
composition ratio of PP-g-PU copolymers. It was found that, due to stronger hydrogen bonding effect among the PU
branch chains, the mode of nucleation and the growth of the crystallites changed after grafting. The hydrogen bonding
effect can accelerate the heterogeneous nucleation by sirengthening the adsorption effect between PP chains, and
resull in different crystalline behavior from other PP copolymers, as proved by the fact that the » values of PP-g-PU
copoiymers increased with increasing cooling rate.

Key words Graft copolymer, Polypropylene, Polyurethane, Non-isothermal crystallization, Crystallization kinetics



