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%, RS RIMGE, Li PS5 "R 3 MR GIR
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Table1 Specimen number and content of each component %

S PLA Ji /4L DCP Jii 54k
PLA 100.0 0
PLA/0.1D 99.9 0.1
PLA/0.2D 99.8 0.2
PLA/0.3D 99.7 0.3
PLA/0.4D 99.6 0.4

2 ) TP RREHE 190 °C 10 MPa N AT A,
R EA 25 mm. JEE 1 mm B, &0 BRkok
T IR S AR IERE 25, Ho 5 AN DGR EE 5351 R
185,210,210, 195, 185 °C, 7EFIE 1M 10 MPa,
24 FREESME

1) BERE S R

FREL—E it (m, ) POFESHFHIBAREEE, AR
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Fig.1 Gel content of different contents of DCP
3.2 FRERBISRAEHH

PLA P4 PER G, HEs R EE, %
SRR, X SRE R BRI T R AE
o KBk A H s s IR 25 4 1T LA 3k 35 PLA
gk fh AT o U & 2 o PLA & PLA/DCP Y55 —
DRSS R THR SRR IR (AT FE S I B T R
¥ 10 °C /min ) , FCHPERESE (B ILIE AR TR

(T,) . &5éniREE (T,) . JERREE (T,) . AH,..

AH, F (X)) Wk 2 fs.

Ay 2a AT, PLA A1 PLA/O.1D Joi&4 Sl i) Hy
P, i PLA/0.2D 7E 109.6 °C H BLE g T i 45 i 0 5
Bl DCP 5 AR Z38 fin, PLA F45 it ik o 328 3 1)
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HELT BB AR A g, HY A& DCP (R F
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M, BETTGE PLA BO4S R EE . (Hid v B0 Se K B mT A
2 EOAZ AR SN PLA 43 FHE A5 S A% b 0ig o)
FISRRLAGLE R, SEFRIE RS TR, 250 R Ae k.
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PLA/0.3D
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<— endo
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Fig. 2 Non-isothermal crystallization DSC curves of
PLA and PLA/DCP blends

PLA PLA/0.1D

2 min

4 min

10 min

F2 PLA R PLA/DCP #RMEIFRLERIEHH
HRERES R
Table 2 Thermal performance parameters of PLA and PLA/

DCP blends during non-isothermal crystallization process

RS T/C TJC  T,/C AHJOg") AHJAgY) X/%

PLA/0.2D

PLA  60.7 169.9 32.0 352 34
PLA/0.1D 60.8 168.9 29.1 329 4.1
PLA/0.2D 62.4 109.6 168.0/163.2 324 34.6
PLA/0.3D 1212 164.8 38.1 40.8
PLA/0.4D 1252 1643 38.2 40.9

33 RUGAEESMR

FI PR 6 A X PLA 7525045 i 72 P (0
WIESBEA T EE, S50 nE 3 k. hE 3l LLE
i, PLA (R0 R FNER SR Ko R te, HLER A
RAPER, FHEWEM-TFHEIS, fEERSS
10 min [, FOWEL R/ DR ER . 24 DCP i 43 %L
KE 0.2% I, R 45 5 4 min 5t AE A WLEL S B 1Y)
BRét; FEE DCP BT /- B8N E 0.4%, BK&hHZ i
AR RGN B L A IS PLA BRid . 25 1,
PLA (45 fh R FE M 5 15 20 I B4R &, X 22
N 28R S AL S AT A, IXFhAg A S A 25 #ey B
S PEALTE Z R A% O, FESEIRES S & 2B AL
TR R, X AL RIS VR S A A R Y AL
S, H75 PLA M BUAZ SR S, S R BB

PLA/0.3D PLA/0.4D

3 PLA B PLA/DCP # 125 CTHRE &R 2,4, 10 min BRAENMERA
Fig.3 POM photographs of PLA and PLA/DCP crystallized isothermally at 125 °C for 2, 4, 10 min
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Fig.4 Melt flow behavior and flow curves of PLA and
PLA/DCP blends in small oscillatory shear
BHEAM IEYIE tan 6=G" /G", LWL IERE YN
RhORPERAXS RN e SR B WA B 21T h
FURE A1 IE VA AL 00 Bl N R AR 8/ P72 i
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SRS YA T AN RGP HAE K AR b
I Ia) AR A B s, A iR BE S AR S R A7
FEXTIL no FOBYUVARFR O REBE LA R B S 7455
Mo, K Cross BEEUUFAE G EA TG, HH MK
W (3) 1, G SHNER 3 R,

o
1+ (Aw) ™’
K ' WRBEE; ng AEIYIFE; 2 FFHAER
ELLAT N (1 P LR 70 L
£3 PLA R PLA/DCP MIiREFSH
Table 3 Rheological parameters of PLA and PLA/DCP

n'(o)= (3)

WEES no/(Pass) n s G R IihR
PLA 2501.07 0.86 0.02 1.76
PLA/0.ID  4330.79 0.41 0.03 1.68
PLA/02D  9662.20 0.54 0.42 1.54
PLA/0.3D 18 745.50 0.56 1.41 1.28
PLA/0.4D 39 806.60 0.55 5.02 1.02

H138 3 I, SRR AL UEJS 1 PLA, $2&
T oy FHEZ IR GEFIAR EA R, (A5 A S AR A st Fsf 1]
A, PLA WS E0EN B A RE AR & B A, 2R
SF-£5 DX P 91 2 R R R R BRI, X B8R B DCP Al
PLA Z A1 (A il H 36 507 5 1A A A S Ab 225 4 il
3 PLA HA W 5 (0 2 B R R B, O K S 4k
RA YR HLRVEEAE B2,

Van-Gurp Bl # FIRRIE ARG W0 FHi$h
45Ky, Van-Gurp [ H AR £ 1) 58 /M B 32 2002 1
BAEY P RBE AR B B Hk, Aok
Ffl Van-Gurp FEISPEAE M PLA AR BE A 25 i 77
16, SR E 5 s, HIE 5a ) VGP KR H1, BEE
BEIE (G ) MM, PLA MIALAPGERL 900,
FHAL M PLA 4y T4 th Ay SR S5 M fEE . 2 DCP
AR, AHFEIE BT, B DCP & &8,
AR F T IRRAR , RIS e, g 1)
T B ER, PLA SEBCRINITEISEIR .

& 5b MAESL ) Han &1, B X R RE 2Rk S5 M
4 (G'=G") , HRp%EH1, &k PLA (ORI%H 1.76,
Bl 45 DCP 5 f (9 385 Jin A} 5 4 7 B AR, A0 AR o+
BT MR, FERES WS X, R Y Han &
Hi £ 320 4 42 3 XA 28, 7E DCP i & 43 50K 0.3% LA
B X AR, L s R A e A5 ) 3 5
(G'>G") , XEAFIIRY) A 0 A (ks i B

Cole-Cole J& " (" =G" Jw) Xt n' (' =G" o)

R, ZiER-E W Cole-Cole KH 2 2FRMK, 73T
HHOK, SRR ERBA P, BA, Cole-Cole KIREM
BN H SRR R A T RE R AN st B . B Se
AL, ZRE PLA 4 Cole-Cole IR F 12 /N T
MM PLA 1Y, Bl DCP & 5093, ootk PLA 1
(R AR T, AR AR AR XK, =B
T PLA/DCP B R A2 I, 2R 2~ IR
A BRI A S A Y S Ak 4y
Tk, YR PLA T4k P A ARSI

90

80

70

o)

60
—=—PLA;
—e—PLA/0.1D;
50} ——PLA/0.2D;
——PLA/0.3D;
—+—PLA/0.4D,

40t

10° 10* 10°
G"/Pa

a) VGP 4

105 —=—PLA;

——PLA/0.1D;
——PLA/0.2D;
. |=*PLA/0.3D;
10 F——pLA/0.4D.,

< 10°

G'IP:

10" F

10° 10! 102 10° 104 10°
G"/Pa

b) Han &

12 000
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—e—PLA/0.1D;
| ——PLA/0.2D;
10000F__ prA03D;
——PLA/04D.

8000
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n"l(Pa‘s)

4000

20001

8800 13200 17600 22000
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¢ ) Cole-Cole &
E 5 PLA B PLA/DCP B VGP B . Han Ef
Cole-Cole
Fig.5 VGP plots, Han plots and Cole-Cole plots for PLA
and PLA/DCP blends

0 4400
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&l 6 AR i A LS AR DCP stk PLA 1Y
N FT - RiAERNER . AIEETEL, BEE DCP &g,
PLA (R fifiai B A 2 i A (R4 5% EFHE T
R ¥, >4 DCP it 73 00 0.3% i, PLA f4iL
i B2 AT 2 S8 58 21 B KAE 551k 68.79 MPa Fil
7.87%, 4RZLHE K DCP % &, PLA ({58 B2 Al
W SRR SRR R I . ik e B — 7 & it DCP 51 & 1Y
ERAS RIS R FREZ MIMER 1, ik
[ Em R, R T EAMER, #EmifEiS PLA fEhr
fip it BN G W, T i DCP 235 | ke Wi A
Z W BERCRIEAE PLA N80 1, 8(ff PLA
EE VA Y U TEC R 1 < (SR 7/ o N S 11 P o
5 PLA AHLEG, JIrA ClCt A bl i har A i B R 244
IR, XRI A MG &K DCP BB £ —E
TR k3% PLA f 12 RE

—PLA;

——PLA/0.1D;
60 ——PLA/0.2D;

——PLA/0.3D;
50f ——PLA/0.4D,

stress/MPa
&>
(=}

0 1 2 3 4 5 6 7 8
strain/%

6 PLA B PLA/DCP 3RBYIBIRL ) - R dh 4k
Fig. 6 Stress-strain curves of PLA and PLA/DCP blends
3.6 BRI

N T P WFSE DCP B3 PLA J12# 5 AL,
XIRLAIRTIA AT T SEM ZRAE, 45541 7 iR

/0.3D
7 PLA R PLA/0.3D f{fEiE AR5 E

Fig. 7 Scanning electron microscopy interface of PLA
and PLA/0.3D tensile sections

A 7 B0, PLA AL A B 1T 5 Sk S 456 0

FERLAR R R rp e ) W 28, 2 S RY B ek T 2R
PLA/0.3D (3R IHIAT B S A 43 )= 0%, H AR THBC R
B, X FEARGEM BT DCP &ZBEFI51 % T PLA K
Oy TR, fERL R, ERRES AR BT
NIJHIFERT, 42 T Wi, frffsm i mertd
RS, X5 e ER R A A5 R — S

4 Z5ig

ASHIF S 3E 2 4 A R v, o Ao ARk A B R
DCP Xf PLA #1738 RIS Ak ek, PRA4BESE T DCP
() BT PLA PYBERS & . 25 80T . AR T &
JizErEReR R, 13U R 458

1) e & 15 DCP & 5 BLIEAHE, DCP i
SYBUE 0.3% LU R, PLA/DCP R /D BEIS =42,
1l DCP W 257 A KA RBER o

2) DCP 5| & PLA A %) 28 Bk il 2 AL 25 1) B 12
15 PLA (YRAXRE ST, InPRah fi s R A = 45
24 DCP Jf 520 800 0.4% I, PLA B45 & T 5 T
21252 °C, HE5MEEH 3.2% 25 2 40.9%.

3) S ALE R, DCP gtk PLA 7= A 1)
SCIAN S AL ZERA i PLA/DCP 763 A3 55 2R JE el P
FORBH BTGNS, HLHE DCP & =iy, 59
VI ASH B 42 o hin A & . 3l 3 Cross A5 7 481 &5 & B,
PLA/DCP iR Wy HAT B & A st B[R], S5 1A R AR
P,

4) EHREER R TR LR = T PLA 9 7] 22 PE .
24 DCP JF /000 0.3%, Hhi s w2 %
1 J 2K 79 65.06 MPa il 7.05% 2 F+ & 68.79 MPa Fll
7.87%.
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Influences of Two Peroxide Initiators on Structure and (s, Z34)

Eftects of Free Radical Initiator Diisopropylbenzene Peroxide on Properties of
Polylactic Acid

LIU Xi', HU Can’, YIJia', ZHENG Hegqi', ZENG Guangsheng"’

(1. College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Liling Ceramic College, Hunan University of Technology, Zhuzhou Hunan 412200, China;
3. School of Materials Science and Engineering, Hunan Institute of Technology, Hengyang Hunan 421002, China )

Abstract: Poly(lactic acid) (PLA)/ diisopropylphenyl peroxide (DCP) blends were prepared by melt blending
method using DCP as a free radical initiator, and the effects of the free radical initiator DCP on the gel content,
crystalline properties, rheological properties and mechanical properties of PLA were investigated. The mechanical tests
and dynamic rheological experiments, combined with Han and Cole-Cole plots, reflect that the DCP-modified PLA has
cross-linking and branched structures, and the formation of such cross-linking and branched structures improves the
tensile strength of PLA, while significantly increases the complex viscosity, energy storage modulus and loss modulus
of PLA. The modified PLA has a longer relaxation time and a more pronounced elastic response, which effectively
improves the melt strength of PLA. When the mass fraction of DCP is lower than 0.3%, only a small amount of gel is
produced, and the formation of this cross-linking and branched structure can promote the formation of crystalline nuclei,
which plays the role of heterogeneous nucleation, effectively improves the rate of crystallization of PLA and increases
the degree of crystallinity.

Keywords: PLA; diisopropylbenzene peroxide; rheological property; crystallization behavior; cross-linking

modification
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