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HUBAZ TN EAT 55 43 5. g/ DA SO 2oxe} e 24
AN AR R SR AL, TR S R A WA
. BRI, AVUSAZRZ PLA BAZ A IR
Mo AR N BESE T H A BRI AR (1,
6- “HRFECBERENR, NAG6 ) XF PLA 255 A A 52
SRR, AT BRSO S . BRI
JIAREAR T PLA Y45 kIR G [RIET, i PLA 45 dhii
FETHR . UL & 23 BN 8% 1) NAG I, PLA ()
gk ShEF R A 25.8 min 4% % 1.8 min, 4550 JE A F]
65.5%. XK PLA TEHCERE T BETR I 58 BU4h i o
BUZA A PLA $4E 4%, F#EIR T PLA 452,
fi PLA &5 d 15025 5, DT B i 25 b 3 AN 45
B SEHu AR VTS T O O R R R
(N, N'-bis( benzoyl) adipic acid dihydrazide, ABB )
XF PLA 25 fhPERE B R e . S5 4 245 SR R W], ABB Xf
PLA HAT BT A ES fh U . s N it 43 0k
3% (1) ABB B}, PLA Y45 ShIG(E IR EE N 94.5 C T
% 110.7 C. ABB WA PLA 2 FHETER =il
JET TP B P G AS . A, YU nm & 4y
BT 1.5% B9 ABB I, PLA UMK St 4R &,
PET & O PLA BEAR RGN Tk e, T 544 1
9% T O W R EE B ( TMC-306 ) %f PLLA 4%
b 2R RE R S, SCIRZE R BH, ROAZ R Y i
FEREA R = PLA A% AR, iF M $2 m PLLA (1)
IR PRI TMC-306 FY 340N 0.4% I,
PLLA (8 1 s a8 B ik 31 fe KAE, 3046 PLLA 425
T 27 %, il AL R T U R 5 PLA 43
FHE AR

& TR R B TOME BF (N, N '-bis(benzoyl)
sebacic acid dihydrazide, TMC ) J& — Fl' & % /4 9
AR AL, 2% R e WAk A0 2 Ak SR A 1
ZRAZ RN SR P RS e, ARk, AHESE
& TMC g BUAZ 5], R T ml e R 325 1l 2% PLAY
TMC IR Y, IF H 25 78 39 4 5 #Y ( differential
scanning calorimeter, DSC ) . i)t 2 f#%% ( polarizing
optical microscope, POM ) . X #F £ AT 4 1L ( X-ray
diffractomer, XRD) . # | 4 # 1% ( thermal
gravimetric analyzer, TG ) F1J7 BE L S 1050 AL 0 52
TMC BZ X PLA 25 ATk . S5 IEA . Sk
Shiky, DL IR E TR ) 2 RE R, DA R T
R A VUSRS 2%, JEMT# 58 PLA ()
FHR

2 SRIg

2.1

PLA, #Hi%%, 4032D, w15 8207,
[ Nature Work A1) ; TMC, AR, AN 5
R 438, ARSERAEH R BRA F
22 UB5EE

RUZAFEE AL, TDS-35C B, B Guifsik % %
BATPRAS A ML, PL860-260 %Y, JLi5 i K AL
WA BRA ;BT RF, MEL04E/02 B, 43 JE{E K
0.1 mg, My — FER ZALES ( B ) AR A
L PVPE IR 53 KU T4, DHG-7090A Y, # N 4xi5 K
FALIRABRA T 2R (Q20 ) | #4
AL (Q50 AL ) |, K TA AR vl X G4k
FTHHY, Ultima IVAY, HA Rigaku 23] ; )% o i
Bi, DM2500 &, fEEPRRAR ;s Jraed T IiREe L,
CMT4104 B, I HT = ARG A PR A
2.3 iERE

B PLA FSAZ ] TMC BT 60 °CHYE KT HA4H
R 12 h, SRS TR AT PLA 5K RIR TMC $%
MR 1 ML T TRREL, IRAIS A BIHKAZ LR
36:1 MY RVIRATHF AL s il itk Horb, il
HL 10 ARl XR K YR 180, 200, 200, 200, 200,
200, 200, 200, 195, 195 °C, H2FFHE A 30 r/min, M
BN 3.5 v/min, BESS, KEBFHRDEHE 60 C Y
B KT T4 8 h, PRI & U T 12
R A PR ERE 2%, TEIEHL S5 R il T DX 4 S 2
195, 215, 215, 215, 180 °C. M T fd siAZ FI%F PLA K
SO o HXF FoE, 4l PLA A0 45t SR BORT ] A 1
Ttk

K1 HREE5EHASEER

Table 1 Sample name and content of each component %

ARiE] PLA Ji it 4k TMC i s34k
PLA 100.0 0
PLA/0.2%TMC 99.8 02
PLA/0.4%TMC 99.6 0.4
PLA/0.6%TMC 99.4 0.6
PLA/0.8%TMC 99.2 0.8
PLA/1.0%TMC 99.0 1.0

24 WMiXE5RAE

A SRS A AT A ff R DSC 43 Bk
it PRI SRS BB AT . BURE B 3~5 mg, FEA
SEBTR, LL10 °C /min KR 30 CTHE
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200 °C, PR 3 min DUHBRII S5 #2410 °C /min
BRI B A 2 30 °C, fiRJm LA 10 °C /min fif 85K
TURFHEZE 200 °C, ket PR EE . TS
N

_AH —AH,

X, % 100%

e AH,, SRR SIS 5
AH,, NFES IV 25 i 5
AH S, N PLA 5E445 ST IR as , Je 1N 93.6

J/g[w] 5
PFAEVEHT M TG ZMrFE S B EE S 1

R 3~5 mg, TEATAETT, DL 10 °C /min /Y3

FPIREM 30 CTHEF 600 °C, 10 st FEEE
SR RZER T (8 XRD Z0HTRE A i S AL 1

VMRS TR SR BT B N ER, SR T b 1 7 A T

TN, A5 20 4y 50 ~40°, FHEHZEN 2 (° )/min,

TSR PR
SIATE ST, (3 POM 23 HrkE Sh i i IR TR 25

WU B E T T EE R b, IR il A

B, LA 40 °C /min BEETHEE 200 C, FFFEAMIE

AR 5 BB RIS, LI 40 °C /min (R

£ 120 CEIRE, WAL R R RKE .

Jr2E R 2 BRI R bR ME GB/T 1040.2—
2006 CEEL BrAPERERIINE £ 2 FR4y . B AET A
SHRFOII S ) YIRS P TR SR B, hr ke
AR R ARG R S mm/min, FRLLRE G
AT 5 Uk, RS RBCEIE.

3 ARTSIIE

3.1 EFRERBIBHAITAHSH
Bl 1 RTERSR RN 10 °C /min NS A%

FIEPE PLA BRI DSC #hZk, X gZE kg2

Bz 2 B,

N
A

PLA/1.0%TMC

PLA/0.8%TMC

cg)

PLA/0.6%TMC

PLA/0.4%TMC

heat flow/(W

|

PLA/0.2%TMC

PLA

125 150

temperature/ C
1 #PFREEH 10 °C /min T4 PLA & PLA/TMC
HEMHEFRSE R DSC L
Fig.1 DSC curves of nonisothermal crystallization for
pure PLA and PLA/TMC blends at cooling rate of
10 °C /min
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HI 1 AT, RIS Sl Fe v, 4l PLA Hh4k%
A G T, R R4l PLA 45 fhs 508, S/
A SAZT TMC J&, 45 4R S BN TR B2 1Y) 285
W, H TMC AINEZE, IERgs gl . X2
HNFE PLA JE AR HIE R, TMC AT LATE— & T
TFEY R R, il PLA Jr T4 R e I R
WATAEFPIER, IS PLA 45 B4 Y. 454
F2 BRI, BEE TMC VRINEARE I, A5 25 5
W AF S T 4 K, 136 TMC X PLA A5 AR 47 (49 5 AH 1
R, BEINPE PLA 450, 25 Lals, mizsn TMC
(A, ffi PLA £ B 0025 i, I FL&5 ShiRLE $2
L AR, XTI T TMC J&—Fi e
E PLA 45 AT U8A% )

& 2 AFETHRHEF A 10 °C /min R A& &R
FIMPE PLA (955 R THE DSC gk, X R A 45
An A RS E 4R 2 o .

®2 HmBSREELE

Table 2 Thermal performance parameters of the sample

FEA T)C T,/ AH,J (g T, /C AH, (g X%

PLA 117.03 24.58 168.76 29.33 5.07
PLA/0.2%TMC 91.56 116.55 28.41 168.73 34.62 6.63
PLA/0.4%TMC 92.21 113.14 25.11 168.42 36.72 12.39
PLA/0.6%TMC 92.47 112.66 22.74 168.73 36.31 14.48
PLA/0.8%TMC 92.79 111.68 21.93 168.18 37.77 16.91
PLA/1.0%TMC 93.05 110.60 24.11 168.34 38.57 15.43

TE: T, W& RIEIRIE; T 8 iie; T, Naiie .
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PLA/1.0%TMC

PLA/0.8%TMC

PLA/0.6%TMC

PLA/0.4%TMC

PLA/0.2%TMC

heat flow/(W - g7)

PLA
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temperature/C.
2 EFREZEHR 10 C /min T4 PLA B PLA/TMC
HEMRYS SR RIER DSC H&
Fig. 2 DSC curves of cold crystallization and subsequent
melting for pure PLA and PLA/TMC blends
at heating rate of 10 °C /min
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JEHH PLA 45 %8 1 i 25 S AN 78 - S 80 il
IABAZR TMC 5, e Rl UG 72 9 % A8 sl HL
TMC SN 2, (IR At /N B BT k. %
) TMC $2 4 A% ff PLA 25 & hnse 5y, R 75
TURTHR R A R KA TR G S RE S S . TR
W, 255 gL H| A, 4 PLA FIASTR] 7% 5 TMC g
PRI PLA 2R 118 35 355 Akt 720 0 AR v IR A5 il 0 42 A P
WAL, TS LIRS TMC & B3 n 1 AR5
As, FWRAZH] TMC AT L3R PLA B9Z5 S AE ST .
BAN, HFE 2 M, 4l PLA AUV 4E TS Ty 24.58 J/g,
FERIKS Ry 29.33 Vg, M RIZE(EBUN, RUIILEE Fh
FEREAR, H 5.07%. PLA [9%45 4L FE TMC 5 & h 1
INTEES N =Y RN O] Sk ) I N G e i )
0.8% HIRLIZ ) TMC I, PLA HI45 i 8 1% ) i K AH
16.91%, FWARAZH] TMC BRI A B K, 8
XA, BEASREARSLAEIE PLA (255, HES
FEAIC PLA 25 SRR . — i, 3 2 i Azl & Bl
5 PLA r FHEMIIZ Bl 5 — Oy, Wit £ n]
RS KA RS HOAR Y, WIAFF PLA 4 FHERY
AR, SRS SN
3.2 HRBEMESI

WHE SRR RGP EENELE 2, H
rh R SR I E Ok LA PR i AR
3 R N [R) i AZ A et PLA P FE R AL

HIFE 3 AT, FPARESRAE 300 °C LN RELH
IFHIEEETE, 1E 300~380 °CIt N Kt — o [ fit

HET AR AT LASE 2 il R R, TR iR
M. 4l PLA BRI 330 °C, 1 PLA/TMC
FLTR W () 30 IR B B 4 PLA W& &, BEHH T™MC 7]
DL PLA U 2Pk, TMC Ik H R 5
PLA [t O JR 7S RAE SN, HREMN
TeRER SR, AHIE T PLA B .

—PLA;
——PLA/0.2%TMC;
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Fig.3 Thermo-gravimetric curves of pure PLA and
PLA/TMC blends
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Fig. 4 XRD curves of pure PLA and PLA/TMC blends
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34 ZRWESH

PL 40 °C /min F R R RE 2 120 °C 5 fEIR 10
min, & H POM M %8 4fi PLA. PLA/0.4%TMC Al
PLA/0.8%TMC Z5 0B, M)t s B an &l 5 fos .

S Al A, 1) 76 120 CIHESE & 1 min B,
4fi PLA BA s ZE BL, T T %50 TMC B PLA
P K T SR 4l PLA Bt hocs /b HLE TR e
MM/ TMC AT AFEAE d 78 2 A%, {f PLA B
A=A LR B2 Sl R IR 25 A T s A TE A RE . T LATR G

1 min

4EPLA
50 pm
—_—
PLA/0.4%TMC e KA
PLA/0.8%TMC. |8

El5 & PLA & PLA/TMC #R¥I%E 120 CHFRE MWL RRHEE

FES S S R4, B R ISR, 2) 7E 120 C
P IEL45 5 4 min B, 200 PLA Fifi 95 8 35 s 8] 1 428 4 JF
IR BT ER, HEAFES I, mEa
BT PLA BR &SR 2 B 5 e il b, Bk
Fits 25 JEE R T ok R 22 (ARG (AR K, 3k
RSN, 3) 7E 120 CHEIRSE S 8 min B, 4 PLA
BB NERGIEA, H A FEW, s sz )
(18 PLA B3R ity it 25 1 T I 190 S K 2 8 K 4 AL
BR AR B e K FBOLARBUR RS /N, HL ik 0T
Zi b, U TMC B3 el DL PLA (3K & %
FEEENAIN, h PLA (25 g o Z i A% A i, W)
i, TMC M IN(E PLA PUER SR STIRN, 45 dhiig
hnp, R, TMC %F PLA SR .25, fig

fEk PLA 28540, MIMTMGEE PLA (45 PERE

50 pm

Fig. 5 POMs of isothermal crystallization for pure PLA and PLA/TMC blends at 120 C
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el 6 AN Trl & st AR e PLA R i e A
BRI I 6 RI1, BEEERUEGR TMC VI,
PLA Ry At J3F S S R i) da 3, EL S I o &
OYBORTF 0.8% J&, W T P22, Wb i i hn il
PLA $i {15 BE & AR, UiW] TMC fif PLA W75 AR,

JE RS TMC A ALY, AR PLA 2 FRAR AR
B [, B BUZRIES I (3G, PLA (1) W7 2
fif R B BRI J5 i A, 24 TMC B8N =
ITECR 0.8% BF, Wi 23R & T 26.4%, AT
KAH 6.46%. X J&F Uit 2 i A% 5 2 78 PLA
PEB R A R AR, AT R AR N A T BB,
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TR RS WL, A U PLA WK
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52 R 2 A 390 1 S 68 i X285 BE B, 24 40 it fn
FE PLA B, S IXATDURSZ —8643 J1, ke S 7w 2Y
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80 10
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= 20r IR 2
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TMC contents/%
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W R E

Fig. 6 Tensile strength and elongation at break of
pure PLA and PLA/TMC blends
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ZEimER MR, S5 aET T 4Ek, 7ELL 10 °C /min AR
PRI AR A B R 2 i, V4 IR B TMC
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Preparation and Properties of PLA/TMC

LI Ling', HU Can’, ZHANG Jinggian', ZHENG Heqi', 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. Department of Mechanical and Engineering, Changsha University, Changsha 410022, China )

Abstract: To improve the crystallization properties of poly(lactic acid) (PLA), PLA/TMC blends were prepared
by melt blending method using sebacic acid diphenyl dihydrazide (TMC) as nucleating agent, and the effects of the
content of nucleating agent TMC on the crystallization properties, thermal properties and mechanical properties of
PLA were investigated. The results showed that the nucleating agent TMC had a good heterogeneous nucleation effect
on PLA, and pure PLA had no crystallization peaks during the cooling process at 10 °C /min, while PLA had obvious
crystallization peaks after the addition of nucleating agent TMC, and the cold crystallization temperature of PLA
decreased from 117.03°C to 110.60°C with the increase of TMC content. In addition, the addition of nucleating agent
increased the spherical crystal density and decreased the size of PLA, while the elongation at break of PLA increased by

26.4% with the addition of TMC at a mass fraction of 0.8%.

Keywords: PLA; nucleating agent; crystallization; elongation at break
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