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IEAh, PLA DA 1 R0 o i S ), W A 1
Bk A R AR s M MR,
TR A B R A ORI 3. B7 ™
ARG B U AR Ak IR IA R S E AR, B
ZERRY], S - MR - T R IR Y
( poly(butyleneadipate-co-terephthalate), PBAT ) .
BT W8T W5 ( poly(butylenes succinate), PBS )
15 H KL 2 ¥ ik B2 158 ( poly(propylene carbonate),
PPC) FJREM 3 PLA I #)1E, A, PBAT Xf PLA
MM RIRCR o B, ARkt BE AR 2L
2 PBAT & it 3N ks . PBAT J2 LA IR
XA R AN T I IR, i i e e el A e
AR RNR NI - O IR B, AR L, R
A RGN, EA—E R E AR E .

BIRENINE AR Z KT PLA LGRS R
i SCTR A T, AR, R ORI AL A vk
DB TS, A R RS, BAAHT
HERIAREE, 76, X PLA LYK G0 R AR 1 R
R AL A, R, ASCEE F] PBAT B35 PLA 1Y
PITE, EFHIK SI0, g9 PLA By J)#MERE, RS
AR 20 % PLA/PBAT/ 40K Si0, EA Mk, 43#r
K Si0, E X AR T R RE . IR REFIIR AR
PERERIRZ IR, DA Tl A2 7 PLA JE AR Wy m] e A i
BHEA—ER S,

2 SLIGER G

21 ZBRERSENE

RF.BR (REVODE201) , {#¥%, WilifFiE4:
Pk BHB AR AT R )

C R - MR HR - T R IE R (Ecoflex
F Blend C1200) , vE¥Z, Bk (hE) ARRAH

44 K SiO, ( GRADE HL-200) , 4»#r4, J7 M
R S AT R A F

LI (KH-550) , Zr#r4l, FatsEtik
TARATA R A

[ 1) BUAT 5 i Pl ( CTE-35) , RMEFERITE (1
o) WA FRAF

SRS R L (HTFOOW 1 ), 77 I o R4 A
A A FR A ]

AL S 7T RSl (CMT-4104) , Yl
T = BB A BR A F

AL (5500-2) , GRIIJT SRS A

PLA/PBAT/ 4K Si0, E &M PRI 1 ERE. M I%READ

pry
1L

TIERETAR

B2 H]

ZARPEREIY (Q20) | #MEAHIN (Q50) ,
£ TA UARAF]

Yk S B (JSM 6700F ) , HAHL
TR

EME R (RH7-D ) , Z[FE Malvern A F] .
2.2 PLA/PBAT/ #X SiO, E & #E M H &

¥ PLA. PBAT J 44K SiO, T EL25 T4 ' 60
C R 24 0y /B 1| PR M AR k5
B, I3 BIbRS 0~5 55 K TRIR 41 PLA/PBAT
SPRAIIMA S mHEE AL, HHEE SRS 0.5 (7
REREMIR KH-550 #5MA, 1RE S min J5 FRIS4H
K Si0, 7 ZRBEIMA, BIRKIRE 5 min, FiE
B B EIRENREGWET R, BRI
FEHN 5 Hz, WEBPIARBE N 2 Hz, YIRIHLE AR BE
160 r/min, £ L FER L E R 145~160 C; 2R
JETES AL, RS 150~160 °C; =T E
48 h LA e, T AR 2 ERE . BvERE . TR
PEREMR AT

F1 EBFHMEIHELL

Table 1 The ratio of the components of various samples

FE 5y BTRACLL /
i PLA PBAT nano-SiO, KH-550
0 100 20 0 0.5
1 100 20 1 0.5
2 100 20 2 0.5
3 100 20 3 0.5
4 100 20 4 0.5
5 100 20 5 0.5
2.3 fEEEIMIK SR
231 AFHaRR

PiAERES I GB/T 1040—1992 ( BURHAfER
IRk ) M, R 50 mm/min; 2 RS
Fi B8 GB/T 9341—2008 { RV i PR I 5E ) it
JE k#3002 mm/min; 2B BE bt R BB L B GB/T
1843—2008 { R B il s B AYIE ) Mk, 4
2l I 5 A, BULEIE,

2.3.2  Hp gk maK

M H 43 M7 (thermo-gravimetric analysis, TG ) ,
i il T 6 K 4 100 °C /min, 03K R S B R
20~500 °C. ZRfIHiE#MaHT (differential scanning
calorimetry, DSC) , A 10 °C /min Y3 R N = 1E T
Z 180 C, fHIE 10 min WHERFT L SRIFLL 10 C/
min (YHRFEIR 2 15 °C; LU R A9 R R TR

1<}
B
=1
B
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2180 C, R kTR . BPEREIMAERA R
SETN T, AAMECA 50 mL/min.
233 f#EwHERRX
FERPER AR ERY , SRJE VM. IR AT, FR
AT E S 4 IRAE 5 KV AhN I d R R kT, ik
KAEFHCH 25 000 £5 .
2.3.4 R HEERR
WIS = FA RO ASERE, A BT T e
AT AR TARRE L AR, DA P R A
FERI= o SR RH7-D B BANE AL, BANE R
AOBEAN 1 mm, KEHHN 16:1, M55
BE N 150, 155, 160 , 165 C.,
IR AT n -
R-AP
YA
K. R WEMELE, om;
LAEMERKRE, cm;
AP JEYNE WG 2, Pa.
[FURTIEY RS/ N g = M
. 40
?’=W,
Kb O WIE AR, em’/s.
CIRPI kiR e wa
nR* - AP
n,= SOL
TERAE RN, Jahdesoe h
_d(lgr)
" d(ig7)°
5 28 3 R B 10 286 N B ) 3R ) 56 R ] F R
IR, W

na=% =K-y"",
A KON REL, Pas’;
n AR
ATH Ign, S5 1g VISR RIZRAS 3] n 1 K AE.

3 AR5E

3.1 NFHEEST

Ve FH Rk o 8 6 77 KH-550 1 £ PLA/PBAT/ 44k
SiO, A FEL, 40K Si0, s AR Y PLA/PBAT/ 44
K Si0, A MR 1 2EERE N R 2 Fi . NER 2 WT AT,
Bl 40K SiO, F i R3E N, & MR ok

25 5 RE R A 5 R X SRS ORI K Sio,
B 8Ch 2 i), ol o B AN A 8 0 ) 1k B de
Al 4.228 kJ/m®. 53.624 MPa. 444k SiO, i & 17
Bk 3 b, A s R ik B B K {E 64.607 MPa. H
BERTT, 9K Sio, ity %k 2 ), PLA/PBAT/
oK Si0, A MBI LA Ty et se i dr, il
S8 HE AL A 5 BE L R U g oK Sio, I 23 il 3 1
17.17% #1 14.67%.
®2 MK sSio, FERRMHE A EM HF ke
Table 2 Mechanical properties of composites with
different contents of nano-SiO,

4K Sio, bR / LEHhsR S / P ffiaR ) /
Fa L (kJ-m™) MPa MPa

0 4202 54.422 46.763

1 4218 62.992 47369

2 4228 63.764 53.624

3 4.052 64.607 47.967

4 3.837 58.337 40.477

5 3.810 50.544 37.003

EREME ] KH-550 43 F45H0 Hh &4 LA
B, CRILETKMIEIRE, 59K Si0, KA
TE IR I A A AR B K s Tk Bt s T 4 3k &) 5 PLA
AR SR ML, AT AT LIRS T 5 o4 [l i 4 5 ke,
UF M E S K Si0, 75 PLA JEAR b iy 43t oe 21, 5
Ah, EEBEE IR KH-550 fIFEF £ 49K Sio, Al PLA
SR Z B R, B T e 12 AR AR,
P TEAMETERE . A RIBFFESS R 1O R,
BB W] At T LA K s b RHE SR A W Bk
(43I

B 4K SiO, Frm 3N, &AMk bk
RESCTH R M, ATRESE i T48k Sio, Blfmie et
T L TRZWERER, [F90K Sio, #ILH —&
b, 2R 5 B & M4y B PLA JEfk rp )
i ARG AR B4R B SR, ARk
SiO, kA, A AR R A AR B A I & A P R
WL (UK 3 H SEM B ) 5 44K Sio, 7EE
B AEHE B R AR T BB S B I S AR S, AH S
T RS H L B A 25, X MREFE I A M EHE)
J12EERE, UL P RE R BT BRI
3.2 #MgESH

B 1k 48 K Si0, 7 & AN [F] i PLA/PBAT/ 44 K
SiO, A FEHH TG thk. tERTH, EA&MEHARE
Bl — ol 72 HA G/ fd B 7 225 C Aty
R 5% IRETE 276 CAAT, RE 50% IR (AR
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FE) 7 340 CA Ao BEZIK Si0, i, 24
AR s 0 ik T 5 0 > 53 T 43 30) BE AR TR g ok
Si0, M AR EITIE 5~8 CHI 8~10 °C, AJREJRIN &
IR BN Si0, A Z 38 N ANk SiO, 5 PLA
Z I A EAER . Pl £ 69 PLA/PBAT/ 44K SiO, &2
G RE A PrkE, BA MBI DITER = i
T

110

100}
90}
80}

. 70}

< ol —— OBIIKSIO,;

= .

2l 41K Si0,;

E 24 41KSi0, 5
40r 3HAIKSIO,;
30r —— 4y ENKSiO, 5
20l — 5HrahKSio,
10

0 50 100 150 200 250 300 350 400 450 500 530
temperature/C

1 X Sio, REFFAMEAME TG ik
Fig. 1 TG curves of composites with
different contents of nano-SiO,

YK Si0, A PLA JEAA 24 5 52 45 ORI A
FacEtk, XA Tk Sio, IV iR s, Hal
K SiO, 5 PLA &R Z [ 9 #H B AE I, PRl T PLA
I THEIPGZE S, 91K Si0, Fl PLA 3K 2 ()7 i
NFEIE, AFAE T RHOW A A3 gE Se sk 7 aI/E A
JI AR, W Z IADE B [ A 2%, i HAS 5 5%,
M FEERE S Z B e, 2 T2 AMEHRR X
AR B R P

9K Si0, 7 A A 1 PLA/PBAT/ 4 >k SiO, &
AR DSC HHZEANIE 2 Fis .

B2 |, BSIACR ANk Sio, B9 G4
AHETHE AR P AT AL, SRR B RS 1
ASREE (T,) 76 60 CHHL. BN T 49k Sio, WES
MR T, 3K T 1~3 C, 99K Sio, M A i A&41
B T, 4520/ B FH e, UEBR S5 B vl iR
iz B BEAN K Si0, M AT A A5 RIXE, 525 A0 RH A
BIEE (T,) M 140~150 °C, ELFEZK SO, &
BN T, 35K 3~6 C. FEAPK Si0, Framyigin, E4
R A B B Tk B 72k 4 k305 PR AR AT /N B 1) T
B, AT RE S T4k Si0, 5 PLA AR R EAEH
XA FHEBIE sl T — e MBHARVE R, MLk

PLA/PBAT/ 4K Si0, E &+ MBI I FHRE. #IERERDS)

TIERETAR

REA TR

9.45 C

5 14533 C

59.13 C

heat flow/(W « g™)

14456 C

0 20 40 60 80 100 120 140 160 180 200

temperature/ C
— OfEAKSIO, — MAKSIO
— 234PKSIO,; — 3MAPKSIO,;
— MEEKSIO,; — SHKSIO,

2 K Sio, REFRFME &##E DSC thik
Fig. 2 DSC curves of composites with
different contents of nano-SiO,

33 WMMEESH

Bl 3y gh oK Sio, & 5t A [A] ) PLA/PBAT/ 4K
Si0, & A M AT TE A SO TE S B Ao MR 3 HhaT A
F, EEA MR PLA HZELEH, PBAT 1E M4
HOM B S 3 A Horbr o XM 98°K Si0, Bi i 80h 1
(Kl 3a) A2 (K 3b) B, MEEAFIGK Si0, ki
BT, FTWIK SiO, K T-HEH 4]/ e
e, MYk Sio, B Ech 3 (18 3¢) B, ATLA
R DRIK Si0, BURLREE, HIZRIIIK Sio,
TORLZS 5y IR N v o, 52 G bR O 2 1k e
TG TR M9k Sio, Biat iy Fums] 4 (& 3d)
s (E3e) B, @40k Sio, ik /A5,
VA 58 PR 4 MO B I i, Bt & A R 2R e
M. UL, WIS R AK Sio, iTLIREE &
AR R

a) Yk Sio, pyJF A 1 et
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3.4

d) 40K Sio, 5 A 4 i)

0%

Ll WESEN
e) YK Sio, T HA 5 fyit
3 MK Sio, REFRRME &#E SEM BA
Fig. 3 SEM images of composites with
different contents of nano-SiO,

REMRES T
SR FH B A U AR AU 52 & i LR AR A 1 Ry A

i, RIS Y)EREy BT UIREEE n, R, Ml
JE R 150 CHE, A B EA 22N E
MR, FEQH SRR T By I A b)
AR R, K4 RIS IR Si0, A 2 744
K Si0, B Ak R BILE 155, 160, 165 °CF 5] 45
JE BT D) A AR A 2k

450

—o— 0 4KSIO, at 155 C;
—o— 0pF4NKSIO, at 160 C;
—o— 054K SIO, at 165 C;
—a—24KSIO, at 155 C;
2
2

4001

—e—2{342KSi0, at 160 T
—a—2{412KSi0, at 165 T

500 1000 1500 2000 2500 3000

/st
4 ARBETESMEMENRES
HiIEREMX RN L

Fig. 4 Relationship between shear viscosity and
shear rate of composites at different temperatures

M 4 FTLAR H, H8TUIECRE I, AR
BYVNFREES By DV R A HOBRE BEAR 5 TR R
T 1100s™ i, BESUIHRMHEA, ERBTUI%
JEE AR AR )N - B L) 8 Xk B D) R Fr) MRS 2
HAGHAR . AR N, AR By U Ry D)
ARG AHT HH BUARZANE T RS, RV IR R TR
YRR, SEBLH LR BT Blgt. LK
— PR TSRO BEST U AR A, EaR Y
o T EEBOZ T 25 e v AN RS, TR R g
ERWREE NI, TR BORE X T SR 98

1P 438 rT LA, 7EAN IR AR BT U R T
BB ECH 2 BIK SIO, K& MRy BT U1 R
FEAR A MG Si0, B A XF 2R, Al BEJ2 I o 40 0K
Si0, BRI, A& FPRHA R IE I T PSS, 1
SR A A 2 ] R EL A P 5, AR S TR AR s 0
FEBHSE N, SRS AR AT Bl Sl F
BB IIR, R EERRITUIFER . 550, b
IR TR, ISIBCRAECh 2 FIAK Sio, FREs
TR Si0, M5 A MRHE R — IR T B BT D)%
ZZEMAGBUN, X UL A BT AR O B
TR . RO TR, o T EES BT I
THER TR S5 a2 8] A 45 ) Fn 5[]
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YER 10N 53 AMA SRt e A8 A B) 2 Fa ot
NN P 3= £V e | A BT WA N ) 1§ S
AT, ZA MR LIFE 155~165 C R4 T,

SRR RN, = K-y BOSEL, 13

lgn,=1gK+(n-1)lgy,

X RO A b T R E A T 10, A5 1) L4k
MO RRANE S Fim s AR Ay o B n 1 K
e, s 3 WiR.

*®3 FRBETEAMEHREIEENEAERK

Table 3 Flow index and consistency coefficient of
composites at different temperatures

N REIMAK Sio, APk Sio, Bt Ech 2
W/ - -
K/(Pa-s") n K/(Pa-s")
155 0.485 3.89 x 10° 0.437 5.98 % 10°
160 0.524 2.52x10° 0.498 339x% 10°
165 0.631 0.99 x 10° 0.601 1.32%10°
2.6
24F
= 22f
gm-
1.gL 155 CHE, 1gn,=3.590 5-0.515lg ;
160 CINF, 1gy,=3.400 6-0.4761g 73
165 T, 1g7,=2.995 0-0.3691g 7
520 22 27 26 28 30 32 37 36
lg[j/s™]
a) RIINgK Sio,
261
241
@ 2af
£
=20
=
155 CI, 1gn,=3.776 5-0.563lg 7;
181 160 TH, 1gn,=3.5302-0.502lg 73
165 T, 1gn,=3.1212-0.3991g j
8§30 22 27 26 28 30 32 37 36
lg[/s7']

b) IR 2 44K SiO,
Bs5 ARBRETEAVMENRERNAESR
Fig.5 Rheological regression line of composites at
different temperatures

M 3 M S5 Al DIA Y, 2 Ak A5 Y
lgn, 5 1g 7IHZL AT RAFRYLRAEARSCE . ARASINgAK

P XE, %
PLA/PBAT/ 443K Si0, EE#RIEN S F14RE. FIEREFIR T REAR

Si0, FHE T & 508 2 4K Sio, R & #EHA
SHRECn W/NT 1, NEIE T2 G A BN A A 2
PR

Fsh, BEEREET R, 2 BKE GBS
Bon B, T RECK BEEUN, XUl B K
POEREB TS, A-tmbEsgag, A EHE IR shtE
BEIR RS () T T s . RO BE T, 43I A
BEINEL, RIS K, A APRMEIRN B B A
WK, HyelR#aen 2y . W EmEch 2
K S0, Z A MR n A5 L AR IMAK Sio, B
AN, R Si0, 5 PLA FLA a] At AH LA FH AR
AR B I B ER R, wahiE b
REMES, MBIEAZ )

4 Z5ig

ZE TR AT N 45

1) Ji2EPERBINASE REW], BEEK Si0, & it
I3, PLA/PBAT/ 44K SiO, & Ak R} 25 i 5 &
FIPL s BB S RE 000N, o, 440K Sio, Jit
SO 2 I, L REPERR A, A R A R
Oy HERER T 17.17% Fl 14.67%.

2) WHEIAERE TR, BEE AIK Si0, F R
KO, 52 AR R AR 43 A T N2 T R 43 T
5~8 CHI8~10 °C, T, F T, 3 HITHE 1~3 “CHI3~6 C,
XIS SRR e R

3) SEM iR Z5 30, PBAT S 4 HIAHE 2]
SYATE PLA JEfA MK SiO, &AL kns, fBf
B Ay A TR TS ANK SiO, R AT,
Yk Sio, 5y FIR HAZ 5 N 14 s, i &4
L F12APERE T %

4) 78 3 MORREE (155, 160, 165 C) F, i
gk Sio, i 4 4 B RE Y 35 11 B BE H R I8 i 4 Kk
Si0, MK, H & By UI%h B 22 22 Wil B T =i sl
U8B LA (B FH ) Bl B T s s . 2 A p R
AfAAE 155~165 °C Fifn T

5) MR A EREMEALE AT, 2 AR
AV, FLBEIE T = S E 5 n B R
FEK BN, A MEHERIB WSS , Ttk .

6) 4K Si0, i G AR 12 kRE . IPERERIIR
ASPEBEAT RIS AR i, IR TH T PLA 1945
APERE, FTLAH Tk A= PLA LA YR ff Ak it
—EMESE,
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Study on Mechanical, Thermal and Rheological Properties of
PLA/PBAT/Nano-SiO, Composites

LIU Wenyong, LIU Shenggong, WANG Zhijie, ZHOU Xin,
DAI Bingfeng, YANG Mingming, ZENG Guangsheng

( Key Laboratory of Advanced Packaging Materials and Technology of Hunan Province,
Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: PLA/PBAT/nano-SiO, composites were prepared through melt blending by using PLA as the substrate,
poly (butyleneadipate-co-terephthalate) (PBAT) as the toughening agent and nano-SiO, as the reinforcing agent. The
effects of different mass fractions of nano-SiO, on the mechanical property, thermal property and rheological property
of the composites were studied. The results showed that the bending strength and tensile strength of the composites
increased first and then decreased with the increase of nano-SiO, mass fraction. When the mass fraction of nano-SiO,
was 2%, the improvement in the mechanical properties of the composites was significant, with the bending strength
and tensile strength increased by 17.17% and 14.67% respectively. With the increase of nano-SiO, mass fraction, the
initial decomposition temperature and half-life temperature of the composites increased by 5~8 °C and 8~10 °C , the glass
transition temperature and melting temperature increased by 1~3 “C and 3~6 °C respectively, indicating enhancement
of the thermal stability of the composites. Rheological properties test showed that the shear viscosites of the composites
with nano-SiO, were higher than that of the composites without nano-SiO, at three different temperatures. The
difference of the shear viscosity between the two composites decreased with the increase in temperature, indicating the
weakening of the intermolecular force. The composite materials could be processed at 155~165 °C . The composite melts
were pseudo plastic fluid. With the increase in temperature, the flow index increased gradually and the consistency
coefficient decreased gradually, indicating that the pseudoplasticity of the composite decreased and the flowability
improved.

Keywords: polylactic acid; nano-SiO,; mechanical property; thermal property; rheological property
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