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Preparation and Rapid Prototyping of PLA /PBAT /OMMT Bio-based Blend Materials

Liao Zhi, Sun Ling, Zhou Jianhui
(Mechanical and Electrical Engineering,; Nanchang University, Nanchang 330031, China)

Abstract : Poly(lactic acid)(PLA) / Poly (butyleneadipate-co-terephthalate)(PBAT) and organic montmorillonite (OMMT)
materials were made by melt blending. PLA /PBAT / OMMT wires were prepared by extrusion molding, meanwhile, the standard
samples were formed by rapid prototyping. The effect of PLA content on rapid prototyping was investigated by crystallinity analysis,
mechanical preformance and scanning electron microscopy. The experimental results indicate that tensile strength and elongation at
break of pure PLA are 7.42 MPa and 1.8% respectively, showing hard and brittle characteristics. After PLA /PBAT blending, the
elongation at break and impact strength of the blended materials increase with the increase of PBAT content. When the PBAT con-
tent is 60%, the elongation at break of the blend reach 405%. The impact strength is 31.11 kJ/m?, which is about 11 times that of
pure PLA. The tensile strength of the blended material show a trend of increasing first and then decreasing. When the PBAT content
is about 30%, the tensile strength is optimally 37.08 MPa. When adding OMMT with 2% content, the mechanical properties of the
blended materials has been improved to a different extent than before. The tensile strength and impact strength of the blended materi-
als has been improved obviously through XRD and SEM analysis. The result show that the PLA /PBAT blend system is an incom-
patible system. There are a lot of pores in the interface between the two phases, and the crystallization performance is poor. It is a
semi-crystalline polymer. The addition of OMMT make the two-phase interface of the PLA /PBAT blurred and can greatly improve
their compatibility and the crystallinity of the blend. Through the apparent quality of the printed parts, when the content of PBAT is
about 30%, the comprehensive printing performance is the best.

Keywords : polylactic acid ; poly (butyleneadipate-co-terephthalate) ; bio-based blending ; rapid prototyping ; toughening

BIRER : NG, B032, EENFIRILE S AREHTSE  E-mail : sunling18@163.com

We#s BB : 2018-12-28

Sl A B, NS, RS . PLA /PBAT / OMMT A: A Ak fil £ B PRt 8y [3]. T A2k FH , 2019,47(3):7-11.
Liao Zhi, Sun Ling, Zhou Jianhui. Preparation and rapid prototyping of PLA / PBAT / OMMT bio-based blend materials[J]. Engineering
Plastics Application, 2019,47(3):7-11.


杨超


8 TRBEHILI

2019 4F 45 47 4 55 3 W1

AR, AT A MR A 02 5 A RHR A B R E
IR RFLRR (PLA) VE i Bk i
) A Wy e e 38 FL 22 — , 76 FDM P33 3% 750 45 B A7
VO RER R S ) B AR e R R AR BT
b R R A NS | B A AR B A, T RE T B
— BRI T PLA ZE TR AR M. S K HGE H
TR Rk A O R JETE gk
AT A5 A MRT LG PLA )14 A
5o DA R e AR T A

I 5 40 F B4R AT LA 3 PLA (311, 345
PLBE 2R AR S - By U B B S50 F ek
PEFIAR LY, Pk AT R A = 21 HA S AT 5 PLA
— B TE W o I, A G PLA 77 b Y 2R 8,58
PREER. UL, 21 T B = 43 7€ PLA 935 $)
v RIS T B R TR B B R Alltry 45 &
KB IR R R O IR R R T
Ti (PBAT) %S i £ FA 38 1 328 7 388 0 ; WL Pivsa-Art
25 B9 R NGRS = 2073 PBAT fie A 20k 3% PLA /
PBSA {4 Z 1 Jy 2k fi s 706 KA MO0 sa s v Wi 2
Bl g PLA/ S 2500k, R IR A Z A0 AH
FHETLT 485 TR A MR R E R

PBAT 1 Jy A= 1y vl B AU B A A
PEFNWT 2R R 1T LIS A 558 58 1A T AP R o
fie; PLA Fl PBAT W # 454, ol LUZ S g L 345 5
b, LR A PERESR AR R B 5 A R A
KAPRHH AT LA PLA BPERE = A AR KA {k, 7T
DE bRl gr G Eae. 25 LA PLA/PBAT/ fi
LS L (OMMT) KRR , il 45 HA — 2 W B Al
ZEV M I DR BB 22 6, SR 30 e s il R P e
I (FDM) il il o oMl S dh AT ok 2e
B LA SR IR 30 55, %o O 2 B ML AS R DR
3 R g 7R o A2 114 2 O A5 B DR L, 3 T
A Wy B AR PR B R T F R o
1 KIFERsY
1.1 EZRMA

PLA : HRS—-CPLA3105, T P 7R /R Hr PR A4 Bl 4
A BRAF

PBAT : C1200, f&[E BASF Al ;

OMMT :SD-2015E, ) AR 5228 TR A PR A
1.2 EBEHEABME

ST 246 : DHG-9070A &, [-7fpHG 22 S ik
A BR AT

5 R A ML : SHR-5A U SN T VIR WL A

PR F

PN B 22 HL . SHSJI-35 B, K AR 5 it 38 A il
s
P E TR B R HL - EinStart-S 5, 22 BO% AT
YR A BR A

HL, 7 7 AE J1 24 iR B8 #L . 05-05850X Y, & HE
T RGEABR A

i B 7 5 BE (SEM) 1 S440 A, Leica
Cambrige £ FR/AF] ;

B bR I L. CL-3003 Y, VT HE X B [
SEIGHIAR)

I X BT 5 (WXRD) 1% : TD-3500X %,
FHRBIAPHEA R AW
1.3 #H&m#l&

W T 5 E 45 4F 19 PLA, OMMT Jit A 8% X T
HEFEH,60 °C T 1 A2-h 5 ¥ R Y ) B
200 g,— 41 JR4% PBAT [ & & (/0 %0) M 0,
10%, 20%, 30%, 40% ;50% ,60%, #7 5 & MO, M1,
M2, M3, M4, M5; M6 ; 55— 7L FEAE I AR
T B BT R ) 2% [ OMMT, 425 A SO, S1,
S2,.83, S84, S5, S6 ; # FiRYEHMA SIS HLH
T 185°C LI 5 min, % &4 120 r/min ;¥
JrAS IR 2CRE BY R Al 2 ~ 4 mm [ RIURE, & T
PIBATET 22 ML S HIRE R 195°C, #4533 60 r/
min, i 7E 28 b4 B A2 (1.75 + 0.25) mm 4 2241 ; =
AR A B bR e (GB /T 1040.1-2006) Fl by
SRR AR (GB /T 1043.1-2008) 3K I VEFR1ERE
PRREARL, 38 3k FDM PR il B BLKE 22 61 42 B3 1 1Y
SRS BIBRERE

#x1 FDM BUEREHSE

W /B / FTERERE /. SEIREE / JRE/
. . (mm - s™) mm mm
195 40 40 0.6 5

1.4 begemli b s kA

Fi Pk RE 4% 8 GB /T 1040.1-2006 iz, 37 fift
%N 120 mm/min ;

ohh R B i B GB /T 1043.1-2008 s, 122 i
e A 5.5 J, ik 3.5 m/s ;

SEM F3#T « B TER AT A hr e 25 8 I A h
W, 1554 )5 1 SEM SRERE A T T I 50 5

XRD 43 #Hr : MR FELE I G LA -, 3
WE A R 5°, 2k fA B 60°, FA FE A 9 0.05°, 11
5 HE Ry 12° / min, JE B Ol 30 KV, SR S TR
XRD LA


杨超


BIEY 45 PLA/ PBAT / OMMT AE 438 A det g il 46 B b sk pig 75 9

2 #R5ite
2.1 AFHAESAT
R R LR W I RU LS PR RN 0% €10 [N A N et
IR R P RE A o MR RE AR L. B 1o
OMMT ZANHTJE (0,2%) PBAT A[a] & 12 i LR 1
BHRLPERE
w0l
0%
30+

200 2%

10

PSR AL / MPa

10 20 30 40 50 60
PBAT it / %
@)

2

:

e

~ 0,
200 + 206 0%

Wi / %

100 -

10 20 30 46 50 66
PBAT{ 4t /%
®
a— PR ; b— T C R
1 OMMT ZRINTGJE PBAT A& i IR AR hir b A

H & 1 AT, 4l PLA AT 24P A8/, PLA
(1) o7 fifr o B RN BT 28 i R o i O 7.42 MPa Al
1.8%, F iy g AR R T 24, s et PLA R 17 i 71
KR IR By H s BE Rl & PBAT % & r9 3 n
T 52 B0 S 15 ek 55 R 35, 7E PBAT & & 20K
30% I}, 9 J&F f% £ & 37.08 MPa, #) 4y 4li PLA £ 5
o RPN 2K R A R G PBAT & &34 i
B[RS, S PR M Se SR i (o 2 i A X
RALIRY) PBAT & s 8y i, FIR A R M BB
Wiln) PBAT BUVERESEDR , iAo BE BT R b, W2
KRB FIE . 24 PBAT &40 60% i, TRYI69
Wir 244 1 SR 15 2] 4059% , I IF LA £ 4%y PBAT, hir
0 P IR G, P AR A, R A R R
T PBAT ¥ nye . R TFEAIN PBAT J5 3t
TR B A A Wt % A8 R R E R R =

2 Ry 45 el SRR AY b i 3 B, &1 2 AT LA
F i, A PBAT Ja #4 B whfi o B — E AR DL £
Fo LIRS E P, 2 PBAT & & 7E 10% ~

60% M, rhii i B b Atk , 40 PLA whiliid B
2.82 kJ/m?, i 24 PBAT & - 7E 60% INf, 44 Y wh
drom EEAE R F) 31.11 kI/m*, 2y k4l PLA 1Y 11 1%,
ek A I AR T

w
o

2%._

nN
o
T

0%

i sRE / (k) - m?)

0 20 30 4 50 6

PBAT it / %

2 OMMT #MTGJG PBAT A& it i R ARG i P RE

SRTE L X E 2, 50 A 2% & & A OMMT
BF, 4l PLA 4 7 fd 58 B il 7.42 MPa #& JF 2] T
13.88 MPa, i & A M K SEFE AR s I 3] 1
BAZ A, RE T A2 R e gt &, 4 s 1
PLA e s 7 AMINA OMMT J& , LR P r
SR B WAL K i s A R BT
— D OMMT gk bbbk dlcs: T IR AR 2,
(A5 PR AH Z (8] 4 S IEDRG & D738 s —J2 8 #E PLA
FLAR 3 HLY OMMT ki F, X} PLA 20T 975 50
W HA — BAMHIVER , F PLA 73 FHETESZ 3
B Eb 58 42 19 43 B ELA B R 1 0 AL B, DA T i 5
T AR IR E M, SRR AR 25 A SR BE
EENiErSa
2.2 R LE AT A

i i WAXD XA 5% T PLA / PBAT iR 4 45
S AT R, AR OMMT J& 218 M 4% M e 1 ol
2, [ 3 AT PBAT & ft i PLA / PBAT LR A1
REHEY WAXD % . MIE 3 & H, 45 PLA fiT 51
BRI - B P R e, (16.4°
F118.9%), J& R4 MR AW R AR T4 S
E LR85 T5E B EMER BT R
B, P RS ) FRETE A SR T O R, AT
Sh RS . PBAT AT ST 16 B BRI R,
BV - AFAE PSR /N (20.85° il 23.4°), L2
M R RE YR, PLA 5 PBAT % fill 1t
1RJ5 WG PBAT it /04 in , HR W g Sy g
JCIH 2 B Ry [ 0, W 457 ' i PLA(16.4° Fi1 18.9°)
1] PBAT(20.85° Fll 23.4°) ANWr i) & A F8 5 3% 2 A
“h PBAT fhiR Y4, S PERERS = T PLA S1EAY.


杨超


10 TR R

2019 4F 45 47 ¥ 55 3 W

0 5 10 15 20 25 30 35 40
20
&3 KIFl PBAT %} PLA /PBAT LRI WAXD %%

&l 4 25 PBAT A [l & & B PLA/PBAT/
OMMT IR M) WAXD %K. MK 4 i & 1,4
TINAGK ) OMMT R, PLA AT BF I iy 18 3k
AR BRI B AT S, A7 S 05 P e R R S
16.55° Fl1 18.95°, 554l PLA £ 5 s £ vei 5 1 £ 8 A
56, PLA B4 5 S 2 KR B 4 v, iR R
OMMT My I AR 2] T i I B AE 7T AR I e
H TSR At ge, (1L 7E R R R AR
o (AL EE T e 45 s, T3 L A P fig . > PLA
5 PBAT LR 5 , FIR M EMEAE BN R BT 5
U, J& T PLA Y4 AEAT 5 06, 33X 150 B PLA 11 3R 2
AT 5 PBAT 14055 & HE OV, AT H BB RY
AU, R PLA (45 b B2 28 K T PBAT, I 2 81
g PLA FRHIERT U6

0 5 10 15 20 25 30 35 40
20
& 4 PBAT AJa| & PLA /PBAT /OMMT LB H1% WAXD &
M E R FRIER WS T M — D EER
BB S5 RT LR AL (1) 1B .

__ L 1
XC—WX1OO% @)

Ao X WEE s | R AR A AT S R
1, SR Al b AR B A AT S ok B 5 K Ry B T R AR A
L5 A o A AR SR R RIS I k=1, SR
HOERS 1.

¥ WAXD 15 2 (1) 177 41 1% & 5 A MDI Jade6.5
A XA S A T IR s RS A
HEFT AT Wb SN G, 005 56 B 75 21145 i B R
RSN 2, fER 2 Pl IAEH, OMMT
(Tl H VR B 5 o B T AR R B el B
PBAT 7 it 3G N, 45 fb B 2 I A A, i 2

25 OMMT Bl A i A R B9V T, R e 1
45 iR (ABEAE —E 1t PBAT I ABHRE T PLA
OrFHE A ARSI B & TRRAIR 1 L2 A
FOR AT EE B L w ] AE L A A OMMT )5,
PLA & (4 22, & 1O AT 5 08 S 1 255 , L XRD
(R B AT E R TR, A5 AT S 4 5 32 B T AH Y

BB

%2 PLA/PBAT # PLA/PBAT/OMMT tB¥MIRI % R E
FE LA/ % FE 2/ %
MO 8.65 S0 43.84
M1 10.58 S1 37.99
M2 12.40 S2 28.20
M3 15.21 S3 26.14
M4 17.69 sS4 18.21
M5 15.23 S5 18.43
M6 9.99 S6 13.75

2.3 ARBMESHT

& 5 LR YA SEM [, Hod 5] 5a~ K] 5¢ N
A He 2 1 PLA / PBAT — ot 2L 16 1 14 K i SEM
B R BORH PBAT LUTAR B IR 4540 70 BUAE PLA
JES A R RO AN 57, WRR A He e BA 2, LT
TR 15 W 7T UL, PR 35 A S B N . TR
OMMT 4 K ikr 2 )5 , FiR Y SEM B8 F 4 %] 5d ~
5f fiw , B RE 3 i /N, R/NVETRE45), PLA
HI PBAT 2 [] Ft 1t BH (B AR A BOR , AH AR MR,
IRE TARGF 3G A AR . X OMMT i
iR P 7E PLA 5 PBAT WiAH AL |, %
IR T A3 B BT K 7, NIRRT PRAH AR 21

a—M6 ;b—M4 ;c-M2 ;d—S6 ;e—S4 ; F—S2
[%15 PLA/PBAT X PLA/PBAT/OMMT 3:iE#)i) SEM [ -

2.4 AR K

% 3 MR TRIEIEC T B 22 h4 0 H 2215 000 B4 T
EN R A e UL . OMMIT RS I AT LR A1
AYFTERE DLEEAS S AN K, 4l PLA KA R e
1R2%, HWOKPEAR R, & T2 PR 1 e
TEATENR R P S WA . BA O R PIMERY PBAT 1Y
A X — I BAR3) TR . IR MR )


杨超


BIEY 45 PLA/ PBAT / OMMT AE 438 A det il 46 K b sk pig 751 11

R THCHRIGHETT (FLAZ PBAT 2144 1115) th 3L
SRR, BT LB 5D O 55 U B 22
B2 b T E R EY ST BLG. 4 PBAT ) F A
I 40% I, SEIBPRIR R T4, S EAEATED L
i ) B R 24 PG 55 L, 7 PBAT 7 it 30%
i G A TED R LA

R 3 FREEF TLMEITE B HHRE

FTERIL - -
2L N WRHTEN Rt
LRI, Ve, FTEN T S, e Aty
MOS0 190210y SR A R D
CLBRTVERENT  FTENIUG , KR 4022 , A
M1,S1  190~210 SEASMB/RIFRL, 574 B, R e
B o
LU TERE , BT —sE ORI , P15 4T
M2,52 190~210 gy, R skt , BIPFRE .
SLR BT , AT — 7 ORI , PR
M3.S3 190210 yrenir it RS BIFFR .
LN RIFERE , PR 5 R 450, 4T
M4.84 190210 pgyopmg-ess RSy BIFRTLII G,
2 BT, b L 5 R 48] ATE
M85 10210 ke AL WIFRTLAE
LRI, MRS RE5). ATE
M6,S6 190 ~210 £ R, AL A A Gkt fi1FE
FLri,
3 HFig

(1) PLA 5 PBAT i A A 4K Z ¢ B 4l M
PLA 5 PBAT IR 5 , LIRMRL 1y A i B 52 $ 5
WS R, BiE PBAT & & HE I, PLA 1Y)
PELA R i o BE R AR 4 B

(2) 2% Fr =) OMMT B AE 14 R 25 A
J12APERERS 2 PLA 5 PBAT IR YIA ARl A )
P, R LS s i BE R T BN W,

FPEREIN S R R W], 2 PLA/PBAT it Lol
70 / 30, SN BT 4 A S BT 2% Y OMMT B,
MEHREEG 12 PERE AR

(3) i i XRD F1 SEM 43 #7, PLA /PBAT il
KRR MR, AR S TH A7 AR RS ) 23 T
HA5APERE2E, R4 R G, OMMT [ Il
PLA /PBAT [P AH AL T AR SR , REA KGR B4
(AR PE , D R g FLAh B

(4) i F BY 22 4% B0 A AT BRI AF BT i s,
OMMT A AR AR T EIE LZmaAN K, >4
PBAT [ f7E 30% K, £ G R il R 1 B A -

S & 3k
[11  BNN,EIGE, A2, 5 A Y] Bl R FLIR S A MR ST
PEE [3]. 46 T, 2014,33(11):2 975-2 981.
LU Shanshan, Tan Haiyan, Zuo Yingfeng, et al. Progress of

biodegradable polylactic acid based composite material[J]. Chemical

[2]

31

(4]

(5]

[6]

[7]

(8]

[]

[10]

[

[12]

Industry and Engineering Progress,2014,33(11):2 975-2 981.
AR, X, P e, A SRFLIRE B AR RS kR [3]. 98
kL, 2014 ,43(5):39-41.
Gao Weina, Zhao Xiongyan, Sun Zhanying, et al. Research
progress of polylactic acid composite materials[J].Plastics, 2014,
43(5):39-41.
Wohlers Associates. Wohlers Report 2013—Additive manufacturing
and 3D printing state of the industry annual worldwide progress
report[R]. Wohlers Associates, 2013.
HE5 35 I, 90 6, 45 SRRSO B ST R i [9]. T RR MR
#,2011,39(9):89-91.
Mei Fangfang, Peng Ya, Sun Fei, et al. Progress of the modification
study of polylactic acid[J]. Engineering Plastics Application, 2011,
39(9):89-91.
R T A A, BRAR AR B B R LB (3], S AR,
2001(5):13-24.
Peng Jing, Qiao Jinliang, Wei Genquan. Toughening mechanism of
polymer toughened by rubber[J]. Polymer Bulletin.2001(5):13-24.
Alitry R, Lamnawar K, Maazouz A. Improvement of thermal
stability,, rheological and mechanical properties of PLA, PBAT
and-their blends by reactive extrusion with functionalized epoxy[J].
Polymer Degradation & Stability,2012,97(10):1 898-1914.
Yu Tao, Li“Yan. Influence of poly(butylenes adipate-co-
terephthalate)on the properties of the biodegradable composites
based on ramie / poly(lactic acid)[J]. Composites Part A: Applied
Science and Manufacturing, 2014 ,58:24-29.
Pivsa-Art W, Pavasupree S, O—Charoen N, et al. Preparation
of polymer blends between poly(l-lactic acid), poly(butylene
succinate-co-adipate)and poly (butylene adipate-co-terephthalate)
for blow film industrial application[J]. Energy Procedia, 2011,
9(1):581-588.
Pivsa-Art S, Thumsorn S, Pavasupree S, et al. Effect of additive
on crystallization and mechanical properties of polymer blends
of poly(lactic acid)and poly[(butylene succinate)-co-adipate][J].
Energy Procedia, 2013, 34(25):563-571.
G E RA LA BRI / SO AP R
JRE A B IHNERERAE [J]. fERREREH , 2009, 28(4):679-685.
Yuan Longfei, Zhen Weijun, Xu Yue, et al. Preparation and
properties characterization on PLA / OMMT intercalation
composites by solution intercalation[J]. Bulletin of The Chinese
Ceramic Society,2009,28(4):679-685.
JBE S0, S ATAS . BRI / PBAT LR (1 il 45 M A REAF
7% [9]. Hr[E 5k}, 2006(10):39-42.
Gu Shuying, Zhan Hui, Ren Jie. Preparation and properties of
poly(lactic acid) / PBAT blend[J].China Plastics,2006(10):39-42.
HAREE, B O, 4 L R FLRRIG BB T kR 9], fb T
PR, 2011,30(3):578-582.
Xiao Weina, Huang Xue, Feng Guangzhu, et al. Research progress
of toughening modification of polylactic acid[J]. Chemical Industry
And Engineering Progress, 2011, 30(3):578-582.


杨超




