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Preparation and mechanical properties of ATBC toughened PLA materials
LIU Feng, XU Dongmei, ZHANG Dongdong, XU Xu
(Xuzhou College of Industrial Technology , Xuzhou 221140, China)

Abstract : In order to improve the impact property of polylactic acid (PLA), acetyl tributyl citrate (ATBC) was used as a tough-
ening agent to prepare ATBC toughened PLA materials (PLA/ATBC) with high impact strength through blending method. Fourier
transform infrared spectroscopy were employed to characterize the structure of the PLA/ATBC. Additionally, the influences of
ATBC content on the rheological, tensile, and impact properties of PLA were investigated and compared with the mechanical proper-
ties of toughening agent functionalized polyester elastomer (BP-2) modified PLA materials (PLA/BP-2). The results show that
ATBC decreases the tensile properties of the material, but an appropriate amount of ATBC can improve the processing and impact
properties of the material. When the mass fraction of ATBC is 2.5%, the equilibrium torque of the material is the lowest. When the
mass fraction of ATBC reaches 5%, the impact strength of PLA peaked at 30.1 kJ/m’, which increases by 87% compared to pure
PLA, but continuing to increase the ATBC content can lead to a rapid decrease in the impact strength of the material. Furthermore,
the mechanical properties of PLA/ATBC are significantly higher than those of PLA/BP-2 blend with the same toughening agent
mass fraction of 5%, the impact strength of PLA/ATBC increases by 79.2% compared to PLA/BP-2. The above results provide
reference for the development of PLA materials with high impact property.

Keywords : polylactic acid ; acetyl tributyl citrate ; toughening agent ; mechanical property ; impact property

RFLRR(PLAH R AL 5B A= WA E AT AT AR B RE S TAERE Ty T R R B (1,
WM IETT #5208 0. PLATE ASRIREE A ARy HAEZ D SUng B S i T R SC iy 2L al . PLA H]
i A RE ST , e A F AL KR A, AN 2238 LA A b ORI RS B SRR, 396 2 25 A ol
IR B B T i s s g R B4, PLA TSR, N T AR A G AT B, AR A X g —

EEWE: M T E AR #2051 H (XGY20221A01, XGY2024ZXWT06)

BISIEE : RAAM, AR ATTCTT 10 SRR R OPERE DTS s SKAR AR DRI, P90 J7 1ol I B s 43 T4 R ik

WeFs B HA: 2024-09-28

SIS Mg, IR, TKAAR 45 . bR IR = T BRI B R FLERA R 55 K 12 Ve RR D). TR MRHNIHT , 2024, 52(12):53-57.
LIU Feng, XU Dongmei, ZHANG Dongdong, et al. Preparation and mechanical properties of ATBC toughened PLA materials[J]. Engineer-
ing Plastics Application,2024,52(12):53-57.



34 AR

2024 4F 45 52 45 45 12 )

AR P T PLA 7617 3 L A 0 B A, SR,
PLA [ /9 53— 4504 il A AE ) PR R AR Tn) 8,
SR oo 5 AR, AN T B I FH 7 v L R
ERIOET

h T $EE PLA Y 2 bR e HIZ e 5
NG SR A Z R INFIX PLA HEATRE . SRS S %
TRT R -vEW W R T K (PBSTF25), If 5
PLA ¥ 338 , 145 T PLA/PBSTE25 iR ¥, 4
PBSTF25 Jii & 43 K4 M 20% B}, $i7 {1 58 & oy 42.5
MPa, K 2K 3K 156.6%, 204 PLA (1) 19 4% .
5 I SV A A T AR ) T SR TR I Ay A B
FIPLA #4736 G 2C 1K, 43 B 55 T PLA L E R R
FFASTA) i b R AR PERE . 45 R & B, PLA Fl1 )
IR T B i L R 10 1B, BPBHIY 125 PEBE B 3%
Zhang %57'2R FH 9 mil H T ) 8 FH 6 DR 0 TR 4 K H i
fi&(GMA) = e W (EGA) U PLA B4R}, i i
A EGA BPER  PLA BRI FZE RIS 2 T B3 42
& . Stoehr 258 45 T PLA/R 2 — 5 (PEG) L IR M
Bl 9T T PEG F X PLA R 2SR RE RN J1 22 PERE Y
S0, Liang 55°°% F 2 & 26K (PDEGA)E R4
YIRS T35, ] 4 PLA/PDEGA SR Y , bl
# PDEGA & 5 (94 i, PLA/PDEGA JLiR 9 1 K 24
T AR A R B R R R L R AT AR
PR ER MOk A X PLA FHVR NS4 1 T 3 e i
R0, o Az Yy L sl AT B TR I AN e
B PLA [ RSk BE , IR REARHF PLA AL R4
NI PN T I E S 5209 o N L
% = T FR(ATBC) & & S B4 sy F R 3G ¥ 5500, 2
— Fh AR AL BARL, T T 4R R PLA W 7 )
PEO Sk /N I IFFRRIR = T TR MR AR, S a gt
TR AR/ PLA Z A MRE WFIE KB, AR —
TR ECh 4% B A AR D) R B R A
[ A A IR = T TR A I A T i 5 R Rk %) S T A
VR SR LS, RS T 5 A R
TR .

H i , ¥ ATBC 1F >~ PLA 1% 34 47 57 J T 42
PLA 5 1 B8 7 T 48 /0 A SCHR #E |, 2 # ik
ATBC AR5, 38 o SR 2 T il 4 7 HoA & ol
T RERY ATBC 3447 PLA #1 BHPLA/ATBC), RGiHF
5% 1 ATBC X} PLA Wi AE Fu At RE A2 , I
55 GMA B fE AL R BR e PE AR (BP-2) 2k
£ PLA #1 BHPLA/BP-2)#E47 L, AT A PLA B3

PRS2
1 XIES
1.1 EZRAH

PLA:FY804, Z#FRMmAERILIA RAF;

ATBC:R001079,97%, il 2 AL 2¢ YN A BR 2
Al

GMA F REH L R BR s MEAR . BP-2, B k2%
ARAF]
1.2 EBREAME

1 LIS T A EE(FTIR)Y : Nicolet iS10, 35
R R B A

FEAR R AR AY . XSS-300, [RGB ML &
ARAF]

[7] 1) SURBAT- 5%t HL : CTE3S , B BRI (5 50)
BB BR A 5

SR ML TT1-130F2 V, AL HLAA R A

Al

SRL R HL : GT-7045-MDL, 725 £k 46 {25 A7
PR

B 77 BEIR IO HL : UTM4204 , IR 1 = RS R
FeAn A BR AW

B RT 146 : DHG-9053A, I —1EFF 2 4%
AR

FERLRF JPT-5-11, A N i) i 1A 25 A7 FR 2
o
1.3 XAEH &

IR S R MR A T 08 ), T e 2% Sy ek
80 °C .FF[H] 24 h FiRHEE 1 em, A% 8 h B sh LR
P B TR Y EHE A [R] ATBC FE LA
BEFFHF UM hEF T 5 R I AR AT
ARSI RET i 800 g, T % B o —IX 150 °C,
TIX 160 °C . =X 170 °C DY [X 175 °C , FLIX 175 °C ,
751X 180 °C - [X 185 °C L3k 180 °C, FEMERLIR
41 1.9 Hz, EALHLIEIICR 3 Hz, YIRHILES 33 4 400 1/
min,

FI SR TR A8 TR R i ok, T 4%
PF IR RE 80 °C ] 12 h S RHEFE 0.5 cm, HERHY]
[T P — U MEAR HEAT BIRE o T 0 o 1) JURr A 1
SAMLH S, Y8 5 MR (GB/T 1040.1-2006 H 1A 7Y
WA AR 18 R A 38 A 25 RN 10 AR (ISO 180:2000
1 B B R b R e A . ES T2
MBE 3| ) S5 1 R B R 25, 25, 170, 180, 180, 190,



MV, 45« LIERTARIR = T IR B R FLMA R 4 K 1Ak fE 55

200 °C , $2HFF B4R A7 B 21 mm, B = B4,
H AP B ) = BE 21 mm, T BE 21 mm,—
B 53 mm, FEHHEE—BL65% . B 60% . =Bt 60%,
TS S1— B¢ 9.2 MPa, Bt 9.8 MPa, = 10 MPa,
SR FNEF ] 60 s, ) 120 s, THET 23 50%,
T5i%t 71 5 MPa.
1.4 X5 kAE
1.4.1 FTIRk1E

BEARE A 7800 T4, 9 FH FTIR [ AE 44 R 2%
4, PR R 4 000~400 ecm ™'
1.4.2 B HE IR M AR AR

W T G 118 JARh 28 2 i A A (S B0 45 HE B
AL . FHE AR AR kTR 50 g,
BT —IX 180 °C . —-IX 180 °C , = [X. 180 °C, #%
60 r/min, FRHLET 3 000 s AUFHAR AR L AR
143 Frfddae R

KT 7 g 5 ALH GB/T 1040.1-2006 i
AL AHSR A W R R R IS AR TR
Pl . oA EE g 50 mm/min, A R JERE
FERE 50 170, 4, 10 mm, 5 1FFREE J7 50 mm.,
1.4.4 o 5 Ak K

K 3R} bl HLFR 1SO 1802 2000 Il 32 2 i 42
TeH I s A AR 10 a8 TR (E.
thiRE RN 5.5 T, v B 3.5 my/s, 25 12 g & 4
B0 0.0222 1, FEIE B TR K E A 4,10,
80 mm,
2 H#HRiITR
2.1 PLA/ATBC #4k5 %5 #5547

& 14 PLA F1 PLA/ATBC [/ FTIR 38 . M &l 1
AL, PLA 7E 1750, 1190, 1 090 cm ™' Ab Hi 31 1% 1
U, 735124 PLA 1 C=0 i 4 4iz sl 15 F1 C—O—C 1Y
iR shig . Fii ATBC AYIE A , PLA/ATBC % [fij
BB P, 268 ATBC 55 PLA HUEHRIHLR |

I

—PLA
—PLA/ATBC

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

1 PLA K PLA/ATBC K FTIR i%[4]
Fig. 1 FTIR spectra of PLA and PLA/ATBC

ZIRIAR R AR O .
2.2 ATBC % PLA & % HAR 6 %5

L ATBC J5t 55t 53550 3 R 0%, 2.5%, 5%, 7.5%
(1) LI A B PLA YR A, W75 R i 22 ith £k an & 2
iy

35¢

W
(=}

S}
W

0% ATBC
— 2.5% ATBC
— 5% ATBC
— 7.5% ATBC

—

0 500 1 600 1500 2000
Time/s

K2 AN[A ATBC Frit 7345 PLA/ATBC jii &2 12k
Fig. 2 Rheological curves of PLA/ATBC with different
ATBC mass fraction

H & 2 F i, F & PLA/ATBC 14 2 #1145 A
PR FH R TR N, 3K B A e s O TG T R
B Jo 2% 1% 2 3K - o PR R IR AR IOk L Y
ATBC i 0800 2.5% I, PLA/ATBC ik 21| fiif 1
RS IA) A, RIS AL /N, 24 ATBC it —2F
BN PR T R 0 I A 1, 3 2K 1 A R
(i) B S 398 (] s S s 5 O 4 14 K, (RLATHAIR T 4k
PLA.

DL b2 R W, ATBC i i 43 500 2.5% i,
PLA/ATBC i sl e e af, in Tk g feff . b s
Il ATBC RESEFFAR PLA 4356 (B A9 AH BAE A, (15
Sy FRER R By iz dh, NI EETH PLA Wi shit . SR,
B ATBC & it iy i — 20 5, & 2 ) ATBC 43+
AT BE G AR 43 TR sl g 45 , 35 SO il 1
PLA 7 FHERIZE 3N, FEOR S MERRAR . IIA AR
& , ATBC [N A0 SEREASFRAIC PLA R ZE I, A
M e PLA st . (HJE, 24 ATBC A9 i
b BB, JE PR B vT RE 2 F T LT, SO0 i
Sk A R . G SPERE I RO R i
() ATBC RERSAE E PLA 945 fhid 72 , XX 2035 PLA
INTPERERA 1Yo HIE, W ATBC AU I
% B Al e 2kl PLA B945 &y, 25T 8200 PLA 4 14
e, WA BB E | liE ATBC & i —
AHETN, PLA 5 ATBC 7EM R Th AT e 3L 3 A AN 2
(GO0, RIAH 2 B4 o X FPAN I 510 70 A 2 R
PLA [iEZErE, 3 PLA s N %

Torque/(N-m)
— [}
W (=}

—_
(=}

W




56 AR

2024 4F 45 52 45 45 12 )

2.3  ATBC %t PLA 5Ad M 46 49 % v

AN[F ATBC %55 () PLA/ATBC W K& 411 5]
3fFR . 3 EH, 24 ATBC 1Y i &40 50 0%,
2.5%, 5%, 7.5% I}, PLA/ATBC B W 24 {1 K 243 1)
9 11.9%,11.5%, 10.4%, 8.4%, 5B i T PR fy a3,
ATBC Jfiit 50800 7.5% 1), PLA/ATBC Ay K7 24 ffi
RN 8.4%, M L4l PLA FRET 29.4%. Hitnl I,
ATBC Xt PLA B S S84 7 T 52

120

—_
(=]
T

Elongation at break/%

Nl
T

8

0 1 2 3 4 5 6 7 8
ATBC mass fraction/%
K3 AN[A] ATBC Frit 73451 PLA/ATBC Wi 24
Fig. 3  Elongation at break of PLA/ATBC with different
ATBC mass fraction

A ATBC & 2 1) PLA/ATBC 7 {8 B 1 (5] 4
Frn. HE4F L, 24 ATBC 1 5 & 43 50 H 0%,
2.5%, 5%, 7.5% I5F , PLA/ATBC F4F57 i 3 55 43 51 ok
55.9,51.2,50.1,44.1 MPa, 4 ATBC JFifa/350h 5%
i, PLA/ATBC B4 {158 £ 24 50.1 MPa, L4l PLA
PR R T 10.4%. Bl I, ATBC Xf PLA
B 7 A FE AT SO R2 I . 5T HRN, ATBC /47
REfSHH A PLA MR G W5y T8, WK T PLA
KT FHE R A EAEH I, (545 PLA 2> FHEAE Z 5
HNER R 7 Bt 5 5 T RS AN RS, E TREAR T 4R
A CIEIY

60 -

50+

Tensile strength/MPa

40

0 1 2 3 4 5 6 71 8
ATBC mass fraction/%
4 ANIF ATBC it 53 4411 PLA/ATBC F i B2
Fig. 4 Tensile strength of PLA/ATBC with different ATBC mass fraction
2.4 ATBC %t PLA # M AE 69 % v
A [R] ATBC % 5 i PLA/ATBC i 58 B8 (81 5

. BB S FE WL, 24 ATBC 1Y & & 43 50 H 0%,
2.5%, 5%, 7.5% It , PLA/ATBC F) i o 9 BE 43 591
16.1,27.5,30.1, 13.6 kJ/m*, £ ATBC Jii & 4> %t N
5% I, w5 IR B ok, 4 30.1 kI/m?, L4l PLA
FEE T 87%, HIEKEE ATBC 4143 & gk, wh
ol B R, f b ] L, /D ATBC B A AT
PI$E R PLA [ np i MEfE , 3 B ATBC J 1 ™ 2 ) 55
T PLA By bERE . XA B T LA R ILA Ty
AT 5307 : OPILRET, Di ATBC A, /N F
2B AEIPLA KA FaE 2 18], (15 PLA K5 F 4k
() A R, 55 1 T ) A ELVE R O, R Y
WA REAZ 30 i IR F 4l PLA 4R RE S 51 25 5 %
A BRI AR | WA B - b I S b o B v v
SRIE . SR, 24 ATBC fY 43 Ak i — 5 (e
1 221 ATBC 4332 B 1 55 K7 B [ (1) A HAE
FH 1, 30 PLA 43 4% 8] 1) 3% H2 748 15 2 F W Bife
55, 432 2040 bl i, JCvE A AL 9 RE Ay
BN A7, PR o 5 B T AR A . @B ATBC &
SIGIN, PLA (45 ShEE 1A il s . 36 4 i
AT LA AR bk B R A IR, A B T i ep s
SREE . [HE, 24 ATBC f i s, 2 FE 0 45l T
SRS I, JC AR by B, S R AR T
AR . @R ATBC 1] LIS hn PLA g1 , iF
M = s . (R, 2§ ATBC & ElB i — i
FEIET, W RE 2 3 B 3 9 7 3k ™, B ik 22 () ATBC
S FE RS R AR, TR R R . @
ATBC 5 PLA Z[A] I AH 7 DL S ATBC £ PLA P
OYFCEXT MR PERE A B B . 1S 1) ATBC
AERS 5 PLATE B R A4S A 21 , B2 5 7 PLA 4y
By, IR E kA R whl s B, {H 2, 24 ATBC
Sl m i, AT RE S BB A A B AR 25, B
FCAH 75w A SR B2, DTG I3 AR R e 1 o o 5 2
o]

28

é 2|

S %

%‘) 22 +

§ 20 b

§ 18 -

E 16

14+
12

0 1 2 3 4 5 6 7 8
ATBC mass fraction/%
5 ORI ATBC Bt 434 PLA/ATBC Wi 2
Fig. 5 Impact strength of PLA/ATBC with different ATBC mass fraction
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