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Esterification Modification of Starches and Its Effect on Structure and Properties
of Starch/Polylactic Acid/Calcium Carbonate Composites

LI Ting, ZHAO Xiaohong*, QIU Jiying, XU Yan, DENG Haodi, ZHAN Liping
(Guangxi Key Laboratory of Calcium Carbonate Resources Comprehensive Utilization, College of Materials

and Chemical Engineering, Hezhou University, Hezhou 542899, China)

Abstract: To improve the compatibility between components and enhance the overall properties of starch/poly(lactic
acid) (PLA)/calcium carbonate composites, corn starch (CS) was used as the raw material to prepare maleic anhydride
esterified starch (MS), lauric acid esterified starch (LS), and acrylic acid esterified starch (AS) through esterification
modification. These modified starches were blended with PLA and calcium carbonate, and the composites were prepared
via internal mixing and injection molding, and their structures and properties were investigated. The results indicated that
all the modified starches were successfully esterified. The type and content of the esterifying agents affected the crystalline
forms of the starches. CS exhibited typical A-type crystallinity. After esterification with a small amount of esterifying
agent, the crystalline form of MS remained unchanged, while with a larger amount of esterifying agent, the crystalline
forms of MS and LS partially transformed into V-type, with an increase in the amorphous regions. LS also had a small
amount of C-type crystallinity, and AS was entirely converted to V-type. The composites based on maleic anhydride-
modified starch showed better component compatibility, with smoother and flatter fracture surfaces, whereas the other

composites had rough surfaces with noticeable pores. The glass transition temperature (¢,), crystallization temperature (t,),
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and melting temperature (z,) of PLA were significantly reduced after the addition of starch or esterified starch. However,

the composites with modified starch had lower ¢, ¢, and higher f, compared to those with unmodified starch. The

modification of starch improved the thermal stability and mechanical properties of the composites. The composite with LS

exhibited the best thermal properties, but their crystallization and mechanical properties were not improved. The

composite with MS has the best crystallization ability, thermal stability, and mechanical properties.

Keywords: Starch; PLA; Starch-based composites; Calcium carbonate

RALIR(PLA)JE—25H LB S SR G , th T H B4
RN EYRE Rt R S DL AT R DU R BE |
POZEVERERIBHRRATERE , B 12 A IR A
B S 1 JEky B ol B TR A i
FEARRRESE L 1 PLA R By S TR 25 B S Ak, BEfE
5 PLA (MBI, SURE PRIEH P R A, I B
WAL S RS0, R , PLA AR A e , M A ife , Mo o
PEREZE , PeEMERE AT E IR AR, [N, Je ko T
BT R EFRIM A S EH , 580t 550 TR R
MELIR A 35), S A MPEHOERESS 25 . A BRI ES 0T 4
RAFEARSE A ARG SRR AR , HBRIR S AT K i W40
FosE v, v SR A AR T2 PERE RN P RE , DA 4
TFEZEATEREY, s = F A, 75 ZEH e Ry AR
TR IRA TR o AR T A M N T ) BV R B ) 55
TERY STl S E L B PR R P R TR B0
T, RIS R Cn i TR AR WL A3
T AL PR AE) SOR R A TRR AL kY AL S 2 B
AR TER I A5 ) , I 34 B AN ] B R R R A etk
TER S BRIREGA0 SO ) 32 5 A 3 e SR Tk A4
BT LR A5

AL TE R P B 7k W PR AL A
J&  FERY IR RE I BE LU 53R A 2 ) AH 2%
PEXREA B R, ARSI 3 PRI TE Ky : ZoRIRTF
BR A€ K (MS) . H HBR R Ak i€ B3 (LS) P9 65 12 i AX. T ¥y
(AS), FHEWFTE I, MS/PLA & SR B0 2 THAH
PR E M , RSB AE 300~400 °CM™; SR Mk
TEMHELL  BETRTS LIRS 5 PLA BOARZS SR, B A ATRHI
PERES ) I Z T, SR CREE AP GE R S LS B
ORIV K I IR R (GCWSS) B A . TEFLI , ek
Ko Ak, T RSB A4 T4 , X Ph =2 4 vl %
LR TERIRITIRR AT M H T 2R T
M ASEHERPEL, FEAR A4 S8 5 e 0], P TR e
PERER 7> A ER PIMSTRIG IRy FD AS W2, BT — b etk
AW, iz IVEE S G40 B ik Aol 2
LAV AU WK PER G WI(SAP)™ . PRI, KT RN
FEERTE R U % , 56T AS BUBFIT A4 /b, LSl
5 FVEFLAEFRIFIETE ), (H AR AP b i 3 R 55
o B, % MS LS FI AS B HF PLA S &R, 0 H
X2 A PP AERE 520, w] AR AT s i S FH A e]

Ve AR A et BS %
1 SKIGEBSY
1.1 FEEFER

FK K (CS), R dhZk , P PH & e A R A Al
PLA, 3 J& 601, % 5 11 A2 0] WAL A PR 48 &) 5 BR % 45
1250 H , B 24l s P, A28, il mikbede Tk
I EEALEN(NaOH), b 274l K HE T 7k KA IR
RS FEK SIS, Aidl, K Sun AR ks
FoK AR, SEB A ) AR IRIE W (HCY) , fb 24t &
B BRI BR A 7  HoAth G4 At 4t
1.2 U HE5IEE

AR KL B 255, SHZ-D111, T 4 s
PR 2] B VR A 0L, SHR-10A , 3R PE (S BHE (i) B
23] BRI, Xh-420, ZR5ETT IE THLH & S BHE A PR 2
A ARSI, SZS-20, i NG SLIG A ws A PR A 7] 5 7
BEAT BRI HL , INSTRON3367, 25 [ il 23 ) ; fd B
AR LT AP RE{SU(FTIR), Spectrum two, 32 [ F1 43152 /K #R
JBARATBR A 7] s X SFHEATHFMY(XRD), Ultimal VTM 3kW, H
A E PR S A I & ST T BB (SEM), JSM-
7610F , H A B kA St P S HT(TG), TGA4000, 3£
] 714 5 R BR 4y A B 20 ) 5 28 7R A P (DS O),
DSC25, SE[E TA {2 w) s 3k 33, 7614.00 , e[ Skl
RO ) 5 S Z A TR, DFT-100, FHEFTAAES 6
PR 23 v s 47 EREEHL , QM-3SP04, i 5B %
JRARZA T,

1.3 HFmil&
1.3.1 Stk il &

MS £ B FORTE R N B IR G AL R S
43 PN TR 435 5% 1 20% () TSR BRI, FF )0 i iR &
BL, i HAE 80 °CAIE R HEAT FIEMRAL , IOV 2 h G681
& A )5 LI A SR, DS TE Y 255 S B 58 1Y T R 2
Wif , B PRI 3~5 IR, T 30 cCH A AT 2 iH F , 153
MS,

LS (il 2517 BGE & FORIEH , 76 105 °C F 43 h,
FRE3.0 g T b 10 i Ky N WF B AL oF F /% S min, N
0.1 g NaOH , Zk£EHF)EE 2 min, FJG A 0.6 ¢ AR, IR &
Y51 G WHE S min, KGRI AOTR A PBONKIAE
NS TR CEE IR G I5), B TN 100 *CHEFEH R
N2 ho M SERUE , FRBUT 4R 3% 1 HCHA W 17 &



IR pHAR R 7, B S IR 25 85 /K AR 73 2
4 70% W) S 3~5 UK, #E 40 °C T T B EI LS,

AS 1l F51" : BUE & EORTER MK BRI, TN
SEH A EEE CE IO B AR IR B A Y O
BEf . INFAEE 100 °C, TEiE, %0 Fe’ {0 3 16 , BN
R TR W m(WIRTR) - m(Eky)=1:111, 37 H 3% 1)
NaOH 17 pHAE A 8~11, Ji 8 58 G 4RSEEE 1 h, 4k
K 3% I HCLZ T 517K S FESRADE , JEHRTE 50 °C
THZTEEEE, 55 AS,

1.3.2  JEH/PLA/BRIREESE S AR Hil 55

VG AT Ry N 3 Fh R A LS M T K 43 0] 5 PLA Rl
PR A5 H 202 180 25) K il A IR N ER BEBLH 3267 7
TR, — BN RS R, B R R, S
EAMENRFES, 2 bRic R C'S' M'S' L'S'FIA'S' [
il &2l PLA 1 SRS Aot HE 2
1.4 eI S R4

FTIR 32 : J€ K FF o ok ok R AE I K5 [ 4 000~
400 cm™,

XRD WG R T XRD IR, FHlEE 5°~50°,

SEM A : X & A5 BRI 5 7 T8 >R R 4 A 28, 3K
553 000,

DSC I3, ; K& 8 5~10 mg, LL 10 °C/min () FHiRE
N30 °CFE 200 °C, KSR PRI S AR, K i
30 mL/min,

TG M3 A 5 57 5~10 mg, 7F 30 mL/min i &S0
FORT LA 20 °C/min B TR 3 FE N 30 °C TGl BE 2
600 °C,

J1EEPEREIN : R 3R v T, 27 GB/T 1043.1—
2008 X & A b BE o o o R BE AT 00 5K, I B R
100 mm/min, 410 5 IRBCEE . HEERSREK
80 mm . %% ¥ 10 mm /& 4 mm,

2 HZER5iF
2.1 BUMEEMBIES T
2.1.1 FTIR/MF

SR P AT EL I 5 0 2T A/ R4S AR e M e Ay R 50 P T
Wy aE AT /AT, B 1 O B S e R FTIR S & . H:
H, MS 1 E R IEF T 50500 20%., N T AT LU Y, 2
PR G TRy FRZE AR K, AR R Ry 34
A3 400 em™ 4b i) & B 4 A Y O—H il 47 4k 3 i |
2 930 cm™ &b 1Y 7 WY JE C—H 14 B2 % FR A 45 48 3l 0% |
2 887 cm AbIK) C—H B FRIZEIRBNIEFT 931 cm™ AbH HE
TERIRENIE . JERy P C—OH 5t J WL AE 1 150 cm’!
Ak 5575.763.855 em™ BT I W g S —CH, 1) 42 3h 4R 3
WSOl 925 em ' AR HETFERIR BN ; 1 080 cm ' 42 C—O 1Y
ZEIRENIE . 7E 1 645em™ A28 3 B FFAEWE S )8 T CS
ASHILS B4 SRR, ASHERIHFHBLT 1 724 cm’
AEHER R ES(C=O) 4R3I . 1 680~1 820 em' 42k

C=C M HZE IR NI% . 1 500 cm™ 4k C—OH 1) #hEzh
&R 700 cm™ Ab—COOH [1)>F 1 PN 25 i 41 3l W Wig b , TiERH
PIRETR R R ety o LSIERP BT 1 735 em' 4k
C=0 Wy f 45 Pz 3 WL dic g L 22 1 568 em™ 4b C—O Al
COO—MI R A &R 206 , UERH H EETR i Ih H2 457 21 e ¥y
o ZEMSIEREIH, 17081 220,813 cm™ &b 045> 5] ik
H C=0 4R BRI RTR H C=0 1 P46 PR 3k
WU IE T BR A AR PR scid . e A 1 i i 2 R R I
SR FAERAETE 0 , X A 2 R B i i i Ak s
NI HEAE B R TER I R4y F Lo [FIR,2 972 em™ 4k
C—H MEIRBNIER 1 048 cm™ b C—O—C X R 4E RN
AR, DR, JE K 3 PR AR I i b SR A I
MS H C=0 [z il by LS Fll AS e, B MS HAT 3
RABEALRE , i E s Hegi kP . I, 1 645 cm ALV
FTRESEAEKNIEN K, HToINKEERR, LSTE
2 930 cm™ 12 887 cm™ &b C—H B W2 i 1% Fb CS Fil AS
L

4000 3500 3000 2500 2000 1500 1000 500
WX /em™

A1 BCHRTE R4 FTIR 3% B

Fig.1 FTIR spectra of starch before and after modification
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Tab.2 Characteristic parameters of thermogravimetric analysis
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PLA 287.15 265~372 320,340,349 362 372 5.29
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