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Synthesis and Modification of Polylactic Acid Telechelic Polymer
Xue Dan', Li Lihua', Zhang Heng’, Zhang Shuoshuo', Fu Yu'
(1. School of Chemistry and Chemical Engineering, Xi’ an University of Petroleum, Xi’ an 710000, China ;
2.Xi’ an Sunward Aeromat Co., Ltd., Xi’ an 710065, China)

Abstract : Poly(lactic acid) (PLA) was degraded by ethylene glycol and dibutyltin laurate catalyst to synthesize telechelic
polymers (PLA-diol) with specific end-hydroxyl groups, and the effect of degraded time and catalyst addition on the alcoholysis
reaction was investigated. PLA-diol with different molecular weights was modified by grafting with maleic anhydride (MAH) under
the action of benzoyl peroxide (BPO) as initiator,and the effect of molecular weight on grafting rate was investigated. The molecular
weight, structure, thermal properties and hydrophilicity of the alcoholysis products and graft copolymers were characterized by
GPC, IR, TGA, DSC and contact angle measurement. The experimental results show that the molecular weight of the product
decreases with the increase of the alcoholysis time, and the molecular weight of the product decreases from 4 x 10* to 7.3 x 10°
when the alcoholysis time is 1 h and the catalyst addition is 1% of the total mass of the reaction material. At this time, the reaction
with MAH, the grafting rate can be as high as 24.99%, the thermal stability of PLA-diol increases, the complete decomposition
temperature increases by 40°C, the hydrophilicity is improved, and the contact angle decreases from 76.0° to 67.5°.

Keywords : ethylene glycol ; telechelic polymers ; alcohololysis ; maleic anhydride

IR (PLA) ZRA AP S22k RE CEYANE
P TR ELJCTE | Rl AR A 2% 3R R 55 01 4
B 7R 3D FTED 52 2k R Ry 24
WA Z R T (0 PLA KgAK MR, H.
Tl AR PLA 73§ 8, 1T 75 PLA G A
ey EL 2B b TR N RIS PR RE D A T

SEUCHE N T AR B, R T HAE A 408 i R
B XF R BB, A% PLA BEAT MR, & 0 TR AR
H W s PE s ) PLA 32 VR &%) (PLA-diol), F-X)
PLA-diol #4752kt , AIRAHE R LA PERE . &
JIER AW 53— WA Sl A3 ORI PR e i R AT, mf
PR 2 A Ak Bl AR R G

EETH : Beria RS T TSI H (2017GY-180), VG4 411 K 2= 58 A= B 5 Sk AE T35 5= 00 H (YCS21112061)

BEMEE B, BIE, W, FEEWEFE 5 1 i FH A i 1 5 5 ke

rFE HHA: 2021-08-23

SIS P, 2tk tE 55 RALRE TR A4 O [ TR 3RH L 2021,49(11) : 27-32.

Xue Dan, Li Lihua, Zhang Heng, et al. Synthesis and modification of polylactic acid telechelic polymer[J]. Engineering Plastics

Application, 2021,49(11) : 27-32.



28 TR R

2021 4F, 45 49 4 45 11 1Y)

A Y PLA FEFRAIETE R, A T 7K fife R e A
2k B H R B v R s S 2 A8 2, -
AR SO T e R B 3 v, 5 2 7 A IR K A
IE A5 BRI SN 5 T TS i s 7 e 1l B AR, i g 4 1
ZEVE AT, SN PR AT DL B, PR AR PLA [
W59 % FH 48 £ . Liu Huiging %5 ' LA FeCl, Jy
HEALT, K PLA 38 i F R SR A5 2 ZLIR FH R, 76—
JE ST PLA 1Y W BERE AL AT 3K 3 96 % LA |
Lamberti 25 7 SR 2 — i Rus A i BL &0
FEALF, LA PLA 55 AR e Ik I A it S o7 £5-51)
FLERBEHE NG (FLRR L8 FLER N B FFLIR T HR ),
th B AR B S FRAE ARG B 00 i ELP™ i o
B GE T Tk A=, R gT X A s I 2%
P K2R — R AN HE , (X EE AR L #2 h PLA
TR AL B> RGEWFGY . 2B H R £ REXT
PLA 17 BEf#, & B A 55 w55 1) PLA-diol,, #8
5T Wik s 1) B AR — A FERR — T JE 85 i X
PLA 73 F R 5200, FFE B A [ 43+ 19 PLA-diol
5Ok REF (MAH) TR
1 SLIES
1.1 EZZRH

PLA : To9, ks fci i A BR AW

VR T R At al, EHERTRLT AR AL
BHE R A BR AW

S R AW b el Rt s T
KAk TABR A

MAH : 53 A1 20, B0 SERE A Ak 2 a0 A BR 2
Al

i A ALK B L (BPO) « 43 A4l 1 3 4% M A
RHEABR A 5

R SAir s, e R AR A FR A w5

T3 PO A 7 3510 2 R T T R 4 R A 27 ) A BR A
Al

A - CBEPRIR  ER R - SN BERR R - 34
47 0.05 mol /L, B ifl;

DU S VIR (THF) « {63 4,
A
1.2 MEEEXE

= FVBEN A R W < #4978 100 mL, K
KPS A PR A

B R RE P IR L P kAR . SZCL-2 Y, L LT
T BRTHE AT

HLFROF: FA2104 AU, ks HAGER A BR A ] 5

ENIPNGRiaeSn

A FRCTE IR X T4 4R - DHG-9145A BY, | i —
fERF2EA AT IR A A

B2 3% 55 (GPC) X: Rid-20A AL, Byt ( |k
g ) SER R A FRAF 5

JE TR LML : 5700 1Y, R B /A 7 5

WA (TG) 1311 : TGA / DSC K, 3+ 4 i
SITIEZ/NEIF

Z R (DSC) 12 : DSC882e A, Ffi - #¢
R R 2 A

FEf AR JC2000D1 B, b rh R BCE
REFABRATH]

1.3 XAHE

(1) PLA-diol Fiil 45 .

FREC— 5 7 PLA FTH DA = Bl A
R 700 kA v i RO IR i, FE AR T
IIA—E 1 & FEM = R T 8. 7E 110C
IR e WA 2R RN . I RR R R R,
FH s A F RS TOTVE , R B S A, O E R T4
FEHPET R E ), B PLA-diol,

(2) MAH %47 PLA-diol (MPLA) Fil £ .

73 PR B — 7€ 1 A [F] 531 19 PLA-diol 1 H
P ) | NG P =5 R N (E R A E R L RE e
TR . PRRFRBEE 2 R T = ke
AR 30 min, HE R R R 2605 1 1 MAH
F1 BPO A HI 2RISR, ot 52 0y — B st 1] i P A
RA30 ming R EE R 2 0, k) H s
TTULVE , B S T, A TR TR AR rh Bt T 2 fE
TR ) MPLA
1.4 niX5 kAE

GPC MK : IR 20 sk, THF A s,
WA 1.0 mL / min, W EERERTS RS W51

PR« AR BK R 48 7 371, FH A A A —
LRI SRR — S DI BRI S R A T PR ki o2
H AR

LLANRAE : RFTRACHER e R ik =Py e A T 21 4h
FRAESHT 5

TG 5E : ZERAZASUE, LA 10°C / min [RER
MEIRTHEZE 500°C , X =i A 7 s04r ;

DSC il & : 7EA AT, LA 10°C / min [ 3
F, N —10°CTHE Z 190°C, 4 I F M —10 °C THE
2 190°C, fli 55 RSB 45 1 5

FEAb A0 5E R s T = A e S B A Rl T
R b AR B I 7 ) SRR MR RE



Bk, 55 BRI IR G W B E 29

2 BRSS9
2.1 REEKHaHE

I S B = S B A R AR R
PLA SN 7], {0 T PLA B B A2 W AU
PR R R (R 25 F T O R S A, r A S B0 e 5
T AR X A g 1 R R A S ROBEEA R, AR T
FVE LT, FH 2 Xt PLA R4 BEfR , SE56
FEH R AL 110°CTF#EF 7. RO BRI 1.

CH, O

H—-0——CH—C—}-OH + HOCH,CH,OH
THER TR

CH, (‘)‘

H{»O—CH—C OCH,CH,OH

Bl 1 PLA Ffif I by 7 i

2.2 EEMRLAF 2t PLA-diol 5T 8%

(1) Bt

W fifp ik By, g TR BR 2 /NI B — 343 72
FIFH GPC =8 Mt o I (M), 455 UL 1A
2, PLA B T8 4 x 10°, B i 1 0 1 B e
Hi 1 h FREEBAE, 76 1 h BP9 7.3 x 107, 4k2k
KOOI E], A3 N RS . AR AR PLA K43
T BRI R NI BE B | N R IR IS 35K 1 43 T 5%
FERSE B AEAL T VR F T 247 TR B 24, fy T4
B AT R TS S AR 2, RO R R T
T N . M RE 1 h 5, I PLA
Oy FHEBUE R AR FEREAR, T 4315 F PR
WS

45000
40000
35000
30000

_ 25000

=" 20000
15000
10000

5000 T~

—

o—

00 05 10 15 20 25
i) / b
2 R[FIEH# T PLA-diol A4y T
(2) AT
SEE VA TR T S A, R
TR TSR IR T AR 1Y dsp BUIE, T S
SR L A DO XA B P T B A 5,

2SS Rl I N | 1S 3 s R

e R ST AR R A S, DT B S B T A

BEfEIF ] 1 h, B R A AN B OL T, 548

MR — A R — T R X PLA 70 TR

Wa, 2SR LI 30 ARG SO BR T 1% i, Bl

AR B B, WA S5 0y 8 BE bR, PLA 3

TR AR, AR TR o Rok i 1% i Al

BCRIGNEESINGE o It LS 4 i AR A1) i
O 1% i AR e e

30000 -

25000 -

20000 -

X 15000 -

10000 -
—

5000

O.‘3 016 0.‘9 l.‘2 14‘5 1.‘8 2.‘1
AL AMEL/ %
E 3 AL & PLA-diol fy4> i
2.3 ARFE4%-F% PLA-diol 5 MAH #4548 R &

S A 51 4 75 BPO 43 i 2 i H Hh 251
RAZRE, B MAH 43 H A T2 IS8 Rl B XUEEE 5] A
PLA-diol 7385, il A3 20 35 4 B0 25 /K 1 g
YA M, [ E PLA-diol 5 MAH F1 BPO
Jo R 100 0 25 ¢ 0.6, FERIR N 95°C R
N B[R] A 4 h, BR8N 6] 43 F i PLA-diol 9 3 4%
ARG 4 S ROV AR, R 1R
PLA-diol (4548, PLA JFURH > THEh 4 x 10, )tk
B = ROR AR, B B 1 o T MR AIG, B
REHL LI E TR 7.3 x 10° BHER AT I8
F] 24.99%. R DR AR BRI, 3 FEE L
FRE G PR 5 0 B RCR AL, B

CH, © 0
\ I HC— 7
H--0—CH—C—-OCH,CH,OH + | >o
l HC*CXO
BPO

CH, (‘)‘

H{»o—(‘:—c ~OCH,CH,0H

0

HC— 7
>
H,C—C So

% 4 PLA-diol 5 MAH F4AL 2 7 B



30 TSR

2021 4F, 45 49 4 45 11 1Y)

£ 1 AEHFE PLA-diol FIIERZE

M, AR /%
4x10* 5.38
2.7x10* 15.58
2.0x%10* 18.29
1.3x10* 21.95
73 x10° 24.99
58x10° 25.04

B, PR o B Y BN TG R R 7R 5] R B
T, B AR E T {0 Y 507 kI,
PRI AT 2R M AR S 22 BRI, HL Y ol
5.8x 10° I, MAH $EACRIEAFE V- L T /5 4%
f&, L PR TN 7.3 x 10° 1Y PLA-diol #HfT3
fESHT
2.4 LN RAESHT

€l 5 4 PLA, PLA-diol Fil MPLA ¥ £1 4 W% 1t
REE L, &I 2950,3000 cm ' Ak C—H L Y
EPRBIICIE 5 3500 em™' kb h—OH A4 PR 3h 1%
Wlg, PLA-diol 7E AL A M e g s 5 Lk PLA K, Jit
K& PLA K445 Be g VI, 72 4 PLA-diol 43
FHEN AT —OH i3k, I —OH & A AR X 7%
TGN, SRR, 1760 em™ Ak g =0 fy i
Y5 4R s , MPLA 7£ C—0 BFFIT iYW o e 5
L PLA-diol K, U BHHZEAS S i 5 AT BRIEFSEIAT .- =
AT T S B A R AE A A [R] , 2 B 7 B fige Az
ket T R AW A A S IR

PLA

7
3500 PLA-diol

MPLA

/
3000 2950

1760——

L L L L L |
3600 3200 2800 2400 2000 1600
PEL/ em™!

515 PLA, PLA-diol il MPLA RYZLANJ i A

2.5 TG o #r

R T P SR A A A R AR UE M AR Ak, Xt
HEAT TG b, a5 R WK 6. B 6 v LIE H,
P AT PLA UG 20 ff i B2 R 310°C, 2 360 Cota T
A7 5 B JS PLA-diol i Uf 43 L R 220°C, &
280 °C 4 T V-1 5 247 5 i) MPLA 2 4R 20 ff iR A
240°C,300 °C Fif 42 3R AE 96% 2247, & 320°CH# T
AT, S8 A IR R FL IR R T 40°C, SRR &
MAH #:4¢ PLA-diol )i , 4344 Z [a] i AH ELAE F n

100
80 -

60 -

TREFR /%

40 -

T@ 20

0 160 200 300 400 500 660
W / C
6 PLA,PLA-diol fll MPLA i TG Hi4k

o, (AR AR PR M
2.6 DSC o#1

[ 7 A& PLA, PLA-diol il MPLA i) DSC £k,
AHOCEE W3R 2, o T, A3 s fb i AR R B, AH,
REE G AH, RERIIAES T, e mlgs iR
X OHGEE. MK T RER2EN, PLAM T, R
60.8°C , Y245 FhIE Ky 110.8°C, T,, i 173.2°C, X,
N 19.14%. PLA-diol il MPLA Y T, RH & H &%
A AR 2K, T R AESE IR HEET , B AR
—EBHE AL L AR A S A FEUY . PLA-
diol [ X, FEAK M 13.39%, J [K 2 i ok 5 PLA 43
T PEAR, 5 B iz sBH J1 98/, 55 B 5 T 10) il
A2 2 T B DUV HE B, ol 75 &5 o SR b L 245 AR
XTREAR. HeA MAH J5 3 X 9% 32.23%, T, A
160.5°C , I RA Ak Fil e & 3R 32 AR AER, A ) T Js 2
JnTAbBE

PLA
PLA-diol
MPLA

50 70 90 110 130 150 170 190
W%/ C

7 PLA, PLA-diol 1 MPLA ¥ DSC £k
&2 PLA, PLA-diol 1 MPLA H) DSC Sif45 %R
R T,/C AH/(J-g") T,/C AH, /(g X/%

PLA 60.8 18.95 173.2 412 19.14
PLA-diol 144.0 322 13.39
MPLA 160.5 87.5 32.23

2.7 FERESH

FI A B R /NTER PLA MR SEKPERE,
SR 3, BEMRRTE PLA ROk A 2 5k 80.5°
F176.0°, tH T PLA K43 F4ETE £ Z B F T Wr
SURL/ ISR B BB A i PR R B S K A ik



), 55 RILRIE N

BEU IS 31

AW, BEE MAH $ERCRAIG, W) 4 b/~
K, R 2 MAH ABHAS B AT BT 1) 2K PR

F AR, P2 MAH &880, p= i
FAWIN, TE ARl 24.99% I, 2/ M 67.5°, 5
J5 PLA FH LB 13.0°, A %088 &5 T AR SR 7K P

figo
F 3 EEEITYEMRNEI
AR /% o /7 (°)
0(PLA) 80.5
0(PLA-diol) 76.0
5.38 75.5
15.58 735
18.29 72.0
21.95 68.8
24.99 67.5
3 #ie

(1) HR 4l 5 2 0 3 0 o 25 5, PLA Pt fi s g AT
FRAG SN P v HL A A 2 3L 1Y) PLA-diol , % %%
FE [R) Pt fige B[] AU AL R 5 5 72 9 4 F i iy A2
b, 3B AR RN AR, TR AR S A i
Y.

(2) XA [] 43— 5 O e 7 ) A T B R ol vk
AR S LR G ERe. £ —@ 5T, LI BPO
51 %), PLA-diol F1 MAH ﬂu%zii%ﬁ}im“,
PR A Sy R BT =, FE i
7.3 x 10° IHEA AT IR E] 24.99% .

(3) ZLAMGE R W, Tt ik R S Ny 4 AN i IR
PLA 2540, fE— B R T, MAH AT A 34 5
PLA-diol X4 F4% I, 15%5] MPLA #4574 ; TG K&
DSC 4341 2 B, B (o AR 1t I S R B, BB
MPLA #faue Mg A $25 , MPLA M4 mliEE b PLA
FEAIK 12.7°C, 78 R F R0 T T A 3 5 42 fih £ 03K
R, B RGN, 774 2K PERE RS 5

5 %

[1] Zhong W, Ge J, Gu Z, et al. Study on biodegradable polymer
materials based on poly(lactic acid).I.Chain extending of low
molecular weight poly(lactic acid) with methylenediphenyl
diisocyanate[J]. Journal of Applied Polymer Science, 1999,
27(12):2546-2 551.

[2] Teymoorzadeh H, Rodrigue D. Biocomposites of wood flour and
polylactic acid:Processing and properties[J]. Journal of Biobased
Materials & Bioenergy,2015,9(2):1-6.

[3] VaA,DmA, Pmb C, et al. Valorisation of polylactic acid (PLA)
waste:A comparative life cycle assessment of various solvent-based

chemical recycling technologies[J]. Resources, Conservation and

[4]

(3]

(6]

(7]

(8]

[10]

[11]

[12]

[13]

Recycling,2021,172(12):105 670-105 683.

BN TR Ear . RFLIRSUENT SR (7. TRRRh A,

2020,48(4):144-149.

Ge Zhenghao, Qiao Yujie, Yue Qi. Research progress on

modification of polylactic acidt[J]. Engineering Plastics

Application,2020,48(4):144-149.

Shen J, Wei R Q, Liu Y, et al. Thermal degradation of hydroxyl-

terminated poly(L—lactic acid) oligomer into L-lactide[J]. Advanced

Materials Research,2011,152-153:222-228.

Liu Huiqing, Song Xiuyan, Liu Fusheng, et al. Ferric chloride as

an efficient and reusable catalyst for methanolysis of poly(lactic

acid) waste[J]. Journal of Polymer Research,2015,22(7):1-7.

Lamberti F M , Roman-Amirez L A, Mckeown P , et al. Kinetics

of alkyl lactate formation from the alcoholysis of poly(lactic acid)[J].

Processes, 2020, 8(6):738-750.

Sy A, XUH:, PhER I . SR SR PN I B Eh R R I B R Ay

FE [I]. KidE,2002(5):12-14.

Ma Xiangdong, Liu Dazhuang, Sun Peiqin. Determination of

grafting rate of chlorinated polypropylene graft maleic anhydride[J].

Adhesion,2002(5):12-14.

Mani R, Bhattacharya M, Tang J. Functionalization of polyesters

with maleic anhydride by reactive extrusion[J]. Journal of Polymer

Science Part A:Polymer Chemistry, 1999,37(11):1 693—1702.
Weij F W V D. Kinetics and mechanism of urethane formation
catalyzed by organotin compounds.II.The reaction of phenyl
isocyanate with methanol in DMF and cyclohexane under
the action of dibutyltin diacetate[J]. Journal of Polymer
Science:Polymer Chemistry Edition, 1981,19(12):3 063-3 068.
Huang M H, Li S, Vert M. Synthesis and degradation of
PLA-PCL-PLA triblock copolymer prepared by successive
polymerization of & -caprolactone and dl-lactide[J]. Polymer,

2004,45(26):8 675-8 681.

Ty, Ak, 2, 55 R FLIR IS AR R SRR B S Ve R

SLRBIFE [J]. 2 T/, 2007(11):31-33,37.

Fang Xianli, Xiang Shanglin, Miu Jian, et al. Study on solid

phase graft maleic anhydride of polylactic acid and its blending

with starch[J]. Packaging Engineering,2007(11):31-33,37.

Je g S SOOIk A AF . MAH EHE TR XTE R / BRI

SURARATERISENE (7] FPEET4,2017,31(16):41-45.

Zuo Yingfeng, Wu Yiqiang, Gu Jiyou, et al. Effect of MAH

modification method on interfacial compatibility of starch /

polylactic acid[J]. Materials Reports,2017,31(16):41-45.



32 TRRIR RN 2021 4,55 49 .55 11

[14]

[15]

Verginio G, Montanheiro T, Montagna L S, et al. Effectiveness its use as coupling agent in natural fiber biocomposites:a review[J].
of the preparation of maleic anhydride grafted poly (lactic acid) Composite Interfaces,2018,25(5-7):515-538.

by reactive processing for poly (lactic acid) / carbon nanotubes [16] Sda B, Sems A, Rn C, et al. Reactive functionalization of
nanocomposites[J]. Journal of Applied Polymer Science, 2020, poly(lactic acid), PLA:Effects of the reactive modifier, initiator
138(12):50 087-50 097. and processing conditions on the final grafted maleic anhydride
Gonzalez-Lopez M E, Robledo-Ortiz J R, Manriquez-Gonzalez R, content and molecular weight of PLA[J]. Polymer Degradation
et al. Polylactic acid functionalization with maleic anhydride and and Stability,2013,98(12):2 697-2 708.

ARz AN
| R

R AR T TR S SR , BERB AR, 1 s T , 18 U AT g, B v, SCT M T k. PR A A
VRS, b TEEE ST A e SRR I, 1% CEVRRGE ) A RHUE UL Ak . AR R W A i i
Fopt b R Rlsad , HIE—fZ4.

2 WHEEX

JUJE T HRBHFRAL I SOME R0 H 5 BT 3, 37 AR 2 — SUTE AR KA S AL e TR

(D) B H A F A S L BUH TR B, ROt SC 9 A, — o i 20 MU MEE AR H T
A AR TAE B ROFER NI A B TR R T 5 o & SNS ARk FTE A8 O T AR
e BRANGE (EELES A ISR, F2WI5E 1A ) TR — U R 7.

(2) 28 B OB o 183 2 AR AR SCRISE SO 22, 1 2 DU R SO R H Y, ASInPFE AN ST R,
N B YIS TR TT A SR ERNSES B AR S M o H SRS S S8 SRR FRAE PR B2 A, FAREDR
RSO RS g — B, WA U, — I 282 BRI o T e SO 28 A AR R AR — B, P OCI2ELL 200 ~ 300 7
HEL, BESCHE TS T SRR EER 3~ 81

(3) 1IE3C. IESCAEPARN I 7o JRUhRE— A BT R AR i 2 5, S8 Z 0 AR R B 2 6]
FH/NBLEARRR , RO A RS 54T 5 . I “17, “1.07 A SCRE AL RAT S BB A G Tl B o 0 S e

(4) . FIREDTE B, T A W o A5 PR RLAT Py 0 TRT R B U0 1) 1 44, R e by e A A i R L
B, B AR B R A U 1], B0KE *.opg, *.dwg, *.eps SRR T G RAFRE BT —& bA% . R =438, &
—RIGHERNAT RSP AR DI B2, R — R SRk

(5) Z753CHik. LIMERE K A B ieid 09 32 2506 STk R, AN T 5 AR AT e A 2 1) SCHR, AN RES b SC =
G E AR A JFSCH SCHR , ZETE S BRI SR . 275 SCIR B — 2 OB BIFFE P SC /0 16 o 75 30k
02 SR A SO G IR BUFARUCHES ] , i S0 2% SOREEAT R RS SCIR A3 (B SCRR AN 5 ). TR A KRS, —
RARERT A SR R 28 5 RE AN 3 NI ] 4R o it 3 A, 385 3 06, ORI “457 8l “et al”o ZRiAJE
WS S5 SCHREE SR I FUE Y WA, TS WA PR O H SCEEREa. VR0 IS | SOk HERR PEFISSE PE 11 3E
3 #BRAR

TR B A S AL R http://www.epal 973 net, i i “VEE BB o SRAI I DI TR HhE A il RAT SF (5 S
FEFRAIR R . — B ZeAa nT LA iR o B, B 3 S A R E hoss s ml 52 iyl A AT AR B

hy i R FE £ AR B B, R ARSTI RS , A R C g A N AP 20 B e o R F— 22, e [l I il
Wk AR A ERUE T B A TR — R PEZE A5 o AnPEE AR [R] MR , S 7 S50 I 7 B, 5 DU R Ay ] 28




