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SUMMARY

THERMAL ENHANCEMENT OF POLYLACTIDE
BY MODIFICATION METHOD USING CINNAMIC ACID

PolyL-lactide (PLLA) and polyD-lactide (PDLA) were synthesized via a ring-opening polymerization of
L-lactide and D-lactide using L-lactic acid and D-lactic acid as initiators and tin (II) ethyl hexanoate
(SnOct;) as a catalyst. Cinnamic acid (CA) was successfully conjugated into end hydroxyl group of
PLLA and PDLA. The chemical structures of CA-PLLA and CA-PDLA were confirmed by FT-IR and
'H-NMR analysis. The crystanilities and solubilities of polymers were maintained after the terminal
conjugation of CA. The thermal properties were significantly improved, especially the 10% weight-loss
temperature showed the increase of over 50 °C as compared to that of corresponding original polymer.
In addition, CA-PLLA or CA-PDLA revealed 99.2 or 98.8 wt% weight remaining although the original
PLLA or PDLA showed 17 or 22 wt% pyrolysis at 200 °C after 120 minutes of isothermal heating,
respectively. At 240 °C of isothermal degradation, PLLA and PDLA were completely pyrolyzed after 13
minutes of isothermal heating, while CA-PLLA and CA-PDLA showed about 90 wt% weight remaining.
The terminal conjugation of CA showed effective method for thermal improvement of PLLA and PDLA
Keywords: PolyL-lactide, polyD-lactide, cinnamic acid, thermal stability.

1. MO PAU céch bién tinh, bao vé nhém OH cudi mach cua
Polylactide (PLA) 1a polyme phan huy sinh PLA chi bang mot chit thp phan tir [1-3]. Khi
hoc, dugc tng dung nhiéu trong cac linh vuc polyL-lactide (PLLA) duoc bién tinh bang acid
ndng nghiép, cong nghiép, y hoc... Tuy nhién, 3,4-diacetoxycinnamic — dan xuét ctia acid 3,4-
d6 bén nhiét thip nén bi han ché pham vi tmg dihydroxycinnamic acid, nhiét d6 phan huiy
dung. D6 bén nhiét cao, s& ning cao dugc gia 10% khdi luong ting tir 30 dén 100 °C tiy
tri trong cong nghiép san xuét, nén dén nay co thudc vao phan tr luong cia PLLA [1-3]. Tuy
mot s& cong trinh nghién ctru vé cai thién tinh nhién, phai trai qua nhiéu giai doan phirc tap
chat co nhiét ciia PLA st dung nhiéu phuwong nhu: chuyén héa acid 3,4-dihydroxycinnamic
phap nhu: dong tring ngung véi monome thanh acid 3,4-diacetoxycinnamic, sau do6 clo
khac, blen v6i polyme khéc, bién tinh véi chét héa nhom carboxyl. Pé don gian héa phuong
thip phan tir.... DSi voi phuong phap dong phap, trong nghién ctru ndy sir dung hop chét
tring ngung hay blend chu yéu sir dung hop cinnamoyl chloride  (din xudt cua acid
chét c6 ngudn gbc tir ddu mo, nén lam mit y cinnamic — hop chét ton tai trong nhiéu loai
nghia than thién moi truong cua PLA. Trong thuc vat) dé bién tinh PLA nhim ning cao do
thoi gian gan ddy, tic gia dd tim ra phuong bén nhiét ciia PLA.

phép nang cao kha ning bén nhiét PLA bang 2. THUC NGHIEM
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2.1. Héa chit

L- Lactide (LLA) va D-lactide (DLA) (Wako,
Nhat Ban) dugc két tinh lai trong hdn hop
ethylacetate (Trung Qudc) va ethanol 96%
(Viét Nam) trudc khi st dung; Cinnamoyl
chloride (CC) (Wako, Nhat Ban), thiéc (II) 2-
ethylhexanoate (Sn(Oct),), acide L-lactic va
acid D-lactic (Wako, Nhat Ban) st dung ngay
khong qua tinh ché lai.
dichloromethane (DCM) va pyridine (Trung

Dung moi

Qudc) dugc chung cét truée khi sa dung.
Tetrahydrofuran (THF) va toluene (Trung
Qudc) dugc sir dung khong qua tinh ché lai.
2.2. Thiét bi

Nghién ctru cau triic bang phd hong ngoai bién
d6i (FT-IR) sir dung thiét bi PerkinElmer
Spectrum 100 FT-IR spectometer (My), phod
cong hudong tir hat nhan (‘H-NMR) st dung
thiét bi Varian Iniva 600 spectrometer (600
MHz; Varian, M¥).

Nghién ctru phéan tir lugng bang sic ky thim
thdu tham gel (GPC) st dung hé théng
HLC8220 GPC gin cot o-M va Ac900P,
Tosoh, Nhat Ban.

Nghién ctru tinh két tinh va cdu trac bang phd
nhidu xa tia X (XRD) sir dung thiét bj RINT
UltraX18, Rigaku, Nhat Ban.

Nghién ctru d6 bén nhiét bang phuong phap
phan tich nhiét quét vi sai (DSC) sir dung thiét
bi EXSTARG6100, Seiko, Nhat Ban va phan
tich nhiét trong truong (TGA) st dung thiét bi
EXSTAR6200, Seiko, Nhat Ban.

2.3. Phuong phap tong hop PLA

Téng hop PLLA va polyD-lactide (PDLA)
gidng nhau vé diéu kién phan tng ciing nhu
cic budc tién hanh. Ap dung phuong phap
tong hop di dugc cong bd [1] voi ty 18
LLA/acid L-lactic 1/0,005 mol/mol va
DLA/acid D-lactic 1/0,005 mol/mol.

2.4. Bién tinh PLA

Bién tinh PLLA va PDLA giéng nhau vé diéu
kién phan {mg ciing nhu céc budc tién hanh. Vi
du phuong phap bién tinh PLLA nhu sau: Cho
PLLA véi lugng nhat dinh vao trong binh phan
tmg c6 chira DCM va pyridine, sau d6 khudy
trong 30 phat & 0 °C. B6 sung CC véi lugng
thich hop va tiép tuc khudy & 0 °C trong 1,5
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gio. Tiép theo, nang 1én nhiét do thich hop va
thyc hién phan mg trong thoi gian nhat dinh.
Sau qua trinh phan tmg, hdn hop dugc ria
bang dung dich HCI pH 3, sdy chan khong
trong 24 gid. Hon hop tiép tuc duoc hoa tan
trong DCM va tai két tia trong ethanol, sau do
sdy chan khong trong 24 gio. Lap lai 2 1an va
thu dugc san phém. San phém duoc xac dinh
ciu tric bang phd FT-IR, '"H-NMR. Tinh két
tinh dwoc xac dinh bé’mg phé XRD, T bing
phuong phap DSC va nhiét ¢ phan huy bang
phuong phap TGA.
Céc diéu kién khdo sat:
- Ty 1€ PLLA/cinnamoyl clorit: 1/1, 1/2, 1/3,
1/4 mol/mol
- Nhiét d¢: 0, 10, 25, 35 °C
- Thoi gian: 12, 24, 36, 48 gio
- Ty 1¢ PLLA/DCM: 1/1, 1/5, 1/10, 1/15 va
1/20 g/ml
3. KET QUA VA THAO LUAN
3.1. Téng hop PLLA va PDLA
Két qua tong hop PLLA va PDLA duoc thé
hién & Bang 1.

Bdng 1. Két qua tong hop PLLA va PDLA

R T, M, Hiéu suit
Ma PDI )

oleo | (Da (%)
PLLA 171 31.200 1,9 92
PDLA 170 | 29.800 2,1 90

Keét qua cho thay, hi¢u suat phan tng twong doi
cao, trén 90%. PDLA thu dugc c6 phan tu
lwong trung binh s (M,) thdp hon va d6 phan
tan (PDI) 16n hon so véi PLLA, thé hién kha
nang phan ung cia LLA cao hon DLA. Nhiét
do nong chay cua PLLA va PDLA khong khac
nhau nhiéu, khoang 170 °C.

3.2. Bién tinh PLLA va PDLA

3.2.1. Quy trinh bién tinh

Tir céc diéu kién khao sat xdy dung dwoc quy
trinh bién tinh PLLA, PDLA bing CC thu
dugc san pham acid cinnamic- PLLA (CA-
PLLA) va acid cinnamic- PDLA (CA-PDLA)
nhu Hinh 1. PLLA hoac PDLA va dung moi
DCM wvéi ty 1€ phu hop (PLLA hoac
PDLA/DCM 1/10 g/ml) cho vao trong thiét bi
phan tng 2 cb, khudy hoa tan PLLA hoic
PDLA trong DCM, ha nhiét d6 hon hop trong




binh xudng 0 °C, rdi cho pyridine voi ty 1é
PLLA hodc PDLA/pyridin 1/4 mol/mol khudy
trong 30 phat. O nhiét do nay, tiép theo cho
CC (ty 1€ PLLA hoac PDLA/CC 1/2 mol/mol)
khudy trong 1,5 gio. Tiép theo ning
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Hinh 2. Phé FT-IR ciia (a) PLLA, (b) CA-
PDLA va (c)CA-PLLA

nhiét 6 hon hop phan tng 1én 25 °C (nhiét do
phong) va khudy trong 24 gid. Sau qua trinh
phan tmg, c¢6 dic dung dich phan ung thu hoi
DCM, chung cat dé sir dung cho phan {ng sau.
B6 sung THF (ty 1¢ theo PLLA hoic
PDLA/THF khoang 1/5 g/ml) hoa tan hon hop
phan ung, sau do6 nhd tir tr vao dung dich HCl
pH 3 (ty 1&é THE/HCI 1/60 ml/ml) dé rira loai
b6 pyridin va chuyén CC du vé dang acid
cinnamic, khudy trong 30 phut. Loc iy két tia,
sdy kho dudi 4p suat giam, nhiét do phong
trong 24 gid va thuc hién rira 14n hai. Sau do,
hdn hop thu duge hoa tan trong DCM véi ty 1&
rdn/long 1/5 g/ml, nhé tir tir vao ethanol (ty 18
DCM/ethanol 1/60 ml/ml), khudy trong 10
phit. Loc két tia, siy kho dudi p sudt giam,
nhiét d6 phong trong 24 giv va thuc hién két
tua 1an 2. Cudi cung san phém thu duoc duoc
bao quan trong mdi truong kho, d6 4am thap.
3.2.2. Xdc dinh céu tric ciia PLLA va PDLA
bién tinh

Két qua bién tinh duoc kiém tra bang phd FT-
IR va 'H-NMR. Phd FT-IR ctia CA-PLLA va
CA- PDLA xuét hién dao dong cua nhém C=C
trong CA & 1634 cm™ trong khi d6 phd cua
PLLA hodc PDLA khong c6 (Hinh 2). Mat
khac, phd dd '"H-NMR ciia CA-PDLA va CA-
PLLA con xuat hién cic pic cta proton trong
CA & khoang 6,4 — 8 ppm. Két qua cho thiy
rang CC di phan tmg v6i PLLA va PDLA, tirc
PLLA va PDLA di dugc bién tinh thanh cong
sir dung hop chét c6 ngudn gde thién nhién.
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Hinh 3. Phé XRD ciia (a) PLLA va (b) CA-
PLLA



3.2.3. Tinh két tinh ciia PLLA va PDLA bién
tinh

MAiu CA-PLLA va CA-PDLA dugc gia nhiét &
100 °C trong 1 gio trude khi chup XRD, két
qué thé hién ¢ Hinh 3. Két qua cho thiy, khi
bién tinh PLLA bang CA, tinh két tinh van
khong thay d6i. Cac pic chinh van xuat hién &
cac vi tri (15; 16,8; 19; 22,5 ©) giéng v6i PLLA
truéc bién tinh (15; 16,8; 19,2 va 22,6°) va
tring khép v6i cong bd cua tac gia Ikada vé vi
tri pic [4]. PDLA va CA-PDLA cho két qua
tuong tu véi PLLA va CA-PLLA.

3.2.4. Tinh chit nhiét ciia PLLA va PDLA
bién tinh

Tinh chat nhiét cia CA-PLLA va CA-PDLA
dugc khao sat nhiét do nong chay (7,,) thong
qua phuong phap phan tich DSC va sy phan
hiy nhiét thong qua phuong phap TGA. Sau
khi bién tinh PLLA va PDLA bang CA, san
pham bién tinh thu duoc co T, khong dbi so
v6i trude khi bién tinh (171 °C d6i voi CA-
PLLA va 170 °C d6i véi CA-PDLA). Tiec,
nhi¢t d0 nong chay cia PLA khong bi anh
hudng boi phén tir CA cudi mach.

Tuy nhién, PLA truéc bién tinh ¢6 nhém OH
cudi mach, du doan day co thé 1a trung tam
lam phan huy lién két este dudi su tac dong
cua nhiét. Nén, néu bao vé nhom OH nay, thi
¢6 thé lién két este s& kho bi phan huy, dong
nghia vai viée tang do bén nhiét cia PLA
(Hinh 4 va 5). Nhiét do phan huy 5, 10, 50 va
100% cua PLA trudc va sau bién tinh duoc thé
hién & Hinh 4 va Bang 2.

Bdng 2. Nhiét @ phan hity khoi heong ciia PLA
trieée va sau bién tinh

Nhiét dd phan hiy khoi lugng
Mau (°0)
5% | 10% | 50% | 100%
PLLA 272 | 282 | 303 390
PDLA 272 | 282 | 303 390
CA-PLLA | 327 | 335 | 353 465
CA-PDLA | 329 | 340 | 359 414
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Hinh 4. Gian do TGA cua polyme ¢ toc dé gia

nhiét 10 °C/phut trong khi N,

Két qua Hinh 4 va Bang 2 cho thy, dung nhu
du doan khi bao vé nhom OH ctia PLA da lam
ting d6 bén nhiét cua PLA. Nhiét d6 phan hiy
5%, 10%, 50% va 100% cta PLA bién tinh boi
CA cao hon PLA truge bién tinh. Mat khéc,
CA 13 hop chét vong thom lién hop v6i nhom
vinyl, nén d¢ bén nhiét cao hon so véi nhiing
chat mach ho [3]. Trong qué trinh gia cong san
phém, thong thuong dugc cai dit 6 mot nhiét
dd nhét dinh, nén sy phéan huy nhiét cuia PLA
trude va sau bién tinh duoc khao sat & nhiét do
200 °C (Hinh 5a) va 250 °C (Hinh 5b). Déi véi
truong hop gia nhiét & 200 °C, toc do phan hiy
nhiét cia PLLA va PDLA trong gan 40 phit
diu 1a gidng nhau khoang 7%, sau d6 toc do
phén huy nhié¢t cua PLLA nhanh hon so véi
PDLA. Sau 120 phut gia nhiét, PLLA bi phan
huy khoang 22%, PDLA bi phan huy khoang
17%. Nhung khi bién tinh bang CA, cho thdy
bén nhiét 1o rét hon so véi PLA trude bién
tinh. Sau 120 phut gia nhiét, CA-PLLA va CA-
PDLA chi bi phan hay lan luot 1,2 va 0,8%.
Dbi vé6i truong hop gia nhiét & 250 °C, PLLA
va PDLA bi phan huy kha nhanh, chi sau 13
phut da bi phan hay
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Hinh 5. Gian do TGA ciia polyme & 200 °C(a)
va 250 °C (b) trong khi N..

hoan toan. Nhung khi bao vé nhém OH bing
CA, thi sau 13 phut gia nhiét CA-PLLA va
CA-PDLA chi bi phan huy khoang 1,1% va
sau 120 phut gia nhiét chi bi phan huy lan lugt
1a 21 va 18%. Nhu vdy, ta co thé thdy & duogc
vai trd ctia CA ddi v6i su bén nhiét ctia PLA.

4. KET LUAN

Pi tong hop thanh cong PLLA va PDLA sir
dung chat khoi du acid L-lactic va acid D-
lactic, chit xuc tac Sn(Oct),. PLLA va PDLA
dugc bién tinh thanh cong st dung CA. PLLA
va PDLA bién tinh c6 nhiét do phan hiy nhiét
cao hon khoang 50 °C so véi trude bién tinh.
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Két qua da dua ra dugc hudng nghién ciru moi,
mé rong pham vi ung dung cua PLLA va
PDLA.
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