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Tong hop Polylactic acid (PLA) - diol
tur axit lactic va 1,4 Butanediol.
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TOM TAT

Trong nghién ciru ndy, san phdam trung gian
PLA-diol dwoc t(fng hop twr axit lactic (LA) va
1,4 Butanediol (BD) véi chat xiic tic Sn(Oct); &
nhiét do 180 °C, dp sudt 5 mmHg. Cdu tric va
tinh chét cia PLA-diol dwoc danh gid duwa vao
cdc phiong phdp: GPC, '"H-NMR va DSC. Véi
sw thay doi lwong xiic tac Sn(Oct), tir 0,1 - 1,0%
thi trong luwong phdn tw M, cua PLA-diol tang
dan tir 4.119,2 — 7.359,6 g/mol. Trong khi @6
muc dich tao nhém diol cudi mach ciia PLA-diol

phu thuée nhiéu vao heong BD sir dung trong
phan img: khi ham lwong BD thay déi tir 2,0-
5,0% so véi khoi lwgng LA thi M, ciia PA-diol
lai giam tir 7.359,6 g/mol xuéng 4.735 g/mol. S
thay doi nay sé anh hwong toi kha nang sir dung
ciia PLA-diol trong nhitng nghién citu bién tinh
tiép theo trong linh vire polime tw phdn hiy nhu:
tao copolime voi polyurethan, polyethylen
glycol diaxit, hay néi dai mach, ...

Tir khoa: Poly (lactic acid); poly (ethylene glycol diacid); multiblock copolymer

1. GIOI THIEU

Trudc thyc trang st dung polime ngay cang
nhiéu va 1a vén nan d6i v6i méi truong, cin phai
¢6 nhitng dang vat liéu twong g tinh nang cta
polime truyén thong dé thay thé nhung lai c6
kha ndng phan huy khi khong sur dung. D6 chinh
1a polime c6 kha nang phan hily sinh hoc ma khi
gdp tac dong cua nudc, khong khi, ndm, vi
khudn trong ty nhién, cic polime nay s& ty phin
hiy thanh nhitng chit khéng c6 hai cho moi
truong. Polylactic axit (PLA) 1a mét trong
nhiing polime sinh hoc ¢6 nhiéu tmg dung trong
céc linh vuc y té va phi y té [1] va cac ing dung
clia n6 dang ngdy cang trd nén phd bién. Sau
thoi gian sir dung, PLA dé dang bi phan huy boi
nhitng vi sinh vét c6 trong dat hodc khong khi
va chuyén héa thanh CO, va H,0.

Tuy nhién, PLA 14 polime ky nudc, didu
nay da lam giam kha nang phan huy cua vt li¢u
nay, do d6 dé giam do ky nudc ciia PLA ngudi
ta nghién ciru mot s6 bién phap thay dbi tinh

chét ciia nd bing mot sé phan tmg bién tinh véi
mot sd chat mach ngén, ua nudc, nhu tao ra cac
copolime nhu PLA-PEG (polyethyle glycol),
PLA-PEO (polyethylen oxyt) [2,3] hay PLA-PU
(Polyurethane). Viéc téng hop cac copolime
nay co thé di truc tiép tir cic monome théng qua
phan tng trung hgp md vong cua lactide véi cac
monome tuong g hay tir cac prepolime PLA
¢6 cac nhom chire cudi mach cé kha ning tiép
tuc phan mg bién tinh.

Copolime PLA-PEG c¢6 thé tao thanh théng
qua phan tng giira nhom chirc OH cudi mach
cia PLA-diol vé6i Polyethylen glycol diaxit
(PEG - diaxit). Cu trac va trong lwong phan tir
trung binh ctia PLA-diol anh huéng rit nhiéu t6i
tinh chit va hiéu suit san phim copolime PLA-
PEG. Trong bai bao nay, mét sé yéu t6 anh
huéng t&i phan tng téng hop PLA-diol tir axit
lactic (LA) véi 1,4 butanediol (BD) dugc khao
sat, trén co s6 d6 nhimng nghién ciru tiép theo
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trong viéc tao copolime PLA-PEG c6 dinh
hudng Gmg dung trong linh polime ty phén huy
sinh hoc s€ dugc tap trung nghién clru.

2. THU'C NGHIEM

2.1. Nguyén li¢u

Axit Lactic (LA) (85%, Trung Qudc) dugc
dehydrat & 75°C, 4p suit P = 5 mmHg trong thoi

gian 4 gio, 1,4-Butanediol (BD) (98%, Merck)
va xuc tac [Sn(Oct),] (Sigma Chemical). Cac
dung moéi duoc st dung truc tiép khong qua tinh
ché.

2.2. Noi dung nghién ciru

Téng hop prepolime PLA-diol
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Prepolime ( PLA-diol ) duoc téng hop tir
phan tmg cta LA v6i ham lugng BD: 2,0% khéi
lwong LA, ham lugng xuc tac Sn(Oct),: 0,1; 0,5;
1,0 va 1,5% khdi luong LA (twong (mg cac miu
PLAIL, PLA2, PLA3 va PLA4). Khi ham lugng
BD tham gia phan Ung tang tur 3,0 - 5,0% tuong
tng véi cic miu : PLAS, PLAG va PLA7.

Phan ung thyc hién & 180 °C trong thoi gian
tir 6,5 dén 7,5 gidr ( tity thude vao sy thay doi chi
s6 axit CA cua timg phan tmg cu thé ) & ap suét
khi quyén ( trong d6, 2 gio dau dudi ap sut
5mmHg). Sau khi két thiic phan tmg, hdn hop
phan tng duogc lam lanh dén nhiét 4o phong va
hoa tan trong chloroform, tiia lai trong methanol
2 lan, siy khé & 60°C trong 12 gid.

2.3. Cac phuwong phap phéan tich danh gia

Phan tich GPC xac dinh trong lugng phéan
tr trung binh M,, mdy HP Agilent 1100 cot 10
¢*. Sir dung dung méi THF, so v&i chat chuin
Polystyren, téc d6 dong 1ml/phit, ndng do chét
phan tich 1g/I va thé tich mau bom 1a 20pl.

Panh gia cdu triic san pham bang phd 'H-
NMR (Bruker Avance) & 500 MHz, phd héng
ngoai FTIR (Tensor-37) hang Bruker theo cach
tao mau dang vién nén.

Phuong phap phan tich nhiét luong ké vi
sai (DSC-204) hang Netzsch cua Dirc, trong moi
truong khi nito, téc d6 gia nhiét 10 °C/phut, két
quéa chay mot 1an.

Chuén chi sb axit (CA — sb mg KOH/lg
mau), theo tiéu chuén Viét Nam TCVN 2639 —
1993 :. dung méi axeton, dung dich chudn KOH
0,1N, chét chi thi mau phenol phtalein.

3. KET QUA VA BAN LUAN
3.1 Anh hwéng cia ham lweng xiic tac

Theo két qua khao sat sy thay doi chi s CA
(Hinh la), ta thy dbi v6i cing mot ham lugng
BD 1a 2,0% khi ting ti 1& xtc tac thi tbc do
chuyén hoa ctia phan (g cang cao : CA giam
cang nhanh va thoi gian dimng phan tmg rat ngan
lai.

V6i ham lugng chdt xuc tic xlc tac
Sn(Oct), > 1,0% thi thoi gian dat cin bang (CA
khong dbi gié tri) khoang 6,5 - 7,0 gid, trong khi
d6 o nhitng ham luong xuc tac nho hon thi do
chuyén hoa cua phan img tuong dbi thdp (CA
can bang dat gia tri cao) trong thoi gian rat dai
tr 7,5 — 8,0 gio, Hiéu suét phan ng cling tang
dan theo ham luong xtc tac dén 1,0% dat gid tri
16n nhét (68%) va sau d6 giam & ham lugng
1,5% Sn(Oct), ( Hinh 1b). Bén canh d6, véi
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luong xuc tac Sn(Oct), ting dan dén 1,0% thi
trong luong phén tir cia PLA-diol cling tang dan
va dat gi4 tri cao nhat M, = 75369 g/mol (PLA3
- Hinh 4) ¢ ham lugng 1,0 % Sn(Oct),, tuy
nhién khi ham luong 1,5% Sn(Oct), thi Mn cia

Hinh 3). Piéu nay c6 thé giai thich do d6 nhot
16n, kha ning phan mg cia oligome s€ bi can
tré va xuc tac Sn(Oct), thiic ddy phan tmg phy
(back-bitting) tao thanh vong lactide manh hon
so v6i phan ung ester hoa [7].

san pham c6 xu huéng gidm dan ( Miu PLA4 —
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Hinh 3. Két qua GPC ciia miu PLA2 va PLA4
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teloda s ()

Fid1A
Mn : 7.5369e3 a'mal
Bl 9.1930e3 gimnal
Mz: 1.0761ed gimal
My : 2.1930e3 gimal
D: 1.2187el
[n]: 0. 000000 milfg
’ VR G.8515e0 mil
b Mp : 8. 5203e3 oirmal
\ A 5 2878e3 mi™y
10% 4 620623 gimal
30% 6.8415e3 g'maol
50% g.7e59e3 gl
= F0% 1.0832e4 gimal
0% 1.4234e4 g'mol

Hinh 4. Két qua GPC cua mau PLA3 tai ham lugng xtc tac 1,0% Sn(Oct),
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Hinh 5. Phd 'H-NMR cua mAu PLA3 tai ham Iwong xtc tac 1,0 % Sn(Oct),

Két qua phan tich '"H-NMR (Hinh 5) cho
thdy do dich chuyén hoa hoc twong tmg véi cdu
tric cua PLA-diol nhu sau: miii tai 5,18 ppm (8
H?) va 4,36 ppm (8 H"): proton -CH- trong don
vi mét xich va tai vi trf cudi mach cua telechelic
PLA; miii tai 1,58 ppm(5 H") val,48 ppm (&

H™): proton -CH- trong don vi mét xich va tai
vi trf cubi mach cua telechelic PLA va mili tai
4,11 ppm (8 H) va 1,68 ppm (8 H"): proton -
CH,- phia bén ngoai va bén trong cua 1,4-
Butanediol trong mach telechelic PLA [4].
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Telechelic PLA
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Hinh 6. Két qua DSC cua mau PLA3 tai ham lugng xtic tac 1,0 % Sn(Oct),

Két qua phan tich DSC (Hinh 6) cho thiy
PLA-diol ¢6 nhiét d6 chuyén thuy tinh
T~ 39,89°C, nhiét d¢ chiy T,=121-127 °C. So
véi két qua DSC cua oligome PLA (T,=45 °C)

[6] thi T, cia PLA-diol thip hon dol,4-
Butanediol ¢6 mach hidrocacbon thing dai chen
vao gilta cac mach oligome ciia PLA lam cho
mach phén tir PLA-diol mém déo hon.
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Hinh 7. Phé FTIR ciia miu PLA3 tai ham lwong xic tic 1,0 % Sn(Oct),

Bén canh d6 phd FTIR cta miu PLA3 (
Hinh 7) cho thiy: cic mili & sé séng 2.999 va
2.948 cm™ 1a dao dong hoéa tri dbi xtmg cua lién
két -CH- trong nhém -CH; va -CH,: miii tai
1.758 em™: ctia nhém -C=0 trong lién két ester;
1.456 cm™: dao dong bién dang khong dbi xtng

cua nhom -CHj; miii tai 1.187, 1.133, 1.090 cm”
I dao dong cta nhom C-O-C; miii tai sb song
3.519,19 cm™: nhém -OH tai vi tri cudi mach
phén tr telechelic PLA [5,6].

Tir céc két qua danh gia & trén cho thiy thay
PLA3 dugc téng hop bang phwong phap tring
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ngung truc tiép tir axit Lactic va 1,4-Butanediol
voi 1,0% xuc tac Sn(Oct), dat dugc trong luong
phén tr trung binh khéi luong kha cao ( M=
91930 g/mol ) véi d6 da phan tan thap D =1,22
va ¢6 cAu tric 2 nhom OH cudi mach c6 thé su
dung dé bién tinh tao copolime.

3.2. Anh hwéng cia ham lwong BD(1.4-
Butanediol)

San phém prepolime PLA-diol ¢6 2 nhom
OH & diu mach véi cac M,, khac nhau s& phu
thudc vao ham lugng BD tham gia trong phan
ung voi LA & cung ham lugng xuc tac Sn(Oct),
Khi thay dbi ham lugng cta BD 1a : 2% ( PLA4
), 3% ( PLAS ), 4% ( PLAG6 ) va 5% ( PLA7)

voi cung ham lugng xtc tac 1,0% Sn(Oct), thi
kha nang phan (g ctiia BD gan trén chudi clia
axit lactic oligome tang, lam giam M,, dan dén
nhiét 46 T, va T, cua san phim giam ( so voi
méu PLA 3 — Hinh 6) : mau PLAS5 véi 3,0% BD
co T,=30,6°CvaT,=110va 117 °C ( Hinh 10
), tuy nhién khi ham lwgng BD ting 1én cang
nhiéu thi hiéu sut phan tng lai giam do phan
ing déng vong tao lactide sau khi cit mach
oligome (Bang 1). Kha niang két tinh cia san
phém thé hién qua 2 gia tri Ty, : gém loai chudi
PLA-diol linh hoat hoat va mém déo do 1,4
butanendiol nén c¢6 Tm thip hon so vé&i chudi
chi ¢6 PLA ¢6 Ty, cao hon.
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Hinh 9: Két qua GPC ctia miu PLAG6
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Bang 1. Anh hudng cua ham luong BD tdi phan ung téng hop PLA-diol prepolymer

Prepolymer, BD M, M, | ywp | Hiéusuat | T, Tw
(%) | (g/mol) | (g/mol) (%) °C °C
PLA3 2 7.536,9 | 9.193,0 1,22 68 399 | 121val26
PLAS 3 6.677 8.141 1,22 59 30,6 | 110vall7
PLA6 4 5.563 6.412 1,22 55 n.m n.m
PLA7 5 4.735 5.743 1,21 50 n.m n.m
DSC /(Vimg)

Glass-Transition

Snset: 26.9 °C
T Mid: 3086 °C
Inflection: 31.3 °C
End: 34.3°C

Peak: 51.5 C..:0.83531 uVimg

Peak: 117.3 °C, -1.7879 u\img

Peak: 1106 °C, -2.5417 pV/img

40.0 60.0 80.0 100.0

120.0 140.0 160.0 180.0

Temperature *C

Hinh 10. Két qua DSC ctia miu PLAS

4. KET LUAN

Trong lugng phan tir cia PLA-diol bi anh
hudng cta ham lugng BD tham gia phén Ung
voi axit lactic cling nhu ham lugng xuc tac
Sn(Oct), stt dung. O cung ham lwong xuc tac
1,0% Sn(Oct),, khi ham lugng 1,4 butanediol
tham gia phan (g ting dan tir 2,0% lén dén
5,0% khéi Iwgng cla axit lactic thi trong lugng
phén tir M,, ciia PLA-diol lai giam dan tir 7.5369
g/mol dén 4.735 g/mol , dong thoi c6 su thay
d6i cac nhiét do ddc trung T, va T, cla sin

pham. Trong khi d6 vai tro ciia xtc tac Sn(Oct),
dugc thé hién rd & ham lwong 1,0% lam tang
van tc va hiéu suit phan tng, ciing nhu san
phim polime dat trong lwong phén tir trung binh
M, cao nhét .

PLA-diol duoc tong hop tir LA véi 2,0 %
BD va 1,0% Sn(Oct), & nhiét do 180°C, trong
thoi gian 6,5 — 7 gio dat hiéu suat khoang 68%
va san phdm c6 M, = 7.536,9 g/mol, v6i do da
phéan tian MWD = 1,22 phu hop cho phéan tng
bién tinh tao copolime.
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Synthesis of polylactic acid-diol (PLA-diol)
from lactic acid and 1,4-butanediol

La Thi Thai Ha

Ho Chi Minh city University of Technology, Vietnam National University - Ho Chi Minh City

ABSTRACT

In this research, the PLA-diol were
synthesized from lactic acid (LA) and 1.4
butanediols (BD) with a tin octoate Sn(Oct),
catalyst at a temperature of 180 °C and the
pressure 5 mmHg. The structure and properties
of PLA-diol are analyzed by the following
methods: GPC, 1H-NMR and DSC. As a result,
with the change in the content of Sn (Oct), from
0.1 to 1.0%, the molecular weight Mn of PLA -
diol increased gradually from 4.119,2 to 7.359,6

g / mol . In addition, the BD content increased
from 2.0% to 5.0%, the average molecular
weight of the product decreased gradually from
7.536,9 g / mol to 4.735 g / mol, respectively.
This change will affect the ability to use PLA-diol
in the next denaturation research to apply in the
field of biodegradable polymer such as
copolymer with polyurethane, copolymer with
polyethylene glycol diacid, or chain extension

with other polymer in a chain reaction, ...

Key word: Poly (lactic acid), poly (ethylene glycol diacid);, multiblock copolymer

REFERENCES
[1]. JanP. Eubeler, Marco Bernhard, Thomas P.

Knepper, Environmental biodegradation of
synthetic polymers II. Biodegradation of
different  polymer  group, Trends in
Analytical Chemistry, Vol. 29, No.1, (2010).

[2]. Salem AK, Cannizzaro SM, Davies MC, et
al, Synthesis and Characterisation of a
Degradable Poly(lactic acid)-Poly (ethylene
glycol) Copolymer with Biotinylated End
Groups, Biomacromolecules, Vol.2, pp.
575-580, (2001).

[3]. Lizhi Xiong, Zeqiang He , The Biological
Evaluation of the PEG/PLA Amphiphilic
Diblock Copolymer, College of Biology and
Environmental Sciences, Jishou University,
pp. 1201-1206, (2010).

[4]. Chenguang Liu, Yuliang Jia, Aihua He,
Preparation of Higher Molecular Weight
Poly (L-lactic Acid) by Chain Extension),

International Journal of Polymer Science,
Vol. 2013, (2013).

[5]. Hossein Izadi-Vasafi, Gity Mir Mohamad
Sadeghi, Hamid Garmabi, Synthesis of
Hydroxyl-Terminated Poly(lactic acid) via
Polycondensation, Applied
Vol. 125, pp. 604-615, (2012).

[6]. Jun Shen, Rongging Wei, Ying Liu, et al,
Thermal of  Hydroxyl-
terminated Poly(L-lactic acid) oligomer into
Llactide, Advanced Materials Research,
Vol. 152-153, pp. 222- 228, (2011).

[7]. Mitsutoshi Jikei, Yuuki Takeyama, Yuta
Yamadoi, et al, Synthesis and properties of
PLLA-PCL by the self-polycondensation of

diblock macromonomers, Polymer Journal,
Vol. 47, pp. 657-665, (2015).

polymer,

Degradation

Trang 65



