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POLY(D, L-LACTIC ACID): POLYMER PHAN HUY SINH HQC TONG HQP
THEO PHUONG PHAP TRUNG NGUNG TRUC TIEP

POLY(D, L-LACTIC ACID): BIODEGRADABLE POLYMER IS SYNTHESIZED
BY DIRECT POLYCONDENSATION

Phan Thé Anh, Nguyén Pinh Lim
Truwong Dai hoc Bach khoa, Dai hoc Pa Ncing; ndlam@dut.udn.vn

Toém tét - Poly(D, L-lactic acid) (PDLLA) dwoc tng hop theo phuong
phap tring ngwng truc tiép D, L-lactic acid v&i viéc str dung SnCl, lam
Xuc tac, p-xylene lam tac nhan tao hén hop dang phi v&i nwéc va nito
lam tac nhan 16i cubn nwéc. Anh hwéng cia diéu kién tdng hop dén
khéi luong phan t& va hiéu suét phan (ng da dwoc nghién ciru chi
tiét. V&i 20 ml lactic acid ban dau, khéi lwong phan tr trung binh sé
clia polymer thu dwoc (M, = 3817) va hiéu suét phan (ng (77%) dat
gia tri Ién nhat sau 25h tdng hop véi 26 mL xylene va 1% xdc tac
trong méi trwdng khi nito. CAu tric héa hoc va tinh chét nhiét cla
PDLLA da dwoc danh gia bang phd hdng ngoai va phan tich nhiét
trong lweng. Khéi lwgng phan i trung binh sé ctia san phdm duoc
tinh toan tir do nhét clia né do dwgc bang nhét ké mao quan.

Tir khéa - polymer phén hay sinh hoc, polyl(D, L-lactic acid), trung
ngwng trye tiép, tac nhan tao déng phi, tac nhan 16i cudn.

1. Giéi thi¢u

Trong hai thap ky qua, vat liéu polymer téng hop di tu
nguyén li¢u hoa thach nhu polyethylene, polypropylene,
polystyrene, poly (ethylene terephthalate)... da nhan duoc
rat nhiéu sy quan tdm cia cac nganh cong nghiép vi nhiing
déc tinh vuot trdi cua chung: khéi luong riéng thép, do bén
co hoc cao, ¢6 tinh cach dién, cach nhiét t6t va dac biét la gia
thanh thap, téc do san xuat 16n. Tuy nhién, nhuoc diém 16n
nhét cta loai vat liéu nay 1a cuc ky kho phan huy trong mo6i
truong tw nhién khi ching khong con st dung. Dleu nay gay
anh huéng nghiém trong dén moéi truong, mot vin dé dang
nhan dugc sy quan tdm déc biét cua toan thé gidi. Trong
nhitng nim gin day, cc loai polymer dugc san xudt tir
ngudn nguyén liéu thién nhién nhu: poly(lactic acid) (PLA),
poly(glycolic acid) (PGA), polyhydroxyalkanoate (PHA)
dugc quan tdm sir dung, boi ngoai kha nang phan huy sinh
hoc lam giam thiéu luong rac thai thi qua trinh phat trién san
xuat cac loai polymer nay ciing dong nghia v6i qua trinh phat
trién dién tich trong trot dé cung cap nguyén liéu. Viéc lam
nay gop phan céi thién moi truong 6 nhiém hién nay.

Trong s céac loai polymer phan huy sinh hoc, polylactic
acid 1a polymer dugc s dung rong rai (khoang 200.000
tAn/nam) do ching co6 d6 bén co 1y cao, c6 kha ning twong
hop vei glay dé san xuét bao bi thuc pham va quan trong
1a dé dang bién tinh dé thay ddi tinh chét san pham [1], [2]-
PLA 1 mét polyester mach thing, duoc tong hop theo hai
con dudng: tring ngung truc tiép tir lactic acid va tring
hop mo vong lactide [3], [4]. V&1 phuong phap trung hop
mé vong lactide, polymer thu dugc c6 khdi lugng phén tir
cao va day ciing 1a phuong phap dugc str dung trong cong
nghiép dé san xuit PLA [5]. Tuy nhién, gia thanh cao cua
nguyén liéu va su phuc tap cta cong nghé san xuét da day
gia san pham tang gap 3 - 10 lan so v6i cac polymer co
ngudn gbe tir ddu mo [6]. Trong trudng hop trung ngung
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tryc tiép, nguyén liéu monomer st dung c6 gia thanh ré
nhung polymer tao thanh lai ¢6 khdi luong phan tir thap
[2], [7]. Cac polymer thu dugc tir trung ngung tryc tiép
thuong khong tim duoc cac (ng dung thuce té boi ching c6
tinh chat co 1y thip. Tuy nhién, ciing can chi y rang cac
PLA c6 khéi lwong phén tir thap 14 nguyén liéu dé tao ra
cac dimer vong (0 day 1a lactide), ma cac dimer vong lai 1a
nguyén liéu chinh cho qua trinh tong hop PLA c¢6 khdi
lwong phan tir cao. Bén canh d6, PLA c6 khéi lugng phan
tir thip ciing d& dang chuyén thanh PLA c6 khéi lugng
phan tir cao nho tac nhan ndi dai mach [8].

Trong nghién ctru nay, nhya poly(D, L-lactic acid) dugc
trung ngung truc tiép tir monomer tuong tng 14 axit D, L-
lactic v6i viée sir dung SnCl».2H,O lam xtc tac, xylene lam
dung méi tao hdn hop ding phi v6i nude va Nito lam moi
trudng khi tro déng thoi 1 tac nhan tang hiéu qua tach nudc.
Viphan tmg tong hop PDLLA 1a mét phan trng thuén nghich
nén cac yeu t6 nhu thoi gian phan tng, hiéu qua tach nudce
khi thay d6i ham lugng xylene c6 anh hudong 16n dén higu
suat va chit lugng ciia polymer tao thanh. Bén canh do,
chiing t6i ciing tién hanh nghién ctru dnh hudng ciia ham
lugng xuc tac dén phan (mg tring ngung. Ciu tric cua san
pham tao thanh dugc xac dinh théng qua phd hong ngoai
(FT-IR). Tinh chét nhiét dugc khao sat bang phuong phép
phéan tich nhiét trong luong (TGA).

2. Thue nghiém
2.1. Hoéa chit

Lactic acid (85,5 + 90%) cuia hidng Guangdong
Guanghua Chemical Factory, p-xylene (> 99%) cua hang
BDH Chemicals Ltd Poole England va xtc tac SnCl,.2H,0
cua hang Merck dugc su dung dé tong hop nhua PLA.
Axeton (> 99,5%) cua hang BDH Chemicals Ltd Poole
England dugc st dung dé thu hoi san pham sau tong hop.
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Choroform (>99%) ctia hang Sigma-Aldrich dugc str dung
trong qué trinh xac dinh d6 nhdt ciia PLA. Cac hoa chét
duoc str dung tryc tiép ma khong qua cong doan xtr 1y nao.
2.2. Téng hop PLA

Bude 1: Tién trung ngung tao monoester

Hdn hop gdbm 20mL lactic acid va 26mL p-xylene duoc
cho vao binh cdu 3 ¢6 loai 250mL, c¢6 hé théng khudy sinh
han va duong din khi N,. Tién hanh khudy dé lactic acid
tan hoan toan trong p-xylene. Hon hop dugc duy tri ¢ nhiét
dd 95 — 97°C trong 4h dé tach loai mot phin nuée trong
nguyén lidu monomer ban dau va hinh thanh cac monoester
cho qué trinh da tu sau.

Budc 2: Pa tu sdu tao polymer

Sau 4h, 0,2g (twong tmg 1% khdi luong so véi monomer)
xtc tac SnCl.2H,0 dugc cho vao hdn hop, dong thoi ting
nhiét d6 phan ung 1én 143 - 145°C. O nhiét do nay, nudc sinh
ra do qua trinh da tu duoc tich loai nhd tao hdn hop déng phi
v6i xylene thong qua bé sinh han hoi luu va bd tach nudc.
Lwong xylene chi cho vao mét lan trong giai doan dau phan
ung va _cuéi qua trinh thi chi con mot lwong nhé xylene trong
san phim. Két thic phan tng, PLA dwoc két tia trong
axeton, rira sach vai 14n v&i nude cat dé loai bd hét SnCl, va
céc tap chit rdi siy kho dén khéi lugng khong doi.

Céc yéu tb nhu: thoi gian phan tng (15h, 20h, 25h,
30h), ham lugng xuc tac (0,5%, 1%, 2%) va ham luong
xylene (13mL, 26mL, 52mL) dugc khao sat nhim tim diéu
kién tdi wu cho qué trinh tdng hop nhua PLA. Hinh 1 thé
hién san pham PLA thu dwoc trong didu kién phong thi
nghiém tai Truong Pai hoc Bach khoa, Dai hoc ba Nﬁng.

Hinh 1. Mdu PLA thu dwoc tir phong thi nghiém Polymer,
Truong Pai hoc Bdch khoa, Pai hoc Pa Nang

2.3. Cdc kj thugt do d@é danh gid dic trung ciia sin pham

Ph6 hong ngoai dugc do trén thiét bi Thermo Nicolet iS10-
Thermo Scientific bang cach tron PLA véi mudi KBr rdi ép
thanh tim. Phd duoc ghi trong viing c¢6 s6 song tir 4000 dén
400 cor! v6i 64 lan quét va do phan giai 4 cm!. Tinh chat
nhiét ctia san pham dugc xac dinh trén thiét bi STA 6000 véi
khdi lugng mau khoang 10 mg. Qua trinh dugc thyc hién dudi
dong Nito véi luu lugng 100 mL/phut trong khoang nhiét 46
tir 30 dén 500°C, téc d6 nang nhiét 10°C/phut. Khdi lwong
phan tr trung binh s6 (My) cia PDLLA duoc xac dinh thong
qua d¢ nhdt ndi [n] cua dung dich PDLLA trong chloroform.
Thoi gian chay trong éng mao quan cua nhot ké mao quan
Ubbelhode (K = 0,1065mm?/s2), dbi véi dung méi duoc ky

hiéu 1a t,, dbi vé6i dung dich polymer 1a t. Nhu vay, do nh(')t
twong ddi (Nwl) 12 ty s6 giita t/to, dd nhot r1eng (nbp) 1aty sb
gitra (t-to)/to. D6 nhét ndi [n] duge ngoai suy vé ndng do C=0
cta phuong trinh do nhét quy ddi (e = Ny/C) va phuong
trinh 6 nhét logaric (Minn = In Nw/C). Phuong trinh thyc
nghiém Mark-Houwink cta PDLLA trong dung moi
chloroform & 25+0,1°C dugc viét nhu sau [9], [10]:

] =2.21.10%.M,%7

Hiéu sudt ctia phan tmg duoc tinh toan theo ty s6 cua
khéi luong polymer thu dugc sau qua trinh tong hop trén
khéi lugng ciia monomer & dang tinh khiét (vido tinh khiét
cua lactic acid thuong mai la 85,5+ 90%, d¢ don giép cho
vigc tinh toan ¢ day chung t6i chon murc dg tinh khiét cua
monomer ban dau 1a 85%).

3. Két qua va thao luin
3.1. Hi¢u sudt phin trng va khoi luong phin tir trung
binh so

Phan ung trung ngung truc tiép axit D, L-lactic dé tao
thanh PDLLA dugc bi€u dién theo phan tng sau:

CH;0 CH; 0
H—éo—ﬁ—c-)—noH + n-1 H,0

Poly(D, L-lactic acid)

nHO—C—C—OH
H

D, L-lactic acid

Anh huong cua thoi gian phan tmg, ham lugng xylene,
ham luong xtc tic dén hiéu suit phan ung va khdi luong
phan tir trung binh s dugc khao sat trong diéu kién ¢ dinh
cac thong sé con lai.

3.1.1. Anh hwéng cia thoi gian phan img

Dé nghién ciru anh hudng cua thoi gian phan tmg toi
hiéu suét va khdi luong phén tir ciia polymer, chung toi da
tién hanh téng hop & 15h, 20h, 25h va 30h trong diéu kién
gitt nguyén ham lugng xylene 1a 26 mL va 1% xuc tac
SnCl,. Két qua thu duge duge thé hién trén Hinh 2.
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Hinh 2. Anh hieéng ciia thoi gian phan ung dén hiéu sudt va
KLPT trung binh so cua PDLLA

C6 thé thy rang hiéu suat phan tmg va kh6i luong phan
tir (KLPT) trung binh s phu thudc nhiéu vao thoi gian tién
hanh téng hop. Khi thoi gian phan tng tang 1én thi hiéu
sudt va KLPT trung binh s tang rd rét, cu thé: Hiéu suét
phan ung tang tur 28% (sau 15h) 1én 77% (sau 25h), KLPT
trung binh s6 tang tir 1700 dén 3800. Két qua nay co thé so
sanh v6i cac két qua tong hop PDLLA truc tiép tir D,L-
lactic acid cta Kaitian[11] va cua Harshe [12] cung cOng
su. Néu thoi gian phan tng tiép tuc duoc kéo dai dén 30h
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thi hiéu suit phan tng hiu nhu khong thay déi nhu thudng
duoc nhin thdy trong cic phan mg tring ngung va dugc
giai thich 14 do phan Gmg thuan nghich da dat dén trang thai
can béng [13]. Trang thai can béng dat dugc phu thudc va
muc d6 tach nudce trong qua trinh phan tng. Muc d6 tach
nudc cang 16n, hidu suat phan tng cang cao va c6 thé lam
tang KLPT cta polymer thu dugc. Nhu vy, anh huong cua
céc didu kién tong hop nhu ham luong xylene, ham luong
xlc tdc dén hidu suat va KLPT cua PDLLA can dugc
nghién ctru dé ting hiéu qua tach nudc.
3.1.2. Anh hieong ciia ham heong p-xylene

Nhan thay viéc tach loai nudc trong qua trinh phan Gmg
1a chia khoa cho viéc tong hop PDLLA véi hiu suét va
KLPT cao, trong quy trinh nay ching tdi st dung
p-xylene, mot dung mdi c6 kha ning tao hon hop dang phi
v6i nude va khi Ny dé ting hiéu qua 16i cubn hoi nuéc.
Ham lugng xylene dugc cho 1a khong anh huong dén thanh
phan ctia hdn hop dang phi, tirc 1a khong anh hudng dén
hiéu qua tach nudc, nhung ham luong xylene ¢6 anh hudng
16n dén ndng d6 va do nhét cua hdn hgp phan ing. O day,
ham lugng xylene duge thay doi ¢ cac mirc 13mL, 26mL
va 52mL trong khi van ¢6 dinh ham lugng xuc tac 1% va
thoi gian phan tng 25h. Két qua khao sat anh hudng cua
ham lugng p-xylene dugc trinh bay trong Hinh 3.
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Hinh 3. Anh hieéng ciia ham lwong p-xylene dén hiéu sudt phan
ung va KLPT trung binh so cia PDLLA
Két qua cho thy, khi ting ham lugng p-xylene tir 13mL
lén 26mL, hi¢u suat phan tng ting tir 46% dén 65% va
KLPT tang tir 1800 dén 3800. Két qua nay c6 thé dugc giai
thich 1a do khi tdng ham luong xylene, méac du lam giam
ndng d6 monomer ban dau, nhung ddng thoi ciing lam giam
d6 nhé6t cua hdn hop. Piéu nay tao diéu kién thuan loi cho
c4c phan tir nuée ndm sau trong khdi polymer duogc tach ra
dé dang, két qua la lam tang KLPT va hi¢u suét phan tng.
Tuy nhién, néu ham luong p-xylene sir dung qua l6n (52mL)
thi nong do monnomer ban dau giam dang ke diéu nay dan
dén lam giam vén téc phan tmg va vi thé can mot thoi gian
dai hon dé phan tng dat dugc trang thai can bang. Nhu vay,
ham lugng xylene thich hop trong diéu kién nay 1a 26 mL.
3.1.3. Anh hueong ciia ham heong xiic tac SnCly

bé nghién ctru dnh hudng cua ham lugng xuc tac SnCl
dén hiéu suat phan tng va KLPT trung binh cua polymer,
chung toi tién hanh mot day thi nghiém; trong do tat ca cac
diéu kién dugc gitr ¢b dinh nhu ham lugng lactic acid, ham
luong p-xylene (26mL) va thoi gian phan tng (25h), thay
d6i ham lwong xuc tac SnCl tir 0,5% dén 2% so vai luong
lactic acid. Két qua khao sat duoc trinh bay trong Hinh 4.
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Hinh 4. Anh huong ciia ham lirong xtic tde dén hiéu sudt phan
ung va KLPT trung binh so cua PDLLA
Hiéu suét phan tmg va KLPT ciia polymer ting cling
v6i ham lugng xuc tac c¢6 thé duge giai thich 1a do s0 trung
tam hoat dong tang lam tang van toc phan g theo chidu
thudn va han ché mot sé phan rng phu [14], [15] Tuy
nhién, khi ting qua mirc ham lugng xuc tac s& dan dén viéc
du thtra cac trung tdm phan Ung va phan Ung xay ra tai
nhiéu diém khéac nhau [11]. Két qua 1a polymer tao thanh
co KLPT thép, mot 6 mach polymer c6 thé bi loai bo boi
dung méi trong qua trinh thu nhan san phdm 1am giam hiéu
sut phan tng.
3.2. Phé hong ngogi bién doi Fourier (FT-IR)
CAu tric cua san phém PDLLA dugc xac dinh thong
qua phé hong ngoai bién ddi Fourier thé hién trong Hinh 5.
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Hinh 5. Phé hong ngogi ciia nguyén liéu LA va san phdam PDLLA

V6i phd hdng ngoai, dinh hap thy rong & s6 song 3422
cm’! tuong g véi dao dong hoa tri ctia nhém — OH trong
nudc, trong nhom alcohol hay trong nhom axit carboxylic.
C6 thé thay rang cudng do cua dinh hap thu nay da giam di
dang ké trong ph6 hong ngoai ciia PDLLA, ma diéu niy c6
thé dugc giai thich la do nudc di dugc loai bd khéi san
phim trong qua trinh sdy va cac nhom cudi mach nhu
alcohol hay carboxylic da tham gia phan tng. Pay ciing la
dinh hép thy dic trung cho phép wdc luong KLPT cua
polymer thu dugc [11]. Polymer c6 KLPT cang cao, cuong
d6 hép thu ciia nhém — OH cang giam trong phd hdng
ngoai. Cac dinh hip thu & 2939c¢m! va 2988 cm! dic trung
cho dao dong hoa tri cua lién két C-H trong nhoém methyl
va methylene. Dinh hép thu c¢6 cuong do manh & 1729 cnr
! dac trung cho dao dong hoéa tri cua lién két C=0 trong
nhém cacboxylic [16]. Cac dinh hip thy trong ving 1375
+ 1452 cm! didc trung cho cac dao dong bién dang cua
nhom - CHs, trong khi cac dinh hép thu tai 1126 va 1043
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cm’! dic trung dao dong cua lién két C-O. Piém khéc biét
trong cu truc giita polymer tao thanh va nguyén liéu ban
dau chinh 14 sy hinh thanh cta lién két C-O-C ma né dugc
khéng dinh béi sy xuit hién ctia dinh hip thy manh & 1089
cm! trong phd hong ngoai cua PDLLA [17].
3.3. Tinh chit nhiét ciia PDLLA

Tinh chét nhiét cia san phém PDLLA duogc xac dinh
thong qua phép do phan tich nhiét trong lugng (TGA) dudi
moi truong khi tro (N). Két qua thu duoc thé hién trong
Hinh 6.
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Hinh 6. Gidn d6 TGA ciia PDLLA

Tir gian 6 TGA c6 thé nhén thdy rang qua trinh phan hiy
nhi¢t cuia PDLLA trdi qua 2 giai doan. Giai doan 1 tur
30°C+150°C tuong tng véi su bay hoi nuée. Do giam khéi
lugng trong giai doan nay khoang 2,1 %, diéu nay chimg to
mau dem di phan tich d4 dugc sy kho. Giai doan 2 tir 150°C
+350°C twong ng véi qua trinh phan hiy nhiét manh cua cac
mach PDLLA. Piéu nay cho thdy PDLLA 1a mét polymer co
d0 bén nhiét thip. Qua trinh phén hiy nhiét cua polylactic la
mot qua trinh phirc tap v6i nhiéu phan (mg xay ra dong thoi.
San pham chinh ctia qua trinh 1 carbon dioxide, acetaldehyde,
ketene, carbon monoxide, lactide va cac oligmer dang vong
[18]. O nhiét do trén 350°C, phén khdi lugng con lai hau nhu
bang 0, diéu nay ching t6 xuc tic SnCl, da duogc loai bo ra
khoi san phim trong qua trinh ria.

Khi KLPT ting, kha ning 6n dinh nhiét cta polymer
tang theo, cu thé & mau c6 khdi lugng phan tir M= 2505 thi
khoang nhiét d¢ phan huy manh li¢t & 260 + 270°C; trong
khi d6 véi M= 3817 thi khoang nhi¢t d0 phan hity manh
liét 1a 315 +320°C.

4. Két luan

Nhwa PDLLA d& duoc trung ngung truc tlep tr
monomer tuong Umg 1a axit D, L-lactic. Cac yéu to anh
hudng dén qua trinh tong hop da dugc khao sat chi tiét. Két
qua cho thdy PDLLA dat hiéu suat 16n nhit (77%) va khéi
luong phén tir trung binh s6 16n nhat (M, = 3817) & diéu
kién: thoi gian phan ung 25h, ham lugng xylene 26 mL va
ham lugng xuc tac SnCl, 1%. San phém tao thanh c6 do
bén nhiét thdp v6i nhiét d6 phan hay khoang 250 — 300°C.
CAu tric hoéa hoc cua chung duge xac dinh thong qua phd
hdng ngoai FT-IR v6i sy giam cudng do hap thu ciia nhom
— OH va sy xuét hién cuta lién két C-O-C tai vi tri hdp thu
1089 cm!. Phuong phép tring ngung truc tiép lactic acid

la mot phuong phap don gian, it tén kém dé tao thanh
PDLLA c6 khi luong phén tur thip. Khéi luong phan tr
cua polymer nay co the dugc cai thién béang tac nhan kéo
dai mach va didu nay can tiép tuc nghién cuu.
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