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ABSTRACT

Polylactic acid (PLA) is made from a natural resource - corn starch and
formulated from the condensation polymerization of D- or L- lactic acid
or ring opening polymerization of the lactide. It is completely
biodegradable, compostable, and can maintain its mechanical properties
without rapid hydrolysis even in high humidity conditions. In this review,
we study and explain why Poly (lactic acid) is considered as one of the
most environment-friendly biodegradable thermoplastic polyesters with
extensive applications.

TOM TAT

Nhuwea Poly (latic acid) (PLA) dwoc san xudt tir tinh bot ngé bang qud
trinh trung ngung D- hodc L-lactic acid hodc mo vong Lactide. Day la
logi vdt liéu phan hiy sinh hoc, ¢é kha ndng phéan héa va cé thé duy tri
co tinh ké ca trong diéu kién am dg cao. Chinh vi Iy do d6, bai bdo nay
€ tong hop va trinh bai Iy do tai sao Polylactic acid lai dwoc quan tam
nhw vat liéu than thién voi moi truong co kha nang vung dung rong rdi
nhat hién nay.

1 TONG QUAN
1.1 Giéi thi¢u chung

Polylactic acid (PLA) 1a mét trong nhiing loai
biopolymers dugc sir dung phd bién nhét hién nay
(khoang 200.000 tan/nam) (Johansson, ef al., 2012,
Mehta, et al., 2005) do c6 do bén kéo cao, gia
thanh thap, trong subt, kha ning twong hop sinh
hoc cao. PLA dugc san xuét tir tinh bot bap va day
1a ngudn nguyén li€u c6 kha nang tdi tao tir qua
trinh san xuat nong nghiép, khong nhu cac loai
polymer khac dugc san xudt tir nguyén liéu dau
mo. Dic biét, PLA rat than thién v6i mdi trudng
boi kha nang phan hiy sinh hoc cao (phén huy
hoan toan tir 90 dén 180 ngay, tily theo diéu kién
phéan hiy sinh hoc) (Phuong, 2012). Chinh vi vy,
trong mudi ndm trd lai day, PLA duogc tip trung
nghién ctu va dua vao st dung rong rai trén thi
truong, thay thé cho nhimg san phdm polymers c6
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ngudn gbc dau mo khong phan huy sinh hoc.

Nam 2002, cong ty Cargill Dow polymers
(LLC) da dua PLA vao san xuat ¢ qui mo cong
nghi€p dau tién ¢ Nebraska voi cong suat 140.000
tan/nam (Phuong, 2012). Ude tinh dén ndm 2015
sg"ln lugng ti€u thu I?LA co thé dat dén 500.0Q0
tan/ndm va con co thé tang dén 1 tri€u tan/nam dén
nam 2020 (Gongzhuling Annual Output, 2014).

1.2 Tinh chét héa Iy ciia PLA

Poly (lactid acid) (PLA) c6 cong thirc hoa hoc

1a (C3H402)n , My=0,89-2,98. 10° (Lu L, 1999,
Polylactic acid, 2014).

PLA thudc nhom poly (a-hydroxy ester), dugc
didu ché tir ngudn nguyén li€u c6 ngudn gbe tu
nhién 14 tinh bot (da phan tir tinh bot bap).

PLA c6 tinh chit hoa 1y gan giéng nhu poly
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(ethylene terephtalat) (PET) dwoc tong hop tir
nguyén liéu hoa thach nhu d6 cimg cao, modun dan
hodi cao, do bén kéo dut lon, nhung khac véi cac
vat liéu polymers c6 ngudn gbc dau mo 1a PLA cé
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kha nang phan hiy sinh hoc cao nén than thién voi
moi truong (Drumright, et al., 2000, Sawyer,
2003).
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polylactic acid

Hinh 1: Céong thirc ciu tao ciia PLA (CAS: 26100-51-6)

Lu L, 1999, Polylactic acid, 2014

Tir hai loai dong phan cua Lactic acid trong
Hinh 2 1a D-Lactic, L-Lactic ¢6 thé didu ché duoc
ba dang ddng phan hinh hoc ctia Lactide (Auras, et
al., 2011), tir d6 thong qua phan g polymer hoa
mé vong, tao ra ba dang PLA voi tinh chét hoa 1y
dugc trinh bay trong Bang 1: poly (D-Lactic acid)
(PDLA), poly (L-Lactic acid) (PLLA), poly (D,L-
Lactic acid) (PDLLA) (Drumright, et al., 2000,
Xiao, et al., 2012). Qua trinh tao thanh Lactide 1a
mot trong nhing giai doan quan trong nhat bai do
tinh khiét quang hoc ciia Lactide ¢6 anh huong truc
tiép dén san pham PLA. Trén thi truong hién nay,
PLA thwong mai 13 san phim blend cua PLLA va
PDLLA duogc téng hop dwa trén phan tng
polymers hoéa gitta DLLA va LLA (Cargill/ Nature
Works LLC Press Release, 2009). Trong do ti 1€

phan trim ciia PLLA trong hdn hop “blended” s&
anh huong dén nhiét do chuyén thuy tinh T, va
nhi¢t d0 nong chdy Tm cia PLA thuong mai
(Drumright et al., 2000, Rasal, et al., 2010).

HO>)J\
OH

OH
CH; ch
L-Lactic D-Lactic
Hinh 2: Hai dang dong phén ciia monomer

Lactic acid dé tong hop PLA
Gupta, et al., 2007, Xiao, et al., 2012

Bang 1: Tinh chét héa Iy co ban ciia 3 dang PLA (Xiao, ef al., 2012)

Tinh chét PDLA

PLLA PDLLA

Kha nang hoa tan

Cau tric tinh thé Két tinh
Nhiét d6 nong chay (Twm) (°C) ~180
Nhiét 6 chuyén thuy tinh(Tg) (°C) 50 — 60
Nhiét 6 phan hay (°C) ~200
Do dan dai (%) <10

Thot gian ban huy 37°C trong dung 46
dich nudc mudi thudng (thang)

Khoéng tan trong nudc, tan t6t trong cac dung méi hitu co nhur
benzene, chloroform, acetonitrile, tetrahydrofuran (THF), dioxane...

Bén két tinh V6 dinh hinh
~180 C6 thé thay dbi
55-60 C6 thé thay d6i
~200 185-200

C6 thé thay d6i
4-6 2 -3

1.3 Phwong phap chinh diéu ché PLA

PLA c6 thé duoc téng hop tir ba phuong phap
khac nhau nhung chi yéu bing phuong phap
polymers hoa truc tiép va phuong phap “cationic
ring opening polymersization” (ROP) (Hartmann,
et al., 1998, Linnemann, et al., 2003, Xiao, et al.,
2012).

44

1.3.1 Phwong phap polymers hoa truc tiep

PLA chii yéu duoc téng hop bang phwong phép
polymer hoa Lactic acid thanh PLA ¢ khdi lwong
phan tir thip (vai nghin dén vai chuc nghin dvC)
sau d6 tang phan tr khdi bang cac tic nhan kéo dai
mach cho dén khdi lwong phan tir mong mudn.
Phuong trinh polymer héa bang phwong phép
polymer hoéa truc tiép duoc thé hién trong Hinh 3
(Garlotta, 2001, Xiao, et al., 2012).
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CH;, polymerization (:I:Hg
n HO- C COOH ——» H+O-C-COO—+H + (n-1)H,O
H xuc tac
n
Lactic acid poly(lactic acid)

Hinh 3: Phwong trinh diéu ché PLA bing phwong phép polymer héa tryec tiép (Xiao, ef al., 2012)

1.3.2 Phwong phdp mé vong “cationic ring (Sn(Oct),) va mot sd chit xtic tic hiru co nhu 4-
opening polymersization” (ROP) (dimethylamino)pyridine (DMAP), N-Heterocylic
carbene (NHC) (Linnemann, et al., 2003) lam xtc
tac trong dung dich alcohol & diéu kién nhiét do
cao va ap suat thap duoc trinh bay ¢ Hinh 4.
(Garlotta, 2001, Gupta, ef al., 2007, Hartmann and
Kaplan, 1998, Jiménez, et al., 2014, Nieuwenhuis,
1992).

Phan ung tao Lactide trai qua hai giai doan.
Pau tién, monome Lactic acid duoc tring ngung dé
tao thanh oligome. Sau d6 oligome trai qua qua
trinh dé polymer hoa dong thoi vong hoa tao thanh
Lactide. Phuong phap ROP su dung antimony,
zinc(Il), titanium(IV), tin(Il) 2-ethylhexanoate

CHs Cyclization H,C oIc. Ring-open polymerization CHy

2 HO-C-COOH ——> »  TO°¢-C00
H H,0 G” 0" CHy catalyst " "
Lactic acid Laciide Polyilactic acid)
Hinh 4: Phuong phap ROP dé diéu ché PLA (Linnemann, et al., 2003, Xiao, et al., 2012)
1.4 Uu va nhuoc diém cia PLA thap (Phuong, 2012), hon nita PLA dé bi thay
1.4.1 Uu didm phén, tbe d6 phan huy thdp (Rasal, ez al., 2010) va

dé san xuit PLA trong qui mé cong nghlep doi hoi

PLA 1a loai nhya c6 kha nang phan huy sinh phai co chi phi cho quy trinh cong nghé cao, do d6
hoc cao vdi thoi gian phan huy ngan, vi vay co the gia thanh san phim cao hon so véi cac loai nhya co
tiét kiém dugc ngudn nang lugng nhét dinh dé xu nguén géc hoa thach nhu PP, PE, PA,..( gi4 hién tai
Iy PLA. Dong thoi loai polymer nay c6 d¢ twong ctia PLA trén thi truong la 2,6-3,2 USD/kg, trong
thich sinh hoc cao, khong ddc hai véi co theé nguoi, khi PP, PE chi c¢6 1,2-1,8 USD/kg) (SE Asian,

nén dugc ng dung nhiéu trong cac linh vuc dac 2014).

biét 14 y sinh. Hién nay, PLA dang 1a sdn pham , ,

dugc san xudt va tmg dung dai tra trong cong 2 UNG DUNG CUA PLA

nghiép v6i gid thanh ré hon so véi cac loai nhya Mic du polylactic acid ¢6 nhimg wu diém phu

phan huy sinh hoc khic (2-3,2 USD/kg) hop véi xu huéng str dung vét liéu polymers hién
(Information from NatureWorks LLC, 2014) véi nay, tuy nhién nhimg yéu diém nhu do bén kéo
d6 bén kéo va médun dan hoi cao (Tensile Strenght thap, kha ning chiu nhiét kém, khé gia cong da
55-75 MP, Young’s modulus 3-4GP) (Lu L, 1999, phén nao han ché kha ning tng dung PLA. Ciing
PLA monomere (Polylactic Acid), 2014, Polylactic nhu céc logi polymer khac trén thi truong, PLA
Acid (PLA, 2014). thuong duge bién tinh trudc khi dua vao san Xuat

1.4.2 Nhuoc diém nhim dap tmg nhimg yéu ciu cu thé trong timg
linh vyc tng dung. Cac nghién ctu gin diy cho
thiy PLA thuong dwoc bién tinh dwa trén hai
phuong phap. Phuong phap thir nhét 1a bién tinh bé
mat (surface modification) nhim tao do bam dinh
cia PLA v6i vat liéu khac. Vat liéu bién tinh nay

PLA c¢6 nhitng han ché vé mit tinh chét nhu: do
dan dai (5-7%) (Information from NatureWorks
LLC, 2014, Phuong, 2012), nhiét do chuyen thay
tinh thap Tg (60-68°C) din dén kha niang 6n dinh
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duoc ing dung trong linh vyc y sinh (truyén dan
thudc). Phuong phap bién tinh thr hai 1a tron hop
hodc hoa déo véi cac polymner khac nhim ting
cuong co tinh va kha nang chiu nhiét cta vat ligu.
Phuong phap nay thuong dugc tng dung trong linh
vuc bao bi, dong goi, 6 t, vat liéu cach dién va
composites) (Gupta, et al., 2007, Jiménez, et al.,
2014, Obuchi, et al., 2011, Phuong, 2012).

2.1.1 Trong ky thudt mo

Tir nhitmg nam 1988, k¥ thuat cdy mé ra doi va
tré thanh phuong phap dugc tng dung phd bién
trong linh vyc y sinh (Drumright, et al., 2000).
Phuong phap nay gilip tai tao lai cac mé song bang
cach lién két cac té bao sdng v6i hé thong khung
bang cac vat liéu sinh hoc, & d6 cac té bao co thé
sinh s6i nay nd nhanh chong theo cac chidu huéng
khac nhau. Vit li€u sinh hoc ra doi m¢ ra con
duong tiém nang trong viéc thay the cac mo sbng
va ca trong cdy ghép ndi tang. C6 rat nhiéu loai vat
liéu sinh hoc dugc dua vao thir nghiém 1am sang,
trong d6 c6 kim loai, v6 co nhung ching lai cé
nhitng nhuoc diém 16n nhu tuy kim loai ¢ co tinh
t6t nhung lai khong phan hay sinh hoc, tich trir
trong co thé con ngudi gay nhimng phan tmg bat loi
(Mathew, et al., 2005), hay vt li¢u vo co bi han
ché do khé xtr Iy duge va cu trac x6p (Liu, ef al.,
2004). Vit liéu sinh hoc lam hé théng khung trong
phai thoa cac didu kién sau: d6 twong thich sinh
hoc cao, c6 doc tinh thép, c6 kha ndng phan hay
sinh hoc, vat liéu phai c¢6 du do xép, co tinh va
kich thudc phu hop, dé cac té bao hodc md co thé
tang truong va phat trién tot va loai bo duoc chét
doc trong qua trinh trao dbi chat. Chinh vi vy
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b’iopol’ymers, ddc biét 1a PLA bién tinh 13 lua chon
tot nhat trong linh vyuc nay.

Vi du: Trong sb cac loai bién tinh, PLA/Poly
(Glycolic Acid) va copolymers
poly (lactic acid-co-glycolic acid) (PLGA) 1a mét
trong s6 it polymers dugc Cuc quan ly thuc pham
va dugc phdm cia My (Food and Drug
Administration FDA) cho phép ting dung 1am sang
60 nguodi. Loai copolymers nay dugc thtr nghiém
thanh cong trong viéc tai tao cac loai mod & nhiéu
co quan khic nhau nhu: bang quang, sun, gan,
xuong, van tim co hoc (Ilan, et al., 2002).

2.1.2 Trong ky thudt dan truyén thuéc

Con nguoi luén mong mubn tim ra cach dé
phan ph01 cac duge chat vao duang co quan mong
mubn dé t6i uu hoa kha ning diéu tri cua no cing
nhu duy tri cac hoat tinh trong thoi gian can thiét
va giam thiéu nhing tac dung phu cta thudc. Con
nguoi di thir nghiém 1am sang nhiéu nhom chat
khac nhau trong vai trd chat dan truyén thudc nhu:
liposome, cac hat nano lipid ran. Tuy nhién, trong
thoi gian gan day cac loai polyester phan huy sinh
hoc trong d6 c6 PLA, PGA va copolymers cua
ching ( nhu PLGA) da dugc g dung nhiéu trong
linh vyc truyén dan do vat liéu c6 kha ning twong
thich sinh hoc cao, kha nang phéan huy sinh hoc, d6
bén co hoc, kha nang xur ly nhiét va 6 hoa tan cao
trong cac dung mdi hitu co. Bén canh nhiing wu
diém trén thi PLGA lai ¢6 khuyét diém 1a cdu trac
ctia chung lai thiéu di nhimg nhom chirc ning hoat
héa dé tao diéu kién tuong tac vai cac té bao, vi
vy n6 1am cho hiéu qua dan truyén thip va thoi
gian luu trong co thé khong lau.

Bang 2: Ung dung ciia mt so6 loai PLA bién tinh khac nhau trong ky thuit din truyén thudc
(Drumright, et al., 2000)

Loai PLA Ung dung Hiéu qua

PLA- PEG dang hat Dan truyén cho bénh udn véan ;zrégr;gfng van chuyén qua niém

PLA-b-pluronic-b- PLA

PLA microsphere chéng ung thu

PEO-PLA copolymers paclitaxel

Dan truyén cho nhom thude 5 FU va

HJ tro dan truyén cho thudc insulin xit & Kiém soat tot ndng do glucose
miéng cho bénh dai thao duong loai 2
Dan truyén cho nhom thuoc paclitaxel

trong mau

Giam sung viém

Hoan thanh qua trinh giai phong
thude

PLA-PEG-PLA copolymers Dan truyén cho nhém thudc 5 FU vaKiém soat tot qué trinh giai phong

paclitaxel
AP-PEG-PLA
ung thu

thube

Din truyén thudc cho qua trinh diéu tri Cé kha ning khang lai cac té bao

ung budu

Vi vay, dé giam thiéu han ché trén, cac nha
nghién ctru da thu nghiém PLA bién tinh dudi
nhiéu dang bao ché khac nhau: bt vién, vién nang

siéu nho, vi hat (MP) va hat nano (NP). Két qua
thi nghiém cho thay, PLGA ¢ dang MP va NP la 2
dang cho két qua tot nhat, vi véi kich thude siéu
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nho, chung c6 thé d& dang tham thiu qua cac mang
té bao, cai thién kha ning dan truyen va voi déc
tinh vat 1y cia hat nano, thoi gian phan huy cua
PLGA giam dang Kké, duy tri dwoc hoat chét trong
sudt qua trinh van chuyén (Drumright, er al.,
2000).

Ngoai ra, PLA bién tinh con dugc ing dung dé
ciy ghép hay ché tao cac thiét bi y t& nhu thanh
dinh hinh, tim, ghim, dinh vit, chi ty tiéu
(Raghoebar, et al., 2006, Roney, et al., 2005)...
hay tng dung PLA bién tinh cho phwong phap diéu
tri cho da (nhu teo md, s¢o trén khuén mit...).

2.2 Ung dung trong linh vire bao bi déng géi

So véi cac PLA thong thuong voi nhitng han
ché nhu gion, 6n dinh nhiét thip... thi PLA bién
tinh da khic phuc dugc nhitng khuyét diém cua
PLA thong thuong. Theo cac nghién cuu thi PLA
bién tinh bang phwong phap hoa déo, copolymer
hoa va composite duoc (mg dung nhiéu trong viéc
san xuat mang phim mong dé déng géi thuc pham,
lam khay, hop dung thuc &n (Hinh 5), tGi xach
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trong cac siéu thi va cac vat gia dung khac nhu ly,
mudng, dia.. Dic biét PLA bién tinh dang
nanocomposites, ¢6 co' tinh tang, tinh chat chén khi
va chin quang cao so voi PLA thong thuong. Bén
canh do6, cac loai PLA bién tinh gia cudng bang
bentonite, dugc phu 16p silicate va microcrystalline
cellusose co tinh khang tia UV va anh sang kha
kién (thanh phan c6 hai 1am bién tinh chét lugng
san pham ) nén thich hop tng dung 1am bao bi bao
quan thyc phim (Obuchi and Ogawa, 2011).

Ngoai ra trong bao quéan thuc pham, viéc khang
khuén ludn duge quan tdm chu trong, bao bi phai
dap g duoc yéu cau do vi nhing thuc pham tuoi
séng nhu thit c4, rau cu qua,... néu tiép xuc véi
bao bi nhiém khuan s& sinh ra hoat chat gay bénh.
Dé giai quyét vin d& do, cac nha nghién ctru da tim
ra loai PLA bién tinh dang composite 1a hdn hop
giita PLA dang nén lién két v6i hat pectin, trén bé
mat vat liéu sé hép thu va luu gilt nhitng hoat
chat khang khuin, han ché qua trinh tin cong cua
vi khuidn 1én bé mit tiép xtc giita bao bi va
thuc pham.

Hinh 5: Ung dung ciia PLA bién tinh trong san phim bao bi thwe phim

2.2.1 Ung dung trong linh vuc dién tie

Niam 2002, cong ty Mitsubishi Plastics da ché
tao thanh cong PLA chiu nhiét bang k¥ thuat phun
va né dugc dua vao tng dung lam vo may nghe
nhac “ Walkman” cta cong ty Sony (Obuchi and
Ogawa, 2011).

PLA bién tinh dang composite dugc tng dung
va phat trién rong rai trong linh vuc dién tir. Nam
2004, cong ty NEC Corp cua Nhat da st dung vét
liéu composite nhya nén PLA gia cudng bang soi
Kenaf (Viéc thém soi Kenaf gia cuong gitp tang
cuong kha nang chiu nhiét cta vat li¢u) dé lam
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dummy card cam tryc tiép vao laptop dé chong bui
ban xam nhap vao. Nam 2006, né con dugc ung
dung 1am vé dién thoai cho dong san phém cellular
phone(Obuchi and Ogawa, 2011).

Niam 2005, Fujitsu bat ddu tmg dung composite
ctia PLA vao thiét bi chéng chay trong nha, sau d6
dugc cong ty NEC phat trién, si dung 10% soi
carbon gia cudng, san pham dat dwgc c¢6 tinh ning
gip 2 lan so véi sir dung thép khong gi truyén
thong. Cung nim do, Fujitsu dd cho ra doi dong
may tinh xach tay FMV-BIBLO NB8OK véi hé
thong khung dugc ché tao tir hdn hop blend
PLA/PC/phosphorus (Obuchi and Ogawa, 2011).
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Nam 2007, Samsung da su dung
PLA/Polycarbonate bisphenol A (PC) trong viéc
san xuit vo cac linh kién dién tr ctia minh nhu vo
dién thoai, vo may tinh,... (PC c6 Ty va kha nang
chiu va dap cao, vi vay khi trdn hop s€ nang kha
nang chiu nhiét va va dap cia vat liéu ) (Samsung’s
Bioplastics for Automobile, 2014).

2.3 Ung dung trong linh vuc 6t van tai

Hién nay, vat liéu composites nén PLA 1a mot
trong nhitng vat li€u dugc wa chudng va st dung
rong rai trong linh vuc 6t6 van tai. Nam 2003,
Cong ty Toyota da tng dung composite nén PLA
va soi kenaf dé san xuét ra 16p xe du phong bang ki
thuat dac khuén trong dong san phim Raum va
Prius (Bioplastics, 2014). So véi 16p xe thong
thuong, san pham ché tao tir vat liéu méi c6 kha
nang chiu dugc tac dong bén ngoai cao hon. Bén
canh d6, cong ty Toyota dd nghién ctu vat li¢u
“xanh” day tiém ning d6 cho cac bd phan khéc cua
xe nhu ghé ngdi, tAm trai san, tay cAm (Bioplastics,
2014).

Mot phuong phap khac dugc nghién cuu la
thém chat don phu hop vao nhya nén PLA, két hop
v6i ki thuét phun khudn, cong ty Ford dd thanh
cong va ung dung compos1te nén PLA vio ché tao
hé thong vom xe va tam tham trai cho dong san
pham U (Auras, et al., 2011).

Nam 2007, Mitsubishi da tmg dung PLA soi va
Nylon 6 d€ lam tam trai xe cho cac dong san pham
cua cong ty (Auras, ef al., 2011).

Nam 2012, cong ty 6 to Fiat- Italy, trong du an
Evolution, di tién hanh nghién ctru phat trién vat
liéu polymer “xanh” nhdm thay cho cic bd phan
trong 6 t6 ma trudc diy dugc san xuat tir cac loai
nhya ¢6 ngudn gdc hoa thach khac. Trong twong
lai, composite nén PLA s& co thé thay thé cho cac
bd phén khac cta cac dong xe “Eco-friendly” véi
con ngudi va moi truong (Project, 2014).

2.4 Ung dung trong linh vuc ndng nghiép

Viée sir dung mang phu gitp tang toc do chin
clia cdy trong, bao ton do 4m va phén bon, e ché
su tang truong ciia cé dai, nhiém ndm va con tring
phé hoai. The FkuR Kunststoff GmbH, Willich hop
tac voi The Fraunhofer Institute UMSICHT,
nghién ciru thanh cong mang phi sinh hoc tir hon
hop blend cia PLA, chét phu gia va mot $6
polymers phan hity sinh hoc khac. San phim nay
¢6 wu diém la kha niang phan hiy cham hon cac
loai mang phu sinh hoc khac va kha nang chéng
chiu véi sy thay doi cua thoi tiét. Vi vay dén nim
2005, Oerlemans Plastics da dua mang phu sinh
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hoc d6 vao san xuit & qui md cong nghiép véi tén
goi Bio-Plex. Loai mang phu nay c6 thé thay thé
cho loai mang bang Polyethylene (PE) truyén
thong. Ngoai ra, PLA bién tinh con duoc tmg dung
lam chau cay, day budc ca chua va mot sb vat dung
khac...

3 KET LUAN

Trong 10 nim tro lai day, PLA da phat trién
nhanh chéng va dan c¢6 chd dung trong thi trudng
vat liéu polymers va ngay cang duoc cac nha san
xudt va ngudi tiéu dung lya chon thay thé cho cac
loai vat liéu co ngudn gdc tir du mo. Tuy nhién,
nhiing ng dung cua PLA bién tinh van con gap
nhiéu thach thirc, tré' ngai do mot sé diém yéu vé
mit co tinh (nhu d6 gidn dai thdp) va chua that su
t6i wu vé mit ki thuat 1an kinh . Viéc cai thién,
nghién ctru va phaét trién rong nhimg phuong phap
bién tinh s& mang lai budc tién méi cho viéc tmg
dung vét li¢u phan huy sinh hoc PLA bién tinh vao
trong doi séng va cac nganh coéng nghiép trong
trong lai. Bén canh do, viéc ng dung rong réi
nhya phan huy PLA bién tinh s& giai quyét duoc
phan nao cac vin dé 6 nhiém mdi trudng gay ra do
céac loai vat liéu polymers c6 ngudn gdc hoa thach.
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