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Abstract 

Polylactic acid (PLA) is the first commodity polymer produced from annually renewable resources. Its degradation 
is caused by hydrolytic cleavage of the polymer backbone with or without enzymes. However, PLA is commontly 
termed as a biodegradation polymer. Schizostachyum funghomii McClure is also a biodegradable material. So polymer 
composite (PC) material based on PLA and fiber oi Schizostachyum funghomii McClure is call green composite with 
mechanical properties depending remarkably on kind of fiber (unueated or treated fibers). Water absorption capacity of 
material was evaluated through weight gains while scanning electron microscope (SEM) was used to study the 
morphology of surface of sample after soaking in chemical or biological medium. Thermal degradation temperature of 
PC was slightly lower than that of pure PLA. The weight remaining of PLA in neat PLA or PC sample is a function of 
elapsing time while the weight remaining of PLA in both samples after soaking in biological medium decreased almost 
linearly with elapsing time. In all medium, the degradation of PLA in neat PLA was slower than that ofin PC sample. 

Keywords: Green polymer composite, polylactic acid, Schizostachyum funghomii McClure. 

I.M6DAU 

Vit ligu polyme compozit (PC) cd rit nhieu tinb 
uu vigt so vdi cac vgt ligu khac, kg ci cac vat lieu 
truygn thong nhu thep vi cac hgp kim, nhung chiing 
CO mgt nhugc digm rit Idn la hiu bet khong ty phin 
buy dugc trong moi trudng sau khi trd thinh phg 
thai, giy anh hudng xau den moi trudng sinh thai -
van de mi con ngudi hign nay dang rit quan tim dg 
khac phyc. Do viy, nghign ciiu che tao vat ligu 
polyme compozit cd the tu phin buy trong moi 
trudng sau khi su dyng li mgt van dg rat cin thigt va 
cip bich. 

Polyme compozit sgi thyc vit da dugc nghign 
ciiu nhieu khong chi d Viet Nam ma con ci trgn the 
gidi. Tuy nhign, cac nen nhya cho compozit nay 
thudng la epoxy, polyeste khong no hay nhirng 
polyme khong phan hiiy khac. Dieu nay c6 nghTa li 
polyme compozit sgi thyc vat mdi chi phin nao dap 
irng dugc yeu cau phin hiiy niy. Chinh vi vay vat 
ligu compozit "xanh" ("green" composites) da nhan 
dugc nhieu sy quan tam. Khong chi su dyng chat gia 
cudng la sgi thyc vat ma cac compozit "xanh" con 
dugc che tgo tir cac nhya ngn cd nguon g6c di tu 
thyc vgt va cd kha nang phin hiiy [I]. Polyme 
compozit nen nhya PLA gia cudng bing sgi nira la 
mgt Irong nhimg compozit "xanh" niy. 

2. THU'C NGHIEM 

2.1. Nguyen lieu 

PLA S-22 (Toyota Moler Limited, Nhit Ban); 
T„~187,5 °C, M „ = 175000, M„/M„= 1,67. Nira la to 
3 nam lu6i d Quan Hda Thanh Hda (Schizostachyum 
funghomii McClure/ 

2.2. Pbu-oug phap nghien ciru 

Cau tnic hinh thii cua vat ligu dugc nghien ctiu 
trgn kinh hign vi dign tu quet (SEM) JEOL JMS 
6360 LV (Nhgt Bin). Dg tdn hao kh6i lugng ciia vat 
ligu dugc xac dinh tren may DTG-60H mdi trudng 
khi tra, tdc dg tang vi hg nhiet 10 °C/phiit. Dg bSn 
keo dugc do theo tieu chuin ISO 527-1993 trgn may 
INSTRON 5582-100 KN (My), vdi toe dg diu do 5 
mm/phut, tgi 25 °C, dg im 70 %. Dg ben va dgp 
Izod dugc do theo tigu chuan ASTM D256 trgn may 
Tinius Olsen (My), d 25 °C, do am 70 %. Dg ben 
u6n dugc do theo tieu chuin IS0178-1993(E) tren 
may INSTRON 5582-100 KN (My), tdc dg uon 2 
mm/phiit, nhigt dg 25 °C, dg im 70 %. Dg hap M 
nudc dugc xac dmh theo tieu chuin ISO I75-I98I. 

Su tbay ddi khdi lugng trong moi trudng; Mau 
vgt lieu vdi kich thudc (10x10x0,4 mm) dugc say 
khd, can va ngim vao trong cic ong nghigm cd chura 
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2 m! dung dich cic mdi tnrdng (nudc, NaOH, HCl 
va Proteaza K (50 mM Tris-HCl, pH 8,6)). Ong 
nghigm dirge bit kin bang mang deo parafin va gi& d 
50 "C vdi moi tnrdng NaOH vi HCi, 38 "C trong 
moi trudng Proteaza K [2] v i nhigt do phdng vdi 
m6i trudng nudc. Moi trudng trong cac ong n^iem 
se dugc thay sau moi 48 gid dg dim bao do pH trong 
dung djch NaOH vi HCl cung nhu duy tri hogt tinh 
ciia en2ym trong sudt thdi gian thi nghiem. Theo 
tiing khoing thdi gian, miu liy ra khdi dng nghigm 
dugc nia bang nudc cit v i etanol sau do dugc siy 
kho va can khoi lugng miu cdn lai. % khoi lugng 
PLA con lai trong compozit dugc xic djnh theo 
c6ng thiic: 

% khoi lugng PLA 
con Igi 

fpLA-mo - (mo - m,) 
' 100 

Ki higu 

PLA-KXL 

PLA-XLNg 

PLA-XLN 

Ten 

PC nen PLA gia cudng bing sgi 
nua khong xir ly 

PC nen PLA gia cudng bang sgi 
nua dugc xii ly bing dung dich 
NaOH 0,1 N trong 72 gid d 25 "C 

PC nen PLA gia cudng bing sgi 
mia dugc xu ly bing dung dich 
NaOH I N trong 2 gid d 70 °C 

3.L Anh hirdng ciia Ioai SQI tcfi tinh chat eg hgc 
cQa v^t ]i|u PC 

Tien hinh che tgo vgt ligu PC vdi ba logi sgi 
(bing 1) vi xac djnh tinb chat ca hgc cua chiing vdi 
hudng k6o miu triing vdi hudng sgi nira gia cudng. 

Nguyen Thf Thuy vd cgng s{r 

Ket qui xac djnh dg bgn keo, udn, va dip dugc trinh 
biy tren hinh 1, 2 va bing 2. 

£ 
o.io 

= 5 - S-50 

— 0 

J__.r j , j^. I f - , - , j i^^ 

1,3 _ _ — J W 

V B,07 H i 

44.35 

6,28 
S6i 

.11,43 

fpLA-mo 

Trong do; fpLA li phin PLA co trong mlu ban diu; 
mo, m, lin lugt Ii kh6i lugng mau ban 
dau va khoi lugng miu cdn Igi sau timg 
khoang Ihdi gian ngim. 

2,3. Che t^o vat lieu compozit 

Mau dugc chg tgo bing phuong phap ep nong 
cac tam prepreg dem hudng vdi ti lg sgi nhya 40/60 
trong khuon tren may ep thiiy lyc d nhiet dg 190 "C, 
ap lyc ep 30 KG/cm . 

3. KET QUA VA T H A O LUAN 

Ten va ki higu ciia cac vgt ligu PC se dugc 
nghign ciiu trong bai bao nay trinh biy d bang 1. 

Bdng 1: Ten va ki higu cua vat ligu PC 
ngn PLA vdi ba logi sgi nira 

PLA-KXL PlA-MJJg PLA-SJJ 

V l t l ieu PC 

Hinh T. Anh hudng ciia logi sgi tdi do bgn, 
modun vi do bign dgng u6n 

Hinh 1 cho thiy, dg ben cua vat ligu PC tang 
mgnh tur sgi KXL tdi sgi XLNg va tang tigp d sgi 
XLN. Dg ben u6n ciia vgt ligu PC sgi XLN dgt 
130,5 MPa tang 3 lin so vdi ciia vit ligu PC sgi 
KXL vi 2,3 lin so vdi cua vat Hgu PC sgi XLNg. 
Modun uon cua vit ligu PC sgi XLN cung ting 42 % 
vi 82 % so vdi cua vit ligu PC sgi XLNg va KXL. 
Trai ngugc vdi sy tang manh cua dg ben uon va 
modun udn, dg bign dgng uon cua vgt ligu PC tang 
nhg tir sgi KXL tdi XLNg vi XLN. 

P lA - iO l PLA-XLNg PIA-JO 

V l t h ^ u 

LTinh 2: Anh hudng cua logi sgi tdi dg ben, modun 
vi dg gian dii khi keo 

Hinh 2 cho thiy modun keo ciia vat ligu PC ting 
rat nhg tir sgi KXL, XLNg tdi XLN, tuy nhien sy co 
mat Clia sgi khong cai thign dugc nhieu modun keo 
cua vit ligu so vdi ciia ban thin nhya nen PLA. 
Ngugc Igi, dg gian dii tang mgnh tir vgt ligu PC sgi 
KXL (7,2 %) vi ldi XLNg (8,6 %) va tiep lyc tSng 
tdi XLN (9,7 %) va cii thign mgt cich r6 rgt so vdi 
ciia bin than nen PLA (0,5 %) do tac dyng ciia sgi 
gia cudng. Dg ben keo ciia vgt ligu ting tir ban than 
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nhya nen PLA (48 MPa) tdi vat lieu PC sgi KXL 
(64,1 MPa) tdi vit lieu PC sgi XLNg (75,2 MPa) vi 
ting mgnh d vgt lieu PC sgi XLN (106,3 MPa). 

Cung tuong tu nhu dg gian dii khi keo, dudi tac 
dung cua sgi mia gia cudng dg ben va dgp tang rat 
manh (bing 2) tii bin than ngn PLA 2,84 J/m^ tdi vat 
ligu PC gia cudng bing sgi KXL 55,35 J/m^ (tang 
gip 19,5 lin), tdi vgt lieu PC gia cudng bang sgi 
XLNg 82,09 J/m^ (tang gip 28,9 lin) va tdi vit ligu 
PC gia cudng bing sgi XLN 112,63 J/m^ (tang gap 
39,6 lin). 

Bdng 2: Anh hudng ciia logi sgi tdi do ben va dap 

V^t li^u 

PLA 

PLA-KXL 

PLA-XLNg 

PLA-XLN 

Do ben va dap, J/m^ 

2,84 

55,35 

82,09 

112,63 

Vgt Ii^u compozit "xanh" tir nhifa... 

Trong mdi trudng HCl, s\r phin huy PLA diln ra 
manh trong 2 ngay dau ngam mau sau do miic dg 
phin hiiy giim. Sau 7 ngay ngim lugng PLA con lgi 
trong mlu PLA 95,13 % va trong PC PLA-XLN 
85,12% (hinh 4). 

Nhu vgy, cac tinh chat ca hgc cua vat ligu PC nen 
PLA phy thugc kha nhigu vao logi sgi gia cudng 
dugc sir dyng. Vat lieu PC gia cudng bang sgi XLN 
c6 tinh chat co hgc Idn hon ci v i se dugc sir dyng 
cho cic nghien cuu tiep theo. 

3.2. Tinh chat chiu moi trirdng cua v^t lifu 

3.2. J. Moi tru&ng hda chdt 

PLA li mgt polyeste nen phan iing quan trgng 
nhat cua no li phin irng thiiy phan. Ngugc vdi phin 
ung este hda, phin iing thiiy phan cd thg xiic tic bdi 
ci axit hogc kigm. Vi vgy khi ngim mau trong mdi 
trudng axit hogc kigm se xiy ra phin ung thiiy phan 
lim dirt cic lien ket este dan tdi su giim lien tuc 
khoi lugng phan tu PLA Pic la PLA hi phin buy va 
khoi lugng mau ngam se bi giam theo thdi gian. 

Mau nhya nen PLA vi vat lieu PC sgi XLN 
dugc say kho roi cin khoi lugng trudc khi ngam 
trong cic moi trudng NaOH 0,1 N va HCI 6 N. Vdi 
cac moi trudng pH khac nhau sy thay doi kh6i lugng 
ciia mlu dugc xac djnh theo thdi gian. Trong moi 
trudng NaOH va HCl, PLA bi phan buy vi lugng 
PLA con lai dugc xic djnh theo thdi gian vi dugc 
trinh bay tren hinh 3 va 4. 

Trong ci hai moi trudng lugng PLA trong miu 
PLA bj phan hiiy it hem trong mau vat lieu PC PLA-
XLN. Trong moi trudng NaOH 0,1 N PLA trong 
miu PC PLA-XLN bj phin hiiy manh trong 48 gid 
dau sau dd miic dg phan hiiy giim. Sau 72 gid ngam 
lugng PLA^trong PC PLA-XLN con lai 60 % vi da 
quan sit thiy miu bj mit, con trong mau PLA van 
con Igi 88,27 % (hinh 3). 

Thdi gian ngSm NaOH 0,1N, gifr 

Hinh 3: Anh hudng ciia thdi gian ngam NaOH den 
miic dO phin buy PLA 

i "0 

Thdn gian ngim HCt 6N, ng^y 

Hinh 4: Anh hudng ctia thdi gian ngim HCl den 
mirc dg phan hiiy cua PLA 

Nhu vay, trong moi trudng axit PLA kho bj phan 
buy han trong moi trudng kiem. Dg giai thich cho 
kel qui niy ta quan tam dgn phuang trinh phan ling 
thuy phin trong hai mdi trudng. Trong moi tnrdng 
axit phin iing thiiy phan ciia cac mat xich trong 
mach PLA li qui trinh thugn nghjch (phin img (1)). 
Ngugc lai, trong mdi trudng kiem, qui trinh nay chi 
xiy ra mgt chigu (phin iing (2)) [3] do do qui hinh 
thuy phan trong moi trudng kigm dien ra manh hem 
va do chi'nh li iy do cho sy phan hiiy it ban ciia PLA 
trong mdi trudng HCl 6 N. 

K - C - 0 - R ' + H-Cl 
0 // 

R - C - O - R' + NaOH • 

R - C - C I + R'-OH (1) 

p 
R - C - O N a + R'-OH (2) 
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Ca ly thuyet va thyc nghigm deu cho kgt qui 
PLA bi phan buy trong moi trudng kiem manh va 
nhieu han trong moi trudng axit. Di^u nay cQng de 
dang quan sat thay tren anh SEM chyp bg mgt mlu 
sau khi ngam (hinh 5). 

Nguyen Thf Thuy vd cdng sic 

phin en^Tn chinh li phin buy thuy phin d giai doan 
hai cd mat cua xuc tic enzym [2, 4]. 

Lugng PLA cdn lai vdi ci mlu PLA va mlu PC 
PLA-XLN dgu giim gin nhu tuygn tinh cho thay sy 
phin hiiy thuy phin enzym dien ra mgnh. Dong thdi, 
lugng PLA trong mau vat ligu PC bj phin hiiy nhieu 
hon trong miu PLA. Dieu niy chiing to sy cd mat ciia 
sgi nua gia cudng cd tic dyng lam ting tdc do phan 
hiiy Clia PLA trong mlu vat ligu PC. Cu the, sau 15 
ngiy ngam trong moi trudng enzym da cd 30 % 
lugng PLA trong miu PLA bi phan hiiy con trong 
miu vgt lieu PC lugng PLA bj phan hiiy Ien tdi 63 %. 

PLA ngam NaOH (^200) PC ngam NaOH (̂  100) 

Hmh 5. Anh SEM chup be mat mau PLA vi 
PC sau ngam moi trudng hoa chat 

Q dg phong dai 500 lan, trgn bg mat miu PLA 
sau 7 ngay ngim miu trong HCl 6 N thiy xuat hign 
nhirng 16 nho nhung thua va ndng, ngugc lai nhiing 
lo nho xuat hign diy dac vdi dudng kinh ldn hem va 
sau han co th^ thiy rd ngay d dg phong dgi 200 lan 
vdi mlu PLA ngam trong NaOH 0,1 N. Cung tuong 
ty nhu viy vdi miu vgt ligu PC PLA-XLN. O dg 
phong dgi 500 lin chi quan sat thiy cic Id nho xuat 
hign trgn bg mgt miu PLA ngam 7 ngay trong HCl 
6N nhung da quan sit thiy sgi lg ra va ci cac 16 va 
ranh sau tren bg mat mlu PLA-XLN ngay d dg 
phong dgi 100 lan. Dieu nay chiing td ca PLA va 
PLA-XLN deu bj phin hiiy trong kigm mgnh ban 
trong axil. 

M|t khic, vdi ciing dg phong dgi 500 lan, s6 
lugng cac 16 nhd quan sat thiy tren be mgl miu PC 
PLA-XLN ldn hon nhieu so vdi trgn be mat PLA khi 
ciing ngam trong HCl 6N, dieu nay chimg to sy co 
mjlt Clia sgi gia cudng da thiic diy qui trinh phan 
huy ciia PLA. Kgt qui tucmg ty cung nhan dugc vdi 
miu khi ngim trong dung dich NaOH 0,1 N. 

3.2.2. Moi trudng sinh hgc 

Mgt so enzym cd kbi ning xuc tic cho phan img 
thuy phan PLA trong dd Proteaza K la enzym cd kha 
ning xiic tic mgnh nhit. Co chg ciia thiiy phan 
enzym chlnh li in mon be m^t d giai dogn hai ciia 
qui trinh phan hiiy PLA. Dieu nay cd nghia li thiiy 

Th^l gian ngam enzym Proteara K, ngdy 

Hinh 6: Anh hudng ciia thdi gian ngim enzym den 
mirc dg pban hiiy PLA 

Khong chi dirng lai d nhCrng so ligu thyc nghigm, 
hinh thai bg mat miu sau 5 ngiy ngim trong moi 
Irudng enzym Proteaza K dugc nghien cuu nhd inh 
SEM (hinh 7) ciing cho kgt qui tuang ty. 

-0 

• - j - ' ; l ' * ' ^ ^ 
' • ' " • ' " ' " " ' " " - " ' " " ' 

; ^ ^ " " 

^ -̂  *-i:= 
, ... _.... , . , . j . . . »e:) 9 

PLA ngam enzym ( '500) PC ngam enzyme (- 200) 

Hinh 7: Anh SEM chup bg mat miu PLA vi PC sau 
ngam moi trudng sinh hgc 

Vdi dg phong dai 500 lan, trgn be mat mau PLA 
chi quan sal thay mgt s6 cac diem, cac vgt ma tgi do 
PLA da bi phan hiiy. Nhung chi can vdi dg phong 
dai 200 lin da quan sat thay cac 16 nho li ti va cac 
vet lom PLA bj phin hiiy trgn bg mat mau vgt ligu 
PC. 

3.2 3. Moi tru&ng nu&c 

a. Sy phin hiiy PLA 
Trong moi trudng nudc pH = 7 va nhigt dg mdi 
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trudng, miic dO phan hiiy ciia PLA trong cic mau 
cung dugc dinh gii thong qua lugng PLA con lai 
sau 5 tuin ngam. Kgt qua trinh biy d bang 3. 

Trang mdi tnrdng nudc va d nhigt dg thudng, 
PLA trong miu PLA gan nhu chua bi phin hiiy sau 
5 tuan ngam. Ngugc lgi, sg cd mgt ciia sgi mia g_ia 
cudng da Iim phin hiiy khoing 5 % PLA trong mlu 
PC PLA-XLN. Digu nay cho thiy khong cin moi 
trudng kigm hay axit ciing nhu khdng cin su cd mat 
cua enzym hay vi sinh vit lam xiic tac, PLA trong 
vgt Ugu PC PLA-XLN viri dg ding bi phin buy ngay 
trong mdi trudng nudc cit tai nhigt dg mdi trudng. 
Nhu vgy, vat lieu PC PLA-XLN la vit ligu thin 
thien mdi trudng bdi cac sin phim dugc chg tgo hi 
vit ligu nay sau khi trd thinh phe thii se de dang tg 
phan hiiy trong mdi trudng. 

Bdng 3: Lugng PLA cdn lgi sau 5 tuin 
ngam trong nudc 

Vdt lieu compozit "xanh" tif nhua... 

Mlu 

Lugng PLA con lai, % 

PLA 

99,42 

PLA-XLN 

95,10 

Thdi gian ngdm nu^ , ngdy 

Hinh 8: Dg hip thy nudc ciia mlu PLA va PC 

3.3. Tinh chat nhiet cua vgit lieu 

b. Dg hip thy nudc ciia vat ligu 
Trong m6i trudng nudc, ben cgnh vigc dinh gii 

sy phan biiy ciia PLA thi dg hip thu nudc ciia vit 
ligu cung dugc quan tim. Tign hanh ngam mau trong 
nudc cit d nhigt dg phong va dinh gia khoi lugng 
mlu theo thdi gian. Ket qua cho thay sgi gia cudng 
da lam ting mgnh dg hip thy nudc cua vit lieu PC 
PLA-XLN ngay tir nhiTng ngiy diu ngam miu. Sau 
3 ngay ngam miic dg hip thy nudc ciia PLA-XLN 
giim dan cdn PLA van duy tri miic dg hap thy nudc 
(hinh 8). Digu niy co the dugc ly giii bdi nudc hap 
thy qua be mgt mau PLA-XLN, khuech tan qua Idp 
nhya ngn PLA vao tdi sgi XLN. Sgi cd dg hiit nudc 
rit Idn ngn cang tang toe cho qua trinh khuech tin, 
do do nudc hip thy qua be mat mau cang nhieu. Qua 
trinh niy se chim lai khi lugng nudc sgi gia cudng 
ngam tign dan tdi miic bao boa. Cdn vdi mau PLA 
thi chi CO qua trinh nudc hap thy qua be mat miu rdi 
khuech tan vio trong, qua trinh nay cham hon rat 
nhieu nen miic dg hap thy nudc cua mau PLA nho 
han rat nhieu so vdi cua mau PLA-XLN [5, 6]. 

Cung chinh do co che hip thy, khugch tan va hut 
nudc cua sgi trong miu vat ligu PC PLA-XLN ma 
lugng dung djch HCl, NaOH hoac enzym Proteaza 
K se dugc hap thy vao vgt ligu PC PLA-XLN nhieu 
han vao PLA. Do do phan iing thily phin dign ra 
mgnh ban, so lugng cac lien ket este bj dirt nhigu 
ban tiirc lugng PLA bj phin huy nhieu hem. Day 
chinh la ly do ciia sy co mgt ciia sgi lam tang miic 
dg phan huy ciia PLA trong cac moi trudng. 

°""' '%. ! 

om If 

0 ™ ac ^ <o ™ n. ™ 

Hmh 9: Bieu do TGA cua miu vat ligu 

Sy CO mgt ciia sgi gia cudng kbdng nhimg lam 
tang miic dg phan buy ciia PLA Irong moi trudng 
axit, kiem, sinh hgc vi nudc mi con lam tang miic 
dg hip thy nudc cua vat ligu nhung lai lim giam 
nhiet dg bit diu phan hiiy tir 300,26 °C (vdi PLA) 
xu6ng 269,89 °C (PLA-XLN) vi ddng thdi lam giam 
nhigt do ma d dd vit ligu phan buy mgnh nhat tit 
356,76 °C (vdi PLA) xu6ng 350,80 "C (hinh 9). Sy 
giam nhiel do phan buy nay dugc cho li do sy giam 
khoi lugng phin tu tuang ddi ciia PLA kbi sgi nita 
lign kgt vdi PLA d trgng thai ndng chiy trong qud 
trinh ep mlu [2, 7]. Nhung khi nhigt do tang tdi 400 
°C thi mlu PLA bj tdn bao 96 % trong khi dd mau 
PLA-XLN mdi bj t6n hao 78 % vi tdi khoing 580 
°C miu niy van cdn 6 % chua bj phan biiy. 

4. KET LUAN 

Mac dil su CO mat ciia sgi nira gia cudng die bi?t 
la sgi XLN da lim giim nhigt dg bit dau phan hiiy 
nhung lgi lim tang ding ke cac tinh chat ca hgc ciia 
vgt lieu PC so vdi PLA. Trong dd dang chu y nhat la 
dg bgn va dap ting tdi 40 lan, dieu niy cho thiy sy 
cd mat Clia sgi nira da gdp phin khic phyc dugc tinh 
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^6n Clia PLA. 
Sgi nua rat ua nudc nen lim tang dO hip thy 

nudc cua vat ligu PC so vdi ciia PLA. Ma sy phan 
huy cua PLA l^i diln ra theo ca ch^ thiiy phin be 
gay lien ket este nen trong cic mdi tnrdng hda chat 
(dung djch NaOH 0,1 N v i HCI 6 N) cung nhu mdi 
trucmg sinh hgc (enzym Proteraza K) miic dg phan 
huy PLA trong vit Hgu PC Idn ban trong bin than 
PLA. Digu nay cho thay sy cd mat ciia sgi niia gia 
cudng lim tang khi nang phin buy cua PLA. Sy 
phin huy PLA trong vit ligu PC PLA-XLN diln ra 
ngay trong moi trudng nudc d nhigt dp thudng cho 
thay day chi'nh Ii mgt compozit "xanh". 

Nbu viy, su tang dg ben ca hgc vi tang kha 
nang phan huy cua vit ligu PC PLA-XLN da g6p 
phan trong vigc md rgng linh vyc img dung ciia 
PLA. 

Loi cam ffn: Cong trinh ndy dug'c ho trgr b&i PTN 
Trgng diim Polyme & Compozit, Tnr&ng Dgi hgc 
Bdch khoa Hd Ngi. 
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