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SUMMARY

Polylactic acid is one of the most popular bioplastics used in recent years and it is often
mixed with other polymers or chemicals to form polymer blend because polylactic acid is able to
accelerate biodegradation of polymer blends. This paper presents some results of study on
polymer blend based on polylactic acid (PLA) and ethylene-co-vinylacetate copolymer (EVA).
Fourier transform infrared spectroscopy of polymer blend PLA/EV A shows that position of peaks
of C=0, C-O-C groups shifts to intermediate position characterized these groups in PLA and
EVA due to their dipole-dipole interactions. These interactions make PLA and EVA disperse into
each other more regularly. The presence of PLA increases slightly initial degradation
temperature of polymer blend with PLA contents of 20 - 60 wt.%. EVA enhances oxidation
thermostability of polymer blend at high temperatures.

- MG DAU

Céc chat déo c6 ngudn goc dau mo da duge
dua vao st dung trén thé giGi khoang nhiing
nam 1950 va tré thanh vat liéu cta thé ky 20
trong nhiéu linh vuc nhu bao géi, vat liéu xay
dung, giao thong van taid va s€ con dong vai
trd quan trong trong tuong lai [1]. Tuy nhién do
kha bén trong diéu kién moi trudng khi quyén,
thoi gian phan huy cta céac chat déo thuong kéo
dai nén ching ton dong va gay 6 nhiém moi
truong. Dé han ché diéu nay, cac nha khoa hoc
da tién hanh nghién ctu va ché tao cac cdc chat
déo mdi, c6 nguon gbc tu nhién, than thién véi
moi trudong va dé bi phan huy khi qua st dung.
Mot trong s6 céac chat déo d6 1a poly (axit lactic)
(PLA), mot polyeste c6 cac tinh chdt gan giong
v6i mot polyme c6 nguon goc dau mo la
polyetylen terephtalat (PET) nhu d¢ ciing cao,
nhiét do0 néng chay cao, modun dan héi cao va
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do bén kéo dit 16n [2]. Pac biét, PLA c6 kha
nang phan huy sinh hoc & diéu kién thuong, dé
tai sinh, do d6 khong gy 6 nhiém moi truong.
Tuy nhién, PLA kh4 gion va c6 do dan dai khi
dut thap nén han ch€ kha nang st dung cua né
[3,4]. D€ nang cao cac tinh chat cia PLA ciing
nhu cai thién kha nang phan huy sinh hoc clia
cac polyme khiac, PLA dugc tron hgp (blend
hod) v6i cac polyme ¢6 nguodn goc tu nhién nhu
tinh bot [5], polyme c6 kha nang phan huy sinh
hoc nhu polyvinylancol [6] hay cdc polyme
khong c6 kha nang phan huy sinh hoc va cé
nguon goc dau moé nhu polyetylen, polypropylen
[7]4 .

Copolyme etylen-vinylaxetat (EVA) 1a mdt
polyeste ¢6 nhiéu tinh chat t6t nhu do dan dai
khi dit 16n, mém déo, bén xé, trong suot [8 -
12]a . Tuy nhién, n6 khong c6 kha nang phan
huy sinh hoc trong diéu kién thuong. Viéc tron
hop EVA vé6i PLA ¢6 thé cai thién dugc kha



nang phan huy sinh hoc ctia EVA ciing nhu cai
thién mot so tinh chat co 1y cho PLA.

Bai nay trinh bay cac két qua nghién ciu su
tuong tdc cia PLA v6i EVA bang phd hong
ngoai bién déi Fourier, cau tric hinh théi va do
bén oxi héa nhiét cta vat liéu polyme blend
PLA/EVA. Cic két qua nghién ctiu cho thdy,
khi tron hop PLA v6i EVA, cic pic hdp thu cla
nhém C=0 va C-O-C bi chuyén dich vé gia tri
nam trung gian gitra cdc gia tri cua chding trong
PLA va EVA. Su phan tan cia PLA va EVA vao
nhau xay ra t6t hon khi ham lugng PLA hay
EVA 16n. Su ¢6 mat ctia PLA lam tang nhiét do
bat ddu phan huy trong khi EVA céi thién do
bén oxi héa nhiét & nhiét do cao cua vat liéu
polyme blend.

1T - THUC NGHIEM

1. Héa chat

Nhua poly axit lactic (PLA) c6 tén thuong
mai la Lacty # 5000, nhiét do thuy tinh héa T, =
61°C, nhiét do chay mém T, = 175°C, M, =
170.000, M,, = 320.000 do Toyota Motor
Company (Nhat Ban) san xuat. EVA ¢6 ham
luong vinyl axetat 18%, nhiét do chay mém 95 é
99°C, khoi lugng rieng 0,93 g/cm’. Xylen tinh
khiét do Trung Quoc san xuat.

2. Ché tao cac polyme blend PLA/EVA bang
phuong phap tao mang trong dung dich

Can 0,5 g hén hop PLA va EVA theo ty 1é
da tinh todn vao 25 ml xylen, dun hoi luu, ¢6
khudy tir va gia nhiét & 80°C. Khi 2 polyme da
tan hoan toan, mau duoc trai ra ciac tdm thuy
tinh phiang va cho dung moéi bay hoi tu nhién,
thu dugc cic polyme blend & dang mang mong
vGi chiéu day khoang 50 pm. Sdy mang & 60°C
trong ta hit chan khong t6i khi khoi luong
khong déi.

3. Cac phuong phap nghién ciu

- Nghién cttu tuong tic gitta PLA va EVA
bang phé hong ngoai bién déi Fourier (FTIR):
Mang polyme blend dugc chup phé héng ngoai
trén thiét bi Nexus 670 ctia hang Nicolet (My)
tai Vién K¥ thuat Nhiét d6i, Vién Khoa hoc va
Cong nghé Viét Nam.

- Cau tric ctua polyme blend dugc quan sat
trén anh hién vi dién tr quét (SEM) clia miu,
chup trén thiét bi JEOL 5300 (Nhat Ban) tai
Vién Ky thuat Nhiét d6i véi do phong dai 1000
lan, mau duoc phu 16p bac mong trudc khi chup.

- Phan tich nhiét-khéi luong (TGA) duoc
thuc hién trén mdy Universal V3.8BTA (Nhat
Bén) tai Khoa Vat 1y truong Pai hoc Khoa hoc
Ty nhién Ha Noi, t6c do gia nhiét 5°C/phuit
trong moi truong khong khi, tir nhiét do phong
dén 500°C.

11 - KET QUA VA THAO LUAN

1. Tuong tac cua 2 polyme thanh phan trong
polyme blend PLA/EVA

Hinh 1 biéu dién phd hong ngoai bién déi
Fourier ctia cic polyme PLA, EVA va polyme
blend PLA/EVA cho thdy vi tri hip thu dac
trung ciia mot s6 nhom chiic trong PLA va EVA
da thay déi khi 2 polyme nay duoc tron 1an véi
nhau. Bang 1 trinh bay chi tiét su thay déi cla
céc pic dac trung d6. C6 thé nhan thdy vi tri cdc
nhém C=0, C-O-C trong polyme blend nam
trung gian gifta vi tri clia cdc nhém trén trong
PLA va EVA (bang 1). Diéu nay cho thdy giira
cdc nhém chitc cua PLA va EVA c¢6 su tuong
tic v6i nhau. Mdi tuong tac gitta ching, ngoai
luc Van der Waals thong thudng, con cé tuong
tac dipol-dipol (twong tac ludng cuc) xay ra gitta
cac nhém cacbonyl C=0 cta EVA véi nguyén
ta O trong nhém C-O-C ctia PLA va ngugc lai,
gitta nhém C=0 cua PLA véi nguyén tir O trong
C-O-C cta EVA. Ngoai ra, con cé lién két
hydro gitta nhém COOH trong PLA vé&i nhém
C=0 trong EVA. Chinh céc tuong tic nay giup
cho 2 polyme ¢6 thé tron 1an v6i nhau.

2. Cau tric hinh thai caa polyme blend
PLA/EVA

Trén hinh 2 ta thdy, trong polyme blend
PLA/EVA c6 thanh phan EVA chiém uu thé€ (&
ty 1€ 20/80, hinh 2c), 2 polyme nay phan tan kha
tot vao nhau (kich thudc pha phan tan kha nhd,
khoang 2 - 10 pm). RS rang la gitta cdc polyme
thanh phan da c6 su tuong tic, bam dinh kha tot
v6i nhau. Trong polyme blend PLA/EVA c6
thanh phan PLA chiém uwu thé (& ty 1& 80/20,
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hinh 2a), sy phan tdn cla cic polyme kha tot
nhung khong lién tuc, tao ra cadc khuyét tat trong
cdu tric cua mau. V6i cac polyme blend ¢6 ty 1é
2 polyme thanh phan gan tuong duong nhau
(hinh 2b), céc pha phan tdn vao nhau khong lién

tuc kich thugc hat kha 16n (8 - 20 pm). Diéu nay
cho thdy sy phan tan va bam dinh cta PLA véi
EVA 6ty 1é twong duong khong tot bang & ty 1&
ma mot trong 2 polyme chi€m uu thé.
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Hinh 1: Ph6 hong ngoai ctia PLA (dudong 1), EVA (dudng 3) va polyme blend PLA/EVA 60/40
(dudng 2) & ving 900 ¢ 2200 cm’!

Bdng I: Su thay déi pic dac trung trén phd FTIR clia cdc nhém chic trong polyme blend PLA/EVA

Thanh phén Su thay d6i céc pic dic trung trén phé hong ngoai FTIR (cm™)
PLA/EVA Dao dong hoa tri cia C=0 Dao dong héa tri ciia nhém C-O-C

100/0 1758,76 1207,43

80/20 1758,19 1208,13

60/40 1743,36 1239,06

40/60 1741,17 1241,05

20/80 1739,76 1241,40

0/100 1737,46 1243,45

3. Tinh chat nhiét cta polyme blend PLA/EVA

Hinh 3 biéu dién céc dudng phan tich nhiét-kh6i luong (TGA) ctia PLA, EVA va céc polyme
blend & cac thanh phan khac nhau. N6i chung, tir 310°C trd di, do doc duong TGA cua cédc polyme
blend nam trung gian gitta do doc clia cic dudng TGA cua 2 polyme ban dau.
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Hinh 2: Anh hién vi dién tir quét (SEM) clia cdc polyme blend PLA/EVA & cic ty 1é 80/20 (a),
60/40 (b) va 20/80 (c)
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Hinh 3: Cac dudng nhiét- khoi luong cua PLA, EVA va polyme blend
ctia chiing & cac ty 1é khac nhau

Bdng 2: Céc dac trung TGA cua PLA, EVA va polyme blend PLA/EVA

. . s % Khoi lugng con lai &

Thanh phan Nhiét do bat dau phan

PLA/EVA huy, T, 320°C 370°C 420°C 470°C
100/0 310,59 75.53 443 2,04 2.89
80/20 221,25 69.69 10,60 6,15 157
60/40 22523 76.54 18,78 12,73 4,60
40/60 223,76 70.42 33,16 23,10 3,53
20/30 224,10 6641 48,13 32,88 3,02
0/100 222,14 70.24 5851 31,57 2,10

Bang 2 trinh bay cdc diac trung TGA cia clta PLA cao hon nhiéu so véi EVA. Cic
PLA, EVA va cdc polyme blend PLA/EVA. D& polyme blend PLA/EVA & cdc ti 1& tir 60/40 dén
dang nhan thdy nhiét do bit dau phan huy (T,) 20/80 c¢6 T, cao hon EVA mot it. Tuy nhién mau
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polyme blend PLA/EVA 80/20 cé T, tham chi
con thip hon T, ctia EVA. C6 thé & ti 1¢ trén, 2
polyme tuong tic va bam dinh vé6i nhau khong
tot, céu tric vat liéu kém chat ché, dé bi tic
dong cua nhiét do cao va oxi khong khi, gay
phan huy oxi héa nhiét polyme blend. Két hgp
bang 2 va hinh 3 ta thdy PLA c6 T, cao hon
EVA nhung qud trinh phan huy lai dién ra rat
nhanh va xay ra theo 1 giai doan, trong khi EVA
c6 T, thap hon nhung qua trinh phan huy kéo
dai va trai qua 2 giai doan vi qua trinh phan huy
oxi héa nhiét cia EVA dién ra tudn tu, phan este
cta polyvinylaxetat trong EVA s€ bi phan huy
truGe, sau d6 dén phan hydrocacbon cia EVA
[13]. Kha nang bén oxI héa nhiét cia EVA &
vung nhiét do cao (tir khoang 350°C tr& 1én) 16n
hon so véi PLA. Chinh vi vay, %khoi lugng con
lai cua cdc polyme blend cé thanh phan EVA
16n déu cao hon so véi clia polyme blend ¢6
thanh phan EVA thdp (so sanh ¢ vung nhiét do
te 370°C trd 1én). Tham chi polyme blend
PLA/EVA 20/80 ¢6 % khéi lugng con lai &
420°C con cao hon ctia EVA. Nhu vay, su cé
mat cua PLA lam tang gid tri T, cho polyme
blend trong khi su c¢6 mat ciia EVA lai lam tang
do bén nhiét cho polyme blend & viing nhiét do
cao hon. Piéu nay duoc thé hién rd & cic
polyme blend giau thanh phan EVA (& ti 1
PLA/EVA 40/60, 20/80) (bang 2).

IV -KET LUAN

1. Su chuyén dich mot s6 vi tri pic dac trung
ctia cac nhém C=0, C-O-C trén phd FTIR cua
polyme blend PLA/EVA chiing t6 PLA va EVA
c6 su tuong tac véi nhau.

2. C4c pha PLA va EVA phan tdn vao nhau
tot hon & cdc mau giau PLA hay EVA. Trong
d6, PLA phan tdn vao EVA déu hon so v6i EVA
phan tan vao PLA.

3. Su ¢6 mit ctia PLA 1am tang nhiét do bat
dau phan huy cta polyme blend trong khi EVA
lam tang kha nang bén oxi hda nhiét ctia polyme
blend & nhiét do cao.
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Cong trinh duoc hoan thanh voi su hé tro
kinh phi cua Hoi dong Khoa hoc Tw nhién.
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