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Tom tit:

Polymer blend trén co sé polybutylene adipate terephthalate (PBAT) két hop véi polylactic acid (PLA) véi tinh
chit co ly dwoc cai thién da dwge ché tao thanh cong trén may dun truc vit, sitr dung chit trg twong hop glycidyl
methacrylate (GMA) va chit gia cwong khoang sét montmorillonite (MMT). Cac tinh chit cia blend dwoe danh
gia bang cac phwong phap: ky thuat phan xa toan phan suy giam - pho hong ngoai bién ddi Fourier (ATR-FTIR),
phan tich nhiét trong lwong (TGA), kinh hién vi dién tir quét (SEM) va thir nghiém co hoc. Két qua nghién ciru cho
thay, ty 16 PBAT/PLA 40/60 cho cac tinh chit co hoc tdi wu, chit tro' twong hop trén co s¢ GMA lam ting tinh twong
hgp trong blend PBAT/PLA thong qua phén tng giira nhém epoxy véi cac nphém COOH va OH cudi mach polymer.
Viée sir dung GMA két hop véi clay di cai thién dd bén co hoc, dd bén nhiét, do 6n dinh céu tric ciia vat liéu. Blend
PBAT/PLA/chit tro twong hop/clay véi ty 18 khoi lwong 40/60/10/20 cho dd bén kéo 30,06 MPa, dd dan dai khi drt
70,38%, module kéo 1568 MPa. Két qua cho thiy, vt liéu cé tiém ning trong sian xuit bao bi va d6 dung thuc phim
dung mét 1an than thién véi méi truong.

Tir khoa: khoang sét, polybutylene adipate terephthalate, polylactic acid, polymer blend, tinh chét co hoe, trg twong
hop glycidyl methacrylate.
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Abstract:

A polymer blend based on polybutylene adipate terephthalate and polylactic acid (PBAT/PLA) with enhanced
mechanical properties was successfully fabricated by melt mixing in a twin-screw extruder using glycidyl
methacrylate (GMA) as a compatibiliser and montmorillonite clay (MMT) as a reinforcement. The properties
of the blend were characterised by a series of methods including ATR-FTIR spectroscopy, thermogravimetric
analysis (TGA), scanning electron microscopy (SEM), and mechanical testing. The results showed that the PBAT/
PLA blend with a weight ratio of 40/60 exhibited optimal mechanical properties. In addition, the GMA-based
compatibiliser increased the compatibility of the PBAT/PLA blend through reactions between epoxy groups and
the terminal COOH and OH groups of the polymer chains. The study also confirmed that the combined use of a
GMA-based compatibiliser and clay improved the mechanical strength, thermal stability and structural stability
of the materials. The PBAT/PLA/compatibiliser/clay blend with a mass ratio of 40/60/10/20 exhibited a tensile
strength of 30.06 MPa, an elongation at break of 70.38%, and a tensile modulus of 1568 MPa. These results indicate
significant potential for the production of environmentally friendly packaging and disposable food containers.

Keywords: clay, glycidyl methacrylate compatibiliser, mechanical properties, polybutylene adipate terephthalate,
polylactic acid, polymer blend.
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1. Ddt van de

Polybutylen adipat terephthalate (PBAT) la mét polyester
mém déo, c6 do dan dai cao va kha ning phan huy sinh
hoc trong moi truong i phan composite [1]. Vi vay, PBAT
thuong duoc tmg dung trong san xuét cac san pham nhua,
bao bi ding mot 1an than thién v6i méi truong va bao bi tiép
xuc truc tiép voi thue phém. Tuy nhién, do bén co hoc th?ip
ctia PBAT han ché viéc ing dung vao cac san phim yéu ciu
d6 bén, do clmg cao va kha ning tao hinh bai phuong phap
dinh hinh nhiét hodc duc phun [1].

Dé nang cao do bén co hoc ciia PBAT, cac phuong phép
phé bién duoc sir dung nhu bd sung cac chét gia cudng; ché
tao polymer blend v&i mot hodc nhiéu polymer khéc. Trong
do, viéc két hop PBAT véi cac polymer khac dé tao thanh
blend hai hoic da c4u tir 1a phwong phap hiéu qua nhat, giap
cai thién cac tinh chit co hoc mot cach dang ké, tuy thude
vao loai polymer va ty 18 cac polymer phdi tron [2].

Céc polymer dugc két hop véi PBAT dé ting cudng tinh
nang co ly 1a nhitng polymer phan huy sinh hoc ¢6 d¢ cung
cao, module cao, dd bén kéo dut 16n, nhu: polyhydroxyl
butyrate-co-valerate (PHBV), poly caprolactone (PCL),
polylactic acid (PLA); trong d6, PLA nbi bat nho do bén
kéo dut va module kéo 16n [3], c6 kha nang dinh hinh nhiét,
phan huy sinh hoc trong moi truong u compost. Tuy nhién,
PLA c6 déc tinh gion (d6 gian dai khi dut nhé hon 5%),
khién kha nang ung dung bi han ché.

Do d6, polymer blend PBAT/PLA thudong dugc ché
tao nham khac phuc nhitng nhuoc diém va tan dung uu
diém ctia ca hai polymer [3]. Tuy nhién, cdu trac hoa hoc
ciia PBAT va PLA la khac nhau, nén vé 1y thuyét chung
khong tuong hop. Vi vay, viéc lya chon chét tro tuong
hop va ham lugng thich hop 13 yéu t6 quan trong dé cai
thién cdu tric va tinh chat ciia polymer blend [4]. Cho dén
hién nay, viéc tim ra loai chat tro twong hop phu hop cho
blend PBAT/PLA tiép tuc thu hut sy quan tam cua cac nha
nghién ctru véi nhiéu van dé can duoc 1am sang to.

Ngoai viéc sir dung chét trg twong hop, cic chit gia
cuong ciing di duoc sir dung dé ting cudng tinh co 1y cua
polymer blend. Trong sé d6, khoang sét montmorillonite
(clay MMT) 1a mét chét gia cuong hiéu qua, gitip cai thién
tinh co 1y va c6 ngudn gdc khoang tu nhién, gia thanh thap,
d& dang st dung trong san xut cong nghiép [5].

M. Shahlari va cs (2012) [6] da ché tao vat lidu blend
composite PBAT/PLA dugc gia cuong bdi khoang sét MMT
montmorillonite bién tinh ma khong can ding thém chat trg
tuong hop. Nhom nghién ctru da bd sung MMT gilip ting
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cuong vuot troi module dan hdi, module du trix (tang ~2,1
1an) so v&i blend khong twong hop PBAT/PLA, MMT; dong
thoi dong vai trd tro twong hop, gitp ting do bam dinh bé
mat gitta PLA va PBAT dugc chiing minh boi SEM [6]. Tuy
nhién, do gidn dai giam dang ké (giam ~7.9 1in). G. Zhang
va cs (2024) [7], Y. Zhang va cs (2021) [8] da ché tao blend
PBAT/PLA str dung chit tro twong hop trén co s polymer
ghép GMA va khong dung chét gia cuong. Két qua cho thiy,
chat tro trong hop gitp gia ting dang ké do gian dai khi dut
s0 voi blend PBAT/PLA khong tuong hop; tuy nhién d¢ bén
kéo va module dan hoi ting rat it, c6 trudng hop con giam
nhe. Trong khi d6, su két hop dong thoi cia MMT va GMA
dé ting cuong do bén, module va do gidn dai cho blend
PBAT/PLA van chua dugc khai thac 1am sang to. Tai Viét
Nam, cho dén hién tai van chua c6 cong bd nao vé ché tao
vat liéu blend PBAT/PLA chtra chit gia cuong clay va st
dung chit trg tuong hop GMA.

Nghién ctru nay tién hanh ché tao blend PBAT/PLA véi
chat trg trong hop glycidyl methacrylate (GMA) va chat don
clay MMT bang méay dun hai truc vit. GMA s& ting cuong
cAc tuong tac bé mit gitra PBAT va PLA; trong khi do, clay
MMT ting cudng kha ning phan tan tng suit. Blend voi
chét tro twong hop maleic anhydride (MA) ciing dugc ché
tao va so sanh tinh chét véi blend st dung GMA. Céac dac
trung co 1y hoa cua blend dugc xac dinh boi cac phan tich:
ATR-FTIR, TGA, tinh chit co hoc (d6 bén kéo dit, dan dai
khi dut, module kéo) va cAu tric hinh thai bai SEM, tir d6
danh gia su tuong tac gitta PBAT, PLA va MMT.

2. Thuc nghiém
2.1. Nguyén vit li¢u

PBAT Ecopond KB100 dwoc cung cép boi Zhuhai
Kingfa Biomaterials, Guangdong; chi sé chay 3~5 g/10
phut (190°C, 2,19 kg), nhi¢t dg nong chay 125°C. Polylactic
acid Luminy LX175 Total Energies-Corbion, Thai Lan;
chi s chay 3 g/10 phut (190°C, 2,19 kg), nhiét do néng
chay 155°C. Glycidyl methacrylate (GMA) d6 tinh khiét
>99%; benzoyl peroxide (BPO) do tinh khiét >98% duoc
mua tir Shanghai Macklin Biochemical Technology. Maleic
anhydride (MA) d¢ tinh khiét >98%, phu gia trg gia cong
oleamide d¢ tinh khiét >98% la sin pham cua Shanghai
Zhanyun Chemical. Khoang sét MMT, loai ding lam chat
don cho polymer composite duoc bién tinh bé mat boi
Octadecyl trimethyl ammonium, dugc mua tir Nanomer
Beijing East-West Company, kich thudc hat: ~15-20 pm.
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2.2. Ché tao blend PBAT/PLA chita chit tro twong hop
va clay MMT

Ché tao chdt tro twong hop: PBAT ghép glycidyl
methacrylate (PGMA) va PBAT ghép maleic anhydride
(PMA): Chét tro trong hop PGMA duoc ché tao trén may
dun hai tryc vit; bang phan Gng ghép GMA 1én mach PBAT,
sir dung chat khoi mao BPO. Hon hop nguyén liéu gom:
PBAT 100 phan khéi luong (pkl), GMA 10 pkl, BPO 0,5
pkl va oleamide 0,5 pkl dugc tron co hoc dong déu bang
may trén Labtech LMX10-V, sau d6, tron hop néong chay
trén may dun hai truc vit Labtech LTE16-52, tde do truc vit
100 vong/phut, nhiét do 13 khoang tron cua may dun dugc
cai dat trong khoang ~125-165°C. Hon hop nhwa néng chay
duoc lam mat, kéo soi, cit tao hat va séy chan khong tai
60°C trong 24 gid dé loai bo hét vét GMA sot lai. Dé chimg
minh khong con GMA chua phan tng trong PGMA, mau
hat nhya PGMA sau khi séy kho duoc ngam thoi nhiém
trong nuoc ct tai nhiét do 95°C trong 24 gid; sau do, dung
dich nudc thdi nhiém duoc phan tich béi thudc thur kali
permanganate (mau hdng tim cua thubc thir gitt nguyén
khong d6i), phd FTIR (khong xuat hién sy khac biét so véi
phé cta nude cat). Cac két qua ching to khong co su xuét
hién cia GMA du trong PGMA bi thoi nhiém ra moi truong
bén ngoai. PGMA dugc do phd IR va chuan d6 dé xac dinh
ham lugng GMA, ham lugng GMA dat 7% khdi lugng so
v6i PBAT xac dinh bang chuan d6 [9].

Chét tro trong hop PMA dugc ché tao bang phan tng
ghép MA 1én mach PBAT tuong tu nhu ché tao PGMA;
hén hop gdm: PBAT 100 pkl, MA 15 pkl, BPO 0,75 pkl,
oleamide 0,5 pkl duoc tron co hoc déng déu, sau do tron
hop nong chay dun tao s¢i, lam mat, kéo soi, cit tao hat va
sdy chan khong tai 60°C trong 24 gio. Ham lwong nhom MA
dat 7% khoi luong so v&i PBAT dugce xac dinh b?mg chuén
do [10, 11].

Ché tao blend PBAT/PLA cé va khéng c6 chit tro twong
hop: Céc mau blend PBAT/PLA c6 va khong c6 chat trg
turong hop dugc ché tao v6i don phéi liéu trinh bay trong
bang 1. Trong do, PBAT, PLA dugc ky hi¢u lan lugt 1a T va
A tuong ung, blend khong tuong hop dugce thém ky hi¢u uc;
blend v&i ty 1& phan khdi lugng PBAT/PLA=x/y duoc ky
hiéu la TAxy tuong ung.

Quy trinh chung ché tao cac mau blend PBAT/PLA: Can
chinh xac khéi luong cia nhya va cac phu gia, tién hanh
tron co hoc dong déu trong 2 phit, sau do, chuyén hén hop
nguyén liéu vao phéu nap liéu ctia may dun hai tryc vit dé
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Bang 1. Pon phéi liéu ché tao blend PBAT/PLA c6 va khong cé
chat tro twong hop.

Ky hi¢u mAu fp?(%::(l;;A PGMA (pkl) g’ 1\1/(111; glﬁ;mide
ucTAS2 80/20 ; - 1
ucTA73 70/30 - - 1
ucTA64 60/40 - ; 1
ucTAS5 50/50 - - 1
ucTA46 40/60 - - 1
ucTA37 30/70 - - 1
TA82-PGMA1  80/20 1 - 1
TA73-PGMA1  70/30 1 - 1
TA64-PGMAL  60/40 1 - 1
TAS55-PGMA1  50/50 1 - 1
TA46-PGMA1  40/60 1 - 1
TA37-PGMA1  30/70 1 . 1
TAS2-PMAl  80/20 - 1 1
TA73-PMAL  70/30 - 1 1
TA64-PMA1  60/40 - 1 1
TAS5-PMAL  50/50 ; 1 1
TA46-PMAL  40/60 ; 1 1
TA37-PMAL  30/70 - 1 1

bat dau qua trinh tron hop nong chay, nhiét do 13 khoang
tron cia may dun tir hong cip liéu dén dau dun nhu sau:
175/180/185/190/195/200/200/195/190/180/175/170/165°
C, toc do tryc vit 100 vong/phit. Hon hop nhwa nong chay
thoat khoi dau dun hinh thanh soi nhua; soi duoc kéo, lam
mat trong bé nude va cét tao hat. Thu san phém hat nhua tao
thanh va danh gia tinh chat.

Ché tao blend PBAT/PLA/clay MMT: Dé khao sat hiéu
qua tang cudng co tinh cua chét gia cuong khoang sét MMT
dbi voi cac blend da co tro tuong hop, tién hanh ché tao cac
mau blend chira MMT véi don phéi liéu trinh bay trong
bang 2. Quy trinh cong nghé tuong ty nhu ché tao blend co
chat trg trong hgp PGMA & trén, giit nguyén céc thong sb
gia cong trén may dun hai truc vit. Nhya nguyén li¢u, phu
gia va MMT dugc can va trdn co hoc d@)ng déu, sau d6 hdn
hop dugc nap vao phéu nap liéu ciia may din va bat dau qua
trinh trén hop néng chay, dun tao sg¢i, lam mat, kéo soi va
cét hat.



Bang 2. Don phdi liéu cho ché tao blend PBAT/PLA c6 chira MMT.

K hidu miu PBAT/PLA PGMA MMT Oleamide
(pkl/pkI) (pkD) (pkD) (pkD)
TA46-MMT10  40/60 10 10 1
TA46-MMT15  40/60 10 15 1
TA46-MMT20  40/60 10 20 1
TA46-MMT25  40/60 10 25 1

Khoang sét montmorillonite (MMT) la vat li¢u gia cuong
v6 co hiéu qua trong cai thién tinh chit co 1y cta polymer
composite. O déy, clay MMT dugc sir dung 6 kich thuéce
hat ~15-20 um, dién tich bé mat cua chat don micro nhé hon
dién tich bé mat cua chét don nano cung loai (kich thudc hat
<100 nm); dan dén s luong twong tic bé mit gitra chit don
micro véi nhya nén s& it hon so véi truong hop chat don
nano - nhya nén, hiéu qua gia cuong cua chit don micro
ciing thip hon so v6i chit don nano. Do dé, chit don micro
clay MMT s€ dugc st dung véi ham luong 10-25 pkl, cao
hon so v&i ham luong thuong st dung véi chit don nano dé
tang cuong hiéu qua gia cuong cta chat don véi nhua nén.

2.3. Phwong phdp phdn tich

Phé hong ngoai ATR-FTIR dugc thyc hién trén quang
pho ké hong ngoai Nicolet iS20, dai song 4000-400 cm!, s6
1an scan: 32, d6 phan giai 4 cm’.

Phan tich nhiét trong lugng (TGA) dugc tién hanh trén
thiét bi Mettler Toledo TGA/DSC 3*, nhiét do 25-600°C, toc
d¢ gia nhi€t 10°C/phut trong moi truong khi N, 20 ml/phit.

Tinh chét co hoc duge thuc hién trén thiét bi INSTRON
5900R theo tiéu chuan ASTM D638, toc d6 kéo 200 mm/phit.

Céu trac hinh thai cua vat liéu duoc danh gia bé'mg anh
SEM trén thiét bi JEOL JSM-6510LV, dién thé 10 kV. Mau
dugc bé giy trong nito 16ng, sau do tiét dién cat ngang nay
dugc phu vang va tién hanh chup anh SEM.

3. Két qua va ban luan

3.1. Tinh chit co hoc

Anh hieong ciia logi chat tro twong hop va ty 1é polyme:
Dé danh gia anh huong cta chat tro twong hop dén tinh chit
cta blend, cic miu PBAT/PLA khong chira chit trg tuong

hop da dugc khao sat va danh gia tinh chét co hoc (d bén kéo
dut, gian dai khi dut), két qua dugc trinh bay trong bang 3.
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Bang 3. Tinh chat co hoc ciia cac mau blend PBAT/PLA khéng
chtra chét tro’ twong hop.

KY hi¢u PBAT/PLA D) bén kéo dit  Giéin dai khi dut
mau (pkl/pkl) (o, MPa) (g, %)

PLA 0/100 35,00+0,20 3,60+0,50

PBAT 100/0 17,00+0,50 >450% (khong dut)
ucTA82 80/20 7,02+2,50 6,95+2,00

ucTA73 70/30 4,91+2,00 6,00+2,00

ucTA64 60/40 22,09+3,00 3,46+1,50

ucTAS5 50/50 15,5342,50 3,35+1,50

ucTA46 40/60 21,65+2,80 4,50+1,00

ucTA37 30/70 9,62+2.,00 4,94+1,70

C6 thé nhan thdy, cac mau blend khong chira chit tro
tuong hop c6 do bén kéo dut khong 6n dinh, do dan dai khi
dut rat thap (dudi 7%), khong thé hién rd xu hudng bién
thién khi ham luong PLA thay d6i. Két qua nay duogc giai
thich 1a do céc tinh chat cudi cung cua blend tiy thudc vao
cAu tric hinh thai bén canh cac dic diém vén co cua tung
polymer; viéc pha tron cac polymer khong gidng nhau s&
tao ra cac cAu triic tach pha (giot phan tan trong nén, hodc
try, hodc cdu) tity thudc vao tuong tic polymer-polymer, cac
thong s (téc do truc vit, nhiét do, ty 1& do nhat, thong sé hoa
tan va strc cang giao di¢n), strc cdng giao di¢n polymer cang
16n thi kich thudc pha phan tan cang 16n, dan dén tinh chét
ctia blend cang suy giam [12]. PBAT va PLA c6 ban chét cau
tric héa hoc khac nhau, blend khong tron 1an PBAT/PLA
s& co su tach pha polymer véi suc cang giao dién 16n gitra 2
polymer, it c6 sy bam dinh tuong tac bé mit [12, 13]; hé qua
13, tinh chét cua vat liéu khong duoc cai thién.

Su twong hop gitta PBAT va PLA dugc ting cuong bang
cach sir dung cac chét trg twong hop PGMA va PMA. Tinh
chét co hoc bao g@)m d6 bén kéo, do gian dai va module kéo
ctia cac mau blend PBAT/PLA c6 chira PMA 1 pkl, PGMA
1 pkl dugc thé hién trong hinh 1.

C6 thé nhan thdy, cic mau sir dung chit trg twong hop
PGMA 1 pkl cho tinh chat co hoc cao hon so véi cac mau sir
dung PMA 1 pkl (v6i cing ty 16 PBAT/PLA). Diéu nay cho
thdy, & ham lugng 1 pkl PGMA c6 hiéu qua tro twong hop
trong blend PBAT/PLA tét hon so vi PMA. Chét trg twong
hop hiéu qua 1am giam strc cing bé mat gitra 2 polymer, tir
d6 giam kich thudc ciia giot phan tan trong pha nén; ciu tric
giot phan tan trong nén trd nén min hon, déng nhat hon; tir
d6 din dén ting cuong cac tinh chit cia vat lidu.
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Hinh 1. Tinh chét co’ hoc cua blend khi stv dung PGMA 1 pkl va PMA 1 pkl, v&i ham lwgng PLA thay déi.
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Vi ca 2 loai trg twong hop, khi ham lugng PLA tang tir
20 dén 70 pkl, twong mg v&i ty 1¢ PBAT/PLA thay doi tir
80/20 dén 30/70 thi d6 bén kéo dut, module kéo ting dan.
bic biét, module tang dang ké tai 60 va 70 pkl PLA. Nguoc
lai, d6 gidn dai giam dan khi ham lugng PLA ting tir 20 dén
60 pkl va giam manh tai 70 pkl PLA. Mau TA82-PGMA1
cho 6=10,86 MPa, module kéo=238 MPa, £=208,82%:;
mau TA46-PGMAI1 cho gia tri d6 bén va module ting
manh: 6=15,89 MPa, module kéo=540 MPa, £=50,27%;
mau TA37-PGMA1 cho: 6=17,05 MPa, module kéo=660
MPa, e=11,31%. Su thay dbi tinh chat co hoc nay duogc giai
thich 1a do: khi ham luong PLA nho hon 50 pkl thi blend
PBAT/PLA s& c6 ciu triic v6i pha nén PBAT mém déo va
pha phan tan PLA cimg, PLA ddng thoi gia cuong cho nén
PBAT; ham lugng PLA ting s& dan dén ting do bén kéo,
tang module kéo, giam d¢ gian dai khi dut cia vat licu [14].
Tuy nhién, khi ham lugng PLA>60 pkl, vat liéu PBAT/PLA
¢6 su thay déi cdu tric voi PLA 1am pha nén cimg va PBAT
dong vai tro 1am pha phéan tan mém déo [14]; do d6, do bén
kéo dut va module kéo cua vat liéu blend véi nén PLA s&
cao vuot troi so vai vat lidu blend ¢ pha nén PBAT.

Tt tinh chét co hoc trén, ¢ thé két luan réng PGMA ¢6
hiéu qua trg twong hop trong blend PBAT/PLA tét hon so
v6i PMA; ham lugng PLA trong blend ting tir 20 dén 70
pkl thi dn dén d6 bén kéo, module kéo ting dan, ting déng
ké khi PLA>60 pkl, d6 gian dai giam dan. Ty 1é PBAT/PLA
40/60 (TA46) dugc chon dé ché tao cac mau blend cho céc
nghién clru tiép theo do mau vat liéu vira c¢6 do bén kéo,
module kéo 16n - phan anh d¢ cing cua toan khéi vt liéu;
ddng thoi d6 gidn dai khong qua thip.

Anh hwéng cia ham leong chat tro twong hop PGMA:
Pé danh gia anh huéng cia ham lugng PGMA dén tinh
chét cua vat liéu, cac mau blend PBAT/PLA 40/60 véi ham
luong PGMA thay déi: 1,0; 5,0; 7,5; 10,0; 12,5 pkl duoc
ché tao. Két qua tinh chét co hoc ctia cac mau trong hinh 2
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cho théy, khi ting ham lugng PGMA tir 1,0 dén 12,5 pkl,
d6 bén kéo dit, o gian dai khi dat. Module kéo ting dan
va dat céc gia tri cuc dai tai PGMA 10 pkl, sau d6 giam nhe
khi PGMA tiép tyc tang 1én 12,5 pkl. Mau TA46-PGMA 10
cho d6 bén kéo dit, module kéo, gidn dai khi dut 1an luot 1a
24,28 MPa; 725 MPa va 102,17% tuong tmg. Két qua nay
duogc giai thich 1a khi ting ham luong PGMA s€ lam tang sy
lién két bé mat gitra PBAT va PLA, tir d6 tinh chét co 1y cua
vat liéu dugc cai thién. Tuy nhién, khi ham lwong PGMA
vuot qua gia tri t8i wu s& gdy ra su khau mach cuc bd cua
polymer, xuat hién suy pha hiy gion tai cac khdi polymer
khau mach d6; hé qua 1a lam giam ddng thoi ca do bén kéo,
module dan hoi va gidn dai khi dat cia vat liéu. Két qua
nay twong déng v6i nghién ciru cua N. Zhang va cs (2009)
[15], v&i blend PBAT/PLA dugc tro tuong hop boi GMA,
khi ham luong GMA ting qua gia tri tdi uu s& ¢6 qua nhidu
nhom epoxy cua GMA phéan tmg v6i nhom -COOH, -OH
cudi mach PBAT va PLA; gay ra su khau mach cuc b cua
polymer, tir d6 1am suy giam dong thoi d6 bén kéo, d6 dan
dai va d¢ dai va dap.

- 800
Il 26 bén kéo aut (MPa) 100
I Modul kéo (MPa) 72\1
30 { —=— Gian dai (%)
L go 700
25 60
800
20 40
- 500
20
15 -
Lo Laoo

1,0 5,0 7.5
Ham lugng PGMA (pkl)

10,0 12,5

Hinh 2. Tinh chét co hoc cua blend TA46-PGMA vé&i ham lwong
PGMA thay dbi.



Do d6, ham lugng trg twong hop duogc st dung la 10 pkl
cho hiéu qua twong hop tt nhat giita PLA va PBAT. P9
bén kéo, module kéo va do dan dai cua vat liu 1an luot dat
24,28 MPa, 725 MPa va 102,17%.

Anh hieong cia chat gia cwong khodng sét MMT: Cac
mau TA46-PGMA 10 duoc ché tao voi cac ham luong MMT
thay ddi: 10, 15, 20, 25 pkl; cac tinh chét co hoc duoc trinh
bay trong hinh 3.

D6 bén kéo dit Gian dai (%) Module kéo
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(MPa) ~120
35 1568 L 1600
1001 1400
+1200
30 - 80
11000
780 | 800
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Hinh 3. Tinh chat co hoc cta blend TA46-PGMA10-MMT vé&i ham
lwgng MMT thay dbi.

Céc két qua tinh chdt co hoc cho thdy, khi ham lugng
MMT ting tir 10 dén 25 pkl thi d6 bén kéo dut, module kéo
tang dan va dat gia tri 16n nhét tai 20 pkl MMT, sau do cac
tinh chat giam nhe khi MMT tiép tuc tang 1én 25 pkl. Trong
khi d6, d6 gian dai khi dit giam dan khi ham lwong MMT
tang dan. Mau TA46-MMT20 cho gia tri cuc dai cua do
bén kéo dut va module kéo, 1an lugt 12 30,06 va 1568 MPa
tuong tmg; gidn dai khi dut dat 70,38%. Diéu nay duoc giai
thich 1a do ham luong MMT cang tang 1én s€ lam gia tang
mat do tuong tac ky nudc giita nhwa nén voi chudi alkyl béo
trén bé mat MMT, tir d6 ting kha ning truyén tai ing suét
tr nhya nén sang chit don; do do, tinh chét co 1y cua vat
liéu dugc cai thién. Tuy nhién, ham lwong MMT tang 1én
qua cao s& dan dén su két ty ctia cc hat clay trong qua trinh
tron hop nong chdy; hé qua 1a blend tao thanh s& dé bi pha
huy cuc bg tai cac khéi két tu; tir d6 dan dén suy giam tinh
chét cua vat lidu.

Tém lai, tinh chét co hoc ctia blend PBAT/PLA s& duoc
cai thién dang ké khi sir dung chat tro twong hgp PGMA va
chit gia cuong MMT, phu hop véi cic tmg dung ché tao
bao bi dung thuc phém (chai, lo, cde, dia, khay) dung mot
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1an v6i d6 bén kéo dirt >18 MPa, gian dai >4%, module kéo
>1000 MPa [16, 17]. Vi 10 pkl PGMA va 20 pkl MMT; do
bén kéo, module kéo va do gidn dai cua vat lidu lan luot dat
30,06 MPa, 1568 MPa va 70,38%.

3.2. Phé h&ng ngoai

Su ting cudng twong tac bé mat giita PBAT va PLA khi
str dung chat tro twong hop duoc chimg minh béi phd ATR-
FTIR cua cic miu: khong c6 chat trg tuong hop (ucTA46)
va c6 chat tro twong hop (TA46-PMAI1, TA46-PGMAL,
TA46-PGMA10, TA46-MMT?20). Phé IR cia cac miu duge
trinh bay trong hinh 4.

TA46-MMT20 ' -; == 1470 [eEamamaama -

TA46-PGMA1

TA46-PMA1

ucTA46

Do truyén qua (%)

—— T T
2000 1800 1600 1400 1200 1000
S6 séng (cm™)

T T T
800 600

Hinh 4. Phé ATR-FTIR clia cac mau blend khéng chira va cé chira
chét trg twong hop PGMA, PMA.

C6 thé nhan thdy, phd IR cua blend khong twong hop
ucTA46 xuat hién peak tai 1123 va 1019 cm™! véi cuong do
trung binh chi ra sy tdn tai ca cac lién két C-O trong nhom
-COOH va C-OH cudi mach PBAT va PLA. Véi cic mau
chtra chét tro twong hop, hai peak nay dich chuyén vé tan
) thép hon; cu thé, TA46-PMA 1 xut hién peak tai 1121 va
1017 cm'; TA46-PGMA1 va TA46-PGMA10 cho peak tai
1118 va 1016 cm’'. Diéu nay chimg to rang, di xay ra phan
g héa hoc gitra cac nhoém -COOH, -OH cudi mach PBAT
va PLA vo6i cac chuc epoxy, maleic cia PGMA, PMA va
hinh thanh cac lién két C-O-C méi didc trung boi cac peak
trong dai 1300-1000 cm™'. Piéu nay dan dén sy gia tang lién
két bé mat gitta PBAT va PLA; tir d6 cai thién tinh tuong
hop, tinh chit co hoc so véi blend khong chira chat twong
hop [3, 18, 19], ma chimg minh boi cac két qua co tinh &
trén. Co ché twrong hop giita PBAT va PLA dugc minh hoa
trén hinh 5.
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Hinh 5. Minh hoa co’ ché twong hop giira PBAT va PLA bing hop
chat chira nhém epoxy [3, 18-20].

" chira nhém epoxy

Phé IR cta TA46-PGMA 10 cho thay, cudng do cac peak
1118, 1082, 1016 cm™ manh hon so vdi cac peak twong ting
cua TA46-PMA1 va TA46-PGMAT; chiing t6 mat do lién
két C-O-C trong cic mau st dung PGMA 1a 16n hon so véi
mau st dung PMA. Khi ham lugng PGMA tang tir 1 1én 10
pkl, mat do lién két C-O-C ting 1én. Nhom epoxy cé thé
phan tmg voi ca -COOH va -OH dé tao thanh lién két C-O-C
méi [18]. Trong khi do, nhom maleic chi phan ung véi
nhom -OH dé hinh thanh nhom ester. Do d6, mat do cac lién
két C-O-C hinh thanh tai bé mat tiép xtic pha PBAT/PLA

1 (A
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60 -
40
20
| | ——PLA
0l L=— PBAT
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% m
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Nhiét dé (°C)

100 200

khi sir dung PGMA s& 16n hon so v6i khi sir dung PMA. Pho
IR ctia TA46-MMT20 chira clay MMT xuét hién peak 1470,
1600-1650 cm* duoc quy cho lién két N-H va C-N trong
hop chit amoni trén bé mit MMT bién tinh.

C6 thé két luan, PGMA c6 hiéu qua trg twong hop cho
blend PBAT/PLA v6i co ché phan tmg gitra nhom epoxy va
cac nhéom COOH, OH cudi mach PBAT va PLA. Tang ham
lwong PGMA lam tang muc do twong hop cua PBAT/PLA,
su On dinh céu trac va cac tinh chét coa vat lidu.

3.3. Phdn tich nhiét

Phan tich nhiét trong lugng (TGA) cho biét mirc d6 on
dinh nhiét cta mot vat liéu, tir d6 danh gia dugc do bén ciu
trac, mirc do twong hop giita cac cau tir thanh phan cua vat
lidu. Gian d6 TGA va DTG cuia cac mau blend khong chira
va c6 chira chét tro tuong hop, c¢6 clay MMT dugc thé hién
trong hinh 6.

Gian d6 TGA va DTG cho thdy, nhiét d6 bat dau phan
hay va nhiét d6 tai tde do phan hiy lon nhét cta cidc mau

1(B)
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Hinh 6. (A) Gian dé TGA ctia PLA, PBAT; (B) Gian d6 DTG cuia PLA, PBAT; (C) Gian dé TGA ctia ucTA46, TA46-PMA1, TA46-PGMA10, TA46-
MMT20; (D) Gian dé DTG cuia ucTA46, TA46-PMA1, TA46-PGMA10, TA46-MMT20.
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Hinh 7. Anh kinh hién vi dién tlr quét (SEM) cac mau: (A) ucTA46, (B) TA46-PMA1, (C) TA46-
PGMAT1, (D) TA46-PGMA10, (E) TA46-MMT20.

blend tang theo thir ty: ucTA46<TA46-PMA1<TA46-
PGMA1<TA46-PGMA10~=TA46-MMT20. Maiu TA46-
PGMA10 ¢6 nhiét do bat dau phan hay 1a 335°C va nhiét do
tai toc do phan hity 16n nhat (T_ ) 1a 374, 426°C. ucTA46
khong chira chit tuong hop, do d6 kém bén cdu trac, kém
6n dinh nhiét va phan huy sém hon so véi blend ¢ chta
PMA va PGMA; cu thé, nhiét d6 bat dau phan huay dat tai
258°C, nhiét do T, dat tai 301 va 419°C, déu thép hon so
Vi cac gia tri twong tng cia cac blend chira chit tro tuong
hop PMA va PGMA. Mau TA46-PMA1 kém 6n dinh nhiét
so voi TA46-PGMA1, TA46-PGMA10, va TA46-MMT20
do su bam dinh, lién két bé mat gitta PBAT va PLA thép
hon. Mau chira MMT 20 pkl cho nhiét d6 bat ddu phan huy
vanhi¢tdo T (335, 373, 425°C tuong ung) thip hon mot
chut so véi mau TA46-PGMA 10 khong chita MMT, do hop
chat hitu co quaternary alkyl ammonium trén bé mit MMT
thyuc hién trude qua trinh phan huy.

Nhu vay, PGMA c6 hi¢u qua tr¢ tuong hop gitta PBAT
va PLA tot hon so v6i PMA; tir d6 dan dén tang do 6n dinh
cAu tric, tang do bén co hoc, do bén nhiét cua vat lidu.

3.4. Ciu trisc hinh thai

Mirc d6 tuong hop, su tuong tac bé mit gitra cac cau
tur trong polymer blend dugc danh gia thong qua dac trung
hinh théi cta vat li¢u, thé hién trén anh SEM. Anh SEM céc
mau blend khong va c6 chét tro twong hop, c6 khoang sét
MMT dugc trinh bay trong hinh 7.

Nhén thiy, ucTA46 (khong chta chét tro tuong hop)
bi pha huy véi su tach pha 1o rang, cac giot PBAT tach ra
khoi nén PLA (hinh 7A). Céc blend c6 chit trg twong hop
(hinh 7B-E) rat it hodc khong xuat hién sy tach pha, bé mat
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tuong d6i min do PMA va PGMA
da lam tang sy bam dinh giita
PBAT va PLA. Mau TA46-PMA1
(hinh 7B) ¢6 su tach pha polymer
rat it; TA46-PGMA1 khong thiy
su phan tach pha PBAT vdi PLA
(hinh 7C); TA46-PGMAI10 cho
bé mat pha huy rit min va dong
nhét (hinh 7D). Két qua cho thay,
PGMA gitp PBAT phan tan dong
déu hon va tao lién két tot hon véi
nén PLA so voi PMA; ham luong
PGMA tang lén lam tang sy lién
két bé mit giita PBAT va PLA,
lam c4u tric blend ddng nhit hon.
Mau TA46-MMT20 chi xuit hién
mot vai diém tring nho (hinh 7E);
chung to6 MMT da phan tan kha
ddng déu vao nén polymer.

C6 thé két luan rang, PGMA 10 pkl gitp ting lién két
bé mit gitta PBAT va PLA, gitp PBAT phén tan vao nén
PLA dong déu hon, tao ra ciu triic blend dong nhét va bén
vitng. Clay 20 pkl ciing phan tan dong déu vao nén polymer,
khong két ty tap hop hat, mang lai hiéu qua gia cudng cho
mau vt liéu.

4. Két luan

Polymer blend trén co so PBAT két hop voi PLA dugc
tang cuong tinh chat co 1y da dugc ché tao thanh cong trén
may dun hai tryc vit, sir dung chat trg twong hop Glycidyl
methacrylate (PGMA) va chat gia cuong khoang sét MMT.
Céc két qua chi ra, ty 18 PBAT/PLA 40/60 cho cac tinh chit
co hoc t6i uu; PGMA tang tinh tuong hop ciia blend bang
phan tng giita nhom epoxy véi nhom -COOH, -OH cudi
mach polymer; st dung PGMA két hop véi MMT lam ting
dd bén co hoc, 46 bén nhiét, do 6n dinh cAu trac cua vat lidu.
Mau blend PBAT/PLA/PGMA/MMT (40/60/10/20) da ché
tao cho cac tinh chit co hoc: 6=30,06 MPa, £=70,38% va
module kéo 1.568 MPa.

LO1 CAM ON

Nghién ciru nay duoc thyc hién trong khuén kho dé tai
“Nghién ctru ché tao hat nhya trén co sé Polybutylen adipat
terephtalat (PBAT) va cac phu gia phan hiy sinh hoc ung
dung san xuét dod gia dung dung mot 14n” do Bo Khoa hoc
va Cong nghé cip kinh phi. Nhém tac gia xin trin trong
cam on.
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