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Tom tit:

Polyme blend poly(butylene adipate-co-terephthalate)/tinh bot dong riéng (PBAT/TB) dwoc ché tao trén thiét bi
tron kin 2 truc vit Brabender. Nghién ciru d4anh gia dnh hwéng ciia d9 4m (35-95%) va nhiét d9 (10-40°C) dén d9
bén co Iy ciia vét liéu PBAT/TB. Cac phwong phép: ham hrgng am, tinh chit co hoc va hinh thai hoc bé mit (quan
sat bang kinh hién vi dién tir quét - SEM) dwge sir dung dé danh gia sw thay doi ctia vét li¢u trong qua trinh bio
quén & cac didu kién khac nhau. Két qua nghién ciru cho thiy, ham lwgng 4m ciia polyme blend PBAT/TB tiing khi
dd Am mai trudong ting. Khi bio quén & nhiét dd thip (10-25°C) va dd 4m thip (35-55%), tinh chit co hoc ciia vat
liéu giam nhe sau 6 thang bio quén, bé mit ciia miu bién ddi khong nhiéu. Khi bao quan & nhiét d9 cao (40°C) va
do am cao (95%), tinh chit co hoc ciia vit liéu giam manh (~45%), bé mit miu vat li¢u xuit hi¢n cac diém phin pha
giira tinh bdt va nén nhya PBAT.

Tir khéa: dd Am, poly(butylene adipate-co-terephthalate), polyme blend, tinh bt dong riéng.
Chi 56 phin logi: 1.4,2.5,2.7
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Abstract:

Poly(butylene adipate-co-terephthalate)/canna starch (PBAT/TB) polymer blend was prepared using a twin-screw
internal mixer (Brabender). The effects of humidity and temperature on the mechanical strength of PBAT/TB
materials were carefully evaluated at humidity levels of 35-95% and temperatures of 10-40°C. Moisture content,
mechanical properties, and surface morphology (observed using scanning electron microscopy - SEM) were analysed
to evaluate the changes in the polymer blend during storage under different conditions. The study results showed
that the moisture content of the polymer blend PBAT/TB increased when the environmental humidity increased.
When the sample was stored at low temperature (10-25°C) and low humidity (35-55%), the mechanical properties
of PBAT/TB decreased slightly after six months of storage, the fracture surface morphology of the sample did
not change significantly. When the sample was stored at a high temperature (40°C) and high humidity (95%), the
mechanical properties of the sample decreased sharply (~45%), and the surface of the sample material exhibited
phase separation between the starch and the PBAT resin matrix.
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1. Ddt van de

Viéc st dung cac vat li€u co ngu6n géc tir dau mo nhu
polyethylen (PE), polypropylen (PP) va polystyren (PS) gay
nén van dé 6 nhiém moi trudong nghiém trong boi chung rat kho
phén huy [1]. Dé giai quyét van nan trén, trong nhiing thap ky
qua cac nha khoa hoc da tap trung nghién ciru, phat trién cac vat
liéu nhya c6 kha nang phan huy sinh hoc. Hién nay, c¢6 khoang
180 cong ty trén thé gi6i tham gia san xuat trong linh vuc
nhya sinh hoc. Trong do, c6 45 cong ty san xudt véi san lugng
khodng 400.000 tAn mdi ndm, tap trung cao nhit & My, Puc va
Nhat Ban. Viét Nam phan dau dén niam 2025 sir dung 100%
bao bi than thi¢n moi truong tai cac trung tim thuong mai, siéu
thi. Co kha nhiéu vat liéu duoc sir dung dé ché tao nhua phan
huy sinh hoc nhu polylactic acid (PLA), poly(butylene adipate-
co-terephthalate) (PBAT), polycaprolactone (PCL), polyvinyl
alcohol (PVA)... Trong do, PBAT la mét trong nhung polyme
phén huy day tiém nang va dugc Gmg dung rong rai nhat dé san
xuét tdi dung thuc phdm, tdi mua hang, tai dung rac, mang phu
trong nong nghiép...[2], boi ching co tinh cht co hoc tuyét
voi, co thé thay thé cho polyethylen [3]. Tuy nhién, PBAT c6
gia thanh cao, dé ha gia thanh san phdm ching thuong dwoc
tao blend véi tinh bot. Cac loai tinh bot dwoc st dung dé ché
tao polyme blend phén huy sinh hoc 1a ngd, lua mi, dau Ha
Lan, khoai tay, gao, san, dong riéng... Ca PBAT va tinh bot deu
1a vét liéu phan huy sinh hoc, ching d& hit 4m, vi vay d6 am
1a yéu t6 quan trong quyét dinh do bén cua vat liéu. Sy phan
huy chu yéu 1a do su thuy phan cua cac chudi dai phan tir lam
khdi luong phén tir giam nghiém trong [4, 5] dan dén tinh chat
co hoc gidm manh [6, 7]. Trong khi do, Viét Nam Ia nudc khi
héu nhiét d6i 4m voi dic trung vé d6 4m cao, nén nhiét cao, co
mua nhidu. Vi vy, bai bdo ndy nhim danh gia anh huong cua
moi truong nhu do 4m, nhiét do dén do bén cua polyme blend
poly(butylene adipate-co-terephthalate)/tinh bot dong riéng.

2. Déi tuong va phuong phap nghién ciu
2.1. Déi twong

Nhua poly(butylene adipate-co-terephthalate) (PBAT) dugc
cung cap boi Cong ty SMBEST Pvt. Ltd. (Han Qudc) véi ty
trong 1,22 g/em?, chi s6 dong chdy (MFI) 3-5 g/10 phut & 2 16
kg/190°C. Tinh bot dong riéng dwoc phén lap tir cu dong riéng
tuoi [8, 9], ¢6 ham luong amylose 33%, amylopectin 60%, tro
0,22% va xo0 0,31%. Dau dau nanh epoxy hoa dugc cung cip
boi Cong ty C6 phan Hoa chat Thing Long (Viét Nam) vai ty
trong 0,98 g/cm?, chi s6 oxirane 6,5%. Axit lauric, kém stearat,
glycerol dugc mua tir Trung Qudc.

2.2. Phwong phdp nghién ciru

Diéu ché polyme blend PBAT/TB: Hat nhya PBAT, tinh
bot dong riéng duge siy ¢ 70°C trong 12 gio. Hat nhwa PBAT,
tinh bot dong riéng (ty 16 PBAT/tinh bot 50/50), ddu dau nanh
epoxy hoda 5%, nudc (10% so vai tinh bot), glycerol (20% so
véi tinh bot), axit lauric (1,5% so véi tinh bot), kém stearat
(0,2% so véi tinh bot) duoc tron trén thiét bi tron kin 2 truc vit
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Brabender ¢ 160°C, toc do truc vit 50 vong/phut trong 10 phut.
San pham dugc ¢p thanh céc tam day 1 mm trén mdy ép nong
GoTech ¢ 160°C, ap suat 100 kg/cm® trong 3 phut.

Hérp lugng am: Dé xac dinh he‘lm lugng am cﬁ’a mz?lu vat
liég, mau dugc cho vao chén st sach r6i cho vao ti say, say dén
khoi lugng khong d6i ¢ 105°C trong khoang 4 gio. Ham lugng
am (MC) duogc tinh theo cong thire (1):

MC (%) = W10 5 149

W1

)

trong do: w: Kh01 lugng miu ban dau (g), W, Khéi lugng ciia
mau sau kh1 sdy (g).

Tinh chit co hoc: P9 bén kéo dut va do dan dai khi dat cua
mau duoc x4c din theo tidu chudn ASTM D638 trén thiét bi do
co Iy BP-1068 (BAOPIN, Trung Qudc) véi toe do kéo 50 mm/
phut. Miu dwoc didu hoa & 25°C trong 24 gid trude khi thi
nghiém. Mdi mau dugc x4c dinh 5 lan dé 1dy gia tri trung binh.

Hinh thai hoc bé mit: Mﬁu duoc cét v6i kich thude thich
hop, gan trén gia do, bé mit ct ciia miu duoc phu mot 16p bac
mong bang phuong phap bdc hoi trong chén khong dé tang do
twong phan. Mau dugc cho vao budng do cua kinh hién vi dién
tir quét SM-6510LV.

Pho héng ngoai bién d6i Fourier (FT-IR): Phd héng ngoai
clia mau duoc ghi trong khoang sO song 400-4000 cm! trén
quang pho ké hong ngoai blen doi Fourier (FTIR) (NEXUS
670) theo phuong phap truyen qua, d0 phan gidi 8 cm™, 50 lan
quet 32 lan 0 diéu kién chuan. S lidu dugc thu thap va xir Iy
bang phan mém OMNIC 5a.

3. Két qua va ban luan

3.1. Anh hwéng ciia dp Gm moi truong

Pé danh gi4 anh huong cta do 4m moi truong dén cac tinh
chat cta polyme blend, tién hanh bao quan mau trong tu thi

nghiém n}liét do - do 4m Visign Tec (Han Quéc) & nhiét do
25°C, d6 am moi truong thay doi 35, 55 va 95%.

Anh huwong ciia dé am méi triweong dén ham lwong am: Ham
lwong 4m ciia mau polyme blend PBAT/TB khi d6 4m cta moi
truong khac nhau dugc tong hop trong bang 1.

Bang 1. Ham lwong dm clGa mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bat dong riéng khi do6 am méi
trwwong khac nhau.

Thoi gian (thang) D¢ am (%)
35 55 95
0 0,51 0,51 0,51
1 1,52 1,62 1,68
2 1,72 2,18 1,95
3 1,85 2,20 2,28
4 1,96 2,21 2,49
5 1,97 2,21 2,50
6 1,98 2,22 2,50
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20 150 déo boi nudc duogc hép thu, do do
< 125 lam suy yéu ciu trac cua vat lidu.

Z15 j’; Su thay d6i khong thé dao nguoc
= < 100 trong ciu trac polyme dan dén
= 10 = 75 muc do trung hop th,ap hon ciing
§ :‘.2 “ élI}h hlAr(mg tru‘c. tiép dén qé béjn 01:13
= s —o—PBAT/TB - 35% b= ——PBAT/TB - 352/0 vat 11@1{. Ng(zal ra, sy Co mat cua
S ——PBAT/TB - 55% g 25 :gg‘[ggg - 320//:: nudc ciing dan dén qua trinh thiy
[ o —=—PBAT/TB - 95% 0 phén cua tinh bot va PBAT. Trong
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3 thang dau, do bén kéo dut giam
nhanh chong. Giai doan nay phan

anh sy hap thu d6 am nhanh chong
0 giai doan dau. Sau giai doan nay,
d6 bén kéo cua cac miu ¢ do am
35 va 55% hau nhu khong thay

Hinh 2. Pé dan dai khi d¥t cia mau
polyme blend poly(butylene adipate-co-
terephthalate)/tinh bét dong riéng & cac do
aAm moi trwong khac nhau theo thoi gian.

Hinh 1. D6 bén kéo dit cia mau polyme blend
poly(butylene adipate-co-terephthalate)/tinh
bot dong riéng & cac dé6 &m moi trwong khac
nhau theo th&i gian.
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Hinh 3. Anh kinh hién vi dién tir quét bé mit gay ctia polyme blend
poly(butylene adipate-co-terephthalate)/tinh bét dong riéng sau 6
thang tai cac do 4m khac nhau.

Két qua cho thdy, ham lwong 4m cua cac vét lidu ting
1én khi d6 am twong d6i cia moi truong ting. Trong 3 thang
dau ham luong 4m cta cac mau ting nhanh chong, sau chim
dan va gan nhu khong ddi, cho thay trang thii can bang
giira vat liéu va d6 4m mai truong xung quanh. T. Ke va cs
(2001) [8] va V.K. Holm va ¢s (2006) [9] cung quan sat thdy
hién tuong twong tu. Két qua cling cho théy, do am ctia moi
truong cang cao thi ham lwong am cua cic mau cang 16m.

Anh hwéng ciia dé am méi truong dén tinh chdt co hoc:
Tinh chét co hoc 1a mdt trong cac yéu to phan anh d¢ bén
cta polyme blend. Két qua nghién ctru anh huéng cua do
am tuong d6i dén d6 bén kéo dut va do gidn dai khi dut cua
cac mau polyme blend dugc thé hién trén hinh 1 va 2.

Nudc anh huong dén tinh chét co 1y thong qua it nhit ba
co ché. Cac ving vo dinh hinh ctia PBAT c6 thé dugc hoa
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dbi, trir mau & d6 4m cao (95%) do
bén kéo dit van tiép tuc giam.

Do dan dai khi dut 1a thude do d gion cua vét ligu. B9
dan dai khi dut cia polyme blend PBAT/TB mit 18-45% so
v6i ban dau. Do dan dai khi dut cua cac miu giam chimg to
d6 gion cua vat liéu tang 1én. Diéu nay 1a do qua trinh thuy
phan ciia cac phan tir PBAT lam thay d6i sy phan bd kich
thudc, tao ra cac doan mach ngén hon. Ngoai ra, con xay ra
hién twong két tinh lai cta cac phén tir tinh bot lam suy yéu
dan tuong tac bé mit gitra polyeste va tinh bot.

Anh hwéng ciia dé am méi trieong dén hinh thdi hoc bé
mdt: Anh kinh hién vi dién tir quét (SEM) bé mit gdy cta
mau polyme blend PBAT/TB ¢ cac d6 4m khac nhau sau 6
thang duoc thé hién trén hinh 3. Quan sat anh SEM cua cac
mau thiy ring, & d6 4m 35-55%, bé mit giy ciia cac miu
sau 6 thang thay d6i khong nhiéu. Tuy nhién & d6 am 95%,
bé mat gy xuét hién cac vét 1dm véi kich thude to hon, xuét
hién sy phan pha giita tinh bot va nén nhya PBAT chimg
to két dinh bé mat giita tinh bot va PBAT giam. Diéu nay
12 do & do 4m cao, cac hat tinh bot da hat 4m va truong nd
lam suy yéu dan tuong tac bé mat gitra tinh bot va nén nhua
PBAT [10].

Anh huong cia do am méi trwong dén cdu tric ciia vit
li¢u: Pho IR cua mau polyme blend PBAT/TB sau 6 thang
bao quan ¢ cac do am khac nhau dugc thé hién trén hinh 4.

Trén pho IR ctia cac mau déu xuat hién pic ¢ 3334 cm™,
dac trung cho dao dong hoa tri cia nhom —OH (nhém —OH
tu do, nhoém —OH lién két ndi phan tir va lién phan tir) ciia
tinh bot. Pic 2918 va 2850 cm! ddc trung cho dao dong hoa
tri d6i xtng va bat déi xtmg ciia nhém —CH,,. Pic 1711 va
1267 cm™ dac trung cho dao ddng hoda tri cia nhom C=0 va
C-O trong este thom cuia PBAT [11, 12]. Céc pic 727, 873
va 1014 cm™' dic trung cho dao dong bién dang ctia vong
phenyl trong PBAT. Sau 6 thang bao quan & cac do am khac
nhau, vi tri cac pic dic trung khong d6i nhung cuong do pic
dac trung cho nhém —OH tang con cudng d¢ pic dac trung
cho nhém —C=0 giam. P 4m mdi trudong ting thi cudng do
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pic 3334 cm! tang va cuong d6 pic 1711 cm™! giam, ddc biét
12 6 miu bao quan ¢ d6 am 95%. Cudng dd nhém —OH ting
1a do su hat am cua vat liéu. Mau bao quan & 95% cudng
do pic dac trung cho nhom —C=0 giam manh 1a do sy phan
huy ciia PBAT, céc lién két este trong PBAT bi phan cit tao
thanh cac doan mach ngén hon.
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Hinh 4. Phé héng ngoai ctiia mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bot dong riéng ban dau va sau 6
thang bao quan & cac dé am khac nhau.

3.2. Anh huwéng ciia nhiét dé

bé danh gia anh huong cua nhiét d6 moi tméngﬁén cac
tinh chét cua polyme blend, tién hanh bao quan mau trong
ta thﬁ nghiém nhiét d6 - d6 am Visionﬂ Tec (Han Quoc) o
d6 am 55%, nhiét d6 moi truong thay doi ¢ 10, 25 va 40°C.

) Anh hu:o"’ng ctia nhiét dé dén ham lwong am: Hém luong
am cua mau polyme blend PBAT/TB khi thay do6i nhiét do
moi truong dugce tong hop trong bang 2.

Bang 2. Ham lwong 4m ciia mau polyme blend poly(butylene

adipate-co-terephthalate)/tinh bot dong riéng khi thay déi nhiét do
moi trwdng.

Nhiét d9 (°C)

Thoi gian (thang) 70 2 %0

0 0,51 0,51 0,51
1 1,56 1,62 1,64
2 1,79 2,18 1,83
3 1,88 2,20 1,97
4 1,96 2,21 2,02
5 2,01 2,21 2,08
6 2,02 2,22 2,09

Két qua cho thdy, & cing d6 4m tuong ddi va thoi gian,
lwong nude vt liéu polyme blend hép thu ¢ 25°C nhiéu hon
& 10°C. Pidu nay 1a do & khodng nhiét d nay, sy hap thu hoi
4m c6 thé dugc thuc ddy boi qua trinh thity phan, nén sy phu
thudc vao nhiét d6 dugc déc trung boi nang lugng kich hoat
duong, dan dén do 4m cua cac mau tang khi nhiét do cao
hon. Tuy nhién, khi nhiét d6 bao quan 1én dén 40°C thi d6 4m
clia cic mau & nhiét do nay lai thép hon so véi 25°C. Piéu
nay la do héu hét cac loai thuc phém va vat liéu sinh hoc ¢cd
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thé duoc dic trung boi nhiét hap thu am [13] dan dén duong
déng nhiét hép thu do 4m can bé’mg cua nhiét do thép nam trén
duong de'ing nhiét ctia nhiét do cao. Piéu nay c6 nghia vat liu
thuong hip thu nhiéu nude hon ¢ nhiét d6 thap hon.

Anh huong cua nhiét dp dén tinh chdt co hoc: Anh
hudng cua nhiét do moi truong dén do bén kéo dut va do
gidn dai khi dut ctia cac mau polyme blend dugc thé hién
trén hinh 5 va 6.

S

~———PBAT/TB - 10
—&—PBAT/TB - 25
~—#—PBAT/TB - 40

NOh o ®

Do bén kéo dut (MPa)
s

[SENSIEE NG

0 1 2 3 4 5 6
Thoi gian (thang)
Hinh 5. D6 bén kéo dit cia polyme blend poly(butylene adipate-
co-terephthalate)/tinh bat dong riéng & cac dé6 4&m méi trwdong
khac nhau theo thei gian.
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Hinh 6. D6 dan dai khi dwt cua polyme blend poly(butylene
adipate-co-terephthalate)/tinh bdt dong riéng & cac dé6 dm méi
trwong khac nhau theo theéi gian.

Két qua cho thay, tinh chat co hoc clia cac mau polyme
blend giam theo thoi gian dac biét gidm manh ¢ 3 thang
dau. Didu nay 1a do tac dong cua nudc khi cac mau polyme
blend hiit am. Nhu da biét, sy hdp thy nudc cia polyme
blend polyeste/TB chui yéu 1a do tinh bot. Sy hydrat hoa va
dehydrat hoa (truong 1én va co lai) cta tinh bot gy ra boi
sy thay doi do 4m s& dan lam suy yéu tuong tac lién pha
giita PBAT - tinh bot, din dén su suy giam tinh chét co hoc
khi qua trinh 130 héa dién ra. Két qua con cho thay, nhiét do
cang cao thi tinh chat co Iy giam cang nhanh. Diéu nay la do
dudi tac dong cua nhiét d9, cac mach polyme bi phan huy
nhiét thanh cac doan mach ngén hon. Nhiét d¢ cang cao thi
qua trinh phan haty nhiét dién ra cang nhanh dan dén giam
tinh chit co hoc.

Anh hwong cua nhiét do d@én hinh thai hoc bé mat: Anh
SEM bé mit giy cua cac mau polyme blend khi bao quan &
cac nhiét d6 khac nhau sau 6 thang duoc thé hién trén hinh
7. Quan sat anh SEM ciia cdc mau thdy rang, & sau 6 thang
bao quan & 10 va 25°C, bé mit gdy cua cic mau thay doi

16



Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuét va Cong nghé | Ky thudt vét liéu va luyén kim; Ky thudt moi trudng n—

woshm 5821 /o ees A ; sel by
& e TT-VKTND.

SEI| sk

- WD,
L ITTVKTHD, 56}

40°C

Hinh 7. Anh kinh hién vi dién tr quét bé mét gay cta polyme blend
poly(butylene adipate-co-terephthalate)/tinh bét dong riéng sau 6
thang tai cac nhiét dé khac nhau.

khong nhiéu. Tuy nhién, khi bao quan & 40°C, bé mat giy
clia cdc mau polyme blend da bi bién ddi, bé mat xuit hién
cac vét nut dai, sy phan pha gilta nén nhya PBAT va tinh bot
quan sat thiy ro hon.

Anh {zwéng cua lzhiét do moi truong dén cau tric cua vt
liu: Pho IR cua mau polyme blend PBAT/TB sau 6 thang
bao quan o cac nhiét d¢ khac nhau dugc thé hién trén hinh 8.

0
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Hinh 8. Phé héng ngoai ciia mau polyme blend poly(butylene
adipate-co-terephthalate)/tinh bot dong riéng ban dau va sau 6
thang bao quan & cac nhiét dé khac nhau.

Tuong tu bao quan & cac diéu kién d6 am khac nhau, khi
bdo quan mau & cac diéu kién nhiét d6 khac nhau, vi tri cac
pic dic trung cta cac mau khong thay ddi. Cuong do pic
3334cm! ddc trung cho nhém —OH tang nhe 1a do sy ¢c6 mat
ctia nude do mau hut Am. Cuong do pic dic trung cho nhom
—C=0 cua mau dugc bao quan & 10 va 25°C hau nhu khong
thay d6i, nhung mau dugc bao quan ¢ 40°C giam. Piéu nay
ciing phit hop véi su thay doi tinh chit co Iy ¢ trén, khi bao
quan & nhi¢t do cao trong thoi gia dai cac mach polyme bi
phan huy nhiét, cac lién két este bi phan cit.
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4. Két luan

Nhiét d6 va do 4m moi truong c¢6 anh huong tryc tiép
dén @6 bén cua polyme blend PBAT/TB. Nhiét d6 cao va
d6 am cao c6 thé lam giam nhanh d6 bén cua polyme blend
PBAT/TB, bé mat vat liéu xuat hién cac vét 1dm, cac khe
thé hién su két dinh bé mat kém gilta tinh bot va nén nhua
PBAT. Tuy nhién, trong diéu kién bao quan dugc duy tri ¢
nhiét d6 10-25°C, dd 4m 35-55%, polyme blend PBAT/TB
van 6n dinh sau 6 thang bao quan, tinh chit co hoc giam
khong dang ké so véi mau ban dau.

Nghién ctru nay dugc tai trg kinh phi bdi Bo Khoa hoc
va Cong nghé¢ (dé tai ma so DPTPL.CN.07/21). Cac tac gia
xin chan thanh cam on.
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