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Abstract

Nanocomposites are synthesized on the basis of the polymer with combination of the advantages of each polymer
composition. In particular, composites based on polylactic acid (PLA) and chitosan (CS) are increasingly interested in
the study due to the good adhesion, the ability biodegradable and biocompatible [1-3]. The PLA/CS nanocomposites
can be prepared by emulsion method, solution method or electrospinning method, etc. In this study, the PLA/CS
nanoparticles were synthesized by emulsion method. These nanoparticles were characterized by Fourier Transform
Infrared (FTIR), Differential Scanning Calorimetry (DSC), Zetasizer and Field Emission Scanning Electron Microscopy
(FESEM). The compatibility of PLA and CS was investigated by FTIR and DSC. The effect of the component ratio
(PLA/CS) on morphology and size distribution of the nanocomposites was determined by FESEM and Zetasizer. The
obtained results showed that the particle size range from 100 nm to 300 nm.
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1. MO PAU

Vat liéu tb hop dugc ché tao trén co s& cac
polyme nhim muc dich két hop cic uu diém cua
ting polyme thanh phan va c6 thé tao thanh vat liu
c6 mot sb tinh chat wu viét méi ma ting thanh phan
riéng r€ khong co. Trong do, vat liéu td hop trén co
sG polyaxit lactic (PLA) va chitosan (CS) ngay cang
dugc quan tdm nghién ctru [1-6]. Nhém NH; trong
chitosan twong tac véi nhém C=0 trong PLA bang
lién két hydro nén co thé tao ra vat liéu to hop co
tinh chat t6t hon, m& rong kha ning tmg dung cua
vat liéu td hop nay. Pua chitosan vao PLA s€ tao
thanh vat liéu t6 hop c6 do bén co hoc t6t (nhd PLA)
dong thoi giam do clg so véi PLA, cai thién tinh
din va d0 mém déo cho PLA. Vat litu td hop
PLA/CS c6 kha ning hép thu nudc 16n hon PLA va
cai thién tinh ki nu6c cua chitosan. Do dé, vat liéu to
hop PLA/chitosan ¢ thé dinh huéng ing dung trong
mot s linh vue k¥ thuat.

Vit liéu t6 hop trén co sé PLA va chitosan hodc
dan xuit c6 thé duogc ché tao theo cac phuong phap
khac nhau nhu: phuong phap vi nhii, phuong phap
dung dich hay phuong phap kéo soi sir dung dién ap
cao (electrospinning)... [7-9]. Trong d6, phuong
phap vi nhii dé dang thuc hién: hoa tan PLA vao
dung moi diclometan thu dugc dung dich méi (dung
dich 1). Dung méi axit axetic 1% dugc dua vao

chitosan (CS) va poly (etylen oxit) (PEO) (dung dich
2). Tron dung dich 1 va dung dich 2 thu dugc dung
dich nhil twong, 1am két tua bang cach thém nuéc va
chat wa dung moéi thu dwoc vat lidu to hop dang hat
véi kich thude nano [7].

Vi vay, trong dé tai nay, hat to hop PLA/CS duogc
ché tao bang phwong phap vi nhil v6i cac ty 16 khac
nhau. Dic trung, tinh chit va hinh thai ciu trac cua
cac hat td hop néu trén dugc khao sat va danh gia.

2. THUC NGHIEM
2.1. Nguyén vat liéu va héa chat

Polyaxit lactic (PLA) & dang hat do hang Nature
Works LLC (Hoa Ky) san xuét c¢6 khdi lugng riéng
1,24g/cm®. Chitosan (CS) dang bot do hang Aldrich
san xuit. Axit axetic, diclometan: tinh khiét do
Trung Qudc san xudt. Polyetylen oxit (PEO),
polycaprolacton (PCL) do hang Aldrich san xuét.

2.2. Ché tao hat t6 hop PLA/CS

Phuong phap vi nhii nuéc/dau/nuée (n/d/n) duge
sir dung dé ché tao hat vat lidu t6 hop PLA/CS.
Trudce tién, nudc duge rot vao dung dich PLA hoa
tan trong dung moi diclometan dé tao thanh mot hé
nhil twong nuéc/dau. Tiép theo, nhil twong nudc/dau
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nhanh chéng dugc rot vao hé nudc chira dung dich
axit axetic 1 % co chitosan va polyetylen oxit (PEO)
theo ham lugng da tinh toén. Hon hop trén dugc si€u
am trong 15 phut dé tao thanh nhil tvong va sau d6
duoc khqu manh. Cac phan ung dugc thuc hién
trén thiét bi phan Gng vi song MAS-II. Tiép tuc
khudy hdn hop cho dén khi dung méi hiru co bay
hét. Hat nano hinh thanh bang cach thém nudc va
sau do lam lanh. Sau khi 1am lanh, dung dich dugc
mang di li tam, rira. Dung dich thu dugc dugc dong
kho trén thiét bj Free Zone 2.5 cua hing Labconco,
USA (Vién Hoa hop chét thién nhién, Vién Han 1am
Khoa hoc va Céng nghé Viét Nam) dé nhan duogc
san phﬁm 0 dang bot/hat kho, sau do séy va nghién
thu duoc hat nano PLA/CS.

CS + PEO
trong axit
axetic 1%
(nuwéc)

Sor do ché tao vit liéu t6 hop PLA/CS bang
phuwong phadp vi nhil

2.3. Phwong phap va thiét bi nghién ciru

Ghi pho hong ngoai (IR) cua cdc hat t6 hop
PLA/CS bing may pho hdng ngoai bién doi F ourler
Nexus (My): quét phdé & ving 400-4000 cm™, do
phan giai 8 cm™, sé lan quét 32 lan & didu kién
chuan tai Vién Ky thuat nhiét d6i, Vién Han 1am
Khoa hoc va Céng nghé¢ Viét Nam. Anh hién vi dién
tir quét phat xa truong (FESEM) cuia vat lidu to hop
dugc chyp trén may S-4800 (Nhat Ban) tai Vién
Khoa hoc Vat liéu. Phan b kich thuéc hat cua to
hop PLA/CS dugc do trén thiét bi Zetasizer Ver.
6.20 cua hang Malvern — UK tai Vién Khoa hoc Vit
lidu. Pic trung nhiét cua vat lidu t6 hop duoc xac
dinh trén may DSC-60 cua hang Shimadzu (Nhat
Ban) tai Khoa Hoéa hoc, Truong Pai hoc Su pham
Ha Noi & diéu kién: gia nhiét tir nhiét 4o phong dén
200 °C, tdc d9 gia nhiét 10 °C/phdt trong méi truong
khi argon.

3. KET QUA VA THAO LUAN
3.1.Phan bé kich thudéc hat ciia t6 hop PLA/CS
Dé nghién ciru anh huong ciia nudce cat dwa vao

hé vi nhil dén kich thuéc hat t6 hop PLA/CS, thé
tich nuéc cat duge khao sat 1a 100, 150, 200, 250 va

Nguyén Thi Thu Trang va cong su

300 mL (ti 16 PLA/CS 2/1), ky hiéu lan lugt la
PC100w, PC150w, PC200w, PC250w va PC300w.
Gian d6 phan bd kich thudc hat cia cac hat to hop
PLA/CS theo thé tich nudc cat dwa vao hé duogc
trinh bay trén hinh 1.

100

co
o
1

PC200w

oy
(=)
I

PC250w

Cwong dd (%)
&

PC300w

[
o
I

0 T T

150 200 250 300 350 400 450
d(nm)

Hinh 1: Gian d6 phén bd kich thudc hat to hop
PLA/CS theo thé tich nuéc cat dua vao hé

C6 thé thay kich thudc hat cua cac hat to hop
PLA/CS nam trong khoang 200 nm dén 300 nm,
kich thudc hat trung binh nhé nhét 1a 218 nm, tuong
g v6i mau PC200w va 1on nhét 1a 289 nm, tuong
tmg véi mau PC300w (bang 1). Su phan bd kich
thudc hat t6 hop PLA/CS khac nhau 1a do anh
huong boi twong tac gitra nudce va polyme [2, 7]. Tur
két qua thu duoc, lya chon thé tich nudc cat dua vao
hé (200 mL) 1a thich hop nhit dé ché tao hat t6 hop
PLA/CS.

Bang I: Kich thudc hat trung binh cua t6 hop
PLA/CS theo thé tich nudc cat dua vao hé

Mau Kich thudc hat trung binh (nm)
PC100w 264+33
PC150w 23527
PC200w 21848
PC250w 261+9
PC300w 283+10

Tuong ty, tién hanh khao sat ty 1& thanh phan
PLA/CS 1a 3:1, 2:1, va 1:1 toi kich thudc hat trung
binh cua t6 hop PLA/CS, ky hiéu lan luot 1a PC 31,
PC 21 va PC 11. Két qua xac dinh kich thudc hat
trung binh ctia hat t6 hgp PLA/CS vio ti 1& thanh
phan PLA/CS duoc trinh bay trén bang 2.

Tir bang 2, ta thiy & ti 16 PLA/CS 2/1 ¢6 kich
thudc hat trung binh nho nhat, do dé ty 1é nay la
thich hop nhat dé ché tao hat nano PLA/CS bing
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phuong phap vi nhil.

Bdng 2: Kich thu6c hat trung binh cta t6 hop
PLA/CS véi cac ti 1¢ PLA/CS khéc nhau

Nghién cieu ddc trung, tinh chdt va...

nira chimg t6 PLA va CS dé tuong tic v6i nhau bang
cac lién két hydro va tuong tac ludng cuc-ludng cuc
nhu da trinh bay ¢ cac hinh 3.

Mau Kich thudce hat trung binh (nm) Bang 3: Vi tri hap thy cua cac nhom lién két
PC31 289+9 dac trung trong PLA, CS va céc hat t6 hop
PC21 218+8 PLA/CS véi cac ty 1¢ PLA/CS khac nhau
PC11 254+12 S6 song (cm™)

3.2. Pho FTIR ciia hat t6 hop PLA/CS

Pho FTIR cua PLA, CS va cac hat to hop
PLA/CS véi cac ti 1€ PLA/CS khac nhau dugc trinh
bay trén hinh 2. Trén phd FTIR cua PLA xuat hién
c4c pic dao dong hoa tri va dao dong bién dang cua
cac nhom dac trung: nhom C=0 ¢ 1759 cm?, C-O-C
& 1199 va 1101 em™ va ~C-H & 2991, 2945, 1452
va 1368 cm™. Trén phd FTIR cia PLA ciing xuit
hién pic dao dong véi cuong d6 yéu & khoang 3680
cm™ dic trung cho dao dong hoa tri ciia nhom -OH
tu do cia mach dai phan tir PLA.

Ngoai cac pic dac trung cho cac nhom —CH va
C-O ¢ 2888, 1153 va 1091 cm™ trén pho FTIR cua
chitosan (CS), con c6 pic rong & 3426 cm™ dic trung
cho c&c nhém -OH va nhém -NH,, pic & 1670 cm™
ddc trung cho dao dong hoa tri cia C=O (trong
nhém CONH), pic ¢ 1581 cm™ dic trung cho nhém
~NH;*, pic ¢ 1081 va 950 cm™ dic trung cho céu
trdc vong saccarit trong CS [10, 11], pic dac trung
cho dao dong bién dang nhom NH, & 1570 cm™.
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Hinh 2: Phd FTIR cua PLA, CS va hat t6 hop
PLA/CS véi ty 16 PLA/CS khac nhau

Ta thiy cac pic dic trung cho CS va PLA déu
xudt hién trén phd FTIR cua cac hat tb hop PLA/CS.
Céc pic dic trung cho cac nhom lién két cua PLA va
CS trong cac hat t6 hop nhu C=0, -CONH, -NH,,
C-O-C, -C-H, -OH va -COOH c6 su dich chuyén
dang ké so v6i pic dic trung cua ching trén phd
FTIR cia PLA va CS (bang 3). Diéu nay mét lan

Mau
DAy PLA| CS | PC31 |PC21|PC11
dong

Veso | 1759 | - 1752 | 1754 | 1753
Vehy | 2901 | - 2998 | 2996 | 3000
VcH 2045 | - 2037 | 2952 | 2917
ViNHp OH | - | 3426 | 3406 | 3427 | 3492
Veoo | 1199 - 1187 | 1153 | 1164
1101 | 1081 | 1193 | 1184 | 1095

ScHy | 1368 | - 1383 | 1376 | 1357
B.NH; - | 1570 | 1450 | 1539 | 1529
P-CHy ; - 753 | 805 | 785
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Hinh 3: Lién két hydro (a) va twong tac ludng cuc
gilra cac nhom chire trong PLA va CS (b)

3.3. Tinh chit nhiét ciia hat t6 hgp PLA/CS

Cac dac trung nhiét nhu nhiét do thuy tinh hoa
(Tg), nhiét do nong chdy (T,) va do két tinh cuia
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PLA, CS va cac hat to hop PLA/CS véi cac ti 18
khac nhau dugc x4c dinh theo gian dd DSC va duoc
trinh bay trén hinh 4 va bang 4. Tu glan d6 DSC cua
PLA ta thay Tq cua PLA ¢ 54,7 °C va T, 6 150,5 °C.
Tgy cua CS 1a 90 5 °C. Gia tri Ty ctia cac hat to hop
PLA/CS v6i cac ti 1¢ PLA/CS khac nhau déu dich
chuyén vé phia nhiét do 16n hon Ty cua PLA va nho
hon Ty cua CS. Ty cta cac hat to hop PLA/CS dich
chuyen tir 9 dén 15 °C so v6i Ty cua PLA. Diéu nay
chung t6 PLA va CS trong hat to hop da tuong hop
voi nhau. Sy dich chuyén nay con do su sip xép lai
cau tric tinh thé trong PLA [12, 13]. Céc gié trj T,
ctia hat t6 hgp PLA/CS véi céc ti 1¢ PLA/CS 3/1, 2/1
va 1/1 (ky hiéu PC31, PC21, PC11) dugc trinh bay
trong bang 4.

Dong hiét(mW/mg)
¢ o e
£ ,//-
X
5

\ — PC31
L — PC21
\ PC11

0 50 100 150 200 250 300

Nhiétdé (°C)
Hinh 4: Gian dd DSC cua PLA, CS va cac hat
to hop PLA/CS vdi céc ti 1¢ PLA/CS khac nhau

Bang 4: Céc dac trung DSC va d¢ két tinh (y)
cua PLA, CS va hat t6 hgp PLA/CS voi cac

ti 1€ PLA/CS khac nhau
Miu | To(0) | TaCO) | g | &
PLA | 547 | 1505 | 85 | 91
cs 905 | 2053 | 185 | -
PC3L | 703 | 1509 | 167 | 179
PC21 | 648 | 1511 | 160 | 17,2
PCI1 | 643 | 1522 | 159 | 171

Trong d6: do két tinh y. (%) = AHmx100/AH,, , v&i AHp,
= 93,1 J/g (PLA); T4 nhiét d6 thuy tinh hoa; Tp: nhiét do
néng chay; AHp,: entanpi nong chay.

Nhiét d6 thuy tinh hod cua polyme va hdén hop
polyme phu thudc vao nhiéu yéu té bao gom tuong
tac noi phan tir, hiéu tng khong gian, khdi lugng
phan tir, mat do lién két. Khi st dung PCL 1am chét
tuong hop, PEO lam chét nhii hoa, Ty cua cac hat to
hop PLA/CS ¢ gilta hai Tq ciia PLA va CS. Diéu nay
c6 thé giai thich boi su sap xép lai cdu truc tinh thé

Nguyén Thi Thu Trang va cong su

trong PLA. Dong thoi, khiang dinh ring kha ning
twong hop da xay ra gitra 2 pha PLA va CS nho lién
két hydro va twong tac ludng cuc giita nhom NH, va
OH (trong CS), nhom C=0 va OH (trong PCL) va
nhom COOH (trong PLA) nhu da trinh bay ¢ hinh 3.
Hién tuong trén din dén su tang do két tinh tuong
dbi (y,) trong tt ca cac hat t6 hop PLA/CS véi cac ti
1€ khac nhau.

3.4. Sy phén huy cia vt liéu t6 hop PLA/CS/PCL

Anh FESEM cua cac hat to hop PLA/CS véi cac
ti 16 PLA/CS khac nhau ché tao bang phuong phap
vi nhii dugc trinh bay trén hinh 5. Quan sat anh
FESEM ta thiy céac hat t6 hgp PLA/CS déu c6 dang
hinh ciu, kich thuéc hat co ban tir 20-60 nm nhung
chung ¢ xu huéng két tu v6i nhau thanh hat c6 kich
thuéc 16n hon khoang 100-300 nm. Két qua nay kha
phtt hop véi két qua xac dinh phan bé kich thudc hat
cta céc hat td hop PLA/CS da dugc trinh bay ¢ muc
3.1. Sy két tu gitta cac hat t6 hop PLA/CS ¢ méu
PC21 it hon so véi cac hat PC31 va PC11. Céc hat to
hop PC21 it bi két tu va tach roi nhau hon nén kich
thudc hat trung binh nho hon so vdi cac hat to hop
con lai.

m J] IMS-NKL x100k SE(M)

Hinh 5: Anh FESEM cua hat t6 hgp PLA/CS
voi cac ti 1€ PLA/CS khac nhau
(ti 16 PLA/CS 3:1; 2:1 va 1:1)

4. KET LUAN

Ph6 hong ngoai bién d6i Fourier cua hat t6 hop
PLA/CS véi cac ty 1& khac nhau cho thdy su dich
chuyén dang ké vi tri cac pic dao dong cua cac nhom
chuc déc trung so voi vi tri cac pic cua cac nhém
chie dac trung trong PLA, CS ban dau, nhu vay,
PLA, CS va PCL di tuong tac v6i nhau. Anh FESEM
ctia hat t6 hop PLA/CS véi cac ty 1¢ khac nhau cho
thiy hat t6 hop PLA/CS c6 dang hinh ciu, kich
thudc hat co ban tir 20-60 nm. D¢ két tinh cua hat t6
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hop PLA/CS 16n hon so vdi PLA, mau PC31 ¢6 do

két tinh 1a 17,9 %, 16n hon so véi cac mau con
lai.Ttr két qua phan bd kich thude hat Zetasizer, hat 6
t6 hop PLA/CS ¢6 ti 16 PLA/CS 2/1, st dung 200

mL nude cit thém vao hé thich hop dé ché tao céc

hat t6 hop PLA/CS.

Loi cam on. Cong trinh dwoc hoan thanh voi su tai
tro kinh phi ciia Quy Phdt trién Khoa hoc va Céng
nghé Quéc gia (Pé tai nghién ciru co ban dinh
huwéng g dung, ma s6 PT.NCCB-DHUD.2012-
G/09). 8.
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