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TOM TAT

Vat liéu nanocomposite tur tinh
chitosan/Fes04 duoc tong hop theo hai phiong
phdp khéc nhau. Hat nano oxide sdt dwoc tong
hop bang phirong phdp dong két tia tir dung dich
chita ion sdt Fe?* va Fe3* véi dung dich NH4OH
¢ 70 °C trong 2 gio ¢ diéu kién khi Na. Sau do,
huyén phix chita hat nano oxide sat dwoc nhé vao
dung dich chitosan 1 % (w/v) va tiép tuc khudy 1
gior dé tao thanh nanocomposite tir tinh (mdu CS-
ex). Hat nanocomposite tir tinh ciing cé thé dwoc
téng hop bang phwong phdp in-situ dong két tia
(mau CS-in) mét buée don gian. Véi phwong

phap nay, mudi sdt sé dwoc hoa tan tryc tiép vao
dung dich chitosan va két tia bang NH,OH trong
diéu kién nhiét dp phan img la 70 °C, méi triong
khi No. Méu dwoc thu lai bdng nam cham, rita voi
nude cdt va sdy khé ¢ 50 °C. Két qua cho thay
nanocomposite tir tinh tong hop bang phwong
phap in-situ dong két tia cé wu diém hon mau
CS-ex. CS-in chira 41 % chitosan, hat tao thanh
¢o kich thwoc nano trong khoang 11-15 nm, do tur
hoa bdo hoa 41,82 emu/g va bén nhiét hon so voi
madu CS-ex.

Tir khéa: chitosan, hat nano oxide sdt, in-situ, phwong phdp dong két tia

MO PAU

Hién nay cac vat liéu vdi kich thudc nho,
khoang nano mét thuong duoc nghién ciru nham
tim kiém nhiing tinh chit méi va ting kha ning
tng dung. V4t liéu nano c6 ngudn gdc tir vo co
t6i hitu co bao gdm kim loai, oxide kim loai hozc
phi kim, polymer, carbon, ... Hat nano oxide sit
bao gom cac pha FesOs, y-Fe,0s, va o-Fe,03 ¢6
thé duogc tong hop bang mot s6 phuong phap nhu
sol-gel, oxy hoa, ddng két tua, nhiét phan, dién
hoa, trong d6 phuong phap dong két tia thuong
dugc ap dung nhat [1]. Véi céc tinh chat ndi troi
nhu tinh siéu thuén tu, do tu hoa cao, dinh huéng
t6t trong tir truong, dién tich bé mit ting dan dén
tang kha nang lién két giira hat voi mot s6 phan
tir khac, than thién méi truong, twong thich sinh
hoc, hat nano oxide sat dac biét la cac hat nano
Fe3O4 c6 thé ung dung trong nhiéu linh vuc nhu
cdng nghé sinh hoc, phan tach, ghi tir, thiét bi luu

trir, chup anh cong huong tir (MRI), dan truyén
thudc, danh dau té bao.

Tuy nhién hat nano oxide sit nay d& bi oxy
hoa va két tu nén thudng dugc bao phu bai mot
sb chat nhu silica, chitosan, dextran, alginate,
poly(ethylenglycol) (PEG), poly(viny alcohol)
(PVA) [1-5]. Trong d6, chitosan 1a polymer sinh
hoc, tich dién dwong, 1a san pham tir qua trinh
deacetyl héa chitin tir vo cua, tom. Chitosan va
chitin ¢6 ciu tric mach thing tao béi 2-amino-2-
deoxy-B-D-glucopyranose va 2-acetamido-2-
deoxy-B-D-glucopyranose, dang deacetyl hda va
acetyl hoa cia nhom D-glucosamine. Hai nhém
D-glucosamine lién két véi nhau bang lién két
B(1—4)-glycosidic. Chitosan tan trong moi
truong acid loang nhu acetic acid, formic acid,
lactic acid va khdng tan trong hau hét cac dung
moi khac va dung dich chitosan c¢6 d6 nhét kha
cao. Chitosan c6 cac tinh chat ndi bat nhu c6 kha
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nang tao phirc vai kim loai nén dwoc tng dung dé
xu ly kim loai nang trong nu¢c nhue Hg, Cd, Co,
Mn, Cr [6], c6 tinh khang ndm, khang khuan nén
c6 thé ung dung trong cdc my pham, y duoc,
mang bao quan thuyc pham [6, 7], khong doc hai,
¢6 kha ndng phan huy sinh hoc.

Vé6i nhitng wu diém néi bat cua hat nano
FesO, va céc tinh chit dic biét cua chitosan, su
két hop giita hai vat liéu nay tao nén vat liéu
nanocomposite tir tinh ¢ tiém niang ung dung
rong rai trong nhiéu linh vyc. Do d6, muc dich
cua nghién ciru nay la khao sét quy trinh tong
hop vat liéu nano FesO./chitosan véi hai phuong
phép téng hop cha yéu duoc ép dung 1a phuong
phap dong két tia ex-situ va in-situ. Vat liéu sau
khi téng hop duogc kiém tra va danh gia thong qua
c4c phuong phép phén tich nhu phd hdng ngoai,
nhidu xa tia X, tir k¢ mau rung, kinh hién vi dién
tir truyén qua va phan tich nhiét trong luong.
VAT LIEU VA PHUONG PHAP
Nguyén vat li¢u

Mudi sit FeCl,.4H,0, FeCls.6H,0, dung dich
ammoniac 25-28 % dugc mua tir Xilong
Chemical Co., Ltd. Acetic acid mua tu
Guangdong Guanghua Sci-Tech Co., Ltd, Trung
Quéc. Chitosan (168000 g/mol, DD~ 77 %) c6
ngudn géc tir Viét Nam.

Téng hop chitosan/FesOs bing phwong phap
ex-situ

Hat nano oxide sit dugc téng hop bing
phuong phap ddng két tiaa bang céch hoa tan 1 g
FeCl2.4H,0 va 2,72 g FeCls.6H,0 vao 80 mL
nuéc va suc khi N vao dung dich mudi sit va
binh cau chira dung dich NH4OH 25 %. Phan ing
xay ra & nhiét do 70 °C trong diéu kién khi
nitrogen bang cach nho giot dung dich NH,OH
25 % vao dung dich mudi sat, tiép tuc khuay
thém 1 gio va pH cua dung dich 14 10. 80 mL
dung dich chitosan 1 % duoc tao thanh bang céch
hoa tan chitosan vao acetic acid 1 % va khudy
khoang 2 gio. Dung dich hat nano oxide sit sau
khi tong hop duoc nho vao dung dich chitosan va

khudy khoang 1 gio. Cudi cing san phiam dugc
thu lai bang nam cham, dem rira bang nuéc cat va
say kho ¢ nhiét d6 50 °C khoang 24 gid thu dugc
san phiam (CS-ex). Mau hat nano oxide sit tran
duoc téng hop tuong ty nhu trén, va bé qua budc
bao phu hat oxide sit bang chitosan (mau T70).
Tong hop chitosan/FesOs bing phuwong phap
in-situ

Hat nano oxide sit tong hop trong chitosan
duogc thyc hién bang cach hoa tan hdn hop mubi
sat vao 80 ml dung dich chitosan 1 % va tién
hanh phan tng trong diéu kién khi Ny, nhiét do
70 °C trong thoi gian 2 gio. San pham sau khi
duoc két taa bang dung dich NH,OH duoc thu lai
bing nam cham, rira véi nuéc cit va sdy mau
trong 24 gio ¢ 50 °C (CS-in).
Phwong phap phan tich

CAu trac va kich thudc tinh thé cua hat nano
FesO4 trong cidc mau dugc phan tich bing
phuong phap nhidu xa tia X, do biang may D2
PHARSER- Brucker végi goc 26 tir 10-70°. Hinh
dang, kich thudc va d6 phén tan cua cac hat dugc
thé hién qua anh chup bai kinh hién vi dién tu
truyén qua JEM-1400. Phd hdng ngoai ciia mau
duge do trong ving séng 4000-400 cm* boi may
TENSOR 27-Bruker. Tinh chat tir caa mau dugc
do bang may tir ké mau rung EV11-MicroSense,
va ham lugng chitosan chira trong mau dugc Xxac
dinh théng qua gian dd TGA, duoc do boi may
TGA Q500 -TA- M¥, véi diéu kien nhiét do do
trong khoang 30-800 °C, téc do gia nhiét 10
°C/phut trong moi truong khi Nito.
KET QUA VA THAO LUAN
Xdc dinh céu tric tinh thé ciia hat nano oxide
sat tur

Gian d6 nhiéu xa tia X (hinh 1) ciia mau T70,
CS-ex va CS-in déu xuit hién cac dinh & goc 20
gom 30,1°, 355° 432° 53,6° 57,1° 62,7°
twong ung vai cdc mat mang (220), (311), (400),
(422), (511), (440) thudc ciu trac spinel dao cua
oxide sit pha FesO4 hoic y-Fe;Os3 [7-9]. Dua trén
cac dinh dic trung trong gian d6 nhiéu xa tia X
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ctia mau, c6 thé tinh toan kich thudc tinh thé cua
hat nano bang cdng thiic Scherrer:

kA

"~ B.cosf

Trong d6 D 1a kich thudc tinh thé: k 1a héng
s6 Scherrer (k=0,9); A 12 budc song tia X, tia Cu
cd A= 1,5406 A; B 1a d6 ban rong cua vach nhiéu
Xa, A28 (°).
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Hinh 1. Gian db nhidu xa tia X ctia mau T70, CS-ex va
CS-in
Kich thuéc tinh thé trung binh caa mau T70,
CS-ex va CS-in lan Iuot la 14,26; 13,70 va 12,23
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nm. Kich thugc hat giam c6 thé do chitosan bao
phu quanh cac hat nano oxide sat, 1am han ché sy
két tu dan dén kich thudc hat giam. Va su phat
trién hat c6 thé bi han ché khi hinh thanh céac hat
nano oxide sit trong mang ludi chitosan nén kich
thudc tinh thé mau CS-in nho nhat.
Hinh dang va kich thuéc hat

Anh TEM cua cac mau hat nano oxide sit va
nanocomposite & do phong dai 100K (Hinh 2)
cho thdy miu hat nano sau khi bao phu chitosan
c¢6 d6 phan tan tét hon va kich thudc hat gan nhu
tuong ty mau hat nano oxide st tran. Mau CS-ex
c¢6 kich thudc hat da sé ¢ trong khoang 13-16
nm, trong khi ¢6 mau CS-in c6 kich thuéc hat da
s trong khoang 11-15 nm (Hinh 3), nhé hon
mau CS-ex. Chitosan bi két taa khi pH > 6 [10]
nén trong qua trinh dong két tia tao hat sat tir, pH
tang dan dan dén chitosan ciing dong thoi bi két
taa thanh cum. Hinh 2C cho thay hat nano sit tir
bi giit trong nén chitosan. Két qua kich thudc hat
thu duoc tir anh TEM phd hop véi kich thuéc hat
trung binh x4c dinh tir gidn d6 nhidu xa tia X.
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Hinh 2. Anh TEM ciia miu T70 (A), CS-ex (B) va CS-in (C)

Phén b kich thwdc hat cia miu CS-ex

15 ]

& L
£ 15 I
10 T
5 4'_|— —|—|—|—|_,7
0
56783 91011121314151617181920212223242526
Kich thedc hat (nm)

Phin bé kich thwéc hat cia miu CS-in

210 |
5 |_|_H_‘_—
0 —

5678 9101112131415161718192021 22232425126
Kich thwdrc hat (nm)

Hinh 3. Phan b4 kich thudc hat cia mau CS-in
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Phan tich phé hdng ngoai ciia miu

Hinh 4 thé hién phd hong ngoai ciia cac mau
sat tir tran (T70), mau chitosan (CS) va mau
nanocomposite. Phd hdng ngoai caa CS thé hién
céc dao dong dic trung ctia CS nhu dao dong kéo
gidn O-H, N-H trong vlng 3350-3450 cm, dao
dong kéo gidn va dao dong bién dang cua lién két
C-H mach béo lan luot xuét hién trong viing 2920
va 2860 cm™, 1420 va 1380 cm™. Dao dong kéo
gidn ddc trung cia nhom carbonyl, dao dong bién
dang cua nhém amine va dao dong kéo gidn cua
lien két C-O xuat hién lan luot & cac sé séng
1660, 1590, 1150-1090 cm™. Trong mau T70,
dao dong dic trung cho lién két Fe-O cua pha
FesO4 xuat hién ¢ ving séng 580 va 450 cm™.
Ngoai ra con c6 dao dong kéo gian va dao dong
bién dang cua nhém O-H ciia nudc hip phu 1én
bé mit hat sit tir xuat hién lan luot tai sé song
3390 va 1640 cm'L. Phé hdng ngoai cua cac mau
nanocomposite (CS-ex va CS-in) cho thiy cé dao
dong didc trung cua lién két Fe-O tai s6 séng 580
va 450 cmL. Ngoai ra, phd hong ngoai caa CS-ex
va CS-in con c6 su dich chuyén cua dao dong cua
C=0, N-H, C-O vé s6 song thip hon ¢ 1593-
1590, 1150-1070 cm™. Piéu nay ching to c6
tuong tic gitra mach chitosan va hat nano st tir.
Dao dong kéo gidn cua nhém O-H, N-H, C-H
trong mau CS-ex, CS-in ciing xuat hién trong
viling 3350-3450 va 2920 va 2860 cm™.
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Hinh 4. Phd FT-IR ctua mau CS, T70, CS-ex va CS-in

Tinh chat tir cia mau

Tinh chét tir cuia mau thé hién qua duong
cong tir hoa voi gia tri do tir hda cuc dai cuia mau
T70, CS-ex va CS-in lan luot 1a 78,88; 43,40:
41,82 emu/g (Hinh 5). So véi mau T70, d6 tir hda
cuc dai cia mau CS-ex va CS-in giam la do sy
giam kich thuéc hat nano sit tir va sy ton tai cua
chitosan trong mau. Kich thuéc hat nano St tir
trong mau CS-in (12,23 nm) nho hon kich thuéc
hat sat tir trong mau CS-ex (13,70 nm) nén do tur
hoa ciia mau CS-in nho hon mau CS-ex.
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Hinh 5. Dudng cong tir hoa ctia mau T70, CS-ex va
CS-in

Ham lwong oxide sit trong miu

Ham luong oxide sit trong miu CS-ex va
CS-in dugc xac dinh biang phuong phéap phan tich
nhiét trong luong. Ham luong oxide sit con lai
trong mau T70, CS-ex va CS-in sau khi gia nhiét
dén 800 °C lan luot khoang 97,79; 40,99 va
41,37 % (Hinh 6). Tir d6 c6 thé thiy ham luong
chitosan trong mau CS-ex va CS-in gan tuong
dwong nhau. Gidn d6 TGA ciing cho thiy & cling
ham lugng chitosan, mau CS-in bén nhiét hon
mau CS-ex.
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Hinh 6. Gian d6 TGA cua mau T70, CS-ex va CS-in

KET LUAN

Hat nano oxide sét bao phu bai chitosan theo
phuong phap ex-situ c6 kich thudc hat tuong tu
nhu miu T70 (13-16 nm), mau ton tai & pha
FesO4 V6i gid tri do tr héa cuc dai la 43,40
emu/g, va van duy tri dugc tinh siéu thuan tur.

Trong khi d6 hat nano oxide sit tir tong hop trong
chitosan bang phuong phép in-situ ¢ kich thuéc
hat nano khoang 11-15 nm, ton tai pha FesOa, d6
tir hda cuc dai co gia tri 41,82 emu/g. Hat nano
oxide sat tong hop tir phwong phap ex-situ va in-
situ ¢6 cung ham lugng chitosan, khoang 41 %
nhung nanocomposite sit tir tong hop tir phuong
phap in-situ bén nhiét hon miu CS-ex. Mau CS-
in c6 cac tinh chat twong ty nhu mau CS-ex
nhung qua trinh tong hop mau chi tién hanh trong
1 giai doan do d6 c6 thé tiét kiém niang luong va
thoi gian tong hop mau. Viéc két hop tinh chat tir
va cac hoat tinh sinh hoc cua chitosan gilp vat
liéu nanocomposite tir tinh chitosan/FesO4 ¢6 thé
g dung tot trong linh vyc y sinh.

Loi cdm on: Nghién cziy d“u’ac tai tro boi Pai
hoc Quoc gia Thanh pho Ho6 Chi Minh (DHQG-
HCM) trong khuon kho Pé tai ma so C2015-18-
15.

Preparation of magnetic nanocomposite
materials based on chitosan/Fez0a4

e Nguyen Bao Ngoc
e Hoang Thi Dong Quy
e Nguyen Thai Ngoc Uyen
University of Science, VNU-HCM
ABSTRACT

Magnetic nanocomposite materials based on
chitosan/ Fes3O4 were prepared by two different
methods. The magnetic iron oxide nanoparticles
were synthesized by co-precipitation method of
solution containing Fe** and Fe®* ions in
NH4OH solution. The reaction temperature was
kept at 70 °C for 2 hours under nitrogen
atmosphere. The dispersion of FesO, was
subsequently dropped in chitosan solution 1 %
w/v and stirred for one hour to afford magnetic
nanocomposite (CS-ex). The magnetic
nanocomposite was also synthesized by simple,
one-pot in-situ co-precipitation method (CS-in).

In this procedure, the ferrous and ferric salt were
dissolved directly in chitosan solution and
followed by the co-precipitation in NH4OH
solution at 70 °C in nitrogen atmosphere. The
samples were collected by a magnet and washed
with deionized water and dried in vacuum at 50
°C. The results showed that the magnetic
nanocomposite synthesized by in-situ co-
precipitation exhibited the advantages in
comparison with the CS-ex. CS-in contained 41
% of chitosan and had the nanosized scale of 11—
15 nm, saturation magnetization of 41,82 emu/g
and was thermally stable than CS-ex.

Keywords: chitosan, iron oxide nanoparticle, in-situ, co-precipitation
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