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TOM TAT

Tinh chat tir ctia céc ferit cAu triic nano voi cong thirc A"Fe,04 (A 14 cac ion héa tri 2) c¢6 thé diéu
khién tinh té cho cac ung dung riéng. Tuy nhién, anh hudng cta cac nguyén td tai vi tri ciia A",
kich thuégc, hinh dang va 16p phu t6i cac tinh chit tir 1a kho tién doan. Bai bao nay tap trung nghién
clru cdc tinh chét tir va kha nang ddt nong cua 2 mau hat nano: C0g4ZngsFe20, (CoFe_Zn0,6)
dugc ché tao bang phuong phap thuy nhiét (chua boc) va boc bai chitosan (CoFe_Zn0,6/CS). Gian
do nhidu xa tia X va anh hién vi dién tir quét phat xa truong chi ra mot ciu trac spinel cho ca 2
mau véi kich thuéc hat trung binh khoang 15 nm va d6 day 16p CS kha mong. Gia tri do tir hoa
bo hoa (Ms) trung binh tai nhiét do phong cia mau CoFe_Zn0,6/CS 1a 50 emu/g va kha ning dbt
néng ciia chat 1ong tir trén mau nay da dwoc khao sat. Cong suat hip thu riéng (specific absorption
rate ~SAR) cao nhat khoang 280 W/g nhan duoc trén mau c6 ndng do 1 mg/ml dudi cac diéu kién
tir truong ¢6 cudng do 250 Oe va tan sb 290 kHz cho thay rang chit 1ong tir nay c6 kha ning tng
dung cho nhiét tur tri.
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ABSTRACT

Magnetic properties of ferrites nanostructural with A"Fe,O4 formula (A" is 2* ion) can control the
subtle for different applications. However, the effect of elements at the position of A", size, shape
and shell on magnetic properties is difficult to predict. This paper focuses on the magnetic
properties and heating ability of CogaZnosFe204 nanoparticles (CoFe_2Zn0,6) were fabricated by
hydrothermal method and coated with chitosan (CoFe_Zn0,6/CS). X-ray diffraction patterns
(XRD) and field emission scanning electron microscopy (FESEM) show a spinel structure for both
the samples with an average particle size of about 15 nm and a fairly thin CS layer thickness. The
saturation magnetization (Ms) at room temperature of CoFe_Zn0,6/CS is 50 emu/g and heating
ability of magnetic fluid on this sample was investigated. The highest specific absorption rate
value of about 280 W/g received on samples with a concentration of 1 mg/ml under magnetic of
250 Oe and frequency 290 kHz. This result shows that the magnetic fluid has an potential
application for magnetic hyperthemia.
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1. Gi6i thiéu

Tiéu diét t& bao ung thu biang phuong phap
tang than nhi¢t dd dugc chu y nghién clru
trong nhitng nam gan ddy. Cic ngudn ning
lwong thuong dugc st dung: song vo tuyén,
song vi ba va laser. Phuong phép nhiét tri
giam tac dung phu cua cac phuong phap diéu
tri ung thu khac nhu hoéa tri, xa tri va dugc
xem 1a phuong phép hira hen cho diéu trj ung
thu [1-3]. Tuy nhién, cac phuong phap nhiét
tri con ton tai mot s6 nhuge diém nhu do
chon loc kém, c6 thé anh huong dén cac té
bao manh khoe xung quanh, phan bd ning
lwong thip dan dén kho dat dugc nhiét do dé
tiéu diét khdi u ... [4]. Nhiét tir tri 12 phuong
phap diéu tri ung thu bang nhiét khi dat cac
hat nano tir trong tir truong xoay chiéu. Do
tinh chét sinh nhiét cuc b, cac té bao ung thu
c6 thé bi tiéu diét (khi nhiét do dat ti 46°C va
dugc gitt trong 30 phut) nhung té bao manh
khoe it bi anh hudng. Do d6 nhiét tir tri c6 thé
dung két hop v6i hoa tri va xa tri dé nang cao
tac dung diéu tri ung thu [5]. Kha ning sinh
nhiét ctia cac hat nano tur dugc déc trung bdi
thong so toc do hap thu riéng (SAR), 1a thong
) phu thudc vao tinh chét tir cua vat liéu va
cac didu kién tir truong (cudng do H va tin sd
f). Do cac tham s6 tir truong bi han ché boi
ngudng an toan cho cac thuc thé song (H x f
< 4,85 x 108 A/m.s) [6]. Vi vAy, cic nghién
clru tap trung tim kiém vat lidu/cau triic co
SAR cao [7, 8]. Bén canh do6, tim kiém vat
lidu c6 kha ning khdng ché nhiét do dét bio
hoa (khoéng vuot qua 46°C) bang cach dicu
chinh nhiét d6 chuyén pha st tir-thun tir Tc
cling duoc quan tam [9-12]. Cac ferit spinel
ciu trac nano véi dang cong thiuc A'Fe,0,
(A" 1a cac ion hoa tri 2) 1a cac vat liéu quan
trong cho tng dung nhiét tir tri. Trong sé do,
cac hat nano cua Oxit sit nhu FesOs va y-
Fe,O3 dugc nghién ctru nhiéu nhat do tinh
chat tir thich hop, twong thich sinh hoc va dé
ché tao. Tuy nhién, nhiét 6 Curie (Tc) cao va
SAR con twong dbi thip di han ché ing dung
cua ching.

Ferit Co (CoFe;0s) pha tap Zn la mét lya
chon dugc quan tdm cho tng dung nhiét tir tri
boi ky vong nang cao SAR do tinh di hudng
cao cua ferrit Co va kha nang giam Tc khi
tang ti 1¢ thay thé Co bang Zn. Tuy da c6 mot
s6 cong bd vé mbi lién hé gitra cu triic-tinh
chat ti-SAR cua loai vét lidu nay [11-14].
Tuy nhién, mdi lién hé trén phu thudc rat 16n
vao phuong phap ché tao. Bén canh d6, anh
hudng ciia cac nguyén t6 thay thé tai vi tri cua
A, kich thudc, hinh dang va 16p boc/phu tdi
cac tinh chat tir 1a kho tién doan.

Trong bai bao nay, ching t6i bao cdo mot sd
két qua nghién ciru ban dau vé kha ning sinh
nhiét cua cac hat nano CogsZngsFe,04 duogc
ché tao bang phuong phap thuy nhiét
(CoFe Zn0,6) va sau d6 dugc bdi boc
chitosan (CS) (CoFe Zn0,6/CS) dé tao chat
long tir. Cau trac, hinh thai va tinh chat tir ciia
2 mau néu trén da dugc khao sit. Kha ning
sinh nhiét cta chit long tir chira cac hat
CoFe Zn0,6/CS ciing dugc nghién clru va
thao lun chi tiét. Nghién ctru chi tiét vé anh
huéng ciia sy thay thé Zn cho Co tdi tinh chat
tor va SAR s€ dugc chung tdi bdo cédo trong
cong bd khac.

2. Phuwong phap nghién ciru

2.1. Tong hop hé hat nano CoFe_Zn0,6 va
CoFe_Zn0,6/CS.

Cac hé hat nano CoFe Zn0,6 dugc téng hop
bang phuong phéap thiy nhiét. Cac hoa chat
ban dau dugc sir dung gom: FeCls.6H,0,
CoCls.6H,0, ZnCl; va dung dich NaOH. Cac
mudi duoc pha vao nuée cit véi ty 18 (Co?,
Zn?*) : Fe* = 1:2. Tiép theo, 6 ml dung dich
cac mudi duge nho tir tir vao 60 ml dung dich
NaOH 1M, trong qua trinh nho giot ¢ st
dung may khudy voi téc do 650 vong/phit.
Hon hop trén duge cho vao binh kin 1am bang
thép khong gi va tang nhiét voi toc do
5°C/phit t6i nhiét do 180°C va giir 6n dinh
trong 2 gio. Sau d6, binh dugc dé ngudi tu
nhién dén nhiét d6 phong. San pham lay ra
duoc rira bang nudc cit va axeton sau d6 dem
séy kho. Mot phﬁn hé hat nano CoFe Zn0,6
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duogc st dung dé boc CS cho cac nghién ciru
dbt tir. Quy trinh duoc tém tit nhu sau: Liy
50 mg hé hat nano CoFe Zn0,6 cho vao dung
dich chira 50 mg CS. Sir dung may rung si€u
am trong 15 phut dé CS bao boc hat tir. Sau
d6, dung nam cham thu hat tir va loai bo CS.
Cubi cung phan tan lai hat tir trong moi
trudng nudc véi ndng d6 khac nhau phi hop
v6i myc dich nghién ctu.

2.2. Cac phwong phap ddac trung

Cac dac trung cAu tric cta hé hat duge khao
sat bang cach sir dung thiét bi nhifu xa tia X
(XRD) D5000 cua hang SIEMENS, véi buc
xa Cu - Ka véi bude song A = 1,5406 A. Kich
thudc hat dwoc danh gia bang kinh hién vi
dién tir quét phat xa truong Hitachi S-4800.
Céc tinh chit tir duoc khao sat bang tir ké
mau rung (VSM). Phan bd kich thudc hat va
do bén cua chat long tir duoc xic dinh bang
phuong phap tan xa laser dong trén thiét b
Zetasizer — Nano ZS.

Céc phép do dbt nong cam ung tir duge thuc
hién trén thiét bji thwong mai UHF-20A. Céc
mau chat 1ong tir dugc hoa tan trong dung dich
nudc va dugce cach nhiét vdi moi trudng ngoai
bai mot vo binh thiy tinh dugce hut chan khéng
dén 10°3-10* Torr. Nhiét do dwoc do bing
nhiét ké quang (GaAs sensor, Opsens) voi do
chinh xac 0,3°C trong dai 0 - 250°C. Gia tri
SAR duogc tinh theo cong thice [10]:

SAR =22 (1)
My dt

Trong d6 C 1a nhiét dung riéng, ms 1a khoi
luong cua toan bd chat léng tir, mn 1a khéi
lugng cua hé hat nano tur, dT/dt 1a tde do tang
nhiét ban dau.

3. Két qua va théo luan

Hinh 1 trinh bay gian d6 XRD cua cac mau
CoFe_7Zn0,6 va CoFe Zn0,6/CS. Tur gian do
XRD cho thdy ca 2 mau CoFe Zn0,6 va
CoFe_Zn0,6/CS déu c6 céc dinh nhidu xa ddc
trung (220), (311), (400), (442), (511) va
(440) tuong ung véi pha tinh thé splnel cau
truc 1ap phuong cua CoFe204 theo so thé PDF
sO (221086), phi hop véi cong bd cho cac
mau cung loai [11].

(311) CoFe_zZn0,6
(440)

”j\J A A
(442) 1

Clong do (d.v.t.y)

CoFe_Zn0,6/CS

30 20 50 60 70
20 (do)

]
o

Hinh 1. Gidn dé nhiéu xa tia X ciia cdc mau
CoFe_Zn0,6 va CoFe_Zn0,6/CS.

Céc anh FESEM (Hinh 2) tiéu biéu ctia 2 miu
CoFe 7Zn0,6 va CoFe Zn0,6/CS cho thiy
ring cac mau nay c6 kich thudc trung binh
khoang 15 nm. Tir sy tuong ddng vé kich
thudc clia 2 mau, ching toi gid thiét rang
chiéu day 16p boc 1a tuong d6i mong. Mic du
kha ning boc hat c6 thé quan sat qua anh
FESEM (xem hinh 2b).

(b)
Hinh 2. Anh FESEM ciia méu CoFe_Zn0,6 (a) va
CoFe_2Zn0,6/CS (b).
Tuy nhién, kha nang boc hat hay su ton tai
clia ciu triic vo/1di chua duge kiém ching
trong bai bao nay, didu nay chi thyc hién
dugc voi anh hién vi dién to truyén qua
(TEM) phan giai cao.

Hinh 3a 1a gian d phan bd kich thudc thiy
dong cua miu boc chitosan phan tin trong
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moi truong nude. Kich thude thay dong thu
dugc trung binh la 142 nm v6i d6 rdng phéan
bd (PDI = 0,317). Dé danh gia d6 bén cua
chét long tu, mau chét long duoc xéac dinh thé
Zeta. Hinh 3b cho biét thé Zeta cua chét long
tir 4 26,4 eV. Nguoi ta biét rang khi miu
chit 1ong c6 thé Zeta > + 30 eV thi s& c6 do
6n dinh tot. Nhu vay, két qua nay phan anh
mau CoFe Zn0,6/CS s& c6 do 6n dinh tuong
dbi tét [10].

(@) (b)

Hinh 3. Gidn do phdn b6 kich thidc thity déng
cua mau CoFe_Zn0,6/CS phan tan trong nudc (a)
va thé zeta (b)

Tinh chit tr cia 2 miu CoFe Zn0,6 va
CoFe Zn0,6/CS dugc do tai nhiét d¢ phong

trong dai tir treong tir -11kOe — 11KkOe.

Céc duong cong tor do phu thudc vao tu
truong M(H) ciia cac mau CoFe Zn0,6 va
CoFe Zn0,6/CS dugc thé hién trén Hinh 4.
Gia tri d6 tir hoa cao nhét tai 12 kOe (dugc
xem nhu tuo d§ bao hoa, Ms) dugc danh gié la
56 emu/g va 50 emu/g twong tmg cho 2 mau.
Su léch rat nhé vé Ms ciing ching t6 rang 16p
v6 boc 1a mong nhur gid thiét néu trén. Gia tri
M; ciia mau CoFe Zn0,6 trong bao céo nay
16n hon g1a tri Ms = 30 emu/g ctia mau cung
thanh phan ché tao bang phuong phap dong
két tua [13] nhung nho hon gid tri 90 emu/g
ciia mau dugc ché tao bang phwong phap
phan hay nhiét [11]. Piéu nay ching to
phuong phap ché tao hat nano tir c6 anh
huéng rat 16n t6i tinh chat tir cua ching.

Pé hiéu rd hon t trang thai tir cia cac hé hat
nano CoFe Zn0,6 va CoFe Zn0,6/CS cac
duong M(H) thyc nghiém dugc lam khép véi
ham Langevin theo biéu thtrc sau [10]:

M =nulL (H—H = np[coth(“—H) - H] (2

Trong do x = pH/KT, H 1a tr truong, L 14 ham
Langevin, n 14 s6 hat nano trén mot don vi thé

tich, x 1a moémen tir. Két qua chi ra trén Hinh
4 cho thiy dudng lam khop phu hop véi thuc
nghiém trong dai tir truong tir -8 kOe dén 8
kOe. T d6 co thé gia thiét sy ton tai cua
twong tac gittra cac hat trong hai hé
CoFe_Zn0,6 va CoFe Zn0,6/CS. Thém vao
d6, sy léch khoéi ham Langevin ciia mau
CoFe_7n0,6/CS 1a rd rang hon so v6i mau
CoFe Zn0,6 lién quan dén cuong do tuong
tac manh hon [15].

60

——=—— CoFe_Zn0,6/CS

40

[——o—— CoFe_zZn0,6

20t

M (emu/g)
o

-110* -5000 0O 5000 1 10*

H (Oe)

Hinh 4. Duong tir d phu thudc vao tir truong clia cac
mau CoFe Zn0,6 va CoFe_Zn0,6/CS. Duong nét lién
dwoc lam khop ham Langevin theo cong thirc (2)
Anh huéng cia 16p boc dén tuong tac giita
cic hat ciing c6 thé dugc xem xét tir cac
duong d6 cam tir phy thudc nhiét ¢ nhu chi
ra trén Hinh 5. Tir hinh nay c6 thé nhan thiy
gia tri d0 cam tir cia mau boc cao hon mau
khong boc trong khoang tir truong thap. Diéu
d6é c6 nghia réng hé hat nano duogc boc
chitosan c6 tuong tac ludng cuc cao hon mau
khong duogc boc [16]. Tinh chat dap tung tir tot
trong tir truong thap ctia cac mau di boc s& rat
c6 y nghia boi kha nang sinh nhiét cta cac hat
nano tiru chi dugc thyc hién trong tir truong

¢ cudng do thap.
0.08

0.07 —e— CoFe_Zn0,6/CS {
0.06 —®&— CoFe_Zn0,6

0.05
0.04
0.03
0.02
0.01

(0]

dM/dH (emu/g.Oe)

-110% -5000 0O 5000 1 10°

H (Oe)

Hinh 5. Bg cdm tir (y = dM/dH) phu thuéc vao
cuwong do twr truong.
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Céc chét 1ong tir chi d6 6n dinh khi dugc boc
bdi khi do 16p boc lam giam kha nang tich tu
cac hat thanh cac hon 16n va va qua do sé
giam tinh sa lang do trong luc. Vi viy, kha
ning d6t néng chi dwoc nghién ciru cho hé
chat long CoFe_Zn0,6/CS.

Hinh 6 1a duong dét tir ciia mau véi cac ndng
do 1 mg/ml, 3 mg/ml va 5 mg/ml do & cac tr
truong c6 cuong do khac nhau 100-250 Oe
nhung cling tan s6 290 kHz. Ta nhan thay, tdc
d6 tang nhiét tang khi tang tur truong ngoai.
Bang 1. Gid tri SAR (W/g) ciia chdt long tir chira
hat nano CoFe_Zn0,6/CS véi cwong do tir truong

khac nhau, cung tan so 290 kHz

Cuwong dg tir truong Néng dd (mg/ml)

(Oe) 1 3 5
100 117,02 100,14 96,84
150 200,64 183,92 129,58
200 246,62 206,21 168,03
250 280,1 265,86 214,85
65
60 | 1 mg/mi

55
—~ 50}

L
— 45|
40 | 250 Oe
200 Oe
35+ 150 Oe
30l 100 Oe
0O 300 600 900 1200 1500
(a) t(s)
90
80
3 mg/mi
70
8 o0
- 250 Oe
50 200 Oe
150 Oe
40 100 Oe
30
0 300 600 900 1200 1500
(b) t(s)
100
90 5 mg/ml
80
06\ 70
< 60 250 Oe
200 Oe
50 150 Oe
40 100 Oe
30

0 300 600 900 1200
) i
Hinh 6. Puong dot tir cdq mdju CoZn0, 6/CS o cdc
tir truong khac nhau, tan so 290 kHz, nong do
1mg/ml (a), 3 mg/ml (b) va 5 mg/ml (c)

DPong thoi, nhiét do gan nhu tang tuyén tinh &
giai doan dau (200s). Tir duong thuc nghiém
¢ Hinh 6, cac gid tri SAR duoc tinh todn dua
trén cong thirc (1) va dugc dua ra & Bang 1.
Tir Bang nay c6 thé thdy rang, SAR dat gia tri
16n nhat 280,06 W/g & nong d6 1 mg/ml tmg
v6i cudng do tir truong 250 Oe, tan s6 290
kHz. Khi ting nong d tir 1 — 5 mg & tat ca
cac cudong do tir truong thi SAR déu giam.
Két qua nay duogc giai thich 13 do su két dam
tang khi ting nong d6. Hé qua 1a tuong tac
ludng cuc s€ ting 1én va do d6 giam SAR.
Két qua nay 1a phu hop véi mot sb cong bd
trudc day [14,17,18], trong d6 tuong tac
ludng cyc ting déu lam suy giam SAR.

4. Két luan

Céac hat nano CogsZnosFe.0s da duogc ché tao
thanh coéng bing phwong phap thuy nhiét va
boc béng chitosan. Céac sd liéu céu tric, kich
thude hat va tir @6 bdo hoa cia hai mau khong
boc va dugc boc di chimg to bé day cua 16p
vo boc kha méng. Kha nang sinh nhiét cua
chat long tir giam khi tuong tac ludng cuc
ting dwoc kiém chung tir sy suy giam cua
SAR khi nong d¢ hat tir ting tir 1 mg/ml téi 5
mg/ml trong cung didu kién cuong do va tan s6
cau tir trudong xoay chiéu. Chat 16ng tir chira
cac hat ferrit Co pha tap Zn va dugc boc bédi
chitosan thé hién gi4 tri SAR cao cho thay tiém
nang ung dung ctia chung trong nhiét tir tri.
Lo&i cam on

Cong trinh nay duoc thuc hién véi su hd trg
vé kinh phi d& tai thugc chuong trinh vat ly
ma s6: KHCBVL.03/18-19 do Vién Han 1am
KH&CN Viét Nam tai trg (VAST) thuc hién
trong giai doan (2018-2019).
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