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KHAO SAT ANH HUONG CUA NONG PQ TIEN CHAT
LEN KiCH THUGC VA TU TINH HAT NANO
OXIDE SAT TU Fe;0,

Trén Yén Mil, Duong Hiéu Péu' va Lé Vin th,m2
ABSTRACT

In this work, the nanoparticle size of Fe;O4 is independent on changing the
concentration(s) of FeCl, and FeCl;, and the equivalent coefficient of reaction. The
average particle size is ranging from [18nm to 22nm. The product exhibit
superparamagnetic property at room temperature and the saturation magnetization of the
products are in the range from 47,8 (emu/g) to 62 (emu/g).

Keywords: iron oxide nanoparticles Fe304 superparamagnetic, applications in
biomedicine

Title: Investigating the effect of concentration of material chemicals on the size and the
magnetization of nanoparticles Fe3;0y

TOM TAT

Muc dich cia ching t6i la khao sat anh huong nong dé tién chat vao kich thuée va tinh
chdt tir ciia cdc hat nano oxide sdt tir Fe;04 bang phwong phap dong két tia. Chiing t6i
nhan thay rang kich thudc tinh thé va tur tinh cua cac hat gan nhu khong phu thugc vao
sw thay doi hé s6 dwong hrong, va nong dp cac mudi sdt ban dau. San pham c6 tinh chat
siéu thudn tir ngay ca o nhiét do phong, tiw do bao hoa khodng tie 47,8 (emu/g) dén 62
(emu/g) va luc khdng tir gan nhw bang khéng. Kich thude hat c6 sw phdan bo hep, véi gid
tri trong khoang 18nm dén 22nm.

Tir khéa: nano oxide sdt tiv, hé sé6 dwong lwong, cé hat, siéu thugn tir, nong dj tién
chat

1 GIOI THIEU TONG QUAN

Cong nghé nano dang timg ngay lam thay do6i cudc séng ciia chiing ta. Nhing thiét
bi ché tao bé'mg cong nghé nano c6 cac dac tinh siéu viét nhu kich thudc nho, do
bén cao va c6 nhiéu tinh chit hoan toan mdi so voi cac thiét bi dugc ché tao trén
nén tang coéng nghé thong thudng. Nano oxit sat tir Fe;0, cling nam trong xu
huéng phat trién ciia cong nghé nano, vi véi khich thude nhd (cd nanomet), vt
liéu nay thé hién tinh chat vat 1y hoan toan khac so v&i khi & trang thai thong
thudng, do la tinh siéu thuan tir [4]. Theo tinh chat nay, luc khang tir ciia hé hat
nano oxit sat tir Fe;0, rat nho (gan bang khéng) va tir 46 bao hoa cao so véi cdu
trac ctia mot vat liéu khdi, nén chung rat nhay voi sy thay d6i cta tir truong bén
ngoai [4, 9]. Ching han, theo két qua nghién ctru cia nhoém Nguyén Hoang Hai [6]
thi tir 46 bao hoa cuc dai do dugc la 74 (emu/g) khi kich thude hat tir 10nm dén
30nm va lyc khang tir bang khong. Theo nghién ctru cua Hironori Iida [2] luc
khéang tir ciia hé hat tién vé khong tuong ung vai tr do bao hoa cuc dai ma hé hat
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dat duogc 1a 88,6 (emu/g). Trong khi do, néu ta xét ciu trac Fe;0, & dang khéi thi
lyc khang tir vao khoang 90 (emu/g) [7]. Trén co sé cac dac tinh uu viét cia cac
hat nano oxide sit tir, chung da dugc ung dung rong rai trong mot sb linh vuc cua
y sinh hoc [8].

Theo nhiéu nghién ctru trude, nano oxide sat tir c6 thé duoc ché tao theo hai cach:
Thir nhét (top—down) 1a vat liéu khéi dugc nghién dén kich thudc nano; Thir hai
(bottom—up) 14 sy hinh thanh cac hat nano tir cic nguyén tir. Trong d6, nguyén tic
thir hai dang duoc str dung rong rai hon so v6i nguyén tic thir nhét vi hidu suat
cao, d& thuc hién va d& diéu khién kich thudc hat tao thanh. Trong d6, phuong
phap tiéu biéu cua nguyén tic nay 1a phuong phap dong két tia [1- 4, 6, 7, 9, 10
va 12].

Trong qua trinh nghién cru tai liéu lién quan dén viéc téng hop cac hat nano oxide
st tir Fe;0, bang phuong phap dong két tha, ching t6i chua thay khao sat anh
hudng cua nong do tién chat va hé sd duong luong 1én kich thudc tinh thé va tir
tinh cta san pham. Do do6, muc tiéu cua viéc nghién ctru nay la ché tao va khao sat
anh huong ctia cic nong do tién chat 1én kich thudc tinh thé va tir tinh cta cac hat
nano oxide sit tir Fe;0, tao thanh bang phuong phap dong két tia.

2 THUC NGHIEM

Céc loai nguyén li¢u dugc dung 12‘} FeCl;.6H,0 (Merck) co do tiph khiét 99%,
F ¢Clz.4H20 (Merck) c6 d6 tinh khi@;t 98% va NaOH c6 @0 tinh khiét 96%, tao hat
sat tir theo phuong trinh phan rng dong két tia rat gon cé dang:

Fe*" + 2Fe’ + 80H —Fe;0,+ 4H,0 (1)

Ké hoach thuc nghiém nhu sau:
(1) Cac mau A, B va C duoc khao sat dudi khao sat anh hudng cia hé s6 duong
lugng R.
(2) Cac miu A, D, E va F duoc khao sat dudi anh huéng ciia ndng do cac mudi st.
Ti 1€ mol duoc chonla 1/2 /16 (hé so6 duong lugng bang 2):
Bang 1: Phan b ndng dd mol ciia tién chét trong ciac miu do

FeCl, (M) FeCl; (M) NaOH (M) Ti 18 mol Fe*'/Fe’*/OH" H@ s0 dwong lwgng R

MauA 02 0,4 3,2 1/2/16 2
MAu B 0,2 0,4 4.8 1/2/24 3
MAu C 0,2 0,4 6,4 1/2/32 4
MauD 0,1 1,2 1,6 1/2/16 2
MauE 0,05 0,1 0,8 1/2/16 2
MauF 0,025 0,05 0,4 1/2/16 2

Dé thi nghiém dat két qua mong mudn, cac dung dich chira mudi st 2 va mudi sat
3 duoc chuén bi sdn & néng do thich hgp, sau d6 chiing duoc hoa 1an vao nhau
bang may khudy tir khoang mot phut. Tiép tuc dung dich NaOH duoc cho nhanh
vao hdn hop trén (dé cho phan tng xay ra) va khudy déu trong 5 phit véi toc do
khudy 200 vong/phut trong didu kién nhiét ¢ phong va méi truong khong khi, hdn
hop duoc day kin trong qua trinh khudy. San pham dang huyén phu duoc tach ra
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va rira trong nudc cét nhleu lan va do pH duogc thi bang glay quy dé bao dam
NaOH khong con trong mau. Tiép theo lugc lay san pham bang gidy loc r01 dem
sdy & 45°C trong 24 gid. Cudi cung thu duoc chat ran Fe;O, mau den, chit ran nay
duogc nghién nho va phan tich.

3 CAC PHUONG PHAP PHAN TiCH KET QUA

Do pho nhidu xa tia X ctia cac mau bang Nhiéu xa ké tia X D5005 cua héng
Bruker (Dtrc) tai trung tdim Khoa hoc Vit liéu, Ha Noi voi budce song tia X lay tur
bire xa K, ciia dong (1,54 A). Ap dung cong thirc Scherrer dé tinh kich thu¢c tinh
theé Fe;O4 [11].

Hinh dang miu dugc chup bang kinh hién vi dién tir quét (SEM - JMS 5410 ciia
hang {OE Nhat Ban) tai phong thi nghiém Trung tam J{hoa hoc Vat liéu, Ha Noi.
Do thong ké cd hat trén anh SEM thong qua thudc chuan trén anh SEM.

Tir tinh ctia mau dugc xac dinh thong qua dudng cong tir tré clia cac mau, duong
cong nay dugc do bang T ké mau rung (Vibrating Sample Magnetometer- VSM)
tai trung tdm Khoa hoc Vit li¢u, Ha Noi.

4 KET QUA VA THAO LUAN

4.1 Anh huéng cia hé ) dwong lwgng

Hinh 1 13 ph6 nhidu xa tia X ctia ba mau A, B va C véi hé s6 duong luong tuong
Ung 1a 2, 3 va 4. So sanh hinh nay véi pho chuén [7] cho thdy rang cac mau thuan
khiét vé pha Fe;0,.

Dé tranh anh hudéng cua phé nén nhidu xa, dinh phé tai goc 20 =~ 63" duge chon dé
xac dinh c¢ hat, dung cong thiic Scherrer, ta thu dugc Kkét qua nhu trén bang 2.
Két qua cho thdy hé sé dwong luong thay doi khong 1am thay d6i kich thude tinh
thé mot cach dang ké, cac gia tri kich thude tinh thé gan nhu bang nhau va bang
18nm. Vay, viéc thay di hé s dwong lugng khong anh hudng nhiéu dén cau triic
tinh thé oxide sat tir Fe;0;.

Mau C (R=4)

Mau B (R=3)

w "

30 40 50 60 70
2 Theta (Degree)

Hinh 1: Phé nhiu xa tia X ciia ba miu A, B va C v6i hé s6 dwong lwong twong ing 2, 3 va 4
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Bing 2: Kich thudec tinh thé dwec tinh tir phd nhiéu xa tia X ciia cic miu A, B va C
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Xem xét anh SEM cua ba mau A, B va C, sau do dung thudc mau do théng ké kich

thudce hat tao thanh (Hinh 2).
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Hinh 2: Anh SEM va db thi phan b6 kich thwéc hat ciia ba miu A, B va C twong wng véi hé s6 dwong
18nm dén 22nm

lwong 2, 3 va 4. Kich thwéc hat trung binh trong ba miu twong dwong nhau va nim trong khoang tir
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Hinh 2 cho thiy c& hat twong d6i dong déu trong mdi mau va kich thude hat trung
binh trong cac mau tuong duong nhau, c6 gia tri trong khoang 18nm dén 22nm.

Tién hanh khao sat tir tinh ciia cac mau bang phuong phap VSM, ta dugc cac
duong cong tir tré nhu hinh 3. Theo d6 thi, luc khang tir cua ca ba mau gan nhu
bang khong. Tir d bao hoa xap xi bang nhau va bang 62emu/g. Diéu nay cho thiy
c4c mau nano oxide sét tir A, B va C déu mang tinh si€u thuan tir, véi luc khang tr
gan nhu bang khong va gia tri tir 6 bao hoa cao, phu hop vdi cac cong bd trong
nude va quoc té [1-7, 10 va 12]

Tém lai, viée khéao sat kich thudce va tir tinh cta cac hat nano oxide sét tir theo anh
hudng cua hé s6 dwong lugng R cho thay hé s6 duong luong thay ddi khong anh
hudng dén cau triic va tir tinh ctia san pham. Cac hat c6 kich thugc tinh thé khoang
18nm va kich thu6c hat khoang tir 18nm dén 22 nm. Chiing mang tinh siéu thuan
tir voi tir 46 bao hoa ¢& 62 emu/g va luc khang tir gan nhu bang khong.
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Hinh 3: Pudng cong tir tré ciia cdc miu A, B va C twong wng v6i hé s6 dwong lwong 2, 3 va 4. Tir
d9 bao hoa xap xi cia ca ba mau vao khoang 62 (emu/g)

4.2 Anh huéng ciia nong dé cac tién chit

Tuong ty trén, pho nhidu xa tia X clia cic mau A, D, E va F dugc khao sat. Cac
mau c6 hé sb duong lugng bang nhau (R=2), nhung ndng do tién chit khac nhau.
Cu thé, khi khao sat sy thay d6i nong do tién chit theo F eCl,, thi gia tri twong ung
trong cac mau A, D, E va F 132 0,2; 0,1; 0,05 va 0,025. Két qua thu dugc trén cung
mot db thi (hinh 5). So sanh phé c6 dwoc v6i phd chuin trong tai lidu [7] thi cac
mau tinh khiét vé pha Fe;0,.

Hinh 4 cho théy khi n@)ng dd tién chat giam thi d¢ rong ctua dinh nhiéu xa tai g0c
nhiéu xa 20~ 63° ting dan, din dén kich thudc tinh thé trong cic mau giam dan.
Cu thé, xét dinh nhiéu xa tai 20 ~ 63°va quan tam dén nhiu xa nén, theo cong thuc
Scherrer ta c6 bang 3:
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Mau F (Fe*":0,025)

Mau E (Fe*":0,05)

Mau D (Fe™:0,1)

Mau A (Fe™:0,2)

30 40 50 60 70
2 Theta (Degree)
Hinh 4: Db thi tong hop ciia cic miu A, D, E va F dwoc xét trong diéu kién hé sé dwong
lwgng khong ddi (R=2), nhung néng dg cac tién chat thay dbi. Cu thé, néu xét theo n(“)ng do
cita Fe?' thi gia tri twong ng trong cac miu A, D,EvaF 1An lwot 1a 0,2; 0,15 0,05; 0,025

Bang 3: So li¢u tir phd nhiéu xa tia X ciia cdc miu dugc tong hop khi ndng dd tidn chit thay dbi

Tén miu Méiu A Méu D Méu E Méu F
Fe* 0,2 0,1 0,05 0,025
R 2 2 2 2
d. (nm) 18,07 13,53 12,03 10,84

Theo bang trén, khi giam ndng do céc tién chat thi do rong cua dinh nhidu xa ting
dan, cho thdy kich thudc tinh thé Fe;0, dang giam. D6 1a do khi giam ndng do cac
chat tham gia phan ung thi 4o PH trong méi truong phan tng giam, tir d6 lam
giam mat do mam tinh thé, nén tdc d6 tao hat nano xay ra cham dan va kich thudce
tinh thé ciing giam theo.

Anh SEM ciia miu A va F duoc khao sat, sau d6 tién hanh do thong ké kich thudc
hat trong hai anh nay. Hinh 5 cho thiy cac hat trong mdi mau la tuong dbi dong
déu va kich thudc hat trung binh trong mdi mau twong duong nhau. Hai db thi
thong ké kich thudc trong hinh 5 cho thiy cac hat co kich thudc cha yéu trong
khoang tir 18nm dén 22nm. Mic du kich thudc tinh thé cua cac hat trong mau F 1a
nhé hon céc hat trong mau A (bang 3), nhung kich thuéc hat trong cac mau 1a nhu
nhau, d6 1a do khi kich thudc tinh thé cua cac hat cang nho thi chung cang c6 xu
huéng két dinh v6i nhau dé giam nang luong bé mit, lam kich thudc hat trong mau
F twong duong véi kich thude cac hat trong mau A.
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So lueng hat

Mau (Fe2+ 0 025) 14 186 18 20 22 24 28
Kich thuoc hat (nm)

Hinh 5: D6 thi phan b c& hat ciia hai miu A va F ¢6 ndng dd mol Fe’* twong wng 13 0,2 va 0,025. Kich
thwde hat trung binh trong hai mau twong dwong nhau va nam trong khoang 18nm dén 24nm

Tiép tuc dung phwong phap VMS dé khao sat tir d6 bao hoa va luc khang tir cua
cac mau (hinh 6). Theo hinh, khi giam ndng d6 tién chat thi tir tinh clia san phdm
tao thanh ciing giam theo. Cu thé 1a tir 40 bao hoa ctia mau A, D, E va F lan luot 1a
59 emu/g; 52,3 emu/g; 52,1 emu/g va 47,8 emu/g. Co thé la‘l do khi néng do tién
chat gidm ngodi viéc tao ra pha ciia Fe;0,, con c6 mot sb pha tap khong mong
mudn, nhung lugng pha tap ndy nho va khong phat hién dugc trén phd XRAY. Du
vdy, lugng pha tap nay cing du dé lam giam tir d6 ctia cac mau khi ndng do tién
chat trong cac mau giam dan. Két qua nay hoan toan phu hop véi két qua trong tai
liéu [3].

Viy, thong qua viéc phan tich anh huéng ciia nong do tién chat 1én kich thude va
tur tinh hat tao thanh, chiing t6i nhan théy réng khi giam néng do tién chét thi kich
thude tinh thé cua oxide sit tir ciing giam theo, trong mau d& dang xuét hién cac
pha tap, chinh chung lam tir d6 bao hoa giam, nhung luc khang tir van hau nhu
bang khong, nén hat van mang tinh siéu thuén ti.
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Hinh 6: Pudng cong tir tré ciia cac miu A, D, E va F twong ing véi ndng do Fe?* 1an lugt 13 0,2;
0,1; 0,05; 0,025

5 KET LUAN

Tom lai, ching toi da dung phuong phap ddng két tia dé téng hop cdc hat nano
oxide sit tir Fe;04 tir cac tién chét FeClz, FeCl; va NaOH trong diéu kién khong
khi. Két qua cho thay viéc thay doi h¢ s6 duong luong khong lam anh hudng dén
kich thudc tinh thé san pham, nhung néu nong do céc tién chat giam thi kich thudge
tinh thé va tir 6 bao hoa ctia mau cung giam theo. Vay, cac hat nano oxide sat tir
chung t6i thu duoc c6 kich thudc chu yéu tir 18nm dén 22nm, va co tinh chat siéu
thudn tir, v6i lyc khang tir gan nhu bang khong va tir do bao hoa c6 gia trj tir 47,8
(emu/g) dén 62 (emu/ g). bac biét, kich thudce hat trong cac mau co su phan b hep
va hinh dang twong dbi dong déu, co tir d6 cao, dap tmg duoc yéu cau ung dung
trong mot so linh vyc y sinh hoc [8].
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