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Effect of Pressure on the Magnetic Properties of Magnetite Nanoparticles Synthesized
Using a High Pressure Homogenizer
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We report the effect of pressure varying from 0 to 1500 bar on the magnetic properties of magnetite nanoparticles synthesized from
Fe(OH), suspension using a high pressure homogenizer without any dispersing agent and oxidant. The observed X-ray diffraction
(XRD) patterns showed that all the synthesized nanoparticles had the inverse spinel structure of magnetite. It was found from
transmission electron microscopy (TEM) and XRD analysis that the average size of the synthesized magnetite particles could be
controlled by the pressure of the high pressure homogenizer. The average particle size was found to range from 21 to 26 nm and
decrease with increasing pressure. Magnetic hysteresis measurements performed at room temperature using a vibrating sample
magnetometer (VSM) revealed the appearance of a superparamagnetic behavior in the magnetite nanoparticles synthesized at a
pressure of 1500 bar.

Keywords : magnetite, nanoparticle, superparamagetism, high pressure homogenizer

T9t #Ayle| o] oiaMElolE Lir@ixte] Xi7| SAJ0| Djxls o

X M3t - e
EIEAEZYolH, tIFA] F97 HHE 835, 34026

Faiehal AaAEst e, A fd st 99, 34134
(20169 11 239 25, 20169 12€ 8Y HFTTHE w3, 20169 12€ 13Y AlAEA)

B ATeE $AR 2 USRS 18 WS ek A 1) FAY1E AL8Sl] FoOH), e E FHE e
o eAe] A7) B4l iR 3 Gee] G AAHCE 2B B XA 3 ARloRRE HE ey
A7 ehEolEe] Sz TEE Atk 22 ¢ ¢ gk XA 34 B FRAAAn A Aney viiee]
E Guginle) i gA 2ol wst #As) Fge] 34 kol o) 248 & Qe Aoz seyth W PR 27 21
o4 26 nmel] ol=m, 34 tele] 7Kl we} s Ao Walrh ARAEY ABE ZH71E AMglel Lol =
B8 A7) o) FHORRE 1500bare] FH P ZAN G vIME]E UieRge] 244 ABS el 2
3oz & et

FHO| : vhaEolE, LheSiAh, A, T5k 7]

© The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-42-821-6636,
Fax: +82-42-822-5850, e-mail: hyojkim@cnu.ac.kr

-190 -



LATE=7> Journal of the Korean Magnetics Society Vol. 26, No. 6, December 2016

L. M E

vl H|EFO| E (Fe;0,) WU AK(nanoparticley= 7] A%+
ujAd e} A7) 3 GAHMRI) Z29A 2 o AEAE 1
25 Oest Ui Ve 9 viealele Ve Fopel oigh
st -84 wiiEel s A= T 1-4]. 53] v
Td[EllE YRk 2] B2 dAF =270 et skl

<, Y2} 277 e AT|E HolA Al HH A
(superparamagnetism)°|J2l= 553 7] A4S YehliAl @
o M edAks o Aol I7EEA] ek well
= WAL Alolell 2714 Adszkgo] Ao 7] wiiEel <t
AE F2ol= FHE FAE F A Aot gkHeE, AX
o8k 3-89 SN =il A EE Al ey
k] A7e| wt t2A R, vl o AR F
S HAllof] mRFEHA T 2o AgE 4 doHH =
A rEvE|E vieQiAte] A717F 50 nmETE Fojof
slal 4xb =Z7) E327F ddsfof ghehs-7].

ko2 vlavElo|E ek 3-8 Y}t A9
Rk, A7) 3 i A 19 se 9 Sell Rk
H|Xe Az Wl ok AR dEA vk AF7HA|
PRMIERIE Wik AlESE] Sfs) st e A8
St ofg] WPHEC] AYEREd, Ad 4 d B9t 3y
3% (chemical co-precipitation), 2~3Zd|o] GE-3[5H (spray
pyrolysis), FFo]Z 23} ZAPH (microwave irradiation), Tko]
A2 ) H A H (microemulsion), ZAH(sol-gol), FE
(hydrothermal method) 5¢] A=}t 288 449 vl
Uelo|E WegAe] HluA £2] 1t 27 YT B
Agdo] kgt 3-8 dofx At Aol g FEks v
e AR YrsHTHs-12].

FHol| w3 7] BES}; =2 AAAAS UelE Ui
A719] YRS F3eh] At 3 7] A2 e o=
A 14t FA7IE ARk ol AIRMEJATH 13, 14]. 112
T3} g Ft dgelo] 28t o) wM| Y EES
Bkl o] g5 AR sl 2550 S52
1= Bt g
o
u= #7389 9% :

A= st Aol o3 5000KS] o] 2%, 500 atm®]
4 TE]a 10° K o] W7 EEE Zhe w4skd st

o

0", OH" 5 EA(H,0, 0; 5)& AT = Aot 18
ug ug} #@71e) aouRE Qe T4, ¥5s ga
=4 aye} IAE FEs 7AE 2 s JEF wfiel
e 7] YAkl o] oFod 4= ok

- 191 -

E =dae B 2 AsAE A8 A7k 82 Al
2t #A7E ARSI Fe(OH), g0 232 nldelo]
E U=dAE sl 23 3] 34 oEle W
A7 HdE mEdEllE v gate] 2 BEAS 8
A oh3oll 271 B4l viAle 38 dEH9] F3S AAA
o2 ZARIF. o714 a9} 7R BYS AX P v
TUERIE eIt 1S 7] BE 9 23S O
EpfoZx AEofsty -8 AAlEAe] 7FsAde] st
< Ho| A= Holtt.

£ AFolA vl E v gate] Fe 1% AT
£ ARSI o]Foil=t], o714 Ui
BEEZ3)e] de vAES 2 12 33V BAEE
Fig. 19 Yepiglt. &3 dE52AM=
Chemical)l X F+Hd 535 AlF ¢
(FeCl, - 4H,0)2} 44 AvlZ(Samchun Chemical)oll A T+
3 EF AloF SMBIUEFNaOH)E A3t vladlet
OJE Al 3 g Foll Al H AkAlE H3E Ab
8314 et

el E Wie9rle theat 2] ISl ©iA 0.1
£-9] FeCl, 4H,0(100 ml, 0.01E) =843} 0.8522] NaOH
(30 ml, 0.0255%) 8N 5B 5 wHEgRo 22X FA1sHA]
JH[Fe(OH),] IHAE-S AUt} o]A Aol Fe(OH), &
gl o 19t 7AVE o83k 500014 1500 bar7bA]9] 1L
ollr #dsl S AF=, Fe(OH), dEie] Azo]
Ao SoF w2 WslE Y deE, 319t 1
3} #FS ARA ZS Fe(OH), TErHE wlTdElO|E ¢}
27t F53] APE F =T 200 AZE B wke)

Impact Zone
//
ln!et Shear & Cavitation .

Zone B
/ Impact Zone
Pressure f
High Pressure Gauge Reaction ‘ExHe:anw

Pump Chamber
e 0
——

Fig. 1. (Color online) Schematic of the high pressure homogenizer
with reaction chamber.
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Fig. 2. (Color online) XRD patterns of the magnetite nanoparticles
synthesized by high pressure homogenization method: (a) at 0 bar
(non-high pressure homogenization) and (b) at various pressures of
high pressure homogenizer.
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Fig. 3. TEM images of the magnetite nanoparticles synthesized at pressure of () 0, (b) 500, (c) 1000 and (d) 1500 bar.
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Fig. 4. (Color online) Magnetization vs applied magnetic field curves measured at room temperature for the magnetite nanoparticles synthesized at
pressure of (a) 0, (b) 500, (c) 1000 and (d) 1500 bar.
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Table I. Average particle sizes and magnetic properties of the prepared magnetite nanoparticles.

Average particle size (nm)

Magnetic property”

Phase
XRD? TEM Magnetization (emu/g)  Coercivity (Oe)  Retentivity (emu/g)
0 bar 26 - 64 125 17 FeOOH, Fe(OH)y Fe;0,
500 bar 24 24 78 87 15 Fe;04 cubic spinel
1000 bar 22 22 75 61 13 Fe;04 cubic spinel
1500 bar 21 20 72 - - Fe;0, cubic spinel

9The particle size was calculated from the values of FWHM at the diffraction peak of 35.4° for Fe;Oj.

®Magnetic properties were determined by VSM.
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