AT 54 Mok T Vol.47  No. 4
2019 4F 4 25 84—90 W Journal of Materials Engineering Apr. 2019  pp. 84— 90

A B L2 I 1 AL SR KB F B & B
B HE XTI PR

Synthesis of superparamagnetic iron oxide nanoparticles
with different particle sizes and its magneto-calorific

effects under alternating current magnetic field
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Abstract: Three kinds of superparamagnetic iron oxide nanoparticles (SPIONs) with different particle
sizes prepared by polyol pyrolysis, and the SPIONs contained Fe; O, crystal phase with average
particle sizes of 8. 73, 12. 57nm and 15. 25nm. The nanoparticles have relatively uniform size
distribution and good dispersion property and samples were all superparamagnetic at 300K. The
aqueous dispersion of SPIONs with different particle sizes and concentrations were treated in
alternating current magnetic field(ACMF) with a frequency of 425kHz and a magnetic field amplitude
of 5.3kA + m ™! to conduct heating experiments. The relationship between the specific absorption rate
(SAR) and the particle sizes of the samples were discussed. The Brownian relaxation time and Neel
relaxation time were calculated. The results show that the heating rate of the aqueous samples
increases with the increase of the particle sizes. When the initial temperature is 20°C, the increments
of the temperature of 25, 27°C and 35°C in 480 seconds are measured for the three nanoparticle
solutions (2mg » ml. ') with nanoparticle sizes of 8.7, 12. 6nm and 15. 3nm, respectively. The Neel
relaxation time is shorter than the Brownian relaxation time, indicating that Neel relaxation dominates
heating in this system. The larger the particle size is, the higher the SAR value will be, and the
highest SAR value is 810W + g~ '. The SAR value is negatively correlated with the concentration of

the aqueous dispersion.
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Fig. 1 Schematic diagram of experiment setup for magneto-

calorific effects of SPIONs under ACMF
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Fig. 2 TEM images(1) and particle size distribution(2) of the samples
(a)sample A;(b)sample B; (¢)sample C



BATH A

N T A O 1 4 Al 2 A K T B4 T JFE A 58 728 Tl 3 v ) 0 BRSO 87

Image J #4045 K 5 AL B, C R A K /N 4> 91K
(8.74+1.2),(12.6+2.5),(15.34+3. 3)nm., H[FJ
HEEH 260°C T E 3] 280°C , SPIONs fy ki H 8. 7nm
HhnE) 12, 6nm; M 29 13 R B — 2 (280°C) W, #4111
VREFIE 3G A 1 4%, SPIONSs (19242 i 12. 6nm 34 fin 5
15. 3nm. ULEITEA I SPIONS [y 13 2 b, ok 28 7] 375 1
JEE NG BB 6] AT DAAE — 2 90 L oA 45 4 & Rk S 1R R
NPT H A B BE AR 280°C L F B PEG 43 % A4 W
(1) 53 it o i — 20 K AR B[R] SPTONs fr 42 15 K 218
T HRLE RN AR 5] o A RDRAE B SPIONs Af
AT 55 7E ACMEF AF T % $A %007 iy R BE AR oft Ve
RN A K1 SPIONs 1y ¥ AH 241 i 3% A R 45,
Kl 3% SPIONs F£ 5t ALB,C By XRD 3% &, %% K
N EESY ALB,C ¥ 7E 30. 097,35, 447,43, 07°,53. 43°,
56.96°,62. 55°4b H BLAT §F 1§, X W Fe; O, #Y PDF 45
#ER B (JCPDS 01-085-1436) | (220), (311), (400),
(422),(511), (440) fF, RUIHE SR P EH Fe, O, f
12 O i < I b o T LT NS | BT v N =
AL B, C AT T A1 & 2 4 TR

- = g

e 58 8§}
" Sample C
e miniyy

30 40 50 60 70
206/(°)
&l 3 SPIONs # & iy XRD % &
Fig. 3 XRD patterns of the SPIONs samples

F1REES ALB, C & R B 250 B4 Al
Zeta B AR SS . SPIONs 7F 25 5 17Kk th iy e ik #a
SE S W S | R HE SRy =2 18] RS A 5 /A AR R
H 2 /i B4 A4k B E BN PEG Fl PET 7E SPIONs %

s & e 4 fiR. PEG it COO ™ B %%
$:7E SPIONs | PEL fk % —NH, %54 7 SPIONs %
1] 5 3% $ AE A A 2k i Y PEG g PET 3 1 &0 8 1% it
gia . IWEE Bk W51 1k B FE AL T B A R
By EEkR A TEE R GGR L R
SPIONs ¥ 5 1E i 2 1t M) AR & 9 B B 1) 2 [ o7
BH AL » 3 26 HE i 7 A5 e AR (R R R e ol . R A
WK sh F1 2 kiR tE 3 A~ H G IR AR KAk, UL &
A SPIONs 2 J& , H 3 W& i )2 2 (8] 1) 23 ) 437 BH 2% 8
FEre F S B IE T SPIONs 22 [a] () A %, ff & B 1)
SPION's 7 7K 43 B v 22 B0 R 43 Bl e

&1 SPIONsHIEREH KRR Zeta AL
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Fig. 6 Time dependent temperature curves of the samples in aqueous dispersion under ACMF
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Table 2 SAR value of sample A, B, C in aqueous
dispersion under ACMF

Concentration/

SAR value/(W + g~ 1)

(mg+* mL~ 1) Sample A Sample B Sample C
2.0 140 143 201
1.0 208 218 289
0.5 346 359 473
0.25 590 646 810
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Table 3 Relaxation time of sample A, B and C

Sample /s /s err/s

A 3.45X10°¢ 3.13X10°° 3.13X10°°
B 3.65X10 6 2.94X10 8 2.92X10 8
C 5.53X10°°6 4.20X10°7 3.90X 1077
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Fig. 7 Linear relation of the concentration of the samples and SAR value under ACMF
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