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The use of nanoparticles in the hyperthermia method is very effective due to their small size to penetrate
the cancer cell and better control and uniform temperature distribution. Cobalt nanoparticles are a good
option in hyperthermia due to their saturated momentum and excellent magnetic properties. On the other
hand, to minimize the cytotoxicity of cobalt nanoparticles and improve hyperthermia, it is necessary to
use cobalt nanoparticles in composite form with other materials. For this purpose, in the present study,
reduced cobalt-reduced cobalt (rGO-Co) composite nanoparticles were synthesized for use in heat
treatment by the co-precipitation method. The synthesized powders were characterized by FESEM, TEM,
XRD, VSM, and DSC-TGA tests, and the MTT test was used to determine biocompatibility, and
hyperthermia test was used to determine the specific adsorption rate of the material. The results of the
hyperthermia test showed a higher specific adsorption rate of rGO-Co composite nanoparticles than
graphene oxide and cobalt nanoparticles. The study of the biological behavior of rGO-Co composite
nanoparticles at concentrations of 30-100 pg/ml showed good biocompatibility of rGO-Co composite
nanoparticles in comparison with cobalt nanoparticles. Fibroblasts grew and proliferated well at
concentrations of 30 and 50 pg/ml.
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Fig. 1 XRD pattern: a) cobalt nanoparticles, b) graphene oxide and c)
rGO-Co composite nanoparticles
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Fig. 2 TEM images: a) Cobalt nanoparticles attached to graphene oxide
sheets, b) Cobalt spherical nanoparticles and ¢) SAED pattern rGO-Co
composite nanoparticles

(o SIS slaadyg 4 Jate LS Sldgl (A TEM polas 2 S

FGO-CO 550l 21,35 SAED (555l (z 5 LS (55,5 35l

C-2
Fig. 3 FESEM images: a) graphene oxide, b) rGO-Co composite
nanoparticles and c¢) rGO-Co composite nanoparticle element
distribution map

(g s TGO-CO 2 500alS )35k (& eonSTo81,5 (G FESEM las 3 i
(GO-CO (yj5eals” 2,35 polie 355 asis



133300 EMasdl aglad S 5 59051 Lyl T

o5 0 )3 oslaiwl (sl y (TGO-Co) S -0k bal duuwsT 81,5 I 9aels 3 il Hhasasie 9 walw

Gl odel Canns polie Ss Bk Il e st spd
—o3S 5 LS Sldgl « TGO-CO ijemls ly3gil glosl il
olie 538 YU 5l o0 0.031 emu/g 5 56.52 37.18 i 4 o]
a2 Gl Cur il plye 4 LS O35l ppbliae gl
SLdgl Vb pbline glosl Conl publin ooyl o o]
oeblize lase 4 1) O3l (mogmly § Comlas (25, Vb w2dLS
b oldsll Silm ool &5 dgdio cge 5 atils olen 4 ()15
im0 opll Cer ol bl Gl 3 60518
Sseels Sldgl lp glal pblae Gl il (Rl (obline
i 1y o] cde a8 wilbce a8 LS @ly3gl 5l (CILS 780 sol>)
@l GelanaST 03 Bk s Cojeeligl o CILS e als
G3y 2 S Ay Sge 4 Ylaisl &5 cals SIS oS algsl
Ol Sen 5 T cags SBT iagn b ol oad JoSas LS
—odS slacujeelS sl gLl rblise laie a5 ol olas oo [F-]
4 (168 emu/g) alls LS wges 51 (119 emu/g) oo yiw oJLS
SeaST (slajle 92y oenl oS (1S (publie pd Do 3925 Sl
SNl Casls g oal asin Fi w0 XRD mls o clls
— 535 5 LS 3l FGO-CO o 0eelS 30l (sl o omnaboliin
col Sppte azliz ool 725 O 4 22.37 8004 i & ]
Cools LS aldgh b oawlie ,o 1GO-Co  5jsmels &l)3gL
G Sadgaze yal cnl Sle amd oo i 395 Sl (6 (SWlak
Slas jo olidl sl a4 Jdoay pwoblise law cous cILS ol)d60
omablie slo by 5 9,30 535l el amte Sl il
Sl3gl cmbliie L3, 058 oo bl e Gud Gil38l Corge
39l 5 oud samlive i, alie CILS &35k § IGO-CO iy jemals

il e [V L Ken g Lo Lawgs onds yiw COFe,04

80
60
40
20

a

=20

Mugnctization (em/g)

-40

-60

=80
-8000  -65000  -3000  -2000 a 2000 4000 6000 s000

Applied Field (O¢)

Fig. 6 Vibrating sample magnetometer (VSM) diagram: cobalt,
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