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Synthesis and characterization of cobalt ferrite composites
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Efﬁcient microwave absorbing materials are critical for a wvariety of
applications ranging from military aircraft to communications equipment.
Addressing the challenges in reducing S-band (2-8 GHz) waves, this research focused on the
developmentofhigh-performance microwave absorber materials and investigating the potential of
graphene incombination withmagnetic elements. Cobalt ferrite, known for its promising magnetic
properties, forms the basis of these composites. However, the inherent limitations of pure
CoFe204 led to the investigation of new approaches, including the incorporation of graphene
derivatives such as reduced graphene oxide (rGO) and conductive polymers such as polyani-
line. This synthesis included combining iron salts, cobalt sources and rGO, optimizing specific
chemical reactions to produce rGO/CoFe O, and rGO/CoFe O,/PANI composites. Structural
analysis through different techniques showed the presence of distinct functional groups, the
morphology of the composites, their thermal and magnetic behaviors. Analysis of microwave
absorption highlighted the effectiveness of the composite, especially at 7 GHz, in minimizing
the reflection of electromagnetic waves. Also, the presence of polyaniline significantly increased
the electrical permeability of the composite and contributed to the effective absorption of micro-
waves due to the appropriate matching of the composite resistance. In conclusion, the synthesized
rGO/CoFe,0O,/PANI composite showed exceptional potential as an efficient microwave absorber
material in the S-band range. This innovative ternary composite paves the way for advanced
applications in diverse fields where attenuation of electromagnetic waves is important.

reduced graphene oxide, cobalt ferrite, polyaniline, magnetic Article history:
Keywords nanocomposite, microwave absorption, S-band waves Received: 28-10-2023

Accepted: 19-12-2023

Corresponding author:
* maleki@iust.ac.ir




available online @ amnc.aut.acir

VASACEIFAY-TIYO — (3 93 (SLaghidi g 9 438 puling 9l g0 (it 953 (oole d pulis

GBS ST L b Cupgly CILS G b (5ot jopelS (o lwrlind 9 jiiw
cil (b 9 odls!
T ool Ko bdeme & (S e

U‘f‘ Cxiuo 9 W‘Lc oKl ‘)L._.a.ﬁill &L;a.aé.'?(.l d).'{s.)—\
ol o g e oSl ) sl lS -

Jold 1) (bl liaazs b pollas (glalogln 1 a8 ciliseo (gl )18 gl 2ol 299 Sle 3l Slge

2 P2 FUY)S Jlo zlsel jials o il 4 i3y b gadss pl e Sle 0 o °

o8l 54 gl 5 e (ol yolie b S 5 35 (S Jauly gy 5 Yl IS b 390,Sele bl Slgn gy E
VE Y/ oA 7 o lS ol bl ol 03 2515 ] 0 el uolit olys s & o5 LS cup s [
leds o ySGsy (wyp 4 i palls CoFe O, S slacydgiome ol ams o JSis |y
ol B EU8 St o) 0 ol Ll ko bl (slapesly 5 (FGO) 00 Ll 3,8 1) ale 31,8 liie pléol ales

V¥ eY/4/YA -
Caiyemls Wei gy ol sl sla STy (gilwaigy TGO ¢ LS b oal saSad oSy Jolis

g lisee (b Suss Gkl sl s g 4355 .04 1GO/CoFe O,/PANI 4 rGO/CoFe 0O,
Gl el g 42528 00 s |y o3l uebline 5 )l (sloylid) « ncojoralS’ (S5)5890 cialato ole slaog S
Wy (pupblitog pSU ool Q3L by S8l 4 3 50ISY )3 0fag & dy Cojorels i il gig9,Sule
$go ol 4 g2l GRIBI) Cojonels (Sl 6 0didens (aags HB sk 4 il jpis nien )8
rGO/CoFe,0,/PANI cyjols azes )3 3,8 SaS Cojopels Conglio cawlio 3ollas > 1 5259,S0Le 2lsel
CajomelS ol b Ui Sl e3gime 55 sa)lS 390 Sule s adle Sy lyie |y spbittas] Jpudy 00 i
sl oo (gualoliiog S glgal a4 ogite sladipe] ) atbyiy slod)l8 (sl ) ol ilglys (b 4w

S (o lgen

e sunloliie o jpeolS g el gl LS o b 0d Ll ilEaus]

S 1k glyel egu99,5Le

maleki@jiust ac.ir ;,LGlSA J‘J sa4c




v 31,5 ST L baud Cu gl CILS Cu 8 sCy jomlS ol o

FEIVALY o) b awd Ve 55 RL polie wlgs s
3Sles by Cund g wls Kb clpg a4 g 03y9] Cond @
Bl pas 5 Sl o0 wlali pas ‘_}JM;.;L“.\Q:. ol G
oS OlS 5 el (ol Gl ol s (sl 29 ol il
IV el oud 4 cuddge L CoFe,O,

Dl 4y glato blas, sl yasly 48 1 00> (L cyaaiy 155
Sl [YY YY) (S psll alib g4 5l 599,00 (sl
YL (2blo) & Wit £9890 (0l )Slo (229 1 5l 630
299,5le glgal Qo g (688 hpmidd Cud)l 4 (B jgralS Slga
i ks el o5 by o o 3 x5 o K
Sei ool b 4 ol IYENODg3 o 0128y
@l a4 pdy Slasl Siggd (b pusille 5 Jle olend
ol L opl b YNV cw! 48,5 )8 adllae )90
sgdome (653l L5 4 YU dgis bl wlo ola Lalls L
sgMe .l dnlge Lluy youls 53 o)l 0bgS L bl o 4
e S o Cojorels 3 (publine Ol (SaSTy nl p
Gl diej ;0 1y b gl pl 3 )l8 Colre ol .l S8
oo (p S g (n FSSU plyie 4 ST (o0 39000 599,50Le
ot o325 s S 45 33 Lol G318 130T 05 ol
e Gl (Sen ol 384 pastie (gam 90 HlBle g YU
Lo s cyped 4 0l _pmabolitog 2SIl zlgel bl dlga 3500
O 351 o Ciels & el b 093] alas ] 5
Bl Olyis ]y SIS o e (purblite lMond Lo
ol g YU ohg pdaw 5 0 culeo ol p ade (ol sal)lS
553 ol 15 45 sl 5 sy g0 (VAL (S50
@ (Sl punblise (s 2y 3985 9 z9e 1) Elgel Ol (o)
el salie LB 29

29 sl Y

Ol 3ap g 3lgo —)-Y

(D)l s el 5l eolitwl 3y90  olows dlgo 4)S
L el mabaclia (N)oal %A% jodls b "olualiSa
02515 L el YO (gl b7 il posigel YA (ogls
YR gl L bl XY ogls b (S I hsl %633
fela il ohie OT 96Y0 (ogs b Sligel Jsloce

4- FeCl,.6H,0
5- FeSO,-7TH,0
6- (NH,)28,0,
7-NH,NH,*H,0

doddo -

b disej 53353 (Sl a3 )5 s 4 299 )0l 0 Sl
Sl g [Vews; e jl cblis V] ol lalaslgn
S bl S e 05 4 1) ok ey (Y] bLS)
byl oo sl D)y aseds (gl (6 pte Lo WL 250
¥l 8 aie dio) cpl g9y g glael clablon Cladss
L (5,058 ¥ U Y) S g gse wall8 la cpols )i 4
@ Vb L L bl paseis dlr $n o2 o Sk
g5 ol sl Jlors) (sl aysly 299 5 YL ol aygly <> s
Oty Wgd o s oy @ pliaid zge Job J> 40 S
S5 S g odgame (0 YU ol L 9199,k i lgs dawes
olye & Al dlge (98T Canl 0392 1l ille Sl IS
ol (25 9 32 sl 3B sy Wlo 99,0l L3l Sl
Ol dmwg o ol b [VALSIGES L5 oy 390 blas
S Jlg o3gime > W) Gl L YL L L g 55 S sl
w5l Gl (3285 ABY) CT I g (5,285 T L Y)
03 S Sb L g299,0le glgel s sl 01938059, slajls &
[l S Wl S e

S Shy oS odlgls 5l ole oSS Glgiear 1S
losd ol Vb Gl g)lul o8 G Wl (glate
el ole S plgie 4 (b Jeily g )l Jel> S
w99 rale pbe oS (J cul b [V Jawd oo L5 529950
Sl 1 (o8 i iligal Bkl > 2 el (RIS Loy
sob 4 9159,0ke Jle o VY Jewsl jlads 3 ya00 S xSIN 03
B0 (5 pidehi g o (2,05 oy 28 JaSo 4y L S
6o 09,5 sl &S 3,5 1y pabolise o3le S, S 5 ol il
P oy JI (Sl JeuS9)S 5 (Sl (JeuS )0
YWl

015 )5 W & Fe,0, gl by awglie ;5 ol
ez §) 6yl slo (COFE,0,) el g [IF-VFlcud
ol 5 o plerd lul (Jlo ublise ol
2 Sliies 35 4 ) o o5 e ol 1) YL SGle
LIS and X o, (WIS o b5 299 pSele ol dine;
Gilisks (clo £55)9)90 b COFe,0), 515,55l ilise (clacdls
adllas 3)90 03y yob & TUSS (oS 5 JB g es5)S Wile
Gl (95 4 drgi (o g2 cnl b [MAJlas )3
Al CoFe,0, wis wad ) 3lol jhie wlal § colses

1- S-band
2- C-bond
3- Rugby-shaped

o

5

951 sole

Sl g0

i

525 8

::3)
3
N)
3
3
X




—

&3

sale

552

Sl 5o

s

iz

::3)
9
N)
3
3

oy g i Y

ot lito 13 56 a8y b gy Y
rGO/CoFe,O,/PANI

oileyl 4 bgrye YFe e em™ GBlLLI > ond saalie g Sy
4 VY em! asl o end el S il O-H s
Sl el Cajoreligil 55 55 O-H glaog S i o5 >
ISy oaimd L AV em! dgis > S bl b
wsiS oles,yl s 4 WYY em! sgis S g 0099 C-H
okl b bl canle wlils)l a5 cosl N=C=N
dgds 0 rwcab clalg lie job 4 o oLl
OsaS ol s o HadS s 4 V0V em g V¥V cm!
oFA em! p Slajle i yd LS @l b il o C=C
A2 o slis Co-O sly #Ya em™ g Fe-O sl

W RGO/CoFer0s
= RGO/CaFi,0./PANI

e (%)

Transmittan

~ WV

Wavennmber(L/cm)

rGO/CoFe,0, (&) o3 (el cab  awlie I JISS
1rGO/CoFe,0,/PANI (o)
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Figure2. X-ray scattering elemental analysis of rGO/CoFe,0,/PANI nanocomposite.
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1- Electromagnetic Interference
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