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A Study on the Synthesis of Co-ferrite by High-energy Ball
Milling and Thermal Reduction Characteristics
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ABSTRACT

Co-ferrite was synthesized by HEBM (High Energy Ball Milling) with a stoichiometric (Co/Fe=
0.5/2.5) mixture of CoO and Fe;O; powders. The effect of milling time on the phase transformation of
the mixture was investigated by XRD. Mono-phase solid solution of Co-ferrite, which was milled for
4 h and then calcined at 900°C in the Ar atmosphere, was confirmed by XRD analysis. The
composition and thermal reduction behavior of Co-ferrite were analyzed by TGA and XRF. As a result,
oxygen deficient Co-ferrite was synthesized by HEBM and the weight decrease of the Co-ferrite, which
was oxidized at 600°C for 10h by H,O vapor, was 2.41 wt% during thermal reduction at 1300°C.

KEY WORDS : nhydrogen(52), high energy ball-milling (oA &%), thermochemical
(€ 3+3}), water-splitting(E £30), Co-ferrite(Z'ZE #H &0l E)
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Fig. 3 X-ray powder diffraction patterns of the mixture of
CoO and Fe;O3(Co/Fe=0.5/2.5) with different milling times

B Sk @4l B I F 44X 2
9] 7% HematiteW] 2= AIX| 3L Co-ferrite®)
sd sz E4s Aol ekt AYAzk
o] 4AIHRE 8AIe B ZrMHd| e O Ze

¥ o 1t

(intensity) =3 F7H& z} & 2= 9l9lch.
Co-ferrite®] EA40AL o o] AP wA] B2

3 &, B3 8719 Aol FFo] oy, o]

W CoO%} Fe,07) 89 & ]LV] drg A

A @ mebd 2o WEZ}%"ﬂ &) CoO,
Fe,057 WiE T g o2 Qs Y50 WE
Hi Aoz AR HE AGAITIA Frth of
AL B8l 4 @ @i &¥o] otz
olH& Ego 2 Coferrite 729 1E&A7t FA
= Aot WA 1047 o] FAE 32
o] Ax7}t ZHashe @o] YERdh

olgig Aig T8t & o Co-ferrited] ©
A4S LA 4N o] FRE BQ% 4 Qo
shARk gA9 BREYog Qlete AR 7
A o] dolsitt wetA 4 h B AEE 3}
0T 3A2 Bt EXE T3k Fig.
45 477F milling3 A EE 900C=Z Ex28 &
X-A 34 #4478 Jephd Zolth

0TCAA dAg # Coferited BATFRE=

AHUEHXNEE =24 MH173 M3Z 200649 93



D WX £ LS S8 Co-ferrite HX X & S0 st 22

700
600 | E
ik
500 |
> 400 +
= ]
g
< 300} .
= (=3
I = 3
200 F g _ = ¥
e 8 3
= ~ T
g N ~ —
100 - = ] 8 J %J %
0 l N JLJ . | T
20 30 40 50 60 70 80

26

Fig. 4 X-ray powder diffraction patterns of the mixture of CoO
and Fe,O3(Co/Fe=0.5/2.5) which was milled for 4 h, followed
by calcination at 900C in Ar atmosphere for 3 h

29d F2dE AT 4 dden wAE
(Full-width at half maximum)°] @32 © 2t}

o8 299 725 Yl d39 F=
(intensity)7} 7ttt ol# 3 WX %9 Fae
AAY F Az 2EHQ] (FAe] 87 |

2ol grain 27|17} 27H8 AL epdg, o] A}
P

NS SrAsly) Yate] X-A 3d BN Az
e ~A9d #HEgo)E grain A7|E AA}E &

43 719 Scherrer's #AIAE A3l grain
A7E AAsET

KA
Bcosby

(3)

37|14 B ¥HAEE veEllY KE Scherrer
A (K=ol i, Ax Ka(Cu Ka)9] #34& A3t
o B radian #t& 3t ET) Table 12 o] &+
AX L ALgste] AL grain I7|E BT
upzt veRd Aot

Grain 27]%= 23 Az
2k F74sttk7t 10A13F
BAEFE ' 5 Itk

2ARFRE BATAA] A
o FHE N3 BasE
AL oM 71 vhs} 2

Table 1 Grain size of ball-milled Co-ferrite with milling time

Milling Time (h) Grain Size (nm)

2 22.049
4 32.256
8 32.400
10 23.000
20 18.859

Zroll uwiek A Coferrite X847}
AUAE o} A7 AoiAY 12 A7)
at7] W&ol Yehd dZdolth 3 900T
A3 Co-ferrite® YA=27]E 159803
Auts A 2R} oo oA Z7H3 AL
O o] AR BRI AR} 2E
(@Rl ZolBel YA ARERLE
% 4+ 9ok

3.2 SHME Co-ferrite@ =4 Hj
3.2.1 Co—ferrite®] Co/Fe =4 HI
90T dAe e Coferrited] Co/Fed] A
3 FENE dotry] st X-H FAEME
F3atact. 1 23 Co-ferrite A1Z A Co/Fedl
H| 2 05252 AZsPSAE E7stan X-A &

FeA Ade CofFed] H7L 04125984 Fell
gl FUME Aoz #F HM of ¥e 2

24 FAoM &719 29 vl R Q8o
A7k dl 7193 Aoz AdH .

3.2.2 Co—ferrite®] 0, XAH|
900°c:?—_ dxa " Coferrite® Hy, E¥7}22

AN AHE Fig. 501 LERASITE %7}*01]
«lﬂ g9 A FA Wske 400CHE gas] A
Zhsted 1000Co =9 & wj7hx] Zagol -26.22

WtH = ﬁ]ﬂ’ﬂ‘ﬂ»‘:}.

X-A g3 oz ALg CoFed] Hlet & F
g B8-S o] &3ty AAtE iAo vl s £F
& Bsks W AZEE Coferrited] A& AEH

—_

Trans. of the Korean Hydrogen and New Energy Society (2006.9), Vol. 17, No. 3 313



FA
=]
rx
o
40
r
oy
]

ol

Weight loss / mg
Temp /°C

i 1 i 1 . 1 " 1
0 2000 4000 6000 8000
Time/s

Fig. 5 Weight change of CopsiFe25004.5 at in the temperature
from 25C to 1000C in Ar balanced 5.14% H, atmosphere

= CopgFerseOss2 E1= AT

3 olgjg Ak B 4SS By 9l
Fig. 49 XRD EA4Z#E o]&sto Az
Co-ferrite®] AA A+ %<& Nelson-Riley&+&
o]&3ted 20=90 °7tA] At 3t HasHoeR
AAe A3 2=8402 nmZ UYEGen o]
FesOs (JCPDS # 89-4319) 8t} 2 ztoldloh
Table 2& 7t ©]2¢] ¥IA&& YERd Aot} o
A3}z v o] Hol Fe'9| o] 2Y¥7} Co Aol 7
&0 ANFHAYNH AAET7} FeO T 2ot
Aokgity. eyt FesOs8l AAMYTHETG & 3he
Yehzz2 o] Ade AZFH Coferrite’} 24
AR YHLE et TGAZ TS} &3t

Table 2 Ionic radius(nm)'”’

Ion radius(nm)
Co** 0.074
Fe** 0.076
Fe* 0.064

314 gt=

oy
oy
2la
o
08
fon
Jjz
eh
>

T T T 1

Weight loss/ mg

1 L 1

1 i
6000 9000 12000
Time/' s

n 1 n
0 3000

Fig. 6 Weight change of Cop1Fezs50007s at 600°C for 10 h in
steam atmosphere

3.3 COpaiFe2590s-52] A13} - EY EM

a7t ZRE CooaFersOing 35718 ol %
st Atgia 7l A#E Fig. 60 YeER Sl

Fig. 6014 241 wt%9 FAZ7/H&E @2 &
T Atk olALE CouFersOsn7t E& E3ldtd

daoh AREA FIHE FAMSo o

2.41 wit%

Weight loss / mg

-0.6

-0.8

a0 ——

600 700 800 900 1000 1100 1200 1300
Temp/°C

Fig. 7 Weight change of CopsFe;s500s in the temperature
from 600-13007C in steam atmosphere

2 Y ANUHRES =28 M7 M3& 2006 93



00X 2 222 S8t Co-ferrite Al

7hE Abae] £ §=03524 gl A a2
HERT Bk o] @42 B & whg A &A%Y
Hematite7} A5 1] w&o]cHd.

Co-ferrite?] €4 & A& 4bsh 49 ol %
vtz AgHoj b}, e B9 27eA 5C/min
9] & SEE 130T/ S2A71HA €4 3

Ao WE FA Zawe BFEQn 1 ARE
Fig. 79 YRR Co-ferriteE €4 YA
A7 d4SE 900 THEY AA3 54 24

Z_I

A H
o]t} 1000~1100T Atelold FA3] FAZ 24
HAT 1200T o] F FA ZHhv AX 4t o]
u 24t FAE F 241 wt%ol itk 700~1100C
N 4+8F Tamaura” S9 944 &9 Ane
NiFe0s7} 0.2 wt%, NigsMnpsFeO,7F 0.3 wt%,
NigsZnosFesOs7t 04 wt%Q) Az wlwste] & 4
Fo A9 Coferrite= 09 wt%& A e
o AL B Fil A dAF FA Tt e &
0.2 A3l - B ojg ntEA 2uA EslEtA
B £ AtolE9 FAo] 7tede Andit.
B & &3 1§ A

3
=~

>

it Lo roh
Mo, b 5. (L
S

_\LE
e lo &
fr py 0
A

2
=
olo
o
o 2
ol

e
@ oo P

51

of
iy
o
I
N,
2
= (o
9‘1
2
i)
rlr i
..l>
E
&

A
=
g
Ja
_l
o
2
2
o
e
4

S 10412 ol F5E) % EER
0ol e BAH Co-ferrte 22 2] &

FAUAE ol Yt AANH 1 A7)
Zady] Wi vehd d49E Fdaginh
3) dAe ¥ AZE Coferiter X-A PFEA3
mAE o8¢ FAHH 2N CouFersOsrs

tlo
Jor @
‘0,
ol
T 3R o
:L

& 0] 838 CopaFerssOs8] €4
AE4S *Jiﬂi A3} 1300To|8ke] whez
CopaFerss0s8] 2t AW EE 60342
2003 29 23 AN F A&

stk

mo 2 AL et pe oo

oy

2 Jl

£ AT Ar)ere AQoR FUstE 2l

THLANG Y dEo 2 I

anes

1) E. A. Fletcher and R. L. Moen, "Hydrogen and
oxygen from Water", Science, Vol. 197, 1977,
pp. 1050-1056.

2) T. Nakamura, "Hydrogen production from
Water
Temperature”, Solar Energy, Vol. 9, 1977, p.

467.
3) /\]t's:]fg— A3

Utilizing solar Geat at High

, g HAs4d, “HEtolEE
o] &3 H,0 F3 & T8 FaA2, s=AEt
“‘H@Xl Vol. 37, No. 1, 2000, pp. 1238-1242.
4) H. C. Shin, S. C. Choi, K.D. Jung, and S.H.
Han, "Mechanism of M ferrites (M=Cu and Ni)
mn the CO, Decomposition Reaction”, Mater.
Chem, Vol. 13, No. 4, 2001, pp. 1238-1242,
5) H. C. Shin, J. H. Oh, J. C. Lee, S.H. Han and
S. C. Choi, "The Carbon Dioxide Decomposition

ro
ox

Trans. of the Korean Hydrogen and New Energy Soclety (2006.9), Vol. 17, No. 3 315



. 22X

. 2]
oT T

o (=]

L]

Reaction with (NixCu;x)Fe;O4 Solid Solution",
Phys. stat. Sol. (a), Vol. 189, No. 3, 2002, pp.
741-745.
AEd, A4, 24
ZHEH 28 A4
27, gL | A
1, 2001, pp. 11-20.
Y. Tamaura, N. Kojima, N. Hasegawa, M.
Inoue, R. Uehara, N. Gokon, and H.Kaneko,
"Stoichiometric Studies of H, Generation
Reaction for H;O/Zn/Fe;O4 System", Int. J.
Hydrogen energy, Vol. 26, No. 9, 2001, pp.
917-922.
8) K. Ehrensberger, A. Frei, P. Kuhn, HR.
Oswald, P. Hug, "Comparative Experimental

6)

7

Investigations of the Water-splitting Reaction
with Iron Oxide Fe; O and Iron Manganese
oxides (Fe;.x Mny)1.,O", Solid State Ionics, Vol.
78, 1995, pp. 219-229.

0) olBE, UG, WEY, A, ABY, B
SN52T CHE ol 4% 204 A3} A

o], FmFaAUX =T, Vol 12,
No. 3, 2001, pp. 219-229.

10) C. Suryanarayana, "Mechanical alloying and
milling," Prog. in Mat. Sci., Vol. 46, 2001, pp
1-184.

316

(o

o
=

A
-

. 2

A
s

'.

(=)

21
(=]

fol

3+ - 2y

11) R. C. Buchanan, "Ceramic Materials for
Electronics", 2nd ed., Marcel Dekker, U.S.A.,
1991, pp. 211-247.

12) C. C. Koch & J. D. Whittenberger,
"Mechanical milling/alloying of intermeatallics”,
Intermetallics, Vol. 4, 1996, pp. 339-355.

13) C. Alvani, G. Ennas, A. La Barbera, G.
Marongiu, F. Padella, F. Varsano, "Synthesis
and characterization of nanocrystalline
MnFe;O4: advances in thermochemical water
splitting", Int. J. Hydrogen Energy, Vol. 30,
2005, pp. 4107-1411.

14) M. Shinha, H. Dutta, S.K. Pradhan, "X-ray
characterization and phase transformation
kinetics of ball-mill prepared nanocrystalline
Mg-Ni-ferrite at elevated temperatures”, Physica
E, Vol. 28, 2005, pp. 43-49.

15) W2, "d5etE SR8 #Heo|EA
4 R At 29 54, ALY =81,
dolsknl, 2006.

16) Y. Tamaura, A. Steinfeld, P. Kuhn, K

Ehrensberger, "Production of solar hydrogen by

==

5

a novel, 2-step, water-splitting thermochemical
cycle", Energy, Vol. 20, No. 4, 1995, pp.
325-330.

Al

MOLXIES =28 H17d M3& 20064 93

al
o<



