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SALE 20/ 2 st £ EFTHHE 1.0002 1AEI, o7 NiCl, RhChE
mole% & H7tete] FA4etArh o] FFE FexOu9 F2W 3ol UIXIE Ni# Rhe] 9&&
XRD, SEMo 2 vl HEs Y.

Abstract - This study describes a synthesis of spinel-type Fe3Os for decomposition
of carbon dioxide, using FeSO4 - TH:0 and NaOH, at 40C for 20 h. with change of
their chemical equivalent ratio from 050 to 0.75, 1.00, 1.25 and 1.50, respectively.
Addition of 0.1-1.00 mole percentage NiCl;, RhCl; to the particles of FesO, prepared by
reacting chemical equivalent ratio 1.00, afforced spinel Fe3Os The structure of FesOs and
NiClz, RhClz-added Fe304 was investigated with XRD and SEM, respectively.
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ZH3 FA3E FesOpsols 715 AEEZA &
AZlA2 g2 ojigEtrE B £
o} oldE BEHOZ Fei0F FA5S AHL3)
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A7t gl e] deHe] Aedla, 71F9
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B dFd A= o8 gk Fe;0,9 EAE ol
7] Adte FesOy FulE FA3ta, 7]
UAs 285% A7l 4" ARY EA4E
A7 HE s 53] Az HAATF
Z2 2 uAFxzE olatsleie ¥i 54
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2.1. Fes0:9 &AM

magnetite(FesOs) FA3E 3t A& Al
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Co. 18)°]t}.
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of vlrgtz} AlY (agate mortar)9l A 300mesh
AL olBEH T A2 &0 Qo T3 AY
Alofgt AWo] Ag-E 4t

Table 1. Conditions of magnetite synthesis.

Sample szl;la:]erer R T H
RO1 0.50
RO2 0.75
RO3 1.00 40C | 20hrs
R0O4 1.25
RO5 150

R : equivalent ratio(R=2NaOH/FeSQ4)
T : reaction temperature
H : reaction time

NaOH(0.5M)

[FeSO; TH0(0.2M))

Air bubbling
(Air flow 200ml/ min)

RO1-|R05

LVaccum drying ]

[Drying at 50,10hr |

Fes04

Fig. 1. Block flow diagram for procedure of
magnetite.

22. NiCb ¥ RhCkZlF H7IE magnetite2
ga

E dFdA s FeSOs8 NaOHEZ magnetite
& gAY do) &3 FFH(2NaOH/FeSOy)E
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1.002.2 31A&E, H7]d NiCl, ¥ RhChE
mole% 2 H7t3le] FA 8t} NiCl, ¥ RhCls
7} A7bE magnetite? TS AT NiCLS}
RhCls¥ ] #7t¥|= 2+ Table 29} Table 3¢l
Yt Aot

Table 2. Compositions of nickel oxide for
the preparation

of Ni-doped Fe;Os.

Sﬁzgg Composition
NO1 Fe304 + 0.10 mole% NiCl;
NO2 Fes04 + 0.50 mole% NiClp
NO3 Fe304 + 1.00 mole% NiCl,
N4 Fe30s + 5.00 mole% NiClz
NO5 Fe304 + 10.00 mole% NiCly

Table 3. Compositions of nickel oxide for
the preparation

of Rh-doped Fe30..

Siﬁgleer Composition
HO1 Fe304 + 0.10 mole% RhCls
HO02 Fes04 + 0.50 mole% RhCl;
HO3 Fe304 + 1.00 mole% RhCls
HO04 Fe;04 + 5.00 mole2 RhCls
HO05 Fe304 +10.00 mole% RhCls

FeSOs9t NaOH® £33 34 E 1.0028 =
A&, NiCk¥ RhClE Z+2+ 0.10, 0.50, 1.00,
500, 10.00 mole%Z A7t FA 3} o]
) AFEE Al dolA ALEF FAHI S
ARJEEFS AMEEEen, NiCk$ RhClhe
2+7} NiClp - 6H0(Shinyo pure Chemicals Co.
13)% RhCl; - 3H:0(Wuko pure Chemicals
Co. 18) A& A3l
ZF5 & AAE AANZ F 40TE W
7} A7 g FeSOs - TH08 NaOHE &%
TR 2 AYSA A Fae] LFAlA g
o] Wi, NiCLE mole%Z £:MAA w7
Asrsle] A £3 RhChE mole% 2
LA A NiChst 22 Wiz wgrd H
7bste] g4tk o] wex AR oA
Eggayol e magnetite® A= IR
o2 AT E£§ air bubbling ¥ ¥
o} = magnetite §4 W} o] AAFHATH
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diatg Alge AF AR7|A 50CE2 10413
B¢ AxAA 4% 2AAE 9 mlxegapg
(agate mortar)l A 300 mesh@ =& vj&Ed ¥

diA Aol el ol Wol E@sATH

3. A3lda o oF

3.1. gtMdAlRe 2E =

Table 19] 93t AP A59 AHFZE
ZAE7l 98t 267 10~70 HYA XA
3 A % (X-ray diffraction pattern)Z Fig.29l 1
BT,

Fig2& Table 19 93t FAHE AgEA
Fekdle] H3le] W& ROIFE RO57HA 9
XRD #-ZE &A% Aot}

AAurg A AA 71538 a-FeOOH, v-FeOOH,
Fes0s 2 a-Fe03 V-FeO39 X-A 3d=&=
7171 A A 7128 JCPDSI=E2 B4 =gt
RO1%E¥ RO57HA XRD ¥-=Z7} 47H¥y t&
A dElstth RO, R02¢] 49 a-FeOOH, v
-FeOOH 2 Fe0:9] Aol #Ixlen, RO3
B R4 A& B-AE9 WFE9)A4 magnetite
7} #&HAU. EF RO591AE  magnetite}
HERoln 2z7te a-FeOOHE #EFAch

FeS0.%F NaOHE ©] 23 % magnetiteE A
& o FHFHo] @& XRDE ¥¥ a-FeOOH,
v-FeOOH, Fe;Os, @ magnetite?’} BAEHE A
& B9l s¥en, T I mEFA 2H
FZ7F & E4do ¥AHE A& € F UK
t}. Table 49 §AE AE9 N4 wjud
BE, RO1Y W 2AXNE d1 gAow,
RO2E =#4L w2l RO3, R4, ROSY W&
Aol EA(dark color)S Wi §low, Tk
7t & A% A4S oo gatA oitslt
B4 238 FuE AHE37] YA magnetite
& $9E d= 2FH7F 1.00 o4 EF 7
gl 28] magnetite7t ¥4 H ATt

Table 4. Various iron compounds, obtained'®
from aqueous solutions of iron
sulfate and sodium hydroxide and
their color.

Iron compound | Mineral name Color
Fe;04 Magnetite Black
V-Fes03 Maghemite Brownish red
a-Fe:03 Hematite Dark red
a-FeOOH Goethite Yellowish brown
v-FeOOH Lepiderosite |Dull orange brown
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Fig. 2. X-ray diffraction patterns of Fe;O4 synthesized in the different equivalent

ratios of 2NaOH/FeSO,.
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Fig. 3. X-ray diffraction patterns of FesO4 synthesized with different addition of

NiClz mole percentage.
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Fig. 4. X-ray diffraction patterns of Fe3Q4 sythesized with different addition of RhCls
mole percentage.
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Fig. 5 Scanning electron microphotographs of
Fe;0s synthesized in the different

7t A9 pe & D 1009 Am equivalent ratios of 2NaOH/FeSOy.
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BH XRDEA 3 SEMAIZIE Z38] magnetite
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SEMo 2 &gt Aot

NiCLE #7}g8 NOIFE Nu7txle A9 74
AAtelyt N5 AlE2E HAdA 23tz
ot} Figholld EfEHE 1002 }A4dE
magnetite T4 dAF LD, NOI, N0O2, NO3,
NO4el Alg%: FAJYAZE diFEoln, N5Y Al
g8 A9 ARl sHgth NO1~NM7HA &
NiCL9 A7lekol Z718 £5 Ay 27|17 ¢
7H4 ztol Welth oA L magnetited] 7|ETFE
of WFs wAd Ao WZAHANE gou
AA 9 NiCl, 3718 <ldte Z3ul7E 1,008t 2
olA 7l W& Y4z 7|7t HEs Reg fdd
ok £33 N05Y! A$e 87 0.75~1.00 B=
2 AZEn.

Fig.7¢ RhChLE #713 HOI¥-E HG7HA 9] 1)
ATZE BEF Aot}

RhCLE 718 HOIRE HO57HAIE Fig6 A¥
Fd3ith HOIRE HMZARE AY T4 YAl
U HBY AlsE A I dRelth oAL
XRDEAN AT Bot%Eo] RhCLE H7hsld uhg
A7) ABE A4 899 RhCl7t H7tsel 9%
B Ztet oAl Ao g Azdr

e) NO5

d) N04
Fig. 6. Scanning electron microphotographs

of synthesized FesOs compounds
which were prepared by adding
different mole % of NiCl,.
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b) HO2 ¢) HO3

d')k H04 e)HOS

Fig.7. Scanning electron microphotographs of
synthesized Fe30s compounds which
were prepared by adding different
mole % of RhCls.
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2 AFqiE 43l magnetite® 7|54
AER o) 837 9ty FAA(FeSO) T F4F
SI}E F(NaOH) &2 magnetiteE 4 34 oh.
=g FiEn FARUYEF EF T3
(2NaOH/FeSO4)E 10022 A3, NiCl, ¥
RhCE 0.10~10.00mole% ¥E=2 H71std
magnetite® A8 AHE AIEROI~
R05, NO1~NO05, HO1~H05)9] EAL& ZAAT+=Z
A vtz #@2 HESHT o) 47
AE Ax &3 22 428 4tk

1. &3 234 (2NaOH/FeSO47t 050, 0.75
J AEE dEE A4 a-FeOOHS a-Fe03
oln|, &3 Fhu|r} 1.00~15090 AEE T4
9] magnetite 7} tE E o)t}

2. NiCLE mole% %2 3H7lstd FA48
magnetite WFE Fes04°19, 050mole% 3
7be A8E NiO% NiFe0t 97F 24 H A
o, 1.00~10.00mole%7} A7td AlgE
NiFe0s%} Fex037F A H AT
3. RhChE mole =2 A7slo FAE
magnetite®  0.10, 050mole% H7ld AlzxE
hRE Fes040]¥, 1.00~10.00mole%s H7tg
NEE YEE Fes0s0]1 2 FeO3® EZAHAUT
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