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Abstract : ZrO; powder was prepared by sol-gel process and the adsorption characteristic of cobalt(Co™) by ZrO» adsorbent
in high-temperature water was investigated using batch adsorption experiment with a stirred autoclave, The prepared ZrQO,
was calcined at 600C~1400C and analyzed by X-ray diffractometry, SEM, BET surface area, FT-IR and TG-DTA
measurement. The tetragonal phase of ZrQ; is produced 480°C from amorphous gel at temperature 480°C. Both tetragonal and
monoclinic phase of ZrQ; exist at temperature between 600C and 1000C. At temperature 1200°C, tetragonal to monoclinic
phase trasition is occurred. The Co?" adsorption capacity of ZrO, calcined at 600T for 4 hours is 0.16 meq Co*/g adsorbent
in the high temperature at 250°C. The adsorption of Co® on the Zr0; adsorbent is irreversible endothermic in the temperature
range (125-175C). The standard enthalpy change (AH®) of ZrO; calcined at 600°C for 4 hours is 18 kJ/gmol.
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B AT AMES AZ2FAE Fig. 13 2tk IM9Y
ZrO(NQs)z + 6H20 (Aldrich chemicalAh)&<} 100ml s}
o 15% dRUYols oF 15mE FeaA Bk &
1000ml wl2AANE A3t 15% FERYolsE o
1/3 B A% diethylethere] %ol $ELUo} F& iz}
A9 e zo|7t HEES 2 e} W2
U A4 d3Yel £ £98 AT £ 2 die-
thylether3< 3stA71¥H v EHA o] & FFYols} A
ettt Aol AL AZ7|NA 130CE FA5HA
AN AZEAZ ¥, A7) Z(Nabertherm HT 12/17)91 4]
Z+ 600C, 800, 1000, 1200C ¥ 1400C &x¥=
10C/2, 43t stastAnt. o Ag Uaiahtz
sieved] €3 100~140 meshdl| #3st= YA
t Aol &A= A
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1M Zirconyl nitrate 15% Ammonium
solution 100ml hydroxide 15ml
[ J
]

Mixing with stirring
at 80T and addition
of 15% ammonium

hydroxide
[}
15% Ammonium Obtain Zirconyl diethylethe
hydroxide nitrate solution 60ml
[ | ]
I}
Obtain Zr0O; gel

sphere and aging at
room temperature for
12 hours

i
Washing with deionized
water and put it in air
!
Drying oven at 130T,
4hours
1

Calcination at desired
temperature for 4hours

!

Sieving and obtain
100-140 mesh powder

Fig. 1. Preparation scheme for ZrQO; adsorbent by
sol-gel method.

2.2. S4EA

2.2.1. &5 M U dAX} M

AzE d3vol ¥de] & 54 2 ANIgAAS
#23817] 98t TA instruments SDT 29608 & A}&-3}
o dFF 2 A BAL st oln $& 2&kE
10C/minZ2 37)FA 1500C7A] F&s+g o),
2.2.2. XA 87 24

E-ANC 9fste] Lol B shlke] wWE ¥
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ste] 20~70°9) 26 WA X-H HHARAS
33ttt ALe3 7)7]& Simens Diffraktometer D5000
o]#1, CuKe(Ni-filter), 40KV, 30mA, scanning 2°/
min, Tube Max. 3KW ©]it}. o] B0}z Peak F A
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I,(111) : tetragonal EFAYole] (111)H 9
IERE

2.2.3. BET H|ENY &H
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2.2.5. Fourier transform XeM (FT-IR) Ea2AMH
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2.2.7. 3HX} 2FEM(XPS)

AzE Zr0; F849 Edd FHY ILE o]29
A4 (binding energy)E 29 ¥7] 9389 Electron
Spectroscopy for Chemical Analysis(ESCA, Fisons
ESCALAB 2200)& AH83t9th old A8+ 4 Imm,
A7 13mme] Disc FE2 A %3 At}

ZoFHELNAL  Cobalt(l) nitrate hexahydrate
(Co(NOs)6H:0)E  Zol&5o] &afate] Co™ o]
¥%7 50 X10° mol/ ¢ 2 33 1&g ZAGAY A
Ul FAA 98 IwE FHAYL 50 x10°
mol/ £ 8] Co™ &efo] Sojqli= P2 3
L7 (Parr 4521M)olA 384
BHE g 02g9 AIYo}l FF
HE7IHA A 2447 Bk YAE
N g, &9 4R o 10er %
3200 mme £ 108 Fob
AP FRde FEE 3
g9 s AolZEH FARL AN o
Co® o]29 =T EAML Inductively Coupled Plasa-
atomic Emission Spectrometer (IS.A Jobin Yvon model
JYS0P)E AH&atel 1.0 X 10°0A 1.0 X 10™ mol/ ¢ ¥
A9 BEE 33 d9d. ¥4 FAUY PAEE
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Fig. 2. Schematic diagram of high temperature apparatus.
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Fig. 3. DT-DTA curve of ZrOQ» dried gel prepared by
sol-gel method.
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Fig. 4. X-ray diffraction pattern of ZrO, powder
calcined at various temperature for 4hrs.
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Fig. 5. Monoclinic-to-tetragonal ratio of prepared ZrO:
powder calcined for 4hrs versus calcination
temperature.

Table 1. Effects of Calcination Temperature on ZrO»

Characterization

Calcination Specific Phase present (%)[7]

temperature surfac7e Tetragonal | Monoclinic
() area (m”/g) Zr0» ZrO»
130 129.1 0.0 0.0
600 24.0 16.6 834
800 19.7 15.1 84.9
1000 11.0 2.9 97.1
1200 14 0.0 100.0
1400 05 0.0 100.0
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(f)
Fig. 6. Scanning electron microgrphs of the ZrO; powder calcined for 4hrs at (a) 130C, (b) 600TC, (c) 800C, (d)

10007, (e) 1200C and (f) 1400°C.
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Table 2. Temperature Dependence of Textural Properties
of ZrO» Powder

t(;:;zjtf:e T:)/zinizre Average pore | Porosity
. [))
() (cm¥/g) diameter {jem) v
600 0659 232 795
800 0530 32.89 w1
1000 0,482 32.00 740
1200 0.320 36.62 65.3
1400 0.257 3880 60.2
175
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Fig. 7. FT-IR spectra of ZrO» powder calcinated at a)

1400°C, b) 1200C, ¢) 1000TC, d) 800TC, e) 600C
and f) amorphous gels.
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3.1.4. Fourier transform H2|M 2at8M

AZE 710, AL 600C~1400C7HA o] dAZ &
A2 % ¥ Fourier transform ZHH EJEANANE
Fig. 791 YRSt Fig. 79 939 130T 252
& 710, ANEMY A 3000~3500 cm' FH4 H 9ol
Ao HuA §e F5dE O-H A¢d 93 Ao,
1640 cm™' 229 F4 U= H-0-He &34 (bending
mode)dl & F4dieln], 600C, 800C, 1000CE 34
3 AR (o), (), (09 2FEFGHE 1640cm ol 4 )
Fuy ZEst ZAAaHe 12000 2 1400CE shAas
NE (b), @iIde ¢43 2¥d%9c 13%0cm’
1050cm ' 2 780cm™ FH4EY e F5UlE NOsol o3

Az A8 A A 2 F 1997

T M L

—@— Prepared Zroz(m"cuhnv)
02F —A— Prepared 210, (800°Cidhrs.)
—3— Prepared 210, (1000°C/4hrs )
—S— Prepared 200, (1200°C/4hrs )}

—~— Prepared 20, (1400°Cratrs )

Co” adsorption capacity (meq/g)

0 100 0 300
Adsorption temperature(C)

Fig. 8. Varnation of Co* adsorption capacity of ZrO:
powder calcined at various temperature with
adsorption temperature(Adsorption time:24 hrs.,
Initial Co™ concentration : 5x10° M/ £ ).
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3.2. Co*" X2y
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Tl DA ZHORY Co” FHEFo] S5
tl,o]= Table 19] YEhd vlo} Zo] & 2%dA &
23 Zr0p9 H|EHAo] e 2ToA EAE Zr),
o] v EHART 27] "ot} Fig. 9% 600T ~1400
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Fig. 9. Effect of calcination temperature on Co® ad-
soprption capacity of ZrQ, adsorbent. (Ad-
sorption temperature @ 250 C/24 Hrs., Initial
Co® concentration : 5x10° M/ 2).

Distribution coefficient, Kd (cm3 1g)
3

| A= Prepared 210, (1400° Crahrs.)
@ Prepared 2r0,, (1200° Ciéhrs.)
| = Prepared 21O, (1000° C/atrs) |
| 7. Prepared 210, (800° C/atrs.) ‘
" ‘ T . Prepared 210, (600° cras) | | .
22 23 24 25 28

Temperature ' x 10%(1/K)
Fig. 10. Distribution coefficient versus temperature.
(Adsorption time : 24 Hrs., Initial Co” con-
centration : 5x107° M/ {).

Atk 7S M IRER(r=rg+2r 40)d E
WEAEE Ho g5y IwElRe uiAYns)
g4 A7) fgelnt & 25T AelM F2g awe
ol£& FE& /M ALE o] 2ojnf, 250T 2| 129 A
F4d IRES g5E FPE| Lo},

SREC|ZE o (2), B)HAA HE uie} o] 7}
Fadlel ofal Z10, %A xHel 2849 Co(OH),
o Adus AT F 2N WAFH 2o 70,

AA ERoA Co(OH):St ¥Hg3te] 2RAE A

i =
H Lo =
i EEAe FUES TRk BPAHEYA CoZdaE

T 1 L 1
5310 eV
0(ls) in ZrO:
40 = p
1822 eV
Zr(3d 5/2) in ZrO»
30 F b
33742 eV
,g 781 eV ZI‘(BD 3/2)
2 Co(2p 3/2)
o 20F Zr(3p 1/2) ]
= ’kk._"‘\‘ 3H117 eV
10 F
0 [t 1 i '
800 600 400 200

Binding energy(eV)

Fig. 11. XPS spectra of surface cobalt adsorbed on
ZrQy at 250C.

Co** + H,0 < Co(OH)" + H* 2
Co®" + 2H,0 < Co(OH), (aq) + 2H™ 3
Co(OH); (aq) + ZrO, < CoZrO; + H,0 (4)
Fig. 10 A4 22 o&4 S dolry] Y3 #%
Kd &g 229531/D9 ¢z Jdehhdoh BujA 4

2 RujA+e L ol&A(van't Hoff equation A}&)e
okefo] (5), () oz Axtatgcth

C,—C. Vv

K; = . Wg )
logK, = 5390 + ¢ ®)
o] M9l 71&7ZRE 125TAA 175C WY g2
A3 (AH°) ¢ 18 KJ/gmolZ WEhgdth out
Hog 7}

=
rlo
o
2,

I Aoz dejx glu12]l gy

o} 2l
LA FHEL dedt ol wiu Lol olde
EEAET WM AH)eE &+ gon Fig 109
71e712HE 15T o] 49 m2d A9 whee Fodu
SUE & 5 Qlth ojop 2o 2 mFodey Waz (A
H)2 ZrO, EWo] ILEZ 3fst= Badasigol

CoZrO7t A38& Fig. 119 XPS(X-ray photoelec-
tron spectroscopy) 25E &g = 9lrHi3] 24w
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Table 3. XPS Binding Energies for Cobalt Adsorbed

on ZrOs
Co(2P 3/2) eV | Co(3P) eV | Co(3S) eV
Cobalt on 780602 | 613+02 -
ZrQ; at 30T
Co0 77974015 | 600£01 | 101.9+02
Co(OH); 780702 | 61102 | 1029+02
CorOs 779602 | 61402 | 103002
CoOOH 7797402 | 612402 | 103002
20 | 4

781 eV Co(2P )

g
3
2
790 780
Binding energy (eV)
Fig. 12. XPS spectra of cobalt adsorbed on ZrO; at

250C in Co(2P 3/2) line position.

é

%724 (photoelectron line)2l AAgA YA E F
T F2d ILES A7) & o 7kx) =2y
E 39HEY 2% duvAe vasdd, 22E) 3%
Eo digt XPS do]ElZ Table 39 YWehiich Fig.
12258 250CAA Zr0, §&A49 Edo] 29 zt
Eo thd Co(2P 3/2) A&

Table 37} Fig. 122%¥ 39 AR i‘%}E(H) 33t
EYE XPS PeakZHE & F AUt E3 o] Ayt
Table 3914 RE vie} Zo] Ao uiA 7} 780.7+0.220

513

Co(OH)9| Peakst 79 24 Peakolth. §o vjol 4
ColOHRS #AE oMIsA &g A=el WelolA
ColOHyE FHAY 70, B A4 A4S 7HAe7)
B o],
4.2 &

E-AWe olgsel Amol ARy 2ue 4
$n Srend e B4 2 2= §R83S Lo}

THEE, A8 A A 2 3, 1997
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EEE

2 A%e g 2o

1) zirconyl nitrate
Z3 njAg A AFY ol 480Cl A tetragonal %
ob7k BAEL, a2k

ZHEAZ 3o E-AYOF A
434
225 600CYY tetragonal’d 17%,
monoclinic’t 83%, 3lAL% 800CYW tetragonal’d
15%, monoclinicAt 8%, tA2% 1000CY o tetrago-
nal® 3%, monoclinich 97%, 3422 1200CAA &
B tetragonaldol A monoclinicd} .2 AAol7t doju}
A, AT 1200C 2 1400TAAM=
A dvjolgto] EAssitt.

2) Zr0; FFA AxRA FAZET}L 3
Aoz st HiEHF, FATES 4 7]

monoclinic’ ¢

3 125C o|9sl BN FHLEL vkl s
FaAWgoln, 60TAN HAT 20,0 EFAY W

shgks oF 18 KJ/gmolO]%iE}

Hol B84 z: 3 = B E<
CoZr0s9] Aoz sl IHE FaHgko] Frtsltt
5) 250C 2&FoA A% 600Te Zr0 &%
Ao TLE HYPFALZL (.16 meg/g °IUT
7| z M o
K, : distribution coefficient (cm’/g)
AH? : standard enthalpy change (k]/gmol)
R gas constant (kJ/K gmol)
T  temperature (°K)
C : constant
C, : initial concentration(mol/ ¢ )
C. - final concentration(mol/ ¢ )
V' : volume of bath( ¢)
W, : weight of adsorbent(g)
meq : milliequivalent
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