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Abstract —In order to develop an effective adsorbent for the recovery of dissolved uranium in sea water, hydrous
titanium(IV) oxides were prepared by the hydrolysis of titanium(lV) alkoxides under aqueous alkaline solution. Effects
of hydrolysis temperature on the adsorptive characteristics of adsorbents were investigated in terms of the physical
properties of adsorbents and the mechanism of adsorption.

The physical properties of hydrous titanium({IV) oxides are dependent on starting material and hydrolysis tem-
peratures.

Hydrous titanium(IV) oxide prepared by TTPO at high hydrolysis temperature was more effective for the adsorption
of uranium than that prepared by either TTIPO or TTBO.

The amount of uranium adsorbed on hydrous titanium(IV) oxides increased with rising hydrolysis and adsorption
temperature.

Adsorption equilibrium relation and heat of adsorption for uranium were correlated with Freundlich equation and
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endothermic process respectively.

Freundlich constant(1/n), heats of adsorption and activation energy values were ranged 0.11-0.28, 1.11-7.54

kcal/mol and 0.96-1.97 kcal/mol respectively.

The mechanism of adsorption of uranium on hydrous titanium(IV) oxides were elucidated as intraparticle diffusion
controlling, an effective pore volume diffusivities were ranged of 7.5x 10-7— 2.24 x 10-5 cm%/sec.
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Table 1. Physical properties of adsorbents
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Sample S (m%g) V, (cm¥g) #, (glcmd) £, (g/em?) (A) € )
PT-20 161.2 0.077 2.063 1.780 9.56 0.121
30 173.3 0.093 2.077 1.749 10.75 0.139
50 268.4 0.162 2.310 1.681 12.05 0.214
70 339.1 0.196 2.385 1.624 11.56 0.241
IT-20 141.4 0.216 1.998 0.659 22.32 0.124
30 163.6 0.247 1.559 0.889 30.21 0.180
50 199.7 0.241 1.516 0.901 24.14 0.178
70 162.3 0.234 1.511 0.896 28.82 0.173
90 130.4 0.247 1.654 0.851 37.95 0.174
BT-20 188.2 0.190 1.210 1.592 20.19 0.231
40 148.2 0.196 1.180 1.543 26.99 0.233
60 141.5 0.123 1.300 1.505 16.96 0.162
80 150.2 0.152 1.230 1481 17.31 0.160
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Fig. 1. X-ray diffraction pattern of hydrous tita-
nium(IV) oxides.
(a) TTPO, (b) TTIPO, (c) TTBO
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Fig. 3. Freundlich isotherms of hydrous titanium
(IV) oxides.
(a) various hydrolysis temp. at adsorption tem-
perature 45°C
(b) various adsorption temperature at PT-20
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Table 2. Freundlich constants obtained from the experiments
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25°C 35°C 45°C
K In K 1/n K I/
PT-20 32.457 0.286 32.277 0.270 72.678 0.262
30 43.251 0.253 53.210 0.245 86.099 0.232
50 70.550 0.181 77.804 0.196 98.351 0.161
70 83.157 0.151 96.605 0.162 117.308 0.147
IT-20 21.15 0.23 28.14 0.23 38.45 0.21
30 23.85 0.16 29.66 0.15 39.16 0.16
50 35.05 0.13 42.54 0.16 52.32 0.15
70 39.16 (.14 45.89 0.13 48.98 0.13
90 42.92 0.11 53.82 0.12 55.89 0.11
BT-20 23.44 0.16 26.71 0.17 31.76 0.17
40 27.90 0.12 33.15 0.16 41.80 0.20
60 51.58 0.19 54.25 0.17 51.96 0.19
80 77.82 0.12 78.90 0.13 94.46 0.14
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Fig. 5. Effeets of mean pore radius and specific
surface area on uranium uptake of hy-
drous titanium(lV) oxides.
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Table 3041 Hwl Fald.e slgba| 5o uel
Aol st 1.1-7.54 kcal/mol 4] ¥lm# =& Zodzh
< 71, 2 & TTPOS A%+ o4& #

Yamashlta (12,1918 8k Absleleb(IV)ol ¢
g ebgst Kol §a5olAE s 49 KT &
o] AH¥ —3.4kcal/mol & L%Tnu*f’—%'ﬂ o]
2 @m&H uk2ol} el Fabe] g AH = 111
kcal/mol 241 o} & Fdxya Bast 346"‘”9-%
ksl Hlole w3k HAolelm FEdhPon,
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Table 3. Heat of adsorption and activation ener-
gy of pore volume process

Heat of adsorption Activation energy

Sample (kcal/mol) (kcal/mol)
PT 20 7.54 0.53
30 6.46 1.31
50 3.11 1.97
70 5.35 0.96
IT 20 2.48 041
30 2.28 0.75
50 1.66 0.37
70 1.11 0.70
90 1.97 0.60
BT 20 3.62 0.22
40 2.74 0.72
60 5.65 0.52
80 5.32 0.68
1.0
0.8
0.6
Qﬁ
]
0.4
0.2

0.0 1 1 1 1 L 2
0 20 40 60 80 100 120 140

Time (min)
Fig. 6. Adsorption rate of various hydrous titani-
um(IV) oxides (Adsorption temp.: 25°C).

Takemaka 5-[20]-& titanium isopropoxide 2%
A g ASPElRR(IV)oll gk AsOyel &3ellA A
H7} 1.62kcal/mol el F97AL ubsle ulole
m3kFoleba ghe L glok, w2l alkoxides ™ FHF
ARSLE[RE(IV) ol ohdl felgel Fabolxn BAtsl 3
S-S gulsle Hle] @i AAUL RS £

e,

4-3. BHEx
7 4 ABEE(IV) 1g& %2k 2715571 50
ppm &l A4k $-ebd &ol 400mlol Y3 A mk
LxoA slpdebies fobwel FAERE FHT
gdog Fagw 25C, 7/HEd 2=

it DS M28TH MI3E 199047 6

9334

1.0

0.8

0.6

0 30 60 90 120 150
Time (min)
Fig. 7. Adsorption rate at various adsorption
temperatures (PT-70).

1.0
©: PT-20
0.8 O: PT-30
@ : PT-50
0.6 @ : PT-70
&)
) ©
0.4F
— ]
0.2F
0.0 ° g +
0 30 60 90 120 150
Time (min)

Fig. 8. Adsorption rate at various preparation
temperatures (Adsorption temp.: 45°C, In-
itial cone.: 50 ppm).

20CollA z=Ag 7 g4 Abstelet (IV)oll tHsl Fig.6,
PT-70-% §3&=0f dsisde Fig.7, F2&=% 45C
ol 4] TTPO & ZA|& §H4- Alstelel(IV) & 7H-2-3l
2ol t#l4= Fig. 8ol £A4181

Fig.60ll4l 2 TTPOZ =AF I+
(IV)e] TTIPOS TTBOZ =A% ¥
<IV)£D} Fa4ust whE S 4 4 o
8 95 3y gateky) ebat sl R FaA st 284
%, & 7R 250 2555 Ao wEns
2% Fig.7, 804 & 4 glef,

Setge FRaAe] F55A7) AFEdla] 29
ikl A5 AAE] Aol Fatks o] EAE A
*&6}04 a éﬂ% AglZd e} vla AESC
2=zl o3t rpddde] glw A
7} &7kt ﬂi atolele AollA Tl F5ol7]
M il gdroleba ThAsle] SlAE s
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1.0

Adsorption temp.: 25°C
Sample: PT-50

O Experimental data

— Theoretical curves

0.8

< 0.6F
S 1.64 x 10~5 cm?
o 0.4 .64 x cm4/sec
0.2F >
5.41x 10~
76x1078 5 67x10°8
0.0l B76x10 .
0 30 60 90 120 150
Time (min)

Fig. 9. Adsorption and calculated curve for esti-
mation of pore diffusion coefficients.

o}, A AALL 9Bl Autxdle FAlFlT 3J Z}—’-"}-E_
°]-_.4a —?—Z}-—%ﬁ}-ﬁ}u}__ol‘: /l_]g ;(]_‘ﬂp:]_——}_ l:l

W EEE 40, YA FFeE B2 Ak «lf{
Saul'yev #[15]o 7133 programming 2% f&
stk A% T3k

Fig. 9o Algzh g4 7459 Faighd $4<
Aol A Az o AYAAE 7 ARl s
slastgled, o714 29l Algstt §4502 s
Azt AgAAet A dATE o F dom, 7 A&
o] AlgEAl B4ql Sl fE ATEAL Alg-(D,,)
5 Algeapiod 33 AnE Table 4ol el
t}, Table 40ll4] 2 Fa2x 7} 45C, A=}
70Co] WHsiA ARga A4E= TTPO>TTBO>
TTIPO & =A% &4 ASlelel (V)Y oz =zt}
RS G g oo, ® AL} Frlele A4S
3] 57} ZIMESE AL dAsE dAHdes F
7¥she 743 Jebia gich,

B FAAAM 7 AFEA Ao SalelE (V)
o2 zAR 34 A}y}E]E}(IV)[M]o{] W ek F
atoll o] ATEAL A4 2L 0.6X1076-1.6%X 107 cm?/s
Bt are ¢ ¢+ 31°ml o] A& g Alsle|g}
(IV)& ZAA 29g4e] o #ut ohiezl 27 &
by w57t ther] diFelzhn AAgc},

FE Al Ade LRdEAS AEs] 3§
o} Curve fitting method 2. 73 %4 34l Aol
h3t Arrhenius ¥ plot & HA9| 7|&7)25¢¥ A4l
g shalniAe] FA3lodA]E Table 3o viehlisl
o}, 2 e TTPOEZ =AE 34 Aslelel(1v)al
7%~ 0.53-1.97kcal/mol, TTIPO 2 2A 34 A
stelelk(IV)Ql 7% 0.376-0.415 kcal/mol, TTBO &
ZAT T4 AR IV) Sl 7% 0.22-0.72 keal/mol

Table 4. Pore diffusion coefficients obtained from
curve fitting

25°C 35°C 45°C
PT-20 155 E6  179E6 186 E-6
30 176 E6 256 E-6  4.36 E-6
50 520E-6 125E5  179E5
70 838 E-6  148E5 224 E5
1T-20 160 E6  182E6  191E6
30 265E-6 268E-6 374 E6
50 421E-6  435E6  4.84 E6
70 321E6 696 E6 849 E6
90 799E6  823E6  132ES
BT-20 75 E7 91 E7  981E7
40 16 E-6 29 E6  4.03E®6
60 57 E6 75 E6 884E6
80 98 E6 15 E5 122ES

24 Yamashita 5[19]°] <33 6.48kcal/mol 3k
Ho) & AL grolr, olZe FatAle zA|zAs
Fa7| Tl tha 7'4-°]7} UE Aoz AztEe, EF

AL 74 FEA7E RS FAGEE S
AgEH G4k g4ole Az
5. 2 &

Titanium (IV) alkoxides & 7s3ala 12 3k
AR V)] B4, ey SRR A4

ZAY A3 e} 2L AES A3

o

I w4 ASIRAV)S] Seln 54 (lEH, A
%T'Eq A]vb_‘g_z‘%,s UE]-‘C" 7%%&}_, %"‘11%)9\: %HEL%

Az} AgFa] 2ol ule} ofgko] gloit}

2. & Ak R(IV)R HRe] 259 42
7} Fohekel wel Sehse] HY Fateky) FAdss
Z7}slgem, titanium alkoxides &4 TTPO &
M 58 w4 she] AR 34 Alslelrl (V)
ol ehy FAAEA sH 47 F35S udrh,

3, 2ol =4k 4 HP A= Freundlich 52
AL wze, Fade F9ubgolglz, °] ol Fre-
undlich constant(l1/n), %9 = Aoz
ZZF 0.11-0.28, 1.11-7.54kcal/mol, 0.96-1.97 kcal/
mol Wlolglon, F3477E Al3EA sagsold
£-3 Al A4 7.5%1077-2.24X 10" %cm?/sec ©]
%R

[l

-

1. % AR
Setirg-g 4

(IV)oll eheh Sebirel Fae 8

e w2 kg, AR

L m}.‘.

ol
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NOMENCLATURE

C, : concentration of solute A in bulk solution
(g/m{]

C, : initial concentration of solute A in butk solu-
tion [g/m/]

C, : concentration of solute in the pore volume at
a distance [g/m/]

C,. : equilibrium concentration [g/m/]

D, : effective pore volume diffusivity [m¥sec]

D, : effective surface diffusivity [m%sec]

K : Freundlich constant [ -]

n : Freundlich constant [ -}

m . mass of adsorbent [g]

q_. : amount adsorbed at point r [g/g]

q, - equilibrium amount adsorbed at C,,, g/g]

q : equilibrium amount adsorbed at C [g/g]

r : radial position within particle {cm]

T : mean pore radius [A]

R : radius of particle [cm]

S . specific surface area (m%g)

t : adsorption time [sec]

T . temperature [°C]

\% : volume of solution [m/]

V, : pore volume [em®g)

e, : total porosity [-]

pp  apparent density of particle [g/cm®)

e, : true density of particle lglem?)
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