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Abstract—In order to develop an effective adsorbent for the recovery of dissolved uranium in seawa-
ter, the macroreticular acrylonitrile(AN)-divinylbenzene(DVB) copolymer beads were synthesized by
suspension polymerization in the presence of toluene as diluent.

The macroreticular chelating resins(RNH) containing amidoxime groups with various degree of cross-
linking were prepared by the reaction of AN-DVB copolymer beads with hydroxylamine in methanol.

The effect of degree of crosslinking on the physical properties, adsorption equilibrium, adsorptive
ability and adsorption mechanism for uranium of amidoxime type resin(RNH) were investigated.

The chemical and the physical properties and adsorptive ability of uranium on amidoxime type resin
were effected by various degree of crosslinking.

The adsorption of uranium on amidoxime type resin was not only effected by the chemical structure
but also by physical structure. Equilibrium and mechanism of adsorption of uranium for amidoxime
type resin were correlated with Freundlich equation and intraparticle diffusion controlling respectively
and Freundlich constant(1/n) and effective pore volume diffusivities were ranged of 0.058-0.236 and
0.17-1.266X 1077 cm?/sec.
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Fig. 1. Preparation of amidoxime resin.
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Table 1. Properties of amidoxime resins

Table 2. Composition of RN and RNH
Degree of cross- RN copolymer Amidoxime resin
linkingmol%) ¢ Yy N ¢ H N

5 7130 6.57 1943 4545 7.59 21.99
10 7371 7.05 15.20 6355 7.96 17.26
15 7565 7.18 13.25 64.66 6.94 1431
175 7703 743 1243 6560 7.53 13.70
20 81.61 7.77 11.16 70.29 7.55 12.68
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Properties S, v, T Ps o C. C. Sy, &
Sample (m¥/g) (cm®/g) @) (g/cm®) (g/em®)  (meqg/g)  (meq/g) (=)
RNH-5 10.99 0.134 488.8 0.792 0.716 3.05 401 1.245
RNH-10 91.22 0450 197.8 0.743 0.513 2.15 2.78 1.166
RNH-15 67.89 0.313 184.6 0.729 0.594 2.09 2.62 1.176
RNH-17.5 69.71 0.304 1747 0.712 0.584 201 2.57 1.152
RNH-20 66.30 0.244 147.4 0.698 0.596 1.04 1.72 1.042
55125 H29H H1S 19914 22



Amidoxime® 3]}

g -
224] — e
.

2928 —
712

Transmittance

|
oQ !
- g % -
N | ™
o g " .
[ 3 &
Mae)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers(cm ')

Fig. 2. Infrared spectra of AN-DVB copolymer(a),
amidoxime resin before(b) and after uranium
adsorption(¢) (RN, RNH-17.5).
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Fig. 3. Effect of degree of crosslinking on the adsorp-
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Fig. 4. Effect of degree of crosslinking on the adsorp-
tion of uranium.
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Table 3. Freundlich constants and uranium adsorption amount obtained from the experiments

RNH-5 RNH-10 RNH-15 RNH-17.5 RNH-20
K 0.466 1891 20.96 2341 16.75
1/n 0.236 0.069 0.064 0.058 0.108
U-adsorded (mg/g) 0.882 22.56 23.81 26.02 21.29
50 50
O RNH-175 ¢ 60-80 mesh
@ RNH-15
(D 48-60 mesh
5 4F ORNHI0 > oF A8 oo
= © RNH-20 ¥ © 32-48 mes
g =] @ 28-32 mesh
3 % @ RNH-5 T a0k
E E 0
a a
3 = et
g 20 g  20F
2 3
= =
s [
=~ 10 2 10t
0 1 | i ! 1 0 1 1 i n x
0 20 40 60 80 100 120 0 4 8 12 16 20 24
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Fig. 7. Uranium uptake at various of degree of cross- Fig. 8. Uranium uptake at various particle sizes.
linking.
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Fig. 9. Comparison of experimental data with simulat-
ed result for RNH-17.5.
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Fig. 10. Internal pore concentration profiles for dimen-
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Fig. 11. Internal pore concentration profiles for dimen-
sionless radial.

FAA AL 9B At e TAlsha, FHE LA
Fapdshgt A (7)-(12) 52 AE3ste] Qi W B
FE 4002 3w 4 W FAE LE A o

Saul'yeviel] 9Jall computer programming® 2 7} 7}
DT FE AFEAAATE FYste] Table 40l o}
el i)

Fig. 99 amidoxime® =]l tidF -2t T3t
e AlFEat £4¢ 5o FAIA4 Aaet 494
& EHoZ RNH175¢ dald] =Algk 2z 2
A 3he o 4 glrk RNH-175¢)4 D, 7} 1.266 X107
cm¥/secql A$- $2}Fo) amidoximed FX|olf Al-F
ik HojAle }AE Ay T v da) T
241 A7t a2 FEEEEZ Fig 106, oJ8] T
AZHO) ol &l F-2F4d Wh el kg F=EEE Fig 11
o] Yehiglc}. Fig. 10, 11004 2wl 67} F-7}go] ate}
FEEEY /e FadE & 5 AL &F Tk
wa} FRREe Fxel opig o F Urk

Table 4o 4] M@ RNH-17.590 %% S& ATgit
A7t 1.266 X107 cm?/secE A 123 g2l 4] amido-
ximed 2ol thEt f-E HF-Z4H 5 343X 107 cm?
/sec[31], #Ateleto g zAg p4alslelete] f8
A 244 0.6 X107~ 1.6X 107 cm?/sec[32], alko-
xide E]eto 2 2AIg Fitslelate] oighel 2.24X
10 % em¥/sec[26]2] R} Hov Kanno 5[31]°]

T2 A sked 1 Awg APATe} vlm A2 el Qlgsf el A amidoxime® 2o I fAE A
Table 4. Effective pore diffusion coefficients of uranium into amidoxime resins

Degree of crosslinking RNH-5 RNH-10 RNH-15 RNH-17.5 RNH-20
D,,( X107 cm?/sec) 0.170 0.7306 1.158 1.266 0.665
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NOMENCLATURE

Cas : concentration of solute A in bulk solution
[mg/m/]

Ca : initial concentration of solute A in bulk solu-
tion {mg/m/]

Car : concentration of solute in the pore volume
at a distance [mg/m/]

Caw : concentration of solute A in bulk solution at
equilibrium [mg/m/]

C. : cation exchange capacity [meq/g]

C. : anion exchange capacity [meq/g]

D, : effective pore diffusion coefficient [ cm?/sec]

K : constant at Freundlich equation [-]

' : external mass transfer coefficient [cm/sec]

n : Freundlich constant [-]

m : mass of adsorbent [g]

a : mass of solute absorbed per weight of ad-
sorbent [mg/g]

Qao : initial mass of solute adsorbed per weight

of adsorbent [mg/g]
Q.  :equilibrium amount adsorbed at C,.. [mg/g]

r : distance in radial direction of particle [cm]
T - mean pore radius [A]
R : radius of particle [cm]

S : pore surface area per unit weight of adsorb-
ent [m%/g]
S, g :pure specific gravity [-]
A% : volume of solution [m/]
Vp : pore volume, per unit weight of adsorbent
[em/g]
Ps : bulk density of particle [g/cm?]
0y : apparent density of particle [g/cm®]
N4 : dimensionless concentration [%—]
Ao
Da : dimensionless adsorbed amount [Eq‘—]
Ao
4 : dimensionless radial distance [%]
0 : dimensionless time |{ Ca ){D—"é—)t]
;A R
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