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Abstract Amidoximated composite fiber adsorbents were prepared for separation of uranium from sea-
water and characterized by various instrumental techniques, such as IR spectroscopy, CHN elemetal ana-
lyzer and SEM. The swelling ratios and yields of the AN-TEGMA and AN-TEGMA-DVB copolymers
were decreased with an increase in crosslinking agents, such as DVB and TEGMA composition. The
yield of 85-92% and 82-88% of AN-TEGMA and AN-TEGMA-DVB copolymers respectively were
found. The porosity was also decreased with increase in crosslinking compositions, and it was found that
the AN-TEGMA-DVB porosity copolymers were smaller than the value of AN-TEGMA copolymer. We
investigated that the adsorbent with the composite fiber adsorbents were well dispersed on the surface of
its by SEM. The optimum contents of containing adsorbent in the copolymer was 40 weight percent. The
capacity of uraniyl ion through the composite fiber adsorbent containing the amidoxime group was
miximized a pH level of 8. Also, if was found that the synthesized composite fiber adsorbent was good
material, due to a pH level of 8.3 of seawater, for separation of uraniyl ion from seawater.
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Fig. 1. The Scheme of Melt Spinning Apparatus

E-2HANY

FA4%2 IN NaOH £l 122412 &
gt Aelgt FAAZ pHE HA7EA P
Ar BERAHLE IN Fiassde LA
82 $#4£2 10m/minZ o] AdAdel
23S olg-sted sty

NEEN

Perkin Elmer Co. FT-IR Model 750 spec-
trometer® F 242} AH BdARY F2E
Halstglon], g HARBAERY Yanaco
CHN Coder MT3EA #HAaEA7[E o]Ls]lo]
Fa4 9] 248 FHA9G = F3a9
22X #W3E Model 4209 Mercury Porosimeter
2 2Astgend, FaA 2 uhapA] A4
2 ato}u.7] $shed Model Dupont-1090 TGA
E o)43led AAsdch =¢ HREYAER
F&HA e AR =E Model 4201 Instrono.2
24st9%, ¥4 morphology 3 A+
F349 FEAHEF  geolrr] #sEo
Akashi Model ISI-BO Hzj&v|7 o2 Habst
ity ¥¥ Jovin-Yvon ICP-AESZ 2% 9
F=ags £43 4.

3. &An | 1P

Fx|e| g

St ol thak 4w FAAMe] s o}
ojEgAld olewd $2E Sugasaka™ W
Yo Mt 7lmA2 TEGMA, DVB 2xv &
Alg-ste] oladRUEHN FFste A4
slden olu ul-g2z AL Table 13} 3}

A : Nol ]
B No2
| C: No3

Transmittance(% )

ﬂ/\/_WF
4000 3000 2000 1500 IOYOO 550
Wave Number(em™!)

Fig. 2. FT-IR Spectra of AN-TEGMA and AN-
TEGMA-~DVB Copolymers
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Table 1. Synthetic Condition and Properties of AN-TEGMA-DVB Copolymers by Suspension and
Emulsion Polymerization( % S : Suspension, * % E : Emulsion)

Exo. N Mole ratios of Monomer Duration Polymerization
xp. No
Acrylonitril TEGMA Divinylbenzene (hr) Method

1 1.00 0.10 0.000 5 S*

2 1.00 0.15 0.000 5 S

3 1.00 0.40 0.000 5 S

4 1.00 0.10 0.003 7 E**

5 1.00 0.10 0.020 7 E

6 1.00 0.10 0.030 7 E

Table 2. Relationship Between Degree of Crosslinking and Water Content of AN-TEGMA and AN

“TEGMA-DVB Copolymers

Mole ratios of Monomers(mole)

Water Content

Exp. No AN TECMA DVE (wi%) Yield( %)
1 1.00 0.10 0.000 69.4 92
2 1.00 0.15 0.000 68.1 90
3 1.00 0.40 0.000 60.5 85
4 1.00 0.10 0.003 66.3 88
5 1.00 0.10 0.020 64.5 84
6 1.00 0.10 0.030 594 82

Table 18] 7o =t} 43 AN-TEGMA-
DVB FZ¢4le ¢4 78§ &7 §ist
o 2343 FTIR ¥ E7 o] Fig. 2o vieht
=

Fig. 26l 4 H=nle} zre] 3540cm™' H-2
TEGMAS®l -OHell 93 Al&x%F =9,
2800-3000cm™' #9 C-H A%z% =7}
e, 2224cm el A ANS] -C=N7]e} ¢
3 B4 35t Jehdx, 163lem lelA -
COOel| &% E4 =j=.¢9, 1300-1600cm™' -
=2 DVBZ9 #Hd7|o oig H3r} e
£ e 3o} AN-TEGMA-DVB Z3 ¢4
7} A =GS-S #geg 5 s

gezke &3

FT5EHAY gFe FF5 FA5 F8
g g vlAch g £ AFeME F
FgA 9 s 233 ded Table 20 4
B ule} o] stmxe] zold ©E g
9] A AFA stmAed TEGMAY w7}
718 5 g5 Asoh =3 AN-
TEGMA-DVB 349 #H$ g5
DVBe] gako] Zrlgel uwiat astgow,

olf +&& TEGMAS| &tefe] F7igte] o
g gradtger o g 85-92% |,
DVB Bxwje] ¢fo] F7ighel wet 88-82%
2 Zastgch

ool =S 4% \

AN-TEGMA-DVB #5#A& HAA= 3}
o ol =g Ay A% YUt 25
¢4 dl7stFS Fig 354 zet

Fig. 3¢l4] Eeulst o] FE¢A F9
Alek7lel HASl otwl7|s} $4t7]7} ZAgstod
ol =543 Hbge] AYHIULw, ofF9
TEE A4 372 g% A7) Fig
4o et 9o

Fig. 404 ¥.&uls} o] o}u|z.L-413} v}
o] APl wat 2224cm el A Alqt7] e
& veivw 54 =39 Axst Fasiy
Adidez -OH 9 NH.zlel 93 =27}
3500c m™ RZel 4 A5 vhehtm ofml=
SAs Ao TRYAAE dehdx gd
=N-0-¢9 £A%37} 936cm ' F-FolA
thir Ao ol ofu=s43 HUEE
#a¥d 5 ddo



970 T AESE2 A58 A8E (1995)

AN
A, ——— - — [CH:-*CH]m AN e
TEGMA
CN
DvB
—_wm—-—-—[ (|jH =~ CH; ] —_— [CHz_ CH] ———
©
—— CH; —— CH —anw [CH ~CH;]m-——‘Wv‘W——>
CH; — CH
NH:OH
WYW

[ —cn] T[C“ﬂ —CH]

| !

CN —O0H

O |

I NH,
~—CH, ~= CH —'vww———[ CH— CH, ]m—

CH, === CH
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Fig. 4. FT-R Spectra of Amidoxime Group Containing
AN-TEGMA-DVB Copolymers
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Table 3. Molar Composition of AN-TEGMA and AN-TEGMA-DVB Copolymers

Exp. No C(%) H(%) N(%)(m;) 0(%)(mg) Mole Ratios(m;/m;)
1 64.3 6.2 17.8 11.7 2.19
2 58.7 6.3 16.7 18.3 0.74
3 53.3 7.3 10.7 28.7 0.30
4 65.3 6.0 20.1 8.6 2.25
5 59.0 6.1 \ 16.9 188 2.23
6 65.4 L 6.0 L 200 8.6 , 2.20

*Calculation of Mole Ratios in Copolymer Fi=m/M,, F,=my,/M., m;/m:=F,/F,

*m, =N value of Exp. data
*m,=0 value of Exp. data
*M,=Calculated N value in copolymer(2.7)
*M.=Calculated O value in copolymer(22)

Table 4. Conversion of Amidoximated AN-TEGMA and AN-TEGMA-DVB Copolymers

Exp. No cw) | Hw)
] 186 { 70
2 192 6.5
3 57.3 65
4 485 6.7
5 433 6.3
6 29 | 66

L

N(%) 0(%) Coversion( % )
32.9 115 50.9
31.8 125 44.0
21.7 15.1 327
344 " 104 45.0
29.0 21.4 38.1
271 { 234 22.3
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Table 5. Pore Size and Volume of Amidoxime Group Containing AN~TEGMA and AN-TEGMA-

DVB Copolymers
Pore Volume{cc/g) Pore Radius(A°)( x10°%)
Exp. No Pore Type
Before After Before After
1 0.7098 0.6432 0.76 0.75 Macropore
2 0.5381 0.4310 0.77 0.79 Macropore
3 0.4865 0.4070 0.78 0.78 Macropore
4 1.0080 0.7370 0.76 0.78 Macropore
5 0.6048 0.3443 0.27 0.75 Macropore
6 0.2021 0.1447 0.74 0.75 Macropore

Table 6. Pore Size and Volume of Amidoxime Group Containing AN-TEGMA and AN-TEGMA-

DVB Copolymers
Pore Volume(cc/g) Pore Radius(A°)( x 10%)
Exp. No Pore Type
Before After Before After
1 0.5658 0.1176 0.34 0.33 Macropore
2 0.1832 0.0983 0.33 0.33 Macropore
3 0.0794 0.0630 0.35 0.33 Macropore
4 0.3921 0.0842 0.33 0.32 Macropore
5 0.3256 0.0701 0.32 0.33 Macropore
6 0.3076 0.0102 0.34 0.32 Macropore
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Fig. 6. Thermogram of AN-TEGMA and AN-TEGMA
Copolymers before Amidoximation
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(E) 20wt % Resin Added Fiber

(F) 30wt% Resin Added Fiber

Photo 3. SEM of Composite Fiber Adsorbent Contain-
ing 20-30wt% Resins

Table 7. Swollen Ratio of Adsorbents as a
Function of the Amount of Crosslinking Agent
before and after Amidoximation

Methyl Solvent

Water

Exp No ———7-—-——
Before  After Before  After
1 5.84 4.33 3.22 3.04
2 4.23 3.78 2.89 2.71
3 2.58 2.42 2.71 2,65
4 3.11 3.04 2.81 2.80
5 2.93 272 2.70 2.64
6 2.90 2.65 2.60 251

Photo 4l v}ebv} olc},
Photo 1 & §Ad& FaAle] SEM A}zle e
sizte] el FHolgon Zue we =

(G} 40wt% Resin Added Fiber

(H) Cross Section of 40wt% Resin Added Fiber

Photo 4. SEM of Composite Fiber Adsorbent Contain-
ing 40wt % Resin and its Cross Section
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Table 8. Mechanical Properities of the Fiber Composite Adsorbent

Yielding Point
( kg/cm?®)

PP 0.38
1 0.25
0.21
0.15

Exp. No

Breaking Point
(kg cm? )

0.89
0.54
0.35
0.25
0.22

Denier
(g)

Elongation
(%)

847
529
410
254
233

: 10wt % Adsorbent containing CFA
2 : 20wt% Adsorbent containing CFA
: 30wt % Adsorbent containing CFA
1 40wt % Adsorbent containing CFA
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Fig. 8. Dependance of Adsorption Capacity on pH by
Composite Fiber Adsorbents at 1hr
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Adsorption Capacity (ug-U/g~Ads.)

Fig. 9. Dependance of Adsorption Capacity on pH by
Composite Fiber Adsorbents at Shrs
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Fig. 10. Dependance of Adsorption Capacity on pH by
Composite Fiber Adsorbents at 20hrs
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Fig. 11. Relationship between Adsorption Capacity and
Adsorption Time by Composite Fiber Adsorbents at pH 8
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