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Abstract: The present research evaluates the efficiency of mixed resins between anion exchange resin and active
carbon. We expected synergic effect from advantages of both adsorbents. Especially, this research focused on
the removal of high cencentrated perchlorate ion from demilitarization solution. The total amount of the adsorbed
perchlorate ion is increased considerably with mixed resins between mono functional anion exchange resin and
granular active carbon from a single adsorbent. Results demonstated that this process not only improve the
efficiency of adsorbing perchlorate, but save the time, space and cost for treating perchlotrate waste solution,
because of reducing organic contaminant removing process. The interference effects from coexisting anions are

not significant and can successfully applied to real demilitarization sample.
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2.1. Alef

Aol AHgHE BE &N ACS TH BEAY
7} Human corporation A} &/ Ax719] 33 &7
TE o]&3t =t Sodium perchlorate$} sodium
sulfate 522 Sigma-Aldrich AKSt. Louis, USA)
ZRE YRS, sodium nitrate 522 Kanto
AH(Kagaku, Japan)®] Z1& ARE-SFATE &Y FFEH2
ZH54 o FEE 1000 pgmLE HEo] A4S H
# 3, Faol wEkA o] &HS 54 3te] ALE-3F
Atk 8H 2] pH 248 913t Duksan pure chemical
AH(Ansan, Korea)2] hydrochloric acid®} Fluka*h(Seelze,
Germany)2] ammonium hydroxideE AH8-3}SiT}. o]
A 8ulE BE7] 9IS sodium hydroxide= Sigma-
aldrichAh2] & AHE-SIATE BIEAKSE Aol A do
% ammonium perchlorate 2A| 55 =HIstAFLALZ
F-E| wol AF st

22. S8 « FHx

Perchlorate ©]2¢] §2& &3 AAE f15t] 24
3} o] 2w SR E ARE-SHA T & B Norit A
9] GAC 1240,ROW 0.8 SUPRA 2&] 3. HDCO] Al &
T Al M FRE A, o] 2u TR =
LANXESSAH(Leverkusen, Germany)2] Lewatit monoplus
M500, Rohm & HassAH(Philadelphia, PA, USA)<]
Amberlite IRA-410S AF83}% 3, PuroliteAH(Bala
Cynwyd, PA, USA)2] AS20ES} AS30ES AHEalT).
TAAE A EHY EFEE AAS s
soxhlet extraction X & 53} Table 13} 732 =4
o7 AFERoH, AFH F o] 2uSFHA Y A5
shipping anion (CI)< OH &2 A3 F7] $13l4
35 mM NaOH 400 mLe] 3% o] 2u3FA & 20 g
S Y oA 100 rppmOE 20 B7F WhSAIA F
Atk Az F LS o] &3t ZolE H o
M&L Testing EquipmentA}2] standard testing sieve
(Calgary, Canada)E ©]-83}¢] 200-250 meshl| 233}
= YAAIE 71K ARE sk Aol AHE-3F
ok FEAC digk o] 9] F2F B8 F017] 9k

Table 1. Cleaning solvents and time of each of adsorbents

CERDER

Absorbent Solvent Cleaning time
Activated carbon  Acetone-methanol-water 12 hours
Ion exchang resin  Water 12 hours
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A}8-% shaker= IKAAK(Staufen, Germany)2] VXR
vibration shakerE AF&3}91. 2™, perchlorate 892
pHE =43}7] 934 Mettler toledoAHGreifensee,
Switzerland)®] pH meterS A3t}
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Perchlorate ©]9] %+ DionexAHSunnyvale, Cal,
USA)2] DX-300 o] &I 2ntE2g)u] S Al&3le] &
2151tk 232 DionexAF] TonPac AG16 X5 2
HWA 4 mm, Z2°] 50 mm)Z} lonPac AS16 ¥4 Z
HW7A 4 mm, Z°] 250 mm)& AA5t AHEEA
S 1, suppressor= DionexAt2] ASRS 300 4-mm©] ]
o} ol £ule 35 mM NaOHE 581l 275}
I mL/min 502 ZHF0 oM, A8 FYZF2 500
pLolith. AAFAE 243371 $18k] blank, 0.5, 1,
10, 30, 50 ug/mL°] ¥ %% sodium perchlorate 3=
|AS FHSt] AZnEIRS d& T HAFAHAS
2138kt

24, Ay

241wk AlZH|| M2 5 2

Perchlorate ©]-2-2] &2+ 85 ZA87] fl8ke] AL
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AaA FAE, L rollA] RIS WSt A1 A F
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Fig. 1. Effect of contact time on adsorption of Purolite A530
(temperature = 25°C, Purolite A530E dose = 0.005 g,
pH=7.2).
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Fig. 2. Effect of pH on adsorption of Purolite A530 (temperature
=25 °C, Purolite A530E dose = 0.005 g, contact time

=30 min).
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3
Absorbed
amount (mg/g)

O AN
T aRh
Name
23.2
27.3

155.07
141.15
15531
121.98

9]
Table 2. Absorbed amount of perchlorate by single adsorbents
223

Norit GAC 1240
Norit ROW0.8SUPRA

Norit HDC
Lewatit monoplus M500
Amberlite IRA-410
Purolite A520E
Purolite A530E

T A
Activated
carbon

A CHFig. 2).
B EXH ol
Ton exchange
resin
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Table 3. Absorbed amount of perchlorate by mixed adsorbents as mixed adsorption and separated adsorption (unit: mg/g)
Mixed adsorption
5:5 6:4
173.23 142.81
164.17 121.84
190.08 159.94 131.13
93.53 77.97 96.62
191.05 139.64 154.12
164.28 126.58 151.54
153.87 149.88 138.62
87.09 72.61 96.62
136.05 154.12
113.74 151.54
138.62
96.92

187.81
132.66
75.96

[e=R<17NR
==
210.86

)

o] AA F o]F 757 X]llA <] short chain
4:6
256.21
235.30 186.93
23548
153.33
266.54
216.11
221.64
134.04
284.10 246.41
245.29 188.13
234.44
119.88

118.87
223.28
201.29
188.11
124.80
159.93
182.74
110.08

GAC1240 + (A)
GAC1240 + (B)
GAC1240 + (C)
GAC1240 + (D)
ROWO.8SUPRAHA)
ROWO0.8SUPRA+B)
ROWO0.8SUPRAH(C)
ROWO0.8SUPRAHD)
25431
182.76

HDC + (A)
HDC + (B)
(A): Lewatit monopius M500, (B): Amberlite IRA-410, (C): Purolite A520E, (D): Purolite AS30E

HDC + (C)
HDC + (D)
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Na2S0a :I HDC + M500
[ - HDC + A520E

1.

concentration of coeX|st|ng anion (pg/ml)
(@)
NaCl

100

:—

[—IHDC + M500
Il HDC + A520E

|

15 60

concentration of coexisting anion (xg/ml)

(b)

NaNO3 [_JHDC + M500
N I HDC + A520E
15 60 100 300 500

concentration of coexisting anion (ug/ml)

(c)

Effect of different concentration coexisting anions on
perchlorate adsorption on HDC+Lewatit monoplus
M500 and HDC+Purolite AS20E. (a) sulfate anion;
(b) chloride anion; (c) nitrate anion (temperature = 25 °C,
total adsorbent amount = 0.005 g, mixed ratio = 5:5,
contact time =30 min, pH =7.2).
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Table 4. Adsorbed amount of perchlorate in sodium perchlorate standard solution and ammonium perchlorate real sample

Sodium perchlorate

Ammonium perchlorate

Adsorbent Adsorbed amount (mg/g)
GAC1240 + (A) 219.53
GACI1240 + (B) 196.32
GACI1240 + (C) 173.07
GAC1240 + (D) 110.96
ROWO0.8SUPRA + (A) 196.48
ROWO0.8SUPRA + (B) 174.99
ROWO0.8SUPRA + (C) 193.34
ROWO0.8SUPRA + (D) 128.21

Adsorbent Adsorbed amount (mg/g)
GAC1240 + (A) 262.53
GAC1240 + (B) 205.98
GAC1240 + (C) 256.52
GAC1240 + (D) 151.07
ROWO0.8SUPRA + (A) 292.15
ROWO0.8SUPRA + (B) 247.68
ROWO0.8SUPRA + (C) 259.43
ROWO0.8SUPRA + (D) 170.63

(A): Lewatit monopius M500, (B): Amberlite IRA-410, (C): Purolite A520E, (D): Purolite AS30E

sulfate (80,2 ©]2 5o] 3& 7MsAL 53]
= Ao R AdEo] o] o] gt
bkt AR Fol2
o]u} HDC+5200014 25

= Fol28 FE FTHIAE FHLA H
37 ALl AT 2 FAE o] 22 Ak F
2 o] whaflol 9] Fxrt FVHe A wet A 4
He A4S 1o 500 ug/mLA il 2] FEF

At Ol *Ji% E}%&
2 F3 1S Holy] Wi W
37F e Zleln, gk 27kE o asprt Fat
of vlaf w2 Aoz Azt thyk HEARSH J)rzq
oA FAE & EAshs Wil Fole] &

2 ddEo] sedanike] FAbel ]
%45 2= AdEth(Fig 3).

36. AMAIZOS HE

oAu] A ME 30 pgmLe] EFE AFEE 7R
AEEAT w2t 5 RS0 AA ¥ EAEsSE 2
HolA A" AA /‘]§°ﬂt g 171 2 57
=20l IE H JHE o] ABAME 2 FF F
7t A5 Rol=X] ZAFSIATE Table 49 Z+7te]
g7 o]l 2w FFA 2F(5:5)9 WEHA sodium
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Ao wEl £10%2] 2Fol& BHoew ol TF X
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7Fed Aog deksE ).
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