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g o AHAHQ o] 2B+AQ Dowex 1-X8 (50~100ul4])ol &7 F Ze BB A
<tq] 8-hydroxyquinoline-5-sulfonic acid (HQS)$} 7-nitroso-8-hydroxyquinoline-5-sulfonic acid
(NHQS) 3 &347 Bdlole A5 &5 TL8He] L= e Fe(l), Cu(lD), Pb(ID
9 Zn(IDE E3AAA o ol 52 HH AL dFE AR} ReGE £AY P
Lo ZTEFE Lol 3%, 2 F= R AAd wet 4FE Pors FANEY (AL
AP e, A0 W F AaolE A% FAYE FPYoz HYsHct

Z40] L9 e Adole A gl HQS ¥ NHQS 9 2 T4l &te] Aol F4d 9
g Roz o FAde 2 Ao Y AAEAFA vt A 4o pH3~4 % 9e] A HQS-5
A& Toled FASL Fe(lll): 0.63 Cul): 0.82 % Pb(l): 0.79 mmol/g ¢1=f, NHQS-+7)
9 #B4E Cu(l): 1.07 ¥ Pb(l): 0.9%mmol/gelvt. R FHol e EFAE A5 3o ¥
e Axyo

ABSTRACT. The selective absorption of metal ions by chelating agent-loaded resins was studied
in aqueous media. The resins were prepared by loading the conventional anion exchange resin,
Dowex 1-X8 (50 to 100 mesh) with chelating agents containing sulfonic group, such as 8-hydroxy-
quinoline-5-sulfonic acid (HQS) and 7-nitroso-8-hydroxyquincline~5-sulfonic acid (NHQS).

The stability of the resin was markedly influenced by the following factors; (1) the affinity and
concentration of anions in the external solution, (2) the pH of the media.

The optimum conditions for the absorption of metal ions were determined with respect to the
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pH, shaking time, and the effect of anion concentration in the medium. Under the optimum con-
dition the order of the absorption of metal ions such as Fe(IIl), Cu(ID), Pb(II), and Zn({II) was
in accord with that of the stability constants of the chelates. The total capacities of the resins
were found in the range of (.6~1.6 mmole metal per gram.
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Tabdle 1. Distribution coefficients (Kd) of chelating agents and organic compounds in aqueous and methanol-
water media. Resin: Dowex 1-X8, Cl- form (.5g, Volume taken: 25mi, Shaking time: 10 min.

Aqueous 30% MeOH
Compound P (#K2) Kd Absorption Kd Absorption

(%) (%)
HQS 3. 84(8. 35) 1563 96. 9 1140 95. 8
NHQS 2.62(5.72) 1736 67.2 1266 96. 2
Oxine 9. 85 102 67.0 66.3 57.0
Phenol 9.89 88.9 64.0 56. 4 53.0
Benzoic acid 4.19 —_ —_— 179 78.2
Acetic acid 4.75 4.6 8.4 4.2 7.8
NSA 2.32(10. 34) 1379 96.5 1200 96. 0
SSA —{2.67) —_ 100 — 100
HQS-Na salt — — 99.6 - 99. 4
NHQS: Na salt — - 99.8 - 9. 4

NSA: 5-Nitrosaleylic acid, SSA: 5-sulfosalicylic acid.
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Table 2. Infrared spectra cf chelating agents and resins (KBr wafer).

Resin and ' _ _ _ C-0 & 5=0C
compound C-X O-H C-H C=C N=0 {SO;H)
Dowex 1-X8, €l 2240(m) 2930(m) 1615 (s) | - -
1585¢(m)
HGS b= 3200~ 3500 (k7 )i 1620¢s) — 1120-1180(s)
1580 ()
NHQS - 340C~3560 () 1630(s) 1530(m) | 1160-1190(s)
: 1560 {m)
R-HQS 3400 35(0(br) 29G0 (m) 1600(s) —_— 11806-1200{s):
1580 (m) ‘
R-NHQS 2400 35C0(br) 2910(s) 1630 (s) 1530(m) 1190(wvs)
i 15753 (m)
R-NHQS-Cu(II) 3400 35CG(hr) : 2950 (m) 1630(s) 15204s) 1150(s)
} 1580 (m)

AHE 5 Ut

¥ HQS 9 NHQS 9] YEF9Y &322
245 vgregdod A AHzgAo|frt o
B9 FAE AY olendel g Aoz
ol £& R vk AA B QAHA Lo
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Hel & AHE A4Ho= Hlsr] 9
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5 A EqA QL CudDrt F3s Aol
A IR ~2HEHE do] 2 B4 FHdE
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2 NHQS A efe] F4uel vl B s
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HQS o} NHQS 7 o] ngog FHE Sl
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NHQS-Cu(IDFA ¢ &4u S 28 ne g3
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NHQS 2} Cu(I) o] 271} o] B FAd 74l
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o}, IR AMEZ O] M ojgle 2 o] E4H
ol Fdo]go] FAF FEANY B g
FEABCE AL wx glo] PPz &
QE & ek, ZEHoz AoE FAUY
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-£9 el E EAh 4 Dowex 1-X84f
9 NHQS 8] &34& zAletgch Table5
A9} 2ol HQS ¥ NHQS & §34 L OAc”
>CIT>80,72>N0; >Cl0, 9] &l ey £4 2

Wi HQS

Table 3. Total loaded amount of chelating agent
-on Dowex 1-X8& Ci~ Form, 50 to 100 mesh.

-Chelating | Total loaded amount, mmol/g, resin

agent Elution riethod® Batch methed?
NHQS | 1.71 174

sResin: Chelating agent-loaded resin, 1.0g (dry);
flow rate: 0.5%0. 1ml/min.

*Resin: Dowex 1-X8, €I~ form, 0.5¢g (dry); solution
volume; 25ml, Shaking time: 150min.

Table 4. Exchanged amount of chelating agents from
sthe chelating resins by the various anions in medium.
(Solunon volume: 25m/, Shaking time: 90 min. )

Sa]t and Anion Chelanngmarggﬂtg exchanged,
concentration

acid (M) HQS NHQS
NaC104 10738 0.02 0.02
1072 G 14 0.11

1071 0. 30 0.27

NaNOg 1073 0.0 0.01
1072 0.13 0.10

107! 0.26 0.24

Nay SO 1073 0.01 0.01
1072 i 0. 09 0.08

1071 0.17 0.17

NaCl 1073 0. 01 0.01
1072 0.08 0.07

107! 0.16 0.15

"NaQAce 1073 0.01 0.01
1072 0.03 .03

1071 0.08 0. 08

HCIO, 1073 0.4 0.04
10°2 0.17 0.14

107 0. 38 0.31

"NHO3 1673 0. 04 0.04
10°2 0.16 0.13

107 0. 34 0.28

H,S0; 1073 0.04 0.03
1072 0.12 0. 10

1071 0. 31 0.28

HCl 1078 0.04 0.03
1072 0.11 0.10

107! 0.29 0.7

HOAc 1078 0. 00 Q.00
1072 (.03 0.03

10—1 J— —
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G GhFo] S0l FEIH0.05 Moldhl
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ZFo| % 10%AE o|3tglcl, aebd Aol e+
Ao AR AFHE AL ERF ol 29 5
25 < 0.05 Mo) st ol Yo},

=3 AHelolE £x9 kdAE o)W &g
A FAAA 2 Tabled o)A 5o 2o
golgoly Frx Zou Az 99 o -%3%0“
= vlzs 29 HQS 9 NHQS 9 zgete
Brp A g4 o FHoh oA mEks of L’r
o2& ool B ERAN A xE Go Hr
o] stole] slQidtcha Azt 2w HQS ¥
NHQS 9] pK; gto] oF 2.5~3. 98 50|22 A4
SR FAEE 2 o @el] EAlstez o

T r°" H‘

(o)

ool 2o £ dl
A rlo 2 e
12.9,,&&&
y l\'ﬂ )
b

Table 5. Distribution coefficients (Kd) and absorp-
tion percentages(%) of chelating agents in various me-
dium. [Resin: Dowex 1-X8, Cl- form 0.5g (dry):
anion concentration: 0.1 M, solution volume: 25md,
shaking time: 10min)

Chelating agent
Medium HQS § NHQS
Kd ‘ % ‘ Kd l %

NaClO, 279 84.8 675 93.1
NaNOs 450 90. 0 783 94.0
NasS0; 708 93.4 1736 97.2
NaCl 1140 95.8 2033 97.6
NaOAc - 99.1 - 99,2
H<I0, 171 7.4 242 82.9
HNO; 184 78.6 277 84.7
HzSO; 277 84.7 476 : 30.5
HCl 450 I 90.0 . 531 | 914
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Table 6. The effect of shaking time upon absorption percentage (%) of metal ions. {Resin: 1g (dry),

solution volume: 25ml, concentration of each metal ion added: 100 ppm)

Resin form | yoral ion Shaking time (min)
(pH range) 10 30 60 100 150
Fe(III) 89.2 100 100 100 -
Cu(Il) 84.0 99.1 100 100 -
Ph(I) | 17.0 68.4 100 100 —
HQS Za(ID) 19.2 64.3 99.6 100 100
@5~ | caan 0.9 9.4 12.9 17.1 7.3
Mn{ID) <0.1 48 7.9 13.8 14.3
Mg(ID) <0.1 0.1 <0.1 0.1 <0.1
Ca(lly <01 <0.1 <0.1 <0.1 <0.1
Fe(Il) 19.8 27.3 48.1 53.9 54.3
Co(II) 26.4 28.9 43.7 54.6 54.9
NHQS Cu(Il) 34.3 81.9 83.7 83.7 84.1
(3.0~4.5) | PbD 40.8 80.1 98.3 100 100
Zn(ID 9.4 10.3 19.4 36.0 37.2
Mn(ID) 4.2 7.3 12.8 18.6 19.9
Ca(Il) <0.1 <0.1 <01 <0.1 <0.1

*100% aksorption means no detection of metal ion by atomic absorption spectrephotometry.

Table 7. Stability constants of metal chelates.

Chelating fog K (logs; and logfBs) Reference®
agent Cddn) | Co(ly | Cu(il) | Fedl) | Mn¢I) | PbaD ‘ Zn(ID) { Fe(III} ]
HQS 6.9 — | 1me2 7.6 5.67 7.7 7.54 1.6 | (1), (2)
13.4 — | 2187 14.3 | 10.72 15.3 | 14.32 22.8
NHRS —- 5.80 5.72 5.50 4.02 — 4.9 — 1@
— i 1L24 | 1n11 11.25 7.52 — 9.03 — | @

* (1) A. Ringbom, “Complexation in Analytical Chemistry”, P.306~326, Interscience, New York, 1963.
(2) C.F. Richard, R.L. Gustafson, and A. E. Martell, J. Amer, Chem. Soc., 81, 1033 (1959).
(3) Q. W. Choi, K. H. Lee, J. S. Oh and K. W. Lee, J. Korean Chem. Soc., 12(3), 81 (1968).

28 olent FHolA 24E & 1F0) 2
o] F719 Aol

RNMez(HL ) + H*+X":sRNMesX -+ H.L

g ol 22 @A HQS 3 NHQS 9 Dowex
1-X8 ¢l Wigk Fatgke] G R nr}; FgN 4
aA Fa Adzs 2ol RA¢A =t
(Table5 ).

240|220 &2, HQS ¥ NHQS3H 24
olEfA S i FHe1 ey FAPHY =A
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Z2b8H7] ek -4 Aol A A7}
g8 A3t S0y JFE =43}
idgeo] Lol 57 QOLMAE A
Az pHE 3~5 892 YA E 284
o dslel] BtE F501 29 FARF(%)S &
e}, Tablegol A n%o]l HQSE FA9
7% Mg(ID = Ca(Io] &2 150 ¥ o4 R
AAZ A3 F3497 gstes, MadDs Cd
() o] & A2 Aol 47 14.3% 4 17.3%
Axzk Fihdch 23 Cudl) g} Fe(lll) o] 2

N
=2
e
3
z
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Fig. 1. Effect of pH on the sorption of metal ions
by HQS form resin.
Resin: 1.0g(dry), Solution volume: 25mi, Shaking
time: 150min, A : Fe(Ill), B:Pb(II), C:Cu(ll),
D: Mn(ID), F:Mgdl), G:Ca(l).
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Fig. 2. Effect of pH on the sorption of metal ions
by NHQS form resin.
Resin: 1.0g (dry), Solution volume: 25ml, Shaking
time: 150min, A :Pb(II), B:Cu(l), C:Co(ll},
D : Fe(Il), E : Mn(II} F : Ca(Il).
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Table 8. Absorption capacities of the chelating
agent-loaded resins.

Absorption caE::city
Resin form (mmole: g 1) pH
Fe(II) | Cu(Il) | Pb(ID) l

HQS 0.63 0.82 0.79 3.0~3.5.
NHQS ~ | 1.07 | 0.96 3.0~4.0

Resin taken: 1.0g, Flow rate: 0. 5+0. 1m//min.
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Fig. 3. Frontal chromatogram of the mixture solu-
tion of Mg(Il)-Cd(Il) -Zn(II) -Pb(II) -Cu(Il) - Fe(IIl)

by HQS form resin.

Resin bed: 0.5cm?Xx23. Tem, Flow rate: 0.5-+0. 1mi
/min, Concentration of each metal ion:]00ug/m!,

pH:3.5, A :Mg(l), B:Cd(ll), C:Za(ll), D:

Ph(I), E: Cu(ll), F:Fe(ll).
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Fig. 4. Frontal chromatogram of the mixture solution
of Ca{lIl) -Mn(II) -Fe(II} -Co(1I} - Cu(ll) by NHQSjform

resin.

Resin bed:0. 5¢m? X 20. 6em, Flow rate:0. 5+0. Im//min,
Concentration of each metal ion: 100pg/mf, pH:4. (.

A:Ca(ll), B:Mn(), C:Fe(ll},

E : Cu(Il).

D : Coll),
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0.510. Iml/min, eluent: aqueous solution (pH 2. 3~8.5 adjusted by HCI)]

¥RZ - F H- BN

Table 9. Separation of metal jons in the synthetic mixture by elution and frontal analysis method. (Flow rate:

: ' Sample . Amount® Absorption® Resin Bed
Resin form No. Metal ion added (g) pH (%) (cm? X ¢om)
HQS I Cd(ID) 250 0.5
Ca(ID) 250 3.5 <0.1 0.5x12.1
Ph(II) 250 100
Il Mn (I} 1000 0.3
Zn(IT} 1000 35 3.1 0.5x11.8
Cu(Il) 1000 100
cdan 1000 <0.1
1T
PLI) 1000 100
Cu (H) 1000 » 2.3 5.4 0.5x11. 8
Zn(II) 1602 <0.1
Mg (1D) 50000 <0.1
iv Cd(ID) 50000 2.9
Zrn (11 50000 3.5 28.3 0.5%x23.7
Pb(Il) 50000 4.1
Cu(1l) 50000 100
Fe(IlI) 50000 100
Ca(ll) 500 <01
NHQS v Mo (1)
500 <0.1
Cd(I%) 500 <0.1
VI Pb(Il) 25000 100
Zn(1l) 25000 3.3 2.3 0.5x20.6
Co(Il) 25000 4.8
Ca(Il) S0000 <01
vl Mn (IT) 50000 2.9
Fe(ID) 50000 3.3 8.9 0.5%21.0
Co/II) 50040 9.4 i
Cu(Il) 50000 96. 8 |

“100% absorption means no detection of meta] ion in the effluent by atomic absorotion spectrophotometry
*Sample solutions loaded: Elution (I ILIIL V); 2.5~10ml. Frontal (IV, VI and VII}; 250~-500 m/.
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