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8 ¢ FFHold i, 8 2 HTE e 8-Hydroxyquinoline o] HaAFHl
DXHQ(5, 7-dihalo-8-hydroxyquinoline) 8- Amberlite XAD-7 @ XAD-4e] FA-$A7 DXHQ-
XAD A #4AE¢ e, A4rAEY S4 & v 239, XAD-7 43¢ g DXHQ (X: <l
Br, D9 A%g2 DCHQ<DBHQ<DIHQ 2 £ 2 #7393, XAD-44 «§ DIHQ ¢ A4 % %‘-
2 pH 99 %E 3.0~7.0897 DXHQ-XAD Af4AEL 25 pH3.0~7.0 4 9ol A kA3 =, o
A4 o) 24]9] DIHQ-XAD 9] ¢tF AL XAD-79] 92 XAD-471 3, 7 g4 g &
ol 59 HA Fa pH W9, 388 2 F35 ARHUT. A& A FHolee 4+
A& M-DCHQ-XAD-7<M-DBHQ-XAD-7<M-DIHQ-XAD-7 491 2 Z7stgon, 39 ZF<
o] 52 0.5~3M HCl & Aga 47t Ak A& ES 45 A4S AL 53] A= 5}
3G ornt, oa 3-g= DXHQE <of die] Fo} 2128 4%

ABSTRACT. Amberlite XAD-7 and XAD-4 resins impregnated with DXHQ (5, 7-dihalo-8-
hydroxyquinoline) were prepared for the adsorption, separation and recovery of heavy metal jons
from aqueous solutions. The characteristics of the impregnated resins, DXHQ (X: Cl, Br,
I)-XAD were studied to find out the proper pairs of resin and DXHQ for the adsorption of metal
ions. The increasing order of the impregnated amount of DXHQ onto XAD-7 resin was as follows:
DCHQ<DBHQ<DIHQ. It was observed from the plot of log K; vs. pH that the optimum pH
range for the adsorption of DIHQ onto XAD-4 resin was from 3.0 to 7.0. The stabilities of the
DXHQ-XAD resins were investigated by measuring ‘the amount of DXHQ remained on the XAD
resin after shaking the DXHQ-XAD resins in various solutions of pH ranging from 2 to 12 and
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hydrochloric acid solutions. The impregnated resins were considerbly stable in both acidic and
neutral solutions. The amount of DIHQ leached from DIHQ-XAD-4 resin by eluting with various
HCI solutions (1~5M)was negligble, but in the case of XAD-7 resin it increases as the concent-
adsorption mole ratio (M: DXHQ)
and adsorption capacities (mmol metal per gram of resin) for the adsorption of metal ions onto
the DXHQ-XAD resins were determined respectively. The stability of metal ion adsorbed by the
DXHQ-XAD-7 resins was observed as the following order: M-DCHQ-XAD-7<M-DBHQ-XAD-7
<M-DIHQ-XAD-7. The adsorbed metal ions were quantitatively recovered by eluting with HCI
0. 5~5M)and DXHQ-XAD resins could be reused over 5 times without re-impregnation of DXHQ.

ration of HCI solution increases. The optimum pH ranges,
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A2 =z A2 =2 45 #H7t 45~150mesh,
20~60mesh o}t}, XAD-4 @ XAD-7 78]
AAE &9 =i 7€ Wiz 33
K.
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Cu(Il): 324.8nm, Fe(III): 248.8nm, Hg(ID):
253. 7nm, Ni(II): 232.0nm, Za(Il): 213.9nm,
Cd(II): 228.8nm Pb(II): 217.0nm
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Table 1. Comparison of impregnated amounts of Table 3. Effect of pH on the Stability of DXHQ-XAD
DXHQ on XAD-7 resin* Resin*
Conﬁ)ntratlon (mlgonf/pgr’eg%?eﬁl_ 7 - DXHQ remained on XAD~7(%) &I%?R %{4
on
DCHQ-Acetone 4x1078 1.56X1072 DCHQ DBHQ  DIHQ (%)
2% 1038 7.05X10-3 2.0 92.0 98.2 98.6 97.0
1x10-38 3.37%X10-3 3.0 98.8 29.1 99.3 97.0
5104 1.73X1073 4.0 99.5 99.0 99.3 97.0
DBHQ-Acetone 4X1073 2,16 X102 5.0 99. 8 98.6 99. 0 97.0
2x1073 1. 06X1072 6.0 9.8 98.6 9.3 97.0
1x10-8 6. 39X 1073 7.0 99.8 98.4 99.2 97.0
51074 3.20%10-8 8.0 99.6 98. 1 98.3 94.0
DIHQ-Acetone 410 2. 35% 10-2 9.0 98.3 96.7 98. 0 94.0
o5 10-8 1 16X 103 10.0 93,3 95.5 9. 0 88.0
1% 10-2 7. 00 108 1.0 89.8 91.8 9. 0 8.0
5% 107 3.69% 103 12.0 89.4 79.2 93.8 83.0

*Amount of XAD-7 resin taken: 200mg, Volume of
solution: 20m/, Shaking time: 4 hrs.

Table 2. Effect of pH on the log Ky of DIHQ by
XAD-4 resin*

pH log X; pH iog Ky
2.0 1.15 8.0 1.56
3.0 2.06 9.0 1.41
4.0 2,06 10.0 <0.1
50 2.06 11.0 <0.1
6.0 2.06 12.0 <0.1
7.0 2.06
*Amount of XAD-4 taken: 500mg, DIHQ taken:

4.0% 10 4mmol, Medium: 20m! of buffer solution,
Shaking time: 12hrs,

St o] A FFolnR Table2d} AYAAE
8HQ S 5% 799Hel 1X379 9oz D-
THQ S §dAe] AdFo® o]lFsle SHQNE
e 49999 A4 F3 A E 2A 2
32 A9% 4

(2) DXHQ-XAD 3|®4X|2| obs4y

DXHQ &A% 6ol 4 9 84
2E&¢ 994 94 DXHQ-XAD 3§59
45 =ABe{oF g}, % DXHQ-XAD A
544 F4"d DXHQr7E kb tA s
XAD FAd A g5l slE e 24387 §
st Wi §R9) pH wislel 34 g2 HCl

*Amount of resin taken: 200mg DCHQ-XAD-7(9. 06
X10™2mmo] DCHQ/g, resin}. DBHQ~XAD-7 (1.54X
10~2 mmol DBHQ/g, resin). DIHQ-XAD-7(1. 81X
102 mmol DIHQ/g, resin). DIHQ-XAD-4(3. 20 10~2
mmol DIHQ/g, resin) ; Medium: 20mi of buffer
solution (HsPOy, HAc, H3BO3;-NaOH)

Shaking time: 4 hrs.

9] ¥xo @& XAD 4o o DXHQ9) A
+3F& S

PHZIEe] pHe| g2 2 gA0 pHE
2.000 4 12.07h4 #EAs94 DXHQ-XAD
T2 PP vlx ZAF A7 Table3 st
7Z°| DBHQ-XAD-7 3457 & pH3.0~7.0 4
ot A3 ks o 98.4%f A 9% A%
9] DBHQ-t XAD-7 $Ad Fojlelch
DIHQ-XAD-7 A44X % DBHQ-XAD-7 A
FrASL wRIIAE pHB.0~7.0 g oel A
929% 3 =9 DIHQ 7t FAuel o} Qlonm,
DCHQ-XAD-7 A &A1& pH4.0~8.0 944}
A kA o 99.5~99.8%2) DCHQ 7} 44
el deoidAl 28 ¢ 4 Asle, =2 = DIHQ
-XAD4 FA $5Ad Al pH2.0~7.0 4
Ao 2] <+ Aoz vehgEd oAe
Table2 2] R §F277 QA%+

%3 pH & 3le] n}& DIHQ-XAD-73} DIHQ
-XAD-4 g9 BP9 AFE vy
TR o o} 9l DIHQ 9 <& vl zajed w2
A4 XAD-4 A i F4¢ XAD7 47
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o] §-o] EAFH 2 &A187] W Eel vy =
A9l XAD-7 §-R)4 o) 9] Az o] A7 o
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AR, 34 2 Q7130 AL FFl 7}
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o] A,

2 AT e DXHQ-XAD-7 A &+ 9
g Fdol e F3e| A4 pH 2718 WY
2 AAsz HA pHoAq FHo|-29 FH
HE 49E Ak
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“Table 4. Effect of HCl concentration on the stability
of DIHQ-XAD-7 resin*

Conc. of DIHQ remained (%)

HCIM) ' 51H0-XAD4 resin  DIHQ-XAD-7 resin
1.0 99 %
3.0 o8 78
5.0 98 62

*Amount of resin: 500mg, DIHQ-XAD-4 (3.10x10-2

mmol DIHQ/g, resin), DIHQ-XAD-7 (1.80X1072
mmol/g, resin); Medium: 20ml of HCl solution;
Shaking time: Zhrs.

o p o——o Ni(|l)
O 2 3

Adsorbed (x 10-3 mmol)
T

. cm_w & N " L s L L L i S
I 2 3 4 5§ 6 7 B 9 10 Il 2 1
pH

Fig. 1. Effect of pH on the adsorption of wmetal ions
by DCHQ-XAD-7 resin in aqueous solution. DCHQ-
XAD-T7 resin taken: 100mg(9.06x10-2 mmol, DCHQ
/8, resin) Metal ion added: 4X10°% mmol. Volume

of solation: 25mi, Shaking time: 4 hrs.

Fig. 1% 2% DCHQ-XAD-7 3§54l ¢

g FEoled AgAQ gl pHHEAE 4T

7} ¢k, F Cu(ID¥ pH3~12, Fe(Ill)= pH4
~10, Hg(H)+¥ pHS~12, Ni(1)& pH6~12,
Zn(II), Cd{I) 2 Pb(I}E pH8~120)¢},

Fig. 1904 Q¢ A pHolA Selded 4
P 3235 E Tablesol vebfich, Table 5ol
A nEo] g2 27} oL FEEH (M
DCHQ) 7t <} 1: 2619, Fe(ID9] Aol 1:
2.89] 2w & velllz glv), of ehake] Fell)
7} 1:30 A7E g VEE AFdE
Chung?$] A#¥Az st A= A 37 &
& o] 1:39 FIZu| 2N HA A =t
BA AL 9.06X1072mmol DCHQ/g, XAD
-7 A% AgEd RE AP & vY% %
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Table 5. Adsorption of metal ions by DXHQ-XAD resin*

DCHQ-XAD-7 DBHQ-XAD-7 DIHQ-XAD-7 DIHQ-XAD-4

M‘ieg?nl pH Adsorbed Mole pH Adsorbed Mole pH Adsorbed Mole pH Adsorbed Mole

(X 10 2mmol) ratio (X10-3mmol) ratio (X 10™¥mmol) ratio (X 10~3mmol) ratio
Cu(Il) 9 2.27 1:2.0 2 4.14 1:2.1 7 4.37 1:1.9 9 7.95 1:2.0
Fe(lII) 4 1.61 1:2.8 3 8.57 1:1.0 3 7.58 1:1.1 3 4.83 1:3.2
Cd{In 10 2.29 1:2.0 9 4.72 1:1.8 9 4.01 1:2.1 9 8.50 1:1.8
Ni(II) 9 2.38 1:1.9 9 4.17 1:2.1 9 4.04 1:2.1 9 6.73 1:2.3
Zn(ID) 9 23 1:1.9 9 410 1:21 9 421 1:2.0
Hg(D 5 234 1:19 5 405 1:21 6 4.27 1:2.0
Pb(1T} 9 1.87 1:2.4 9 4.07 1:2.1 9 2.56 1:8.2

*Metal ion added: 1X10~2 mmol{(for DBHQ, DIHQ), 2.5x10 %mmol (for DCHQ). DCHQ-XAD-7 resin taken:
500mg (9. 061072 semol DCHQ/g, XAD-7). DBHQ-XAD-7 resin taken: 500mg (1.73x<10~2 mmol DBHQ/g,
XAD-7). DIHQ-XAD-7 resin taken: 500mg (1.68Xx10-% mmol DIHQ/g, XAD-7), DIHQ-XAD-4 resin taken:
500mg (3.10x102 mmol DIHQ/g, XAD-4). Flow rate: Im!/min. Volume of eluate: 100mi.

DBHQ-XAD-7 &l&=Al0| &gt FH0i22]
23 T34 A F5o) 23 DBHQ #2] A
el w29 pH ¥4e e 85 2k & CudD)
EpH2 o] 4, Fe(liD¥ pH 30]4, HgdD+,
pH 5014, NidD, ZndI), CddIl), Pb()
2 pH7 o) ey AgAes FiH L HA
pHol A f2)gel 9% FAAss Table5 9
2k, Table5e] 2z vke) o] F33v 7} Cu
(I), Hg{D, Ni(ID, Zo{l) ¥ PbUN) # &
1:2.12 VeEyes CdIDS A%+ 1:1.8
o]z Fe(lll)¢] ZA-sele pH3. 0404 1:19]
95 Yz glek. XAD-7 A J g
DBHQ 9] o5} o] 2ol &g F&o)o] ¢
£ vl 33l F4o] &5} DBHQ S g 84 &
v & A Astd el olAbe] A ¥ Fox 7b ®xdt
vhe} zro] WRE9 27} FSo| £ DBHQ 9
222 8HQ 9 1:29] EvjE A58 §
APGe® Q44 F 4Ade £

2 2 Aol A 483 1:2, 1:18 &
vl & Vel e ol A YA XAD-7
Ao ¥3x DBHQ} 9438 A-FESE A
24 F%0)&3 whgdA EE L B FeAY
Egolgtz AT F Ak, Table5¢ ¥
0] &5 & DBHQ-XAD-7 A &5Ad £33
o A pH 24004 = F34%- A &3 DBHQ
9 o) JEHed E AHANA 2AEE vhel
& XAD-7 7 1g% DBHQ & <%k 2x107*

PB(i1}

——k—2 Ni(i1)

'Sélélll.?l‘?;ﬁ
PH

R V. - S ~ S - R
1 2 3 4 5 6 7

Fig. 2. Effect of pH on the adsorption percentage of
metal jons by DIHQ-XAD-7 resin in aqueous solution.
DIHQ-XAD-7 resin taken: 200mg (1.68x 1072 mmol,
DIHQ/g, resin) Metal ion added: 4X10~3 mmol for
Fe(Ill). 2X10-%mmol for Cu(ll), Ni{Il}, Zn(I),
CA(II), Pb(Il). Volume of solution: 20mi, Shaking
time: 4 hrs.

mmol o] Ag= =5 DBHQ-XAD-7 29 %
8- Fe(Ill) 99 F40]22 A% 1X107?
mmol FFHolL/g, FH o], Fe(lll) o] &&
2X1072mmol Fe(lll)/g, FA o]}, =z} =
A3 A+ 1.73X1072mmol 2 1.5X10"2mmol
DBHQ/g, XAD-7 +7& A43le] nE 49
< F3ict

DIHQ-XAD-7 Z®X|dl 2ist FHol=2|
&3 7 FSoled DIHQ-XAD-7 ¥ §4A 7k
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Table 6. Recovery of separated metal ions by HCI*

DCHQ-XAD-7 DBHQ-XAD-7 DIHQ-XAD-7 DIHQ-XAD-4

Metal | "ads. Con & Vol. Rec, Ads. Con.& Vol Rec. Ads, Con. & Vol Ree, Ads. Com.& Vol. Rec,
(%1072 of HCl (%) (x107% of HCl (%) (X107 of HCI (%) (x1073 of HCl (%)
mmol)  (mi) minol)  (mi) mmal)  {ml) mmol)  (mf)

Cu(ll) 272 1M 100 100 4.14 IM 100 100 4.37 1M 50 100 7.95 5M 50 98

Fe(III) .61 3M 50 100 8.57 3M 50 100 7.58 4M 50 100 4.83 5M 50 92

Cd(m) 2.20 0.5M 50 100 4.72 0.5M 50 100 4.01 0.5M 50 100 8.50 5Ms0 92

Ni(ID) 2.38 0.5M 160 100 4.17 O0.5M 100 100 4.04 0.5M 100 100 6.73 5M 506 97

Zn(11) 2.33 0.5M 50 100 4.10 0.5M 5 100 4.21 0.5M 50 100

Hg (1) 2.34 0.5M 50 100 4.05 O0.5M 50 100 4.27 0.5M 50 100

Pb(ID) 1.87 0.5M 50 100 4.07 0.5M 50 100 2.56 0.5M 50 100

*M-DXHQ-XAD resin taken: 500mg, Flow rate: 1mi/min.

o Adele 4o nlA e pHe AFL A
Wo g zAsle Fig. 2¢) Aglch, Fig 24
ebd vho} zho] DIHQ-XAD-7 A g4 94
FE) LY A wge pHHAE &3t
Zvck, Cu(Il)+= pH 7~12, Fe(Il)& pH 3~12,
Hg(ID< pH 5~12, Zn(I)+= pH 9~11, Cd(II)
= pH8~12, Ph(ID & pHe~12 ol v} 44 &<
ol o] ¥ oz Fasle H4 pHolA 37
ol 28k FH3A N Tablesol] “epiAc),

¥# 8| 3= DBHQ-XAD-7 A9 Az
S 24E ez glvk, 284 Phdl)
9 7% pHOA A 1:3.22 Vel E o] f& 9
€92 4 ¥ 2 Pb(OH)9 435 RA ol
A7 AL 9ol §)8] potassium sodium
tartrate & 29 AL G FUAA] w ol FH%
o] ZaFE AR Az, B AYPdAE
1.68%X 10 2mmol ¥ 1.81X%1072mmol DIHQ/g,
XAD-7 A% AHg-3tsic

DIHQ-XAD4 Z&%$X[0l 215t Sxo|9|
E3t, DIHQ-XAD-4 A §5A o 8t F4e) &
9 #A pH 2L vhgs 2o & Cub), Cd
(I}, Ni(ID)®} 7 $ol5= pHI.0, Fe(IlID®} 7
ol e pH 3. 0~4.0 99 el v}, 33 pHeA &
Aol &3t §AAsE Table5o] A B nlg}
2ol FAEN 7t Cu(iD, C4(ID), Ni(IDe A
% 1:1.8~2.3°]™ Fe(IIl)e} ALl 1:3.2
o FA4EE XA

(4) DXHQ-XAD 3|g&4X[oll S=t=
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=2&0|

29 8|49 MEZ

AEFAe 39 FEHo| 5L 3 FslnA
e 23S F5L2Y e & Aed =
g AR & 997 Ak webd A
3 & XAD 474} A g% DXHQ Y #2429
A7) st dAnte® FEHo| 29 FF A
4 e ZARIAG (Tables). WG F4ol 2
HEE 0.5M 4 4lel g& g4 35 s
t},

3 DXHQ-XAD-7 J 4540 Fa9 2
olgg AuH oz Hasted WL HCI
TEY9) Fre g0 vt rhay o
o #9942 HC1 9 Fxot #okgn}

%
3
QO
"7

Hg (D) =Pb(II) = Cd (II) = Zn (1)
<Ni(II) <Cu {11} <Fe (III)

ol €A 27 FEFEY UAE AHAdQ
Irving-Williams series 9} 3% %} of1)s}2
8HQ =4 oke]l 5 A Aol & WA = 459
72t YA AR5 o8 g 7 gL ionic poten-
tialo] olal AgslolAFA Qs & 3 24
o] &2 o] Fsrt F4F, o)utro] Ag4
5 DXHQ ¢to] A3 0] AAA Hez 43
99 ARAEE AR A A, 2z F
FHYA A F50] 28 #3947 HO &
B FE7F AA S AA4dd. s
8HQ 445 =¥s 2464 879 AV
Ax7} 255 DXHQ-Z<4 349 A4z 3
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Table 7. Recyclization efficiency of adsorption of metal ions by DXHQ-XAD-7 resin
N Readsorption percentage
0.
Recycle DCHQ-XAD-7 DBHQ-XAD-7 DIHQ-XAD-7
Fe(l) Cu(l) Ni(ID Cd@) Fe(@) CA() Pb(I) Ni(l) Fe(W) Cu(ll) Pb(ll) Za(ll)
1 100 100 100 100 100 100 100 100 100 100 (100) 100 100
2 2¢4.8 41.2 50.0 67.1 85.3 88.8 730 8.9 24.8 69.3(100) 74.4 93.6
3 18.0 20.2 42,0 56.1 80.2 77.5 67.7 7.7 14.2 64.8(000) 60.4 93.6
4 18.0 24.1 37.8 53.8 71.8 70.8 58.4 T77.2 14.2 55.8(100) 60.4 84.6
5 18.0 21.8 36.1 51.6 68.4 55.7 49.6 T77.7 14.2 55.8(100) 52.2 81.9
{ ) : Value for DIHQ-XAD-4.
e FHo| 5] vk o)a APL HAEG 3. D. W. Lee, W, Lee, S. H. Lee and C. H. Eum,
¥ L EE s, J. Nat. Sci. Res. Inst. (Yonsei Univ.), 9, 137

£ AYAAR o] 2 Aol veErted
% DXHQ-XAD-7 A &5A s} Fol 2949 F
Ao Ao} AETAY HAEE S5 2o F
7 HR ),

M—-DCHQ<M-DBHQ<M—DIHQ

o] AL AN Y Ar L4455 E7F A<CBr<
Ch) A&7 &ee AL F¥4 0 € N9
AARD =} RolA A 5 7] wEoletxz A2,

Frol &35 DXHQ-XAD-7 A E529 A4
£ M5 e 248 Astd 48 F5F 49
2 vAe F5& 49389 349 3R A5
E Bt 2ok} (Table7). Azt A 2o
column & W& AEFFE 29 FALG)
Z&sted 53 A5 A A 2 FFE
FE A 50%7A et 3 HFE A
F3 o)A}, 2822 Faedt §3 £%8 ¥
ﬁﬁp— A AHgslr] fdHe <49 DXHQ

5 oA gl FEAAk Bt

AL & QT @RS A 4
93 A4 Aol A& 2 £ 2=
WS shol o,

el = 2 3
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