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AR, 7] 584 Q0] 5, 27] 8949 pH 5] §hg 27 & A7 58| MBHE ZABIIL ALG FLAS B7Hg0] 5
RIS 554 A7 B80] A5G B2 WS AR B3 E*el°ﬂ e A AT HelESLon, BE Fa4 AE0)
A F:go] J5otic 53] W Alel ek Caol A% BAAA Tgol A AHIE 27 534 89 SEL FFEAA &
20 e T4 olet. B %ou pii= 534 Al7] 8ol YL vIBe], Cdo) B9 pHE7 1ol wret 534 A gl 5
ZFSIEO, Pb, i 743191 Hels pH7HE2H 540 2 32 o124 elgi

ZFH|0] : LAS(Li,0-ALO5-Si0,), 224, 32 AAEE

Abstract

In this study, the heavy metal ions (of Pb, Cd, Cr, and Hg) in wastewater were removed using a spent Li,0-AlLO;-SiO,-based
crystallized glass previously used as an induction top plate material. Changes in the removal efficiency of heavy metals
according to different reaction parameters, such as the amount of zeolite used as a heavy-metal adsorbent, adsorption time,
initial concentration of the heavy metals, and pH of the initial solution, were investigated. As the amount of zeolite added
increased, the heavy-metal removal efficiency also increased. Adsorption time had a considerable influence on adsorption
characteristics, and the removal efficiency of all heavy metals increased with increasing adsorption time. In the case of Cd, the
removal efficiency was greatly improved depending on the adsorption time. The initial concentration of the heavy-metal
solution did not affect the removal efficiency; however, the initial pH of the heavy-metal solution affected the removal
efficiency. More specifically, the removal efficiency of Cd increased while that of Pb and Cr decreased with increasing pH. The
adsorption characteristics of Hg were not significantly affected by pH.
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I AL, HQA w2 oleto] E(ferrierite) 2} HE|Lo]
E(mordenite)’} ST]wdEO|ERT Hof tistoi=
H 2 W 52 HolF ATk ol A o] AlA
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Table 1. ICP Result of LAS Raw Material'>
Element Si Al Li Ti Zr Zn Mg Fe
Wt.% 289 9.37 1.56 1.36 1.33 1.20 0.26 0.24
Oxide Si0; ALO; Li,0 TiO, 710, ZnO MgO Fe,0;
Wt.% 62 17.7 335 227 1.8 1.5 0.44 0.34
W ERAIRA A7lsle] S A A A s R Pt ach e
et Pb, Cd, Cr*", HgS 4% a5 SASI ARG & 4000 - . ® (LiMgZn) ALO S0,
LAS% *1;‘1“3—]"7‘1]§ ?:]01'0:‘ 1) Eq 3‘1—| L_—‘—-E ]7“1 ]'7] 2500 & 20,
I5to] M7kt ARE - LAS &, S2HAIRE, Sa5 949
S5 pH 5 521 M 2lo] e 34 100] T ]
HILE FARSHSITH § 25007
"E 2000 -|
i)
2. J.LEI % £ 15004
1000
2.1, M3E w] T
H Jof| A ARESE LAS(Lithium Aluminum Silicate) , ML a5 % . o £ gt e
Nat Jdg4 gEdo|ES disfsio] F4:3 Bio] RN R R
o} XRDEAL E8) LASE (Li, Mg, Zn); 7AL04Si001 ZTheta, o
9} ZrTiO, TFEE FAE0] 922 oF 2= QIthFig. 1). Fig. 1. XRD Results of LAS Raw Material'?
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Z20] et LRy 9l 5 R A% SetRul g £47](CP-0ES)E 54
S ARE F LASY] S5 94 F2F EAES XAl stglow, o] ZAZE v o R S5 AlA |
7] 9l5to] Fa4 &9 Aol LA RGA 2 A X5 AbstgiTh
THTS} FES BT 89S 2oto] Az A 2 AdoM= TUT 2= 2ANA AR F LAS
B3 7 8N KANTOAA| A8TA 248 35 & 9] Fa% TGS H|wol= 54 0 & thy Ao w2t
N0 2 AlFHEA|2F 1,000ppm Pb, Cd, Cr*', Hg 3 & AP A T 8N Y F5& 555 St 55 AA
NS ARESISITE pH 2ES I3 A9 oA EANEE 82 A

99.0%) 3 FHU oI5 25%) S AH8-SHITH

ot ZF<&(Pb, Cd, Cr®, Hg)-&9
ﬁﬁ“ﬁ} ok S5 AA A =
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HEM *} 3 LAS 247}0, WA 27] 55 89
S, 27 S8 &9 pHE W42 Fol A2 AdYst

FE5 AA EE&(%)=(Ci-C)/Cix 100(%) (1)

Cie 2718 =(ppm), Cr= T2 A9 ¥ -89 5=(ppm)
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Table 2. The heavy metal content and removal efficiency in
the solution after the experiment according to the

Table 3. The heavy metal content and removal efficiency in
the solution after the experiment according to Stirring

amount of zeolite added time
Zeolite (g) Concentration (ppm) Time (min) Concentration (ppm)
Pb Ccd o Hg Pb Cd o Hg
1 0.41 59.56 97.12 94.04 10 0.60 78.02 95.04 94.01
2 0.35 58.12 93.23 92.54 30 0.51 69.01 92.21 92.02
3 0.34 58.54 92.32 96.05 60 0.40 55.17 92.03 92.10
4 0.34 57.41 92.14 95.87 90 0.40 42.09 81.10 91.10
5 0.23 58.01 91.01 96.98 120 0.21 28.10 77.01 90.11
Removal efficiency (%) Removal efficiency (%)
Zeolite (g) Time (min)
Pb cd crt Hg Pb Cd Cr®* Hg
1 99.62 40.44 2.88 6.05 10 99.40 22.04 5.02 6.09
2 99.75 41.88 6.77 8.05 30 99.49 31.03 8.02 8.02
3 99.76 41.46 7.68 4.04 60 99.60 45.03 8.02 8.02
4 99.76 42.59 7.86 5.03 90 99.60 58.02 19.02 9.02
5 99.87 41.99 8.99 4.05 120 99.80 72.01 23.02 10.02
555 28 }oq 2 100ppm G AZHG A8 N p—
5 LASEL A Z3H 55 100ppm S48 50mIE v]7 ) S v v 3
=R 300rpm 25 305870 gukslaln). A8 A i TYTHg
T 24 80| =L 2 [CP-OESE ZA5190m, 4] S wf
(V& Ag3tel S AA B AMSAT Ad ¥ § 1]
Fo4 89 rol A4tE F54 A7 TS Table 2 & wl
of R et of
A% A3 FA = Wrie } 5 LAS9| o] Z7} [
Y48 UY T 59D 55 S/ 2259 Pbo] CT T e T
AL 2g 243} 5¢ Z7A0] 0. 08%‘:’]' Z}o]7} QAT Cdo] Fig. 2. Effect of stirring time on the removal efficiency of
39 28 3} Syl 41% o) AA 528 oy heavy metals.
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Table 4. The heavy metal content and removal efficiency in
the solution after the experiment according to initial
heavy metal concentration

Initial Concentration (ppm)
Concentrati
on Pb Cd Cr® Hg
(ppm)
10 0.51 3.20 8.29 9.12
30 0.42 9.21 25.08 28.41
50 0.30 16.12 41.01 44.47
70 0.32 2.57 54.12 63.68
100 0.29 31.41 81.21 89.71
Initial Removal efficiency (%)
Concentrati
on Pb Cd Cr® Hg
(ppm)
10 94.90 68.11 18.10 8.81
30 98.61 69.31 16.67 6.67
50 99.42 68.56 18.01 12.12
70 99.54 71.43 22.86 10.45
100 99.71 69.47 19.04 11.12
—=—Pb
100 . — = —e—Cd
— o]
—v—rig
80
g\; ————— g ————
E
w
§ a0 |
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5
o« 20
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0 20 40 60 80 100

Initial Concentration(ppm)

Fig. 3. Effect of initial concentration on the removal effi-
ciency of heavy metals.
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Table 5. The heavy metal content and removal efficiency in
the solution after the experiment according to initial
heavy metal concentration

q Concentration (ppm)
P Pb Cd o Hg
3 0.15 78.02 76.18 89.01
5 0.22 69.04 82.68 90.23
7 0.30 55.51 84.54 87.89
9 0.52 42.12 89.12 91.25
11 0.64 38.23 90.11 89.21
. Removal efficiency (%)
P Pb cd cr®' Hg
3 99.85 21.98 24.08 11.11
5 99.78 30.99 18.08 10.10
7 99.70 44.98 16.08 13.10
9 99.48 57.99 11.09 9.11
11 99.36 61.98 10.09 11.11
—=—Pb
100 (] —*—Cd
90 —v—g:
80 [
g 70
§ 80 "
8 o
£ - —
—g 40 ’/,//"‘
E 30 /,«/J
['4 20 *"
10 — %
0

pH

Fig. 4. Effect of pH on the removal efficiency of heavy
metals.
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