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Abstract : Heavy metal removal study is conducted from synthetic waste water by reduction and
oxidation(redox) reaction of Cu-Zn metal alloy and adsorption reaction of aluminium silicate.
Heavy metal whose ionization tendency is smaller than zinc are reducted in an aqueous solution, and
the concentration of ionized zinc is reduced by adsorption reaction. The average diameter of metal
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alloy micro fiber is about 200 um, and the surface area is wide enough to get equilibrium in a single
cycle treatment. A single cycle treatment of redox reaction of Cu—Zn metal alloy, could remove
100.0 % of Cr(I), 98.0 % of Hg, 92.0 % of Sn and 91.4 % of Cu respectively. An ionization
tendency of chromium is very close to zinc, but removal efficiency of chromium by redox reaction is

significant. This result shows that trivalent chromium ion is expected to generate hydroxide
precipitation with OH™ ion generated by redox reaction. Zinc ion generated by redox reaction is
readily removed by adsorption reaction of aluminium silicate in a single cycle treatment. Other heavy
metal components which are not perfectly removed by redox reaction also showed very high removal
efficiency of 98.0 % or more by adsorption reaction. Aluminium ion is not increased by adsorption
reaction of aluminium silicate. That means heavy metal ion removal mechanism by adsorption

reaction is turned out to be not an ion exchange reaction, but an adsorption reaction.

Keywords © Redox, Heavy metal treatment, Adsorption reaction, Cu-Zn, Aluminium silicate
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A, AECr), &2, FAEE AUk
= AR §H2 37 SRS =59 2422 10
mmol/LE ZAgt & o]& TR3%t 0.5 mmol/L

2 A5t AdS Yot ATHE-9]. 2 Ao
A AREEE AeFe Pb(NO3);  (Samchun
chemical, Korea), Cu(lNO3),*3H,O (Yakuri

pure chemical, Japan), NiCl,*6H;O (Samchun
chemical, Korea), Cd(NO3);#4H,0O  (Junsei
chemical, Japan), Cr(NOs3);*9H,0 (Samchun
chemical, Korea), Hg(NO3),*H,O (Daejung,
Korea), SnCl,*2H,0(Daejung, Korea) ©|t}. =
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3.2. Cu-zZn AKX

2 Ag AH8d FE-ofd dFaM= B
SAZF 200 pmZ H FElet ool gF H|E&
o] 6:491 Muntz metal &F4-Folt}t. o] A=
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o] dFujgHAc|ES g B4 A7 88
m= 20004, 10,00081& FHejste] FAF Az @
njgoz B4 AL Fig. 19 Uetdld. Fig. 2
oA HEo] A H&o] O 53.92 %, Si 32.82
%, Al 3.90 %, Na 7.80 %, S 1.56 % 2 °|&
ojglom szAo] Holut, Cu-Zn AAE ol&
st FEES 12 AYS 2oz ggE ofd
ol2g & AAstaAt st
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Fig. 1. SEM image of (A) Al-silicate(x2k),
(B) Al-silicate(x10k).

. Spectrum 2

Fig. 2. Composition of Synthesized Al-Silicate
analyzed by EDX.

AY FA]E= Fig. 33 2o w7 ofad
AR A &Fsto] AT 3 Ir
(MASTERFlex® easy—load 7519-00, USA)Z 7}
A4 o #4 17 mm AZE FHE AR
stk A (DwyerAl, USA, 2010)+ F44
$7F 0.35~2.5 L/minQl A& AMgstach. S5
2% (0.5 mmol/LE 3FAste] ZF4 3 Lo 4
o] 42 &, wRI7IE ARESte] 30 &~1 ARt
AL FEo] wHtAAZH, Azl & 39 A
T AR F ALE AXA FE45 dgo=
ALg5ttH14]. Redox reactor 9Foll Cu— Zn &
2 AMIAFE 200 g, adsorption reactor o]l &%
ugAdgAolE 100 gez AFE XPstort
o] wj £x9] Huj= 3 Lot}

Ha dAA e FF52] &7 0.5 mmol/L
S "oz vhgrloA Cu-Zn §F 2AE 5
st 13] A= L= w4 100 mLE AHH
stal, dFulgAdgAolEE Fsto] 13] AzjE
o] 42 AR5 100 mL AHFHsHACE <A

R LR

A Cu-Zn GF2AE 247 58, 102, 30%,
IAZE B9 £9AA de AREC] pH, AR
(ORP)E 273t , wlaAe ICP, B 4284
18 Botel WAL 34 Aol AFL B
7 Sl $E 1 Lmino2 Ade Al

FEH15].

Fig. 3. Redox reactor system.
® Pump @ Flow meter @ Redox reactor @
Adsorption reactor ® Wastewater ® Agitator

3.5, B4 gy

FTaHY A2 FELATAAEEl et
B A A (HANNA instruments, HI 83208, US)=
Boto]  ofdExEE  EASHoh  Eg  ICP
(Inductively Coupled Plasma—Mass analysis,
X-series I, USA) & °l8&ste] Cu, Ni, Pb,
Zn, Cr, Sn =g 24519t Hge 4284

71(MA-3000, Japan)E ©o]-&3d}o] EA3513t,

3.6. 20 M2 3L M7 AE

824 8904 Cu-Zn =9 AlHHo]A
g mxE 2Eo JIFS dothr] sty
z7] &% 10, 20, 30, 40, 50, 60 ColA &
£9] 5% 0.5 mmol/L] 3 Lo g4 13 A
2sto] AP-S Poprt. AR Atet T wF
5ol g FFEY AA EE&EE HwEIA

ssiet.

3.7. | M2 S35 M A

9 1.0 L/ming HIF R /& HIAA
VAN AA BE&] WskE Aot Shqirh
z7] 9% 0.5 L/min, 1.0 L/min, 1.5 L/min,
20 L/min2 ZAsI¥1, HF5° =& 05
mmol/LQ] 3 L 8H& 13] AHeste AHIAS
Yoot AAS AR qhgol gt T
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%] AA F&L HlwsET 200 go] g ofd
279t 100 go dFulE AAClE FHAR
AAL & e A f72 A} st
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1. 7|=Md8Za}

2349 %7} 0.5 mmol/Lel AT
£ 13 BN A S84 AA 582 AoE
3} Table 1o yepdntel Zo] ICP ¥ 42
1 B4 A3} Cu-Zn FELAA¢ozE o}
ALl Uz FFEE0] 18 AHEE Bt ¢
22 98.0 %, 4 92.0 %, 78] 914 %, A=
(Cr?) 100.0 %oz AA=IL. UYmz E2&
S % 580 %, 4yZA 50.0 %, 7t1=H 40.0 %7}
AASDL. 37 3B AdlElold EtHEoE=
o] &3} EA Cr**o] redox ¥ oz HrAEE OH-
ol 23t Agtste] $4MSER HHHE AR Hel
t}, "ol Cu-Zn ¥F AAE Eyshd ofde
23] 0.25 ppmolA 51 ppmoZ AJHlE]o]A
ke o2 Qlste] Aoz Frletct. FUkst
ot IFuFATACIE 13 HHsHY
pH 437914 pH 11.142 AHAoA @G714o=z
Ao} T, oFdo] A9 100.0 % AAEE ait
E Aot B §hg & IFrjE ol Tt
shA] ¢re Ao =E Hol o]l wdlto] ofd Fzt
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Table 1. Heavy metal removal efficiency with
respect to the original solution by

Cu-Zn reduction reaction and
Al-Silicate adsorption reaction.
Original Ié:fctlgrx After Remove
conc, | ol Adsorption | efficiency
(ppm) (ppm) (ppm) (%)
Zn | 0.25 51 0 100.0
Nji 40 20 0.5 98.8
Pb 42 17.5 1.4 96.7
Cu 35 3 0.01 99.9
Cd 75 45 0.5 99.3
Cr 15 0 0 100.0
Hg 10 0.2 0 100.0
Sn 45 3.6 0.9 98.0

Cu-Zn 4¢=9 Aot U3t Al-Silicated] F2HHS:

o

ol HE F FEEA BE AT 5

4.2, AZtoll WE FS3& M A= Axt

a4 E0] ol3tE YA redox TSR
A= A o238t Aol & ofdL ol
3t E)31, ofdHT} o] 23t Aol A2 FEEHE
o] A&EHth= ¥ E o|8sto] Fig. 4olA Ex
o] 3A7H5¢t redox <@ Stk 1 Ay}
redox Hhg 18] AHggtozr oF 50 ppm7tA]
F7¥tRem, Azto] AdE ofdd Fhi 24]
ZF ®rell 400 ppm7tA] F7FelRleh. ol Al
redox §hgo] o]FolWE & 4= glom, A7t
+SAZS = oA F%7t 350 ppmOE 23]
g fastarh ol o ol ¥hgo] dojux
1 B Egste AoR AtrETh

0 +A— — T — T T T
0 10 30 60 120 180
Time(min)

Fig. 4. Zn concentration change of synthetic
wastewater ~ with  respect to the
operation time in the recycle reaction

system.

4.3, 2z0 ME S MF A

AAd o] 2o 2 FF4 AAE At
FAE g1st7] fls WA redox ¥-E71E A
St A3t ofdo] s W3 0] 60 TY of
0.2 ppmollA 92 ppme 2 7P o, 10 Tl
A 30 CT7HAlE ®Wigkgo] 50 ppm HAER H|S
gt AW Bt 27] x| we} redox ¥R
715 13 A=Zgt g Al-Silicate 13 2=
Sty 2o w2t mmgk Zpolzt A4
Jfmof] meft whEo] ztols Holx] ofy, &
E 2 g9 AAZE & =St Table 29
A BHEo] 2o mE FF& AAE Atelo] A
AL ERlstr] Yol redox HH-gH EFHlE
AAolE A Fo] ICP BA4S o Ay &7}
3t ol A9l 100.0 %E AAHYCH, T2
FEEEL AAEC] A9 9.0 % oY AA=

- 445 -



SHE LR a

Table 2. Heavy metal removal efficiency according to the various initial temperature at a single

cycle treatment.

temperature concentration(ppm)
Zn Ni Pb Cu Cd Cr Hg Sn
original 0 31 100 32 59 25.9 15 40
20 C treatment 0 0 0 0.01 0 0.028 0 0.01
Removal efficiency (%) | 100.0 | 100.0 | 100.0 | 99.9 | 100.0 | 99.8 | 100.0 | 99.9
original 0 32 101 31 58 25.4 17 45
30 C treatment 0 0 0 0.02 | 0.03 | 0.028 0 0
Removal efficiency (%) | 100 100 100 99.9 99.9 99.8 100 100
original 0 30 100 31 57.5 25 15 42
40 C treatment 0.012 | 0.041 | 0.011 | 0.062 [ 0.003 | 0.02 | 0.002 | 0.1
Removal efficiency (%) | 99.8 | 99.8 | 99.9 [ 99.8 | 99.9 | 99.9 | 99.9 | 99.7
original 0 29.9 | 100.3 30 56.6 24.7 20 40
50 C treatment 0.383 | 0.375 | 0.448 | 0.442 | 0.49 | 0.384 | 0.03 0
Removal efficiency (%) | 98.0 | 98.7 | 99.5 | 985 | 99.1 | 98.4 | 99.8 | 100.0
original 0 31.6 | 11.10 | 325 60 26 10 30
60 C treatment 0 0 0 0.021 0 0 0 0.01
Removal efficiency (%) | 100.0 | 100.0 | 100.0 [ 99.9 | 100.0 | 100.0 | 100.0 | 99.9
oiet. “
50
4.4, |0 ME 34 A Zot EM
Fasol e Had fEe 29 st < .
Cu-Zn ¥FAAE 1A &3 A¥Aste] ofd 5 }
g Fig. SO WEiddth #Fe] H2F S
redox ¥ Fo] ofle] Bk wiskgol k. & 8
7Fet ofde M dFulE AYACIER 13] A

gdot]  FEE AR HAE ICP 24t
Table 30 YEWe. & Whgo= ol g
glo] A°] BE FIXES 980 % o4 wj$
=o Fgz AAAHL. ol T4 dFuE A
ZAo|EL] HEAZ 0] T3 F&oleo FH%
Ho] 9439 oz ypepyit)

=Y

Cu-Zn treatment
we1Lfmin = =15L/min =2 L/min

original

—0.5L/min

3
a9

. 5. Zn concentration change of synthetic
wastewater according to the various
discharge in the redox cyclic treatment
system.

Table 3. Heavy metal removal efficiency according to the various initial flow rate at cycle

treatment
% Zn Ni Pb Cu Cd Cr Hg Sn
0.5 L/min 100.0 9.9 93.8 100.0 9.0 94.0 1000 9.5
1.0 L/min 9.2 100.0 100.0 9.9 9.9 9.8 9B.5 98.5
1.5 [/min 0.7 100.0 1000 100.0 9.9 100.0 9.0 979
2.0 L/min 9.3 100.0 9.9 100.0 100.0 9.8 9.5 98.0
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5. 4=

Cu—Zn 2527 Al-silicate2 A gste] =
24 AAES vuslE Ay redox 13] ATt
o825 FE(Cr)E 100.0 oz AR A=
T, 422 980 %, F4 92.0 %, T2 91.4 %
o2 2 avgs Hrh 7=E, U, 9k

ZF 40.0 %, 50.0 %, 58.0 %7} AA =HJh
2 FEEEN Hlsto] o]3t Aol AA
redox BFO2 AAEFE AHE= 2358 o2
oz ST o] A Al-Silicate® 13]
Aste] ICP B4t A3t ofdo] A2l 100.0 %
AA= I ¥ § dRulE o]Ro] AEHA
dgtong ol wgko] ofd o= AAHE
a5 Ut FFL fEY 2o AEglol
redox HHS & ZF71sh ofddo] 99.0 % o4 A|A
H9a, FE, tERE, &2, ", 74, YA, 38
(CrHz A 98.0 % ol AA=UL}. o|2H,
redox ¥H&3t &2 §hg At w4 o] EAs)

o] =82 2015-20169
o4 ApeAdez 5
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