Olemey MIISME 088 L4 Huol
A58 -N3&" - N4 - Ade
Astoita #7357
(2005 7€ 1€ H<, 20069 69 22 A=)
Comparative Study on Recovery of Nickel by lon Exchange and Electrodialysis

Joo-Hyun Sim - HyungJoon Seo! - Jae-Hee Seo - Dae-Hwan Kim

Department of Environmental Engineering, Inha University

ABSTRACT : 1t is difficult to treat wastewater involved in heavy metal in electroplating industry. Recently, many industries adopt the clean
technology to prevent production of pollutant in the process or reuse after the appropriate pollutant treatment.

In this study, we estimate the ability of recovery of nickel and the efficiency using lab-scale ion exchange and electrodialysis process with
electroplating industry wastewater. In the ion exchange experiments with S types of resin, the result showed that S 1467(gel-type strong
acidic cation exchange resin) has the highest exchange capacity. And it showed that the 4 N HCI has the highest in regeneration efficiency
and maximum concentration in the regeneration experiments with various kinds and concentration of the regenerant. During the electrodialysis
experiments, we varied the current density, the concentration of electrode rinse solution, the flow rate of concentrate and electrode rinse
solution in order to find the optimum operating condition. As a result, we obtained 250 A/m” of current density, 2 N HSO, of concentration
of electrode rinse solution, 30 mL/min of flow rate of concentrate and electrode rinse solution as the best operating conditions. We per-
formed the scale-up experiments on the basis of ion exchange and electrodialysis experiments. And we obtained the experimental result
that exchange capacity of S 1467 was 1.88 eg/L resin, and regeneration efficiency was 93.7% in the ion exchange scale-up experiment, we also
got the result that concentration and dilution efficiency increased, and current efficiency kept constant in the scale-up experiments.
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Table 1. Characteristics of resin

Total
Physical Form Active Group Capacity Density
{eq/L)
SO;H'
S 1467 1 . .
g (sulphonic acid) 20 1.8
Mono Plus SO;H”
| . .
S 100H g (sulphonic acid) 131z
Mono Plus macroporous SOSH’ 1.6 1.18
u . .
SP 112H P (sulphonic acid)
Ccoo
CNP 80 . .
macroporous (carboxylic acid)) 43 1.19
TP 207  macroporous CHN(CH,CO0H ) 22 1.17

(imidodiacetic acid)
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Fig. 1. Schematic diagram of electrodialysis stack.

Table 2. Characteristics of ion exchange membranes

Ion Exchange Perm-

Trade . Resistance . .. Thickness
Name Capacity [ohm-cm’] selectivity [mm]
[meq/g] [%]

Cation 25 (0.1 N NaCl)
. 96 0.38

MC-3470 14 10 (1.0 N NaCl)

Anion 50 (0.1 N NaCl)
. 99 0.41

MA-3475 09 25 (1.0 N NaCl)
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Fig. 2. Breakthrough curve of nickel and regeneration of ion
exchange resin using 10 g Ni/L as influent solution
and 2 N H,SO, as regenerant.
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Fig. 3. Breakthrough curve of nickel and regeneration of ion
exchange resin using 20 g Ni/L as influent solution
and 2 N H,SO4 as regenerant.
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Table 3. Result of regeneration experiments
H,S04 HCl
IN[2N[3N|IN|2N|[3N|4N

Max. Concentration
[g NilL]
Regeneration Ratio
[%]

24.7 |43.73] 53.7 | 255 | 47.7 | 56.4 | 69.0

88.4 | 88.3 | 88.3 | 87.6 | 89.1 | 90.5 | 90.9

oj% ANBAY =gl wWE AMEYHSE Folr i, 3
Ao ABA EF 2 2 BEES Lol uz Atk

B Fole A#/FR Q) AAAZE HS0.9 HClo] A}
St AQA FF M2 TS LokRr] Hsle] S 1467
FATS AL 1, 2, 3, 4 N HCIE ARAE A3 A
ALY 2HE Fig. 59, AQA iz 2 AYLL A%
8ke] Table 3o Vel

AAAF ABAY =7 5L5E AN FusE 9
Ageol A ettt =3, A8A =7 3 3% A
AFde] Zdojx AQA S radFo] BolxA Hol vEE
Y 4 9tk 4 N HCIE ABA=Z A3 4% 718 52
HIsE 9 ALELEE AdYon, 22 529 AQAE A
&5tR & W HCIE AHE3He 3% HSOE ALgsts 39
B} o ¥2 ABLE e

olge] AEAFH S 1467 A& HAY FAE AP,
4 N HCl& AQAZ AHE3to] scale-up 4HE AP o2
AFEF AYE 5 S, 2ngH AMFH
EA4A S FHAT

3.2. MI|FM MY
321, BHAMREE
dIE Ao =AM AFLET F716kA =HE 7

Ml a2 s=7F FRsHA HI AF 00] HEd,

=5
e

ol
o] AFVEE FAARAEY Io10 FAARLE o4
o ARARAA F/TH TS LAY A AYHSS

KA B 28 2AL98 59 AT w9,
IAAFLEES 23317 Aske] 2 ARANTE A7



26

24

22

20

\
N /
<
o

12
/ﬁ 0.86
10 =

0 1 2 3 4 5
1MmA™

VAV AT}

Fig. 6. Determination of limiting current density.

st AFE 2FH A7, AT AFAAM Agte] 4F
HEER dZAL 21 ¥ AgS 2FsAc AAFL
EET1-Vcurve @ V-V curved o] &3t 248 2= 9
' B QRN E 11 - VI curveE o] &3t dAA
FREE Faden, 2 AHE Fig 6o dehith
FARAFLZE 11-V/ curvedl A MHHY 9o oG
?}E} 2 A3 ZAdA e d339 ARE 2] A% 3y
2 FA4d F e ZAE T3 a2 FPEY mFAA
xFo F4g a3, ade JAFE Hol FAIRIEE
Adsrgen, 1 e 290 A/m’ol Ytk

3.22. MRUL W3l mE MIIEM Z}
AFUEE 50, 150, 250 A/m’2 2 FAAFUERT Y
= FSA FSAAM ANEH AP e AJAAT 55
4 2 FHA2 10 g NilL 4& AEtgen, 592
1 N H;S0.& AHg8tda, 2 A3E Fig 7o) dehiich
Fig. 7914 AlZko] A#ge] met g4 g 5Ho] APH
A& FlNeH 5% 2 fHag2 g Ad 93

o AR + Atk

115 \
11 4_/:
S 105 //
ot
£ 1
§ 95 = e .
S . \\Qmﬁ“
9 1\‘
\
8.5
0 15 30 45 60 75 90
Time [min]
¢ 50_Conc. = 150_Conc. 4 250_Conc.
< 50_Dil. 0 150_Dil A 250_Dil.

Fig. 7. Variation of Ni concentration during the electrodialy-
sis with various current densities.

oleudd HA/IFME o] §F UAsF vmAT 645

_G—Cf
n (%= — X100 @
0
A7A, 7 F% 2 FHAE (%)
Co: 27 522 9 J4Z BE
C: A%E 53z 9 XX 5%

4 (bl g% 84 9 wFa&9 ANE
VR AT

FAAFLAERT B2 ARAEE F L3t 2H5%A
o A% ARLE F 7}78 =2 250 AlmdME 2AQL
] BAFYLn, 2Ade] FAE AR (OF e 5
/\EL,] 0]:0].9_ Li}ulo]u} /\71]9_:10] od}bg deole 4}\4/\1
A BEFAR 0B UATL E Zo 93 FHE F4
ghol&o] A¥E F4E Fistydol FFE AL A
drh

3E Table 49

O

lﬂﬂli&&J{N

323 M3 sTHsl M2 HIISN B
ABALE 250 A/mM’CE 1P AT S 13
A7V olAo] 2AY A 2 A/FEA Zgo wAe
S dolry] 93 4PL AFsA
A2, A3 s sl BE I 4 FHEES
2 o7t gl Aoz Yehgrtk AGd FE7F 0.5 N HiSOs
Q A% ¥R FEE U F A MA 2FHE Y
BGAT, 5509 F¢e O F Aot 23 42 2
A2 Yk 24FEE ¥ olengwe #AS A% A
29 &7} IN, 2N HS0.80 BolNE 2AD Fao) &
Eal
=

A

xL

=z

IF

Z97) ko, 0.5 N HS0.Q) Bl 0]%_,‘31_;?_}__\1}01]
AQo] RASAT. AFA HEIL Folx
M Ggde 2 93¢ IAX @AW, A
A gt & B 2 2AY @A 22 EAE YHE= A
oz Asgd

ﬂ—‘

3.24. M3 |l o2 H7|EM D

ABAAY AEAH}E BPgoz AFLYEE 250 Am’E
238, M2 2 5 £H0% 10 g NiL, AFde=
2 N HoSOs= A} gstal, A=9 §#8 10, 20, 30 mL/min
o= WA A7EN APL Pk o b, 5
d 9 g8 FFHL2 20 mL/mino] gt}

Table 4. Concentration and dilution efficiency according to
current density

Current Density ~ Concentration Dilution Formation
[A/m’] Efficiency [%]  Efficiency [%]  of Scale
50 4.04 3.03 X
150 9.00 7.07 X
250 9.80 11.11 0
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3.3. Scale-up MEA T}

33.1. ol=2nsalg

ol2uF APATY 5F BLEHR AAEFS HA S
1467 x|g AA8laL, APARE 4 N HCIE A& scale-
up 2FE APt APl AT FAFL 500 mLY
on Zt SAGANAMY UAEE 3P ZE}E Table 69
ERf Tk

A2 YA w8FL 1.88 eq/L resin(55.52 g Ni/500
mL resin)oj™, AAH UAZL 104.08 g Ni/L resino]d, A
A& 93.7%0|t}.

ABZAY EFE AHud, ABxT o AP o]
doju, AAFHo) N&EFE AAFHE YA Fo] A
E0150] AMo] SAH) olHF EFHeR Qo] UAL
I o 27] AFE FH(stage D IJFoA, o]F BR
(stage 2)2 w2 HAFO 2N A4A 20%FS FAAL &
ek

Table 5. Concentration, dilution and current efficiency accor-
ding to the flow rate of electrode rinse solution and
concentrate

Concentration Dilution Current
Efficiency [%] Efficiency {%] Efficiency [%]

Flow Rate of 10 10.10 11.11 33.82
Electrode Rinse 20 11.11 13.13 39.97
Solution [mL/min] 30 13.13 15.15 46.12

Flow Rate of 10 9.09 12.12 36.89

Concentrate 20 11.11 13.13 39.97

[mL/min] 39 1327 13.27 4038
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" Table 6. Result of scale-up ion exchange experiment

Step Conc. of Ni Volume Mass of Ni

{g NilL] [mL] [g]

Raw 9.88 4000 39.52

Treated Solution 245 4500 11.03

Ist Rinse 0.73 1000 0.73

Regeneration 3140 700 21.98
Stage 1

Regeneration 264 1500 3.96
Stage 2

2nd Rinse 0.06 1250 0.08

Table 7. Concentration, dilution and current efficiency accor-
ding to the number of cell pair

Number of  Concentration Dilution Current
cell pair Efficiency [%] Efficiency [%] Efficiency [%]
1 14 15 42.6
2 28 28 42.6

Qo2 10, 20 g Ni/L £4g, AAAZ HCIFH HSOE
A8E B o LRP ARANRY ZREFE A, A4
22 ¥ Uehdth olead A9NE BH3d ARE

&3 At 292 a@d Udgd g&d a7t 13y
o] dART @2 yAdo] & A} 22 AFHE Yehh
71 q&oltt

332 M IEMMH

A71%A AAZ2FANA M F& 5 Bl 23xAL
AFAT 250 A/m’, AFA BE 2 N S0, A3 9 &
Zd 32 30 mL/min, 349 82 20 mL/min°] ¢t} Scale-
wp AFINE o £AZAL AL, Fol& L@ 2
gole wPT 4 2342 A48T 499 7 3342 A8
atof cell pair 5 202 A A AVEM AP 7
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cell pair®] o] WE 84 4 ¥F9& IAFEEE Table
79 JeRA ST
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1) 10 g Ni/L 2 20 g NiV/L €94& 4oz 3 o|l2as
AFZAT 724 ol F/TAF gel-type o] 22 eHA] 9]
xFgFo] A vetoen, AQdeE A etk 4
Yol HE5 LALLM pHE 4~602 23 g9 HY
o]B & macroporous-type A H.t} Abslol] ik WAdo] <F
AR, L @-EFo] S5 gel-type TAQ] S 1467 A9
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FNETE T 2 vF 4 AHEES EATh
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