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Abstract : An annular flow type of copper electrolysis reactor was setup in order to generate the
copper ions to remove algae in water. The operating characteristics of the reactor and the effect
of copper ion on algae have been considered. By controling the applied current, the copper ion
concentration could be obtained as desired level and the faradaic efficiency was above 90%.
When the flow rate was increased, the copper ion concentration was linearly decreased due
to the dilution effect and the effect of concentration overpotential was insignificant. With the
increase of pH in water, the copper ion concentration was linearly decreased and not affected
by the conductivity of the water. The concentration of chlorophyll-a was sharply decreased with
the increase of copper ion concentration. The algae was effectively removed as the copper ion
concentration was above 0.2 ppm. There was no difference between the copper ions obtained
by dissolving copper sulfate and those produced by copper electrolysis. The algae removal efficiency
was above 90% after 5 days as the copper ion concentration was above 0.4 ppm.

Keywords : Electrolysis, Copper ion, Algae removal, Chlorophyll-a, lon generator

*E-mail: jbju@hongik.ac.kr

—4] -



42 J. Korean Electrochem. Soc., Vol. 15, No. 1, 2012

.M £

T Astet mA9) AT WF, ABSE P
e B adge] Fke 45l 252 op) A
3 9hg ek ohje} st B $2E WA 09
3 lek A4 Aelgolt wAEKE, B, 57
4¥e vE 5 APl A e o

W A S oh
el RIYAE fllsiel A e
o F AR ] v
ﬂ?]EﬁvulH%Tﬂ<§4r4pH—
A Ea, AT A, AR, He) A g
= o Al s BRS W
Atk ESE BAE YEUOR olgaks FrPeIE
o AH NSk AT S, Hv)
Ao, A% oRE) Sk £ERAE R Seix) By
27} 52| T} glom, splrielgeire Hhre
ZFRUAYOR Aolgsre] Fgo] olPL B
=2 WS FUT 5 ek ol BAYL sidsh]
)5k ’\]@]-Xﬂ(Clz,ClOZ) 2 §]"\1‘5(CuSO ﬁ—u 5
AAG AZA AL, olztel I3 AAYY, FE Se|
o] TPse BARES) 9] 7o) AMg T 91O
u} ofEALgO R ols) Bt vlgo] Wi, ok}
ol thek ARge] sk Al Abgent HAkE
(CusO, el 9ol 23egiol WAE $ei7} 9l
o AME-L 7hA AAskL 9 Agoltk ol
Aol A71S3He WS o8 A SelekE
o =2 VI Goke =, mlE] EAtEol &9
A e Eol Tage] FAdElE tgo] golst
al Xl-%—c‘ﬂol 7¥sst 17M7E A E3 AErd
aygolug Z HAE a7 s aeve
AL ek, E=gF g vl AelsEo] AL wh
A7k Bolsitke S 7L ek
ZRAE A8k WEE AMgste dTEe
A7172sNE A A7) HAP 58) 147]2111:14910) 2 =3z}
ol 7= dAIs] 213 iT‘hv_LE] & g
5ol % °‘° ALY AAIE 218l thee] 72l
w71l ofgh Fejol Aol e AFARIE & v

fg
N
off fo —
=

—1>
ngﬁzﬁ

>

n&

)=y

=%
92
82

;&

oo o g

Water in

Outside cylinder
Stainless steel

Bht oA edrt ZFAAG Al gt %ﬂOIi«I kA
Ihe ddiE 2 deA g el v A=
o] 7, =diAbel a4 23l 4404 sh= d4<l
Q0] o= o) thiel Teks AL 2R
Alzuel] Aoz o] FAo Qlel o f-57
I el 48 doT I ERAEel R
2le A U= ForEe] 25 AelE 713l 9%+
la —61 AlEZe] Bt Adsle] Akl “‘
715 AsAl7lE Ao duA iukth d7)kslE
/\1 T ol sk e YA AR, 7
E&710l % 7}611—r‘3q AT Fe] Wk T o]

7] el FakrelE ekl A4
lﬂ_\:} ok oPE}— e AL 9
FolA AR Slale] Feloled W
A lL ! ol}ﬂ 2 259 A7Es uerlE
AL A =e Telol2e] 5 °ﬂ that fAle] 54,
dade] A, HieE, I7RIRY A7F 99 99
< olalisiarAt sigint. &gt §W%Lﬂlﬁr A71Eshste] &
& FElolol o3 27 e oA Bl AlAEe] wst
= A EggT

:?L; o
oo

filo (
e
o -

% o o of
%

o ot
i
3 ~

B
_u >\'

2. AEYY

2.1, M7 ST

£ Aol AR 7128 wE7lell= Fig. 13} 2]
Yol T2 AFEo] FHE Byl 2uE]Qles &
o2 A e ¥ fASE Adel 4 4=
Ho] glom o] AdE Fal v B2 wR7F AXd
= g5zl Eol7t FElol2e] Ut 45k #
oA Hol Yt} FEjo]e BRIRER = g )
HollM = (cathode) ZEIQ12]2 THSUS 304 Pipe)ys:
AREBI e, o] ZEQlEA FEMAE: 2.5 cm) Y
A& FF(anode)o. e 78] ERAE 2cm, Zo
50cm)yE ARESIATE MAH R o) o] SF-FF
Zbzt WE 2 AA3N e power supplyS A&
AAF A sllA /S 23319 ZHL—]HH o]#1e]
Az Eol FEE W FFAE Fol T %=

skl

_\ Cathode Water out

Inside cylinder ~ -
Copper
Anode

Fig. 1. Schematic view of an annular flow copper ion generator.



713815, A 159, A 135, 2012 43

22. &F 4H

22.1. 7R SAEY

AFAEE AAT ArE B8 FEE ARSI
10 L/mine] fo2 wkg7] ] 7] AEE ¢
power supplyS A3l HHFE A7Fsict ¢
AFEE sellA 77, =2 pH 2 A7dex
HSIA 7N FalRkse] ot AdE &5 5
AR THUE AZES 150N 927K 128 7F
2 AQHst FE s=E S FElolR &
T3 o] =A7]7](HI 83200 photometer, Hanna
Instrument Co.)& ©]&-3te] Z73Iglon 7zt WZn}
o oA WY S5t o Earghks ARSI

O
I of

I
ol

BN oft o
[ [o o ae ro

1

;
of
H
i

222, 252 "l

ZRAFe Foliskn 2l Qe ARl 27 9%
= AR SRS, 27 Yl AHE frelzel
§74& 450l =70 BT NS e BYE
40W DNE AESIReH eExr] B SEL 2

w0} ok HESh wjdel] Badt YUEHEE KNO;,
KzI‘IPO4, K}12P04, MgSO47H20, Fez(SO4)3, NaHCO;
ol X3 HEFHAE ] Tzl A4 FUstod
30°C BlolA] 27 F4L S PR 2R B
FA7A WAzl Bae F Aol AT, YAt
& ZF+E HomogenizerZ WA &3 5 2o
ALgEIIT. B34S slE £F+ Chlorophyll-aZ 3
FKL Qor] o] FFe 27 AxTFe) 1-2% 4

=4t

¢}

e ZEHE A2 3 A2 DEHES 90% oHE gl
@7} Homogenizer= PIAISHAl 7+ & 12417F o o7
oA W BAsle] JEAE FEWAT FEH 9o
s SIS FHal EHEEAS ARSI 750, 663, 645,
630 nmoll A SFE=E Z4ste] ol A4 uhE}
Chlorophyll-a9] %5 =73} t}.19

2.2.3. Chlorophyll-a®] 234y
Chlorophyll-a®] 42 WA AG7Fe AIEE FE

(T

Chlorophyll-a(mg/m®) Y =
11.64 x 1 =2.16 x2+0.10x 3 ©17]A4 X1=0D(663) —
0D(750), X2=0D(645)—0D(750) ¥ X3 =0D(630)—
0OD(750).

S 1€ HIAE71 §7)
U A7 E S8l ke
ol FEE Ad &S vhEo] Yol FUrh 42

S 532 AEE AJF31e] Chlorophyll-a2]
FE Al ZRAA Z&S SHsATH

b
s
>
T
o
a2
it
i
2
o >

3.1 MRYUE o ME FE0|2 sz HEt

A7EsA] AFLEe] Z717F A= Felol
Fool MiXe IS nFSAT B AHe 9
SEREHE UETE MSHES] witel] Al2g B4
& AlZko] Z3gtel wEt Fig. 2¢9F o] FElol &
Al7de] Al weh F e AUA 2e
S 13 Lmin (19 mY/day)e & TAsI AF
0.084, 0.168, 0318, 0477 E 0.637 mA/cm® =
A 7t AREEA AAEE FElole TEE =
stk AF "Wert S71sA ofof Blgsle] 2] 43
W& wrE S7kEe] e ol F=rb SURM B
E %tk dE B9 AFEEI 0.64 mAem® (F
A7} AF Fo2E 02 A Wl wiE FElolsxrt
035ppm =7t BE & 5 o o] Y AHE 5
AgA] Y3k B FEolee] v&=E
7K = MAREEe] A7) wepx] 24T F 9l

o |
4
I o

e
)
1 X2 K
i - 7

o
5

o >

3o 2)( <
ke AN Asiel A% A7 %e e} AR

e} ¥k A3} Fig 30 yehd ok

=
=
£
2
H
>
)
o,
N,
oL
=2
R=)
AL
)
u
[0
ﬂ?

050 T T T T
" 2,
Current Density(mAlcm?)
045 - _w o637 q
o 0477
| A 0318 4
040 |- & o3
& 0.064 - i
035 Fiowrate: 13 Limin. — b
g o0 _—
a U 7
S sl / o—*° * ]
L A
g 020 / ° /A/,—A
3 015 | | / -
[&] o N
0.10 | v,//V v 4
/v/ J
0.05 | v/V 4
¢
0.00 k/”/*lnz’ I I
0 2 4 6 8 10
Time(min)

Fig. 2. The changes of copper ion -concentrations
discharged from mixed tank in process of reaction time.
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Table 1. The changes of voltage, power consumed and
copper ion concentrations with various conductivities of
water(flow rate: 13 L/min, current: 0.2 A, pH: 7.5)

Conductivity Voltage Power consumed Copper ion

(uS/em) V) (Watts) Concentration (ppm)
130 6.6 1.32 0.38
176 5.5 1.10 0.36
225 4.4 0.88 0.33
300 3.4 0.68 0.35
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Fig. 6. The removal of algae with various copper ion
concentrations prepared by copper sulfate.(Initial Chl-a
Concentration: 45.42 mg/m®)
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Table 2. Algae removal efficiency with various copper ion
concentrations prepared by copper sulfate

Copper ion concentration(ppm) 0.05 0.1 02 04 0.8

Algae removal efficiency(%) 47.6659.2779.8391.6698.68

Table 3. Comparison of algae removal efficiency with the
preparation methods of the copper ion

Preparation method Copper ion concentration(ppm)

0.2 0.4 0.6
Copper sulfate 79.83%  91.66%  98.68%
Copper electrolysis 75.94%  91.99%  99.56%
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