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Treatment of Heavy Metal Wastewater by a Fluidized

Bed Electrode Reactor
1. Distribution of Local Mass Transfer Coefficients on the Current Feeder

Young-Gi Hwang and Eun-Hyuk Joung
Dept. of Chem. Eng., Kyungnam University, Masan 631-701, Korea
(Manuscript received 15 December 1996)

Varing the flow velocity of solution and particle diameter, the mass transfer coefficient
of the local electrode on current feeder has been measured in an empty flow reactor, an
inert fluidized bed electrode reactor, and an active fluidized bed electrode reactor. It had
its maximium value when the bed porosity was 0.6 to 0.65 and decreased with in-
creasing the height of local electrode. The mass transfer coefficient was found to be high
especially when bigger particle was fluidized. Electrochemical deposition of copper dis-
solved in the synthesized wastewater has been performed in the active fluidized bed elec-
trode reactor. The deduction rate was higher than 90% and the residual concentration of
copper decreased to less than 5ppm.

Key words : Fluidized Bed Electrode, Mass Transfer Coefficient, Wastewater Treatment,
Electrochemical Deposition, Active Particles
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Fig. 1. Schematic representation of the ex-
perimental apparatus.

: Luggin capillary
: temperature controller

1 : solution reservoir
2 : rotameter

3 : reactor

4 . SCE

5

6

Hol| odgg v @EF ok =¥ WS
7= 92 299 + UEE AHHA=
Fope IR ke FTAR o] &3t
= A9 sfolol= FA7 bmm<l sintered
glass vyon 7% & WA T A 2zhg A
o2 Oringe2 UAAA Fohe FAsHL
S0 MerdE JREe A A
BAle w1sly] $s) pore sizeZ} 300ume] sl
57} 3wl ThETe dxsdch FFL 5.

2enx15cme] FAo2A, BAAGASTE &
A = FFres AAFHE FAE7] H
& pelgez, Mes AL de A5H
Ql AAure-g sy ¢l WIFHew A7
AAbsleinl. &2 £% 99%<l rElIg A}
23}e] 4.8emx10cnd] FALZ A2tk F A
7 0.53cn2] 7L 1270 Fde}. o] o] 27A
o] 0.5cnel ZEAF 12702 ¥ 0.3m F7



o] ZRAFA] O-ring 2 | HAAH 5%
7 HAFA o 4z Mol ddy
Aol AZA=A stgdcth FFAFLS #-olf 2
8NE 1em7}A o2 2-$2 5/1% 0.5em7t
o2 Axsladnt. 2 ARHIT) AP T
3l7] 23} 40V/5A £-2k2] potentiostats A}
Setden AFFAE Hal 10 S22
shunt #8-& A3z F70e d=spdx A
FAUE FA57] H8) ub3r]el Lugin 24
& A3t Lugin E'Jﬂh‘«l & tipe
AFFH UHAFH o ofE I tipe T
ﬂ%ivyd (SCE)oﬂ AR A stgdcy. A=
B 2 XY 7] EA RaFAdez
vhebrtA ‘}%ii’_v% raFAdezye AR
F5 oo BAAGASTE AFEEA
Fe THEFFA
o] FETE 71%‘}04 of 2w A =2 A
g skt AAl FAANA T FHd
FrEFEE QF 500ppm o2 FALE gl ou] A
Axis pH 1-28 ZA s Aok wheba] & A
dAde FAs Adez FelFwst
1000ppme] =& AMzstsion g A
7}sted =49 pH7} 0.57F HxE 3o}
40dme] gpel ARzl 30dme] §Ad s
g F43 ¥ 0.5hpe YAFz=2 whgrlE
FHetd o whgrlE §34 14 Alee
tygon tubed wiel AAZZ A=A s
. 2 o= %—{Poﬂ e} 1E1 ¢} ball
5] =N

FRAZ g BFFAE SAs] THE

AAGAGE] BXE X

Ao g RAsty ApE A& 2 }

i R B R et ﬂﬂrﬂl w2 Feldee] A

g &s 2AFAY. dF AEyE 6A4E 7

T3} %?ﬁ%}‘;iM% W 10-30% Ao =
tl')_n_

[m

10owe] WES Aste] TP L Frnis
S AAFREIAR SR 2 ATl
= resluel YRS FAsA we Al
A WA g e FAsaL ol AR &
JUAE FUR A A4 FYAE
g Aol EAHoR AYe s
th. g2ll A= 1090ume} 2570m = AF-45}9]

243049 Aol B A7

_ /
Bz

200 [ 200 400 600 800 1000

current I [-mA]
o —
o (=]
———

electrode potential ¢ [-mV]

-
<
-

current I [-maA]
o :
(=]

210 { q L L . - -

-200 0 200 400 600 800 1000

electrode potential ¢ [-mV]

B

2.0 -
<
£
Mok
‘'
2 0.0
o
-
5 4
a_lo 1 1 1 | —

-200 O 200 400 600 800 1000

electrode potential ¢ [-mV]
C

150
7 | ’
Ty
—
- |
=] 0f
@
S
S
= { (A/|
© 75 — It o i I

-200 0 200 400 600 800 1000

electrode potential ¢ [-mV]

D
Fig. 2. Typical voltamograms obtained on

a local electrode.

A:at static solution

B:in the empty reator

C:in the inert fluidized bed reactor

D:in the active fluidized bed
reactor
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Fig. 3. Voltamograms obtained on the lo-
cal electrodes.

A : along the axial flow (@D;1.5cm,
2:4.5cn, (3);8.5cm apart from
bottom)

B : across the width (at d,=388um,
U,=2.5cm/s)

7] -

o
rlo

&

ow Fejslate 388met 548mEs AHE-3h9l

_ﬁoﬁé o mju l

Sl ‘:H—‘?ﬂ't
9+ SCEE 7]1—6]-0% 200-600mV H 2
& 4 olaleh o) AFAAE T L
%%lz o] FHdj7} El‘“ < Er’—/ﬂ &9 7k
2 B A
Walkerﬁ} Wragg(1980) =28} 1 Carbin3}

Gabe(1974)%-% ©] Qo FAARAFE =4
@ vl glod FANEE ARAARS A
HA-eHz o)zt ¥ wstgich Fig 29 FA
< 4% wlwstd A% Bl ¥IFFAANHNE A
A AFL w7RFo) mA| Y A

ez FyHdod, A4S FUT F53
Me 24 AT AFe) e BY
@ 4 qoh B3 FelA #5304 1 4=

b A dehgid, ole@ WA WL
YA Aol EHAACE FE5Y] G Eol

o o] Bzl FZEd o3l A3} BF
A3tA HeEr] WEoez g =3k Fig.
264 A2] AT 7HY S DY A
AFA 7L 713 EA depddoh olEd A=
Bl 224 e AS39e AAISe] autEZA
TAZ FAt3o| FAYA L, Wbl &
ot} o] dojju g &
g ol 71 AR A=

il Fig. 3¢ =
=AA FEZNA 9-of
3

ES=54e]

-2 AEd



FES ATUEINE o147 TSR] Ao B 7

3.0E-1

]

C® 009
o0
1.5E~1
N 1
CO,*0

n
~
£
L
x o .

0

+

1 Y ? L j
0.0E+0,4 2 4 8 8 10

superficial velocity Us [em/s]

6.0E~3 -

3.0E~3 1

K [em/s]

%8s

A® 50 00
AD e *°

1 L 1 i J
0.0E+0, 2 4 6 8 1o

superficial velocity Us [cm/s]

Effcet of the fluid flowrate on the

mass transfer coefficient.

A : in the empty (D;higher elec-
trode, 2):lower electrode)

B : in the inert fluidized bed
reactor (D;d,=1090um, @:d,
=2570um)

C : in the active fluidized bed
reactor (;d,=388m, 2);d,=
548um)

Y¥slol AAD WFol ke g Hw 4
Folol AW Qo) e g He 57

#AY % glvh wRle] Bel Uehd upe)

.0

Fig. 4.

dg
i3
Jo
fru
wk
R
i
2
u
u

o

!

Lo =]
TEIAE A, A3k A

7b F8] 2ot A2 99} tzA
A& ok 4 gl

o

45

A

w3 ojt

Jo 3 @@ AL o ok o
o 0 .
A,
4u
i ol
o

32 F¥EAALAS ¥
Fig. 29} Fig. 39 %32l vehd upe}
FAAFA, L& Aol Helshd 24

3.0E-1 -
— C
< 0
£ 1se-1 b
. |
N o

o 0
0.0E+0 R S S
0 2 4 6 8 10

B
5.0E-3
r ja]
0
? [u]
~ a o
E 25E-3 o o8
< A
o
x
© o o [e} o] o [e}
0.0E+0 L L . . —
V] 2 4 6 8 10

height of local electrode y [cm)]

Fig. 5. Distributions of mass transfer coef-
ficient along the axial flow.
A : in the empty reactor at U,=3.
lem/s
B : in the inert fluidized bed reac-
tor at d,=1090um, U,=5.6¢n/s
C : in the active fluidized bed
reactor at d,=548m, U,=6.

lem/s
K':I; (1)
nFA,C,

Fig 4% 52 §22 U842 o 227
DAL ofug BAL ARE e 2w
o) A)olc}. Fig. 4] Az Fig. 29 Astsl 5
AshAl ekt qlat2 Felaix e e

EAG AZE VY 2 BAHDASLE )

%
= AEARAE e g ot A B
T AR YAE A 799 BE £703
< 7 A4S dediddd. geiy s
AFE A=lstrlel 7bg Ade whgr)e As
AU FEFEE AFHE )0t B3| A
°f 2 IAE AT A7 b fele gl
2 sl 28l Fig 423 239
el

X
>
2
a
N
fr
Jo
Ay
2
ot
fo
ol
o
L
S
ofo
N
ot



3 3 7
3.0E-1 -
<
E 1581 ¢ ¢
=
< 0 0 4 ° 0
0.0E+0 L L -+ ! )
0 1 2 3 4 5
width of local electrode z [em]
5.0E-3 B
a
n
>
& 2.5E-3
- A
< o o} o o} o
0.0E+0 L L - . .
0 1 2 3 4 5

width of local electrode z [cm]

Fig. 6. Distributions of mass transfer coef-
ficient across the width of elec-
trode.

A : in the empty reactor at U.=3.

Tem/s, y=6.5¢m

B : in the inert fluidized bed
reactor at d,=1090um, U,=7.
2cn/s, y=2.5¢cn

C : in the active fluidized bed
reactor at d,=388umn, U,=4.
2cem/s, y=3.5cm
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