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ABSTRACT

Copper-coated macroreticular resin was investigated as a possible replacement for heavy
metal particles normally used as fluidized bed electrode. In view of the energy consumption
for fluidization, the use of lighter particles may result in substantial saving of the energy
for pumping. A voltage just below that of hydrogen evolution in the stationary bed was
selected as the reference voltage and the corresponding currents in the fluidized bed were
obtained to correlate them as functions of the bed porosity, particle diameter and concentr-
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ation of copper solution. With thess correlations for copper-coated resin and copper particles,
pressure drop data were incorporated into the cost function which compares the performances
of the two systems. Using a model process that reduces copper concentration to a certain

preassigned value, two particle systems were examined. As a result, it has been found that

the ratio of capital cost coefficient to that of pumping cost is an important parameter in
determining the advantages between the two systems. In other words, the lower the ratio
becomes, the more effective the copper-coated resin system.
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1. reactor

2. reservoir tank

3. stirrer

4. temperature regulator
5. pump

6. rotameter

7. mercury manometer
(a) power supply

(b) am~—zter

(¢) voltmeter

(d) saturated calomel electrode
(e) salt bridge

(f) Luggin capillary

(g) anode

(h) cathode

Fig. 1. Schematic Flow Diagram and Electrical Circuit
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Table 1. Electrolyte Property

electrolyte 1 M H2SOq 1M H,SO, 1M H:SO,
Cu 1590 ppm Cu 1000 ppm Cu 500 ppm

density (g/cc) 1. 064 1. 062 1. 059

viscosity (cp) 1.123 1.117 1. 001
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Table 2. Bed porosity

! d, 0.85mm dyp 0.65 mm d, 0.43 mm | experimental porosity

fluid fluid ‘ fluid |

velocity velocity | velocity \

(cm/sec) (cm/sec) (cm/sec) ‘l
3.1 1 2.2 1.6 | 0.48
3.7 ‘ 2.7 2.0 : 0.55
copper 4.9 3.8 3.0 0.61
particle _ 6.3 4.8 5.4 0.65
7.2 5.6 4.2 0.68
0.40 0.30 0.17 ! 0.49
copper- 0.54 0.39 0.27 ‘ 0.55
coated 0.83 0.56 0.35 0.61
resin 1.14 0.71 0.45 0.65

1.44 0.85 0.56 0.68°~
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B=0.04, G=1.0; = 0. 85 mm Copper
Particle, —— 0.85mm Copper-Coated
Resin.

HWAHAK KONGHAK Vol. 20, No. 2, April 1982



158 %3e - 4z -

&= a0 vz (10)

ol FAel uld AAM¥EL (3), (@), (9),
A4l Sste] Al4bd + d=h F59 =2
7 oabe A% Ge 1o bk AA gL
B=0.04, G=1¢ A% Fig. 63 2t} =
FHulAl ol g AL A5 6] AL A
+(D<0.2- 3L Ve sany ez
copper-coated resin o] u}#A 3 A 32 el
ek, 538 D3rol 0.054 A% e 4L
35% ol A& AzAZ 4 glen, Fe] A4
= s vl go] Az 2 olfE s}
o2 2455 FdFae f59 Foz 2
dsleiA e S0l AUSE 5 kol 47
% v 2ae] Augtel AXy] Wl
SR Dzm 2 3+(D>0. z-mz/if?&)
< AA LT 29 v ge] AXA =z
F2] Y= system & 236 §34 resin 47 sys-
tem & A ] u]-&o| otz F A4, F break-
even point 7} ZEx| 59 olw R} & EsiA
A+ copper-coated resin o] fe| s} e &
) 3o Al & copper particle o] -] 5}kc}.  (6)4]

0.7
= copper-coated resin
g e
Soer L
o ('—","—’
5 /”/ '/r
I’ / /
! “, >
/ / e
! e /s
gl ! . / ¢opper
’ : / /parhcle
0 0.2 0.4
D

Fig. 7. Lines of Performance Boundary between
Two Kinds of Particles: dp = 0.85 mm;
G=1.0, —— B=0.06, —~-— B=
0.04, - B=0.02

5135 H20H ® 25 19821 43

ARAE .

3

F Ag BE b 59 F46 sk 2t
A Ed Bztzk D zke] wWsbe] w2 break-even
point E24 o] Foix AAM-E Fig. 74
ebfle] ¥ gket. 73AIA¢] s1sd-& copper-coated
resin®] Ahgo] 4% 94 L 2BAL Tl
a4e) AFgo] elg G4 heplx Qle). Fig.
7 o] 4] Bzko] AR 42 copper-coated resin 2]
ARgol #EIRE Foe]l A 49 S8

A B3kl Skl wel =24 Foketw 21%»%:_—&
o FErt z8mz ukg 7H IEFTHE w59
Zhaakeb el FAsEE b8 B4 x B
A deg s 21%- oraﬂd

£ *—A‘*Eﬂ_oﬂﬂ 649 A4 = 0. 04,
G=0.80]9c}. TeYAE °‘-°4-°4 3344

4235147 = b %_&f& f+4-& copper-coated
resin & Zbg S A A FF5IFA 7= vl g
3 459 6~10w 7} H2r $<43 oFd et
—4 Fo2 BAHE Az Hxule Tt
9] 747} copper-coated resing] 7 -$wr} o
30 o] &xdvan ¥ 4 g B 49
ZANAE AN ZF HkelsE 2A Fo] Fl
5= 7ot AAle& T AEn] L Lol A

el el break-even point 7} EA|FL & 4
0.7
> copper - coated
= resin
O -
§ 061 e
B /: - - ~1
om /// /
/, Y4
.,y —
e
¢+, topper
ok //, / particle
A S :
J 01 0.2 03
D

Fig. 8. Lines of Performance Boundary between
Two Kinds of Particles: B=0.04, G =
0.8, —— dp=0.8mm, —-— dp=
0.65mm, - dp = 0.43 mm



T EF A4S AT 55 AT bSAY 28 159
g o] AslE Fig. 83 2l == 7} f Bed expansion
7134_‘?‘-1 copper-coated resin ] A}g-o] i3} G An empirical parameter in equation(8)
L yoAdsE RT3 gy, ooolfe 9 % Bed height(cm)
2}7} 7124 FE $E53E5E5) SRR 94 I Current(Amp)

7 ko) Zhagte] AR 7] AEoz 4 e
Dabros'?¢] B wd] ¢]5hy kA=
JR=nc!

> D752 0.046 019, 553 o o]
AE Dz vl Ao AgsH=g {53
Q=18 e 3l=l2 el copper-coated resin &

2 Ao EA Hkud AR A% EE
48 AT + dvbm Sl

N.Z2 &

fr5aslAte AHgE s FAL TEYAE A
& copper-coated resin © = o2 &0 =4 #
kelzh Az 4 gled, & AdaAdA

< Age thes 2

(1) FEFA T2 Wl A FAAF7F v+
YRl gekod, AFF-E-L copper-system 3}
copper-coated resin system |4 A= 2k,
£ FAYF AL &
+3) =tz Aoz HkeF oF ““i S
4+ dovt ATl E 85%E Lo JL

(3) A7 HkulAl o] of 3 A2
F 8] §A4 44 )k 2442 copper-coated
resin & T2k g4l FEIAAARE AT
24 dRE T ESHE AA

(2) copper-coated resin &

Nomenclature

Cross sectional area of the reactor(cm?)
An empirical parameter in equation(6)

Ion concentration(g/1)

OIS

A parameter defined in equation(8)

[_&Eii‘?c" ]

D, Annulus diameter(cm)
d, Particle diameter(cm)
E A parameter defined in equation(8XJ/cm?)

{ Current density on the basis of cross-
sectional area(Amp/cm?)

K A parameter defined in equation(8)($/
cm?)

M Molecular weight(g/mol)

t time(sec)

U Superficial fluid velocity (cm/sec)

U: Free falling velocity of a particle(cm/sec)

V' Reactor volume(1)

W. Particle weight after operation(g)

W, Particle weight before operation(g)

z; Valence of the ion

Re Reynolds number based on superficial
fluid velocity

Re; Reynolds number based on free falling
velocity

™

Bed porosity

Current efficiency

Electrode potential(V)

Density of the fluid(g/cin®)

os Density of the solid particle(g/cm3)

T 9.3
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