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In this study, the enhancement effect of ultrasound in leaching of a heavy metal from spent

catalyst for accurate analysis of solid wastes
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and reduced the leaching time was investigated.

Thien AF NG fFenee coumae
ultrasound for the leaching of Ni from spent

catalyst were confirmed and the leaching efficiency were increased by ultrasound introduced

cavitation. The leaching time for getting the

leaching efficiency above 99.5%6 were decreased

by ultrasound leaching system, but when it was without ultrasound leaching system, leaching
time was long for getting the leaching efficiency above 99.5%. Therefore, when we leached
heavy metal from solid waste, in the case of being without ultrasound leaching system, it
showed that leaching time was very long, and complete leaching was impossible. But in the
leaching reactor by using ultrasound, we hoped that could minimize analysis error as complete
leaching was possible because the leaching time was decreased.
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Fig. 1. Idealized representation of the cavity growth and collapse during cavitation.
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Fig. 2a. Simplified representation of cavitation in
homogeneous liquid media.

2h. Simplified representation of cavitation
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when a solid is in the liquid media.

FEH} Lolus HY F BTl HAHE o
FFol ¥ FSolE Aol & WIS o)
2 35l B3 2 AYe vjde] Zwste A
AA A& ASlE £3/7 A8 W $59L
F92 HEs) dEl TF FAY L= AE
A Bk

£58 8 S04 3B Lo BAL

nano second B 59 #FH2 At dojutr=E 7|4
Aefe) Bo] &2 w(cavity’l FHE W) F9
o] Byl 9AZ HEFo| HA Feviil 7S
GdAZ B o] AXE Y, TF FH
&t EE 3 = €3ln 4= 1,500

e
AL
Sl

atmell @@k stgeh®®
o]} Fro] FPAHOE L 2T = F&E F99
o] SR AUxE AF st &—8— 1 & <
AUEE dFm, € g AT jet-71F(et-
m)e Alell elzlel ulAl E3(micro-mixing)
y—1 =7 I [RAL/IE wulh SRV 8 0 A0 NN 881D, SIS0y

=3t fakel ujz o mA|EFo] EAd A
$- vt dajo 93] A EHAA & WIFo
29 ¢tgo] FE3A Ho] nAFHS F-HH o
P SHEHo] ERHoE WA A sFH, 1
A FAEF AAS wHEE] A EHHA FE



ol
al
4
2h
2
fllo
=)
¢
ki
off
=
N
ta
o
P
o
K
i
[Lq)‘l
Am
oX

o] dojg F UEE HFI] Yo HEELE
w2 s ok’

olg} Ze 4L ZE
o & ZA ] JHefFE
a7z & 4
£ oo %

k=
= = 0.0 4ol

71 sistel RAFFANM F2 Ashbgol olgd
F A718e A Ni-&9 F9 Nig 1& A2 o
Fg gotry] st xg
g 7oA 24 B9 2398 VI 499 F
FEE VW HEYOEN AW g5t L
AL B4 048 Arsetn AF NS vF
AN F e e AT B
2. A9y
21 NEs
2 A7) AMgd HEuE D-FATAAM F
£H7MEEel o] gHa HrIHE FdE 29

¥ Ao AgE W87l Fig 39 2ol we
7] %ol WE4I 28 KHzY) ABAE 2
PVCAl W8718 AH83t93, Werlt
F 2= 448 A% 7Hd Ay
wdz)h Ao} glon M
& oxtE AxHE7] Astel BRYLY)
stk

A=)
o
. tlo ng

R

et o

e g
w =
U

o]r)
X,
Lo
ot
S
o

213

——
3 l — 6
ool -
gs
2 <t 10
i =X 1
- —] ®oe =
1. Pyrometer 6. Quartz heater

2. Temp. Controller 7. Sampling port

3. Thermocouple 8. Sus 316 - L plate

4, Mechanical stirrer 9. Ultrasound transducer
5. Reflux condenser 10. Ultrasound generator

Fig. 3. Schematic diagram of the ultrasonic reactor.
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Table 1. Composition of spent catalyst.
Components Water Ni Qil Fat Ash
Comp.(%6) 3.87 105 32 575
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Fig. 4. Variations of leaching efficiency with time,
and comparisons with the conc. of HaSOq
(70°C).
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Nni . Mass transfer rate

K  : Overall mass transfer coefficient

Cs : Ni conc. at the solid surface
Cs : Ni conc. in the bulk solution

% - Mutual diffusion coefficient of Nickel
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Fig. 5. Varations of leaching efficiency with
time, and comparison with the conc. of
HaSO4(80C).
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Fig. 6. Variations of leaching efficiency with
time, and comparisons with the conc.
of HaS04(907C).
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Fig. 7. Varations of leaching efficiency with
time, and comparisons with the leaching
temperature(1 N-HzSOq).
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® : association factor of solvent
M. : molecular weight of solvent
gL . viscosity of solvent

Va ! molar volume of solute

T : temperature(K)



216 +&

dE8 WHsle dAT JE AAAE A7)
A agre] wet Fristtrl dAS JE g =2
3t o o) HFo] HA v Aoz YEd A
< & &d0] HlA 7Fo EAHoR HEFEFHA
Fong 1A THI A 7]Fd EAs= NiY
dEo] ¢d=a YW o ol HFo| oA
%7] w&eltt.

gy 2898 g ool HE 2V A
& FE7 wE 29 oplgt 8% HE ALY
of o]29W X FFo] dojdrt o|ef Fo] 2
3t 9t HFEEo] FUle AL &9
FF 3] oty YAHE jet-7]1FHo o3l &
£Ho] mA 7]F7HA] AFEE ¥ ople} nA &
ol st EZdAGe] F dojutr] wiEolgtn
E 4 g

HAE 8q9 FE7F 2 3 NY "ol ¥H§-A)7H
of ME JE &9 Hie & B9Y FEIFIN
d de} FARE AgE veWoy IE £EE
geiale Ao R Vel 259E Ve AS %
&g 7H3HA] & Ao HlEty A&&0] |

80 o
3
g 60
8
&
w
(=4
o
£ 404 @)
8 / —@— 70 °C without ultrasound
— ’ —=— 80 °C without uitrasound
—&-- 90 °C without ultrasound
20 - —w—- 70 °C with ultrasound

-4+ 80 °C with ultrasound
—@- 90 °C with ultrasound

0 T T T T T T
0 20 40 60 80 100 120

Time(min)

Fig. 8. Variations of leaching efficiency with tine,
and comparisons with leaching tenperature(2
N-H2S0s).
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Fig. 9. Vanations of leaching efficiency with

time and comnariceons with leaching
HITe, anda comparisons wiin eacnng

temperature(3 N-HaSOq).
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Table 2. Time required for leaching eficiency

above 99.5%.
Temp.
Congc. 70°C 80T N07C
of HzSO4
N With Ultra. <150 min <120 min < 90 min
Without Ultra. >180 min >180 min >180 min
With Ultra <120 min < 90 min < 60 min
2N

Without Ultra. >180 min >180 min >180 min
With Ultra. <9 min <60 min < 30 min
Without Ultra. >180min >180 min >150 min
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