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Abstract—Bioleaching of spent catalyst
thermophilic chemolithotrophic acidophiles in gréwtmedium
without Fe source was investigated with two différpulp densities
and three different size fractions. All the expeamts were conducted
on shake flasks at a temperature of 65 °C. Thehleg yield of Ni
and Al was found to be promising with very highdeig yield of
92-96% followed by Al as 41-76%, which means bothaNd Al
leaching were favored by the moderate thermophbimeaching
compared to the mesophilic bioleaching. The acidsomption was
comparatively higher for the 10% pulp density ekpents.
Comparatively minimal difference in the leachinglgliwith different
size fractions and different pulp densities showreguirement of
grinding and using low pulp density less than 10%his process
would rather be economical as well as eco-friequlbcess for future
optimization of the recovery of metal values fropest catalyst.

Keywor ds—Bioleaching,
thermophilic

spent catalyst,

|. INTRODUCTION

Al, Mo, V, Co etc, which are in the form of metahetal

using moderatdxides and metal sulfides [1]. With the extensiee wf the

solid catalyst during the processing of crudetbik catalyst's
lose their potential for its further use resulting a waste
product referred as spent catalyst [2]. Landfilltbé spent
catalyst is not an Environment friendly/Eco-friepgirocess,
due to the presence of lot of metal values in pgentcatalyst,
which could be leached out creating harmful effectghe life
process existing on the earth crust. Thereforer poidandfill

its worthy to recover the metal values presenthi@ $pent
catalyst, for which extensive research works hanlmarried
out to find out a suitable method to extract theahealues.
Pyro-metallurgical ~ together  with  hydrometallurgical
techniques has been well applied and investigategast to
recover metal values from the spent -catalyst. Pyro-

leaching yield,metallurgical processes based on high temperat1@0Q °C)

stands to be an energy intensive process rele&€kgas into
the atmosphere [2]. However, the hydrometallurgical
processes based on the principle of acid or alkaching

HE growing demand for metals around the globe havesulting with highly acidic or alkaline solutioas by product

aligned the current research on metal extractiostiyion
secondary metal resources together with newer tdobies
promoting primary metal resources. The huge tonnafje
industrial wastes generated having high metal walbave
prompted the industries to look forward for recyglioptions,
where primary mineral resources are limited or esbed. All
the recycling methodologies have to be eco-frieradlyvell as
cost-effective to be scaled up for a full scalerapen for
recovery of metal values. Among all the secondastam
resources, spent hydro-processing catalysts geefiam oil
refineries is well known to be rich in metal valdg® Al, V,
Mo, Co, Ni and Fe. In an oil refinery the solid algsts are
used to treat the crude oil to achieve higher ddsiiuel
products. These solid catalysts contain the mstatt as Ni,
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would incurs a cost for its neutralization befotrg disposal
into the environment together with limited succiesthe metal
recovery due to its selectivity in leaching of thesired metals
[3]. Various alternative methods have also beerstigated
using biological treatment of spent petroleum gatalamong
which both autotrophic and heterotrophic microoigars
have been used to recover metal values from them.
Considering the heterotrophic microorganisms likew f
bacteria and fungus for metal recovery from spatdlgst also
has its own limitations due to the cost involvedhie growth
medium, where sugar source such as sucrose inbars t
biggest cost. Apart from the cost of the growth med
another big cost would be the sterilization of ¢pent catalyst
together with the growth medium, which is energgmsive as
well as less feasible to scale up the process. Mewthe
process cost using heterotrophic microorganismddvoot be
economical considering the extent of metal valleovered.
Another major problem would be encountered if the
sterilization could be avoided i.e., the rapid gttowf aerial
microorganisms inhabiting the operational regiosuting in
the inhibition of the growth process and functigniaf the
desired microorganisms. Use of the autotrophic
microorganisms like chemolithotrophic acidophilesnda
Archaeal species growing at low pH ranging from4.@ has
the advantage over the heterotrophs as no stéiolizas
required due to the low pH, where other aerial ioétephs
will be unable to grow without any hindrance to the
bioleaching process [4-9]. Use of mesophilic achiles

29



International Journal of Earth, Energy and Environmental Sciences

ISSN:
Vol:6,

comprising of iron oxidizers and sulfur oxidizerashbeen
observed to show their inability to leach optimumaant of
Al, Mo and V, therefore attempts have been madehis
present study to conduct bioleaching of spent gsitalith
different size fraction at 5% and 10% pulp desitsing
moderate thermophilic acidophiles comprising ofnirand
sulfur oxidizers. The leaching yield of Al, Ni, \hd Mo from
the spent catalyst was determined together witheghienation
of the amount of acid required during bioleachialipfved by
the study of microbial population dynamics.

Il. MATERIALS AND METHODS

A. Spent petroleum catalyst

The spent catalyst used for all bioleaching expenit® was
received in bulk from a petroleum refinery locaiedSouth
Korea. An initial pretreatment of the spent catalygas
conducted by acetone-washing in a Soxhlet appatatyget
rid of all organic impurities sticking to the suréa This
pretreatment was carried out for 20-25 days pechbao
ensure maximum removal of the organic depositsherspent
catalyst. After the completion of the washing o€ thpent
catalyst, they were filtered and dried in a hotasien at 50°C
until no change in the weight was observed. Theeeathe
dried spent catalyst was ground using mortar anstlee
followed by sieving into three different size friacts viz. 45-
106 pm, 106-212 um and >212 pm respectively. Tieenital
composition of the spent catalyst for three diff¢resize
fractions were determined using Induced couple rRdas
spectroscopy (ICP-MS) (Table 1) and the mineralabgic
analysis was carried out via Powder X-Ray Diffrawti
analysis (P-XRD) (Table I1).

TABLE |
CHEMICAL COMPOSITION OF SPENT CATALYST$%)

Size fraction

S Fe Mo \% Ni Al
(um)
45-106 4.39 1.78 2.15 9.74 3.02
106-212 4.79 0.87 2.16 10.4 2.85
>212 5.30 0.64 1.93 13.5 3.03
TABLE Il
MINERALOGY OF SPENT CATALYSTS
Mineral Chemical formulae

Iron Nickel sulfide FeysNig eS¢
Iron Molybdenum sulfide FeM&,
Vanadium sulfide V.S
Molybdite MoO;
Molybdenum (IV) sulfide MeS,
Alumina Al,O3
Vanadium (1V) oxidr V409
Nickel sulfide NizxS,

Iron (111) oxide Fe0s

B. Microorganisms

The microorganisms used for the bioleaching expemnis
were taken from the moderate thermophilic lab celtu
maintained in the laboratory. The moderate therriigplab
culture was mixed culture of iron- and sulfur-oxidg
microorganisms obtained from a microbiology laboratin
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the USA. The growth medium used for the cultivatafrthe
microbial culture was a modified Kelly (MK) medium
comprising of 0.4 g/L (Ng,SO,, 0.04 g/L KHPO, and 0.4
g/L MgSQ,.7H,O [10] and supplemented with 0.2 g/L of
Yeast extract as a carbon source, 9 g/L of ferimrs (F€")
and 2 mM of Sodium thiosulfate (p®0O;). The microbial
culture was grown in 250-ml Erlenmeyer conical Kt a
working volume of 100 ml in a shaking incubator6é °C.
Regular measurements of the redox potential, pHblei
planktonic cell counts and residual’Féron concentrations
were measured until the microbial cultures werédtubwn or
reached stationary growth-phase.

C.Analytical and Instrumentation techniques

The analytical and instrumentation techniques Lgethe
present investigation measured the following patarse
Redox potential, pH, viable planktonic cell couahemical
composition, and mineralogy. A platinum electrodéghwa
Ag/AgCI reference electrode was used for measurésneh
the redox potential, while the pH value was measung an
Orion portable pH meter. The pH meter was calilarate
regularly with a three-point calibration with theamsdard
buffers of pH 1.68, 4.0 and 7.0. The viable micabbi
planktonic cell count was carried out on an imprbve
Neubauer hemocytometer under a phase-contrast soape
(Olympus Model No BX51TF). The chemical compositimin
the feed, residues and leach liquor was carried lout
inductively coupled plasma mass spectroscopy (ICH-Mhe
mineralogical studies of the residues and feed wenelucted
by XRD using a RIGAKU R4-200 diffractometer equippe
with a continuous scanning device using Guridiation at 40
kV and 30 mA and a sample rotation of 30 rpm. Thalysis
of the measured diffraction patterns were carriedio the 2
range of 10° to 90° while the crystalline phasesrew
identified using the joint committee for powder fdittion
standards (JCPDS) file of the instrument.

D.Bioleaching experiments

161 . . . .
17.7 Six different batch bioleaching experiments for #pment
16.6 catalyst using moderate thermophiles on three rdiffe size

fractions (45-106 um, 106-212 pum and >212 um) amal t
different pulp densities (5% and 10%) in a 250-ml
Erlenmeyer flasks on an orbital shaking incubataintained
at a temperature of 60 °C. To ensure homogenousmbf
the bioleaching pulp the rotation speed of the shakcubator
was maintained at 180 rpm. The working volume fibrttee
experiments was 100 ml, which comprised of 90 mithedf
growth medium and 10 ml of the full-grown microbaallture.
The growth medium used in all six experiments waslifled
Kelly (MK) medium without Fe supplement. Two difést
pulp densities of 5% and 10% (w/v) were taken far three
different size fractions of the spent catalyst. Hira of these
experiments was to investigate the bioleachingciefficy
based on the leaching yield of the elements ofréstein a
growth medium without Fe supplement at two differpalp
densities and three different size fractions tarojze the best
leaching condition with respect to cheaper growtbdimm,
best size fraction and best pulp density. All tixebsoleaching
experiments were carried out in a pH controlleddition at
pH value of 1.8 by adding 2MJ80, as per the requirement.
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The bioleaching profile was determined from theored
potential profile obtained from the measurementsiez out
on regular basis. The microbial population studiesducted
by counting the viable planktonic cells regularlysared the
presence of the optimum level of the microorganismghe
bioleaching experiments. All the bioleaching expemts
were carried out until the pH and redox potentiarav
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fractions was carried out based on the resultsirddafrom
the chemical analysis conducted by ICP-MS (Tablenlj the
mineralogical analysis carried out by XRD (Tablé. The
chemical composition of the spent catalyst fronfiedént size
fractions varied with some degrees of variationt, hothing
spectacular or remarkable variation was observeth wie
change in size fraction (Table 1). However the mino

stabilized. The bioleaching pulp was harvested raftgjterences in the chemical composition cannot \eiced as

completion of each experiment and filtered followbg
thorough washing of the filter-cake with a measuetime
of deionized water acidified to pH 1.8 with,$0, to avoid
precipitation of metal ions from the solution. Tamount of
wash water added was measured and taken into d@cfmyun
the calculation of leaching yield based on the hefiquor
analysis. The bioleach residue obtained afterafibn and
thorough washing was hot air oven dried at 50 1CG46 days

it makes bigger influence on the leaching yieldndeeit is
important to not underestimate the chemical anslgdithe
spent catalyst with different size fractions. Thtefesting
phenomenon observed in the mineralogical analgsisat the
mineralogy of the spent catalyst remained unchargespite
of different size fractions (Table II).

B. pH evolution with time and the amount of acid

until no Change in Welght was observed. The Chdmic@Onwmptionduring b|0|each|ng

composition bioleach residue and bioleach
analyzed by ICP-MS as shown in Table Il and IV.

liquorrewe

As all the bioleaching experiments were conducted pH
control condition with a pH value of 1.8, the amboh 2M
H,SO, consumed was plotted with the initial and final psi

TABLE IlI
CHEMICAL COMPOSITION OFBIOLEACH RESIDUES(%) shown in Fig. 1 and finally the cumulative additioh 2M
Size Pulp H,SO, was calculated in terms of concentrated sulfugditl a
E’ani;'on DE(’(SS)'W S Fe. Mo Vv Ni Al required per ton of spent catalyst.
ol ()
45-106 5 337 473 275 146 021 131
10 333 276 276 152 024 107 35 140
106-212 5 302 331 245 153 021 126 e .
10 3.98 1.69 2.76 15.2 0.24 11.6 3.0 I_T-" &y /O,Z‘ 1z0 %
5 47 277 261 185 027 102 00 |
>212 10 507 136 243 179 034 964 il I D.-E---(gr-:,ﬁ-’._o o %0y
2.0 ~ o 30 =
T L;—ﬁ—/_\f&—&———iwe—&—ﬂ—ﬁv&—ﬂ 5
— g
TABLE IV 15 o 6o 2
CHEMICAL COMPOSITION OFBIOLEACH LIQUOR (g/L) 10 . 10 2
A L --[F- Iniial pH T8
Size Pulp 5 . o5 4 —/— Final pH 20 3
fraction Density SO Fe Mo \% Ni Al - ;{ —O— Cumm2M H2ZS04 Y §
(um) (%) 00 0o °
45106 5 2831 005 014 021 110 4.08 e 2 1 6 5 1 12 1 s
10 4650 0.14 0.29 0.59 1.58 6.82 -
106-212 5 2934 005 027 036 120 444 o, days
10 4230 0.08 0.26 0.68 1.33 6.26F. 1 An mole of the pH lution in the bialki iment
5 3257 003 021 035 132 4.99Fi0 example of the pH evolution in the bialkag experime
>212 10 4080 006 022 071 140 6.12 on a size fraction of 45-106 microns and 5% pulpsitg

The leaching yield of the desired elements of egerwas
calculated based on both the elemental compositiothe
bioleach residue and bioleach liquor with respecdhe feed.
However, a very good mass balance was obtained fram
leaching yield calculated with respect to residuel &each
liquor analysis. The percentage of the leachin¢dyobtained
from the feed and residue analysis was calculayefbtmula
given below.

c o [y MO
Leaching yield (%) = [1 M

]x100

Where, M(r) is the metal (Ni, V, Mo, Al) content ime
bioleach residue and M(f) is the metal (Ni, V, Md) content
in the feed.

A. Characterization of the spent catalyst
The characterization of the spent catalyst witlfedént size

RESULTS ANDDISCUSSION

An increase in pH level above 1.8 was observedl iof ghe
experiments during the initial period of the bialkeng due to
the alkaline nature of the spent catalyst and thbé&l-a
consuming metal oxides present in it. The dissotubf the
metal oxides in the spent catalyst is usually ad esnsuming
process, which led to an increase in pH value abb¥e
resulting in a higher consumption of acid during thitial
days of the experiment compared to the later [yt {).

MeO + HSO;» MeSQ + H,0O 1)
The acid insoluble metal sulfides such as pyrite S
molybdenite (Mo9 and tungstenite (W whichever present
in the spent catalyst will oxidized by the®*Féon coming
from the F&" ion rich microbial inoculum (Eq. 2).

MeS + F&'+ H" > Me?* + 0.5H,S, + F&* (n>2) )
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decreasing with the decrease in theé*Fen concentration

The Fé&" ion mediated oxidation of the metal sulfides viavhen the F& ion oxidize the sulfide minerals present in the

reduced the Fé ions to F& ion (Eq. 2) and further this Fe
ion in the bioleaching solution is oxidized to®*F®n (Eq. 3)
by the help of iron oxidizing microorganisms reiegsback

more F&" into the solution until complete oxidation of the

metal sulphides is obtained.

Fe" +0.25Q + H > FE" + 0.5H0 (3)

The acid soluble metal sulfides, such as nickeldss will
follow the polysulfide mechanism (Egs. 2, 3, 4 &hd

0.5H,S,+ Fé" > 0.125% + FE*+ H'
0.125% + 1.5G + H,0 —» SO + 2H"

(4)
©)

However the overall reaction would be as follows
MeS+2F&" +1.5Q+H,0-Me** + 2Fé* + SQ? + 2H"  (6)

However the sulfur oxidation process is well knotwrbe an
acid-producing process compensating the acid reopgnts
during bioleaching. As shown in Fig. 1 as an exagfl the
pH evolution during the bioleaching process in aiethe
experiment, similar profiles were obtained for ahe
experiments and the acid requirements during tbkedching
of the spent catalyst for all the experiments V&% and 10%
pulp density with different size fractions of speatalysts is
described in Table V.

TABLE V
ACID REQUIREMENT PER TON SPENT CATALYST

spent catalyst resulting in formation offF®n.

G 700

3 |

S 650

<(. 1

2 600

E 4

£ 5501

8 1

© 500

g E ={45-106 pum (5%P.D.)
é 450 =/+=45-106 pum (10% P.D.
o

B
o
o

8 10 12 14 16

Time, days

Fig. 2 Comparative Redox potential profile in tikperiments with
5% and 10% P.D. at a size fraction of 45-106 pm

700

650 -

600 -

~+106-212 pum (5% P.D.)
—/~106-212 um (10% P.D.)

Redox potential, mV vs. Ag/AgCI

8

10

12

14 16

Time, days

Fig. 3 Comparative Redox potential profile in tkkperiments with

5% and 10% P.D. at a size fraction of 106-212 um

Size fraction Pulp density Kg Conc,$D, / ton spent catalyst
5% 528
45-106 10% 707
5% 553
106-212 10% 683
5% 655
>212 10% 757

Comparative analysis of the acid requirement shbigber
acid requirement ranging from 683-757 kg/ton spmatalyst
in the experiments with 10% pulp density, while theid
requirement ranges from 528-655 kg/ton spent csitatythe
experiment with 5% pulp density. The reason fombigacid
consumption in the experiment with 10% pulp denstgue
to the high content of oxides with higher pulp dgns

C.Redox potential profile

The redox potential profiles in Fig. 2, 3 and 4tesathe
comparative analysis of the experiments with 5% a&0éo
pulp density for different size fractions. The redwotential
profile states the oxidation-reduction reactionuwdag during
the bioleaching process, where thé'Fee’ is considered to
be the prominent redox couple. The redox poterdtatts

={=>212 um (5% P.D.)
=/=>212 pm (10% P.D.)

Redox potential, mV vs. Ag/AgCI

8 10 12 14

Time, days

6 16

Fig. 4 Comparative Redox potential profile in tikperiments with
5% and 10% P.D. at a size fraction of >212 um

Later this F& ion produced is oxidized by the iron
oxidizing microorganisms to form Feion resulting in an
increase in the redox potential. However, in thespnt
context together with B§F&** redox couple, there exist many
other redox pairs such as V, Mo and Ni rather hgugmaller
influence on the redox potential. Comparativelyhi@igredox
potential value was observed for the experimenh vi0%
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pulp density at a value of 650 mV compared to 626imthe
experiments with 5% pulp density with all size frans.
These redox potential profiles are mostly used ttmlys the
microbial activity showing faster lag phase and oagker
stationary phase, which seems to take longer time
stabilizing the redox couple with slight variatiantil the end
of the experiment.

D.Microbial planktonic cell population dynamics

Microbial viable planktonic cell population dynamic
studies conducted on all the bioleaching experiaiesitake
flasks stated only the viable cells in the solutiemen though
this population may not the real representation tiog
microbial population accelerating the bioleachingogss. The
planktonic viable cells only shows the viable cédilse from
the spent catalysts giving an overall impressiornhef active
cells working in the bioleaching system. Some sisiditate
the fall in microbial population just after the ditwh of the
feed material i.e., spent catalysts into the shélsks
compared to the population present in the inocuwiog to
the shock encountered by the quick fall in the repotential
and a new environment together with new solutioenuistry
in the initial days of all experiments [11]. A slari trend in
the microbial populations was observed with theculom

2517-942X
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The important thing observed in the present studg the
experiments with 10% pulp density were found toend®
times less number of cells compared to the experisneith
5% pulp density toward the final 8-10 days of tlkperiment.
fThe reason for less cell population observed ire a#s10%
pulp density could be due to the high elemental musition
of Ni, Mo, V and Al in all the experiments with &&fent size
fractions as the feed content was higher comparéd4 pulp
density. The other interesting observation mads that the
experiments with the smallest size fraction (45-L08) had a
comparatively lower microbial population comparedtgger
size fractions and was probably due to the thiokrglformed
leading to low gas transfer especially when caroetl in a
shake flask but can be avoided when carried in spérged
bioreactors. The overall microbial population dymesrstudy
shows the sensitivity of the moderate thermophibeslevated
concentrations of the metal ions and the negatiflaénce of
a shake flasks experiment motivating further stsidie be
carried out in bioreactors.

E. Leaching yields

The leaching yields obtained for selected elemenish as
Mo, V, Ni and Al, from the present bioleaching expeents

were calculated based on the feed and residue simaly

populations of 2.5 x Fcells/mL decreasing to almost 3.0-3.5together with feed and leach liquor analysis andy \god

x 10 cells/mL in the initial 1-6 days of the experimgnbut
after the redox potential approached 600 mV or apdke
microbial cells were revived, indicating that somithem
may have been redox sensitive (Figure 5 and 6).

6.0E+10
5.0E+10- W 45-106 um (5%P.D.)
0106-212 pm (5% P.D.)
4.0E+10
@>212 um (5% P.D.)
3.0E+10-

2.0E+10

Number of cells/mL

1.0E+10-

0.0E+00-

1 2 4 7 9 11
Time, days

Fig. 5 Viable planktonic cell population dynamicshioleaching
experiments with 5% P.D. for three different siefions

3.5E+08

B45-106 um (10% P.D.)
0106-212 um (10% P.D
®>212 pm (10% P.D.)

3.0E+08
2.5E+08

2.0E+08
1.5E+08
1.0E+08

Number of Cells/mL

5.0E+07

0.0E+00

o 1 2 3 5 6 7 8 9

Time, days

10 11 12 13 14

Fig. 6 Viable planktonic cell population dynamiecshiioleaching
experiments with 10% P.D. for three different dizetions

mass balance was obtained to ensure the accuradieof

experiments. The leaching yields obtained feed @silue
analysis from all the experiments is plotted in tistogram
shown in Fig. 7, 8 and 9 respectively. The leaclyietd of Ni
is found to be very prominent with a recovery rawggfrom
92% to 96 % in all the experiments. However thechézg
yield of Ni was invariably unchanged despite ofrewsing

pulp densities, which means both the 5% and 10% pul

density experiments with each size fraction, did have
much variation in the leaching vyield. The intenegti
phenomenon observed was that the Ni recovery tohighest

size fraction (>212um) ranged between 92-93%, which was

2-3% less than the recovery obtained (i.e., 95-96&) the
two different smaller size fractions viz. 45-1Q6 and 106-
212 um. The reason for slightly lower recovery could che
to the less liberation of minerals at >2{i&h size fraction or

could be developed by conducting experiments in emor

controlled conditions.

100
1 [ m45-106 um (5%P.D.)
S 807 | §45-106 um (10% P.D.
= ]
2 60
> ]
= 40
Q
g ]
. -
Mo v Ni Al
Elements

Fig. 7 Comparative leaching yield between 5% arfb FOD. at a
size fraction of 45-106 um
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100
1 [m106-212 pm (5% P.D.) TABLE VI
X 80 PERCENTAGE OF IRON AND SULFUR OXIDATION
S | [m106212um (10% PD =
£ 601 fraction d:ra"sri)ty Fe S
2 0 (um)
5 5% 21 98
s} | -
E 20 - 45-106 10% 41 98
F 106-212 5% 20 9%
ol m 10% 44 08
. 5% 19 97
Mo \Y Ni Al >212 10% 0 97
Elements

Fig. 8 Comparative leaching yield between 5% arfib FOD. at a
size fraction of 106-212 pm

100
1 | ®>212 pm (5% P.D.)
<3 -
S 807 | @212 um (10% PD.
3 |
2 60 1
> ]
= 40
Q
g ]
- 20 A
O |
Mo \% Ni Al
Elements

Fig. 9 Comparative leaching yield between 5% arf FOD. at a
size fraction 0212 um

The leaching yield of Mo for the two smaller sizadtions
was similar at a range of 25-27% despite of théedihce in
the pulp density, but resulted with comparativetywer
recovery ranging from 4-15%. The liberation of thénerals
at smaller size fractions could be the reason fer iigher
recovery of the Mo. The very low recovery Mo corgzhto
Ni is due to the difficulty of Mo mineral phase stidution in
the bioleaching condition, which does not permekte
leaching easily in acidic conditions compared t&athe
leaching. However the leaching yield of Al was fduto be
quite promising with a recovery percentage of 4%76
compared to the results obtained in the previousomiglic
bioleaching works conducted in past, which suggebts
elevated temperature of 65 °C favored the dissmiutf Al
from the spent catalyst in the bioleaching systerhe
leaching yield profile did not follow the leachingetals
profile found for Ni and Mo, instead it was justpmsite to the
results obtained for Ni and Mo, which means higsae
fractions resulted with higher leaching yield of. A case of
the V, the leaching yield was remarkably low coneglato all
other elements with a leaching yield ranging frosi(B%6, as
its well known that V is difficult to be leached iacidic
medium as well as ferric ion mediated leachingepstSo it
would be wiser to step up the process with a seiag
leaching of the bioleach residues obtained with ighh
temperature alkaline leaching for shorter duratbtime. The
oxidation percentage of Fe and S was calculateddbas the
feed and residue analysis and was found to hawehigh S
oxidation (97-98%) compared to Fe (19-44%) (Table V

The reason behind high S-oxidation could be du¢héo
highly active and populated S-oxidizing microorgans,
whereas the Fe-oxidizing microorganisms must hagenb
suppressed due to its lower population with scawitferrous
iron as its growth medium to sustain. On the amtit is less
important to have high Fe oxidation in this casehesmain
aim of this experiment was to recover elements NkevV, Mo
and Al. However the high S-oxidation might have muped
the acid requirement for the dissolution of thedaximinerals
present in the spent catalyst. The trends forieacyields of
the elements of interest in the present investigattan be
represented as Ni>Al>Mo>V, and further investigatits
needed to optimizing the conditions and to add rasheps for
improved recovery of all the metal values from thgent
catalyst before land filling.

IV. CONCLUSION

The present study conducted for the bioleachingpent
catalyst using moderate thermophilic microorganisms
comprising of Fe and S oxidizers at 5% and 10% plelipsity
on 3 different size fractions viz. 45-1@#én, 106-212um and
>212 um resulted with very high leaching yields of Ni aad
followed by lower recovery of Mo and V. The highgulp
density was worth to be tested as there were ngt bi
differences between the two pulp densities (5% &@%)n
tested and indicates that the further scale ofpioeess in
bioreactor would be promising to achieve improvedching
yield as bioreactors are well known to have reyivbetter
controlled conditions with sufficient agitation,rasparging
and well maintained temperature compared to shédek f
studies. This process would be much more econoragalo
Fe source was added to the bioleaching solutiorpxthe
inoculums which was very low, indirectly reducinget
operation cost due to Fe supplemented bioleachystemss.
This process would also render the possibilitiedetich the
aluminum more effectively due to the elevated terajpee
moderate thermophilic bioleaching compared to mietlicp
bioleaching. Another key aspect observed was tlre si
fraction, which states there is very minimal diffiece in
leaching yield between all size fractions statinqhdjng of
spent catalyst may not be required and could daveast for
grinding for future optimization studies.
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