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ABSTRACT

Dissolution of molybdenum from molybdenum waste catalyst (MWC) that
contain wt %: 42.79 Mo, 9.54 Fe, 4.9Al, 8.68 SIO,, 6 Na, and 1.5 Cr using
different leaching agents such asH,SO,, HCl, and NaOH was carried out. It
was found that, NaOH is the best |eaching agent because it has the highest
Mo recovery in combined with thelower Feand Al dissolution than the HCI.
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Factorial design of experimentsand application of statistical analysisonthe
results of leaching studies using NaOH were carried out. A regression
equation for the dissolution of Mo was developed as a function of NaOH
stoichiometric (S), L/Sratio (C, ml/g), and temperature (T, °C). All parameters
were varied at two levelsfor designing experimentsto estimate error.
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INTRODUCTION

Molybdenumisan eement withan extremely rich
andinteresting chemistry having very versatile gpplica
tioninvariousfiddsof human activity. Itisused exten-
svdyinmetalurgica gpplications. Becauseof thereanti—
wear properties, molybdenum compound find wide
application aslubricatesparticularly in extremeor hos-
tile environmental situation. Many molybdates and
heteropoly molybdates arewhite and therefore, used
aspigments. In addition, they are non-toxic and act as
efficient corrosion inhibitorsand smoke suppressants.
Hydro processing of petroleum isone of the largest
industriesemploying heterogeneous molybdenum cata
lysts. Molybdenum cata ystshave shown great prom-
iseintheliquefaction of cod and thismay developinto

one of its most important catalytic uses. The use of
molybdenum compoundsinhomogeneous catdysisis
aso significant. Sahu et. .1 reported that the Recov-
ery of valuablemetalssuchasMo, V, Ni, Al from spent
hydroprocessing catalys using acid leaching of spent
hydro-processing catal yst followed by separation of
molybdenum and vanadium Both molybdenum and va-
nadium were sel ectively extracted with asuitable or-
ganic solvent leaving nickd and dissolvedaduminumin
theraffinate. In previouswork, Seham et. €.1>% dis-
cuss the recovery of metal values from
hydrodesul phurization catdyst us ng different techniques.

Every year large amount of wastecatalystrichin
Mo iswasted and has no uses. Thismolybdenum cata
lyst used for oxidation of acohol to formal dehyde, af-
ter anumber of activation—deactivation cycles, theactiv-
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ity of the catalyst is eventually reduced to the extent
that the catd yst hasto berenewed. In Egypt, Mansoura
for Resin & chemica materials Co. and Deltafor Fer-
tilizerscompaniesareusngthiscatayst.

Theamof thiswork istoinvestigate Mo recovery
fromthiswastecatdyst using different leach agentssuch
as NaOH, H,SO, & HCI. The akaline leaching by
NaOH hasbeen carried out using astatistical design.

EXPERIMENTAL

Sour ce and analysis of molybdenum waste cata-
lyst (MVC)

Thesampleof wastecatdyst employedin thisstudy
wascollected and kindly donated by Mansourafor Resin
& chemica materials Co., Egypt. Metal content e.g.
Mo, Fe, SIO,, Al, Naand Cr were determined using
Pereken Elmer atomic absorption asfollow:

0.5 gdry samplewasfused with fusion mixture (so-
dium and potassium carbonate) then quenched in 0.1 L
sulfuricacid 70wt% in additionto 12.5 gAmmonium
sulfate. Thesolution was placed on the hotpl ate mag-
netic tirrer and continues boiling until white gas (So,
gas) evolvedfor fivemin.

Filtration followed by drying and burningthe solid
preci pitateisconducted. Theundissolved solidsaresilica
and acidinsoluble matter. The silicapercentage calcu-
lated by preci pitate weight difference beforeand after
HF evaporationt®. Thefiltrate was completed to 500
ml andthed| above-mentioned dementsare cal cul ated.

Characterization of molybdenum waste Catalyst
(MWC)

For preparation of asamplefor technol ogical test-
ing, the50kg origina wasthoroughly mixed by thering
and cone method, quartered three times. Since the
materia washygroscopicthesamplewasdriedinoven
at 110°C overnight beforetheleaching test. Percent-
ages of the metalswere cal culated on dry basis.

Thedried sampleof MWC wasground up to 100
% - 200 mesh. X —ray diffraction (XRD) and X-ray
fluorescent (XRF) were performed on the powder
sampleof asreceived MWC, dkalineleachingresidue
and acid leaching residue using Philips— PW 1730
(XRD) and Sequential XRF—ARL 9400.
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(a) Leaching

Dried samplewas|eached using different kinds of
leachliquorssuch asNaOH, H,SO,, and HCI. Inthis
study, the cal culated amount of theleach liquor was
heated in aflask to the required temperaturein thermo
stated water bath or Oil bath in the case of temperature
115 °C. 30 g of MWC was gradually added to the
leachliquor whiledtirringusingamechanicd girrer. The
flask wasremoved from the thermo-stated bath after
thereactiontimeand the slurry wasimmediately fil-
tered. Themain factorsaffecting theleaching process,
namely the effects of temperature, concentration and
solidliquid ratiowereexamined using factorial design.

RESULTSAND DISCUSSION

X-ray diffraction

It wasfound that the asreceived MWC containing
Mo00,.2H.0 as the main compound, followed by
Mo,O,, and Fe,(MoO,), whileMoO, istrace. To cal-
cul ate the organic content and lossonigination, two
samples of MWC were heated at 350 °C and 1000°C
for 120min. The XRD of thefirst oneshowsthat there
isno difference between the origina sampleand the
sample heated up to 350 °C. Theweight 10ssis0.348
%. Inthe second case (ignition at 1000 °C), the XRD
shows that the main compoundsareMo O, and Fe,
(MoOQ,) ,, followed by SiO, while Fe,SIO, istrace.
Which mean that the most of MoO,.2H,0 was con-
vertedtoMo,O,, duetoignitionat 1000°C. That con-

firmed by theresult of weight lossonignition=7.796
%.

X-ray Fluorescent (XRF)

Theresultslistedin TABLE 1 reved that theorigi-
na MWC mainly containingMo, Si, Fe, Al and Cr. On
the other hand, thesolid residueafter sulfuric acid leach-
ing containing mainly Mo, Si, Al, Feand Cr, respec-
tively, which meansthat thedissolution of Mointhis
caseisnot complete, In contrast, thesolid res due after
akalineleachingmainly containing Fe, Si, Cr, Al, and
Mo, respectively. Thisindicatesthat the Mo dissol u-
tion using NaOH is better than H2SO4 aswill shown
|atter.
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TABLE 1: XRFresults

Element Original MWC, % Sulfuric acid leaching residue, % Alkaline leaching resdue, %

Mo 29.34 18.94 2.20

Si 8.53 17.7 8.72

Fe 9.54 451 37.8

Al 4.90 7.14 3.01

Cr 1.73 121 6.15

TABLE 2: Chemical analysisof wastecatalyst TABLE 3: Effect of time
M etal Wt. % _ : Mo Rec. %

Mo 4279 Time, min 10% NaOH 50% H,S0,
Fe 9.54 15 90.7 45.03
Al 4.90 30 89.0 44.67
So, 8.68 45 89.5 43.93
Na 6.00 60 90.6 45.10
Cr 15 90 89.9 44.53
Al* 4.64 120 90.5 46.00
Moisture,110 °C 0.5679 Conditions of leaching: Temp: 95 °C, Stirring speed: 450 rpm,
LOI **at 350 °C 0.3477 and L/Sratio 10 ml/g
LOI** at 1000°C 7.796 TABLE 4: Effect of leaching agent type

*A.l.: Acid insoluble; **LOl: Loss on Ignition
Completechemical analysisof mwc

Theresultsof chemica analysisondry basisof the
asreceived samplearelistedinTABLE 2.

L eaching

To evauate the leaching behavior of Mo form
MWC, different acidsand alkaineleach liquorswere
tested.

(a) Effect of time

Effect of leaching timewas conducted using 10%
NaOH or 50 % H,SO, at different time under the con-
ditionslisedinTABLE 3.

Itisclear fromtheresultslistedin TABLE 3that
thetime of leaching has no effect on the recovery per-
centageof (Mo) fromtheMWC inthetwo cases. These
results suggesting that 30-min isquiteenough. Onthe
other hand, the (M o) recovery with 10%NaOH ismuch
higher than Mo recovery with 50% H,SO, that con-
firmed by XRF results of the resduewhich mean that
the leaching agent has strong effect on the recovery
percentage. Therefore, effect of leaching agent was
studied.

(b) Leaching agent effect

L eaching agent type Recovery, %
Mo Al
30% HCI 68.79 3.56
30% H,SO, 19.24 0.45
10 % NaOH 85.19 0.24

Conditions: Time 30 min., Temp: 90°C, L/Sratio: 3.33 ml/g &
Sirring speed: 450 rpm

Inthis study, three different |eaching agentswere
used under the conditionslistedin TABLE 4.

Itisclear fromresultslistedin TABLE 4 that NaOH
isthebest leaching agent becauseit hasthehighest Mo
recovery percentageand lower Al recovery; in addi-
tion, theironisinsolublein NaOH. Which mean that
NaOH is selective leaching agent for Mo only that
makesthe separation of Mofromtheleaching solution
iseasy. Therefore, conditionsthat controlling theleach-
ing processusing NaOH were studied using stati stical
factoriad designasfollow.

(c) Factorial Design of sodium hydroxideleaching

Leaching experimentswerecarried out according
tothefactoria design of experiments™3,

To make the mathematical factorial design we
should definethefactors controlling theleaching pro-
cessand depend on the number of these variables, the
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TABLES5: Datafrom 2*factorial design

Test No. NaOH (S) L/Sratio Temperature, °C Observation Mo Rec. %
1 15 - 3.33 - 40 78.5
2 2 + 3.33 - 40 85.19
3 15 - 5 + 40 77.3
4 2 + 5 + 40 74.8
5 15 - 3.33 - 90 + 71.9
6 2 + 3.33 - 90 + 83.5
7 15 - 5 + 90 + 81.6
8 2 + 5 + 90 + 82.6

number of experimentswill define. It wasfound that
leachingtime(t, min.), temperature (T,°C), NaOH sto-
ichiometric (S), and Liquid/Solidratio (C, ml/g) are
the controlling factorsof leaching process. Depend on
theaboveresultsit wasfound that theleachingtimehas
no effect ontheMo recovery. Therefore, acentral com-
position design wasused with severd levelsfor thevari-
ablesS, Cand T. Thereduced form of thevariablesis
asfollows.

S-Sn C-On T-Tm
%= AS % AC % AT
Where
an_S*S 45 S-S

2 2
Cm=C++C‘, AC:Q—C_
2 2

_ AT LT
m 2 2
Where

S$,=20,S=15C =50,C=333ml/g, T, =
90,and T =40°C arethemaximum and minimum val-
uesof thethreevariablesintherangestudied. Thema
trix for the three variables and the corresponding Mo
recoveryyield (y) islistedinTABLES.

NaOH stoichiometric was cal cul ated according to
thefollowing equation:
2NaOH +Mo—>Na,Mo0O, @

Theregression equation for the above matrix may
berepresented as:

Y = bo+ blxl + b2x2+ b3x3+ b12X1X2+ b13xlx3+
b, X X.+b X XX @)

23772773 1237 "1 "2° '3

WhereY =thepercentage of metal extracted; b=em-

pirical mode! coefficients; X, X, X, =dimensionless
coded factorsfor NaOH stoichiometric (S), L/Sratio
(C, ml/g), and temperature (T, °C), respectively. The
relaionsbetween the coded and actud vauesaregiven
&

X,=(S-1.75)/0.25 3
X,=(C-4.16)/0.83 (4)
X,=(T-65)/ 25 )

Where1.75,4.16 and65areS ,C_and T _, respec-
tively. And0.25, 0.83, and 25 are S, “C, and “T, re-
spectively. Theregress on coefficientswere estimated
by:

Y.
bo — % (6)

2 XY
J ™
X X .)Y.
bnj — Z ( ni JI) | (8)
N

Where X, X ; and X, arethe coded singes (+ or -).
Theregression equation for extraction of Mowas
devel oped and the main interaction coefficientswere
tested for significance by Student’st —test method at
95 % confidence level. The regression equation (2)
becomes:
Y, =7942+21X,-0348X,+0.47 X, - 247 X X, +1.05
X X, +2.54 X X,-0.176
X XX, 9)
Itis clear from this equation that X, (NaOH, S)
and interaction of X X, (L/Sratio: temp) arethesig-
nificant whiletheincreaseinthesevariablesincreasing
the Mo Rec. On the other hand, the interaction be-
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Figurel: Relation between Morecovery percentageagainst L/Sratio and temper ature

At constant temperature = 40

Mo Recovery ,%

(a): 3D
Figure2: Relation between M orecovery per centageagaingt L/Sratioand NaOH stoichiometry

tween X X, (NaOH S: L/Srétio) isnegatively signifi-
cant, which meansthat increasing thiseffect decreasing
the Mo Recovery. Thisislogic becauseof at constant
NaOH Stheincreasing L/Sratio, decreasing the NaOH
concentration of theleaching solution, which negetively
affect Morecovery.

Using equation (9) the predi cted profilesare ca cu-
lated and showninFigures 1,2, and 3.

Itisclear from Figure 1(aand b) that at low tem-
perature, that Mo recovery increaseswith decreasing

L/S Ratio

075 100 1.50 200 225
NaOH Stoichiometric

(b): Contour

1.25 175

L/Sratio. Thismay be dueto increase of NaOH con-
centrationwith decreasingliquid/solid ratio at constant
NaOH S= 2. Ontheother, at high L/Sratio, increas-
ing thetemperatureincreasestherecovery. While at
low L/Sratio, increasing temperature hasno effect on
therecovery.

Figure 2(aand b) showstherelation between L/S
ratio, NaOH stoichiometric against Mo recovery at
constant temperature 40 °C. It is clear Mo recovery
hastwo optimum peaks, at high NaOH Swithlow L/S
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Figure3: Relation between M orecovery per centageagaing temper atur eand NaOH stoichiometry

TABLE 6: Matrix of effects

No Observation M o Rec.% Naéla, S L/SXrEZitiO Ter;(; °c X1X2  X1X3  X2X3 X1X2X3
1 78.5 - - + + + +

2 85.19 + - - - - +

3 77.3 - + - - + -

4 74.8 + + - -

5 71.9 + - +

6 83.5 + - - - + -

7 81.6 - + - - - +

8 82.6 + + + + + + +

635.39 +16.79 -2.79 +3.81 -19.79 +841 +20.39 -1.41

ratio. This may be attributed to that thisareahasthe trix of effectswas constructed aslistedin TABLE 6.
highest NaOH concentration. The second peak is To estimate Mo recovery mean value (Y°) =
around (1.2-1.25) NaOH Sagainst (10-15) L/Sratio 63539
ml/g. In contrast; thelowest recovery wasreachedat ———— =7942
high L/Sratio (15-17) against (1.9-2) NaOH S. 8
Figure 3 (a and b) shows the relation between 16.79
NaOH S, temperature against Mo recovery at con- Themain effect of NaOH S=—— = 4.197
stant L/Sratio = 3. Itisclear that at constant NaOH S 4

thetemperature has no effect on therecovery. Whileat _ =279

constant temperaturetheincreasing of NaOH Sincress-  Themaineffectof L/Sratio=—,— =~ 0.6975
ingtherecovery. 281

(d) Analysisof variance Themain effect of temperature= T =0.9525

To estimate the main effects and i nteractions, ma-
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Theeffect of NaOH S* L/Sratio= =-4.947

8.41
Effect of NaOH S* Temperature,°C= —— = 2.102

20.39
Effect of L/Sratio* Temp., °C = 2 - 5.097

Effect of NaOH S * L/S ratio * Temp., °C =

i‘”:—o.ss
4

Toestimatethevariance(c?) by ANOVA:

Y=y’
DY =Y, +Y,+....Y, =635.39
SY?2 = Corrected sum squares = (X Y?)— CF

Y?s =50613

Where CF = Correction factor =

2 2
Y Y
XYy - &Y)
N N
CF = (635.39) 2/ 8 = 403720.45 / 8 = 50465.05

(degreeof freedom (df) = 1)
ANOVA tableisasfollows:

Source s df
xY? 50613 8
CF 50465 1
148
Sy? 148 7 @= 7 21.14

Standard deviation is S = \/_ \21.14

4.598
Thestandard error of (Y©)is

( ) \/— 21.14

=1.625
95%interva statement for mean efficiency (n) are
givenby:

2
Y°+ t7,0.025 = SA

From student’st-test tables:
t =4+ 2.36

7,0025 —

In comparison with the (t) ratio, the main effect
NaOH Sisthemost significant factor affectingthere-
covery (thehigher theratio the higher therecovery).

Ontheother hand, the main effect of L/Sratio or
temperatureisnot statisticaly significant.

Inaddition, theresultsindicatethat themost Sgnifi-
cantinteractionisNaOH S* L/Sratiothat isstatisti-
caly significant but thisinteraction hasadverse effect
on therecovery of the process. Which mean that the
higher of suchinteraction, thelower therecovery. These
results are confirmed theresultsin Figure 3 (aand b).

On the other hand, the interaction of LSratio *
Tempisdatigtically Sgnificant wherethehigher thein-
teraction the higher therecovery. In other words, the
increaseintemperature can compensatefor theadverse
effect of L/Sratio and theseresultsare confirmed Fig-
ure2 (aandb).

Incomparison (t) valuewiththeinteraction (X, X,
X,), itisnot statisticaly significant and usudly it canbe
taken asestimation for the experimental error.

CONCLUSION

Leaching of molybdenum waste catalyst (MWC)
using different leaching agentssuch asH,S0O,, HCl and
NaOH was curried out. And it wasfound that NaOH
isthe best leaching agents. Factoria design of experi-
ments has been appliedin the study of MWC leaching
with NaOH. It isconcluded after calculation that the
main effect of NaOH Sisthemost significant factor.
While, themain effect of L/Sratio or temperatureisnot
sgnificant.

In addition the interaction NaOH S* L/Sratio
adversely affect Mo recovery. While, theinteraction L/
Sratio* Temperatureissignificant, in comparisonwith
(t) value.

ACKNOWLEDGMENT

The authors acknowledge El-Mansoura co. for
kindly donating of thewaste catayst.

REFERENCES

[1] K.K.Sahu, ArchanaAgrawal, D.Mishra; “Hazard-
ous waste to materials: Recovery of molybdenum

Au Tudian Yourual



MSAIJ, 13(1) 2015

[2]

[3]

[4]

[5]

[6]
[7]

Seham Nagib and R.S.Abdelhameed 43

and vanadium from acidic leach liquor of spent
hydroprocessing catalyst using alamine 308”; Jour-
nal of Environmental Management, 125, 68-73
(2013).

Seham Nagib, K.Inoue, Y. Koga; “ Recovery of Ni
and Co from spent catalyst by means of solvent
extraction with synergistic mixtures of picolylamine
in combination with DNNSA”, Shigen-to-sozai,
Journal of the mining and materials processing in-
stitute of Japan, 113, 1074-107 (1997).

Seham Nagib, K.Inoue, T.Yamaguchi, T.Tamaru;
“Recovery of Ni from alarge excess of Al gener-
ated from spent hydrodesul furization catalyst using
picolylamine type chelating resin and complexane
typesof chemically modified chitosan” Hydromet-
allurgy, 51, 73-85 (1999).

Seham Nagib, K.Inoue; “Recovery of lead and zinc
from fly ash issued from municipal incineration
plants by means of acid and/or akaline leaching”
Hydrometallurgy, 56, 269-292 (2000).

Seham Nagib, K.Inoue; “Recovery of lead and zinc
from leach liquor produced from alkaline leaching
of secondary fly ash from municipal incineration
plants by means of liquid-liquid extraction using
Kelex100 and D2EHPA” solvent extraction re-
search and devel opment Japan, Japan Association
of solvent extraction, 7 (2000).

W.W.scat; Standard methods of chemical analysis,
5th Edition, | (1947).

A.Garcia-Diaz, D.Phillips; Principles of Experi-
mental Design and Analysis, Chapman & Hall, 1st
Edition (1995).

= Fyl] Peper

[8] K.M.Parida, J.Datta; Application of statistical de-

sign of experiments in the study of dissolution of

Goethite (a- FEOOH) in hydrochloric acid in the

presence of ascorbic acid, Hydrometal lurgy, 46, 271-

275 (1997).

L.J.Lozano Blanco, V.F.Meseguer Zapata, D.De

Juan Garcia; Statistical analysis of laboratory re-

sults of Zn wastes leaching, Hydrometallurgy, 45,

4-48 (1999).

[10] A.Masui, M.Yasuda, N.Fujiwara, H.Ishikawa; En-
zymatic hydrolysisof gelatinlayer onused lithfilm
using thermo-stable alkaline protease for the recov-
ery of silver and PET film, Biotechnology Progress,
20, 1267-79 (2004).

[11] R.Oza, S.Patel; Recovery of Nickel from Spent Ni/
Al203 CatalystsusingAcid L eaching, Chelation and
Ultrasonication, Research Journal of Recent Sci-
ences, 1, 434-443 (2012).

[12] U.U.Jadhav, H.Hocheng; A review of recovery of
metals from industrial waste, Journal of achieve-
mentsin metal sand manufacturing engineering, 54,
159-167 (2012).

[13] Seham Nagib, R.S.Abdelhameed; Modeling and
Optimization of Reductive L eaching Of Manganese
from Low-Grade Manganese Orein H2S04 Using
Glucose as Reductant, Int.Journal of Engineering
Research and Applications, 4(11), 281-286 (2014).

[9]

— P plericly Science
ﬂuVWMW



