
INTRODUCTION

Nickel containing catalysts or nickel
catalysts are well known in process industries. The
increase in the industrial demand for this metal has
brought forth a steady growth in the need for refining
of the metal. Initially Nickel catalysts perform at high
activity but by time they becomes less active and
reach at a point where they are not more effective
to be used in a commercial process. Large amount
of nickel catalysts are used as primary reforming
and secondary reforming in nitrogenous fertilizer
industries, resulting in the prouction of large amount
of solid waste containing nickel which is the spent
or deactiviated catalyts. The catalyst have an active
life from 5 to 7 years, on the most of which it is
deactivated and must be replaced. Therefore, over
the last few years, tonnes and tonnes of spent
reforming catalysts are being pilled up. The
accumating mass of spent catalyst is posing a great
pollution probelm for the concerned nitrogenous
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ABSTRACT

Spent catalysts are principally solid waste which that coming out from nitrogenous fertilizer
industry, during the production of ammonia, resulting in the production of large amount of solid waste
containing nickel, which is the spent or deactivated catalysts. These catalysts contain from 12-14%
nickel based on the production process in fertilizer industry disposal of spent catalyst is a problem as
falls under the category of hazardous industrial waste. The recovery of Nickel from spent catalyst is an
important economic aspect and secondary sources, such as spent catalyst could minimzie land fill
disposal and the waste of natural resources. These spent catalysts are generally supported on porous
materials like alumina and silica through precipitation or impregnation processes. For extraction of
nickel from spent nickel catalysts, the waste catalyst was colleted from NFL Vijaipur Industry district
Guna(M.P.). Nickel electro-recovery from spent catalyst, lechate solution was used to determine the
best operating conditions from recovery process and resutls were obtained.
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fertilizer indutry in particular and the country in
general. Many researchers have studied
pyrometallurgy and chelating agent process for
recovery of Nickel from spent catalsyts. Some other
researchers studied the extraction of nickel from
spent catalysts based on sulphate and chloride
electrolytes. Rambla et. al performed nickel electro-
planting using platinum  catalyzed by hydrogen
diffusion anode and the effect of  chloride and
sulphate ions. Lupi et.al. Studied the electrolytic
nickel recovery from Lithium ion batteries. Present
investigation gives detail about the selective
extraction of nickel from spent catalyst using
leachate agent by electro-recovery process.

MATERIAL AND METHODS

The sample spent nickel catalyst was
collected from nitrogenous fertilizer industry (NFL)
Vijaipur, district Guna (M.P.). The physico-chemical
properties of the nickel reformer catalyst was
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analyzed as per standard method, all chemical used
in this study was analytical grade from various
suppliers. The physico-chemical properties of spent
catalyst are given in table-1.

The solid spent catalyst was crushed and
grounded till size range 0.3-0.4  mm the powder
obtained in then dried at 100-110oC. 50 gm of dried
catalyst powder placed into a flask and 250ml, of
80% sulphuric acid were added slowly to the content
of the flask with boric acid and nickel chloride for 50
minute and 70oC.  The solution obtained from the
leaching spent catalyst was collected which mainly
contains nickel sulphate, boric acid nickel chloride
with pH equal 4 was placed in the cell. The stainles
steel cathode was cleaned, washed and then
weighed. The anode and cathode was connected in
the cell and current was passed in the cell, at the
end o the experiment the cathode were removed,
washed, dried and weighed. The amount of nickel
deposited was determined. The efficiency of
deposition was calculated as the mass of nickel
deposited to the mass of nickel in the leathate liquor

and is referred as % recovery. In Nickel electro-
recovery from sulphate acidic baths the main
reaction are :

Cathode reaction

RESULTS AND DISSCUSION

Based on experiment for recovery  of nickel
from spent catalysts by electro-extraction, it was
found that incresing the initial nickel concentration
leads to increasing the current efficiency that is true
since more Ni2+ will reach the cathode leading to a
higher amount of nickel deposited and as a result
higher current efficiency, during electro-extraction
of nickel from sulphate solution. The effect of higher

Table 1: Physico Chemical properties of Nickel spent catalyst

S. Physical Properties Chemical Properties

No. Properties Component % Dry weight

1. Bulk density (Kg/Lt) = 1.21 NiO 19.5
2. Surface area (m2/g)=10.1 SiO2 0.25
3. Pore volume Al2O3 Balance

(C.C/g)= 0.11 CaO 8.1
4. Crushing strength K2O 0.15

(Kg/cm2) =41.5 Na2O 0.23
Cl 0.0023
Sulphor 0.021

temperature was also lead to higher yields of nickel
and better current efficiency. At higher temperature,
the mobility of ions increased and the viscosity of
solution decreased leading to higher transfer of
nickel ions from bulk of solution to the cathode
surface. Therefore the current efficiency increased.
The ninety nine percent of the nickel was recovered
as nickel sulphate when the catalysts, having small
particle size  was dissolve in an 80% solution for 50
minute in at 70oC.

CONCLUSION

Nickel has been recovered from spent nickel
catalyst leachate solution by electro- deposition on
cathode. The amount of Nickel recovered increase
by increasing the initial nickel concentration,
temperature and time to deposition.  Therefore it can
be concluded that proposed work is economically
favorable, as well as it avoids environmental
contamination with untreated spent catalyst waste.



723Prajapati et al., Orient. J. Chem.,  Vol. 26(2), 721-723 (2010)

1. Ambad, M., Bhatty,M.J., Masood K.
Recovery of Ni from spent catalyst, PCSIR
(Karachi)  7(4): 227-232 (1970).

2. Tiwari R.N., Arora B.R., Ganguli, N.C.,
Factors affecting the recovery of Ni from
spent Ni-Alumina and NiO-silica type catalyst
technology 9(2-3): 134 (1972).

3. Material safety data sheet (G. 53H), United
Catalyst Inc. (1996).

4. Chaudhary A.J. , Donalldon J.D., Boddingon
S.C., Grimes S.M., Heavy metal in
environment Part II  A hydrochloric acid
leading process for recovery  of nickel value
from a spent catalyst. Hydrometallurgy 34:
137-150 (1993).

5. Ullmann’s encyclopedia of industr ial
chemistry. Fifth ed. A17,m VCH Weinheim
p-189 (1994).

6. Rambla J., Brillas E., casado J., Nickel electro
winning using a Pt catalyzed hydrogen
diffusion anode part-II Batch Tank with a
sulphate bath. Journal of Applied
Electrochemistry 29(10): 1211-1216 (1999).

REFERENCES

7. Khanna R.K., Singh R.P., Vasistha  A.K.,
Reclamation of nickel catalyst from spent
catalyst by dry -reduction method JOTAI
32(4): 166-173 (2000).

8. Alfantazi A.M., Shakshouki A., The effect of
chloride Ions on the electro-winning of Nickel
from sulphate electrolysis. Journal of the
Electrochemical Society 149: C506 (2002).

9. Lupi C., pasquali M., electrolytic Nickel
recovery from Lithium Ion Batteries, Mineral
engg. 16: 537-542 (2003).

10. Dipak J. Garole and A.D. Sawant,
Simultaneous recovery of Nickel and
Aluminium from spent reformer catalyst 23rd

annual conference of the Indian council of
Chemist, at K.C. College, University of
Mumbai (2005).

11. Ghanem R., Farag H., Eltaweel Y., and
Ossman M.E., ‘Recovery of Nickel from spent
catalyst by single  and multi -stage leaching
process’, Int. J. Environmental and waste
Management, 2(6): 540-548( 2008).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


