Nature Environment and Pollution Technology
An International Quarterly Scientific Journal

ISSN: 0972-6268

Vol. 10 No. 2 pp. 197-200 2011

Original Research Paper

Extraction of Nickel from Spent Catalyst Using EDTA as Chelating Agent

Rachit Oza, Nikhil Shah and Sanjay Patel

Chemical Engineering Department, Ingtitute of Technology, Nirma University, Ahmedabad-382 481, Gujarat

Nat. Env. & Poll. Tech.
Website: www.neptjournal.com

ABSTRACT

Recieved: 19-07-2010
Accepted: 22-8-2010

Key Words:

Spent catalyst
Chelation
Nickel recovery

The extraction of nickel from spent catalyst of primary steam reformer from a nearby fertilizer plant using
chelation method is reported in this paper. The chelation was carried out using a di-sodium salt of EDTA
(ethylene diamine tetra acetic acid) as a chelating agent. The Ni-EDTA complex formed was dechelated
using nitric acid as a solvent resulting into the formation of nickel nitrate (NiNO,) and recovery of EDTA. The
recovered EDTAwas used for subsequent experiments. The objective was to evaluate nickel removal efficiency
of EDTA and reusability of recovered EDTA. The effect of EDTA concentration, time of chelation, catalyst to
liquid ratio (S:L) and temperature of chelation were studied in detail. The extraction was up to 95% under the
following conditions: 1M concentration of EDTA, solid to liquid ratio 1:10 (g/mL), particle size 1-2 mm, pH

10, 7 hours of chelation time, 400 rpm and 90°C.

INTRODUCTION

The importance of catalysisto chemical processesisenor-
mous. An estimated 90% of the chemical production proc-
essesare based on catal ytic technol ogies, encompassing four
major market sectors: fuel refining, polymerization, chemi-
cal production and environmental remediation. Nickel is
widely used asacatalyst in several technological processes
like steam-reforming of methane (Singh 2009, Al-Mans &
Abdel Monem 2002), hydrogenation, hydrodesul phurisation,
hydrorefining, vegetable oil hydrogenation (Ni, Mo/AlLO,,
NiO/ALLQ,, Raney nickel alloy respectively), refinery
hydrocracking (NiS, WS/SIO,Al.O,), methanation of car-
bon oxide from hydrogen (Thomas 1970, Mul ak et al. 2005,
Mulak & Miazga 2008), etc. Theworld primary nickel con-
sumption is about 1 million tons, which is growing by an
average of 3.1 per cent per year. Amongst all the base met-
als, nickel isthe most volatile owing to its strong demand
and tight supply.

Oneof the major problemsrelated to the use of catalysts
inthe chemical industry islossof catalytic activity withtime
due to loss of surface area, sintering and/or deposition of
various compoundslike coke, sulphur, etc. The changes pro-
voked by the catalyst deactivation play asignificant rolefor
alarge number of industrial processes. Spent nickel cata-
lystsare considered as solid wastesand al so the repl acement
cost with fresh catalyst is quite high. Spent catalysts have
been classified as hazardous wastes by the United States
Environment Protection Agency (USEPA). The dumping of
catalystsinlandfillsisunacceptable asthe metalspresent in
the catalysts can be leached into groundwater, resulting in
an environmental catastrophe (Clark et al. 1996, Furimsky
1996). In addition to the formation of leachate, the spent
catalysts, when in contact with water, can liberate toxic gases

aswell. Inaddition to all these environmental concernsand
stringent disposal laws, efforts are being made to recover
metals from spent catalysts. The factors considered for the
recovery of metalsfrom spent catalystsare: chemical com-
position, metal price, distance from chemical industry tore-
cycling industry, operational costs and environmental con-
cerns(Marafi & Stanislaus 2003, Rapaport 2000, Chenet al.
2006, Starck 2001, Ardan et a. 2002, Kar et al. 2004, Rane
et al. 2005, Valverdeet al. 2008, Trimm 2001). The efforts
are being made to rejuvenate, recycle and convert the spent
catalyst to an environmentally acceptabl e safe material for
reuse (Marafi & Stanislaus 2003, Chen et a. 2006, Trimm
2001, Y 00 1998).

There are two methods used for the recovery of nickel
from nickel spent like pyrometallurgical in which product
isferronickel obtained at high temperature, and second is
hydrometallurgical in which nickel saltsare obtained using
leaching with various acids. Hydrometallurgy processeshave
been used to recover metals from industrial wastes due to
their flexible, environment friendly and energy saving char-
acteristics (Kinoshitaet al. 2003). Theleaching of different
metals using variety of reagents such asNaOH, NH,, NH._-
(NH,),SO,, H,O,, H,SO,, HNO,, HF and agqua regia is re-
portedintheliterature (Angelidiset al. 1995, Sun et al. 2001,
DeLimaet al. 2005, Raisoni & Dixit 1988, McPartland &
Bautista 1990, Sastre et al. 2002, Yang et al. 2003). How-
ever, the leaching methods described in the literature have
certain limitations. Use of acid solutions with pH < 1 for
leaching out of nickel complicates the process of selective
recovery of nickel from asolid matrix and also lead to for-
mation of byproducts.

The present study investigates the use of EDTA as a
chelating agent for extraction nickel from spent catalyst. The
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objectivewasto evaluate nickel removal efficiency of EDTA
and reusahility of therecovered EDTA.

MATERIALS AND METHODS

Pre-oxidation of samples: The spent catalyst used in this
investigation was provided by alocal fertilizer company, the
composition of which is shown in Table 1. The shape of
spent catalystswas cylindrical with aparticlesizeof 1.5cm
0.d., 1cmi.d. and 1 cm length. The 100 g of spent catalyst
wascrushed to5 mm s zefollowed by coke removal at 600°C
for 6 h. Before furtherer treatment, spent catalyst samples
were crushed and screened to a particle size of 1-2 mm.

Chelation route: A solution of EDTA (ethylene diamine
tetra acetic acid) was prepared by adding NaOH slowly till
EDTA completely dissolved and the pH 10-12 was attai ned.
5 g of the spent catalyst was added to the EDTA solutionin
a batch reactor and the reaction was carried out for 4-6 h.
EDTA formed a complex with nickel which was precipi-
tated in the solution upon addition of nitric acid and aged
for few hours. It wasthen filtered to obtain spent EDTA and
anickel salt (nickel nitrate) solution. The operating param-
etersare shownin Table2. The EDTA, recovered as apow-
der waswashed with hot distilled water several times, dried
in oven at 80°C and was reused.

EDTA formsacomplex with nickel depending uponthe
concentration of EDTA asper the following reaction:

NiO-Alumina + EDTA | ® [Ni-(EDTA)]* + Aluming, ...(1)

After the chelation, the residue material (alumina) was
separated from the complex solution by filtration. Filtrate
was subjected to de-chel ation processin which metal-chelate
was separated by changing the pH of solution depending on
the type of complex. Generally, Ni-EDTA complex is not
stablein acidic solutions. Therefore, nitric acid was used to
de-chelate the formed complex during the chelation proc-
ess. The entire flowsheet for therecovery isshownin Fig. 1.

,® Ni(NO,),6H,0, +EDTA ,  ...(2)

[Ni-(EDTA)]>, + HNO,, Kol

After complete settling of precipitated EDTA, it was sent
for afiltration process. The EDTA was separated as a spent
chelating agent and nickel was extracted asanickel nitrate
solution. The recovered EDTA was further purified and

reused.

Atomic absorption spectrometer (AAS, Shimadzu
AA6300) and UV Visible Spectrophotometer (UV Vis,
Shimadzu UV 1800) were used to determinethe nickel con-
tent. Thenickel concentration of the solution obtained after
recovery of nickel from spent catalyst was measured using
UV-Vis spectrophotometer as follows. Standard samples
were prepared from known nickel concentrations (nickel
nitrate, nickel sulphate or nickel chloride) in 250 mL of

Rachit Ozaet al.

Table 1: Specifications of the spent catalysts collected from local fertilizer
unit.

Component Primary reformer
Nickel oxide 16%

Alumina 78%

Calcium oxide < 6%

Silicon <0.1%

All % are by wt.

Table 2: Parameters varied for recovery of nickel from spent catalyst.

Parameter Range

Acid concentration 10-80 % by volume

Digestion temperature 30-90°C
Digestion time 0-8h
Solid:Liquid (S.L) 1:5t0 1:30 g/mL

deionised water. Calibration chart was prepared with these
standard samples based on peaks obtained, and fitted to a
Beer’ slaw type equation at wave length of 394 nm. The con-
centration of an unknown solution wasthen determined us-
ing the prepared calibration curve of respective solution at
the wave length of 394 nm. The equation (3) was obtained
from the calibration curve that relates the absorbance and
concentration of metal ion.

Y =0.00009X + 0.0038 (3

X = absorbance on the spectrophotometer
Y = concentrationin ppm

RESULTS AND DISCUSSION

Chelation technique: Itisgenerally observed that solubili-
zation of metalsincreases with EDTA concentration (Goel

et al. 2009). The effect of concentration of EDTA on cation
| eaching was determined by varying concentration of EDTA
from 0.1M to 1.0M. Fig. 2 shows the effect of EDTA con-
centration on metal extraction at pH 10 and 400 rpm using
1-2 mm particles. Uponincreasng EDTA concentrationfrom
0.1M to 1.0M, there isa gradual change in the percentage
extraction of nickel. It indicatesthat excessreactant EDTA
pushes the reaction forward for the reversible reaction. As
evident from the Fig. 2, the maximum recovery was obtained
at 1M EDTA. God et al. (2009) studied the recovery of nickel

from a spent catalyst using EDTA-disodium salt as a
chelating agent after which sul phuric acid was added to ob-
tain NiSO,. They reported the extraction up to 95% under
thefollowing conditions: 0.8M concentration of EDTA, S.IL

ratio 1:50 (g:mL), particle size 100 ym, pH 10, chelation
time 10 h, 700 rpm and 100°C.
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Fig 1: Flow sheet for the recovery of metal using EDTA.
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Fig. 2: Effect of EDTA concentration on recovery of nickel via chelation
technique. (T=30°C; S:L=1:10 g/mL, 400 rpm; t= 5hrs)
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Fig. 4: Effect of temperature on recovery of nickel viachelation technique.
(EDTA concentration=1M; S:L=1:10 g/mL; 400 rpm;t=5h)

The effect of solid-liquid ratio on the nickel recovery
was studied by performing experiments at 1:5, 1:10, 1:20,
1:30 and 1:40 (g:mL) respectively. Fig. 3 reveals that the
percentage extraction was influenced by the S:L ratio, the
recovery increased asratio increased. The 69% conversion
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Fig. 3: Effect of solid-liquid ratio on recovery of nickel viachelation
technique. (T=30°C; EDTA concentration=1M, 400 rpm- t= 5 hrs)
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Fig. 5: Effect of chelation time on recovery of nickel viachelation technique.
(EDTA concentration=1M; S: L=1:10 g/mL; T=90°C; 400 rpm)

at S:L ratio 1:40 (g:mL) was observed; however, very high
S.L ratio is not advisable asit leads to increase in the vol-
ume of reactor, solid-liquid handling problems, etc. There-
fore, in the present study an S:L ratio of 1:10 (g:mL) was
used for all other experiments.
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The effect of temperature and reaction time on nickel
recovery isdisplayed in Figs. 4 and 5 respectively. There-
covery increased asafunction of temperature with 70% re-
covery at 90°C. At temperaturesbeyond 90°C, recovery was
almost congtant. Fig. 5 reveals that the percentage extrac-
tion increased as the time of chelation increased at pH 10
and 400 rpm using 1-2 mm particles. A maximum recovery
of 95% wasobserved after 7 h of chelationtime. The advan-
tage of the chelation route compared to conventional acid
leaching route isthat thereis no interactionwith thealumina

support.
CONCLUSION

Theuse of catalysts, and hence, catalyst wasteshave rapidly
been increasing worldwide. Recovery of valuable elements
from spent catalysts becomes an unavoidabl e task not only
for reducing the inventory cost of catalysts but also for re-
ducing the catalyst waste to prevent environmental pollu-
tion. For the recovery of nickel from spent catalyst using
chel ating agent the 95% nickel recovery wasobtainedin 7 h
at EDTA concentration of 1M, S:L = 1:10 (g:mL), pH 10,
400 rpm and 90°C. Almost all the EDTA could be recov-
ered from solution without interaction with alumina sup-
port. The main attractivenessof the present research in addi-
tionto effectiverecovery of nickel isrecovery of EDTA from
Ni- EDTA complex which can be used several timesfor ex-
traction of nickel from spent catalysts. The processbecomes
economically more viable because of complete recycling of
EDTA. Inall thecases, EDTA wasrecovered up to 97-99%,
which could berecycled back to the process.
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