
Journal of Hazardous Materials B131 (2006) 229–237

Improved and selective platinum recovery from spent �-alumina
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Abstract

Improved and selective recovery of platinum from a spent dehydrogenation platinum �-alumina supported catalyst using a strong basic ion
exchange resin is reported. Platinum and other precious metal group (PMG) complexes are leached using concentrated hydrochloric acid along
with about 0.20 vol.% nitric acid as an oxidizing agent from de-coked and crushed spent catalyst. Effects of hydrochloric acid concentration, time,
and temperature in leaching stage are investigated. The strong basic anionic resin is treated by sodium hydroxide solution to replace chloride anion
b
t
p
t
e
c
©

K

1

h
f
r
s
f
e
g
t
c
r
l
c
f

0
d

y hydroxyl group ion. The supernatant of the leaching process is passed through a fixed column of hydroxylated strong base anionic resin. The
reated resin on which the platinum complex is adsorbed is dried and burned in an oxidizing atmosphere at 750–800 ◦C. The recovered gray metallic
owder is mainly platinum. Results compared with those obtained from untreated anionic resin show that adsorption of platinum complexes onto
he treated anionic resin is more selective and the yield of separation is considerably improved. The breakthrough curves of the pretreated anion
xchanger and that of untreated exchange resin reveals that the capacity of the hyroxilated resin is decreased by about 14%. These breakthrough
urves can be used for calculation of height of a practical exchange plate (HPEP) for design purposes.

2005 Elsevier B.V. All rights reserved.
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. Introduction

The environmental catalysis and its pertinent technologies
ave attracted much attention in the past decade. Strong demand
or diesel vehicles, more stringent emissions legislation, and the
apid shift from palladium- to platinum-rich catalytic converter
ystems in gasoline powered vehicles has increased the demand
or platinum consumption worldwide. Automotive CO and NOx
mission control catalysts used in catalytic converters are usually
uaranteed for 40,000–80,000 km depending upon the quality of
he product. During the course of use, the catalyst content of the
onverter is thermally shocked and disturbed by going through
epeated low and high temperature cycles. This leads to gradual
oss of activity of the catalyst because active surface area of the
atalyst in the converter is diminished, and there would be a need
or replacement of the used catalytic converter. Several million

∗ Corresponding author. Tel.: +98 3113915610; fax: +98 3112677.
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spent catalytic converters are disposed annually worldwide, each
containing about 0.5–1 g of platinum and 1–2 g of all platinum
group metals (PGMs) [1].

Demand for improved and/or new polymer, petrochemical,
chemical, and refining catalysts is also increasing. In the fluid
catalytic cracking (FCC), hydrodesulfurization (HDS), residue
fluid catalytic cracking (RFCC), dehydrogenation, reforming,
hydrogenation, and other catalytic processes in petroleum, petro-
chemical, pharmaceutical and chemical industries vast variety
and voluminous amounts of catalysts are used.

In 1991 the catalyst demand in the USA was 190,000 met-
ric tons and the produced catalyst waste was 12,000 metric
tons/year. In the same year in Europe alone, 60,000 metric tons of
spent FCC/RFCC catalyst, and 105,000 metric tons of the same
catalyst waste were produced in Japan. The catalyst demand of
FCC and RFCC catalyst has been in the order of 570,000 met-
ric tons in 1998 [2]. In 1990s more than 130 new catalysts or
improved catalysts were introduced within the USA for catalytic
chemical, petroleum, biochemical, and environmental processes
[3]. These statistics show that catalytic technology will con-
304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2005.09.044



230 K. Shams, F. Goodarzi / Journal of Hazardous Materials B131 (2006) 229–237

tinue to be a key player in process industries for many years to
come.

Heterogeneous catalysts contain appreciable amounts of pre-
cious metals. In petroleum and chemical industries the deacti-
vated catalysts are replaced periodically by fresh catalysts. The
cycle time of replacement is usually short because of catalyst
decay induced by fouling, poisoning and/or thermal degrada-
tion/sintering. Deposition of coke, which is various forms of
carbonaceous materials that vary widely from a graphitic well-
ordered molecular structure to insoluble high molecular weight
aromatic and/or polymeric compounds, is the most common
catalyst fouling process. Poisoning occurs because of strong
chemical bounds between a feed component, such as sulfur, or
catalytic reaction products with active sites on the heterogeneous
catalyst surface. Thermal degradation is provoked by high tem-
peratures and/or thermal shocks due to heating and cooling in
presence of a suitable physicochemical environment. Numer-
ous workers have reviewed causes and methods of prevention
or alleviation of different deactivation processes and we do not
intend to overview them in this communication (e.g., see [4–9]
among others).

The lifetime of all catalysts is limited and it could be in order
of 1 min to several years, and even if the in situ regeneration of
the catalyst is possible, eventually it must be replaced by fresh
catalyst. Although regeneration and reuse of the spent catalysts
are always preferred, however, if economics of the precious met-
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containing platinum and other precious and rare metals annu-
ally.

The spent catalyst is considered an environmentally haz-
ardous waste because it commonly contains contaminants such
as coke, vanadium, nickel to name but a few. Therefore, there
exist serious environmental concerns with regard to spent cata-
lysts.

The world’s reserve of precious group metals was estimated
to be about 78,000 metric tons in the year 2000 [11]. The plat-
inum supply and demand statistics from 1997 to 2002 is listed
in Table 1 [12]. Comparison of the total supply and demand fig-
ures in a time span of five consecutive years shows that with the
exception of 1998 that there has been a week surplus/balance in
supply and demand, the platinum demand always has exceeded
the platinum supply. Also, from 1997 to 2002 the platinum
demand has increased about 24%, and there has been a grad-
ual growth in the share of the amount of the platinum recovery
in auto-catalyst sector (from 7.2% in 1997 up to 9% in 2002).
The most recent market analyses also show that demand for
platinum in 2003 and 2004 increased by about 1% to 202,791 kg
and 0.75% to 204,657 kg, respectively. Supply in 2003 and 2004
was less than the demand for about 4.5 and 1.2%, respectively
[13,14].

Natural resources of platinum and platinum group metals are
limited and because of their extensive use in catalysis, elec-
tronic devices, and space materials, biomedical devices, etc.,
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ls recovery from spent catalysts is not justifiable, then spent
atalyst must be disposed. Trimm [10] has treated the criteria
or disposal of spent catalysts. Platinum along with some other
latinum group metals are the main active ingredients of these
atalysts, and these precious metals will remain imbedded in
he matrix of the support of the spent catalysts, which is usually
ome type of ceramic, such as alumina and the like. In addition
o auto-catalysts, the petroleum, petrochemical, and chemical
ndustries produce considerable amounts of the spent catalysts

able 1
latinum supply and demand, 1997–2002 [12]

Year

1997 1998

upplier Supply (kg)
South Africa 115100 114500
Russia 2800 40400
North America 7500 8900
Others 3700 4200

otal 154300 16800

pplication Demand (kg)
Autocatalyst:gross 56900 56000
Recovery −11500 −12600
Chemical 7300 8700
Electrical 9500 9300
Glass 8200 6800
Bars and bullion coins for investment 7500 9800
Jewelry 67200 75600
Petroleum 5300 3900
Other 9200 9500

otal 159600 167000
heir demand is increasing. Therefore, low rate of production of
hese metals due to their low concentration in related ores, and
heir high costs of production from naturally occurring supplies
as made precious metals recovery from spent catalysts a viable
nd cost effective alternative of their preparation. Regarding the
utlook of increasing demand versus limited global reserves of
latinum group metals in general, and platinum in particular,
andates a revision of the consumption and utilization of these

trategic metals. Furthermore, the potential environmental haz-

1999 2000 2001 2002

121300 118200 127500 138100
16800 34200 40500 29600
8400 8900 10900 1100
5000 3300 3400 4200

151500 164600 182300 182900

50000 58800 78400 78400
−13100 −14600 −16200 −17800

10000 9200 9000 9300
11500 14200 12000 12000

6200 7900 8900 8100
5700 −1900 2500 2800

89600 88000 79300 86500
3600 3400 3900 4200

10400 11700 13500 14600

173900 176700 191300 198100
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ards of spent industrial and automotive catalysts call for putting
an emphasis on recovery and recycling policies for these com-
modities.

There are a large number of methods of recovery of plat-
inum and the other platinum group metals from spent cata-
lyst ([15–30], among others), and ores [31] reported in liter-
ature. Angelidis and Skouraki [29] have examined a spent Pt-
NiO/Al2O3 industrial catalyst with respect to platinum removal.
They have used aluminum chloride solutions, with low con-
centrations of nitric acid as an oxidant instead of “aqua regia”.
Mhaske and Dhadke [30] have extracted precious metals from
spent catalysts using Cyanex 921 in toluene. Our goal in this
communication is not to review the extensive and voluminous
information accumulated in this area. Interested readers can refer
to the review article by Yoo [2], references cited by Mhaske and
Dhadke [30], and the review article by Mishra [32] for further
references.

Generally speaking, there is no universally acceptable
method for classification of the precious metals recovery from
spent catalysts. However, it is a common practice to classify the
existing processes in hydro-metallurgical, electro-metallurgical,
and pyro-metallurgical methods. Among the vast variety of the
available methods, solid–liquid extraction of the spent catalyst
by concentrated hydrochloric acid in presence of an oxidizing
agent such as nitric acid, hydrogen peroxide, chlorine, or the
like can be a viable wet recovery technique. In this technique
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treatment of a strong base resin (SBR) with mobile anion in
form of Cl− by 4% sodium hydroxide solution and replace-
ment of chlorine anion by hydroxyl group ion (hydroxylation),
improved purity in separation and ion exchange selectivity with
respect to hexachloroplatinic anion are achieved. Breakthrough
curves of the pretreated anion exchanger and intact resin are
obtained for capacity calculations.

2. Experimental

2.1. Materials

The spent catalyst was a highly selective platinum alumina
dehydrogenation catalyst whose chemical composition in fresh
form is reported in a previous communication [33]. Analyti-
cal grade sodium hydroxide (Merck) was used for hydroxyla-
tion experiments and analytical grade sodium hydroxide and
hydrochloric acid (Merck) was utilized for pH adjustment. A
strong anionic resin (AMBERTJET 4200 Cl, an industrial grade
strong base anion exchanger, Rohmhaas, France) was used for
separation of platinum complexes produced in leaching process.
Industrial hydrochloric acid (31%) and nitric acid (57%) were
used in leaching stage.

2.2. Apparatus and procedures
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he supernatant of the leaching process which is rich in precious
etal complexes is passed through a fixed bed of an anionic

esin, and the contained PGMs of the bed are subsequently sep-
rated by ashing. This technique is particularly useful when iron
nd iridium are present in the spent catalyst matrix, either as a
onstituent or as an added component in the reacting system
uring processing time [16]. In this method, however, the ion
xchange process is the time limiting step, and improved effi-
iency of separation, ion exchange capacity and selectivity, and
ossibility and ease of regeneration of the ion exchanger resin
s more desirable, and will make the method much more attrac-
ive. These issues, however, because of the complexity of the
ystem are poorly understood, and there is a great need for find-
ng better ways to improve the selective separation of different
GMs commonly used in industrial and automotive catalysts
fter their regular life cycle. As was mentioned earlier, although
here are a number of routes for separating PGMs from ores and
pent industrial and auto-catalysts, to the best of our knowledge,
here is not enough reliable data available in open literature for
sing in process selection as well as design purposes. There-
ore, as a sequel of our previous work [33], our goal in this
esearch effort has been parametric study of platinum recov-
ry by acid leaching and comparison of the results by those of
yanide leaching and improving on the selectivity of platinum
dsorption onto the ion-exchange bed, and collecting realistic
ata for unit operation and design purposes. To these ends, we
ave studied effects of some parameters such as hydrochloric
cid concentration, time, temperature, spent catalyst particle size
n leaching stage using hydrochloric acid along with nitric acid
s the oxidizing agent. These parameters play significant roles
n unit operation equipment design. Also, we report that by pre-
Following Grosboi et al. [16] with minor modifications,
80 g of a sample of spent dehydrogenation catalyst was de-
oked at 400–450 ◦C, and crushed to the desired particle size.
he particle size distribution of the samples was determined
sing standard mesh size sieves. The crushed and de-coked
atalyst was then leached with 3850 g of a mixture of con-
entrated (at least 6 mol L−1) hydrochloric acid and nitric acid
0.20 vol.% HNO3, and 98.8 vol.% HCl) solution in a 5000 cm3

ound bottom glass balloon heated by a 1500 W heating element.
he round bottom glass container used as a batch reactor was
quipped with thermometer, thermostat, stirrer, and a glass con-
enser for performing the leaching experiments in a total reflux
ondition.

A cylindrical glass column with an internal diameter of 2.5 cm
nd a height of 30 cm was mounted on a metal base vertically,
nd was filled with fresh anionic resin for ion exchange. For
ydroxylation of the strong base resin equal weights of resin and
wt.% sodium hydroxide solution were mixed and remained

or 30 min. Then the solid was filtered out and washed thor-
ughly by fresh de-mineralized water, and used immediately.
o obtain the capacity of the anion exchange resin and its break-

hrough curve, a small cylindrical glass column with internal
iameter of 8 mm, and a height of 14 cm was utilized. For break-
hrough experiments, the inlet volumetric flow rate was fixed at
mL min−1. The initial concentration of platinum in the feeds
f the ion exchange beds of intact and pretreated resin were 177
nd 183 mg Pt L−1, respectively.

The yield of extraction was measured by drying the solid pre-
ipitates at 120 ◦C, and measuring the platinum content of the
esidual solids based on ASTM D 4642-92 standard wet chem-
stry test method. The absorbance of the solution containing
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stannous hydrochloride complex produced in this ASTM test
method was measured by a UNICAM 8625 UV–vis spectrom-
eter at 403 nm.

The yellowish clear solution containing platinum complexes
was separated from solid residues by centrifugation using a
Megafuge 1.1 centrifuge (Heraeus, Germany). Separation of
platinum complexes from the supernatant of the leaching test
by ion exchange was carried out in a cylindrical fixed-bed of
AMBERTJET 4200 Cl resin. The saturation of the column
was monitored by measuring the absorbance of the effluent
practicing ASTM D 4642-92 test method. The ion exchange
experiments were carried out after diluting the clear supernatant,
volume for volume, with de-mineralized distilled water. The ion
exchange experiments were finished when bed was saturated.
Finally the platinum containing resin was rinsed with distilled
water, dried, and calcined with a constant slope of 20 ◦C min−1

up to 750–800 ◦C. The remaining gray metallic/black look pow-
der was cooled, weighed, and characterized. EDX experiments
was performed by a Philips XL 30 model scanning electron
microscope (SEM), and a Philips X’pert-MPD model X-ray
powder diffraction (XRD) system was utilized for phase char-
acterization of the calcination products. It is good to mention in
measurements, experiments were conducted in duplicates, and
the reported values is the arithmetic average of the duplicate
results.
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Table 2
Properties of a commercial strong base anion exchanger used in this work
(AMBERJET 4200 Cl)

Properties

Matrix Styrene divinylbenzene copolymer
Functional group –N+(CH3)
Physical form Insoluble, white translucent beads
Ion form Cl−
Total exchange capacity 1.3 eq L−1 (Cl− form)
Specific gravity 1.06 to 1.08 (Cl− form)
Maximum reversible swelling Cl− to OH−: about 30%
Harmonic mean size 600 to 800 �m

Types, preparation, classification, and properties of ion
exchangers are treated in a large number of monographs (e.g. see
[35–38]). Briefly, a solid organic ion exchange resin is mainly
a high molecular weight polyelectrolyte that can exchange
ions with ions of the same charge from its surrounding liquid
phase. The mobile ions of the resins can be negatively or posi-
tively charged, the former ion exchange resins are called anion
exchangers, and the later cation exchangers. Further, strong base
anion resins are similar to strong bases, and are highly ion-
ized and can be used over the entire pH range. Strong anion
exchangers exhibit a preference for different anions. This pref-
erence is termed ion exchange selectivity, and the higher the
preference/selectivity of a resin for a certain ion, the greater the
efficiency of separation and capacity of that ion [35].

The properties of the strong base anion exchanger used in this
study are given in Table 2. In this study the strong base exchanger
was utilized in two ionic forms: first the supernatant obtained in
leaching stage was passed through the resin as received. In this
case the ionic form of the resin was in Cl− form according to
Table 2, then the resin was hydroxylated by equal weight of 4%
sodium hydroxide to replace Cl− by OH− for 30 min according
to the following equation:

Styrene divinylbenzene copolymer-N+(CH3)3Cl− + NaOH

= Styrene divinylbenzene copolymer-
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.3. Chemistry of leaching of platinum group metals

Platinum and other platinum group metals contained in the
pent catalyst are leached out from the catalyst matrix by con-
entrated hydrochloric acid and nitric acid as the sole oxidizing
gent in the form of chlorocomplex, [MCl6]2−. For instance,
latinum is converted to hexachloroplatinic acid according to
he following equation [2]:

Pt + 4HNO3 + 18HCl = 3H2PtCl6 + 4NO + 8H2O (1)

The actual formula for hexachloroplatinic acid is
H3O]2[PtCl6], and its crystal structure has been deter-
ined at room temperature by single crystal X-ray diffraction.
he space group is cubic Fm3m with [PtCl6]2− ions on
ctahedral sites and [H3O]+ ions on tetrahedral sites [34]. Thus,
n ion exchange with strong base exchanger the anion of interest
s in the form of [PtCl6]2−.

.4. Ion exchange, chemistry of hydroxylation and
electivity of hydroxylated resin

Ion exchange process is a reversible chemical reaction
herein an ion from liquid phase is exchanged for a similarly

harged ion attached to an immobile particle. The solid ion
xchange agents are either inorganic or synthetic organic resins.
norganic solid ion exchange agents are naturally occurring or
ynthetically produced zeolites. The synthetic organic resins are
he most favorite ion exchange agents used in process industries
n solid and liquid forms because of their capability to accom-

odate a wide variety of needs.
N+(CH3)3OH− + NaCl (2)

nd the ion exchange experiment was repeated. In this case the
ydroxyl ion is replaced by [PtCl6]2−. Working capacity of ion
xchanger can be expressed as either the weight of platinum ions
grams) per cm3 of swollen exchanger resin, or as grams of plat-
num per grams of swollen exchanger resin. Here the capacity
f the resin is defined and calculated as follows

R = Wp(mg, Pt)

Wb(g, resin)
(3)

here, Wp is the weight of the platinum adsorbed (mg), and Wb
s the weight of the resin bed (g). The amount of Pt ions loaded
n the exchanger was calculated by mass balance. The mass
alance calculations for computation of the exchanger capacity
ere closed by 99.9%.
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Fig. 1. Effect of particle size on platinum recovery in leaching. (Tempera-
ture = 100 ◦C, time = 3 h, solid/liquid wt. ratio = 1/5.)

3. Results and discussion

3.1. Results of parametric studies

The main parameters of interest in leaching stage by
hydrochloric acid and nitric acid in this study were particle
size of de-coked and crushed spent catalyst, concentration of
hydrochloric acid, digestion time, and leaching temperature.
These parameters were varied in turn, and the recovery of plat-
inum was measured experimentally following the procedure
mentioned in Section 2.2, and compared with the platinum con-
tent of the spent catalyst reported in our previous work [33].
Results of these series of experiments are shown in Figs. 1–4.
Fig. 1 shows that as the average particle size is varied from 2 mm
up to a standard mesh size of 80 (equivalent to 0.177 mm) the
platinum recovery is enhanced, and no improvement on platinum
recovery is achieved upon further size reduction. The best aver-
age particle size is of order of a standard mesh size of 80 (equiva-
lent to 0.177 mm), and further reduction of the particle size does
not have any effect on the platinum removal. The intermediate
particle sizes (40 mesh = 0.420 mm, and 60 mesh = 0.250) show
poor results. This result shows that size reduction of spent cata-
lyst for acid leaching has appreciable impact on platinum recov-

F
p

Fig. 3. Effect of digestion time on platinum removal.

ery. However, compared with platinum recovery by cyanide
leaching from spent catalysts as an alternative route [33], acid
leaching can handle larger particle sizes (80 mesh, equivalent to
0.177 mm) for a maximum recovery of 67 wt.%, as opposed to a
maximum particle size of 140 mesh (equivalent to 0.105 mm) for
cyanide leaching that gives a recovery of 85.5 wt.%. Therefore,
any decision on selecting any of these two alternatives needs a
careful comparison between the two, and consideration of cost
of size reduction and profit of higher recoveries. Fig. 2 shows
that increased hydrochloric acid concentration leads to increased
platinum recovery and the best result is obtained when 9 mol L−1

hydrochloric acid is used. This result indicates that better plat-
inum removal occur when more concentrated hydrochloric acid
is utilized, and hydrochloric acid concentration plays a measure
ig. 2. Effect of hydrochloric acid concentration on platinum removal. (Tem-
erature = 100 ◦C, time = 3 h, solid/liquid wt. ratio = 1/5.)
 Fig. 4. Effect of temperature on platinum recovery in leaching.



234 K. Shams, F. Goodarzi / Journal of Hazardous Materials B131 (2006) 229–237

Fig. 5. EDX spectrum of platinum containing powder obtained by clacination of untreated resin bed.

role in Pt removal. Fig. 3 shows that the increase digestion time
would increase the platinum recovery and after 24 h the improve-
ment of the platinum recovery is not remarkably appreciable.
This large digestion time is for higher yields is not favorable
and attractive compared with that of cyanide leaching that gives
more than 80 wt.% of recovery in less than 90 min of the reac-
tion time. Effect of temperature on recovery is depicted in Fig. 4.
This figure shows that at atmospheric pressure the best recov-
ery is achieved at 100 ◦C. Comparison of these results with the

results obtained for cyanide leaching (160 ◦C) reveals that the
severity of acid leaching reaction is lower than that of cyanide
leaching, however, the penalty of this low severity is paid by
lower platinum recovery yields [33].

3.2. Results of ion exchange

EDX spectrum of the black looking powder produced by cal-
cination of the platinum containing resin is shown in Fig. 5,

owder
Fig. 6. XRD spectrum of platinum containing p
 obtained by clacination of untreated resin bed.
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Fig. 7. EDX spectrum of platinum powder produced by calcination of the hydoxylated (pretreated) resin bed.

and its XRD spectrum is depicted in Fig. 6. These two figures
indicate that platinum recovery takes place in metallic form and
the impurities are mainly small amounts of aluminates, iron,
and thin bearing components that are adsorbed onto the bed
and reappear in oxide forms in the ashes of the anion exchanger
resin. This finding also indicates that other components are either
carried out by the effluent of the ion exchange or are sepa-
rated and left in the solids of leaching stage. At this juncture
no further experiments were carried out to trace the fate of other
species of interest, however, its treatment is subject of our on
going research and the results will be reported in a later oppor-
tunity. As Fig. 5 shows, semi-quantitatively, the purity of the
platinum is about 83% and no other platinum group metals are
present.

EDX spectrum of the gray metallic powder produced by calci-
nation of the platinum containing resin, produced by passing the
supernatant of the leaching process through a column of hydrox-
ylated form of strong base exchanger resin is given in Fig. 7, and
its XRD spectrum is presented in Fig. 8. These two figures indi-
cate that platinum recovery takes place in metallic form and the
impurities are practically insignificant and/or negligible. Also,
in this series of experiments, supernatant of hydrochloric acid
leaching step was separated by sedimentation and centrifuga-
tion. These findings surely indicate that other components such
as iron, aluminum, and thin-containing species has gone through
the ion exchange bed. The comparison of the results shown in
Figs. 5–8 shows that when Cl− is replaced by hydroxyl group
and acts as the mobile ion of the strong base anion exchanger

by ca
Fig. 8. XRD spectrum of platinum powder produced
 lcination of the hydoxylated (pretreated) resin bed.



236 K. Shams, F. Goodarzi / Journal of Hazardous Materials B131 (2006) 229–237

Fig. 9. Breakthrough curves of strong base anion exchanger resin.

resin, the selectivity of the resin with respect to [PtCl6]2− is
enhanced remarkably. As Fig. 7 shows semi-quantitatively, the
purity of the platinum using hydroxylated resin is about 99.4%,
and purity of platinum is increased by more than 16%. Finally
the breakthrough curves of the hydroxylated strong base anion
exchanger resin and intact anionic resin are demonstrated in
Fig. 9. Based on this figure the capacity of the hydroxylated resin
is about 116 mg Pt/(g resin), and that of the intact resin is about
135.8 mg Pt/(g resin). The comparison of these results indicates
that the capacity of the hydroxilated strong base exchanger is
decreased by about 14%. This decreased capacity is attributed
to replacement of chlorine ion by hydroxyl group ion. Fig. 9
can quite easily be used for calculation of height of a practi-
cal exchange plate (HPEP) for design intentions (e.g. see [37]),
and validation of mathematical models for the behavior of ion
exchange beds.

4. Conclusions

The platinum recovery from a spent dehydrogenation sup-
ported catalyst (Pt/�-alumina) is studied. In this investigation
spent catalyst is leached by concentrated hydrochloric acid along
with nitric acid (0.20 vol.%) as the oxidizing agent. Then the
platinum recovery is followed by ion exchange of the platinum
complexes using a strong base ion exchange resin (AMBERT-
J
R
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d
t
l
h
i

a fixed column of intact and hydroxylated strong base anion
exchanger resin. The intact and treated resin on which the plat-
inum complex is adsorbed is dried and burned in an oxidizing
atmosphere at 750–800 ◦C. The recovered gray metallic pow-
der is mainly platinum. The breakthrough curves of the treated
resin and intact ion exchanger are obtained and the capacity of
the treated and untreated resins are computed and compared.
Results show that:

• The particle size distribution profoundly affects the platinum
recovery in leaching stage, and reduction of the particle size
beyond 80 mesh does not have any effect on platinum removal.
Recovery of platinum from spent catalysts using acid leach-
ing compared with that of cyanide leaching requires about
60% less size reduction. This simply translates into a less
energy intensive method. However, acid leaching gives less
recovery yields compared with those obtained by cyanide
leaching.

• Increased hydrochloric acid leads to increased platinum
recovery, and the most effective results are obtained by using
9 mol L−1 hydrochloric acid.

• Increased digestion time increases the platinum recovery and
after 24 h the increase of platinum recovery is not appreciable.
In case of platinum removal using cyanide leaching more than
95% of the maximum achievable recovery is reached in about
an hour [33]. This indicates that acid leaching is a far less

•

•

•

A

t
4
h
t

ET 4200 Cl, an industrial grade strong base anion exchanger,
ohmhaas, France). Platinum and other precious metal group

PMG) complexes are extracted by hydrochloric acid from de-
oked and crushed spent catalyst and heating. Effects of crushed
atalyst particle size, hydrochloric acid concentration, leaching
igestion time, and temperature in leaching stage is studied and
he results are compared with those of extraction of Pt by cyanide
eaching. The strong basic anionic resin is treated by sodium
ydroxide solution to replace chloride anion by hydroxyl group
on. The supernatant of the leaching process is passed through
time-efficient (slower) process.
Leaching is temperature sensitive, and the best extraction
results at atmospheric pressure are achieved at 100 ◦C. This
means that recovery of platinum from spent catalyst using
acid requires lower leaching reactions severity than that of
cyanide leaching (160 ◦C for cyanide leaching).
Treating the strong base anion exchanger in Cl− form
by sodium hydroxide and making the strong base anion
exchanger resin in OH− form leads to a more selective anion
exchanger resin with respect to [PtCl6]2− ion. Hydroxylation
of the strong anion exchanger resin in Cl− form increases
the selectivity by 16%, however, decreases the capacity of
the resin in pretreated form by about 15%. This increased
selectivity and decreased exchange capacity is attributed to
the replacement of chloride anion by hydroxyl group anion in
pretreatment.
Study of the dynamics of ion exchange of the cyanoplatinate
complex Pt[Cn]4

2− obtained in cyanide leaching using pre-
treated strong basic resin, comparison of the results with the
results presented in this communication, and validation of the
exact available models of the dynamics of sorption of fixed
beds in literature [39] using breakthrough curves presented
here is currently underway in our research group.
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