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ABSTRACT

A novel method is proposed for the extraction afrogram level concentration of palladium(ll) fromdrochloric
acid medium with 4-(4-methoxybenzylideneimino)-fagtelH-1,2,4-triazole-3-thiol(MBIMTT) dissolved in
chloroform as an extractant. The palladium(ll) fréhe organic phase is stripped with 50 % ammonliat&m and
determined spectrophotometrically with pyrimidinghbl as a reagent. The method affords the bireggaration
and determination of palladium(ll) from the allogsd synthetic mixture. The method is successfplhied for the
separation and determination of palladium from tbatalysts. The method is highly selective, simptd a
reproducible.
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INTRODUCTION

The abundance of palladium in the earths crustis 80"%%. Palladium is a good catalyst and in hydrogenation
and dehydrogenation reactions. Owing to its coomsesistance properties and easy alloying, palladind its
alloys are also used in chemical industry, medilgalices and jewelry manufacture. The increasindicgin of
the platinum group metals in the industrial processt to their extremely scarcity due to their matiabundance
and the complexity of the process used for itsaetiton and refining, therefore it is of paramounportance in the
development of separation method to recover thetalento meet the future demand. Solvent extra¢taanbecome
an effective technique in the recovery and separaif palladium[1-3]. The agueous chemistry of éhetetals is
extremely complex. The important tendency of thesgals is to form chlorocomplex in chloride mediuBelvent
extraction technique of separation uses the differen kinetic behavior for the formation of extiue species as
well as the strength of electrostatic interactiohtheir chlorocomplexes with liquid anion exchangehe inertness
of the chlorocomplex of palladium in aqueous medplays an important role in the extraction fromdicisolution
by an anion exchange mechanism. Other extractamerted for palladium(ll) are 1,12-di-2-thienyl-B5L1-
tetrathaidecane[4], dithizone[5], N-benzoyl-N,Nethylthiourea[6], hexadecylpyridinium bromide (HD¥H, 4-
(2-pyridylazo)-resorcinol[8], iso-amyl benzothiaglokulfoxide[9]. The methods reported are not skabée for
routine application because these methods suffer tduthe drawbacks such as operating condition lgamu
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formation leading to problem for the separationwskequilibrium) and ionic exchanger, nature of €liits, critical
pH range etc.

One coordination chemistry property of Pd(ll) isitlit prefer to coordinate most strongly with padable atoms
such as sulfur, phosphorous and nitrogen. Thesadig are ‘soft’ bases according to the empiricadrétn
classification[10]. Sulphur containing ligands dnighly selective for extraction of Pd(ll), and haveen widely
used in the extraction of this species[11-13]. 4nr@thoxybenzylideneamino)-5-methyH4l,2,4-triazole-3-
thiol(MBIMTT) is a sulphur containing ligand andi& highly water repellent. It does not form emaifsat the time
of extraction. Because of the determination of $ar@ounts of noble metals in minerals containimgéaamount of
base metals is difficult; the effectiveness of MBIM has been evaluated as an extractant for paitgdiufrom

variety of palladium bearing materials and procsskitions. MBIMTT has been employed successfullythis

laboratory for the extraction of Rh(lll), Ru (Ilgnd Au(lll) [14-16]. We report here the use of MBIM as an
extractant for palladium(ll) from hydrochloric aaigkedium.

MATERIALS AND METHODS

Equipments and chemicals

A Shimadzu UV-Visible spectrophotometer (UV-1601jthwlcm quartz cells was used for measurement. pH
measurements were carried out with an Elico digithimeter model LI-12@{0.01). A stock solution of palladium
(1) was prepared by dissolving 1g of palladiumaride hydrate (S. D. Fine, India) in dilute Analaligdrochloric
acid (1mol/dm) and diluting to 100ml with distilled water andthier standardizing it[17]. A working solution 100
pg mi* was prepared from it by diluting the stock solntisith distilled water. The reagent MBIMTT synthesil
by known literature method[14]. MBIMTT (0.1 mol/dnsolution was prepared in chloroform. Other stadda
solutions of different metal ions used to study #ffect of foreign ions were prepared by dissolvimgighed
quantities of respective salts in distilled waterddute hydrochloric acid. Solutions of anions werepared by
dissolving the respective alkali metal salts intitiesl water. All the chemicals used were of AR dgaDouble
distilled de-ionized water was invariably used tigbout the measurements.

Recommended method

An agueous solution containing 1Q@ of palladium (II) and enough hydrochloric aciddamater were added to
give final concentration of 1 mol/dhwith respect to hydrochloric acid in a total vokiraf 25 ml. The resulting
solution was transferred to 125 ml separating funflkee aqueous phase was equilibrated once witml16f 0.1
mol/dn? MBIMTT solution in chloroform for 30 second. Théagse was allowed to separate and the metal from the
organic phase was backstripped with two 5-ml pagiof 50 % ammonia solution. The extract was eatpdrto
moist dryness and leached with dilute hydrochlaaiid to form the solution. Palladium(ll) was estieth
spectrophotometrically with pyrimidine-2-thiol[1&]L

RESULTS AND DISCUSSION

Extraction of palladium(ll) as a function of acid concentration

The extraction of 10Qig palladium(ll) was carried out from different aciedium with 0.1 mol/dfhMBIMTT in
chloroform keeping the aqueous to organic volunmi® ra.5:1. The extraction was found to be complieten
hydrochloric acid. Palladium(ll) was extracted otlee 0.2- 10 mol/drh acidity range with hydrochloric acid with
0.1 mol/dni MBIMTT in chloroform. It was observed that extriact increased in the acidity of the aqueous satutio
and became quantitative at 1 molfihydrochloric acid. It was incomplete in sulphuscid due to emulsion
formation. The extraction was quantitative in mitdcid medium in the 6-7 mol/dnrange, but third-phase
formation took place above this range of aciditgnkle, the hydrochloric acid system was used fahdurstudies.

Effect of reagent concentration

Palladium(ll) was extracted over the 0.5-3 mofidmacidity range with hydrochloric acid with varying
concentrations of MBIMTT. The reagent concentratieas varied from 1 x 10— 2 mol/dni (Table 1). It was
observed that extraction increased in the acidityhe aqueous solution and became quantitative atolldn?
hydrochloric acid. It was found that 0.1 molfireagent in chloroform was needed for quantitaéixgaction of
Pd(ll) from 1 mol/dm hydrochloric acid.
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Effect of equilibration time

Variation of the shaking period from 5 seconds taiButes showed that a minimum 10 second equildordtme is
adequate for quantitative extraction of palladium{tom hydrochloric acid media. As a general prchoe, 30
second of equilibration time is recommended in ptdeensure complete extraction of palladium(lidtgchloric
acid medium. Prolonged shaking up to 5 minutesnbaadverse effect on the efficiency of extraction.

Effect of stripping agents

Palladium loaded in the organic phase was stripgititvarious stripping agents, such as1l mofdhl, 1 mol/dni
HNOs, 1 mol/dnf NaOH, 50% NH, 1 mol/dni Na,SO,. The stripping was observed in only with NaOH, 58%,

and NaSQ; as stripping agent. It was found the stripping Vess than 50% when NaOH solution and 40% when
Na,SO; was used as stripping agent. The stripping wastgatve when 50% NEIsolution was used. Hence, 50%
NH; solution is suitable strippent for palladium.

Effect of diluents

The extractions were performed from 1 mol?dmydrochloric acid medium using 0.1 mol/dMBIMTT in various
solvents as diluents. It was found that 0.1 mol/dWBIMTT solution in carbon tetrachloride, chloroformylene,
toluene and benzene provides quantitative extnactfgalladium(ll). The extraction of palladium(Mas found to
be incomplete in isobutyl methyl ketone (50 %) aisylalcohol (48.8 %), while no extraction in n-buthand 4-
methyl-2-pentanol. Chloroform is recommended forthfer extraction procedure because it offers bgitease
separation.

Nature of extracted species

The composition of complex was confirmed by usimg D- log C plot. The graph logi#dqy; versus log Guemrr at
4 mol/dnt hydrochloric acid was found to be linear and hg\stope of 1.3(fig.1). Hence, the probable compmsit
of extracted species in chloroform has been foorkt1:1, [Pd(Il): MBIMTT].

The probable extracted species is,
[ RCHNR'H,** PdChZ']
. org

Where
R = GHsOCH;

C
A

HS

The extraction mechanism can be explained as fstlow

RCHNR +  2HCI ——= [ RCHNR' ++ZCI']
[ ]org : ~laa) [ H org

[ RCHNR'H,™ 2CI'] + PdC|42‘(aq) —_— [ RCHNR'H,™ PdCLﬁ'] + 2Cl(4q)
org org

Loading capacity of MBIMTT

The loading capacity of the extractant was deteethiny the repeated contact of organic phase witesh feed
solution of the metal of some concentration. F&©anl of 0.1 solution of MBIMTT in chloroform atHydrochloric
acid medium and a Ag/Org phase ratio of 2.5:1,nleeimum loading capacity for palladium(ll) was faouto be
4.5 mg.
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Effect of Diverse lons

Various ions were used in order to asses the tuderaf these ions on the extraction of palladium@klladium(ll)
was extracted in the presence of different diveyse (Table 2). The tolerance limit was set asatfm@unt of foreign
ions cause2 % errors in recovery of palladium. The results shibwet in the extraction and determination 1@0
of the palladium, these ions did not interfere la tevel tested. The reproducibility of palladiumtraction
investigated from six replicate measurement waaddo be 99.08 0.95%.

Application

Binary separation of palladium(ll) from base metals

The method allowed separation and determinatiopadiidium(ll) from a binary mixture containing esthiron
(1), cobalt(Il), nickel(ll), and copper(ll). Theeparation of palladium(ll) from iron(lll), cobdly, nickel(ll), and
copper(ll) by its extraction with 0.1 mol/drMBIMTT in chloroform at 1 mol/drhhydrochloric acid. Under these
condition all the base metals remain quantitativelythe agueous phase and these base metals detdrmi
spectrophotometrically with thiocyanate[17], l-of0-2 naphthol[17], DMG[17], and pyrimidine-2-tH20]
respectively. Palladium is stripped from the orgapihase with two 5ml portion of 50 % ammonia solutiThe
extract was evaporated to moist dryness and leawtigtd 1 mol/dni hydrochloric acid to form the solution.
Palladium(ll) was estimated spectrophotometricalith pyrimidine-2-thiol. The recovery of palladiutj(and that
added ions was 99band results are reported in (Table 3).

Separation of palladium(ll) from multicomponent synthetic mixture

In its natural occurrence palladium is always aided with the noble and base metals, hence itaragpn from
these metals is of great importance. Under thermapti condition for extraction of palladium(ll), tleers
quantitative extraction of Au(lll), Pt(IV) and Rhi{l. But the coextracted metal ions cannot be biigised by 50 %
ammonia solution. Thus the MBIMTT reagent is madiecive towards palladium(ll) by taking advantagethe
strippent used. The proposed method allows thectbadeseparation and determination of palladiunmfrmany
metal ions (Table 4).

Analysis of alloys

To ascertain the selectivity of the reagent theppsed method was successfully used in the detetioinaf
palladium(ll) in alloys. The real samples were radailable; hence the synthetic mixtures were pegpar
corresponding to the composition of alloy. The hssof the analysis are reported in (Table 5). Hwerage
recovery of palladium(ll) has been found to be 9.5

Table: 1 Extraction behavior of palladium(ll) as afunction of MBIMTT concentration.
Palladium(Il) = 100ug; Ag/Org = 25:10

[HCI mol.dm® | MBIMTT/ mol.dm 2 | Percentage Extraction / %E D'f;;;g?g;’”
0.00001 110 030
0.0001 23.8 0.78
05 0.001 59.7 370
0.01 745 7.34
0.1-0.25 100 w
0.0000.1 40 166
1 0.0001 71.6 6.30
0.001 91.7 27.62
0.01-0.25 100 0
0.00001 68.4 5.46
2 0.0001 91.6 27.60
0.001-0.25 100 0
0.00001 14.0 0.40
0.0001 44.00 1.96
3 0.001 50.00 550
0.01 83.6 12.74
0.1 91.7 27.62
0.15-0.25 100 »

Analysis of the real sample
The proposed method is applicable for the deterioinaf palladium content in the palladium catady$dissolution
of sample is carried out by using literature mefBtel2]. A known weight of catalyst (BDH) was slidved in a
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mixture of 9 ml and 3 ml of concentrated hydrocld@cid and nitric acid, respectively. After thecdon was over
the solution was heated with a two ml portion oh@entrated hydrochloric acid until the complete ogal of
oxides of nitrogen. The residue was dissolved inml®f 1 mol/dni hydrochloric acid and filter to remove carbon
or barium sulphate. The residue was washed witltedihydrochloric acid. The filtrate and washing eveollected
and diluted with distilled water in standard volune flask. An aliquot of the sample solution wiadken and
palladium(ll) was determined by using the abovecdbed procedure. The results of the analysis atlieated in
(Table 6). The average recovery of palladium(l&sv@9.4%.

Table: 2 Effect of diverse ions on the extractiveetermination of palladium(Il)
Pd(Il) = 100 .g; aqueous phase = 1 mol/@iCl; Ag/Org = 25:10; extractant = 0.1 mol/divBIMTT in Chloroform

Tolerance limit (mg)

Foreign ion addec

100

Fluride, Citrate, Oxalate, Acetate, EDTA, Malt® Bromide, lodidg

20

Ca(ll), Ba(ll), Be(ll), Mg(ll), Fe(lll)

15

Mn(ll), Fe(ll), Cr(lll), Co(ll)

10

Mo(V1), Sr(ll), Ti(IV), Ce(IV)

5

U(VD), Mn(VII), Sb(lll), Zn(Il), Pb(ll), Hg(I1), Ni(ll), Sn(ll), Cu(ll)

0.t

PH(IV), R(1lT), Aulil), Ru(lil)

Table: 3 Binary separation of palladium(ll) from ir on(lll), cobalt(ll), nickel(ll) and copper(ll)

Composition of Metal Relative Standard
ions, fug Recovery” Pd(ll) % Deviation%.
Pd(ll), 100; Fe(lll); 15000 99.6 0.13
Pd(ll), 100; Co(ll), 10000 99.7 0.07
Pd(Il), 100; Ni(ll), 5000 99.6 0.11
Pd(ll), 100; Cu(ll, 500¢ 99.¢ 0.1:

*-average f six determinations

Table: 4 Analysis of synthetic mixture

Composition (1g) Palladium found /pg | Recovery* /% | R.S.D. /%

Pd, 100; Pt,500 99.6 99.8 0.05

Pd, 100; Au,500 99.8 99.9 0.07

Pd, 100; Ru,500 99.4 99.7 0.07

Pd, 100; Rh,500 99.6 99.8 0.05

Pd, 100; Pt,500; Ru,500 99.2 99.6 0.06

Pd, 100; Pt,500; Au,500 99.4 99.7 0.07

Pd, 100; Pt,500; Rh,500 99.4 99.7 0.07

Pd, 100; Pt,500; Ru,500; Au, 500 99.6 99.8 0.05

Pd, 100; Pt,500; Rh,500; Au, 500 99.2 99.6 0.06

Pd, 100; Pt,200; Ru,200; Au, 200; 99.4 99.7 0.07

Fe,2000; Co, 2000; Ni, 2000; Cu, 2!

*- average six determination
Table: 5 Analysis of alloys
. Palladium Palladium
Alloy Composition (%) taken(ug ) | found*(pg ) Recovery(%) | R.S.D.(%)
Low melting dental alloy Pd, 25; Au, 10; Co,22, B4, 170 169 99.5 0.09
Stibio palladinite Mineral Pd, 75; Sb, 25 150 149 9.8 0.08
Jewellery alloy (Pd-Ru alloy) Pd, 95.5; Ru, 4.5 191 190 99.8 0.05
Jewellery alloy (Pd-Au alloy) Pd, 50; Au, 50 100 99 99.8 0.08
Pd-Cu alloy Pd, 60; Cu, 40 120 119 99.6 0.11
Pc- Ag alloy Pd 60; Ag 4! 12C 11¢ 99.€ 0.11
Golden colored silver alloy resistant to transhing | Pd, 25.5; In, 21; Cu,18; Ag, 35 102 101 99.8 0.08
*- average six determination
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Table:6 Analysis of real samples (catalysts)

Catalyst Sample Palladium taken (ug ) | Recovery*(%) | R.S.D.(%)
Hydrogenation cataly (Pd on BaSy, 10% 10C 99.¢ 0.0%
Lindlar hydrogenation catalysts (Pd on Ca{5@b) 100 99.6 0.08
Lindlar hydrogenation catalysts (Pd on Ca(10%) 100 99.7 0.12
Hydrogenation catalysts (Pd on asbestos,5%) 100 .5 99 0.10
Hydrogenation catalysts (Pd on CafX0%) 100 99.5 0.45
*- average six determination
2 7 3
slope = 1.3 at 4 mol/dm~ HCI
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Fig.1 Log-log plot of distribution ratio (D) versus MBIMTT concentration at 4 mol/dn? HCI
CONCLUSION

These results underline the potential of the predosnethod for the quantitative, selective extractiof

palladium(ll) with MBIMTT containing low concentrian of palladium. It is free from interference fraire large
number of diverse ions which are associated wittagi@am(ll) in its natural occurrence. The importdeatures of
this method are low reagent concentration is reglyiand the time required for the equilibrium isyvehort (30
seconds).The method is effective to determine apdrsite the palladium content from the catalyste method is
applicable to the analysis of palladium(ll) in dyetic mixtures and corresponding to alloys. Thehwetis very
simple, selective and reproducible.
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