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ABSTRACT

A new extractant of 2-hexyl-5-methyl benziminazaléde (HMBMS) was synthesized and used in thactidn of
Pd(ll) from hydrochloric acid solution. Pd(Il) wasxtracted quantitatively with HMBMS in keroseneiolitea
solution could be used as stripping agent. Extrmacttiparameters of Pd(ll), including 2-hexyl-5-methyl
benziminazolsulfide (HMBMS) concentration, contact time of amugeand organic phases, organic/aqueous (O/A)
phase ratio and hydrochloric acitbncentration of aqueous phase, were studied iailddhe extraction saturation
capacity of Pd(Il) was determined from 0.1mdlIHCI solution with 30% (v/v) HMBMS and its expenita value
exceeded 10 gLunder the experimental conditions. Pd(Il) and ¥j(could be separated effectively and the
separation coefficient of Pd(ll) and Pt(IVJsr) reached 1.5x1H when HMBMS and HC1 concentration were
fixed at 20% (V/V) and 0.1 mol*Lrespectively. Stripping of Pd(Il) from loaded anic phase was performed using
thiourea solution.
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INTRODUCTION

The conventional method for the separation of palla from other platinum group metals (PGMs) isdgmical
precipitation[1,2]. Precipitation process has imemproblems, such as high chemical consumptionhégia labor
requirements involved in the repeated process, kloatics, and solid-liquid separation. The chemngracipitation
process increases environmental pollution due ¢oofisoxic chemicals [3]. Feasible hydrometalluagitechniques
need to be developed to replace the conventionaiidal precipitation method. Solvent extraction Heen
considered as a most efficient technique for th@very and separation of platinum-group metals (P@&fm

hydrochloric acid solutions [4,5]. Early studiestbe solvent extraction of palladium mainly invalvihe extraction
of palladium in aqueous acid solution. Chloridetie most common media into which all the preciowats,

except silver, can be efficiently brought into smno. A number of studies on the extraction of gdibm from
hydrochloric acid solution have been carried oug anany different extraction systems have been &ein
including oxime [6,7], alkyl derivative of 8-hydrgquinoline[8], phosphoniutf®] and so on.

One coordination chemistry property of Pd(ll) iattit prefers to coordinate most strongly with pizlable atoms, a
fact that has pushed the development of extractaadsing donor atoms such as sulfur, phosphorusharaen.

These ligands are soft-bases according to the s@tdrcid-base concept. Sulfides are known to ghlpiselective
for extraction of Pd(ll), and have been widely ugethe extraction of this species. So far, mo#fidaes reported for
this purpose are dialkyl sulfides [10-12]. In theegent work, a new sulfide extractant bearing arbeyclic

substituent, 2-hexyl-5-methyl benziminazsldfide (HMBMS) was synthesized and its extracti@mavior towards
Pd(ll) from hydrochloric acid solution was also ditd, by controlling important parameters like regtant

concentration, acidity, contact time, phase rati@ concentration of stripping agent.
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EXPERIMENTAL SECTION

2.1 Major materials and equipments

A Z-2000 polarized zeeman atomic absorption sppbtviometer (Hitachi High-Technologies Corpotatidapan)
was used to measure the concentration of Pd(lle @perating conditions were carried out accordimghie
recommendations of manufacturer. The wavelengtlestesl were as follows: Pd 247.6 nm. The pH valvese
measured with a PHS-3C precision pH meter (REXuinsént Factory, Shanghai, China).

Pd(Il) and Pt(IV) stock solution(1.000 g'): A weighed portion of palladium or platinum metas dissolved in
aqua regia (120 mL). When the metal was complafidgolved, the solution was evaporated to neanymeass.
Residual HNQ was removed by adding 30 mL of 6 mol HCI and evaporated to nearly dryness again, aisd th
was repeated 3 times. The solution was transfenteda 250 mL of volumetric flask, and the finalrmovolume
was adjusted by adding 0.1 mol HCI solution.

A new extractant of 2-hexyl-5-methyl benziminazsldfide (HMBMS) was synthesized in our laboratofyne
organic phases with desired extractant concentratiere obtained by dissolving a definite volume of
2-hexyl-5-methyl benziminazokulfide (HMBMS) in kerosene.

2.2 Experimental methods

2.2.1 General extraction procedure

Equal volumes (20 mL) of both phases were mixedwagarously shaken for 20 min, which was sufficiemough

to attain equilibrium in a preliminary experime#tfter phase separation, the concentration of Pdi(llaqueous
solution was determined by an atomic absorptiontggheter. These results were further used to esgirtta

extraction efficiency of metal. The amount of egtesl metal ion was calculated according to theedifiices in the
metal concentrations of the aqueous phase betweéore, and after the extraction.

Percentage extraction of Pd(ll) or Pt(IV) was chlted according to Eq. (1):

_ M
S ®

Where [M]) is metal ion concentration of organic phase, {Mis the metal concentration of stock solution befor
extraction.

Distribution coefficient (D) of metal ion in organand aqueous phase was calculated by:

M] E
D=_2:9 = 2
[M](a) 1 - E ( )

Where [M],is residual metal concentration of aqueous phase ektraction, [M},is metal ion concentration of
organic phase.

Separation coefficient of Pd(Il) and Pt(I\Bp{r) was expressed as:
_ Dpy _ EPd(]‘ — EPt)

B = B = 3
o D, EPt(]‘ - EPd) ©
2.2.2 Synthesis of 2-hexyl-5-methyl benziminazaléide (HMBMS)
HMBMS was synthesized according to the followingpgadure: 2-Mercapto-5-methyl benzimidazole (7.5g) ,
acetone (50 mL) and KOH (2.8 g) were put in a rebattom fitted with a mechanical stirrer and corskrand the
mixture was heated for about 30 min. hexyl bromid® mL) was then added gradually with stirringotigh a
dropping funnel and the reaction mixture was reftlixtor 5 hours. The residual solid was filtereceaftooling
down and the acetone was removed by distillatidre drganic phase was diluted with ether (20 mL)shea with
water two times and dried with anhydrous,8@,. The ether was evaporated and HMBMS was obtaified.
structure (Fig. 1) was verified B4 NMR, *C NMR, and mass spectra.
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Fig.1. Structure of 2-hexyl-5-methyl benziminazole sulfide (HMBMS)

'H NMR (500MHz, CDCI3) , & 7.47 (d, J=7.6Hz, 1B , 7.36 (s, 1H) , 7.05 (d, J=8.1 Hz, 1H , 3.33
(t, J=7.3Hz,2H , 2.94 (s, 3H ,1.77~1.74 (m, 2H) , 1.38~1.35(m, 20 ,1.28~1.21(m, 4B ,0.86 (t,
J=6.6 Hz, 3H ppm;

13C NMR (125 MHz CDCI3)§ 150.90, 132.34, 123.91, 114.03, 33.25, 31.70,43®8.80, 22.90, 22.00,14.37 ppm;
HRMS (ESI) m/z found : 249.1417 (M+H)calc: 249.1419 (M+H)

RESULTSAND DISCUSSION

3.1 Influences of the extractant concentration

To investigate the effect of HMBMS concentrationtbe extraction performances of Pd(ll), the experite were
performed at the fixed conditions. The resultssirewn in Fig.2. As can be seen from Fig.2, HMBMSsdlved in
kerosene with the extractant concentration varyimogn 1% to 8% (v/v). The percentage extraction afIPR
increased in the range froBY.5% to 99.1% by increasing HMBMS concentratioonfr1% to 5% (v/v). Further
increasing HMBMS concentration from 5% to 8% (vAe percentage extraction of Pd(ll) kept consta®4. (v/v)
HMBMS was needed for quantitative extraction ofIBdtom a 0.1 mol [* HCI aqueous solution containing 100
mg L™ palladium.
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Fig.2. Effect of extractant concentration on the extraction of Pd(I1).
Craqy: 100 mg [*,Cici: 0.1 mol L, 0/A: 1.0, contact time: 20 min

3.2 Influences of hydrochloric acid concentration

In industrial application for extraction of Pd(Ikhe acidity of stock solution usually influencegnéficantly. The
effect of hydrochloric acid concentration on therastion of Pd(ll) is shown in Fig. 3. The extracticurve
indicated the percentage of extraction of Pd(IQrdased drastically with the increase of HCI cotregion. Nearly
all of the Pd(ll) £99%) was transferred from the aqueous phase ietortanic phase wheé#Cl concentration in
the range from 0.1 to 0.5mol*lThe percentage extraction of Pd(ll) decreasetérrange from 99.1% to 64.3% by

increase of HCI concentration from 0.5 mof ko 4.0 mol L!. Therefore, 0.1 mol £ HCI was adopted in all
subsequent experiments.
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Fig.3. Effect of HCI concentration on the extraction of Pd(I1)
Craqy: 100 mg [*,C wvews 5 % (v/v), O/A: 1.0, contact time: 20 min

3.3 Influences of contact time

To extract Pd(ll) efficiently by controlling an optal contact time of aqueous and organic phasesexperiments
were carried out with different contact time atestlixed extraction parameters. The results aravehio Fig.4.

Contact time was determined by measuring the noetaident in the aqueous phase as a function of tinté the

metal concentration in the aqueous solution didvaoy. The two phases were shaken for a periodmgrigom 5 to

30 min. The percentage extraction of Pd(lIl) incegkim the range from 47.6.0% to 99.1% by in incedasf contact
time from 5 min to 20 min. Further increasing cantame from 20 min to 30 min, the percentage etiom of

Pd(Il) kept constant. Therefore, the minimum perafdequilibration required for the quantitative mdtion of
palladium was found to be about 20 min.
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Fig.4. Effect of contact time on the extraction of Pd(I)
de(“): 100 mg Ll, Chmeus 5 % (V/V) ,O/A: 1.0, Go: 0.1 mol Ll

3.4 Influences of organic / aqueous (O/A) phase rat

To obtain optimal O/A for extraction of Pd(ll), thellowing experiments were performed at other divextraction
parameters. The results are shown in Fig.5. Asbeaseen from Fig.5, by increasing O/A from 0.2 10, the
percentage extraction of Pd(ll) increased from 46.89.1%. By further increasing O/A from 1.0 td_2the

percentage extraction of Pd(ll) kept constant. &wee, Pd(ll) can be extracted efficiently by cefiing organic /
aqueous (O/A) phase ratio,1.0.
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Fig.5. Effect of O/A on the extraction of Pd(l1)
Craqiy: 100 mg L, Crmeus: 5 % (v/v) , contact time: 20 min 4&: 0.1 mol L*

3.5 Determination of extraction saturation capacftPd(ll)

The above experiments demonstrated that HMBMS tradg extraction for Pd(ll) at a lower acidity. Tfadlowing

experiments were carried out to determine the etitna

saturation capacity of Pd(ll) at the follogirfixed

parameters: Pd(ll) concentration of aqueous salutic000 g [*. O/A ,1.0; contact time of two phases, 20 mir; H
concentration of aqueous phase, 0.1 mal Eleven shares of the stock solutions were extdairt turn using the

same organic phase with 30% (WYBMS. After eleven

extractions, for partial orgarphase lost severely, the

experiment could not be carried out further. Theults are shown in Table 1. According to Tableht Pd(ll)
concentration of organic phase exceeded 10" gvhich suggested that the extraction saturatioraciap of Pd(ll)

was over 10 g £t under the experimental conditions.

Table 1.The determination data of extraction saturation capacity of Pd(I1)

Number Percentage extraction of Pd(ll) (%) Pd(@heentration in organic phase (g)L
1 99.3 0.993
2 99.2 1.985
3 99.0 2.975
4 98.9 3.964
5 98.7 4.951
6 98.5 5.936
7 98.2 6.918
8 97.7 7.895
9 97.4 8.869
10 97.3 9.842
11 96.8 10.81

3.6 Verification separation of Pd(Il) and Pt(IV)

The as-obtained extraction parameters need to tifiedef they are or not workable in practical dipption for the
separation of Pd(ll) and Pt(IV) from hydrochloricic solution. A synthetically mixed stock soluticontaining
Pd(ll) and Pt(1V), Pd(Il) concentration 992 mg land Pt(IV) concentration 987 mg*Lrespectively. The stock
solution was prepared by dissolving each solute8.1nmol L* HCI solution. The mixed solution was contacted

with equal volume of organic phase with 20% (VANIBMS

for 20 min. The results revealed that 99.1%lIPdut

only 0.7% Pt(IV) were extracted to the organic ghakhe results are shown in Table 2. According abl& 2, the

separation coefficient of Pd(Il) and Pt(IM)p{p)
completely.

reached 1.5xf0indicating Pd(Il) and Pt(IV) were separated

Table 2. Residual concentration and per centage extractions of Pd(l1) and Pt(1V)

Metal ion Pd(ll)  Pt(IV)
Mixed stock solution concentration (mg)L 992 987
Residual concentration (mg')L 9 980
Percentage extraction (%) 99.1 0.7
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3.7 Stripping properties of palladium

Palladium(ll) stripping experiments were performesing thiourea solution as the stripping systeme Btock
palladium-loaded organic phasep{€100 mg L) was prepared by the same extraction procedurdessribed
above.

The following parameters were fixed: palladium(ipncentration in loaded organic phase 100 my L
organic-to-aqueous (O/A) phase ratio 1.0, and rgixiime of two phases 5 minutes. The effects of utea
concentration on palladium striping are presentedrig.6. As seen in Fig.6, by the increasing obthéa
concentration, the stripping percentage increasaskedly at first and then only slightly. When tHeourea
concentration reaches 0.5 mot,Lthe stripping percentage is leveled. Maximumpgirig was 99.0 %, which
suggests that thiourea is also one of the efficirpping agents for the separation of Pd(ll). Bhepping was
quantitative when 0.5 molt.thiourea solution was used.
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Fig.6. Effect of stripping reagent concentration on the stripping of Pd(I1)
Craay: 100 mg [*, O/A: 1.0, contact time: 5 min

CONCLUSION

The solvent extraction of Pd(Il) from hydrochloracid solutions were investigated using 2-hexyl-3hyle
benziminazole sulfide (HMBMS) diluted in kerosenExtraction parameters of Pd(ll) were obtained and
summarized as the following: HMBMS concentratiorto 5v/v); organic/aqueous (O/A) phase ratio ,1.0;
hydrochloric acid concentration of aqueous solytiha mol L*; contact time of two phases 20 min. The saturation
extraction capacity of Pd(Il) was determined wifl#@(v/v) HMBMS and its experimental value exceed8dy L.
Pd(ll) and Pt(1V) could be separated completely #relseparation coefficient of Pd(Il) and Pt(I\Bp4) reached
1.5x1¢ when HMBMS and HC1 concentration were fixed a¥2(v/V) and 0.1 mol L[}, respectively. Pd(Il)
loaded in organic phase could be stripped effityeuging an agqueous solution containing thiourdze fpercentage
stripping of Pd(ll) was 99.0 % using 0.5 matthiourea solution.
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