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Abstract : Two methods, precipitation and uitrafiltration, were  applied in
order to recover platinum group metals(PGM) by compiexing them with water
-soluble polyelectrolyies, c.g., polyethylencimine [PEl],  poly(2-vinylpyridine)
[2-PVP], poly (d-vinylpyridine) [4-PVP],  and poly (styrene sulfonic acid)
[PSSA].

fn the precipitation method, the PGM-polyclectrolyte complex  that was
formed by mixing first with polybase, e.g.,4-PVP at pH 1 was precipitated by
further mixing with polyvacid, e.g., PSSA. However, the recovery of PGM
obtaincd by this mcthod was not quantitative(less than 70%). The
“sandwiching™ binding between the metal anions and two polyclectrolytes was
examined by  N-ray  photoclectron  spectroscopy(XPS). The XPS  studics
indicated that the PGM  atom was bound with the acdic and Dbasic
polyclectrotyte via its oxygen and nitrogen atom, respectively,

The recovery of PGM  using  polyeleetrolyte  was  further  studied by
ultrafiltration mcthod as follows @ The PGM ions, complexed at pH | with
polyelectrolyte, allowed the application of membrane filtration by virtue of the
great differences in molecular weights between PGM and other low molecular
weight specics. By applying this method, Pd and Pt ( ca. 10°M ) werc
selectively separated  almost  quantitatively  from  coexisting metal ions, e.g.,
Cu™ and Ni''. The EPR spectra and viscosity measurements indicated that
these polyclectrlyies were not bound to Cu™ and Ni''ions at this pH, which
provided the basis for sclective separation of PGM(Pd, Pt and Rh) from thesc

cocxisting ions.

Keywords : rccovery of PGM, metal/polyelectrolytc complexcs,

ultrafiltration

1. Introduction

Muzzarellil 1]  and  Jellinek|2,3]  reported  that Rh, Cr, and Pd could be precipitated from solution
aniorie complexes of metals  such as Au, Pty Ry, by adding first  polvethylencimine  followed by
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polygalacturonicacid, “sandwiching” the metallic
anions between the two polyelectrolytes.
Shkinev and Spivakov(4-7]

method for the preconcentration of metal ions in

suggested a  new
aqueous solution called liquid - phasc  polymer -
based retention{LPR). This method is based on the
ability of water-soluble polymeric reagents to form
metai-polymer complexes and subsequent scparation
low molecular-weight

of these complexes from

épccics by membrane filtration. As a result, it can
be shown that polyethylenciminemethlythiourca(PTU)
quantitative- ly retains scveral divalent metals such
as Cu’’, Hg", Pt™, Pd”, Au", Ag’

solution at pH 1.

from chloride
Usc of chemically inert solid membrancs makes

it possible to achieve separations in  the
homogeneous phase, and these processes arc casily
handled and To date,

scparition processes such as ultrafiltration, reverse

automated. membrane

osmosts  arc  becoming  increasingly  popular in
industry.
The present  work is  concerned  with  the

application of these techniques to the recovery of
metallic anions, in particular, platinum group metals.
The binding behaviors of various metals including
PGM with polyclectrolytes were studied by EPR
spectroscopy  and  viscosity  measurcments. In
ultratittration method the factors which influenced
the retention of the PGM and the basis for sclective
scparation of the PGM from coexisting ions were

discussed.

2. Experimental

Polyclectrolytes studied

poly(2-vinylpyridine)
poly (4-vinylpyridinc) [4-PVP], and
2-PVP,
were obtained from Polysciences
chloride (PtCly) was

palladium(1l) chlonde (PdCl:)
Rhodium(Iih)

2.1 Materals and reagents.

were poly(ethylencimine)[PEI],
12-PVP],
poly(styrenc sulfonic acid)[PSSA]. PEIL,
4-PVF, and PSSA
Inc.. Platinum(IV)

from Fluka, and

obtained

from Inuisho Precious Moctals.

chloride (RhCl;) and ammonium hexachloroitidiate
(IV)  [(NHy):IrCls]  were  purchased  from  Strem
Chemicals, cupric(I1[) chloride(CuCla) and nickel(11)
chloride (NiCl,) from Alfa Products.
anode

A sample of

slime that obtained from an clectrolytic

copper refinery was used.

2.2 Infrared
complexes

spectroscopy. Metal-polyelectrolyte
precipitated in the ratio  of
[polyelectrolylc]/[mclal] = 1 werc characterized by
FT-IR. Infrared spectra were recorded on DIGILAB
FT-80 spectrophotometer from BIO-RAD Inc. as

KBr pellet.

Soluble
abtained in the ratio of

2.3 Electronic spectroscopy. metal
-polyelectrolyte  complexes
[polyelectrolyte]/[mctal] = 6 were investigated by
electronic spectra.  These spectra were recorded on

Shimadzu Model UV-240 spectrophotometer.

2.4 Elcctron paramagnetic rcsonance  Spectroscopy.

Copper chelate was  obtained by mixing to molar
ratio of 1/10 for Cu to polyclcctrolyte. 1t was
10 maintain a low Cu’’ concentration in
EPR lines by

EPR spcctra were measured

cssential
order to prevent the broadening of
dipolar interaction.

with Bruker ER-200E
9.3GHz. Spectra at 77K

nitrogen Dewar flask inscrted

spcctrometer  operating  at

“were taken in a liquid
in the EPR cavity.

2.5 X-ray photoelectron spectroscopy. The

“sandwiching™ binding between the metal anions

and two polyelectrolytes  was studied by X-ray
photoelectron spectroscopy. XPS spectra  were
acquired with ESCA LAB MKII (VG SCIENTIFIC
Ltd) spectrometer.

2.6 Viscosity bechavior.  The specific viscosity of

the polymer solutions was measured with an

Ostwald type viscomcter at values

[24C, ¢ = 1.O(NaCh]

various pH

2.7 Precipitation method. When metal and
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polyelectrolyte were mixed to molar ratio of 1/]

for metal to polyelectrolytc at pH 1, the gelatinous
precipitates were obtained. The PGM complexcs
which were formed by adding first polybase, c.g.,
poly(4-vinylpyridine) at pH | were precipitated by
the further addition of polyacid, e.g., poly(styrene
sulfonic  acid). These precipitates  were  filtered
with sintered glass filter and the filtratc was
analyzed for metal to cxamine the ratio of metal
removal. Atomic absorption spectrophotometer
(Varian Techtron Model 1200) was uscd  to
analvze the content of metal in the filtrate.

2.8 Ultrafiltration method. When metal and
polyelectrolyte were mixed to molar ratio of 1/10
for metal to polyelectrolyte, metal-polyclectrolyte
complexes were soluble. The sample solution was
and PM [0
10,000

daltoas, Amicon Co.), under 30 Psi N, pressurc.

filtered using a ultrafiltration ccll

membrane  filter(molecular  weight  cut-off
The sample solution was continuously stirred during
the ftitration to prevent concentration polarization,
gel formation and fouling. The filtratc was analyzed
for metals to examine the ratio of metal retention
using  Atomic absorption spectrophotometer(Varian

Techiron Model 1200) and ICP.

3. Result and discussion

2-PVP and

are very weak polyclectrolytc with no

3.1 Metals-polyelectrolytes  binding.
4-PVP
hydrophilic chain.
acid, 2-PVP and 4-PVP arc protonated according to

However, when dissolved by an
equation (1).

PVP + H,0" = PVPH' + H.0 (n
At high pH where ionization dccreases, the rclative
propection  of  hydrophobic incrcases.[8]
2-PVP and 4-PVP precipitates at pH above 4.2

The PGM  was precipitated  from  solution by

portion

addire cqual amount of 2-PVP at pH |.  However,
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when the amount of 2-PVP was increased, the
PGM did not precipitatc by adding 2-PVP and the
solution bccame transparent  and viscous. It was
assumcd that PVP was bound to PGM ions in place
of proton in ecquation (1), and the solubilities of
were  dependent
upon the ratio of [polyelectrolyte)/(metal).

The binding between the PGM ions and 2-PVP
was studied by infrared and clectronic spectroscopy.
The infrared PGM/2-PVP

precipitated at pH ! was compared to that of

metal-polyclectrolyte  complexes

spectra  of complex
2-PVP as shown in Fig. I. The region of particular
interest is that of the pyridine ring vibration. For
the PGM/2-PVP complexcs, vibrations at 1435 cm’”

and 1574 cm’' dccrcase in intensity. A new band

Pd-2-PVDP
Pt-2-PVP
2-PVP
1600 1400 1200
Wavenumber (cm")
Fig. /  FT-IR spectra of metal/2-PVP complexes

in KBr pellet. Molar ratio [Metal]:{2-PVP] = 1:1.
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at 1537 cm' may be attributed 10 quartermnized Table 1. Stability constants(B) of metal-poly-

pyridine ring vibration.[9,10] Shifting toward higher electrolyte complex formation.

frequency of the band, which may be assigned to Log B T ey
C=N stretching vibration is attributed to complex — ‘
formation. These observations indicate coordination Pd Ir Rh Cu Ni
through the N atom of 2-PVP. The electronic PEl 6.28 6.36 6.23 1078 | 10.44
spectra indicate Pd/4-PVP binding in the transparent 2PVP I 725 693 709 ' 1397 ' 13.23
and viscous PGM solution with 4-PVP (Fig. 2). - frm e

4PVP| 845 | 766 | 732 |

1.21204
0. 957204
0,7027¢ 4

0, 41019 4

(a) CuCl

Absorbance

0. 19360

0,060
300 400

Wavelength (nm)

Fig. 2 UV-Visible spectrum of Pd/4-PVP
complexes at pH 1.
Molar ratio [Pd):(4-PVP] = 1.6

32 pH dependence of metels-polyelectrolytes
binding. The stability constants of Table 1 {l11] (b) Cu/PEl at pH=15
detcrmined by potentiometric titration indicate that
the binding between metal ions such as Cu and Ni

and oolyelectrolytes may be strong. However,
these metals did not precipitate from solution by
addirg 2-PVP or 4-PVP at pH 1. These results
suggest that metals-polyelectrolytes” binding docs not

take place at this pH. )
E.PR sPecua for Cqu. solution and sample (¢) Cu/PEI at pH=18

solutiivn mixed to molar ratio of 1/10 for Cu to

polyelectrolytes at various pH are shown in Fig. 3.

The range of values for the g and A valucs

measurcd in this study is within the range cxpected

for Cu™ bonded to four ligands in an approximately Fig. 3 EPR spectra of Cu/PEl complexes.
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squarc-planar  configuration{12].  The shapc and
position of the signal in Cu/PEI solution began to
change at pH 1.8. In this casc the signal duc to
the parallel orientation is somewhat shifted to the
higher magnetic ficld and its finc structurc constant
A dccreases. It may be said that the structure of
CuCl, is probably distortcd toward a tctrahedral
[13,14]. In case of Cu/2-PVP and

Cuf4-PVP solution only the shape of peak began to

structure
change at pH 2.6. These results indicate that Cu”
ions begin to be bound to cach polyelectrolytes at
specific pH value.

A similar result was also obtained by viscosity
measurements. The viscositics of 025 M 4-PVP
solution and samplc solutions mixed to molar ratio
of 1/10 for metals to 4-PVP with various pH arc
plotted in Fig. 4. This figure shows that specific
viscosity of 025 M 4-PVP incrcases
sharply with addition of Cu” at pH 2.6 and Ni"
at pH 4.0. This sharply incrcased specific viscosity

solution

demonstrates that Cu’® and Ni"> begin to bind to
4-PVP at pH 26 and pH 4.0, and the
intermolecular chelations take place at narrow pH

range|[15-18].

3.3 Precipitation method.  The complex of Pd(1I)
with each of several polybascs, ic., PEl, 2-PVP,
4-PVP can be precipitated, respectively by adding
polyacid such as PSSA as shown in Table 2, but
only about 29 to 71%
complex at pH 3.2 is precipitated.

of the Pdfpolycicetrolyte
By cvaluating
ratios  for  various

the  precipitation systems,

simultancous addition of both acidic and basic
polyelectrolyte permits a better precipitation of metal
obtained by

ion compared with that cither

polyelectrolytc  alone. This  result may be
attributable to the “sandwiching™ complex of Pd ion
and ligand i.c., the two polyclectrolytes.

The “sandwiching™ binding of the metal anions
and two polyelectrolytes  was  studied  X-ray
photoclectron spectroscopy.(Table3) The XPS spectra
N(ls) and O(ls)

information about the electronic processes i these

of the transitions  provide
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The N(ls) transition of 4-PVP was
found at 398.5 ¢V in this study whercas the N(ls)

complexes.

transition of pyridine was reported at 398.6 cV by

Nolberg et al.[19]) Upon complcxation, this valuc

W e @ o
1 —0— Ni/4-PVP |
| —e— Cw4-PVP
152 1.,7“'4“"”’ J
/ u/
;_:_ +.54
R
[]
2
- 4.04
o
b=
[¥]
& o
w
3.5+ / ,:,/3
U\B_DD/
3.0+
25 ¥ T T T T
0 LS 20 25 30 35 40
pH
Fig. 4 pH-dependence of the specific viscosity of

0.25M 4-PVP solutions containing 0.025M metal
ions in the presence of NaCl(1.0M) at 22°C.

Table 2. Percentage of Pd  precipitated by
various polyclectrolytes. ‘

‘ T Pd precipitated(%)
T PH 10 pH 32 |
| PE! L 74 290 !
L PEI + PSSA | 342 486 |
"2.pVP . 264 72 |
' 2.PVP + PSSA | 413 503
“apvP 95 T se7
' 4-PVP + PSSA 648 712

Molar ratio {metal] : [polyelectrolye] = 1 : 1
Concentration of metals, basic polyelectrolytes (PEI,
2-PVP, 4-PVP), and acid polyelectrolytes(PSSA) were
5% 107M, respectively.
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Table 3. XPS results for various metal/poly-
clectrolyte complexes.

T T Ny o(ls) i
BE(cV)[shift(cV) |BE(cV) [shift(cV)
" 4PVP 3986 | 00 R .
" Pd/a-PVP | 3997 | 1.1 - L
Py4-PVP | 4005 | 1.9 - S
Ir/4-PVP 4010 | 24 - -
~ PSSA . : 5330 | 00
Pd/4-PVP/PSSA| 3994 | 0.8 | 5313 | -1.7
'P/a-PVP/PSSA | 4007 | 2.1 | 5309 | -2.1

The N(ls) transition is
the Py4-PVP/PSSA
width,

transfer  from  the

shifts to higher energies.
400.7 eV for

without an increase in peak

obscrved at
complex
indicating that partial charge
nitrogen lone pair to platinum has occurred.[10,20]
This obscrvation was also similar to that found in
the case of the O(ls) The O(ls)
transition of PSSA was found at 533 eV whereas
the O(ls) of Pt/4-PVP/PSSA was found at 530.9

cV. This chemical shift indicates that platinum is

transition.

bound to not only polybase but also polyacid.

3.4 Ulrafiltration method. To avoid incorrect

evaluations of the following results, preliminary
cxperiments were performed to detect the retention
of free spx,l'cies of metal ions and ligand. The
retention ‘of PGM ions occured only when high
attributed  to  the

pH's are reached and can be

precipitation of hydroxylated speccics. However, the
retention  of 2-PVP and 4-PVP  occurred
99.9%.
filtratc which was filtered through PM [0 membranc

(molecular  weight cut-off 1000 daltons) represents

above

Thus the concentration of PGM ions in the

the concentration of frce PGM ions.

Most membrane separators arc not equilibrium
process but rate process. The transfer of metal(M)
across the membrane can be considered to result
from thrce consecutive process, i.c., diffusion of

compicx ML, chemical dissosiation of ML, and

transfer of free mctal M across the membrane. The
of ML in neglected
because the sample solution was continuously stirred
Under this
condition, definition of labile and incrt complexes

diffusion solution can be

during the filtration in ultrafiltration.

depends on the value of kc(chemical dissociation
rate constant) relative to kg(transfer across the
membrane rate constant). Complexes are labile if
Jo(flux of solvent) is small(k. » k) and inert if J,
is large (ke « ka)[21] In the case of labile
complex for ‘constant Jo. as M is ﬁltered', chemical
cquilibria may shift during the separation stage. As
a result, it is possible that M exists in the filtrate
under the condition in which free metals are absent.
The retention ratio of each mctal investigated at
various concentration ratio of polyclectrolyte to
PGM is shown in Table 4. The retention of
palladium and platinum occurs above 999 % a
molar ratio of 3/1 for 4-PVP to metal.  Nearly
complete retention of these metal indicates that the
complexes of these metal and 4-PVP is inert under
the experimental conditions of 30 Psi Na pressure.

Sample solution in the molar ratio of 1/10 for

~metals to 4-PVP were ultrafiltered at various pH as

shown in Fig. 5. Nearly complete retention of
palladium and platinum occuered above pH 0.6.
The retention of copper and nikel occured only at
pH values are 2.6 and 4.° These observations are
in accord with that estimated from EPR experiments
Thus, the PGM can

be selectively separated from the coexisting metal

and viscosity measurements.

cations, e¢.g., Cu®’ and Ni"* ions under pH 2.5.

The amount of various metals in a sample of
anode slime that obtained from an clectrolytic
refincry  determined by ICP, and the
retention  ration{%) of metals by 4-PVP were
investigated at pH 0.6.(Table 5) The retention

ratio(%) of metals by 4-PVP were determined from

copper

amount of metals in filtrate and in rctentate. The
retentate with  metals/d-PVP  complexes and free
4-PVP by adding HNO; and H>O. was trcated with
wet ashing for the climination of 4-PVP, thus the
amount of metals in retentatc was determined by

Journal of the Korean Society of Analytical Sciences
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ICP. As a result, trace amouts PGM and gold
were sclectively recovered by applying this method
which permits preconcentration of thesc metal from
cocxisting base metals. The recovery(%) of metals
in rctentate was not 100% for the loss of metals
during preliminery treatment process.

Table 4. Retention(%) of various metals by 4-PVP.

Retention(%) at pH = 1.2
{M]:[P] ratio | pd Pt Rh Cu Ni
! 58.21 | 5365 | - 0 | 0 |
13 999 | 999 - 0 0 |
1:5 999 | 999 | 234 0 0 |
1:10 999 [ 999 13251 0 0 |
n-u
o]
o/
9
g A-A
&
20 4
10
O
04 o—w v{v v vV

Fig. 5 Retention of metal ions by 4-PVP at
different pH values.
Concentration of metals : 5x10™M,
Molar ratio [Metal}:[4-PVP] = 1 : 10.

Vol. 8, No. 4, 1995

Table 5. The recovery of PGM in an anode slime.
(clectralytic copper refinery)

| . Recovery

; Metals Sample (mg) e R
: filtrate(%) ‘_ rgt_entat‘gg'@)A
- Pd 0.3593 0.00 8672
L 0.0388 0.00 92.90

| Au 0.0494 0.00 9321

| Cu 0.0093 99.36 0.00

! Fe 0.0081 100.7 0.00

Conc. of 4-PVP : 5 x 10° M
* 1.872¢g of anode slime in tL of 0.2M HCI

4. Conclusions

The ultrafiltration mecthod for the preconcentration
of trace metals shows the recovery ratio of PGM
much higher than the precipitation mcthod. Trace
amouts PGM and gold in a sample of anode slime
that obtained from an electrolytic copper refinery
were sclectively recovered by applying this mcthod
which permits preconcentration of these metal from
coexisting base metals, ie.,e Cu and Ni under pH
2.5, because Cu™ and Ni”? begin to bind with
4-PVP at pH 2.6 and pH 4.0, respectively. Neaily
complete retention(>99.9%) of Pd and Pt is due to
the incrtness of the complexes of these metals and

4-PVP under the present experimental conditions.
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