Dynamic Sorption Preconcentration of Platinum Metals
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A method for Ru, Rh, Pd, Ir and Pt preconcentration using amine sorbent has been proposed; quantitative recovery of metals on
the microcolumn has been achieved by diluting a sample with 6-8 m HCl in a flow system before injection into the micro-column.

Sorption preconcentration of platinum metals (PM) is widely
used in the analysis of minerals, ores and non-ferrous
metallurgy products. Sorbents containing aliphatic or hetero-
cyclic amine groups are the most promising.! Chloride
complexes of PM are selectively recovered on these sorbents
from hydrochloric acid solutions.>*

The variety and remarkable kinetic inertness of PM
complexes in solution presents difficulties when preconcen-
tration methods are being developed. Distribution coefficients
of the main metal species are relatively low and therefore
preconcentration procedures are time-consuming and the
recovery of metals is often not quantitative. It is most
difficult to achieve high sorption rates of ruthenium and
rhodium.>*® Heating a solution has usually increased the
recovery of these metals,” and some dynamic preconcen-
tration methods have been described'™° but they provide an
effective recovery only for a few PM.

The purpose of the present work is to develop a new
approach to the preconcentration of the PM group elements
using non-equilibrium conditions of dynamic sorption.

The recovery of  ruthenium(i,1v),  rhodium(im),
palladium(m), iridium(i,1v) and platinum(iv) on micro-
columns containing 0.1 ml of POL-DETA sorbent was
investigated. The sorbent was synthesized based on styrene—
2% divinylbenzene copolymer, and it contained 1.1 mm g ' of
diethylenetriamine groups.” Solution was pumped through the
microcolumn using a peristaltic pump with a flow rate of 2-3
ml min"!. The recovery of metals was determined by
measuring the remaining concentration of metals in solution
by electrothermal atomic absorption or with the help of a
radiotracer method.

Sorption of PM from hydrochloric acid solutions on amine
sorbents is caused by exchange of chloride with PM
complexes on the protonated nitrogen of the functional
groups. Recovery of anhydrous anionic chloride complexes is
mostly effective.>” The formation of amine complexes of PM
is also possible, if a lengthy phase contact time and heating of
solution is used.®

It was found that the recovery of palladium and iridium(rv)
is quantitative over a wide acidity range: from pH 5 to 2 m
HCI; iridium(in), from pH S5 to 6 m HCl (Fig. 1). The
palladium complexes are labile enough and sorption of this
metal from low acidity solutions proceeds due to substitution
of chloride for nitrogen in the inner coordination sphere of
the metal.® When the HCl concentration rises to 0.1 M,
tetrachloropalladate, which effectively interacts with proto-
nated nitrogen, is predominantly present in solution.
Anhydrous chloro complexes of iridium, once formed, exist
under low HCI concentration for a long time due to their
outstanding kinetic inertness.

The greatest extent of ruthenium(iv), rhodium(mi) and
platinum(1v) recovery was achieved at different HCI concen-
trations: 1-3; 6-7 and 3 m (86%, 96% and 85%, respectively)
(Figs. 2-4). Under these conditions the predominant forms of
the metals in solution are Ru,OCI{;, RhCI}~ and PtCIZ~.}12
The decrease in metal recovery at lower HCI concentrations is
connected with the formation of aquachloro complexes
possessing a smaller charge.

Sorption of all anionic forms of PM is suppressed under a
high concentration of competitive chloride. However, these
chloride concentrations are the most favourable to the
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Fig. 1 Effect of HCIl concentration on palladium(ir) (1) and
iridium(,1v) (2,3) recovery on a POL-DETA sorbent. Cpy = 5 ppm,
Ci, = 0.01 ppm, v = 3 ml min".
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Fig. 2 Effect of HCI concentration on ruthenium(iv) recovery on a
POL-DETA sorbent. 1, recovery using dilution before injection into
microcolumn; 2, without dilution. Cg, = 5 ppm, v = 3 ml min".

formation of anhydrous chloro complexes of platinum metals.
This contradiction is practically insoluble in a static sorption
regime but is relatively simple to eliminate under dynamic
conditions. Thus, a solution containing anhydrous chloro
complexes of PM most favourable for recovery can be diluted
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Fig. 3 Effect of HCI concentration on rhodium(i) recovery on a
POL-DETA sorbent. 1, recovery using dilution before injection into
microcolumn; 2, without dilution. Cr, = 0.36 ppm, v = 3 ml min.

directly in a flow system before injection into a microcolumn
to reduce the chloride concentration. In this case anhydrous
chloro complexes of PM exist long enough to be transported
to sorbent functional groups.

The results obtained are presented in Figs. 2-4. Recovery
of ruthenium is quantitative when a solution containing
initially 6-8 m HCl is diluted to 1-3 m HCI; rhodium, to pH
1-7 m HCI; platinum, to 1-3 m HCIl. Simultaneous pre-
concentration of PM is achieved by sample dilution to 1-2 M
HCIL.

The influence of the main matrix elements, iron(mr) and
copper(11), on the recovery of PM was investigated (Table 1).
It was found that PM were quantitatively extracted from
solutions containing up to 20-40 g dm™ of iron and copper.
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Fig. 4 Effect of HCI concentration on platinum(1v) recovery on a

POL-DETA sorbent. 1, recovery using dilution before injection into
microcolumn; 2, without dilution. Cp, = 7 ppm, v = 3 ml min.

Table 1 Recovery (%) of platinum metals on a POL-DETA sorbent
in the presence of iron and copper.

Matrix Element

element  concentration/ Ru" Rh™ pd" 1" 1V pVY
g dm™

Fe! 10.0 98 96 99 - 96 98
20.0 99 93 100 9 93 98
30.0 98 90 95 96 89 97
40.0 96 60 - 95 - 94
50.0 95 - 81 - 82 -
60.0 94 49 - 95 - -

cu"! 10.0 98 96 - 96 96 98
20.0 98 97 99 96 93 98
30.0 98 96 99 95 89 97
40.0 98 92 99 - - 92
50.0 98 91 87 92 71 -
60.0 96 80 - 87 - 87
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