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Abstract. Due to the high demand on the market, precious
metals such as platinum (Pd) and palladium (Pt) are recycled
from spent catalysts. To assess the content of the two metals in
catalysts in order to establish their commercial value or to
evaluate the recovery efficiency of technologies used for
recycling, reliable analytical methods for determination of these
elements are required. Sample digestion is a critical step in the
analysis of PGEs from catalyst samples, thus an optimization of
this step was carried-out. The inductively coupled plasma optical
emission spectrometry (ICP-OES) technique was characterized
regarding selectivity, LOD, LOQ, linearity of calibration curves,
accuracy and precision.

Conclusions. Fully validated method for PGEs analysis in catalysts
is presented. The fast and accurate ICP-OES method enables the
quantification of Pd and Pt in catalysts samples.
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Aims: For the determination of precious metals concentrations,
instrumental spectrometric methods are used, that also involve a
preliminary digestion step. The support materials of catalysts are
usually problematic to digest. The study presents the analytical
capability and validation of a method based on microwave-
assisted acid digestion for quantitative determination of
platinum and palladium in catalysts using (ICP-OES).

Methods :

A Perkin Elmer Optima 5300 DV ICP-OES with axial or radial

mode of viewing of the plasma, was used to determine Pd

(340.458, 324.270 nm), and Pt (265.945, 299.797 nm). The

operating conditions employed for ICP-OES determination were

1300W RF power, 15 L min-1 plasma flow, 2.0 L min-1 auxiliary

flow, 0.8 L min-1 nebulizer flow, 1.5 mL min-1 sample uptake rate.

Instrument calibration was performed with standard solutions

prepared from commercial mono-element solutions of Pt and Pd

of 1000 mg L-1. Sample digestion was carried out in PTFE vessels

of a microwave digestion oven. Different ratio of concentrated

nitric acid and hydrochloric acid p.a were used to optimize the

digestion procedure.

Results:
Microwave digestion optimization. For the quantitative leaching
of Pd and Pt form 0.500 g of catalyst sample, the use 2 mL of
HNO3 65% (w/w) and 12 mL HCl 37 % (w/w) in microwave
conditions represents an appropriate digestion method.
Selectivity was assessed by recovery of a spike in the original
samples of 2 mg L−1 element. The recoveries of spikes were
within 90–110% for the two elements. no spectral interferences
were observed, all the selected working wavelengths were
considered free of spectral interferences for determination of Pd
and Pt from catalyst samples.
Limit of detection (LoD) is considered as the lowest
concentration that can be measured consistently. LODs were
calculated 3 s criterion were 3.6 mg kg-1 for Pd and 5.0 mg kg-1

for Pd in solid sample.
Limit of quantifications, calculated as 3×LOD were 10.8 mg kg-1

for Pd and 15.0 mg kg-1 for Pd in solid sample.
Linearity was evaluated for the range of 0.10 - 20 mgL-1.
Satisfactory linearity over the calibration range with correlation
coefficients of 0.9987 – 0.9997 was obtained . Variance ratio at
the limits of working range and correlation coefficient calculated
according to ISO 8466-1. The ratios s21 / s22 calculated for
measurements of lowest and highest concentrations from the
calibration curves were below the critical value F9;9;0.99 = 5.35,
indicating dispersion homogeneity .
Accuracy was assessed by measuring a certified reference
material NIST SRM 2557 (pulverized recycled monolith) and the
obtained recovery degrees were of 101% for Pd, and 99.4 % for
Pt.
Precision was evaluated by analyzing five different types of spent
industrial catalysts and automotive emission catalysts each in five
replicates. The standard deviations of repeatability for 5 parallel
samples were less than 10% for all the analyzed samples.
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