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Abstract 
Analytical Chemistry is moving rapidly towards a concept where technicians have to do 
no more than press a button and print the result from an instrument that is a featureless 
"black box". In this environment we must ask how much traditional ''wet chemistry" is 
still required for undergraduate students. 

Methods that can be fully automated will become increasingly important. An 
example of such a method is that of the slurry nebulisation and ICP-OES analysis of 
precious metal concentrate. Grinding the sample and adding Triton X100 as dispersant, 
complete analysis time is in the order of 90 min as apposed to the traditional Carius tube 
method which could take as long as 24 h. For most of the elements studied, the results 
using "in-house" reference material for calibration and as samples as well were within the 
95% confidence level. Elements oflow concentration in the sample (As, Bi and Se) were 
not within that level. 
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Introduction 
Analytical Chemistry has undergone drastic changes in the last 60 years as could be 
expected from a discipline dependent on technological changes. Some 70 years ago it 
was accepted to titrate with arsenic. It was with the introduction of the atomic absorption 
spectrometer in the early 1960's that the age of real technology entered the analytical 
laboratory. For the first time, even laboratories with reasonably limited budgets, could 
afford an instrument that could measure metals accurately, with little interferences, to 
parts per million. The race was on to build better and faster instruments that could 
detennine elemental composition to ever decreasing levels. The drive for improved 
detection limits was added by an ever more demanding industry. It was no longer 
sufficient to have a "five nines" purity (i.e. 99.999% purity). The question began to be 
asked about the remaining 0.001 %. The drive to detennine which species were present 
was the next step. Sadly, the "real" chemist who was forced to understand the chemistry 
behind the titration, precipitation, etc, was gradually being replaced by an operator of 
increasingly sophisticated instruments. 
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The increasing sophistication of the "black box" instrument (actually a designer 
colour coded box) has led to the belief that the operator need know nothing of the 
chemistry only which buttons to press and when. Newer instruments make that 
unnecessary and the challenge of automation, in the form of robots, has moved 
technology to yet another level. It would seem that the analytical chemist has no role to 
play in the analysis of samples. 

The "Achilles heel" of this development is the requirement to present the sample 
in the appropriate format for final analysis. rn the case of geological samples this 
presents a problem for both the inductively coupled plasma-optical emission spectrometer 
(lCP-OES) and the X-ray Fluorescence Spectrometer (XRF). The sample has usually to 
be fused, either for further dissolution for an rCP-OES or to be presented as a disc for 
XRF. Although instrumentation is becoming available for these preparations, they 
remain currently the time-consuming step. 

In an attempt to overcome the necessity of a sample preparation step, the 
Department of Chemistry at Tshwane University of Technology has spent some time 
investigating the possibility of replacing the all preparation procedures with a simple 
slurry preparation. There are several advantages to this procedure other than time
saving, but contamination due to digestion procedures and possible losses during those 
steps are avoided. It is also a procedure that can be automated. One such example where 
slurry nebulization was investigated was with precious metal concentrate (PMC). 

The concentrate containing the platinum group metals (PGMs) that is sent to the 
precious metal refinery, containing about 60% PGMs, has different names depending on 
the refinery. On arrival in the laboratory, a sample of the concentrate is dissolved using 
Carius tubes. To do this, the sample is placed, together with a quantity of acid, often 
aqua regia, inside a glass tube, which is then sealed. I

•
3 The tube is placed in a stainless 

steel bomb and heated at 250°C for about 24 h, or until the concentrate has dissolved. 
Several different solutions have been used for digestion.4 Microwave digestion can also 
be applied.5 Most refineries in South Africa use concentrated HCI, saturated with Ch(g)' 
The Carius tubes are kept at about _22°C, using solid CO2, to ensure that the acid is 
saturated by the Clz(g)' The reagents are hazardous, the process costly and time
consuming, as each sample has to be individually treated. Finally, the dissolved sample 
is analysed using rCP-OES. 

It is important to know the concentration levels of the PGMs, as well as other 
major, minor and trace elements, before final refining. Currently, since dissolution can 
take 24 h, refining commences prior to the results of analysis are known. This may result 
in undesirable consequences for the refining process. Using slurry nebulisation and rcp
OES, the dissolution step could be replaced by grinding and simple dilution of material. 
This technique has been suggested in the past,6,7 but instrumentation was unable to satisfy 
the requirements of the industry with regard to precision (%RSDs). 

The aim of this particular investigation was to apply slurry nebulisation to the 
PMC and determine if the Carius tube digestion process could be eliminated and the time 
frame for analysis significantly shortened. 

Experimental 
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Instrumentation 

An rCP-OES with radially viewed plasma (Spectro CirosccD, Spectro Analytical 
Instruments, Kleve, Germany) was used in this study. This instrument, with its Paschen
Runger mounted polychrometer, covers a wide wavelength range (125-770 nm) with 
good stability and sensitivity for emission lines, even in the spectral region between 125 
and 190 nm. Operating conditions used for the analysis are shown in Tab le 1. 

Table 1. Operating conditions of the Spectro CirosccD for the analysis of PGM 
concentrates 

Operating parameter Setting 
Plasma power 1400W 
Coolant flow 141/min 
Auxiliary flow 1.40l/min 
Nebulizer flow 0.90 Vmin 
Torch Fassel type: 16 mm i.d. 

Materials 
Materials used included PGM concentrates obtained from a platinum refinery in Gauteng, 
South Africa. 

Triton X-lOO and HC} were obtained from Merck (Darmstadt, Germany). Slurries 
were prepared using pure water, which was distilled and passed through a Milli-Q water 
purification system from Millipore (Milford, MA, USA). 

Slurry preparation 
Approximately 0.5 g of material was weighed accurately and ground in about 150 m! of 
de-ionised water used as a grinding medium, using an agate-micronising mill 
(Pulverisette, Fritsh, Idar-Oberstein, Germany) for a fixed period, 15 or 30 min. 

The content was then quantitatively transferred into all volumetric flask, and 
made up to the mark, so that the concentration ofTriton X-I 00 and HCI were 0.5% Cm/v) 
and 5% (v/v) respectively. Slurries were placed in an ultrasonic bath for 30 min to ensure 
homogenisation. 

Slurries of various concentrations were prepared from these suspensions, by 
pipetting different volumes into 100 ml volumetric flasks and making them up to the 
mark (the concentrations of Triton X-lOO and HC! were kept at 0.5% (m/v) and 5% (v/v) 
respectively in each dilution). Concentrations of standard slurries for the calibration of 
the instrument were 0.01; 0.02; 0.03; 0.04 and 0.05% (m/v). Samples were also prepared 
and analysed in duplicate as 0.01 and 0.02% Cm/v) slurry. 

Particle size determination 
Determination of particle size was carried out using a Malvern particle size analyzer 
(Mastersizer, Malvern Instruments, Malvern, UK). Particle size distributions for PGM 
concentrate No. 1 (used for the calibration of the instrument), milled for 15 and 30 min, 
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are shown in Figure 1. After grinding for 15 min, 50% of the particles were smaller than 
0.2 !lm and 90% less than 19.7 !lm. Longer grinding (30 min) resulted in better particle 
size reduction, 90% of the particles were smaller than 9.30 !lm and 50% smaller than 0.2 
!lm. 
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Figure 1. Particle size distribution ofPMC No 1 after grinding for 15 and 30 min. 

Calibration of instrument 
The application of aqueous standards for calibration proved to be unsuccessful. The 
contents of the PMC to be analysed depends on the refining processes used by the 
particular company and as a result each refinery produces different material. This is 
possibly the reason why no certified reference material is available. Because of the lack 
of standard reference material, refineries use "in-house" standards, which consists of 
samples of known origin that have been analysed and re-analysed using different 
techniques over a number of years. 

All samples in this study have been analysed by the precious metals refinery using 
conventional Carius tubes. The results obtained from these analyses were used for 
comparison with analyses of the same samples using the slurry method. Selected "in
house" standard reference material was used for calibration of the ICP-OES and also as 
samples. 

Statistical evaluation 
Confidence levels were calculates in accordance with statistical methods. 8 

Results and discussion 
A series of PMCs from one refinery were analysed for major, minor and trace elements 
(Ag, Au, As, Bi, Cu, Fe, Ir, Ni, Pb, Pd, Pt, Rh, Ru, Se, and Te) by introducing samples 
into the plasma in the fOffil of a slurry. Standard slurries for the calibration of the 
instrument were prepared from a concentrate, labeled No 1. The other concentrates 
supplied (No's 2, 3, 4 and 5), also "in-house" standards, were used as samples. No blank 
was employed for the calibration of the instrument. 
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Initially, the slurry was prepared using the conventional method:9 the ground 
material was oven-dried before being weighed for final slurry preparation. Due to the 
hardness of the sample material, the grinding elements were also worn down during the 
process. Hence, it was decided that the weighed and measured slurry in the mill after 
grinding should be analytically transferred into volumetric flasks for further analysis. A 
short-coming of this approach was that elements present in the grinding components 
would not be able to be detennined. This would result in either Al or Si, depending on 
the mill, not being determined. Contamination remains a problem in the slurry method, 
but only in the case of extremely hard material to be analysed and then by ignoring one of 
the two elements, Al or Si, in the list to be detennined. 

Results of the analysis are shown in Table 2. These represent the mean of three 
independent detenninations (calibration slurries and samples were prepared fresh each 
time). As mentioned previously, samples were analysed in duplicate as 0.01 and 0.02% 
(m/v) slurries. Results for the 0.02% slurries are the percentage mUltiplied by a factor of 
two and are given in italics. It was thought that the greater slurry concentration would 
yield more accurate values for the elements present at low concentrations (ca 0.2% 
(m/m» when a more representative sample would be obtained. However, similar results 
(not shown) were obtained when using standard slurries (of the same sample, No 1) 
prepared by dilution of 1 % (rn/v) slurry. 

Samples of PMC may vary depending on their origin and the efficiency with 
which S and base metals have been removed. For the slurry method to yield accurate 
results, the "in-house" standard reference material must comparable to the sample to be 
analysed. 

Similar results were obtained (not shown) when using standard slurries prepared 
by dilution of 1 % m/v slurry. 

The Student's t-test was applied to the results given in Tables 2. With the 
exception of As, Bi and Se, all the results fell within the 95% confidence level. 

The PGMs and, in particular Au, are prone to "smearing" during grinding. 10 

Hence, the particle size may not be reduced by further grinding. The reduction in particle 
size between the sample ground for 15 and 30 min (Figure 1) was relatively small (10%) 
and hence further grinding would not result in a reduction in the size of the particles. 

Conclusions 

It was shown that slurry nebulisation, when applied to PMC, shortens the analysis time 
from 24 h to 90 min. Elements of major concern to the refinery, namely the PGMs and 
Au, as well as interfering elements such as Fe could be detennined rapidly prior to the 
sample being processed. Some inaccuracies where experienced when analysing trace 
elements, particularly As, Bi and Se. Increased slurry concentration did not appear to 
solve this problem. 

Since the "in-house" standards varied considerably in their origin, some appeared 
to be significantly different from samples with which they were compared. This resulted 
in inaccuracies, particularly with regard to Fe. It is suggested that, for future analyses, 
the standard "in-house" reference materials and the samples should be matched with 
regard to their origin/prior processing so that they have similar matrices. 
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Table 2. Accuracy and precision for deteITIlination of major, minor and trace 
elements in PGM concentrates. 

Sample 
3 6 

Element Concentration Concentration Concentration Concentration 
analysed obtained expected obtained expected 

(%) or (2x%) (%) or{2x%) (%) or (2x%) (%) or (2x%) 
Ag 2.24 ± 0.10 2.14 2.07 ± 0.01 2.04 

4.57 ± 0.20 4.28 4.13 ± 0.05 4.08 
As 0.31 ± 0.01 0.28 0.30± 0.01 0.38 

0.64 ± 0.01 0.56 0.60 ± 0.01 0.76 
Au 1.29 ± 0.02 1.34 1.22 ± 0.01 1.20 

2.72 ± 0.01 2.68 2.42 ± 0.03 2.40 
Bi 0.31 ± 0.05 0.33 0.38 ± 0.05 0.42 

0.63 ± 0.09 0.66 0.80 ± 0.04 0.84 
Cu 1.07 ± 0.01 1.06 0.83 ± 0.01 0.76 

2.35 ± 0.02 2.12 1.53 ± 0.01 1.52 
Fe 5.14±0.21 5.96 6.25 ± 0.18 6.99 

10.6 ± 0.4 11.9 11.6 ± 0.9 14.0 
Ir 1.17 ± 0.03 1.14 1.28 ± 0.04 1.26 

0.28 ± 0.05 2.28 2.53 ± 0.05 2.52 
Ni 1.96 ± 0.06 2.42 2.34 ± 0.05 2.80 

4.01 ± 0.13 4.84 4.46 ± 0.27 5.60 
Pb nd 0.23 nd 0.14 

0.46 0.28 
Pd 16.2 ± 0.1 16.9 16.7 ± 0.2 16.6 

33.3 ± 0.3 33.8 32.9 ± 0.3 33.2 
Pt 31.9 ± 0.2 32.0 30.7 ± 0.2 30.6 

64.7 ± 0.4 64.0 60.8 ± 0.5 61.2 
Rh 3.34 ± 0.01 3.43 4.04 ± 0.05 3.98 

6.89 ± 0.05 6.86 8.00 ± 0.06 7.96 
Ru 4.14 ± 0.02 4.29 4.97 ± 0.05 4.94 

8.55 ± 0.09 8.58 9.71 ± 0.07 9.88 
Se 0.34 ± 0.01 '0.34 0.32 ± 0.01 0.32 

0.72 ± 0.01 0.68 0.69 ± 0.01 0.64 
Te 1.06 ± 0.26 0.96 1.16 ± 0.20 1.12 

2.09 ± 0.19 1.92 2.09 ± 0.20 2.24 

Page 6 



The Southern African Institute of Mining and Metallurgy 
Analytical Challenges in Metallurgy 
RMcCrindle 

Sample 
5 

Element Concentration Concentration Concentration 
analysed obtained expected obtained 

(%) or (2x%) (%) or (2x%) (%) or (2x%) 
Ag 2.19 ± 0.2 2.33 3.26 ± 0.03 

4.43 ±0.04 4.66 6.29± 0.02 
As 0.32 ± 0.01 0.24 0.28 ± 0.01 

0.65 ± 0.01 0.48 0.57 ± 0.01 
Au 1.12 ± 0.01 1.12 1.02 ± 0.01 

2.21 ± 0.02 2.24 2.07 ± 0.02 
Bi 0.24 ± 0.03 0.28 0.25 ± 0.01 

0.47 ± 0.05 0.56 0.45 ± 0.09 
Cu 3.71 ± 0.03 3.17 1.39 ± 0.01 

7.48 ± 0.06 6.34 2.74 ± 0.03 
Fe 4.33 ± 0.12 4.44 4.74 ± 0.08 

7.94 ± 0.07 8.88 9.39 ± 0.31 
Ir 1.33 ± 0.05 1.20 1.33 ± 0.02 

2.53 ± 0.03 2.40 2.81 ± 0.05 
Ni 2.31 ± 0.06 2.14 2.32 ± 0.03 

4.39 ± 0.04 4.28 4.74 ± 0.10 
Pb 0.32 ± 0.02 0.40 0.57 ± 0.04 

0.61 ± 0.02 0.80 1.09 ± 0.02 
Pd 15.9 ± 0.2 16.3 14.7±0.1 

31.9 ± 0.3 32.5 29.8 ± 0.1 
Pt 32.5 ± 0.2 32.6 28.9 ± 0.2 

65.1 ± 0.5 65.1 57.5 ± 0.3 
Rh 3.35 ± 0.02 3.33 4.05 ± 0.04 

6.67 ± 0.04 6.66 8.09 ± 0.03 
Ru 4.70 ± 0.01 4.68 5.24 ± 0.05 

9.32 ± 0.08 9.36 10.5 ± 0.06 
Se 0.36 ± 0.02 0.48 0.33 ± 0.01 

0.77 ± 0.01 0.96 0.64 ± 0.02 
Te 1.01 ± 0.22 1.49 1.01 ± 0.22 

2.24 ± 0.07 2.98 2.12 ± 0.10 

Table 2 Continued. 
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2 
Concentration 

expected 
(%) or (2x%) 

3.14 
6.28 
0.22 
0.44 
1.08 
2.16 
0.27 
0.54 
1.20 
2.40 
5.57 
11.4 
1.43 
2.86 
2.55 
5.10 
0.58 
1.06 
15.2 
30.4 
29.0 
58.0 
4.l3 
8.26 
5.31 
10.6 
0.33 
0,66 
0.96 
1.92 
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nd Not detected. 

The method can be automated since all the preparations steps may be carried out 
by robots. Hazardous chemicals have been avoided. 

It is further concluded that this method of slurry nebulisation and ICP-OES 
analysis is an excellent replacement for the Carius tube method. The time taken for the 
analysis using the slurry was less than 90 min. 
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