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Summary

This report describes preparation, analysis and certification of the copper reference material BAM-
M380. The certified reference material (CRM) is available in the form of discs (38 mm diameter and
25 mm height). It is intended for establishing and checking the calibration of optical emission
spectrometers for the analysis of samples of similar matrix composition. It is also suitable for
validation and guality control of carrier gas hot extraction.

The following mass fraction and uncertainty have been certified:

Mass fraction” Uncertainty?
Element . .
in % in %
0 0.386 0.014

Unweighted mean value of the means of accepted sets of data (consisting of at least 5 single results), each set being obtained
by a different laboratory and/or a different method of measurement.

Estimated expanded uncertainty U with a coverage factor of k = 2, corresponding to a level of confidence of approx. 95 %, as
defined in the Guide to the Expression of Uncertainty in Measurement, (GUM, ISO/IEC Guide 98-3:2008).

This report contains detailed information on the preparation of the CRM as well as on homogeneity
investigations and on the analytical methods used for certification analysis.

The certified value is based on the results of twelve laboratories which participated in the certification
inter-laboratory comparison.
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List of abbreviations
(if not explained elsewhere)

CRM
SOES
CGHE
M

n

S

Sm

Srel

Mi
HE

certified reference material

spark optical emission spectrometry

carrier gas hot extraction

mean value

number of accepted data sets

standard deviation of an individual data set
standard deviation of laboratory means
relative standard deviation

square root of mean of variances of data sets under repeatability
conditions

single result

carrier gas hot extraction (Table 2)



1. Introduction

In the metal-producing and metal-working industry mainly spark emission spectrometry (SOES) and
X-ray fluorescence spectrometry (XRF) are used for reception inspection of raw materials, e.g. scrap,
for quality control of end products and production control. These time-saving analytical techniques
require suitable reference materials for calibration and recalibration. In pure copper, the oxygen content
plays an important role, e.g. for processability (welding, brazing), heat treatment and, above the
threshold of 400 mg/kg, also for electrical conductivity. This is why the exact determination of oxygen
in copper is important. In addition to carrier gas hot extraction, which requires complex sample
preparation, oxygen can also be determined using SOES. To calibrate SOES, reference materials with
known oxygen contents are necessary. The certified reference material BAM-M380 is based on pure
copper.

The CRM was produced in close cooperation with the working group ,Copper” of the Committee of
Chemists of the Society of Metallurgists und Miners (GDMB). Since all laboratories participating in this
certification project are highly experienced with copper analysis and had already participated in earlier
inter-laboratory comparisons, there was no preceding round robin for qualification considered
necessary.

The certification was carried out on the basis of IS0 17034 [1], IS0 33401 [2], and 1S0 33405 [3].

2. Companies/laboratories involved

Manufacturing of the material:

KME Germany GmbH, Osnabrick, Germany

Test for homogeneity:

Bundesanstalt fir Materialforschung und -priifung (BAM), Berlin, Germany

Participants in the certification inter-laboratory comparison:

Agosi AG, Pforzheim, Germany

Aurubis AG, Pirdop, Bulgaria

Aurubis AG, Hamburg, Germany

Bruker AXS SE, Karlsruhe, Germany
Bundesanstalt fir Materialforschung und -prifung (BAM), Berlin, Germany
Eltra GmbH, Haan, Germany

Evonik Operations GmbH, Hanau, Germany
KME Germany GmbH, Osnabrick, Germany
LECO Instrumente GmbH, Berlin, Germany
Montanwerke Brixlegg, Brixlegg, Austria
revierlabor, Essen, Germany

TAZ GmbH, Aichach, Germany

Statistical evaluation of the data:

Bundesanstalt fir Materialforschung und -prifung (BAM), Berlin, Germany



3. Candidate material

The candidate material was produced by KME Germany GmbH, Osnabriick. About 63 kg of copper in
form of rods (350 mm x 40 mm (diameter)) were produced. At BAM, the rods were cut into discs of
25 mm height. In total, ca. 200 discs with a diameter of ca. 40 mm and 25 mm height were obtained.

4. Homogeneity testing

Possible reasons for an inhomogeneous distribution of elements in the raw material may be a change
of the composition of the melt during the casting procedure because some elements may volatize or
because of possible segregation during the solidification of the material. Since the raw material was
produced by casting of a rod, concentration gradients can occur over the length of the rod (axial) as well
as over the area of the rod (radial, see Figure 1):
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Fig. 1: Axial and radial composition gradient

Therefore, it is necessary to investigate the raw material for both axial and radial inhomogeneities.
Axial homogeneity testing of the candidate material was done using CGHE. Small cubes (ca. 0.4 g) were
cut from the rods. It is the same method which later was used to characterize the material.

In total 8 cubes from both ends of each rod were tested.

The estimate of inhomogeneity contribution uw was calculated according to 1SO 33405 [3] based on
the results of 1-way Analysis of Variance (ANOVA). The maximum of the following equations was used:

Spp = Jmax (MSarnong n—Mvaithin’ 0) (1)
0 =\/MSwilhin 4\/ 2 2)
n N(n-1)
with:
MS.mone  mean of squared deviations between discs (from 1-way ANOVA, see
Annex 1)
MSyimin  mean of squared deviations within one disc (from 1-way ANOVA)
n number of replicate measurements per disc
N number of discs selected for homogeneity study

s, signifies the between-discs standard deviation whereas Uy, denotes the maximum heterogeneity
that can potentially be hidden by an insufficient repeatability of the applied measurement method
(which has to be considered as the minimum uncertainty contribution). In any case the larger of the
two values was used as ug(1).



In addition to the tests performed over the length of the rods, six discs were tested for homogeneity
over the area (possible segregation from the outer part to the centre) in BAM. To perform this test
SOES analysis was carried out in circles (outer circle: 4 sparks, inner circle: 3 sparks; centre: 1spark).

The analyte-specific within-disc uncertainty component ug(2) was calculated in the same way as for
the total batch. To calculate the necessary data an unbalanced ANOVA was carried out taking into
account that the number of single measurements is different for the centre, the inner and the outer
circle. For technical reasons, at r_0 (centre) only one measurement is possible. An ANOVA usually
requires a minimum of two measurements per factor value. Thus, the value for r_0 is replaced by two
dummy values, defined as follows:

The average standard deviation for within-group measurements sd,,;tn.n IS €stimated from the data

dwithin

for r_in (inner circle) and r_out (outer circle). The measured value is replaced by 7, +12 NG

Consequently, the two dummy values have a mean equal to the value measured, and a standard
deviation equal to the average within-variation. As results from these calculations an inhomogeneity
component for the radius of the disc is obtained. From these values a combined inhomogeneity
component is calculated. This component is compared with the within standard deviation calculated
from the ANOVA. From the three discs the median of the higher components is used for uncertainty
calculation.

The analyte-specific within-disc uncertainty component uw(2) was calculated in the same way as for
as uy,(1). From the six discs the median of the higher components is used for uncertainty calculation.

Annexes 1and 2 show the results of the homogeneity calculations.

5. Characterisation study
5.1 Analytical methods

Eleven laboratories participated in the certification inter-laboratory comparison. All laboratories were
highly experienced in the analysis of copper and copper alloys and participated successfully in former
certification inter-laboratory comparisons.
The laboratories received small cubes of ca. 0.4 g which were cut from the rods by BAM. They were
asked to analyse six subsamples. All participants used carrier gas hot extraction (CGHE) for the
determination (see Table 1). They were instructed to perform an etching procedure before analysis, e.g.:

1. Etching for 2 - 3 min in HCl (w > 30 %) at room temperature

2. Rinsing three times with water

3. Etching for 1 min in HNO; (w > 65 %), acetic acid (w > 96 %), and H3P04 (w > 85 %) at room

temperature

4.Rinsing three times with water

5. Rinsing three times with ethanol

6. Drying with a hair dryer at approx. 60° C.



Table 1.

Analytical procedures used by the participating laboratories

Lab-No. | Element Sample Analytical method Calibration
mass
1 0 04¢g CGHE Elemental Microanalysis B2420- 1720 ppm O:
2 0 04¢g CGHE W0;
3* 0 04¢g CGHE Fe:03
4 0 0.4¢g CGHE LECO standard
5 0 04¢g CGHE CRM JK47A, ARE75
6 0 04¢g CGHE CRM LECO 501-149
7 0 04¢g CGHE CRM JK47A, LECO 503-532
8% 0 04¢g CGHE (with Ni-flux) [ Steel standard
9 0 04¢g CGHE Leco 501-149
10 0 04¢g CGHE IMN Cu-600, Leco 503-532
1 0 0.4¢g CGHE LECO standard
12* 0 04¢g CGHE Leco 0762-1. 502-945, NCS NS 11035, IMN Cu600/I

*accredited acc. to ISO/IEC 17025

5.2 Analytical results and statistical evaluation

The analytical results of the inter-laboratory certification comparison are listed in Table 2. It shows the
single results (M) of each laboratory, the respective laboratories’ mean values (M), absolute and
relative intra-laboratory standard deviation (s and s., respectively), the standard deviation of
laboratory means (sw), and in addition the square root of mean of variances of data sets under

repeatability conditions (S;) where n is the number of accepted data sets. The continuous line marks
the certified value (mean of the laboratories’ means), the broken lines mark the standard deviation,
calculated from the laboratories’ means.
In the related figure for each laboratory its mean value and single standard deviation is given.

Laboratory

Table 2: Results for O
Lab./Meth.| 7/HE | 2/HE | 3/HE | 6/HE [1/HER)] 12/HE | 8/HE | 10/HE | 4/HE | 5/HE [9/HE(R)[ 11/HE
M [%)] 0364 | 0374 | 0375 | 0375 | 0382 | 0389 | 0384 | 0393 039 | 039 | 0406 | 0412 n
0374 | 0376 | 0381 | 0379 | 0380 | 0374 | 0387 | 0387 | 039 | 0398 | 0402 | 0405 12
0378 | 0375 | 0374 | 0372 | 0378 | 0391 | 0387 | 0381 039 | 0388 | 0401 | 0399
0365 | 0378 | 0382 | 0380 | 0389 | 0383 | 0382 | 0386 | 038 | 0394 | 0383 | 0405
0375 | 0376 | 0377 | 0382 | 0382 | 0385 | 0387 | 0392 039 | 0402 | 0410 | 0.400
0.377 0382 | 0381 | 0372 | 0393 039 | 0387 | 038 | 0410
M [%] 0371 | 0376 | 0.378 | 0.378 | 0.382 | 0.383 | 0.387 | 0.388 | 0.388 | 0.394 | 0.399 | 0.405 0.386
s [%] 0.0063 | 0.0013 | 0.0036 | 0.0040 | 0.0034 | 0.0082 | 0.0037 | 0.0049 | 0.0041 | 0.0058 | 0.0104 | 0.0052 | s,[mg/kg] | 0.0098
s, [mg/ke] 0.0056
Sl 0.0170 | 0.0034 | 0.0095 | 0.0107 | 0.0089 | 0.0214 | 0.0097 | 0.0126 | 0.0105 | 0.0146 | 0.0260 | 0.0128 0.0255
0.43
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=
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The data was statistically evaluated to detect outlying values (Grubbs, no outlier detected).

The certified mass fraction of oxygen was calculated as mean of the accepted data sets.

The resp. combined uncertainty was calculated from the spread resulting from the certification inter-
laboratory comparison (ui) and the uncertainty contributions from possible inhomogeneity over the
length (ups(1)) and over area (uw(2)) of the material using Equation 4.

ucombined = \/uizlc + ut?b (1) + ukfb (2) (4)

with
2 . . . . . .
U= [Sm: uncertainty contribution resulting from inter-laboratory comparison
n

n :number of data sets used for calculating the certified mass fraction of each element

The expanded uncertainties U are calculated by multiplication of Ucomsines With a coverage factor of k = 2
using Equation 5.

U=k- U combined (5)
uncertainty contribution from Uy (rel)
Upp (1)*
M n Swu Uite Length ., (2)* Area u(comb) U Length Area
% % % % % % %
0 0.386 1 000983 | o00030 | 00051 | 00033 | 00068 00135 13245 0.8547
M - upp(rel)
Upp =~ 7o
**calculated from u yy(rel): 100

The calculated mass fraction and its resp. expanded uncertainty is given on Page 3 of this report.
Rounding was done according to DIN 1333 [4].

6. Instructions for use and stability

The certified reference material BAM-M380 is intended for the calibration and quality control of spark
emission spectrometers used for the analysis of similar materials. It is also suitable for validation and
quality control of other methods for oxygen determination such as CGHE. If small test portions, e.g
cubes prepared from the compact material are used, a minimum sample intake of 0.4 g has to be used.
The surface of the material should be cleaned by turning or milling before analysis if SOES is used. In
case CGHE is used the samples should be etched before analysis (see § 5.1).

The material will remain stable provided that it is not subjected to excessive heat (eg, during
preparation of the working surface).

7. Metrological Traceability

To ensure traceability of the certified mass fractions to the Sl (Systéme International d'Unités)
calibration was performed using stoichiometric compounds or certified reference materials.
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8. Information on and purchase of the CRM
Certified reference material BAM-M380 is supplied by

Bundesanstalt fur Materialforschung und -priifung (BAM)
Division 1.6 ,Inorganic Reference Materials”
Richard-Willstatter-Str. 11, D-12489 Berlin, Germany
Phone +49 (0)30 - 8104 2061

Fax:  +49(0)30 - 8104 72061

E-Mail: sales.crm@bam.de

Each disc of BAM-M380 will be distributed together with a detailed certificate containing the certified
values and their uncertainties, the mean values and standard deviations of all accepted data sets and
information on the analytical methods used and the names of the participating laboratories.
Information on certified reference materials can be obtained from BAM:

https://www.bam.de.

Tel. +49 30 8104 1111.
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Annex 1: Calculation of uncertainty contribution of potential inhomogeneity (length), CGHE
not calibrated (uss(rel.) here means uss (rel) Length)

Oxygen (mass fraction in %):

Rod 1A 0.2733 0.2917 0.2707 0.2551 0.2797 0.2865 0.2625

Rod 1E 0.2686 0.2935 0.2721 0.2842 0.2866 0.2934 0.2625

Rod2 A 0.2770 0.2941 0.2803 0.2702 0.2776 0.2818 0.2776

Rod 2 E 0.2645 0.2979 0.2898 0.2577 0.2668 0.2578 0.2964

Rod 3 A 0.2691 0.2587 0.2705 0.2560 0.2629 0.2775 0.2842

Rod 3 E 0.2785 0.2724 0.2704 0.2803 0.2759 0.2586 0.2645

Rod 4 A 0.2683 0.2802 0.2928 0.2567 0.291 0.2780 0.2882

Rod 4 E 0.2598 0.2589 0.2615 0.2536 0.2745 0.2594 0.2488

Rod 5 A 0.2675 0.2824 0.2623 0.2820 0.2478 0.2567 0.2559

Rod 5 E 0.2547 0.2656 0.2700 0.2706 0.2542 0.2841 0.2820

Rod 6 A 0.2540 0.2755 0.2558 0.2644 0.2673 0.2579 0.2825

Rod 6 E 0.2685 0.2809 0.2772 0.2589 0.2477 0.2657 0.2521
Source of sums of degreesof  Mean squares critical F-
variation squares (SS) | freedom (df) (MS) F-value P-value value

Between groups  0.002930672 11 0.000266425  1.630896  0.1047821 1.9045392

Within groups 0.01372232 84 0.000163361

Total 0.016652991 95

within-sd 0.01278 status: homogeneous

effectiven 8.00

Shp 0.003589286

Uy 0.00178

U pp 0.00359

U pp(rel.) 1.32446
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0.2672
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Annex 2: Calculation of uncertainty contribution of potential inhomogeneity (area)
(um(rel.) here means uws (rel) Area)
The number of degrees of freedom (effective n) is calculated using the following equation

Z?:igiz

/Zliv=1 9i)

n=

with

?’=1gi _(
N

-1

gi = number of sparks per circle
i = index of circles
N = number of circles (Inner: n = 3, Outer: n = 4; Centre: n=1)

Oxygen (mass fraction in %):

1A 1 2 3 4

Centre 0.3102

Inner circle 0.3092 0.3073 0.3067

Outer circle 0.3020 0.3141 0.3110 0.3044
Source of sums of squares degrees of Mean squares
variation (SS) freedom (df) (MS) F-value P-value critical F-value

Between groups 9.24656E-06 2 4.62328E-06 0.230939572 0.800529347 5.14325285

Within groups 0.000120117 6 2.00194E-05

Total 0.000129363 8

within-sd 0.004474308

effective n 2.89

s bb 0 u_bb(rel.) 0.6487

U 0.002000231

u_bb 0.002000231

2B 1 2 3 4

Centre 0.3142

Inner circle 0.3068 0.3082 0.3170

Outer circle 0.3092 0.3102 0.3115 0.3076
Source of sums of squares degrees of Mean squares
variation (SS) freedom (df) (MS) F-value P-value critical F-value

Between groups 2.8448E-05 2 1.4224E-05 1.034431182 0.411165653 5.14325285

Within groups 8.25032E-05 6 1.37505E-05

Total 0.00010951 8

within-sd 0.003708172

effective n 2.89

s_bb 0.000404828 u_bb(rel.) 0.5331

Uy 0.001657731

u_bb 0.001657731
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3C 1 2 3 4
Centre 0.3176
Inner circle 0.3070 0.3075 0.3155
Outer circle 0.3049 0.3043 0.3026 0.3067
Source of sums of squares degrees of Mean squares
variation (5S) freedom (df) (MS) F-value P-value critical F-value
Between groups 0.000227742 2 0.000113871 10.51M14224 0.01094681 5.14325285
Within groups 6.50001E-05 6 1.08333E-05
Total 0.000292742 8
within-sd 0.003291405
effective n 2.89
s bb 0.005972171 u_bb(rel.) 1.9309
U 0.001471416
u_bb 0.005872171
9B 1 2 3 4
Centre 0.3048
Inner circle 0.3084 0.3018 0.30M
Outer circle 0.3084 0.2991 0.3058 0.2993
Source of sums of squares degrees of Mean squares
variation (5S) freedom (df) (MS) F-value P-value critical F-value
Between groups 3.4864E-06 2 1.7432E-06 0.08913176 0.915913513 5.14325285
Within groups 0.000117346 6 1.95576E-05
Total 0.000120832 8
within-sd 0.004422396
effective n 2.89
s bb 0 u_bb(rel.) 0.6509
U 0.001977024
u_bb 0.001977024
6A 1 2 3 4
Centre 0.3037
Inner circle 0.31M 0.3105 0.3123
Outer circle 0.3091 0.30M 0.3017 0.3097
Source of sums of squares degrees of Mean squares
variation (SS) freedom (df) (MS) F-value P-value critical F-value
Between groups 8.79631E-05 2 4.39816E-05 3.263268898 0.109890612 514325285
Within groups 8.08666E-05 6 1.34778E-05
Total 0.00016883 8
within-sd 0.003671207
effective n 2.89
s_bb 0.003249463 u_bb(rel.) 1.0585
U 0.001641206
u_bb 0.003249463



4A 1 2 3 4
Centre 0.3170
Inner circle 0.3112 0.3085 0.3071
Outer circle 0.3074 0.3157 0.3033 0.3050

Source of sums of squares degrees of Mean squares

variation (SS) freedom (df) (MS) F-value P-value critical F-value
Between groups 0.00011936 2 5.96798E-05 2.97546923 0.126545796 5.14325285
Within groups 0.000120344 6 2.00573E-05
Total 0.000239703 8
within-sd 0.004478535
effective n 2.89
s_bb 0.003703443 u_bb(rel.) 11937
U 0.00200212
u_bb 0.003703443

Median 0.8547
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