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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art’, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/TR 12389 was prepared by Technical Committee ISO/TC 74, Cement and lime.
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Introduction

This Technical Report summarizes the results of inter-laboratory testing of the chemical analysis of cement by
x-ray fluorescence undertaken by laboratories in Japan, in Asian countries and in Europe. This testing
programme was planned and conducted by the Committee on Cement Chemistry, Japan Cement Association
and extended to the members of ISO in Asia and members of CEN/TC 51/WG 15 (Revision of methods of
testing cement) in Europe. A total of 42 laboratories participated.

The wet method is a longstanding technique used for chemical analysis of cement. However, since this
manner of analysis is extremely time-consuming, more rapid methods have been investigated, leading to the
development of chemical analysis of cement by x-ray fluorescence (XRF method). As a result, Japanese
Industrial Standard JIS R 5204 was established in July 2002.

JIS R 5204 established a scheme to confirm the validity of calibration equations when the concentrations of a
pair of validation beads made from certified reference materials satisfy the criteria for both the repeatability
limits and accuracy limits specified in JIS R 5204. Use of this validation system improves the repeatability and
accuracy of results obtained by the JIS R 5204 method.

Since an International Standard for this analysis method had not yet been established, the Japanese National
Committee for ISO/TC 74 (J/TC 74) proposed the “Development of chemical analysis of cement by x-ray
fluorescence” to ISO/TC 74 in June 2004. The English version of JIS R 5204 was included as the first working
draft at that time.

In order to introduce JIS R 5204 to Asian members of ISO/TC 74 and to promote technical exchange among
them, an inter-laboratory testing programme was organized. This inter-laboratory testing was carried out with
the participation of 16 laboratories in Japan and 14 outside Japan, mostly Asian members of ISO/TC 74.

As this first part of the round-robin testing was taking place, work was in progress within CEN committee
TC 51/WG 15 to produce a standard method for the chemical analysis of cement by x-ray fluorescence. The
Japanese Industrial Standard JIS R 5204 was accepted by this committee and, working jointly with the
Japanese co-opted member, was incorporated into the draft for ISO 29581-2. At the invitation of the Japanese
Cement Association, members of CEN/TC 51/WG 15 were invited to join in the Japanese/Asian round robin
and in 2005 twelve European laboratories participated. The results of their testing are included in this report.

Those laboratories that obtained analyses of JCA-CRM-1 and/or JCA-CRM-2 satisfying the criteria for both
the repeatability limits and accuracy limits for all components were defined as “Q-laboratories”. A comparison
of the results for “Q-laboratories” with those obtained from other inter-laboratory testing for all constituents
other than CaO indicates that the variation was equal to or smaller than that of wet analysis. The variation in
results for CaO in “Q-laboratories” was slightly larger than that by wet analysis. Therefore, this inter-laboratory
testing demonstrates that the accuracy of results obtained by the JIS R 5204/ISO 29581-2 method is generally
the same as that for the wet method.

© I1SO 2009 — All rights reserved \%
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Methods of testing cement — Report of a test programme —
Chemical analysis by x-ray fluorescence

1 Scope

This Technical Report describes the results of the inter-laboratory testing of the chemical analysis of cement
by x-ray fluorescence. In the first instance, the inter-laboratory testing was carried out in Japan and in Asian
countries in accordance with JIS R 5204:2002. A total of 30 laboratories, 16 in Japan and 14 outside Japan,
participated in the original testing programme. A further 12 European laboratories participated in tests with the
same materials in 2005 in accordance with EN 196-2, a development by CEN/TC 51/WG 15/TG 1 of
JIS R 5204. The latest version, developed as ISO 29581-2, is, as of the date of publication of this Technical
Report, in the process of being circulated for technical enquiry.

The test samples used were Portland cement conforming to CEM | of EN 197-1 and a mixture of Portland
cement and blast furnace slag. The mixture corresponded to the composition of Portland blast furnace slag
cement, class B, specified in JIS R 5211 and CEM III/A of EN 197-1. Cement reference materials for x-ray
fluorescence analysis (No. 601A) are used for the calibration standards, and certified reference materials
JCA-CRM-1 and JCA-CRM-2 are used as the validation materials.

Constituents analysed include SiO,, Al,O3, Fe;O3, CaO, MgO, SO, Na,O, K50, TiO,, P,Og, MnO and SrO.
The loss on ignition is also determined.

The ISO round robin is a method-performance study conducted under close to optimum conditions with clear
calibration and measurement guidelines. This is conducive to producing “best practice” values representative
of the ideal situation. However, ISO 29581-2 is intended for use under everyday conditions in laboratories that
operate to “good practice”. Annex D sets out the results of some international round robins carried out by a

large number of laboratories demonstrating the suitability of 1SO 29581-2 as a means for comparing the
everyday performance of laboratories.

2 Test methods

2.1 General arrangements

The outline of the inter-laboratory testing is shown in Table 1.

© 1SO 2009 — Al rights reserved 1
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Table 1 — Outline of the inter-laboratory testing

Test method First part — JIS R 5204:2002
Second part — ISO 29581-1
Test samples JCA #1 Portland cement

JCA #2 Cement made by mixing Portland cement with blast
furnace slag (composition corresponding to Portland blast
furnace slag cement Class B specified in JIS R 5211 and
CEM III/A of EN 197-1)

Calibration standards Cement reference materials for x-ray fluorescence analysis,
JCA No. 601A
Validation materials JCA-CRM-1 Ordinary Portland cement
JCA-CRM-2 Portland blast furnace slag cement
Constituents determined Si0,, AlL,O5, Fe,0,, Cal, MgO, SO,;, Na,O, K,0, TiO,,

P,05, MnO, SrO, loss on ignition (LOI)

2.2 Test method and constituents to be determined

The first phase of this inter-laboratory testing was based on JIS R 5204. The second phase of this inter-
laboratory testing was based on ISO 29581-2. There were no substantial differences between the two
methods. For the remainder of this report they will be referred to as “the XRF method”.

Twelve constituents: SiO,, Al,O3, Fe,O5;, CaO, MgO, SO;, Na,0O, K,O, TiO,, P,Og, MnO, and SrO,
determined by XRF method using glass beads, and loss on ignition were to be evaluated. Although SO; for
Portland blast furnace slag cement was outside the scope of JIS R 5204, it was an option for Sample #2 in
this testing.

3 Samples

3.1 Test samples

Two test samples were used: Portland cement (Sample #1) conforming to EN 197-1 CEM |, and a cement
mixture of Portland cement and blast furnace slag (Sample #2). Sample #2 corresponded to the B-type
Portland blast furnace slag cement specified in JIS R 5211 and CEM III/A of EN 197-1. Approximately 30 g of
each sample was distributed.

3.2 Calibration standards

Cement reference materials for x-ray fluorescence analysis (see NOTE), provided by the Japan Cement
Association, were used for the calibration standards.

Approximately 12 g of each standard of JCA No. 601A was distributed to the foreign laboratories. The only
requirement was that seven or more calibration standards be used when making calibration equations in
accordance with the XRF method.

NOTE JCA No. 601A is a set of 15 cement reference materials consisting of nine Portland cements and six Portland
blast furnace slag cements.

3.3 Validation materials

Validation of calibration equations was specified in the XRF method. Certified reference materials JCA-CRM-1
and JCA-CRM-2, provided by the Japan Cement Association, were used as the validation materials.

Approximately 30 g of each CRM was distributed to the laboratories.

2 © 1SO 2009 — All rights reserved
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3.4 Participating laboratories

3.41 Japan
An announcement of the inter-laboratory testing was sent out to members of the Japan Cement Association.

In response to the announcement, 16 laboratories registered as participants in this testing programme. A list
of participating laboratories is shown in Annex A.

3.4.2 Asia

An announcement of the inter-laboratory testing was sent out to Asian members registered as P-members or
O-members in ISO/TC 74 (See NOTE). Sixteen laboratories responded to the announcement and expressed
their desire to participate, and 14 laboratories registered for the programme. A list of participating laboratories
is shown in the Annex A.

NOTE The announcement was sent out to member bodies registered in ISO/TC74, and to Cement Associations of
the members; see Reference [10].

3.4.3 Europe

Invitations were issued to the members of European Standards Organization Technical Committee TC 51,
Cement and building limes, Working Group 15, Methods of testing cement, Task Group 1, Analysis by x-ray
fluorescence, to nominate participating laboratories. Twelve laboratories undertook to participate. A list of
participating laboratories is shown in Annex A.

4 Method for analysis of results

4.1 Statistics

Symbols and definitions of statistical terms used in this report are shown in Table 2.

Table 2 — Definitions of the statistical terms

Statistical term Abbreviation/symbol Definition of the statistical term @
I=n
Average Av./X ; *i
¥ = =
n
Maximum value Max. Maximum value in the data
Minimum value Min. Minimum value in the data
Range — Range is equal to max. minus min.

Standard deviation S.D./o

_ox100

X

Coefficient of variation C.v./C, Cy expressed as a percentage

a

n is the number of laboratories; x is the mean value of a pair of results from each laboratory.

© 1SO 2009 — Al rights reserved 3
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4.2 Definition of Q-laboratories

4.2.1 General

In this inter-laboratory testing, a Q-laboratory is one where the concentration of a pair of validation beads
made from certified reference materials satisfies the criteria for both the repeatability limits and accuracy limits
set out in the XRF method.

4.2.2 Validation procedure

4221 Determination of the concentration of a pair of validation beads made from at least one certified
reference material for all analysis constituents.

4222 Check that the difference in the concentration, rounded off to three decimal places, of a pair of
validation beads is within the repeatability limits obtained from Equation (1):

log(y) = 0,48 log(x) — 1,499 (1)
where

y  is the repeatability limit, as a percentage;

x is the mean value of the concentration of a pair of validation beads, as a percentage.
When x is less than 0,5 %, a limit for y of 0,020 % is applied to all values.
NOTE Equation (1) is specified in JIS R 5204.
4.2.2.3 Check that the difference between the mean values, rounded off to two decimal places, of the
concentration of a pair of validation beads and the “certified values” of the certified reference materials are

within the accuracy limits specified according to the level of concentration in Table 3 for each analysed
constituent.

Both JCA-CRM-1 and JCA-CRM-2 are used for the validation materials in this inter-laboratory testing.
However, in the XRF method, the use of just one certified reference material is permitted. Therefore, for the
purpose of this inter-laboratory test, the validations are considered as satisfied if the analysis of either JCA-
CRM-1 or JCA-CRM-2 meets the validation criteria. Laboratories that obtained concentrations of JCA-CRM-1
and/or JCA-CRM-2 satisfying the criteria for both the repeatability limits and accuracy limits for all constituents,
were defined as “Q-laboratories” in this inter-laboratory testing. In 1ISO 29581-2, these are referred to as
“expert” laboratories.

Table 3 — Accuracy limits for analysis validation

Level of the certified value Accuracy limits for analysis validation

(% absolute) (% absolute)
0,00 to 0,49 0,02
0,50 to 0,99 0,03
1,00 to 6,99 0,08
7,00 to 14,99 0,12

15,00 to 29,99 0,15

30,00 to 49,99 0,20

50,00 to 79,99 0,25

80,00 to 100,00 0,30

4 © 1SO 2009 — All rights reserved
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5 Results and considerations

5.1 Laboratory number

Validation results for all laboratories and results of determination for Q-laboratories are shown in Tables B.1 to
B.8. Laboratories No. 1 to No. 16 represent laboratories in Japan; Laboratories No. 101 to No. 113 represent
ISO member laboratories outside Japan. Although there were 14 participating laboratories outside Japan, the
report submitted by Laboratory No. 114 is mentioned only in Tables B.2, B.4, B.6 and B.8, because the
laboratory carried out XRF analysis by the pellet method. Laboratories No. E1 to E12 represent laboratories
participating in the European stage.

5.2 Validation results for all laboratories

The difference in concentration for each pair of JCA-CRM-1 is shown in Table 4, and that for JCA-CRM-2 is
shown in Table 5. The difference between the mean values of concentration for each pair of JCA-CRM-1 and
the certified values is shown in Table 6, and that for JCA-CRM-2 is shown in Table 7.

Data in the shaded cells of Table 4 and Table 5 denote results that did not satisfy the required criteria for
repeatability. Data in the shaded cells of Table 6 and Table 7 represent results that did not satisfy the required
criteria for accuracy limits. “” in each table indicates that there is no report from the laboratory for that
constituent.

The presence of data in the shaded cells indicates that some validation results did not satisfy the required

criteria for repeatability or accuracy limits. Therefore, in determining the Q-laboratories according to the
definition described in 4.2, 27 laboratories were judged as Q-laboratories.

© 1SO 2009 — Al rights reserved 5
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Table 4 — Difference in concentrations for each pair of validation beads
(All laboratories — Validation material: JCA-CRM-1)

Laboratory | SiO, AlL,O, Fe,O,4 CaO MgO SO, Na,O K,0 Tio, P,0Og MnO SrO
ref. % % % % % % % % % % % %
1 0,039 0,028 0,009 0,180 0,006 0,010 0,015 0,007 0,000 0,001 0,000 -
2 0,034 0,004 0,001 0,072 0,005 0,032 0,001 0,003 0,007 0,001 0,001 0,000
3 0,012 0,005 0,017 0,018 0,012 0,028 0,013 0,002 0,003 0,001 0,000 -
4 0,080 0,010 0,013 0,020 0,001 0,009 0,002 0,004 0,004 0,002 0,000 0,000
5 0,032 0,012 0,003 0,004 0,003 0,009 0,001 0,003 0,002 0,001 0,000 0,000
6 0,024 0,027 0,002 0,083 0,039 0,012 0,011 0,007 0,008 0,002 0,002 0,000
7 0,014 0,013 0,003 0,046 0,005 0,006 0,002 0,002 0,005 0,000 0,001 0,000
8 0,040 0,006 0,004 0,115 0,010 0,008 0,007 0,001 0,008 0,001 0,000 0,000
9 0,011 0,017 0,004 0,041 0,003 0,006 0,001 0,001 0,002 0,001 0,000 0,000
10 0,028 0,035 0,003 0,012 0,017 0,017 0,007 0,001 0,003 0,000 0,000 -
11 0,012 0,006 0,008 0,061 0,014 0,018 0,012 0,010 0,004 0,005 0,001 -
12 0,011 0,006 0,006 0,073 0,005 0,024 0,007 0,002 0,011 0,000 0,003 0,001
13 0,018 0,004 0,003 0,042 0,009 0,005 0,002 0,000 0,004 0,000 0,001 0,000
14 0,080 0,029 0,006 0,112 0,006 0,001 0,002 0,018 0,013 0,010 0,001 0,000
15 0,090 0,008 0,004 0,038 0,003 0,015 0,002 0,001 0,006 0,000 0,001 0,001
16 0,007 0,011 0,004 0,014 0,003 0,008 0,008 0,001 0,005 0,002 0,000 0,000
101 0,005 0,005 0,007 0,006 0,012 0,130 0,006 0,004 0,003 0,003 - -
102 0,017 0,058 0,004 0,005 0,007 0,001 - 0,000 - - - -
103 0,020 0,020 0,010 0,060 0,170 0,020 0,010 0,010 - - - -
104 0,016 0,020 0,009 0,193 0,011 0,035 0,010 0,016 0,002 0,004 0,001 0,000
105 0,084 0,052 0,008 0,024 0,001 0,006 0,003 0,001 0,011 0,003 0,000 0,001
106 0,118 0,014 0,002 0,090 0,002 0,014 0,017 0,003 - - - -
107 0,006 0,211 0,008 0,045 0,033 0,032 0,005 0,006 - 0,011 0,001 -
108 0,010 0,010 0,010 0,020 0,010 0,010 0,030 0,000 - 0,000 - -
109 0,032 0,009 0,014 0,116 0,003 0,015 - 0,002 - - - -
110 0,122 0,099 0,059 0,041 0,261 0,136 0,082 0,161 - 0,022 - -
111 0,040 0,030 0,010 0,010 0,020 0,000 0,010 0,000 0,010 0,010 0,000 0,000
112 0,110 0,010 0,000 0,020 0,090 0,010 0,000 0,000 - - - -
113 0,030 0,030 0,010 0,150 0,090 0,030 0,010 0,000 0,000 0,010 0,000 0,000
E1 0,112 0,045 0,013 0,039 0,007 0,025 0,009 0,002 0,006 0,000 0,000 0,000
E2 0,001 0,053 0,008 0,016 0,019 0,021 0,002 0,005 0,002 0,003 0,000 -
E3 0,020 0,050 0,040 0,030 0,000 0,060 0,000 0,000 0,000 0,010 0,000 0,000
E4 0,034 0,012 0,009 0,038 0,008 0,003 0,005 0,002 0,000 0,003 0,001 0,000
E5 0,020 0,010 0,020 0,050 0,010 0,010 0,010 0,010 0,010 0,030 0,000 0,000
E6 0,036 0,039 0,003 0,093 0,003 0,042 0,004 0,004 0,001 0,010 0,001 -
E7 0,208 0,051 0,003 0,204 0,051 0,006 0,008 0,006 0,010 0,005 0,001 0,001
E8 0,085 0,036 0,002 0,014 0,004 0,007 0,011 0,001 0,004 0,000 0,001 0,000
E9 0,038 0,039 0,008 0,169 0,028 - 0,009 0,001 0,011 - - -
E10 0,010 0,010 0,020 0,050 0,020 0,000 0,000 0,000 - - - -
E11 0,003 0,005 0,007 0,010 0,021 0,002 0,000 0,002 0,001 0,000 0,001 0,000
E12 0,240 0,014 0,022 0,700 0,001 0,017 0,020 0,011 0,007 0,007 0,001 0,000
Average 0,048 0,028 0,010 0,076 0,025 0,021 0,009 0,008 0,005 0,005 0,001 0,000
Max. 0,240 0,211 0,059 0,700 0,261 0,136 0,082 0,161 0,013 0,030 0,003 0,001
Min. 0,001 0,004 0,000 0,004 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Range 0,239 0,207 0,059 0,696 0,261 0,136 0,082 0,161 0,013 0,030 0,003 0,001
Certified
analysis 20,99 5,260 2,670 65210 2,130 2,050 0,260 0,560 0,350 0,280 0,060 0,050
Limit
value 0,150 0,080 0,080 0,250 0,080 0,080 0,020 0,030 0,020 0,020 0,020 0,020

NOTE Data in shaded cells represent results that did not satisfy the required criteria for repeatability specified for “expert”
laboratories for the XRF method.

6 © 1SO 2009 — All rights reserved
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Table 5 — Difference in concentrations for each pair of validation beads
(All laboratories — Validation material: JCA-CRM-2)

Laboratory | SiO, Al,O, Fe,0,4 Cao MgO SO, a Na,O K,O Tio, P,O; MnO SrO
ref. % % % % % % % % % % % %
1 0,001 0,001 0,003 0,002 0,002 0,00 0,005 0,006 0,001 0,000 0,000 -
2 0,051 0,010 0,001 0,020 0,018 0,03 0,003 0,002 0,014 0,002 0,000 0,000
3 0,032 0,010 0,013 0,013 0,009 - 0,009 0,001 0,000 0,000 0,001 -
4 0,008 0,016 0,006 0,047 0,010 0,02 0,003 0,003 0,000 0,001 0,003 0,000
5 0,038 0,019 0,001 0,012 0,009 0,02 0,001 0,001 0,002 0,000 0,000 0,000
6 0,113 0,044 0,018 0,105 0,025 0,03 0,012 0,007 0,007 0,002 0,000 0,000
7 0,009 0,003 0,001 0,038 0,026 0,00 0,000 0,001 0,002 0,001 0,000 0,000
8 0,005 0,016 0,003 0,040 0,003 0,00 0,000 0,000 0,007 0,001 0,001 0,000
9 0,094 0,016 0,001 0,101 0,012 - 0,002 0,002 0,004 0,000 0,001 0,000
10 0,035 0,091 0,015 0,183 0,040 - 0,011 0,002 0,003 0,000 0,001 -
11 0,020 0,030 0,002 0,100 0,047 0,00 0,016 0,000 0,014 0,001 0,001 -
12 0,006 0,052 0,020 0,022 0,004 - 0,014 0,004 0,006 0,000 0,001 0,001
13 0,010 0,008 0,003 0,058 0,008 0,01 0,002 0,000 0,005 0,000 0,000 0,000
14 0,071 0,052 0,006 0,156 0,009 0,01 0,008 0,004 0,014 0,015 0,003 0,001
15 0,052 0,006 0,005 0,021 0,001 0,01 0,006 0,002 0,003 0,001 0,000 0,000
16 0,054 0,046 0,006 0,019 0,011 0,03 0,005 0,002 0,003 0,000 0,001 0,001
101 0,005 0,039 0,011 0,060 0,013 - 0,017 0,001 0,001 0,000 - -
102 0,022 0,011 0,004 0,029 0,008 0,00 - 0,001 - - - -
103 0,020 0,070 0,010 0,000 0,140 0,03 0,010 0,000 - - - -
104 0,034 0,039 0,010 0,188 0,009 0,02 0,007 0,017 0,003 0,001 0,003 0,000
105 0,043 0,019 0,002 0,010 0,020 0,00 0,004 0,004 0,010 0,005 0,006 0,000
106 0,057 0,045 0,043 0,107 0,015 - 0,002 0,001 - - - -
107 0,121 0,014 0,048 0,012 0,015 - 0,009 0,005 - 0,002 0,003 -
108 0,250 0,060 0,000 0,250 0,020 0,03 0,070 0,000 - 0,010 - -
109 0,054 0,023 0,013 0,057 0,002 0,02 - 0,010 - - - -
110 0,022 0,119 0,018 0,138 0,037 0,02 0,021 0,019 - 0,008 - -
111 0,060 0,050 0,010 0,070 0,030 0,02 0,000 0,000 0,010 0,020 0,000 0,000
112 - - - - - - - - - - - -
113 0,050 0,050 0,020 0,050 0,030 - 0,010 0,010 0,010 0,000 0,000 0,000
E1 0,045 0,063 0,025 0,121 0,002 0,179 0,008 0,005 0,007 0,007 0,001 0,001
E2 0,003 0,003 0,008 0,017 0,002 0,025 0,005 0,005 0,001 0,006 0,002 -
E3 0,010 0,010 0,010 0,030 0,030 0,020 0,000 0,000 0,000 0,010 0,000 0,000
E4 0,062 0,054 0,001 0,111 0,026 0,047 0,013 0,001 0,001 0,002 0,004 0,002
E5 0,040 0,030 0,010 0,120 0,100 0,030 0,015 0,000 0,003 0,010 0,001 0,002
E6 0,002 0,019 0,008 0,041 0,033 - 0,000 0,003 0,000 0,007 0,002 -
E7 0,118 0,052 0,001 0,179 0,008 0,013 0,003 0,002 0,003 0,005 0,001 0,001
E8 0,049 0,003 0,014 0,070 0,038 0,005 0,008 0,002 0,000 0,004 0,000 0,000
E9 0,063 0,025 0,006 0,082 0,008 - - 0,001 0,016 - - -
E10 0,010 0,010 0,010 0,040 0,000 0,000 0,000 0,000 - - - -
E11 0,086 0,030 0,006 0,052 0,009 0,003 0,008 0,001 0,000 0,001 0,000 0,001
E12 0,260 0,193 0,023 0,430 0,005 - 0,016 0,003 0,003 0,009 0,000 -
Average 0,052 0,036 0,010 0,080 0,021 0,022 0,009 0,003 0,005 0,004 0,001 0,000
Max. 0,260 0,193 0,048 0,430 0,140 0,179 0,070 0,019 0,016 0,020 0,006 0,002
Min. 0,001 0,001 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
Range 0,259 0,192 0,048 0,430 0,140 0,179 0,070 0,019 0,016 0,020 0,006 0,002
Certified
analysis 25,66 8,940 2,080 56,330 3,050 - 0,240 0,310 0,500 0,070 0,150 0,070
Limit
value 0,150 0,120 0,080 0,250 0,080 - 0,020 0,020 0,030 0,020 0,020 0,020
NOTE Data in shaded cells represent results that did not satisfy the required criteria for repeatability specified for “expert”

laboratories for the XRF method.

a SO, for JCA-CRM-2 is outside the scope of JIS R 5204.
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Table 6 — Differences between the mean value of the concentrations
of a pair of validation beads and the certified value
(All laboratories — Validation material: JCA-CRM-1)

Sio, AlLLO, Fe,O, CaO MgO S0,
Laboratory % % % % %
ref. Mean | nige b | Mean | piep | Mean | pipp | Mean | i o | Mean | pig p | Mean | g b
value value value value value value
1 20,96 -0,03 5,27 0,01 2,61 -0,06 65,29 0,08 2,11 -0,02 2,08 0,03
2 20,92 -0,07 5,26 0,00 2,65 -0,02 65,33 0,12 2,13 0,00 2,02 -0,03
3 20,94 -0,05 5,25 -0,01 2,68 0,01 65,11 -0,10 2,14 0,01 2,08 0,03
4 20,97 -0,02 5,26 0,00 2,68 0,01 65,20 -0,01 2,14 0,01 2,08 0,03
5 20,93 -0,06 5,26 0,00 2,67 0,00 65,24 0,03 2,13 0,00 2,09 0,04
6 20,93 -0,06 5,24 -0,02 2,61 -0,06 65,17 -0,04 2,12 -0,01 2,07 0,02
7 21,00 0,01 5,27 0,01 2,66 -0,01 65,20 -0,01 2,17 0,04 2,06 0,01
8 20,92 -0,07 5,27 0,01 2,68 0,01 65,05 -0,16 2,16 0,03 2,06 0,01
9 20,91 -0,08 5,26 0,00 2,61 -0,06 65,21 0,00 2,12 -0,01 2,07 0,02
10 20,96 -0,03 5,24 -0,02 2,63 -0,04 65,32 0,11 2,11 -0,02 2,08 0,03
11 21,02 0,03 5,28 0,02 2,67 0,00 65,21 0,00 2,12 -0,01 2,07 0,02
12 20,98 -0,01 5,27 0,01 2,68 0,01 65,27 0,06 2,14 0,01 2,09 0,04
13 21,03 0,04 5,27 0,01 2,68 0,01 64,98 -0,23 2,14 0,01 2,05 0,00
14 21,00 0,01 5,28 0,02 2,72 0,05 65,40 0,19 2,15 0,02 2,07 0,02
15 21,04 0,05 5,26 0,00 2,67 0,00 65,21 0,00 2,11 -0,02 1,98 -0,07
16 21,01 0,02 5,29 0,03 2,67 0,00 65,18 -0,03 2,15 0,02 2,09 0,04
101 21,05 0,06 5,29 0,03 2,62 -0,05 65,34 0,13 2,12 -0,01 2,03 -0,02
102 21,17 0,18 5,21 -0,05 2,64 -0,03 66,29 1,08 2,13 0,00 2,43 0,38
103 20,98 -0,01 5,21 -0,05 2,64 -0,03 65,25 0,04 2,14 0,01 2,08 0,03
104 20,98 -0,01 5,24 -0,02 2,63 -0,04 64,96 -0,25 2,10 -0,03 2,08 0,03
105 21,02 0,03 5,27 0,01 2,64 -0,03 65,38 0,17 2,18 0,05 2,06 0,01
106 20,95 -0,04 5,26 0,00 2,67 0,00 65,13 -0,08 2,12 -0,01 2,06 0,01
107 21,06 0,07 5,42 0,16 2,69 0,02 64,47 -0,74 2,15 0,02 2,04 -0,01
108 20,90 -0,09 5,26 0,00 2,62 -0,05 65,17 -0,04 2,10 -0,03 2,06 0,01
109 20,98 -0,01 5,26 0,00 2,63 -0,04 65,50 0,29 2,11 -0,02 1,95 -0,10
110 20,91 -0,08 5,25 -0,01 2,61 -0,06 65,13 -0,08 2,17 0,04 1,99 -0,06
111 20,92 -0,07 4,98 -0,28 2,62 -0,05 64,68 -0,53 2,38 0,25 2,00 -0,05
112 21,00 0,01 5,86 0,60 2,58 -0,09 64,77 -0,44 2,06 -0,07 1,80 -0,25
113 22,98 1,99 5,24 -0,02 2,64 -0,03 65,28 0,07 2,02 -0,1 2,06 0,01
E1 20,91 -0,08 5,26 0,00 2,66 -0,01 65,16 -0,05 2,14 0,01 2,20 0,15
E2 20,80 -0,19 5,30 0,04 2,61 -0,06 65,00 -0,21 2,11 -0,02 2,07 0,02
E3 20,79 -0,20 5,17 -0,09 2,71 0,04 65,17 -0,04 2,27 0,14 1,98 -0,07
E4 20,93 -0,06 5,28 0,02 2,65 -0,02 65,01 -0,20 2,17 0,04 2,04 -0,01
E5 21,01 0,02 5,25 -0,01 2,65 -0,02 65,33 0,12 2,14 0,01 2,07 0,02
E6 20,95 -0,04 5,23 -0,03 2,68 0,01 65,16 -0,05 2,15 0,02 2,13 0,08
E7 21,00 0,01 5,27 0,01 2,69 0,02 65,34 0,13 2,15 0,02 2,07 0,02
E8 20,89 -0,10 5,27 0,01 2,58 -0,09 65,13 -0,08 2,14 0,01 2,07 0,02
E9 20,99 0,00 5,22 -0,04 2,68 0,01 65,21 0,00 2,15 0,02 - -
E10 21,09 0,10 5,16 -0,10 2,61 -0,06 65,14 -0,07 2,11 -0,02 2,01 -0,04
E11 20,75 -0,24 5,27 0,01 2,67 0,00 65,52 0,31 2,17 0,04 1,99 -0,06
E12 20,88 -0,1 5,29 0,03 2,67 0,00 64,91 -0,30 2,15 0,02 2,05 0,00
Average 21,01 5,27 2,65 65,19 2,14 2,06
Max. 22,98 5,86 2,72 66,29 2,38 2,43
Min. 20,75 4,98 2,58 64,47 2,02 1,80
Range 2,23 0,88 0,14 1,82 0,36 0,63
S.D. 0,325 0,111 0,033 0,268 0,053 0,085
C.V. 1,5 2,1 1,3 0,4 2,5 4.1
Certified
value 20,99 5,26 2,67 65,21 2,13 2,05
8 © 1SO 2009 — All rights reserved




Table 6 (continued)
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laboratories specified for the XRF method.

@  “Mean value” is the mean value of the concentrations of a pair of validated beads.

Na,O K,0 Tio, P,0Og MnO SrO
Laboratory % % % % % %
ref. Mean | pigeb | Mean | poge b | Mean | pp | Mean | g | Mean | pyg | Mean | pog b
value value value value value value
1 0,26 0,00 0,54 -0,02 0,34 -0,01 0,29 0,01 0,07 0,01 - -
2 0,26 0,00 0,53 -0,03 0,35 0,00 0,28 0,00 0,07 0,01 0,04 -0,01
3 0,26 0,00 0,57 0,01 0,36 0,01 0,28 0,00 0,06 0,00 - -
4 0,26 0,00 0,56 0,00 0,36 0,01 0,29 0,01 0,06 0,00 0,04 -0,01
5 0,26 0,00 0,56 0,00 0,36 0,01 0,28 0,00 0,06 0,00 0,04 -0,01
6 0,27 0,01 0,58 0,02 0,34 -0,01 0,29 0,01 0,06 0,00 0,04 -0,01
7 0,25 -0,01 0,56 0,00 0,36 0,01 0,28 0,00 0,06 0,00 0,04 -0,01
8 0,25 -0,01 0,56 0,00 0,35 0,00 0,28 0,00 0,06 0,00 0,04 -0,01
9 0,26 0,00 0,57 0,01 0,35 0,00 0,29 0,01 0,07 0,01 0,04 -0,01
10 0,24 -0,02 0,57 0,01 0,35 0,00 0,28 0,00 0,07 0,01 - -
11 0,25 -0,01 0,53 -0,03 0,36 0,01 0,29 0,01 0,06 0,00 - -
12 0,27 0,01 0,57 0,01 0,35 0,00 0,28 0,00 0,06 0,00 0,04 -0,01
13 0,26 0,00 0,56 0,00 0,36 0,01 0,29 0,01 0,06 0,00 0,04 -0,01
14 0,27 0,01 0,58 0,02 0,33 -0,02 0,30 0,02 0,06 0,00 0,04 -0,01
15 0,27 0,01 0,56 0,00 0,35 0,00 0,29 0,01 0,06 0,00 0,04 -0,01
16 0,26 0,00 0,58 0,02 0,35 0,00 0,28 0,00 0,06 0,00 0,04 -0,01
101 0,23 -0,03 0,57 0,01 0,35 0,00 0,29 0,01 - - - -
102 - - 0,60 0,04 - - - - - - - -
103 0,28 0,02 0,58 0,02 - - - - - - - -
104 0,24 -0,02 0,56 0,00 0,34 -0,01 0,27 -0,01 0,07 0,01 0,04 -0,01
105 0,25 -0,01 0,60 0,04 0,35 0,00 0,29 0,01 0,07 0,01 0,04 -0,01
106 0,27 0,01 0,57 0,01 - - - - - - - -
107 0,25 -0,01 0,56 0,00 - - 0,28 0,00 0,06 0,00 - -
108 0,26 0,00 0,59 0,03 - - 0,28 0,00 - - - -
109 - - 0,57 0,01 - - - - - - - -
110 0,28 0,02 0,58 0,02 - - 0,29 0,01 - - - -
111 0,28 0,02 0,57 0,01 0,38 0,03 0,36 0,08 0,07 0,01 0,04 -0,01
112 0,19 -0,07 0,58 0,02 - - - - - - - -
113 0,26 0,00 0,58 0,02 0,35 0,00 0,28 0,00 0,07 0,01 0,04 -0,01
E1 0,26 0,00 0,56 0,00 0,35 0,00 0,29 0,01 0,06 0,00 0,04 -0,01
E2 0,27 0,01 0,57 0,01 0,34 -0,01 0,29 0,01 0,07 0,01 - -
E3 0,26 0,00 0,55 -0,01 0,35 0,00 0,30 0,02 0,07 0,01 0,05 0,00
E4 0,27 0,01 0,57 0,01 0,34 -0,01 0,29 0,01 0,07 0,01 0,04 -0,01
E5 0,27 0,01 0,58 0,02 0,35 0,00 0,28 0,00 0,07 0,01 0,04 -0,01
E6 0,13 -0,13 0,56 0,00 0,35 0,00 0,31 0,03 0,06 0,00 - -
E7 0,27 0,01 0,56 0,00 0,36 0,01 0,28 0,00 0,06 0,00 0,05 0,00
E8 0,27 0,01 0,57 0,01 0,34 -0,01 0,28 0,00 0,07 0,01 0,04 -0,01
E9 0,26 0,00 0,56 0,00 0,34 -0,01 - - - - - -
E10 0,29 0,03 0,57 0,01 - - - - - - - -
E11 0,25 -0,01 0,57 0,01 0,34 -0,01 0,28 0,00 0,06 0,00 0,05 0,00
E12 0,25 -0,01 0,57 0,01 0,35 0,00 0,29 0,01 0,07 0,01 - -
Average 0,26 0,57 0,35 0,29 0,06 0,04
Max. 0,29 0,60 0,38 0,36 0,07 0,05
Min. 0,13 0,53 0,33 0,27 0,06 0,04
Range 0,16 0,07 0,05 0,09 0,01 0,01
S.D. 0,027 0,015 0,010 0,015 0,005 0,003
C.V. 10,2 2,6 2,7 53 8,4 6,9
Certified
value 0,26 0,56 0,35 0,28 0,06 0,05
NOTE Data in shaded cells represent concentrations that did not satisfy the required criteria for accuracy limits for “expert”

b “Diff." is the difference between the mean value of the concentrations of a pair of validated beads and the certified value for the
validation material.
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Table 7 — Differences between the mean value of the concentrations
of a pair of validation beads and the certified value
(All laboratories — Validation material: JCA-CRM-2)

Sio, AlLLO, Fe,O, CaO MgO S0, a
Laboratory % % % % % %
ref. Mean | pig c | Mean | pigec | Mean | g ¢ | Mean | o o | Mean | i ¢ | Mean | g
value Value value value value value
1 25,65 -0,01 8,94 0,00 2,14 0,06 56,49 0,16 3,05 0,00 2,56 -
2 25,55 -0,11 8,92 -0,02 2,09 0,01 56,47 0,14 3,03 0,02 2,57 -
3 25,52 -0,14 8,94 0,00 2,10 0,02 56,53 0,20 2,97 -0,08 - -
4 25,64 -0,02 8,93 -0,01 2,10 0,02 56,38 0,05 3,04 -0,01 2,58 -
5 25,61 -0,05 8,93 -0,01 2,08 0,00 56,43 0,10 3,03 -0,02 2,57 -
6 25,59 -0,07 9,00 0,06 2,14 0,06 56,56 0,23 3,06 0,01 2,53 -
7 25,69 0,03 8,95 0,01 2,07 -0,01 56,48 0,15 3,08 0,03 2,60 -
8 25,57 -0,09 8,90 -0,04 2,04 -0,04 56,15 -0,18 3,06 0,01 2,37 -
9 25,58 -0,08 8,93 -0,01 2,14 0,06 56,49 0,16 3,06 0,01 - -
10 25,59 -0,07 8,90 -0,04 2,13 0,05 56,53 0,20 2,98 -0,07 - -
11 25,69 0,03 8,88 -0,06 2,08 0,00 56,41 0,08 3,02 -0,03 2,61 -
12 25,68 0,02 8,94 0,00 2,08 0,00 56,43 0,10 3,04 -0,01 - -
13 25,73 0,07 8,92 -0,02 2,08 0,00 56,24 -0,09 3,06 0,01 2,63 -
14 25,75 0,09 8,94 0,00 2,12 0,04 56,51 0,18 3,06 0,01 2,64 -
15 25,58 -0,08 8,96 0,02 2,09 0,01 56,32 -0,01 3,02 -0,03 2,60 -
16 25,68 0,02 8,96 0,02 2,08 0,00 56,52 0,19 3,04 -0,01 2,59 -
101 25,63 -0,03 8,92 -0,02 2,12 0,04 56,56 0,23 3,02 -0,03 - -
102 25,60 -0,06 8,92 -0,02 2,13 0,05 56,66 0,33 3,07 0,02 1,32 -
103 25,66 0,00 8,96 0,02 2,16 0,08 56,53 0,20 2,99 -0,06 2,56 -
104 25,53 -0,13 8,87 -0,07 2,12 0,04 56,32 -0,01 3,03 -0,02 1,89 -
105 25,63 -0,03 8,92 -0,02 2,12 0,04 56,55 0,22 3,08 0,03 2,57 -
106 25,52 -0,14 8,94 0,00 2,07 -0,01 56,56 0,23 3,02 -0,03 - -
107 25,57 -0,09 8,94 0,00 2,06 -0,02 56,48 0,13 2,88 -0,17 - -
108 25,74 0,08 8,95 0,01 2,13 0,05 56,64 0,31 3,04 -0,01 2,56 -
109 25,72 0,06 8,98 0,04 2,15 0,07 56,51 0,18 3,08 0,03 2,44 -
110 25,65 -0,01 8,88 -0,06 2,07 -0,01 56,55 0,22 3,07 0,02 1,92 -
111 25,31 -0,35 8,62 -0,32 2,10 0,02 56,30 -0,03 3,24 0,19 1,27 -
112 - - - - - - - - - - - -
113 25,72 0,06 8,94 0,00 2,13 0,05 56,82 0,49 3,12 0,07 - -
E1 25,65 -0,01 8,92 -0,02 2,08 0,00 56,43 0,10 3,04 -0,01 2,38 -
E2 25,58 -0,10 8,92 -0,02 2,12 0,04 56,52 0,19 3,03 -0,02 2,58 -
E3 25,35 -0,31 8,72 -0,22 2,12 0,04 56,35 0,02 3,21 0,16 2,52 -
E4 25,59 -0,07 8,87 -0,07 2,12 0,04 56,10 -0,23 2,99 -0,06 - -
E5 25,65 -0,01 8,93 -0,01 2,10 0,02 56,23 -0,10 3,03 -0,02 - -
E6 25,57 -0,09 8,87 -0,07 2,10 0,02 56,42 0,09 3,05 0,00 - -
E7 25,79 0,13 8,91 -0,03 2,09 0,01 56,45 0,12 3,04 -0,01 2,62 -
E8 25,61 -0,05 8,93 -0,01 2,15 0,07 56,40 0,07 3,04 -0,01 2,71 -
E9 25,68 0,02 8,89 -0,05 2,10 0,02 56,54 0,21 3,06 0,01 - -
E10 25,50 -0,16 8,64 -0,30 2,13 0,05 57,10 0,77 2,97 -0,08 2,16 -
E11 25,50 -0,16 8,99 0,05 2,14 0,06 57,04 0,71 3,11 0,06 2,50 -
E12 25,65 -0,01 8,96 0,02 2,09 0,01 56,46 0,13 3,09 0,04 - -
Average 25,61 8,91 2,11 56,49 3,05 2,40
Max. 25,79 9,00 2,16 57,10 3,24 2,71
Min. 25,31 8,62 2,04 56,10 2,88 1,27
Range 0,48 0,38 0,12 1,00 0,36 1,44
S.D. 0,097 0,079 0,028 0,191 0,059 0,376
C.V. 0,4 0,9 1,4 0,3 1,9 -
Certified
value 25,66 8,94 2,08 56,33 3,05 -
10 © 1SO 2009 — All rights reserved
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b

validation material.

laboratories specified for the XRF method.
a SO, determination for JCA-CRM-2 is outside the scope of JIS R 5204.

“Mean value” is the mean value of the concentrations of a pair of validated beads.

Na,O K,0 Tio, P,0Og MnO SrO
Laboratory % % % % % %
ref. Mean | pige c | Mean | pec | Mean | pg ¢ | Mean | pg o | Mean | g ¢ | Mean | pug c
value value value value value value
1 0,27 0,03 0,31 0,00 0,50 0,00 0,07 0,00 0,16 0,01 - -
2 0,24 0,00 0,32 0,01 0,51 0,01 0,07 0,00 0,16 0,01 0,07 0,00
3 0,22 -0,02 0,32 0,01 0,51 0,01 0,08 0,01 0,16 0,01 - -
4 0,24 0,00 0,32 0,01 0,51 0,01 0,08 0,01 0,15 0,00 0,06 -0,01
5 0,24 0,00 0,32 0,01 0,50 0,00 0,08 0,01 0,15 0,01 0,07 0,00
6 0,24 0,00 0,32 0,01 0,51 0,01 0,07 0,00 0,16 0,01 0,07 0,00
7 0,23 -0,01 0,32 0,01 0,50 0,00 0,07 0,00 0,15 0,00 0,07 0,00
8 0,23 -0,01 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 0,06 -0,01
9 0,25 0,01 0,31 0,00 0,50 0,00 0,07 0,00 0,16 0,01 0,06 -0,01
10 0,23 -0,01 0,32 0,01 0,51 0,01 0,07 0,00 0,16 0,01 - -
11 0,25 0,01 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 - -
12 0,24 0,00 0,33 0,02 0,51 0,01 0,08 0,01 0,16 0,01 0,06 -0,01
13 0,24 0,00 0,32 0,01 0,51 0,01 0,08 0,01 0,15 0,00 0,07 0,00
14 0,25 0,01 0,33 0,02 0,48 -0,02 0,09 0,02 0,15 0,00 0,07 0,00
15 0,25 0,01 0,32 0,01 0,52 0,02 0,08 0,01 0,16 0,01 0,06 -0,01
16 0,24 0,00 0,31 0,00 0,50 0,00 0,08 0,01 0,15 0,00 0,07 0,00
101 0,21 -0,03 0,32 0,01 0,51 0,01 0,07 0,00 - - - -
102 - - 0,31 0,00 - - - - - - - -
103 0,24 0,00 0,31 0,00 - - - - - - - -
104 0,26 0,02 0,32 0,01 0,50 0,00 0,07 0,00 0,16 0,01 0,07 0,00
105 0,23 -0,01 0,34 0,03 0,51 0,01 0,08 0,01 0,16 0,01 0,06 -0,01
106 0,25 0,01 0,33 0,02 - - - - - - - -
107 0,26 0,02 0,33 0,02 - - 0,07 0,00 0,16 0,01 - -
108 0,24 0,00 0,32 0,01 - - 0,08 0,01 - - - -
109 - - 0,31 0,00 - - - - - - - -
110 0,23 -0,01 0,32 0,01 - - 0,08 0,01 - - - -
111 0,27 0,03 0,33 0,02 0,52 0,02 0,02 -0,05 0,16 0,01 0,06 -0,01
112 - - - - - - - - - - - -
113 0,24 0,00 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 0,06 -0,01
E1 0,25 0,01 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 0,07 0,00
E2 0,28 0,04 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 - -
E3 0,24 0,00 0,31 0,00 0,49 -0,01 0,08 0,01 0,18 0,03 0,08 0,01
E4 0,24 0,00 0,32 0,01 0,50 0,00 0,07 0,00 0,16 0,01 0,06 -0,01
E5 0,23 -0,01 0,32 0,01 0,51 0,01 0,07 0,00 0,16 0,01 0,08 0,01
E6 0,12 -0,12 0,32 0,01 0,50 0,00 0,11 0,04 0,15 0,00 - -
E7 0,25 0,01 0,32 0,01 0,50 0,00 0,08 0,01 0,16 0,01 0,08 0,01
E8 0,26 0,02 0,32 0,01 0,51 0,01 0,07 0,00 0,16 0,01 0,06 -0,01
E9 - - 0,33 0,02 0,53 0,03 - - - - - -
E10 0,26 0,02 0,34 0,03 - - - - - - - -
E11 0,23 -0,01 0,33 0,02 0,50 0,01 0,08 0,01 0,16 0,01 0,08 0,01
E12 0,25 0,01 0,32 0,01 0,50 0,01 0,08 0,01 0,18 0,03 - -
Average 0,24 0,32 0,50 0,08 0,16 0,07
Max. 0,28 0,34 0,53 0,11 0,18 0,08
Min. 0,12 0,31 0,48 0,02 0,15 0,06
Range 0,16 0,03 0,05 0,09 0,03 0,02
S.D. 0,025 0,007 0,009 0,013 0,007 0,008
C.V. 10,3 2,4 1,8 18,0 4,5 10,7
Certified
value 0,24 0,31 0,50 0,07 0,15 0,07
NOTE Data in shaded cells represent concentrations that did not satisfy the required criteria for accuracy limits for “expert”

¢ “Diff.” is the difference between the mean value of the concentrations of a pair of validated beads and the certified value for the
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5.3 Test results of Q-laboratories

5.3.1 Differences in concentration for each pair of test samples

The differences in concentration for each pair of Sample JCA #1 and Sample JCA #2 is shown in Table 8 and
Table 9.

Table 8 — Differences in concentrations for each pair of test sample
(Q-laboratories —Test sample: Sample JCA #1)

Laboratory SiO, AlLO, Fe,O, CaO MgO SO, Na,O K,0 Tio, P,0O; MnO SrO
ref. % % % % % % % % % % % %
1 0,066 0,021 0,008 0,128 0,002 0,002 0,012 0,019 0,002 0,001 0,000 -a

2 0,015 0,008 0,003 0,066 0,005 0,030 0,003 0,001 0,002 0,004 0,002 0,000
3 0,082 0,021 0,023 0,139 0,027 0,020 0,003 0,001 0,005 0,001 0,000 -

4 0,098 0,008 0,007 0,015 0,016 0,001 0,008 0,008 0,006 0,003 0,001 0,001

5 0,008 0,006 0,002 0,027 0,006 0,014 0,001 0,001 0,000 0,001 0,000 0,000

6 0,085 0,030 0,005 0,175 0,006 0,019 0,018 0,011 0,006 0,001 0,000 0,000

7 0,016 0,004 0,003 0,062 0,013 0,001 0,005 0,000 0,000 0,001 0,001 0,000

8 0,064 0,001 0,002 0,007 0,005 0,007 0,000 0,002 0,003 0,001 0,003 0,000

9 0,010 0,001 0,003 0,062 0,000 0,007 0,000 0,001 0,003 0,003 0,000 0,000
10 0,050 0,024 0,001 0,120 0,031 0,010 0,014 0,001 0,002 0,010 0,000 -
11 0,005 0,046 0,017 0,224 0,006 0,040 0,001 0,007 0,005 0,003 0,002 -

12 0,022 0,006 0,004 0,079 0,010 0,020 0,003 0,002 0,006 0,000 0,000 0,001

13 0,028 0,010 0,001 0,083 0,006 0,007 0,002 0,001 0,001 0,001 0,001 0,000

14 0,058 0,003 0,003 0,026 0,004 0,014 0,000 0,001 0,009 0,001 0,000 0,000

15 0,056 0,035 0,018 0,199 0,022 0,030 0,011 0,003 0,003 0,002 0,002 0,000

16 0,022 0,014 0,002 0,108 0,008 0,003 0,006 0,003 0,001 0,004 0,001 0,000

104 0,102 0,035 0,040 0,135 0,010 0,029 0,005 0,019 0,007 0,004 0,001 0,000
106 0,083 0,007 0,011 0,128 0,001 0,025 0,004 0,002 - - - -
108 0,020 0,000 0,000 0,060 0,010 0,010 0,000 0,000 - 0,000 - -
109 0,034 0,000 0,003 0,053 0,008 0,012 - 0,007 - - - -

E1 0,023 0,060 0,022 0,077 0,015 0,013 0,011 0,003 0,013 0,007 0,001 0,001

E4 0,079 0,020 0,003 0,066 0,007 0,026 0,006 0,004 0,002 0,000 0,000 0,004

E5 0,020 0,060 0,010 0,120 0,050 0,000 0,000 0,010 0,012 0,012 0,004 0,001
E6 0,024 0,017 0,011 0,189 0,004 0,015 0,004 0,000 0,001 0,004 0,001 -

E7 0,120 0,032 0,019 0,070 0,034 0,020 0,003 0,004 0,001 0,011 0,001 0,002

E8 0,019 0,021 0,017 0,091 0,021 0,002 0,011 0,001 0,004 0,002 0,000 0,000
E9 0,088 0,050 0,009 0,138 0,006 - 0,013 0,010 0,012 - - -

Average 0,049 0,033 0,011 0,101 0,018 0,012 0,006 0,004 0,006 0,005 0,001 0,002

Max. 0,120 0,060 0,022 0,189 0,050 0,026 0,013 0,019 0,013 0,012 0,004 0,004

Min. 0,019 0,000 0,000 0,060 0,004 0,000 0,000 0,000 0,000 0,000 0,000 0,000

Range 0,101 0,060 0,022 0,129 0,046 0,026 0,013 0,019 0,013 0,012 0,004 0,004

Mean
analysis 20,91 5,09 3,03 65,95 1,37 2,21 0,21 0,50 0,31 0,24 0,10 0,05
Limit
value 0,150 0,080 0,080 0,250 0,080 0,080 0,020 0,030 0,030 0,020 0,020 0,020

a «n

indicates that there was no result reported by the laboratory.
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Table 9 — Differences in concentrations for each pair of test sample
(Q-laboratories — Test sample: Sample JCA #2)

Laboratory SiO, AlLO, Fe, 0,4 CaO MgO SO, a Na,O K,0 TiO, P,Og MnO SrO
ref. % % % % % % % % % % % %
1 0,014 0,011 0,002 0,077 0,002 0,006 0,000 0,003 0,001 0,000 0,000 -b
2 0,027 0,006 0,006 0,022 0,018 0,004 0,002 0,001 0,006 0,001 0,000 0,001
3 0,015 0,000 0,005 0,013 0,006 - 0,003 0,000 0,002 0,000 0,000 -
4 0,015 0,005 0,005 0,017 0,005 0,008 0,000 0,000 0,003 0,002 0,001 0,000
5 0,019 0,008 0,003 0,083 0,004 0,018 0,001 0,002 0,001 0,002 0,000 0,001
6 0,066 0,003 0,022 0,050 0,011 0,052 0,004 0,001 0,004 0,006 0,000 0,000
7 0,015 0,006 0,000 0,002 0,014 0,002 0,002 0,001 0,004 0,001 0,001 0,000
8 0,061 0,001 0,001 0,014 0,002 0,003 0,006 0,001 0,002 0,001 0,000 0,000
9 0,012 0,013 0,002 0,010 0,004 - 0,000 0,000 0,003 0,001 0,001 0,000
10 0,081 0,016 0,002 0,204 0,011 - 0,007 0,000 0,000 0,001 0,001 -
11 0,067 0,065 0,015 0,120 0,017 0,038 0,008 0,002 0,005 0,001 0,001 -
12 0,039 0,045 0,028 0,115 0,027 - 0,004 0,005 0,006 0,001 0,001 0,001
13 0,011 0,064 0,007 0,109 0,007 0,013 0,001 0,003 0,012 0,003 0,000 0,000
14 0,094 0,040 0,006 0,061 0,001 0,013 0,002 0,000 0,001 0,001 0,000 0,000
15 0,003 0,024 0,004 0,047 0,040 0,039 0,008 0,003 0,002 0,000 0,000 0,000
16 0,013 0,018 0,001 0,050 0,015 0,024 0,008 0,002 0,007 0,002 0,001 0,000
104 0,038 0,022 0,011 0,045 0,006 0,036 0,010 0,016 0,003 0,007 0,001 0,001
106 0,082 0,077 0,013 0,187 0,011 - 0,004 0,001 - - - -
108 0,020 0,010 0,000 0,100 0,050 0,030 0,020 0,000 - 0,000 - -
109 0,041 0,019 0,052 0,142 0,012 0,090 - 0,004 - - - -
E1 0,045 0,063 0,025 0,121 0,002 0,179 0,008 0,005 0,007 0,007 0,001 0,001
E4 0,062 0,054 0,001 0,111 0,026 0,047 0,013 0,001 0,001 0,002 0,004 0,002
E5 0,040 0,030 0,010 0,120 0,100 0,030 0,015 0,000 0,003 0,010 0,001 0,002
E6 0,002 0,019 0,008 0,041 0,033 - 0,000 0,003 0,000 0,007 0,002 -
E7 0,118 0,052 0,001 0,179 0,008 0,013 0,003 0,002 0,003 0,005 0,001 0,001
E8 0,049 0,003 0,014 0,070 0,038 0,005 0,008 0,002 0,000 0,004 0,000 0,000
E9 0,063 0,025 0,006 0,082 0,008 - - 0,001 0,016 - - -
Average 0,041 0,026 0,009 0,081 0,018 0,033 0,005 0,002 0,004 0,003 0,001 0,001
Max. 0,118 0,077 0,052 0,204 0,100 0,179 0,020 0,016 0,016 0,010 0,004 0,002
Min. 0,002 0,000 0,000 0,002 0,001 0,002 0,000 0,000 0,000 0,000 0,000 0,000
Range 0,116 0,077 0,052 0,202 0,099 0,177 0,020 0,016 0,016 0,010 0,004 0,002
Mean
analysis 26,00 8,81 1,62 56,12 3,35 2,82 0,21 0,42 0,39 0,24 0,09 0,05
Limit
value 0,150 0,120 0,080 0,250 0,080 - 0,020 0,020 0,020 0,020 0,020 0,020
NOTE Data in shaded cells represent results that did not satisfy the required criteria for repeatability specified for “expert”

laboratories for the XRF method.
a S04 determination for sample JCA #2 is outside the scope of JIS R 5204.

b “indicates that there was no result reported by the laboratory.

5.3.2 Distribution of concentrations for test samples

Each concentration obtained by Q-laboratories for Sample JCA #1 and Sample JCA #2 is shown in Table 10
and Table 11. “Mean value” represents the average of two concentrations, and “Diff.” represents the
difference between the “Mean value” and the average, respectively. Data in parentheses are “outliers” by the
Grubbs test, which was excluded from statistic calculation of the results.

The Grubbs test specified in 7.3.4 of 1ISO 5725-2:1994 was carried out when analysing results. “Outlier”
means 5% “outlier” by the Grubbs test and “Outliers in Q-laboratory” are shown in the histograms. However,
although both the minimum of K,O and the maximum of SrO for Sample JCA #2 were judged as “outliers”, it
was concluded that they were not “extreme results” and therefore, they were not excluded.
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With regard to judgment of validation for results obtained by XRF analysis using validated calibration, it would
be unlikely that the analytical accuracy of the results varies significantly in the same kind of sample without a
failure in one of the processes of XRF analysis. For example, both JCA-CRM-1 and Sample JCA #1 are
Portland cement, and both JCA-CRM-2 and Sample JCA #2 are Portland blast furnace slag cement.

It is normal practice that when there is a statistical “outlier” it is necessary to conduct an investigation to
determine the cause.

The histograms of concentrations of test samples for all constituents are shown in Figure 1 to Figure 23. The
data group shown by the shaded bars indicates the data of Q-laboratories, and the white bars indicate the
data of the other laboratories (non-Q-laboratories). The average and two times the standard deviation (2c)
shown in the histograms were calculated after excluding “outliers”.

The concentrations obtained by Q-laboratories were generally distributed between the average * 2c for all
constituents. On the other hand, the distribution of concentrations of non-Q-laboratories was wider than that of
Q-laboratories, and there were some concentrations that were far from the average. As reported above, it is

important for accurate analysis to use calibration equations validated in accordance with this XRF method.

Table 10 — Concentrations for sample JCA #1 — Q-laboratories

sio, ALO, Fe,0, Ca0 MgO SO,
Laboratory % % % % % %
ref. Mean | pig b | Mean | pie b | Mean | e | Mean g | Mean | pi b | Mean | e b
value value value value value value
1 20,93 -0,03 5,11 0,01 2,99 -0,04 65,97 0,08 1,36 0,00 2,23 0,02
2 20,85 -0,11 5,10 0,00 3,02 -0,01 65,95 0,06 1,36 0,00 2,19 -0,02
3 20,96 0,00 5,11 0,01 3,03 0,00 65,86 -0,03 1,34 -0,02 2,19 -0,02
4 20,88 -0,08 5,10 0,00 3,04 0,01 65,87 -0,02 1,36 0,00 2,25 0,04
5 20,90 -0,06 5,12 0,02 3,04 0,01 65,94 0,05 1,36 0,00 2,22 0,01
6 21,04 0,08 5,12 0,02 2,99 -0,04 65,91 0,02 1,34 -0,02 2,23 0,02
7 20,92 -0,04 5,10 0,00 3,03 0,00 65,76 -0,13 1,36 0,00 2,21 0,00
8 20,96 0,00 5,13 0,03 3,03 0,00 65,80 -0,09 1,38 0,02 2,21 0,00
9 20,83 -0,13 5,10 0,00 2,98 -0,05 65,89 0,00 1,36 0,00 2,23 0,02
10 20,98 0,02 5,08 -0,02 3,01 -0,02 66,10 0,21 1,36 0,00 2,22 0,01
11 21,01 0,05 5,12 0,02 3,05 0,02 65,89 0,00 1,36 0,00 (1,99) © -
12 20,96 0,00 5,11 0,01 3,05 0,02 65,84 -0,05 1,34 -0,02 2,17 -0,04
13 21,08 0,12 5,12 0,02 3,06 0,03 65,68 -0,21 1,37 0,01 2,21 0,00
14 20,96 0,00 5,13 0,03 3,10 0,07 66,15 0,26 1,37 0,01 2,20 -0,01
15 21,07 0,11 5,12 0,02 3,05 0,02 65,86 -0,03 1,33 -0,03 2,16 -0,05
16 20,96 0,00 5,12 0,02 3,04 0,01 65,77 -0,12 1,38 0,02 2,21 0,00
104 20,95 -0,01 5,09 -0,01 3,00 -0,03 65,51 -0,38 1,37 0,01 2,15 -0,06
106 (20,47) ¢ - 5,05 -0,05 2,97 -0,06 |[(64,61)¢ - 1,33 -0,03 2,17 -0,04
108 21,01 0,05 5,12 0,02 3,00 -0,03 65,88 -0,01 1,36 0,00 2,22 0,01
109 20,80 -0,16 5,06 -0,04 3,00 -0,03 65,88 -0,01 1,35 -0,01 2,11 -0,10
E1 20,89 -0,06 5,12 0,01 3,04 0,01 65,86 -0,03 1,36 0,00 2,30 0,09
E4 20,94 -0,01 5,10 -0,01 2,99 -0,03 65,71 -0,18 1,30 -0,06 2,21 0,00
E5 21,06 0,10 5,07 -0,03 3,02 -0,01 66,00 0,11 1,39 0,03 2,22 0,01
E6 21,10 0,14 5,10 -0,01 3,08 0,06 66,37 0,48 1,37 0,02 2,24 0,03
E7 20,86 -0,10 5,09 -0,01 3,08 0,05 65,83 -0,06 1,37 0,01 2,22 0,01
E8 20,92 -0,04 5,10 0,00 2,98 -0,04 65,91 0,02 1,37 0,01 2,22 0,01
E9 21,01 0,05 5,13 0,02 3,04 0,01 65,91 0,02 1,35 -0,01 - -
Average 20,96 5,10 3,03 65,89 1,36 2,21
Max. 21,10 5,13 3,10 66,37 1,39 2,30
Min. 20,80 5,05 2,97 65,51 1,30 2,1
Range 0,30 0,08 0,13 0,86 0,09 0,19
S.D. 0,078 0,021 0,033 0,160 0,018 0,037
C.V. 0,4 0,4 1,1 0,2 1,4 1,7
14 © 1SO 2009 — All rights reserved
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Na,O K,0 Tio, P205 MnO SrO
Laboratory % % % % % %
1 0,21 0,00 (0,45) © - 0,31 0,00 0,24 0,00 0,10 0,00 - -
2 0,21 0,00 0,50 0,00 0,32 0,01 0,24 0,00 0,10 0,00 0,05 0,00
3 0,19 -0,02 0,50 0,00 0,32 0,01 0,23 -0,01 0,09 -0,01 - -
4 0,21 0,00 0,50 0,00 0,32 0,01 0,24 0,00 0,10 0,00 0,05 0,00
5 0,21 0,00 0,49 -0,01 0,32 0,01 0,24 0,00 0,10 0,00 0,05 0,00
6 0,23 0,02 0,52 0,02 0,31 0,00 0,24 0,00 0,09 -0,01 0,04 -0,01
7 0,20 -0,01 0,49 -0,01 0,32 0,01 0,24 0,00 0,10 0,00 0,05 0,00
8 0,19 -0,02 0,49 -0,01 0,32 0,01 0,24 0,00 0,09 -0,01 0,05 0,00
9 0,21 0,00 0,50 0,00 0,31 0,00 0,24 0,00 0,10 0,00 0,04 -0,01
10 0,18 -0,03 0,50 0,00 0,32 0,01 0,24 0,00 0,10 0,00 - -
1 0,19 -0,02 0,52 0,02 0,32 0,01 0,24 0,00 0,10 0,00 - -
12 0,21 0,00 0,48 -0,02 0,32 0,01 0,24 0,00 0,09 -0,01 0,05 0,00
13 0,21 0,00 0,49 -0,01 0,31 0,00 0,25 0,01 0,09 -0,01 0,05 0,00
14 0,21 0,00 0,49 -0,01 0,30 -0,01 0,25 0,01 0,10 0,00 0,05 0,00
15 0,18 -0,03 0,49 -0,01 0,31 0,00 0,24 0,00 0,10 0,00 0,05 0,00
16 0,21 0,00 0,50 0,00 0,32 0,01 0,24 0,00 0,09 -0,01 0,05 0,00
104 (0,13) ¢ - 0,49 -0,01 0,31 0,00 0,23 -0,01 0,09 -0,01 0,04 -0,01
106 0,20 -0,01 0,49 -0,01 - - - - - - - -
108 (0,13) ¢ - 0,49 -0,01 - - 0,24 0,00 - - - -
109 - - 0,50 0,00 - - - - - - - -
E1 0,20 -0,01 0,49 0,00 0,32 0,01 0,24 0,00 0,10 0,00 0,05 0,00
E4 0,23 0,02 0,49 -0,01 0,31 0,00 0,24 0,00 0,09 0,00 0,05 0,01
E5 0,23 0,03 0,51 0,01 0,31 0,00 0,23 -0,01 0,10 0,00 0,05 0,00
E6 (0,10) ¢ - 0,50 0,00 0,31 0,00 0,27 0,03 0,09 -0,01 - -
E7 0,21 0,00 0,50 0,00 0,32 0,01 0,24 0,00 0,10 0,00 0,06 0,01
E8 0,21 0,00 0,50 0,00 0,31 0,00 0,24 0,00 0,10 0,00 0,05 0,00
E9 0,26 0,05 0,51 0,01 0,30 -0,01 - - - - - -
Average 0,21 0,50 0,31 0,24 0,10 0,05
Max. 0,26 0,52 0,32 0,27 0,10 0,06
Min. 0,18 0,48 0,30 0,23 0,09 0,04
Range 0,08 0,04 0,02 0,04 0,01 0,02
S.D. 0,019 0,009 0,007 0,008 0,005 0,005
C.V. 8,9 1,8 2,1 3,4 4,9 10,8

a

b

C

Concentrations in parentheses are the “outliers” by the Grubbs test.

“Mean value” is the mean value of the concentrations of a pair of analysis beads.

“Diff.” is the difference between the mean value of the concentrations of a pair of analysis beads and the average for all
Q-laboratories.
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Table 11 — Concentrations for Sample JCA #2 — Q-laboratories

Sio, AlL0, Fe,0, Ca0 MgO 80,2
Laboratory % % % % % %
ref. Mean | pige c | Mean | pige o | Mean | pp ¢ | Mean | g o | Mean | o o | Mean | g ¢
value value value value value value
1 26,02 | 0,01 8,83 0,03 1,62 0,00 56,03 | -0,06 | 3,34 0,02 2,90 0,04
2 2583 | -0,18 8,76 0,04 1,63 0,01 56,14 | 0,05 3,31 -0,01 2,90 0,04
3 2599 | -0,02 8,82 0,02 1,56 0,06 | 56,25 | 0,16 329 | -0,03 - -
4 26,00 | -0,01 8,78 0,02 1,65 0,03 5590 | -0,19 | 3,32 0,00 2,92 0,06
5 2595 | -0,06 8,80 0,00 1,62 0,00 56,16 | 0,07 3,31 -0,01 2,89 0,03
6 26,16 | 0,15 | (8,98)¢ - 1,63 0,01 56,20 | 0,11 3,38 0,06 2,83 | -0,03
7 2599 | -0,02 8,82 0,02 1,61 -0,01 56,06 | -0,03 | 3,35 0,03 2,95 0,09
8 26,04 | 0,03 8,77 0,03 | (1,514 - 55,63 | -0,46 | 3,34 0,02 268 | -0,18
9 2591 | -0,10 8,77 0,03 1,63 0,01 56,01 | -0,08 | 3,32 0,00 - -
10 2594 | -0,07 8,77 0,03 1,63 0,01 56,09 | 0,00 329 | -0,03 - -
11 2591 | -0,10 8,72 0,08 1,61 -0,01 56,08 | -0,01 328 | -004 | 272 | 0,14
12 26,03 | 0,02 8,79 -0,01 1,58 0,04 | 5595 | -014 | 3,33 0,01 - -
13 26,10 | 0,09 8,83 0,03 1,63 0,01 5590 | -0,19 | 3,32 0,00 2,96 0,10
14 26,06 | 0,05 8,81 0,01 1,64 0,02 56,11 0,02 3,31 -0,01 2,97 0,11
15 26,15 | 0,14 8,87 0,07 1,64 0,02 5582 | -027 | 3,30 | -002 | 293 0,07
16 26,02 | 0,01 8,80 0,00 1,61 -0,01 56,21 0,12 3,32 0,00 2,93 0,07
104 2598 | -0,03 8,78 0,02 1,63 0,01 56,08 | -0,01 3,31 0,01 | (1,809 -
106 2597 | -0,04 8,80 0,00 1,57 0,05 | 5598 | -0,11 328 | -0,04 - -
108 26,07 | 0,06 8,76 0,04 1,63 0,01 56,22 | 0,13 3,32 0,00 2,88 0,02
109 26,15 | 0,14 8,85 0,05 1,66 0,04 56,50 | 0,41 3,35 0,03 |(1,66)49 -
E1 2595 | -0,06 8,84 0,04 1,62 0,00 56,10 | 0,02 3,32 0,00 252 | -0,34
E4 2587 | -0,14 8,80 0,00 1,60 0,02 |(55,31)4 - (3,23)d - (3,75) -
E5 26,00 | -0,01 8,75 -0,05 1,60 0,02 | 56,11 0,02 3,32 0,00 |(2,09)49 -
E6 26,07 | 0,06 8,79 -0,01 1,64 0,02 56,53 | 0,44 3,36 0,04 - -
E7 2595 | -0,06 8,76 0,04 1,63 0,01 5593 | -016 | 3,32 0,00 2,94 0,07
E8 26,03 | 0,02 8,81 0,02 1,63 0,01 5594 | -015 | 3,34 0,02 2,88 0,02
E9 26,09 | 0,08 8,87 0,07 1,58 0,04 | 5629 | 0,20 3,34 0,01 - -
Average 26,01 8,80 1,62 56,09 3,32 2,86
Max. 26,16 8,87 1,66 56,53 3,38 2,97
Min. 25,83 8,72 1,56 55,63 3,28 2,52
Range 0,33 0,15 0,10 0,90 0,10 0,45
s.D. 0,083 0,037 0,025 0,192 0,024 0,121
C.V. 0,3 0,4 1,5 0,3 0,7 42
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Na,O K,0 Tio, P,0Og MnO SrO
Laboratory % % % % % %
ref. Mean | pige c | Mean | pec | Mean | pg ¢ | Mean | pg o | Mean | g ¢ | Mean | pug c
value value value value value value
1 0,25 0,03 0,40 -0,02 0,40 0,01 0,24 0,00 0,10 0,01 - -
2 0,23 0,01 0,43 0,01 0,39 0,00 0,24 0,00 0,09 0,00 0,05 0,00
3 0,21 -0,01 0,43 0,01 0,40 0,01 0,24 0,00 0,10 0,01 - -
4 0,22 0,00 0,42 0,00 0,39 0,00 0,24 0,00 0,09 0,00 0,05 0,00
5 0,22 0,00 0,43 0,01 0,39 0,00 0,24 0,00 0,09 0,00 0,05 0,00
6 0,19 -0,03 0,42 0,00 0,39 0,00 0,23 -0,01 0,09 0,00 0,05 0,00
7 0,21 -0,01 0,43 0,01 0,39 0,00 0,24 0,00 0,09 0,00 0,05 0,00
8 0,22 0,00 0,43 0,01 0,40 0,01 0,24 0,00 0,09 0,00 0,05 0,00
9 0,23 0,01 0,41 -0,01 0,40 0,01 0,23 -0,01 0,10 0,01 0,05 0,00
10 0,21 -0,01 0,43 0,01 0,40 0,01 0,23 -0,01 0,10 0,01 - -
11 0,20 -0,02 0,42 0,00 0,38 -0,01 0,24 0,00 0,09 0,00 - -
12 0,23 0,01 0,42 0,00 0,40 0,01 0,23 -0,01 0,09 0,00 0,06 0,01
13 0,22 0,00 0,43 0,01 0,40 0,01 0,25 0,01 0,08 -0,01 0,05 0,00
14 0,22 0,00 0,43 0,01 0,38 -0,01 0,25 0,01 0,09 0,00 0,05 0,00
15 0,20 -0,02 0,43 0,01 0,38 -0,01 0,25 0,01 0,09 0,00 0,05 0,00
16 0,22 0,00 0,42 0,00 0,38 -0,01 0,24 0,00 0,09 0,00 0,05 0,00
104 0,19 -0,03 0,42 0,00 0,39 0,00 0,23 -0,01 0,09 0,00 0,05 0,00
106 0,24 0,02 0,43 0,01 - - - - - - - -
108 (0,15)d - 0,43 0,01 - - 0,23 | -0,01 - - - -
109 - - 0,43 0,01 - - - - - - - -
E1 0,21 -0,01 0,43 0,01 0,39 -0,01 0,25 0,01 0,09 | -0,01 0,05 0,00
E4 0,23 0,01 0,42 -0,01 0,39 0,00 0,23 -0,01 0,10 0,01 0,05 0,00
E5 0,23 0,01 0,43 0,01 0,40 0,01 0,23 -0,01 0,09 0,00 0,05 0,00
E6 (0,10) d - 0,43 0,01 0,38 -0,01 0,27 0,03 0,08 -0,01 - -
E7 0,23 0,01 0,43 0,00 0,39 0,00 0,24 0,00 0,09 0,00 0,06 0,01
E8 0,22 0,00 0,42 0,00 0,40 0,00 0,23 -0,01 0,10 0,00 0,05 0,00
E9 - - 0,42 0,00 0,43 0,03 - - - - - -
Average 0,22 0,42 0,39 0,24 0,09 0,05
Max. 0,25 0,43 0,43 0,27 0,10 0,06
Min. 0,19 0,40 0,38 0,23 0,08 0,05
Range 0,06 0,03 0,05 0,04 0,02 0,01
S.D. 0,014 0,008 0,010 0,009 0,006 0,003
C.V. 6,6 1,8 2,6 3,9 6,4 5,8

b

C

d

a SO, for sample JCA #2 is outside the scope of JIS R 5204.

Concentrations in parentheses are the “outliers” by the Grubbs test.

“Mean value” is the mean value of the concentrations of a pair of analysis beads.

“Diff.” is the difference between the mean value of the concentrations of a pair of analysis beads and the average for all
Q-laboratories.
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Sample JCA #1 - SiO,
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Figure 1 — The histogram of concentrations (Sample JCA #1, constituent SiO,)
Sample JCA #1 - Al,O;
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Figure 2 — The histogram of concentrations (Sample JCA #1, constituent Al,0,)

Sample JCA#1 -Fe;0;
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Fe,O3 (%)

Figure 3 — The histogram of concentrations (Sample JCA #1, constituent Fe,0,)
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Sample JCA#1 -CaO
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Ca0 (%)

Figure 4 — The histogram of concentrations (Sample JCA #1, constituent CaO)

Sample JCA #1 - MgO
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MgO (%)

I

Figure 5 — The histogram of concentrations (Sample JCA #1, constituent MgO)

Sample JCA#1 -SO;
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n
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1,91- 1,96- 2,01- 2,06- 2,11- 2,16- 2,21- 2,26- 2,31- 2,36- 2,41- 2,46- 2,51-
1,95 2,00 205 210 215 220 225 230 235 240 245 250 2,55

SOs (%)

Figure 6 — The histogram of concentrations (Sample JCA #1, constituent SO,)
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Sample JCA #1 -Na,O
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Figure 7 — The histogram of concentrations (Sample JCA #1, constituent Na,0)

Sample JCA#1 - K,0
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Figure 8 — The histogram of concentrations (Sample JCA #1, constituent K,0)
Sample JCA#1 -TiO,
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Figure 9 — The histogram of concentrations (Sample JCA #1, constituent TiO,)

20 © 1SO 2009 — Al rights reserved



ISO/TR 12389:2009(E)

Sample JCA #1 - P,05
30 Av 0,24 )
I U Non-Q-laboratories
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15
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0 : : | ‘
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Figure 10 — The histogram of concentrations (Sample JCA #1, constituent P,0¢)

Sample JCA#1 - MnO
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Figure 11 — The histogram of concentrations (Sample JCA #1 — constituent MnO)

Sample JCA#1 -SrO
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Figure 12 — The histogram of concentrations (Sample JCA #1, constituent SrO)
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22
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Sample JCA #2 - SiO,

14 |
12 |

U Non-Q-laboratories
H Q-laboratories

Av 26,01

10 -

25,81- 25,86- 25,91- 25,96- 26,01- 26,06- 26,11- 26,16- 26,21- 26,26-
2585 2590 2595 26,00 26,05 26,10 26,15 26,20 26,25 26,30

+20 26,17

SiO, (%)

Figure 13 — The histogram of concentrations (Sample JCA #2, constituent SiO,)
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Figure 14 — The histogram of concentrations (Sample JCA #2, constituent Al,03)
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Figure 15 — The histogram of concentrations (Sample JCA #2, constituent Fe,0,)
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Sample JCA#2 -CaO
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Figure 16 — The histogram of concentrations (Sample JCA #2, constituent CaO)
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Figure 17 — The histogram of concentrations (Sample JCA #2, constituent MgO)

Sample JCA #2 - Na,O
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Figure 18 — The histogram of concentrations (Sample JCA #2, constituent Na,0)
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24
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Figure 19 — The histogram of concentrations (Sample JCA #2, constituent K,0)
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Figure 20 — The histogram of concentrations (Sample JCA #2, constituent TiO,)
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Figure 21 — The histogram of concentrations (Sample JCA #2, constituent P,O¢)
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Sample JCA #2 - MnO
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Figure 22 — The histogram of concentrations (Sample JCA #2, constituent MnO)

Sample JCA #2 - SrO
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Figure 23 — The histogram of concentrations (Sample JCA #2, constituent SrO)
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6 Conclusions

6.1 Result of test sample analyses

The average and the standard deviations of reproducibility of test samples obtained from the inter-laboratory
testing by x-ray fluorescence are shown in Table 12.

For comparison, standard deviations of reproducibility obtained from the wet-chemistry methods in Inter-

laboratory testing, 2004-OC in accordance with JIS R 5202 are also shown in Table 12.

Inter-laboratory testing, 2004-OC was conducted by the Japan Cement Association and the standard
deviation of the reproducibility was calculated using only data from the laboratories of cement companies in

Japan. Most of these laboratories participated in the inter-laboratory testing by x-ray fluorescence.

NOTE An “Inter-laboratory testing, xxxx-OC” has been conducted by the Japan Cement Association since 1948.

“xxxx” stands for the year in which the inter-laboratory testing was conducted.

Table 12 — Comparison between standard deviation obtained by Q-laboratories in this testing and
that obtained from data of the wet method in Inter-laboratory testing, 2004-OC

Q-laboratories this inter-laboratory

Inter-laboratory testing 2004-OC

testing
Constituent Sample oo o
Average Reprosdtljjmblllty Reprosdtljjmblllty Number of
% " . laboratories
% %
. S le #1 20,96 0,078
Sio, amp’e 0,129 22
Sample #2 26,01 0,083
Sample #1 5,10 0,021
A0, P 0,068 22
Sample #2 8,80 0,037
Sample #1 3,03 0,033
Fe,0, P 0,049 21
Sample #2 1,62 0,025
Sample #1 65,89 0,160
CaO 0,117 22
Sample #2 56,09 0,192
Sample #1 1,36 0,018
MgO 0,042 22
Sample #2 3,32 0,024
Sample #1 2,21 0,037
S0, P 0,039 27
Sample #2 (2,86)2 (0,121)2
Sample #1 0,21 0,019
Na,O P 0,014 23
Sample #2 0,22 0,014
Sample #1 0,50 0,009
K,O P 0,009 23
Sample #2 0,42 0,008
) Sample #1 0,31 0,007
TiO, P 0,012 22
Sample #2 0,39 0,010
Sample #1 0,24 0,008
PO, P 0,027 22
Sample #2 0,24 0,009
Sample #1 0,10 0,005
MnO 0,007 22
Sample #2 0,09 0,006
Sample #1 0,05 0,005
SrO - -
Sample #2 0,05 0,003

@  Concentrations in parentheses are the “outliers” by the Grubbs test.
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The standard deviations of Q-laboratories are almost equal to or less than those of Inter-laboratory testing,
2004-OC, except for CaO. Therefore, the accuracy of XRF analysis according to the XRF method is
considered to be generally equal to that of wet analysis.

For CaO, a few laboratories obtained results that are not within the average + 2 times the standard deviation,
even if the results are not “outliers”. Factors affecting the determination of CaO should be investigated further.

As reported in 5.3.2, there are some “outliers”, even in the analyses by Q-laboratories. The principle of the
method assumes that extreme results should not arise, provided that the calibration used for sample analysis

satisfied the criteria for both repeatability limits and accuracy limits. The possibility of error factors in these
analyses should be investigated.

6.2 Factors affecting conformity with the validation criteria

The XRF method requires that, when analysing a sample by XRF analysis, it is necessary to satisfy the
criteria for repeatability limits and accuracy limits for certified reference materials. This validation is essential
for accurate analysis.

Some laboratories were unable to satisfy the validation criteria in this inter-laboratory testing.

In these cases, it is recommended that those laboratories re-check general matters for chemical analysis,
such as weighing of samples, performance of spectrometer and general facilities for accurate XRF analysis.

The following matters should also be checked:

a) bead preparation conditions, such as fusion temperature, flux-to-sample ratio;
b) repeatability of bead preparation;

c) procedure for preparing ignited sample;

d) agreed basis for calculating results, e.g., as-received or loss-free;

e) procedure for establishing calibration equations, such as range of contents or application of correction for
inter-element effect;

f)  measurement conditions for light elements, especially Na,O, MgO and Al,Os.

6.3 Application to other international inter-laboratory testing

ISO 29581-2 is intended for use under everyday conditions in laboratories that operate to “good practice”.
Annex D sets out the results of some international round robins carried out by a large number of laboratories
demonstrating the suitability of ISO 29581-2 as a means for comparing the everyday performance of
laboratories.
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Annex A
(informative)

List of participating laboratories

A.1 Japanese laboratories:

Ube-Mitsubishi Cement Research Institute Corporation, Ube Center

Ube-Mitsubishi Cement Research Institute Corporation, Kurosaki Center

Ube-Mitsubishi Cement Research Institute Corporation, Saitama Center

Ube-Mitsubishi Cement Research Institute Corporation, Sendai Concrete Center

Nippon Steel Blast-Furnace Slag Cement Co., Ltd., Production and Technical Dept., Quality Assurance Group
Sumitomo Osaka Cement Co., Ltd., Production and Technical Dept., Analytical Center

Sumitomo Osaka Cement Co., Ltd.,, Cement/Concrete Research Laboratory, Cement Chemistry Research
Group

Sumitomo Osaka Cement Co., Ltd., Cement/Concrete Research Laboratory, Cement Technology Group
Taiheiyo Cement Corporation, Ofunato Plant, Production Dept., Quality Assurance Section

Taiheiyo Cement Corporation, Kamiiso Plant, Production Dept., Quality Assurance Section

Taiheiyo Cement Corporation, Oita Plant(Saiki), Production Dept., Quality Assurance Section

Taiheiyo Consultant Co., Ltd., Quality Assurance Dept., Chemical Analysis Group

Chuken Consultant Co., Ltd., Kanto Branch, Technical Dev., Material Analytical Section

Tokuyama Corporation, Cement Manufacturing Dept., Technical Section 1

Tosoh Corporation, Cement and Energy Manufacturing Dept., Cement Testing Div.

Japan Cement Association, R & D Laboratory, Basic Research on Cement/Environment Group

A.2 ISO member laboratories — Outside Japan:
China, People’s Republic of — China Building Materials Academy
Asia Cement Co., Ltd.
Hanil Cement Co., Ltd.
Hyundai Cement Co., Ltd., Danyang Plant
Hyundai Cement Co., Ltd., Yongwol Plant

Lafarge Halla Cement Corporation
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Ssangyong Cement Industrial Co., Ltd.
Yongwol Plant

Sungshin Cement Co., Ltd.

Korea, Republic of — Tong Yang Cement Corporation, Samchok Plant
Lithuania, Republic of — Prustitas Co., Ltd.
Philippines, Republic of the — Cement Manufactures Association/APO Cement Corporation

Union Cement Corporation, Lugait Plant
Vietnam, Socialist Republic of — Butson Cement Company

National Cement Association

A.3 CEN member laboratories:

Italy — Italcementi Group, Bergamo
France — Three laboratories co-ordinated by ATILH, Paris
Germany — VDZ, Research Institute of the Cement Industry, Duesseldorf

HeidelbergCement Technology Center GmbH, Leimen

Belgium — CRIC, Brussels

Turkey — Turkish Cement Manufacturing Association, Ankara

United Kingdom — Castle Cement Technical Centre, Clitheroe

Netherlands — ENCI B.V. Vestiging, Maastricht

Spain — IECA, Madrid

Czech Republic — Research Institute for Binding Materials, Brno

Poland — IMMB, Krakow

NOTE One CEN member laboratory was unable to meet the validation criteria and withdrew. It was subsequently

discovered that the x-ray tube was unstable.
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Annex B
(informative)

Individual results of all laboratories

Tables B.1 to B.8 list the results of all laboratories participating in the test programme: Chemical analysis of

cement by x-ray fluorescence.

Table B.1 — Individual results for all laboratories — JCA-CRM-1

Laboratory SLOZ AlO5 Fe,0; C?O Mogo SO,

ref. % % % %o % %
Results Mean Results | Mean | Results | Mean | Results Mean Results | Mean | Results | Mean
| o T | 521 s | 259 Lo | S [wsaw | 207 [e | 222 [ aon
2 58:222 20,919 g;g; 5,255 ;:gi; 2,648 22:%2 65,334 ;1;‘; 2,132 ;:82? 2,021
3 gg:gig 20,939 géjg 5,246 g:g?; 2,682 g:;; 65,106 ;1;3 2,137 g:gg? 2,075
4 ;g:ggg 20,966 2;528 5,255 g:ggg 2,676 gg:;gg 65,198 ;12? 2,136 g:ggg 2,078
s | (o | 32! [ | 208 [ | 22 [ | 213 e | 28 | oo
o | 295 (D00 | 920 | gas | 2008 |07 | 99128 [gqey | 2142 |5y [ 20011 o
7 gfzg?g 21,003 g;gg 5,266 ;:228 2,662 gg;g 65,200 ;:122 2,166 ;:823 2.060
8| S0s0s | %5 | 2ae | 5% | Zerr | 267 | easas | 5% | F1er | 2158 | Jogp | 2058
| 05 T | 22 o | 259 o | S [osan | 417 | o | 207 [aum
| 255 oo | 520 [ | 260 [ 2o | £30 [amoms | 212 e | 205 [ aor
| 2 Guar | BE0 (g | 2T gy [ g | 2027 [ g 2068
2| R o | 5254 [ | 250 | | 5 [esare | 217 e | 259 oo
13 51:8‘2‘2 21,033 2:;23 5,267 ;:g?? 2,678 gigg? 64,978 ;12; 2,142 ;:82? 2,054
14 s0oe0 | 21000 | o> | 5282 | 2000 | 271 | 0200 | esser | 2U00 | 2451 | S0h | 2,068
15 ggzggg 21,041 g;gg 5,256 ;:2;3 2,672 22:;25 65,211 ;:182 2,108 1:2;? 1,084
| 2004 o | BB | g | 20T | o | S0 | oo AT | TR0 | o,
102 511% 21,170 g;i? 5,212 ;:222 2,636 22222 66,286 EEZ 2,130 gfég 2,430
104 ;8:232 20,981 2;5‘2‘2 5,238 ggg; 2,626 gi:ggg 64,964 ;:?gi 2,098 g:ggé 2,074
105 | Sroea | 21920 | 230 | 579 | Jea | 26%8 | eara | 598 | Jars | 2178 | Jogs | 26
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Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ° M"ZO S"FA:O Total
Results | Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean
0,272 0,541 0,344 0,287 0,069 -
1 0257 | %*®* | o548 | @°* | 0344 | %% | 0286 | %% | 00ee | 0| . - | 99835
0,264 0,533 0,356 0,283 0,066 0,044
2 0263 | %24 | o35 | @534 | 0340 | %352 | 02ga | 924 | gogs | 0090 | goss | 044 | 99853
0,266 0,570 0,355 0,279 0,063 -
3 0253 | %250 | o'ses | @569 | o355 | 0356 | o7 | 0278 | gogs | 0068 ] - 99.711
0,260 0,560 0,358 0,288 0,063 0,043
4 0258 | %250 | osea | 562 | o34 | O35 | 0ogs | 9287 | gops | 0083 | goa3 | 0043 | 90879
0,262 0,560 0,357 0,283 0,064 0,044
5 0263 | %252 | o563 | 562 | o355 | 0356 | 0oga | 024 | gops | 0084 | goas | 0044 | 99901
0,265 0,581 0,341 0,287 0,066 0,042
6 0276 | %270 | oses | @584 | 0340 | 345 | 02gs | 9288 | gopa | 0085 | goap | 0042 | 99725
0,253 0,566 0,359 0,282 0,065 0,044
7 0255 | %254 | olsea | @55 | o354 | 0358 | gog | 9282 | gogs | 0084 | goas | 0044 | 99922
0,244 0,562 0,352 0,283 0,061 0,043
8 0251 | %248 | olse1 | 562 | g3as | 0348 | gogp | 0282 | gy | 0081 | (ouq | 0043 | 99677
o |52 oz | 255 Towre | 035 T s | 920 aamn | 9% [ oome | 2087 00wt | oo
0| o5e | 920 | oser | %% | oaso | °%° | oser | 021 | coes | 000 | 1 | - | oo
1 gzgi 0,248 gg;g 0,528 822? 0,355 g;gg 0,286 8:822 0,062 - 99,854
| O3 oamn | 25 Toars [ 035 T | 0255 [ oams | 2%% [ ovos | 958 | aom |00
5 | 9 oans | 255 Tomso | 035 s | 0281 [ oasr | 298 [ aves | 9584 | g [ sors
14 8:;23 0,268 g:ggg 0,577 822; 0,334 g:ggi 0,297 g:ggg 0,064 882: 0.045 | 100.202
5| omt oars | 258 omo | 035 T [ 0251 [oasr | 298 T aoes | 92 | 0otz |soms
16 8;22 0,259 8:2;2 0,576 822; 0,354 g;gg 0,283 g:ggg 0,063 8822 0,043 | 99,976
101 8;22 0,226 g:gsg 0,571 g:gz 0,346 g;gg 0,286 - . 99,879
102 ’ 31232 059 | - - - - | 100,460
103 g;;g 0,275 g:gsg 0,575 - ) ) ) 99,160
| 92 oaue [ 2558 Tomme | 330 [ase | 0270 | oare | 2% [ oo | 92 [ 00z | sosr
105 gzg? 0,250 8:232 0,598 ggf’j 0,346 8:231 0,292 8:82; 0,067 ggﬁ 0,042 | 100,142
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Table B.2 — Individual results for all laboratories — JCA-CRM-1

Laboratory SLOZ AlyO, Fe, 04 CoaO Mogo SO
ref. % % % % % %
Results Mean | Results | Mean | Results | Mean | Results | Mean | Results [ Mean | Results | Mean
20,890 5,251 2,673 65,088 2,123 2,058
106 21.008 20,949 5.265 5,258 2675 2,674 65.178 65,133 2125 2,124 2,072 2,065
21,055 5,526 2,687 64,449 2,167 2,055
107 21,061 21,058 5.315 5,420 2,695 2,691 64.494 64,472 2134 2,150 2023 2,039
20,91 5,25 2,62 65,18 2,11 2,07
108 20.90 20,905 5.26 5,255 261 2,615 6516 65,170 210 2,105 2,06 2,065
20,992 5,256 2,636 65,555 2,109 1,939
109 20.960 20,976 5.265 5,260 2622 2,629 65.439 65,497 2112 2,110 1954 1,946
20,852 5,202 2,581 65,154 2,302 1,925
110 20.974 20,913 5.301 5,252 2,640 2,610 65113 65,134 2,041 2,172 2,061 1,993
20,94 4,97 2,62 64,67 2,39 2,00
111 20.90 20,920 5,00 4,985 263 2,625 6468 64,675 237 2,380 2,00 2,000
20,95 5,86 2,58 64,78 2,10 1,81
112 2106 21,005 5.87 5,865 258 2,580 6476 64,770 201 2,055 1.80 1,805
22,960 5,260 2,650 65,210 2,070 2,080
113 22990 22,975 5.230 5,245 2,640 2,645 65.360 65,285 1.980 2,025 2,050 2,065
114 213:83 21,655 2(2)3 5,180 igj 2,890 g:g? 65,760 ?;2 2,005 ;?(7) 2,235
E1 ;8:22 20,909 :525 5,260 2222 2,663 22128 65,161 ;122 2,142 2?;? 2,200
E2 ;8;32 20,797 :igz 5,296 228; 2,605 Zigfg 65,000 ;12: 2,114 igz_j 2,068
E3 ;8;38 20,790 :138 5,165 iggg 2,710 22128 65,165 ;5;8 2,270 ;g?g 1,980
E4 ;82‘11; 20,930 :;Z? 5,275 2222 2,654 Zigg? 65,006 ;1;2 2,171 2322 2,035
es | 2920 [onom0 | 9250 ['gaus | 2000 | pagy | S5580 [ g | 2190 | pog | 2070 T e
e | 2% [oeus | 2200 [azg | 2090 | paay | 5712 [ggisg | 2087 |55y | 2008 T g
e | 2992 [nss | 224 [ozno | 2689 | paag | S50 [gg oy | 27 115y | 2092 1 g
E8 ;8225 20,895 :522 5,268 22;: 2,577 Z:Eg 65,133 ;1:2 2,140 232; 2,066
E9 ;;:g;g 20,991 :;Z; 5,223 2:23; 2,677 ggﬁgi 65,209 ;12‘21 2,148 -
et0 | 290 [ orss | 2180 [ gres | 26800 | o | S8T10 [ g pog [ 2100 1o [ 20101 gy
E11 ;8;:2 20,755 :522 5,266 22;2 2,667 Z::?: 65,523 ; 1 ?; 2,168 1 Zg? 1,990
E12 2(1)(7)28 20,880 2;?3 5,286 ;Z;g 2,667 Ziggg 64,910 ;12? 2,151 ggig 2,052
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Table B.2 (continued)

ISO/TR 12389:2009(E)

Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ’ M"ZO S"FA:O Total
Results | Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean
0,282 0,569 - - - _
106 0.265 0,274 0,566 0,568 ] . ) . ] . ] i 99,045
0,247 0,563 - 0,273 0,061 -
107 gos0 | 970 | gs7 | 290 | . "~ | o284 | %%"® | 0060 | 20| . - | 9898
0,240 0,59 - 0,28 - -
108 Py 0,255 Py 0,590 ) - PP 0,280 ) - ] . 99,240
- 0,569 - - - -
109 ) - 0671 0,570 ) - ) - ) - ) - 98,988
0,240 0,662 - 0,276 - -
110 0.902 0,281 0.501 0,582 ) - D008 0,287 ) - ] . 99,224
0,280 0,57 0,38 0,35 0,07 0,04
111 P 0,285 057 0,570 0.30 0,385 0.36 0,355 007 0,070 0.04 0,040 | 99,290
0,190 0,58 - - - R
"2 0100 | %190 | osg | %980 | - . - ] - ] - | 98,850
0,260 0,580 0,350 0,280 0,070 0,040
113 P 0,255 0,680 0,580 0.350 0,350 0,280 0,285 0070 0,070 0,040 0,040 | 101,820
4 g;lg 0,710 g::j 0540 | - - - - | 100,975
| 025 oo | 252 [(osos | Oy (oo | 222 [ e | 2222 | o | 355 | aom | some
22 | g7z | 9% | oser | %5 | o | %1 | 0se | ©%%° | oogs | 0% | 1 | - | sats
E3 8;28 0,260 g:g:g 0,550 8:228 0,350 g:ggg 0,295 g:g;g 0,070 8:828 0,050 | 99,655
o |22 oaro [ 372 [aora | 258 Tase | 225 oz | 3287 o | 3207 | vt | ooms
E5 g;;g 0,265 g:ggg 0,575 8228 0,345 g;gg 0,275 g:g;g 0,070 8828 0,040 | 100,000
E6 g:gg 0,126 g:ggg 0,562 8:223 0,348 g:g;g 0,308 g:ggg 0,060 - 99,698
E7 g:gg 0,274 g:gg; 0,564 8:221 0,356 g:ig; 0,284 8:822 0,063 8:822 0,054 | 100,105
o | 97 [omo | 31 [om | 35 [omo | 92 oo | 2557 [ o | 222 [ oz [ snm
£ | a0 | 92 | ones | 0% [omm |03 D | - | 1| - | 1| - |erees
E10 8528 0,290 812;8 0570 | - - - - | 98,965
E11 g;ig 0,249 8:22; 0,570 8:223 0,341 g:igg 0,280 g:ggg 0,064 8:828 0,050 | 99,920
£12 | goas | 25 | o1 | %5 | oas | O3 | et | 025 | goro [ 0071 | T | - | e
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Table B.3 — Individual results for all laboratories — JCA-CRM-2

Laboratory SLOZ AlyO, Fe, 04 CoaO Mogo SO
ref. % % % % % %
Results Mean | Results | Mean | Results | Mean | Results | Mean | Results [ Mean | Results | Mean
25,651 8,943 2,137 56,491 3,055 2,588
1 25,652 25,652 8,944 8,944 2140 2,138 56,489 56,490 3,053 3,054 2557 2,558
25,573 8,915 2,087 56,482 3,022 2,553
2 25,522 25,548 8.925 8,920 2,088 2,088 56,462 56,472 3,040 3,031 2586 2,570
25,535 8,942 2,107 56,538 2,977 -
3 25503 25,519 8,932 8,937 2,094 2,100 56,525 56,532 2,968 2,972 i -
25,633 8,924 2,104 56,406 3,035 2,569
4 25,641 25,637 8,940 8,932 2,098 2,101 56,359 56,382 3.045 3,040 2,590 2,580
25,595 8,921 2,083 56,424 3,026 2,579
5 25,633 25,614 8,940 8,930 2,082 2,082 56,436 56,430 3.035 3,030 2550 2,569
25,651 9,027 2,152 56,617 3,073 2,544
6 25,538 25,594 8,983 9,005 2134 2,143 56,512 56,564 3,048 3,060 2510 2,527
25,695 8,948 2,071 56,462 3,097 2,602
7 25,686 25,690 8.951 8,950 2072 2,072 56,500 56,481 3,071 3,084 2,603 2,602
25,568 8,909 2,040 56,167 3,059 2,367
8 25,563 25,566 8,893 8,901 2,043 2,042 56,127 56,147 3,056 3,058 2,366 2,366
9 ;ggg: 25,584 ggig 8,931 2122 2,138 gggjg 56,494 ggg? 3,055 -
10 ;gggg 25,586 ggg; 8,902 212; 2,130 2222(7) 56,528 ;ggg 2,976 -
11 ;223; 25,687 :gz; 8,877 iggg 2,083 22:2; 56,407 283‘71 3,020 2282 2,606
12 ;22;2 25,675 :g?g 8,939 2857)8 2,080 222‘112 56,429 2822 3,041 -
| 275 Loy | 29 [aeas | 2988 [ pope | 9271 Tagan | 308 [sr | 262 [
14 ;2;% 25,752 :g?g 8,939 iﬁg 2,122 22:22 56,506 2822 3,058 222; 2,638
15 ;22;2 25,584 :g:g 8,965 igg; 2,090 2225; 56,316 281: 3,018 2282 2,600
16 ;2;; 25,685 :gg; 8,960 28;2 2,075 22:?2 56,524 28;2 3,040 2233 2,590
or | 28 oy | 092 [ggpy | 2120 [ 11 [ 30508 [ggqe [ 390 T |~ |
102 ;22?? 25,600 :g;g 8,924 212; 2,129 222‘;2 56,658 28;; 3,073 1 2;2 1,322
0 | 250 oo | S50 [ggeg [ 2150 5155 | 39590 [ogny [ 300 T g0 | 2500 [ s
104 ;22?2 25,533 ::ig 8,866 21?2 2,118 22;;; 56,317 2822 3,028 1258 1,890
105 zggfg 25,632 :Z;; 8,920 21;2 2,124 2222; 56,552 28;2 3,083 ggsf 2,570
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Table B.3 (continued)

ISO/TR 12389:2009(E)

Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ’ M"ZO S"FA:O Total
Results | Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean
0,273 0,309 0,505 0,074 0,162 -
! 0268 | %% | 0315 | %" | 004 | %% | 0074 | %% | 0162 | @17 | . - | 100,198
0,242 0,322 0,500 0,073 0,155 0,069
2 0245 0,244 0.320 0,321 0.514 0,507 0.075 0,074 0.155 0,155 0,068 0,68 | 99,998
0,223 0,323 0,506 0,075 0,160 -
° 0214 | %2"® | 0324 | %% | 0506 | %°% | 0075 | %%7° | 0,150 | @10 | . - 973l
0,240 0,320 0,506 0,076 0,151 0,065
4 0.237 0,238 0.317 0,318 0.506 0,506 0.075 0,076 0,154 0,152 0.065 0,065 | 100,027
0,241 0,320 0,504 0,075 0,155 0,069
5 0.240 0,240 0.321 0,320 0.502 0,503 0.075 0,075 0.155 0,155 0.069 0,069 | 100,017
0,246 0,320 0,515 0,074 0,155 0,066
6 0.234 0,240 0.313 0,316 0.508 0,512 0.072 0,073 0.155 0,155 0,065 0,066 | 100,255
0,231 0,322 0,502 0,074 0,154 0,068
7 0.231 0,231 0.923 0,322 0.504 0,503 0.073 0,074 0.154 0,154 0,068 0,068 | 100,231
0,234 0,323 0,496 0,075 0,157 0,063
8 0.234 0,234 0.923 0,323 0.503 0,500 0.076 0,076 0.158 0,158 0,063 0,063 | 99,434
9 gégi 0,253 8:22 0,311 g::gg 0,502 8:8;2 0,074 8:122 0,162 g:gg: 0,065 | 97,569
10 g;zf 0,226 gjgig 0,325 g::g?, 0,506 8:8;2 0,074 8:1 :g 0,158 - 97 411
11 géi: 0,249 g::g 0,319 8:2;; 0,505 g:g;g 0,076 g:l:g 0,156 - 99,985
[ 058 oz | 950 o | 0% T oaur |20 [aors | 2757 [ s | 9% | oas | ns
o |02 oaen | 0320 o | 9598 T o on | %80 | o000 [ S152 [ | 9960 o066 [ an.oss
o |02 e | 252 o [ 00 Taos [ 005 Torms | 215 T vss | 970 000 [ro0ws
15 géf’s 0,250 g:gig 0,321 8::?; 0,520 g:gg; 0,082 8122 0,155 8:82: 0,065 | 99,966
o |52 oz | 538 T asw | 0504 [ oma | 007 oors | 275 [ ovse | 928 | oons ooz
101 8;(1)3 0208 gg;i 0324 8::82 0,506 g:g;i 0074 | - - | 97362
- 0,309 - - - -
102 ] - 0.310 0,310 ] - ) - ) - ] - 98,016
103 g;gg 0,245 g::g 0,310 - ) ) ) 99,410
o[ 02 oame | 657 asaa | 252 | oo | 0287 | oons | &1 | s | S5 | ooes | oo
o | 92 oaan | 358 s [ 0818 s [ 088 [ oone | 218 [ e | 928 | oous [rooars
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Table B.4 — Individual results for all laboratories — JCA-CRM-2

Laboratory SLOZ AlyO, Fe, 04 CoaO Mogo SO
ref. % % % % % ,
Results Mean Results | Mean | Results | Mean | Results | Mean | Results | Mean | Results | Mean
25,547 8,962 2,047 56,510 3,009 -
106 25,490 25,518 8.017 8,940 2000 2,068 56,617 56,564 5,024 3,016 ) .
25,510 8,944 2,033 56,456 2,885 -
107 25,631 25,570 8,930 8,937 2 081 2,057 56,468 56,462 2870 2.878 ) .
25,870 8,980 2,130 56,770 3,050 2,570
108 25,620 25,745 8,920 8,950 2130 2,130 56,520 56,645 3,030 3,040 2540 2,555
25,752 8,996 2,154 56,542 3,076 2,454
109 25,698 25,725 8073 8,984 2141 2,148 56,485 56,514 2074 3,075 2430 2,442
25,663 8,940 2,082 56,482 3,054 1,910
110 25,641 25,652 8,821 8,880 2064 2,073 56,620 56,551 3,001 3,072 1,932 1,921
25,280 8,650 2,110 56,340 3,230 1,260
111 25,340 25,310 8,600 8,625 2100 2,105 56.270 56,305 3,260 3,245 1.280 1,270
25,690 8,960 2,140 56,790 3,110 -
113 25740 25,715 8910 8,935 2120 2,130 56,540 56,815 3140 3,125 ) .
14| Zoaro | %5 | coon | 5570 | Zaso | 25%0 | sorao | 655 | Juao | 260 | Sig | 2298
o | e | e [so | 2o oo | 200 [sosse | 20 [soms | 252 |aon
E2 ;22;: 25,555 ::g;? 8,918 21 1? 2,115 ggggg 56,517 2822 3,034 igzg 2,581
S I I e ) e R e
E4 ;2222 25,587 g::i; 8,867 21;; 2,123 22?2 56,097 ;:gg‘; 2,991 -
E5 gg:gﬁg 25,650 2:3;8 8,930 jjgg 2,100 ggj;g 56,230 gggg 3080 | i
o | B L ann | oot [[sers | 20 | oo | 20 oo | 208 Joom | - | -
E7 ;g;ﬁz 25,789 g::g? 8,906 izggg 2,095 222;? 56,454 2822 3,042 2:3?: 2,618
2 | 25000 | 255 | soss | 2% | 11 | 2 | cgaoe | 5% | Sous | 3% | Geo | 277
e | 272 anen | 590 T ages | 2990 | 500 [ 883 T oooag [ 3041 Topge| |
e | 25 [oname | %89 Tasa | 217 | ooy [ 790 [orong | 3125 |50 [ 2503 15
e | B Lasemn | 35 [ooor | 2000 oot | 220 [snuss | 307 Taom| |
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Table B.4 (continued)

ISO/TR 12389:2009(E)

Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ’ M"ZO S"FA:O Total

Results | Mean | Results| Mean |Results| Mean |Results| Mean [Results| Mean |Results| Mean
0,253 0,328 - - - .

106 0.251 0,252 0329 0,328 ] - ) . ] . ] i 96,686
0,252 0,332 - 0,075 0,159 -

7 0261 | %% | oa37 | 2% - ] 0073 | 2974 | 0162 | 0160 ] - | 96728
0,270 0,320 - 0,080 - -

108 0200 | 9235 | 320 | 0320 ) - 0070 | 0075 ) - ] . 99,695
- 0,307 - - - -

109 ) - 0317 | 0312 ) - ) - ) - ) - 99,200
0,220 0,331 - 0,086 - -

1o 0241 | 920 | 9312 | %322 - ) 0078 | 9082 . - ) - | 98783
0,270 0,330 0,530 0,010 0,160 0,060

111 0270 | %279 | 0330 | 3% | o's20 | %525 | 0oso | @920 | g1e0 | O160 | oo | 0060 | 98225

e | D e
0,240 0,330 0,510 0,080 0,160 0,060

113 0230 | %23 | 0320 | ©325 | o500 | %595 | 0080 | ©% | o160 | O | oo | 0060 | 98085

114 g:ggg 0,660 8:238 0,275 - - ) ) 96,945

E1 g:;ig 0,249 8:2;2 0,325 g:ggi 0,501 8:822 0,078 8:122 0,156 g:ggg 0,068 | 99877

E2 8222 0.284 ggfg 0,319 g:gg 0,503 g:g;g 0,077 8112? 0,161 - [ 100,061
0,240 0,310 0,490 0,080 0,180 0,080

E3 0.240 0,240 0.310 0,310 0,480 0,490 0,080 0,080 0180 0,180 0,080 0,080 | 99,635

E4 8222 0,238 g::g 0,318 8::82 0,505 g:g;g 0,070 gggg 0,162 gzggg 0,059 | 97,014

es | 92 | oz | 030 [ ots | 0% [ gns [ 0970 [ o0 [ 0760 [1g 160 [ 9970 | g 75 | 7,205

E6 8112 0,116 g:g;g 0,321 8:222 0,495 811?: 0,112 81122 0,145 - 97,195

E7 géiﬁ 0,248 g::; 0,318 gzgg; 0,500 g:g;? 0,076 81122 0,156 8:82(2) 0,081 | 100,280

E8 g;;; 0,264 g::g 0,316 8::82 0,507 g:g;i 0,075 81128 0,160 8825 0,063 | 100,221

=9 ) gg;? 0.328 8:2? 0527 | - - - | 97.130
0,260 0,340 - - - -

E10 0.260 0,260 0.340 0,340 ) - ] - ) . ] i 99,080

E11 822: 0,233 g:g;g 0,329 8:232 0,504 g:g;g 0,080 81:; 0,157 8:8;2 0,075 | 100,652

£12 | 520 | 0% | 024 | %2 | 005 | %% | ooes | 0078 | ors | 075 | D | - | onene
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Table B.5 — Individual results for all laboratories — Sample JCA #1

Laboratory | Loss on S‘i)/CD) 2 Al;)03 Fe0203 C;ZO Moio SOZ) 3
ref. ignition
Results | Mean | Results | Mean [ Results | Mean | Results | Mean | Results | Mean | Results | Mean
20,896 5,103 2,984 65,905 1,360 2,233
1 1,97 20,962 20,929 5.124 5,114 2,092 2,988 66.033 65,969 1362 1,361 2231 2,232
20,845 5,100 3,022 65,920 1,355 2,203
2 1,98 20,860 20,852 5.108 5,104 3.019 3,020 65.986 65,935 1.360 1,358 2173 2,188
20,916 5,102 3,020 65,792 1,328 2,179
3 2,02 20,998 20,957 5123 5,112 3,043 3,032 65.931 65,862 1355 1,342 2199 2,189
20,826 5,091 3,047 65,875 1,368 2,247
4 1,98 20,924 20,875 5,009 5,095 3,040 3,044 65.860 65,868 1352 1,360 2,246 2,246
20,898 5,125 3,040 65,931 1,362 2,223
5 1,96 20,906 20,902 5119 5,122 3,038 3,039 65.958 65,944 1368 1,365 2,200 2,216
21,086 5,136 2,994 65,993 1,342 2,236
6 2,04 21,001 21,044 5.106 5,121 2,089 2,992 65.818 65,906 1348 1,345 2217 2,226
20,930 5,101 3,032 65,725 1,368 2,215
7 1,98 20914 20,922 5.105 5,103 3.035 3,034 65.787 65,756 1355 1,362 2214 2,214
20,989 5,132 3,032 65,802 1,378 2,206
8 1,98 20925 20,957 5.131 5,132 3,030 3,031 65.795 65,798 1373 1,376 2213 2,210
9 2,01 iggig 20,834 ggg; 5,096 ;gs; 2,980 2222:53 65,894 1 gg; 1,357 5522 2,232
10 2,05 i?ggg 20,981 gggg 5,076 231(1) 3,010 22828 66,100 1223 1,364 ;;;1 2,216
11 1,95 21882 21,006 2;32 5,119 2822 3,048 ggggg 65,892 1222 1,361 ;3:1 1,991
12 1,96 igggg 20,957 21;; 5,108 2825 3,048 22:22 65,842 1223 1,344 ;1;2 2,166
13 1,97 21 82‘21 21,078 21;2 5,120 2822 3,064 22;‘212 65,684 12;2 1,371 ;;g; 2,206
14 2,01 igggg 20,959 212? 5,130 282: 3,096 2212; 66,148 12;2 1,374 ;fg; 2,200
15 2,00 21 ggi 21,066 212? 5,120 282; 3,046 22;22 65,862 12‘212 1,334 ;1‘7‘; 2,162
16 1,96 283;? 20,962 21:132 5,123 2823 3,038 22??: 65,772 12?2 1,378 ;;12 2,214
101 - 2;8(2)2 20,966 gggg 5,100 5332 2,982 ggg;; 65,926 1 22: 1,346 ;2?2 2,467
102 2,00 21 222 21,322 212; 5,146 282; 3,052 gggg 67,384 1222 1,384 ;:;g 2,517
103 2,04 23328 20,995 gg:g 5,050 2828 3,010 ggggg 66,005 1 ggg 1,470 ;;28 2,240
104 1,74 iggg; 20,950 2;3; 5,090 gg;; 2,997 222;3 65,506 1 2;1 1,366 ;123 2,154
105 2,00 ;8;;; 20,736 2;2; 5,084 EZZ; 2,966 22(1)2? 65,090 1 22: 1,389 zfgg 2,192
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Table B.5 (continued)

ISO/TR 12389:2009(E)

Results | Mean | Results| Mean |Results| Mean |Results| Mean [Results| Mean |Results| Mean
214 4 241 7 -
1 8: S0 | 0208 g: 422 0,454 8:233 0,309 g: hap | 0242 g:g; 0,097 ] - | 99,903
0,211 0,500 0,314 0,241 0,096 0,048
2 0,208 0,210 0,499 0,500 0.316 0,315 0,237 0,239 0,094 0,095 0,048 0,048 | 99,882
0,191 0,499 0,320 0,232 0,094 -
3 0.188 0,190 0,500 0,500 0.315 0,318 0,233 0,232 0,094 0,094 i - 99,828
0,213 0,496 0,320 0,239 0,095 0,048
4 0205 | ©2% | o504 | 5% | o326 | 0323 | goun | 0240 | gogg | 009 | goa7 | 0048 | 99,904
0,210 0,491 0,316 0,238 0,096 0,049
5 0,211 0,210 0,490 0,490 0.316 0,316 0,239 0,238 0,096 0,096 0,049 0,049 | 99,987
0,236 0,521 0,317 0,244 0,092 0,045
6 0,218 0,227 0,510 0,516 0,311 0,314 0,243 0,244 0,092 0,092 0,045 0,045 (100,072
0,205 0,494 0,319 0,238 0,096 0,048
7 0,200 0,202 0,494 0,494 0.319 0,319 0,237 0,238 0,097 0,096 0,048 0,048 | 99,788
0,193 0,495 0,318 0,237 0,092 0,046
8 0,193 0,193 0,493 0,494 0.315 0,316 0,238 0,238 0,095 0,094 0,046 0,046 | 99,885
o [0 Tomo |33 Tomme | 237 oo | 2% [ oo | 327 o | 304 | oaus | e
0 | o170 | ©17° | oiss | %% | oarr | 9% | oar | 0242 | gy 0087 | 1 | - |t0m
" | onsa | %1% | ass | °%® | aats | °%% | oze | O | oges | 0% | 1 | - | eeet
0 |02 oo | 2% Tauas [ 057 o | 225 | oo | 901 [ oot | 322 | o | soms
0,212 0,493 0,313 0,246 0,094 0,049
13 0.214 0,213 0,494 0,494 0.312 0,312 0.245 0,246 0,095 0,094 0,049 0,049 | 99,931
14 8;12 0,213 8232 0,492 gggg 0,304 8223 0,246 gggg 0,095 8828 0,050 | 100,307
o o o | 588 o | 257 o | 928 Taaus | 3527 | aoun | 337 | oo | o
16 8;?? 0,208 8282 0,504 8212 0,318 gigg 0,238 gggi 0,094 ggjg 0,048 | 99,897
101 8122 0,152 gigg 0,500 82;; 0,310 8222 0,237 - - 99,086
102 - 821; 0,516 - - - - 101,321
103 g;gg 0,260 81218 0,510 - - - - 99,540
0,135 0,503 0,313 0,234 0,092 0,044
104 0.130 0,132 0.484 0,494 0.306 0,310 0.230 0,232 0,093 0,092 0.044 0,044 | 99,367
105 8512 0,218 8282 0,510 828: 0,310 gggg 0,237 gggi 0,095 8822 0,043 | 99,870
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Table B.6 — Individual results for all laboratories — Sample JCA #1

Laboratory | Loss on S‘i)/CD) 2 Al;)03 Fe0203 C;ZO Moio SOZ) 3

ref. ignition
Results | Mean | Results | Mean [ Results | Mean | Results | Mean | Results | Mean | Results | Mean
20,512 5,058 2,979 64,670 1,334 2,180

106 2,06 20.429 20,470 5,051 5,054 2,968 2,974 64.542 64,606 1335 1,334 2155 2,168
21,354 5,367 3,173 66,389 1,438 2,255

107 2,02 21305 21,330 5,356 5,362 3.142 3,158 66,335 66,362 1459 1,448 2224 2,240
21,000 5,120 3,000 65,910 1,360 2,220

108 1,95 21020 21,010 5.120 5,120 3,000 3,000 65.850 65,880 1.370 1,365 2,230 2,225
20,783 5,065 2,998 65,852 1,346 2,113

109 2,00 20817 20,800 5,065 5,065 2,095 2,996 65.905 65,878 1.354 1,350 2101 2,107
20,590 4,781 2,930 65,161 1,292 2,211

110 - 20,631 20,610 4,941 4,861 2973 2,952 65.083 65,122 1351 1,322 2170 2,190
20,730 4,770 2,980 64,690 1,680 2,060

111 - 20710 20,720 4,760 4,765 2,970 2,975 64.700 64,695 1740 1,710 2,040 2,050
20,860 5,650 2,920 64,820 1,300 1,990

112 - 20,900 20,880 5.710 5,680 2,920 2,920 65.000 64,910 1.280 1,290 1.850 1,920
20,780 5,160 3,010 65,400 1,440 2,230

113 2,03 20,850 20,815 5110 5,135 3,030 3,020 65.540 65,470 1.420 1,430 2.160 2,195

114 - i?gjg 21,015 22?8 5,115 242123 3,335 22;;8 66,345 13?3 1,045 ;g?g 2,345

E1 - igggi 20,894 g:)g 5,117 ggzg 3,040 2225; 65,860 1222 1,361 iggg 2,302

E2 2,00 2822’,2 20,850 21;; 5,107 iz?g 3,004 22;;51 65,825 1221 1,361 ;;‘:’2 2,222

e |- |29 e | SO0 [ons | 3720 [ 15 [ 60280 T g 00 [ 1480 [ s [ 2710 T, 1

E4 - igggg 20,943 2??)2 5,095 532523 2,994 223:? 65,708 1 gg: 1,300 ;;?g 2,206

E5 1,96 218;8 21,060 2;28 5,070 28;8 3,015 22228 66,000 1:;8 1,385 ;;28 2,220

E6 2,12 21 ??: 21,099 2;22 5,097 28;3 3,082 22421;: 66,369 1 2;2 1,374 ;;22 2,243

E7 2,02 283;2 20,858 2?;: 5,092 2823 3,079 22?22 65,828 122? 1,368 ;;52 2,218

E8 2,07 283?3 20,920 2;;2 5,103 533523 2,984 22222 65,911 1228 1,370 ;;1; 2,216

E9 1,94 2;822 21,010 2122 5,127 282; 3,036 2222; 65,912 1223 1,347 -

g0 | - |29 a0ers | 5% [0 | 2550 |y eps [ S090 T 00 | 1970 [ g [ 2220 1

E11 2,04 28;2: 20,784 2?32 5,106 2813 3,019 22522 66,295 1 222 1,434 ;122 2,159

E12 1,99 ;;ggg 20,955 2;;2 5,104 282; 3,033 22228 65,720 1 22; 1,356 2?;1 2,206
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Table B.6 (continued)

ISO/TR 12389:2009(E)

Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ’ M"ZO S"FA:O Total
Results | Mean | Results| Mean |Results| Mean |Results| Mean [Results| Mean |Results| Mean
0,201 0,491 - - - -
106 0,205 0,203 0,489 0,490 i - ] - ] - ] _ 97,299
0,265 0,510 - 0,237 0,081 -
107 0,275 0,270 0,510 0,510 i - 0,237 0,237 0,091 0,086 i - 101,003
0,130 0,490 - 0,240 - -
108 0130 | ©130 | o4g0 | 0490 ] - 0240 | 0240 ) - ) - | 99460
- 0,504 - - - -
109 i - 0,497 0,500 i - i - i - i - 98,696
0,243 0,490 - 0,230 - -
110 0220 | %232 | o511 | @500 ] - 0238 | %234 ) - ) - | 98023
0,250 0,500 0,350 0,320 0,100 0,040
111 0,260 0,255 0,500 0,500 0,340 0,345 0,300 0,310 0.100 0,100 0,040 0,040 | 98,465
0,230 0,510 - - - -
112 0,230 0,230 0,510 0,510 i - ] - ) - ] _ 98,340
0,210 0,510 0,340 0,240 0,100 0,040
113 0,200 0,205 0,510 0,510 0,340 0,340 0,240 0,240 0.100 0,100 0,040 0,040 | 99,500
4 gggg 0.645 8238 0430 | - ] - ] - ] - | 100275
E1 g:;g: 0,201 8:222 0,495 g:gfg 0,320 8:22; 0,245 8:822 0,096 g:gjg 0,049 | 99,975
E2 8;83 0,208 gjgg 0,499 821? 0,312 gigg 0,238 ggg; 0,097 - 99,721
E3 8528 0,220 g:i?g 0,475 8218 0,310 g:i:g 0,250 8:1 18 0,110 8828 0,060 | 100,365
E4 8;22 0,231 gjgg 0,492 828? 0,306 8222 0,238 gggi 0,092 8822 0,054 | 99,658
o [ 92w | 250 Tason | 235 oo | 28 ozao | 32 [ 00 | 3% [ aow [0
© | oor | %% | ousr | %% | os | % | oase | %71 | gom | 000 | D | - [roosse
e | 02 [ oara | 048 [oaar | 0518 [Toarg | 028 g p0g [ 0958 11y 100 [ 9967 T o6y [ agry
E8 8;?2 0,210 828; 0,502 8282 0,307 gigg 0,239 gggg 0,096 ggj: 0,045 | 99,900
E9 85?? 0.265 8231 0,506 3232 0302 | - ] - ] - | 97,504
F10 gig 0215 81218 0510 | - - - - | 98595
|52 o | 2% oy | 850 Toom | 927 | e | 322 | oo | 51 | o | oo
E12 8?2; 0,207 gigg 0,493 821; 0,316 ggig 0,239 818; 0,106 - 99,732
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Table B.7 — Individual results for all laboratories — Sample JCA #2

Laboratory | Loss on S‘i)/CD) 2 Al;)03 Fe0203 C;ZO Moio SOZ) 3
ref. ignition
Results | Mean | Results | Mean [ Results | Mean | Results | Mean | Results | Mean | Results | Mean
26,015 8,827 1,623 56,064 3,340 2,901
1 0,09 26,029 26,022 8,838 8,832 1625 1,624 55,987 56,026 3.338 3,339 2,895 2,898
25,839 8,768 1,629 56,130 3,318 2,903
2 0,21 25,812 25,826 8.762 8,765 1623 1,626 56,152 56,141 3.300 3,309 2,907 2,905
25,987 8,816 1,556 56,244 3,288 -
3 0,63 26,002 25,994 8.816 8,816 1561 1,558 56,257 56,250 3.204 3,291 i -
25,990 8,781 1,643 55,904 3,325 2,920
4 0,18 26,005 25,998 8.786 8,784 1648 1,646 55,887 55,896 3.320 3,322 2912 2,916
25,955 8,805 1,624 56,205 3,310 2,879
5 0,19 25,936 25,946 8.797 8,801 1621 1,622 56,122 56,164 3.314 3,312 2,897 2,888
26,196 8,986 1,638 56,229 3,382 2,857
6 0,12 26,130 26,163 8.983 8,984 1616 1,627 56,179 56,204 3.371 3,376 2,805 2,831
25,999 8,820 1,607 56,058 3,359 2,949
7 0,11 25,984 25,992 8.826 8,823 1607 1,607 56,060 56,059 3.345 3,352 2.047 2,948
26,014 8,774 1,509 55,662 3,345 2,682
8 0,14 26,075 26,044 8.775 8,774 1510 1,510 55,636 55,629 3.343 3,344 2,685 2,684
9 0,16 2:28? 25,907 2;;3 8,766 1 22; 1,628 228(1)2 56,009 2222 3,322 5223 2,888
10 0,30 2:222 25,938 2;2? 8,774 1 222 1,627 :g;z; 56,089 g;gs 3,292 ;ggg 2,903
11 0,14 2::‘;2 25,908 2322 8,716 1 25; 1,614 :Z;i; 56,077 2;;; 3,280 ;;g; 2,723
12 0,12 igggg 26,028 2;:; 8,794 1 :Zg 1,580 :22;? 55,954 22‘112 3,330 -
13 0,11 22?33 26,104 2?2; 8,829 1 252 1,628 :2223 55,902 221; 3,316 ;g?? 2,964
14 0,12 22;1; 26,064 2?22 8,812 122; 1,640 :Z?;; 56,108 2212 3,312 ;g;g 2,972
15 0,08 2212; 26,150 2:;2 8,867 1222 1,636 :2%2 55,820 22;2 3,296 ;ggg 2,926
16 0,11 228?2 26,018 2;?); 8,800 121; 1,612 :Zfzg 56,211 2222 3,316 ;ggg 2,934
101 - 228?2 26,024 2;32 8,780 12;2 1,610 :ngg 56,188 2232 3,300 ;2;2 2,454
102 0,08 2:32‘11 25,922 2;2? 8,736 1:2; 1,596 :Zi:g 56,258 222: 3,344 1213 1,618
103 0,13 igglg 25,990 2;28 8,805 1 ggg 1,645 :Zg;g 56,020 2:28 3,405 ;ggg 2,895
104 0,00 2:323 25,979 2;22 8,777 1 223 1,632 :Z;g? 56,080 22;2 3,307 1 3;2 1,796
105 0,11 ;21‘7‘2 26,162 2;2? 8,818 1 252 1,624 22222 56,368 2222 3,372 2:;; 2,904
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Table B.7 (continued)
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Results | Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean
0,254 0,400 0,398 0,237 0,098 -
1 0.254 0,254 0,397 0,398 0.307 0,398 0.237 0,237 0,008 0,098 ] - 100,126
0,230 0,429 0,387 0,235 0,089 0,050
2 0228 | ©22% | olazs | 0428 | o303 | 0390 | 36 | 0236 | gogg | 0089 | g5y | 0050 | 99,994
0,206 0,431 0,402 0,238 0,096 -
3 0200 | ©2% | 0zt | @431 | oo | %401 | ozs | 9238 | go06 | 009 ] - 97,283
0,218 0,417 0,390 0,242 0,087 0,049
4 0218 | %218 | 0417 | %417 | 0303 | %392 | 0240 | %41 | ogs | 0986 | goaq | 0049 | 99965
0,216 0,432 0,387 0,239 0,088 0,051
5 0215 | %216 | 0laz0 | @431 | o388 | ©388 | gom7 | 9238 | gogg | 0988 | goso | 0050 | 100,144
0,195 0,423 0,393 0,234 0,090 0,051
6 001 | @198 | olaza | 424 | 030 | @391 | 0 | 9231 | 000 | 909 | g5 | 0051 |100.565
0,212 0,431 0,393 0,238 0,086 0,050
7 0210 | @211 | olaz2 | 432 | o380 | @391 | o7 | %38 | gog7 | 0986 | ggsq | 0050 | 100,189
0,223 0,426 0,401 0,237 0,094 0,050
8 0217 | %220 | olazs | 0426 | gla0s | 0402 | gomg | 0238 | g ooy | 0094 | (oeg | 0050 | 99415
o [0z o |20 ows | 03 oo | 2258 Tae | 222 oo | 0% | wost [sose
© | o213 | 920 | gize | ®42° | oo | %% | 0255 | O% | goes | 006 | | - [ sose2
192 421 7 241 -
" 81220 0.19 81423 0422 8:28?1 0.382 81242 0,242 g:gzg 0,00 | - | 99,650
|02 T aaar | oo | O3 oo | 922 | oo | 298 [ aous | 108 | oom | oo
o[22 w32 oo | % oamm | 228 [ aame | 2% T | 2 [ o [ w07
o |02 oams [ 28 Touss 038 T o [ 928 oaun | 2% [ oo | %7 | aosr [0t
0,196 0,431 0,384 0,246 0,088 0,048
o204 | %% | 0434 | %% | 0382 | @3 | 0246 | %% | 0088 | ¥%% | 0,048 | 048 | 100.092
16 822 0,217 g:i;i 0,423 8:2;2 0,382 g;g; 0,240 g:ggf 0,088 8:823 0,049 | 100,290
00| g0 | %1% | oo | %2 | oes | % | ome |02 | | - | 1| - |eeen
102 - g:i;? 0,426 - - - - 97,900
103 g;gg 0,250 g:ﬁg 0,415 - - - - 99,425
|00 T | 205 s | 252 [ | 028 [amn | 0% | aome | 000 | o | oo
105 8:;‘;’2 0,250 8:222 0,445 8:22? 0,390 8:522 0,244 8:8:? 0,096 8:822 0,052 | 100,725
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Table B.8 — Individual results for all laboratories — Sample JCA #2

Laboratory | Loss on S‘i)/CD) 2 AIfA)Os Fe0203 C;ZO Moio SOZ) 3

ref. ignition
Results | Mean | Results | Mean | Results [ Mean | Results [ Mean | Results | Mean | Results | Mean
25,930 8,765 1,565 55,887 3,278 -

106 0,27 26,012 25,971 8,842 8,804 1578 1,572 56,074 55,980 3.289 3,284 i -
26,254 8,888 1,503 56,852 3,031 -

107 0,09 26,264 26,259 8,878 8,883 1531 1,517 56,832 56,842 3,001 3,016 i -
26,080 8,760 1,630 56,270 3,340 2,860

108 0,10 26,060 26,070 8.750 8,755 1630 1,630 56,170 56,220 3.290 3,315 2,890 2,875
26,126 8,862 1,637 56,428 3,341 1,709

109 0,07 26,167 26,146 8,843 8,852 1689 1,663 56,570 56,499 3.353 3,347 1619 1,664
26,152 8,830 1,661 56,360 3,251 2,030

110 - 25,051 26,102 8,890 8,860 1680 1,670 56,201 56,280 3.292 3,272 2,010 2,020
25,870 8,640 1,620 56,440 3,540 1,560

111 - 26,050 25,960 8.700 8,670 1630 1,625 56,440 56,440 3.570 3,555 1550 1,555

| L e
25,900 8,710 1,560 55,850 3,190 -

113 0,21 25,950 25,925 8.710 8,710 1.600 1,580 55.910 55,880 3.200 3,195 i -

114 - 232;3 27,100 gggg 6,805 ;123 2,130 :21?8 55,660 j?;g 4,275 545123 2,485

E1 - 2:2?; 25,950 g:gg 8,838 1 2;2 1,623 :g;ig 56,104 ggi; 3,323 52?451 2,525

E2 0,15 2:225 25,871 g;z; 8,790 1222 1,600 :22?; 55,966 221? 3,316 ;:;; 2,899

e I I P e O I O ) PPl s DO e

E4 - 2:22? 25,870 :gz 8,799 1 :gs 1,598 :222451 55,310 2;1? 3,228 2;;: 3,752

E5 0,08 22328 26,000 :;28 8,745 1 ggg 1,595 :Z??g 56,110 22;8 3,320 ;;28 2,085

E6 0,23 22823 26,068 g;zz 8,790 1 223 1,643 :Zggg 56,528 222? 3,365 -

e | ots | 220 Lo | 9729 [greg | 1929 |1y gon [ 50898 [ g | 3920 gy | 2942 11 g

E8 0,31 22822 26,029 2212 8,815 125; 1,628 :2232 55,937 2222 3,341 522? 2,884

E9 0,07 22;2‘: 26,093 g:?g 8,866 1 :?; 1,581 :Zgii 56,285 222; 3,337 -

g0 | - | 2929 Lo | 9990 qnag | 1920 |y o1g |80 [ g [ 3380 g [ 2610 11

E11 0,89 22132 26,151 :gg; 8,907 1 EZ 1,674 :;52(2) 57,306 2:33 3,402 ;ggg 2,862

E12 0,20 ;2338 25,870 :32‘11 8,848 1 22; 1,569 22228 55,765 2222 3,362 -
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Table B.8 (continued)
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Lab(r::tory Nil/io K"2A>O T‘i’;32 Pf’/? ’ M"ZO S"FA:O Total

Results | Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean |Results| Mean
0,243 0,433 - - - _

106 0.230 0,241 0.432 0,432 ] . ) . ] . ] i 96,284
0,241 0,411 - 0,049 0,100 -

7 0243 | %% | 0410 | 2] . "~ | o049 | %% | 0008 | 2% . - | 9T
0,140 0,430 - 0,230 - -

108 0.160 0,150 0.430 0,430 ] - 0.230 0,230 ) - ] . 99,675
- 0,424 - - - -

109 ] - 0.428 0,426 ] - ] - ] - ] - 98,597
0,232 0,421 - 0,243 - -

o 0211 | %% | o420 | 20| . © | o2ss | %8| - ) - | 99,004
0,230 0,440 0,440 0,270 0,100 0,050

111 0.250 0,240 0.450 0,445 0.430 0,435 0,300 0,285 0,000 0,095 0,050 0,050 | 99,355

2 S N e N A N I e I R
0,280 0,430 0,400 0,240 0,100 0,050

113 0.270 0,275 0.430 0,430 0,400 0,400 0.230 0,235 0,100 0,100 0,050 0,050 | 96,780

114 g:ggg 0,645 8:228 0,360 - - ) ) 99.460

o | o2 Taan [ 9 oasr | 50 [ s | 027 | wane | 202 | oass | 5% | aom [ s

o ) e R I

E3 8:;28 0,220 gf’ég 0,420 8:2:8 0,380 g;gg 0,255 81188 0,100 8:828 0,060 | 100,450

E4 8:;;2 0,226 81213 0,417 8:222 0,395 g;ig 0,229 81182 0,102 8:82; 0,052 | 99,975

E5 géj’g 0,227 gfég 0,430 8::33 0,401 821 0,226 g:gg? 0,088 8:825 0,051 | 99,277

o | oo |0 | i [ own [ 527 [oare | 2% | ose [ 58 [oam | - | - | ares

E7 g;Z 0,226 g:igg 0,429 8223 0,389 g;i; 0,244 g:g:g 0,087 gggg 0,059 | 99,948

o | 02 oarr | ot | ooan | 5% [ aon | 222 | oz | 22 | o | 528 | o0 [ onom

= ] gfé? 0.421 gi?? 0425 | - - - | 97,007

E10 g;gg 0,250 g:ﬂg 0,410 - ) ) ) 99.155

E11 gfg? 0,201 gf:é 0,444 8:288 0,400 g;g; 0,237 g:ggg 0,089 8:822 0,059 | 101,730

E12 | oo | 0228 | gz | 0428 | g0 | 0389 | g | 0225 [ gugp 0102 | T | - |serm
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Annex C
(informative)

Questionnaire results

A questionnaire was sent to the participating laboratories and responses were received from 34 laboratories
(including some responses where the questionnaire was only partially completed). The summarized results of
the questionnaire are shown below, excluding items considered as having originated in individual equipment
associated with the bead preparation conditions or measurement conditions.

C.1 Variety of fluxes

Flux used

Number of laboratories

Li,B,O,: 100 %

18

Li,B,O;: 90 %, LiF: 10 %

2

Li,B,O;: 90 %, LINO: 10 %

1

Li,B,O;: 84,9 %, LiF: 8,4 %, SrO: 4,6 %, V,05: 2,1 %

Li,B,O;: 80 %, LiF: 20 %

Li,B,O;: 75 %, LiBO,: 25 %

Li,B,O;: 66,67 %, LiBO,: 32,83 %, LiBr: 0,50 %

Li,B,O;: 66 %, LIBO,: 34 %

Li,B,O;: 59 %, LiBO,: 30,6%, LiF: 10 %

C.2 Flux-to-sample ratio

Flux-to-sample ratio,| <1,0 | 1,0to | 2,0 to
by mass 1,9 29

3,0to
3,9

4,0 to
49

5,0 to
59

6,0 to
6,9

7,0 to
7.9

8,0 to
8,9

9,0 to
9,9

10

15,7

Number of 2 0 2
laboratories

10

C.3 Fusion temperature

Range of fusion temperature, °C

<1050

1050to 1100

>1100

Laboratories

25

C.4 Background correction

Background correction

Applied

Not applied

Laboratories

4

22

46
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C.5 Correction for inter-element effect

ISO/TR 12389:2009(E)

Correction for inter-element effect

Applied

Not applied

Laboratories

13

21

© 1SO 2009 — All rights reserved
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Annex D
(informative)

Other international inter-laboratory round-robin analyses of cement

D.1 General

The ISO round robin was a method performance study conducted under close to optimum conditions with
clear calibration and measurement guidelines. This is conducive to producing “best practice” values
representative of the ideal situation.

However, 1SO 29581-2 is intended for use under everyday conditions in laboratories that operate to “good
practice”. In order to compare the performance of laboratories in the more general scenario, this Annex sets
out the results of some international round robins carried out by a large number of laboratories. Generally
around 60 laboratories participated in a range of standardized chemical and physical tests, although not all
participated in all of the tests. Whilst most of the chemical analyses would have been undertaken using x-ray
fluorescence methods, there is no record of which tests used pressed pellets or fused beads. Other wet
chemical or other instrumental methods might equally have been used.

Clearly, these results are not directly comparable to the ISO round robin but they do put into context the
performance criteria when applied to routine analyses. The criteria proposed in 1SO 29581-2:—, Table 2, for

“expert” and “normal” performance analyses are used to segregate other “outlier” results. Mean analyses and
reproducibility standard deviations are calculated after excluding these “outliers”.

D.2 Accuracy limits for validation

The proposed values from ISO 29581-2:—, Table 2, are given in Table D.1.

Table D.1 — Accuracy limits for validation of laboratory performance

Content of element species Accuracy limit: Accuracy limit:
% absolute “normal” “expert”
performance performance
% absolute % absolute

0to 0,49 0,05 0,02
0,50 to 0,99 0,08 0,03
1,00 to 6,99 0,20 0,08
7,00 to 14,99 0,30 0,12
15,00 to 29,99 0,38 0,15
30,00 to 49,99 0,50 0,20
50,00 to 79,99 0,63 0,25
80,00 to 100 0,75 0,30
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D.3 Results of analyses
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Results of analyses of Portland cement (CEM 1), Portland-limestone cement (CEM II/A-LL) and Portland-slag
cement (CEM II/A-S) carried out between April 2006 and January 2007 are summarized in Tables D.2 to D.4.

Table D.2 — Analyses of Portland cement, CEM | — April 2006 round robin

H a
Parameter S(l)/?2 AIg/OO3 Feo2/003 C;'ZO MO?OO 8(23 Nf/io KOZ/OO L?/OI
Reference analysis 20,57 5,11 3,27 62,06 2,68 3,59 0,25 1,28 0,97
Maximum 20,91 5,29 3,46 | 62,67 | 2,83 3,70 0,30 1,44 1,05
Minimum 20,21 4,94 3,10 | 61,47 | 2,48 3,43 0,21 1,10 0,87
S.D. 0,17 0,09 0,05 0,49 0,08 0,06 0,03 0,06 0,05
Number of laboratories 38 38 38 38 38 39 31 36 54
% rated “expert” 53 53 79 42 61 64 29 86 33
% rated “expert and normal” 82 84 95 71 79 82 58 100 67
% rated “outlier” 18 16 5 29 21 18 42 0 33

a

Loss on ignition.

Table D.3 — Analyses of Portland-limestone cement, CEM Il/A

-LL — October 2006 round robin

Parameter SiO, | AlLO; | Fe,O5 [ Cal MgO SO, Na,O K,O LOla
% % % % % % % % %
Reference analysis 19,18 511 2,81 66,87 1,42 3,26 0,11 0,56 8,64
Maximum 19,54 | 5,28 296 | 67,38 | 1,62 3,46 0,15 0,64 8,86
Minimum 18,84 | 4,95 2,66 | 66,37 | 1,22 3,07 0,06 0,48 8,39
S.D. 0,17 0,07 0,07 0,50 0,09 0,10 0,02 0,03 0,09
Number of laboratories 36 36 36 36 36 36 28 35 53
% rated “expert” 47 64 78 53 58 50 50 66 66
% rated “expert and normal” 81 78 94 69 81 86 75 89 79
% rated “outlier” 19 22 6 31 19 14 25 11 21

@  Loss on ignition.

Table D.4 — Analyses of Portland-slag cement, CEM II/A-S — January 2007 round robin

Parameter Si0, | ALO; | Fe,05 | CaO | MgO | SO; | Na,O [ K,O | LOI®
% % % % % % % % %
Reference analysis 22,79 6,17 2,89 58,51 3,52 3,33 0,25 1,30 1,46
Maximum 23,11 | 6,34 299 | 59,14 | 3,72 3,52 0,29 1,43 1,64
Minimum 22,46 | 6,00 2,70 | 58,00 | 3,39 3,13 0,22 1,22 1,27
S.D. 0,18 0,09 0,07 0,28 0,08 0,10 0,02 0,04 0,08
Number of laboratories 37 37 37 36 35 39 28 34 54
% rated “expert” 41 51 65 50 60 36 50 91 70
% rated “expert and normal” 70 86 89 83 83 72 71 94 87
% rated “outlier” 30 14 11 17 17 28 29 6 13
@  Loss on ignition.
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D.4 Considerations
The results indicate that
— the ability to achieve the proposed analytical performance is not affected by cement type;

— a high proportion of laboratories were able to meet the performance associated with certain analytical
constituents, e.g. Fe,03 and K,0;

— a lower proportion of laboratories were able to meet the performance associated with Na,O (low
concentration of a light element) and CaO (highest concentration).

These considerations suggest that the performance validation levels proposed in ISO 29581-2 for high and
low constituent concentrations should be re-considered in relation to “normal” performance laboratories.
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