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1. Conclusion

According to international standards (e.g. 1ISO 9000, GLP), test equipment must be calibrated at
intervals by comparison with a standard or a calibrated testing apparatus.

This calibration also applies to the 20-l-apparatus and the 1-m3-vessel for the determination of Pmax
and Kmax and the apparatus for determination of the minimum ignition energy. The test procedure is
an important part of this calibration. A general check at the component level is incomplete and hence
inadmissible.

Unfortunately there are neither internationally recognized reference samples nor reference equipment
available for the determination of these explosion characteristics. Therefore the following calibration
method has been carried out successfully:

A dust has been selected, prepared and supplied to 57 test laboratories all over the world. The mean
values of the explosion indices, measured by the participating laboratories, has been calculated as
reference values. The testing laboratories have been informed about the evaluation with a certificate.

This report presents the results of this calibration method and describes the evaluation procedures. It
also demonstrates that with this method it was possible to discover and rectify the cause of any errors
with installations producing results differing widely from the reference values.

CaRo 11 - Reference values for the Explosion Indices Pmax and Kmax

Pmax (bar) 81 £10% (7.3...9.0)
Kmax (bar-m/s) 243 £10% (219 ... 268)

CaRo 11 — Reference values for the Minimum Ignition Energy MIE
Es/3 Es Es+3

0.5mJ 1.5mJ 4.5mJ

Birsfelden, January 2012

Adolf Kuhner AG
Christoph Cesana
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1.1 Participants

For details see section "list of participants".

Austria
Belgium
Canada
Czechoslovakia
England
France
Germany
Hungary
India

Italy

Japan
Poland
Switzerland
US.A

total:

Pmax, Kmax (69)

20-| 1im’ MIKE
4 1
2 2
1 1
1

5

5 4
10 3 15

1

1

2 2
1

2

7 3
25 16
66 3 49

MZE (53)
others

4
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This calibration round robin test ,CaRo 11“ has been accepted world wide as the best and most
reliable calibration method for this type of test equipment.

1.2 Test substance

For correct calibration the CaRo 11 test sample has been milled, homogenized and shipped in an air
tight package. Therefore the sample has to be tested ,as delivered®.

CaRo 11
Particle size:
d 10
Sample 1 4 pm
Sample 2 4 um
Sample 3 4 um
Sample 4 4 um

Kuhner AG

Niacin USP special (Nicotinic acid)

d 50 = median
19 pm
19 pm
19 um
19 pm

d 90
80 pm
83 um
82 um
80 um

CaRo 11



B052_256 4 von 14

2. Explosion Indices Pmax, Kmax

Pmax = 8.1 bar +10% (7.3...9.0) by 505 g/m3
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The individual results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).
Kmax = 243 bar-m/s +10% (219 ... 268) by 623 g/m3
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The individual results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).
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2.1 Test procedure:
The method for determination of Pmax, Kmax is described in the ,Manual CaRo 11°“.

2.2 Evaluation:
The explosion indices Pmax and (dP/dt)ymax are defined as the mean values of the maximum
values of each series. Subsequently, the explosion index Kmax is calculated from the mean
value (dP/dt)max.

2.3 Scatter of Pmax and Kmax:
The maxima of each series must not deviate by more than 10% of Pmax resp. Kmax.
Otherwise this series must be repeated!

2.4 Calculation of the reference values:
First the mean values of all test results (69) has been calculated. In a 2nd step all results outside
of the tolerance band are excluded prior to the subsequent calculation of the mean value. Due to
the large number of participants the mean values did not change.

Kuhner AG CaRo 11
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3. Minimum Ignition Energy MIE
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The individual results are drawn in chronological sequence (number of certificate).

3.1 Test procedure:
The method for determination of the MIE is described in the ,Manual CaRo 11°.

Kuhner AG
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3.2 Estimation of the statistical energy (Es):
The minimum ignition energy MIE lies, by definition, between two energy values:
E1<MIE <E2
For the purpose of comparison between different apparatus, only one MIE value (Es) instead of
the energy range (E1, E2) shall be used. This single value (Es) can be estimated by use of the
probability of ignition as follows (EN 13821):

Provided that for the energy E2 a minimum of 5 dust concentrations evenly distributed are
tested, the position of the MIE in the E1-E2 range can be estimated. At ignition energy E2, the
number of dust concentrations with ignition, is divided by the total number of dust concentrations

tested.
log £ — I[Ezllj-l(log_l] Ei— - Iog1E1)
Eg =10 (NI+1)-[Eo]+
where is: I[E2] = number of tests with ignition at the energy E2.

(NI+D)[E2] = total number of tests at the energy E2.

3.3 Criteria for conformity:
Conformity between two equipment (a, b) is given, when the Es-values differ less than a factor of
3 (EN 13821).
1/3 < Es(a)/ Es(b) < 3
Accordingly:
Conformity in the CaRo 11 is given, when the Es-value of each equipment differ less than a
factor of 3 to the mean (Es) of all equipment:

Es/3 Es Es 3
0.5 mJ 1.5mJ 4.5mJ

Kuhner AG CaRo 11
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4. Comparison Sobbe- und Simex-igniters

The Pmax-values of the two types of igniters are consistent within the measurement accuracy.

Sobbe - Pmax = 8.2 bar +10% (7.4 ...9.1) by 449 g/m3
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The individual Sobbe-results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).

Simex - Pmax = 8.1 bar +10% (7.3 ... 8.9) by 535 g/m3
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The individual Simex-results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).
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The Kmax-values of the two types of igniters are consistent within the measurement accuracy.

Sobbe - Kmax = 244 bar-m/s +10% (219 ... 268) by 549 g/m3
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The individual Sobbe-results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).

Simex - Kmax = 243 bar-m/s +10% (219 ... 268) by 657 g/m3
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The individual Simex-results are drawn in relation to the arithmetic mean of all results and in
chronological sequence (number of certificate).
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4.2 Problem by Simex- Igniters
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Depending on the production batch of the igniters there was a much different burn behaviour
observed. Pressure oscillations increase the turbulence and therefore the Kmax-value. Through the
superimposed oscillation, the automatic evaluation is influenced or even wrong, that means the
tangent has to be evaluated manually.

bad

good

250 g/m3

250 g/m3

- 60

- 40

- 20
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113
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60 g/m3

60 g/m3

+ 05

00

120

150

180

210 ms 120 150 180 210 ms

r bar

105 13 120 128 ms

Kuhner AG
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4.2 Problem by Sobbe- Igniters

As in 2001 Sobbe sent again some faulty igniters with pressure oscillations. Pressure oscillations
increase the turbulence and therefore the Kmax-value. Through the superimposed oscillation, the
automatic evaluation is influenced or even wrong, that means the tangent has to be evaluated
manually.

bad good

250 g/m3 250 g/m3

~ bar t bar

+ 60

L a0 - 20

L 20 - 20

98 105 13 120 123 ms 98 105 13 120 128 ms

Blank

100 110 120 130 140 ms 100 110 120 130 140 ms

Kuhner AG CaRo 11
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5. List of Participants
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Country

Austria

Austria

Austria

Belgium

Belgium

Canada

Czechoslovakia
England

England

England
France
France
France

France

Germany
Germany
Germany
Germany

Germany

Germany
Germany

Germany

Germany

Kuhner AG

Company
Laboratory

AUVA Abt.
Unfallverhiitung

FireX GrelRlehner
GmbH

Montanuniversitat
Leoben

ADINEX N.V.

Janssen Pharmaceutica
N.V.

DalTech, Dalhouse
University

VVUU, as
BRE Building Research

Chilworth Technologies
Ltd

Syngenta Ltd.
Arkema France
LRGP-CNRS-ENSIC
INERIS

Rhodia Recherches &
Technologies

AQura GmbH
BASF SE

Bayer Technology
BGN

Boehringer Ingelheim
Pharma

Henkel AG & Co.KGaA
IBExU GmbH

IFA Institut fir
Arbeitsschutz

INBUREX Consulting
GmbH

E-Mail

silvia.springer@auva.at

dietmar.gresslehner@firex.at

harald.raupenstrauch@unileoben.ac.at

filip.verplaetsen@adinex.be

cfannes@its.jnj.com

paul.amyotte@dal.ca

mokosl@vvuu.cz
amendtl@bre.co.uk

pbremble@chilworthglobal.com

michael.bailey@syngenta.com
damien.drutel@arkemagroup.com
laurent.perrin@ensic.inpl-nancy.fr
agnes.janes@ineris.fr

sebastien.righini@eu.rhodia.com

klaus.budde@aqura.de
johannes.a.fischer@basf.com
joerg.laue@bayer.com
h.wolf.bgn@t-online.de

juergen.leininger@ing.boehringer-
ingelheim.com

michaela.berchter@henkel.com
f.flemming@ibexu.de

hans-joerg.taske@dguv.de

martin.gosewinkel@inburex.com
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Country

Germany
Germany

Germany

Germany
Germany

Hungary

India

Italy
Italy
Japan

Japan

Poland

Poland

Switzerland

Switzerland
Switzerland

Switzerland

U.S.A
U.S.A

U.S.A

US.A

US.A

U.S.A

U.S.A

Kuhner AG

Company
Laboratory

MERCK KGaA
NYCOMED GmbH

Sanofi-Aventis
Deutschland GmbH

Siemens AG
Wacker Chemie AG

Chemical Works of
Gedeon Richter

Biogentek BG (1) Pvt.
Ltd.

REDOX snc
Stazione Sperimentale
Sumitomo (Toho)

TIIS - Technology
Institution

Central Mining Institute

DANLAB Danuta
Katrynska

DSM Nutritional
Products AG

Firmenich SA
Lonza SA Visp

SWISSI Process Safety
GmbH

BASF Corporation
Cedar Mountain Supply

Chilworth Technologies
Inc.

CYTEC Industries Inc.

Dupont Chambers
Works Site

EMSL Analytical, Inc.

Exponent, Inc.

E-Mail

thomas.keil@merckgroup.com
ralf.weingart@nycomed.com

dirk.hoerstermann@sanofi.com

jelinkova.lucie@siemens.com
alfred.augsberger@wacker.com

bodnarr@richter.hu

meenakshi@biogentek.com

nebu.mari@yahoo.it
mazzei@ssc.it
tanakan@sc.sumitomo-chem.co.jp

matsuda@ankyo.or.jp

zdyduch@gig.katowice.pl
kkatrynski@danlab.pl

romeo.isner@dsm.com

federico.de.mestral@firmenich.com
yvo.doenni@lonza.com

adrien.bisel@swissi.ch

chunyang.wei@basf.com
sheri@cedarmountainsupply.com

kgeorges@chilworthglobal.com

mark.ryan@cytc.com

jesse.s.jones@usa.dupont.com

akaminski@emsl.com

tmyers@exponent.com
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Company ) Pmax MIE
Country E-Mail
Laboratory Kmax
US.A FAUSKE & dastidar@fauske.com v 4
ASSOCIATES, LLC
US.A Firmenich Inc. peter.de.rege@firmenich.com v v
U.S.A FM Approvals LLC richard.jambor@fmapprovals.com v
U.S.A Ashland inc. jforman@ashland.com v v
US.A International Specialty  tolechnowicz@ispcorp.com v
Products
US.A Intertek philip.robinson@intertek.com 4
US.A ioMosaic U.S.A murphy.m.nh@iomosaic.com v 4
U.S.A Kidde-Fenwal Inc. kemi.sorinmade@kidde-fenweal.com v
US.A Merck & Co. Inc. michael_toth@merck.com v 4
US.A The Dow Chemical cvmashuga@dow.com 4
Company
Austria AUVA Abt. silvia.springer@auva.at v 4
Unfallverhtitung
Austria FireX GreRRlehner dietmar.gresslehner@firex.at 4

GmbH

Kuhner AG CaRo 11



