
MINISTÉRIO DAS OBRAS PÚBLICAS, TRANSPORTES E COMUN ICAÇÕES 

Laboratório Nacional de Engenharia Civil 
 

Departamento de Materiais 

 

Proc. 0204/11/16162 

Proc. 0204/75/8104 

 

 

 

QUALANOD INTER-LABORATORY TESTS OF ANODIZED ALUMINIUM  TESTING METHODS  

STATISTICAL ANALYSIS - DETERMINATION OF REPEATABILITY AND REPRODUCIBILITY  

REPORT 297/2006 - DM 
 

 

Lisboa, Outubro 2006 

 

Trabalho realizado para 

 

QUALANOD (EURAS/EWAA) 



QUALANOD INTER-LABORATORY TEST OF 

ANODIZED ALUMINIUM TESTING METHODS 

STATISTICAL ANALYSIS - REPEATIBILITY AND 

REPRODUCIBILITY DETERMINATION



-Turkish Standards InstitutionTURKEY

EMPAEMPA, Abtl. KorrosionSWITZERLAND

CEDEXQUALESPAÑA - Ministerio de Vivienda Subdirección
General de Innovación y Calidad de la EdificaciónSPAIN
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LaboratoryNameCountry

Institutions/laboratories that intended to participate in this 
inter-laboratory test 

Laboratories from Turkey and France haven’t sent any results 



Testing methods 

• EN ISO 2360:2003 - Non-conductive coatings on non-magnetic 
electrically conductive basis materials. Measurement of coating 
thickness. Amplitude-sensitive eddy current method (ISO 2360:2003)

• EN 12373-7:2002 (2ndEd.) - Aluminium and aluminium alloys. 
Anodizing. Part 7: Assessment of quality of sealed anodic oxidation 
coatings by measurement of the loss of mass after immersion in 
phosphoric acid/chromic acid solution with prior acid treatment

• EN 12373-5:1998 - Aluminium and aluminium alloys. Anodizing. Part 5: 
Assessment of quality of sealed anodic oxidation coatings by 
measurement of admittance

• EN 12373-4:1998 - Aluminium and aluminium alloys. Anodizing. Part 4: 
Estimation of loss absorptive power of anodic oxidation coatings after 
sealing by dye spot test with prior acid treatment



General characteristics of the test specimens

natural3 min/µm20 µmASatined surface

bronze1 min/µm25 µmI
naturalnot sealed15 µmIP
natural3 min/µm15 µmP

Polished surface

ColourSealing Thickness 
classTypeANODIC 

COATING

70mmx140 mm
Sheet with     
1 mm of 

thickness
6060

Dimensions of testing 
specimens

Type of 
product

Alloy 
Type

ALUMINIUM

Fifty specimens of each coating type were produced 



Anodizing and sealing conditions used for the production of 
test specimens

3 min/µmTime -1,7 A/dm2Current density -

Anodal SH1Additive -19,0 ºCTemperature -

5,70pH -12,8 g/lAl content  -

Demineralised water184,7 g/lFree H2SO4 -

A

1,6 A/dm2Current density -

19,0 ºCTemperature -
Not sealed

12,8 g/lAl content  -

184,7 g/lFree H2SO4 -

IP

1 min/µmTime -1,7 A/dm2Current density -

Anodal SH1Additive -19,0 ºCTemperature -

5,75pH -11,4 g/lAl content  -

Demineralised water182,1 g/lFree H2SO4 -

I

3 min/µmTime -1,6 A/dm2Current density -

Anodal SH1Additive -18,0 ºCTemperature -

5,70pH -12,8 g/lAl content  -

Demineralised water184,7 g/lFree H2SO4 -

P

Sealing bathAnodizing bathCoating type



Instructions 

• Laboratory code number
• Measuring points

Point 1 Point 2 Point 3 Scheme of the testing zones for 
thickness measurement 

admitance Dye spot test

Point
1

Point
2

Point
3

Sample with 70mmX50mm for sealing
assessment by the mass loss test

Scheme of testing zones for 
sealing quality assessment 



EXCEL Worksheets for data registration
Protocol 

Test laboratory:
Sample type:

Tested by:
Date of report:

Test conditions
Temperature: 21 ± 2 °C

Date of the test: yyyy-mm-dd

Zero base 0,0 ± µm

Calibration standard 1 23,5 ± 0,5 µm

Calibration standard 2 ± µm

Calibration standard 3 ± µm

Test results
Thickness results (ISO 2360) Weight loss results (EN 12373-7) Admittance results (EN 12373-5)

Sample No. Sample No. Height H Lenght L Sample 
thickness T Area A Weigth loss Sample No. Measurement Thickness Temperature Admittance

P15 1st point 2nd point 3rd point P15 (mm) (mm) (mm) (dm2) (mg/dm2) P15 Ym (µm) (°C) Y

measure 1 21,6 measure 1 71,59 50,29 1,04 - - 10,5 24,6 21,2 8,0

measure 2 22,0 measure 2 71,34 50,86 1,05 - -

measure 3 21,3 measure 3 71,83 51,08 1,03 - -  Dye spot results (EN 12373-4)
Average thickness 21,6   21,6 Average 71,59 50,74 1,04 0,7506 15 Dye spot 0-1

Sample No. Sample No. Height H Lenght L Sample 
thickness T Area A Weigth loss Sample No. Measurement Thickness Temperature Admittance

1st point 2nd point 3rd point P15 (mm) (mm) (mm) (dm2) (mg/dm2) Ym (µm) (°C) Y

measure 1 measure 1 - -

measure 2 measure 2 - -

measure 3 measure 3 - -

Average thickness     Average    Dye spot

Sample No. Sample No. Height H Lenght L Sample 
thickness T Area A Weigth loss Sample No. Measurement Thickness Temperature Admittance

1st point 2nd point 3rd point (mm) (mm) (mm) (dm2) (mg/dm2) Ym (µm) (°C) Y

measure 1 measure 1 - -

measure 2 measure 2 - -

measure 3 measure 3 - -

Average thickness     Average    Dye spot

LNEC
P
N Garcia

Front side (µm)

05-12-2005

Front side (µm)

Front side (µm)

Example for the registration of tests results for specimens of coating type P



Results reported 
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Results reported 

Test results of method EN 12373-5 

Test results of method EN 12373-4
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Precision analysis according to ISO 5725-2 

• Consistency tests

•Graphical consistency technique – Mandel’s h and k statistics

•Numerical outlier technique – Cochran’s and Grubb’s tests

• Calculation of the general mean and variances
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Between-laboratory Consistency Statistic
(ISO 5725-2)
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Within-laboratory Consistency Statistic
(ISO 5725-2)
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Thickness measurement (EN ISO 2360) 

----Outlier Lab (C >CCr (1%))

correctcorrectcorrectcorrectClassification

0,2060,2220,1480,266Cochran’s test statistic C

0,2810,4170,4170,4175% Critical value CCr (5%)

0,3320,5040,5040,5041% Critical value CCr (1%)

6333Number of replicates n

11111111Valid laboratories p

AIIPPLevel

Cochran’s test results

---OutlierClassification

---Lab 11Mandel´s h-plot

Straggler--StragglerClassification

Lab 11; Lab 
12--Lab 10Mandel’s k-plot

AIIPPLevel

Laboratories outside critical value lines of 
Mandel’s statistics 



---Lab 3; Lab 
11

Outlier Lab(Gsmalest<GCr
(1%))

correctcorrectcorrectOutliersClassification (two smallest)

----Outlier Lab(Glargest<GCr
(1%))

correctcorrectcorrectcorrectClassification (two largest)

0,57380,59640,36620,1084Double low Gsmalest

0,55390,42440,51520,826Double high Glargest

0,22130,22130,22130,2213Double GCr (5%)

0,14480,14480,14480,1448Double GCr (1%)

----Outlier Lab (G1 >GCr (1%))

correctcorrectcorrectcorrectClassification (low)

----Outlier Lab (Gp >GCr (1%)) 

correctcorrectcorrectcorrectClassification (low)

1,4301,3081,6272,328Single low G1

1,5121,6581,6500,926Single high Gp

2,3552,3552,3552,355Single GCr (5%)

2,5642,5642,5642,564Single GCr (1%)

11111111Valid laboratories p

AIIPPLevel

Single: test for one outlying observation; Double: test for two outlying observations

Thickness measurement (EN ISO 2360)
Grubb’s test results



Thickness measurement (EN ISO 2360) 

Results of precision analysis 

---Lab 3 2
Lab 11 1,2Outlier laboratories

---1Mh, 2G(II)Outlier type

0000Number of excluded outliers

0002Number of outliers

4,2%5,4%5,7%4,9%Reproducibility COV (sR/m)

2,5%2,0%2,9%3,1%Repeatability COV (sr/m)

0,891,511,120,92Reproducibility std. dev. sR

0,540,560,570,58Repeatability std. dev. sr

0,7882,2781,2480,844Reproducibility variance sR
2

0,4931,9660,9280,511Between-lab variance sL
2

0,2940,3120,3210,333Repeatability variance sr
2

21,3527,7819,4918,64General mean  m / µm

11111111Valid laboratories p

6333Number of replicates n

AIIPPLevel

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)



Sealing quality assessment by mass loss (EN 12373-7)

Between-laboratory Consistency Statistic
(ISO 5725-2)
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Sealing quality assessment by mass loss (EN 12373-7)

OutlierStragglerStragglerOutlierClassification

Lab 7Lab 7Lab 4Lab 7Mandel´s h-plot

OutlierOutlierOutlierOutlierClassification

Lab 8Lab 8Lab 9Lab 10Mandel’s k-plot

AIIPPLevel

Laboratories outside critical value lines of Mandel’s statistics 

Cochran’s test results

Lab 8Lab 8-Lab 10Outlier Lab (C >CCr (1%))

OutlierOutliercorrectOutlierClassification

0,5150,5830,4000,731Cochran’s test statistic C

0,4170,4170,4170,4175% Critical value CCr (5%)

0,5040,5040,5040,5041% Critical value CCr (1%)

3333Number of replicates n

11111111Valid laboratories p

AIIPPLevel



Sealing quality assessment by mass loss (EN 12373-7)
Grubb’s test results

Single: test for one outlying observation; Double: test for two outlying observations

----Outlier Lab(Gsmalest<GCr
(1%))

correctcorrectcorrectCorrectClassification (two smallest)

----Outlier Lab(Glargest<GCr
(1%))

-correctcorrectCorrectClassification (two largest)

0,65910,59860,27480,5480Double low Gsmalest

-0,31640,72240,3530Double high Glargest

0,22130,22130,22130,2213Double GCr (5%)

0,14480,14480,14480,1448Double GCr (1%)

----Outlier Lab (G1 >GCr (1%))

correctcorrectcorrectCorrectClassification (low)

Lab 7---Straggler Lab (Gp >GCr
(5%)) 

StragglercorrectcorrectCorrectClassification (high)

1,2991,5122,0401,746Single low G1

2,4172,2131,1812,320Single high Gp

2,3552,3552,3552,355Single GCr (5%)

2,5642,5642,5642,564Single GCr (1%)

11111111Valid laboratories p

AIIPPLevel



Sealing quality assessment by mass loss (EN 12373-7)

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

Lab7 1
Lab 8 2,3Lab 8Lab 9Lab 7 1

Lab 10 1,2,3Outlier laboratories

1Mh, 2Mk, 3CMk, CMk1Mh, 2Mk, 3COutlier type

1101Number of excluded outliers

3112Number of outliers

21,3%17,9%3,5%18,6%Reproducibility COV (sR/m)

5,0%3,8%2,5%4,1%Repeatability COV (sr/m)

2,813,1916,82,96Reproducibility std. dev. sR

0,660,6811,70,65Repeatability std. dev. sr

7,87110,164281,668,785Reproducibility variance sR
2

7,4429,708141,118,359Between-lab variance sL
2

0,4300,457140,550,426Repeatability variance sr
2

13,1917,86477,515,92General mean  m / g.dm-2

10101110Valid laboratories p

3333Number of replicates n

AIIPPLevel



Sealing quality assessment by measurement of admittance 
(EN 12373-5)

Within-laboratory Consistency Statistic
(ISO 5725-2)
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Sealing quality assessment by measurement of 
admittance (EN 12373-5)

Laboratories outside critical value lines of Mandel’s statistics 

Cochran’s test results

StragglerStragglern.a.StragglerClassification

Lab 4Lab 8n.a.Lab 8Mandel´s h-plot

OutlierOutliern.a.OutlierClassification

Lab 8Lab 6n.a.Lab 12Mandel’s k-plot

AIIPPLevel

n. a. – not applied

Lab 8Lab 6n.a.Lab 12Outlier Lab (C >CCr (1%))

OutlierStragglern.a.OutlierClassification

0,8620,419n.a.0,893Cochran’s test statistic C

0,4170,417n.a.0,4175% Critical value CCr (5%)

0,5040,504n.a.0,5041% Critical value CCr (1%)

33n.a.3Number of replicates n

1111n.a.11Valid laboratories p

AIIPPLevel

n. a. – not applied



Sealing quality assessment by measurement of 
admittance (EN 12373-5)

Grubb’s test results

--n.a.-Outlier Lab(Gsmalest<GCr
(1%))

correctcorrectn.a.correctClassification (two smallest)

--n.a.-Outlier Lab(Glargest<GCr
(1%))

correctcorrectn.a.correctClassification (two largest)

0,51480,4238n.a.0,3741Double low Gsmalest

0,48260,4987n.a.0,6505Double high Glargest

0,22130,2213n.a.0,2213Double GCr (5%)

0,14480,1448n.a.0,1448Double GCr (1%)

--n.a.-Outlier Lab (G1 >GCr (1%))

correctcorrectn.a.correctClassification (low)

--n.a.-Outlier Lab (Gp >GCr (1%)) 

correctcorrectn.a.correctClassification (high)

1,6421,884n.a.2,099Single low G1

1,9611,497n.a.1,352Single high Gp

2,3552,355n.a.2,355Single GCr (5%)

2,5642,564n.a.2,564Single GCr (1%)

1111n.a.11Valid laboratories p

AIIPPLevel

Single: test for one outlying observation; Double: test for two outlying observations
n. a. – not applied



Sealing quality assessment by measurement of admittance 
(EN 12373-5)

Results of precision analysis 

Outlier type: Mh – Mandel’s h ;Mk – Mandel’s k ; C - Cochran’s ; G(I) – Grubs (one outlying 
observation) ; G(II) – Grubs (two outlying observations)

Lab 8Lab 6Lab 8 1
Lab 12 2,3Outlier laboratories

Mk, CMk1Mh, 2Mk, 3COutlier type

101Number of excluded outliers

112Number of outliers

14,0%20,4%19,2%Reproducibility COV (sR/m)

3,4%5,7%3,7%Repeatability COV (sr/m)

1,383,121,72Reproducibility std. dev. sR

0,340,860,34Repeatability std. dev. sr

1,9079,7202,970Reproducibility variance sR
2

1,7948,9742,858Between-lab variance sL
2

0,1130,7470,113Repeatability variance sr
2

9,8815,298,98General mean  m / Y

101110Valid laboratories p

333Number of replicates n

AIPLevel



Dependency analysis of 
precision (repeatability and reproducibility)  with the mean

Thickness measurement (EN ISO 2360)

y = 0,051x
R2 = 0,7338

y = -0,0014x + 0,5915
R2 = 0,1588
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Sealing quality assessment by mass loss (EN 12373-7)

y = 0,0294x + 2,7398
R2 = 0,9991

y = 0,0234x + 0,6738
R2 = 0,9996
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Sealing quality assessment be measurment of admittance (EN 12373-5)

y = 0,1932x
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Precision analysis results

SR = 0,1932 m (R2=0,8218)Global reproducibility std. 
dev.

0,51Global repeatability std. dev.

1,383,12n.a1,72Reproducibility std. dev. sR

0,340,86n.a0,34Repeatability std. dev. sr

Lab 12:P
Lab 8:A

9,8815,29n.a8,98General mean  m / Y

AIIPP
Excluded data

lab:coating type

Coating typeEN 12373-5 - Sealing 
quality assess. by  
admittance

SR = 0,0294 m + 2,7398  (R2≈1)Global reproducibility std. 
dev.

SR = 0,0234 m + 0,6738  (R2≈1)Global repeatability std. dev.

2,813,1916,82,96Reproducibility std. dev. sR

0,660,6811,90,65Repeatability std. dev. sr
Lab 10:P
Lab 8:I
Lab 8:A

13,217,9477,515,9General mean  m / g.dm-2

AIIPP
Excluded data

lab:coating type

Coating typeEN  12373-7 - Sealing 
quality assessment by 

mass loss

SR = 0,051 m (R2=0,7338)Global reproducibility std. 
dev.

0,56Global repeatability std. dev.

0,891,511,120,92Reproducibility std. dev. sR

0,540,560,570,58Repeatability std. dev. sr

None

21,427,819,518,6General mean  m / µm

AIIPP
Excluded data

lab:coating type
Coating typeEN ISO 2360 – Thickness 

measurement

Sealing/mass loss
< 30
Repeatability=1
Reproducibility=3

Thickness
Repeatability=0.56
Reproducibility=1.51

(standard :
1 µm (until 10 µm or 10%

Sealing/admitance
Repeatability=0.51
Reproducibility=3.12



Analysis of qualitative results

Estimation of loss of absorptive power of anodic oxidation 
coatings after sealing by dye spot test (EN 12373-4)
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Frequency distribution of the results

None0 to 1-20-10-1A

Lab 2 (1 result)3 to 5Between 4-5  and  55IP

None0 to 20-10-1P
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resultsMedianModeCoatin

g type

Laboratory with results 
outside the range of 95%

Dye absorption rating


