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Interface and volume transport on technical E-coats 

A2-5   

A2.3 Fitting details of Fickian and Non-Fickian approaches Tab. A2.3.1 Diffusion intervals and the raw fitting data of the ideal Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2) Coating Substrate y∞ A1 t1 A2 t2 Chi² R² D / m² s-1 Mean D  / m² s-1 SD D  / m² s-1 Clear E-coat Steel  1,01 -1,00 -1,10 -0,11 -10,79 9,68E-05 1,00 1,68E-13 1,52E-13 2,16E-14 1,00 -0,25 -7,91 -0,81 -1,23 1,61E-05 1,00 1,37E-13 HDG Steel 1,00 -0,15 -6,90 -0,94 -0,74 7,17E-05 1,00 3,75E-13 3,06E-13 9,76E-14 0,98 -0,87 -0,93 -0,20 -8,17 7,02E-05 1,00 2,37E-13 AlMg(Mn) 0,99 -0,18 -3,10 -0,91 -0,68 3,52E-05 1,00 4,59E-13 2,95E-13 2,31E-13 1,01 -1,03 -1,24 -0,13 -14,28 3,86E-04 0,99 1,32E-13 Pigment E-coat Steel  1,03 -0,92 -5,95 -0,17 -0,87 3,62E-04 0,99 2,72E-13 1,92E-13 1,14E-13 1,02 -0,26 -1,41 -0,77 -4,89 1,69E-04 1,00 1,11E-13 HDG Steel 0,97 0,00 3,10 -1,03 -1,10 9,38E-05 0,98 1,90E-13 1,70E-13 2,77E-14 1,04 -0,86 -1,17 -0,27 -10,69 7,49E-05 1,00 1,51E-13 AlMg(Mn) 0,90 -0,75 -0,73 -0,24 -2,27 4,10E-03 0,83 4,24E-13 2,73E-13 2,13E-13 0,83 0,03 15,85 -1,03 -1,29 6,94E-04 0,10 1,23E-13 



Interface and volume transport on technical E-coats 
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Tab. A2.3.2 Diffusion and SC intervals incl. the raw fitting data of the Non-Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2)+SC∙t Coating Substrate y∞ A1 t1 A2 t2 Chi² R² D / m² s-1 Mean D  / m² s-1 SD D  / m² s-1 SC / min-1 Mean SC / min-1 SD SC  / min-1 Clear E-coat Steel  1,07 -0,82 -1,26 -0,30 -11,16 1,57E-05 1,00 1,30E-13 1,53E-13 3,31E-14 -0,002 0,000 0,002 0,97 -0,98 -1,09 -0,09 -5,93 9,63E-05 1,00 1,76E-13 0,001 HDG Steel 0,94 -0,91 -0,71 -0,13 -3,66 6,93E-05 1,00 4,12E-13 3,63E-13 6,91E-14 0,002 0,003 0,001 0,89 -0,21 -2,86 -0,77 -0,84 6,41E-05 1,00 3,14E-13 0,004 AlMg(Mn) 0,98 -0,88 -0,66 -0,21 -2,59 3,41E-05 1,00 4,92E-13 3,65E-13 1,80E-13 0,000 0,002 0,002 0,91 -0,53 -1,30 -0,53 -1,31 4,00E-04 0,99 2,38E-13 0,003 Pigment E-coat Steel  1,03 -0,69 -5,41 -0,35 -1,74 1,71E-04 1,00 7,37E-14 1,27E-13 7,51E-14 0,000 -0,006 0,008 1,34 -0,25 -1,07 -1,16 -8,84 3,20E-04 0,99 1,80E-13 -0,011 HDG Steel 0,94 -0,13 -1,03 -0,88 -1,03 1,10E-04 0,98 3,79E-13 2,81E-13 1,38E-13 0,002 -0,023 0,035 1,62 -0,85 -1,05 -3,86 -54,18 5,54E-05 1,00 1,84E-13 -0,048 AlMg(Mn) 0,81 -0,37 -0,80 -0,53 -0,80 1,85E-04 0,99 6,36E-13 4,48E-13 2,65E-13 0,010 0,008 0,003 0,84 -0,50 -1,25 -0,50 -1,25 7,21E-04 0,98 2,60E-13 0,005       









PH-behaviour of the E-coat interface with chromate-free conversion layers 
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A3.3 Chromate-free conversion layers applied by Henkel  Tab. A3.3.1 Details of the different chromate-free pre-treatments at the AlMg(Mn) substrate done by Henkel         

Bath Function Product Conc. / % Time /s Temperature /°C A Ti-based layer with inhibitor B  Zr-based layer with SA C  Zr-Polymer based layer 1 Cleaning BONDERITE C-AK 1563 BONDERITE C-AD 5003 2.5 0.25 300 60 X X X 2 Rinsing Water  60 RT X X X 3 Deoxidation BONDERITE C-IC 3610 1.0 60 30 X X  4 Rinsing Water  60 RT X X X 5 Rinsing De-ionised water    X X X 6A Passivation BONDERITE M-NT 160 0.5 60 30  X  6B  BONDERITE M-NT 4850-2 0.5 60 30   X 6C  BONDERITE M-NT 2040 R2 1.5 60 30 X   7 Rinsing Water  60 RT X X X 8 Rinsing De-ionised water  60 RT X X X 9 Drying   600 70 X X X 











PH-behaviour of the E-coat interface with chromate-free conversion layers 
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A3.6 FIB cuts of the E-coat-covered conversion layers at the AlMg(Mn) after the acidic and alkaline sub-surface flux

Fig. A3.6.1 FIB-cuts at the bubbles of the Ti-based conversion coating with the inhibitor (left) and the Zr-based conversion coating with the SA (right) after the acidic and alkaline sub-surface flux 









Normal diffusion vs in plane diffusion: Single layer, multilayer and their peculiarities 
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Tab. A4.2.1 Normal direction: diffusion intervals and the raw fitting data of the ideal Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2) Coating y∞ A1 t1 A2 t2 Chi R² D / m² s-1 Mean D  / m² s-1 SD D / m² s-1 Pigment E-coat 0,97 0,00 3,10 -1,03 -1,10 9,38E-05 0,98 1,90E-13 1,70E-13 2,77E-14 1,04 -0,86 -1,17 -0,27 -10,69 7,49E-05 1,00 1,51E-13 Base coat 0,99 -0,53 -0,32 -0,56 -1,02 9,64E-05 0,99 2,13E-12 1,54E-12 8,32E-13 0,95 -0,50 -0,65 -0,50 -0,65 8,74E-04 0,95 9,50E-13 Base coat silver 1,00 -0,39 -2,84 -0,66 -0,92 3,98E-05 1,00 2,66E-13 2,52E-13 1,93E-14 0,95 -0,46 -1,02 -0,56 -2,18 5,14E-05 1,00 2,39E-13 Clear coat 0,98 -0,59 -0,75 -0,59 -0,75 7,79E-04 0,96 7,26E-13 6,01E-13 1,78E-13 0,98 -0,59 -0,92 -0,59 -0,92 2,01E-03 0,91 4,75E-13   Tab. A4.2.2 In plane direction: diffusion intervals and the raw fitting data of the ideal Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2) Coating y∞ A1 t1 A2 t2 Chi² R² D / m² s-1 Mean D / m² s-1 SD D / m² s-1 Pigment E-coat 1,04 -0,09 -23,27 -1,03 -1,13 2,10E-04 0,99 1,60E-13 1,17E-13 6,10E-14 0,94 -0,95 -1,68 -0,07 -9,59 1,13E-04 1,00 7,41E-14 Base coat 0,95 -0,52 -0,59 -0,52 -0,59 4,04E-04 0,98 1,18E-12 1,06E-12 1,66E-13 0,92 -0,96 -0,66 -0,04 -0,66 1,11E-03 0,94 9,43E-13 Base coat silver 1,02 -0,38 -2,29 -0,74 -0,52 1,48E-04 0,99 7,75E-13 1,12E-12 4,89E-13 0,53 -0,31 -0,53 -0,31 -0,53 5,22E-02 0,95 1,47E-12 Clear coat 0,99 -0,51 -0,88 -0,51 -0,88 3,09E-04 0,99 5,25E-13 3,88E-13 1,93E-13 0,90 -0,53 -1,27 -0,53 -1,27 7,77E-04 0,99 2,52E-13  



Normal diffusion vs in plane diffusion: Single layer, multilayer and their peculiarities 
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Tab. A4.2.3 Normal: water diffusion and SC intervals incl. the raw fitting data of the Non-Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2)+SC∙t Coating y∞ A1 t1 A2 t2 Chi² R² D / m² s-1 Mean D / m² s-1 SD D / m² s-1 SC / min-1 Mean SC / min-1 SD SC / min-1 Pigment E-coat 0,94 -0,13 -1,03 -0,88 -1,03 1,10E-04 0,98 3,79E-13 2,81E-13 1,38E-13 0,002 -0,023 0,035 1,62 -0,85 -1,05 -3,86 -54,18 5,54E-05 1,00 1,84E-13 -0,048 Base coat 1,32 -0,84 -0,35 -0,61 -1,30 5,83E-05 1,00 1,74E-12 1,74E-12 5,39E-15 -0,003 -0,009 0,008 1,37 -0,72 -0,35 -0,77 -1,37 5,19E-05 1,00 1,74E-12 -0,014 Base coat silver 1,06 -0,80 -1,04 -0,30 -4,86 3,44E-05 1,00 1,97E-13 1,85E-13 1,72E-14 -0,003 -0,002 0,001 0,98 -0,68 -1,16 -0,36 -3,07 4,52E-05 1,00 1,73E-13 -0,002 Clear coat 1,19 -0,26 -10,90 -1,14 -0,68 5,88E-04 0,97 4,36E-13 3,64E-13 1,01E-13 -0,009 -0,011 0,004 1,49 -0,58 -16,28 -1,13 -0,83 8,12E-04 0,96 2,92E-13 -0,014   Tab. A4.2.4 In plane: water diffusion and SC intervals incl. the raw fitting data of the Non-Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2)+SC∙t Coating y∞ A1 t1 A2 t2 Chi² R² D / m² s-1 Mean D / m² s-1 SD D / m² s-1 SC / min-1 Mean SC / min-1 SD SC / min-1 Pigment E-coat 0,96 -0,52 -1,14 -0,52 -1,14 2,10E-04 0,99 3,10E-13 2,22E-13 1,25E-13 0,002 0,002 0,000 0,90 -0,49 -1,74 -0,49 1,74 1,17E-04 1,00 1,33E-13 0,002 Base coat 1,31 -0,02 6,49E+04 -1,35 -0,67 1,07E-04 0,99 4,50E-13 6,68E-13 3,07E-13 -0,003 -0,009 0,008 0,99 -0,63 -1,43 -0,81 -0,51 1,09E-04 0,99 8,85E-13 -0,014 Base coat silver 1,10 -0,83 -0,58 -0,36 -3,78 1,28E-04 1,00 6,17E-13 7,55E-13 1,95E-13 -0,005 0,009 0,019 0,54 -0,29 -0,67 -0,29 -0,67 9,18E-04 0,97 8,93E-13 0,022 Clear coat 1,06 -0,25 -0,43 -0,86 -1,22 1,56E-04 0,99 1,21E-12 7,28E-13 6,88E-13 -0,010 -0,006 0,005 0,92 -0,54 -1,30 -0,54 -1,30 7,72E-04 0,99 2,41E-13 -0,002 
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Tab. A4.3.6 Normal and in plane water diffusion intervals of the double layers and their raw fitting data of the ideal Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2) Coating y∞ A1 t1 A2 t2 Chi² R² D / m² s-1
 

Mean D / m² s-1
 

SD D / m² s-1
 Normal: Base coat -Clear coat 0,99 0,57 -0,34 -1,54 -0,77 6,30E-05 1,00 2,10E-12 5,37E-12 4,63E-12 0,97 0,25 -0,16 -1,19 -0,91 2,81E-04 1,00 8,64E-12 Normal: Base coat silver -Clear coat 1,00 -0,29 -0,11 -0,80 -1,04 7,08E-05 1,00 1,70E-11 8,60E-12 1,18E-12 3951,27 -0,78 -0,89 -3950,56 -111964,51 3,17E-04 0,99 2,55E-13 In plane: Base coat -Clear coat 0,97 -0,54 -0,67 -0,54 -0,67 7,54E-04 0,98 9,14E-13 6,23E-13 4,13E-13 1,24 -0,30 -7,84E+114 -1,02 -0,78 6,79E-04 0,99 3,31E-13 In plane: Base coat silver -Clear coat 0,95 -0,49 -1,76 -0,49 -1,76 3,25E-04 0,99 1,31E-13 2,60E-13 1,82E-13 1,00 -0,87 -0,73 -0,23 -4,02 2,82E-04 0,99 3,89E-13  Tab. A4.3.7 Normal and in plane water diffusion and SC intervals of the double layers incl. their raw fitting data of the Non-Fickian approach based on y(t)=y∞+A1exp(t/b1)+A2exp(t/b2)+SC∙t Coating y∞ A1 t1 A2 t2 Chi² R² D / m² s-1

 
Mean D / m² s-1

 

SD D / m² s-1
 

SC / min-1
 

Mean SC / min-1
 

SD SC / min-1
 Normal: Base coat - Clear coat 0,98 0,48 -18,03 -1,54 -1,13 2,26E-04 1,00 1,60E-13 1,71E-13 1,57E-14 

-0,008 0,003 0,016 1,00 0,42 -6,00 -1,55 -1,07 3,74E-04 0,99 1,82E-13 0,014 Normal: Base coat silver - Clear coat 1,03 -0,80 -1,12 -0,31 -0,12 6,30E-05 1,00 1,45E-11 7,50E-12 9,89E-12 
-0,004 0,016 0,028 0,71 -0,39 -0,89 -0,39 -0,89 3,18E-04 0,99 5,09E-13 0,035 In plane: Base coat - Clear coat 1,30 0,22 -2,50 -1,62 -0,84 4,18E-04 0,99 3,22E-13 2,54E-13 9,62E-14 
-0,014 -0,031 0,024 1,24 0,22 -2,42E+21 -1,51 -1,04 1,74E-04 1,00 1,86E-13 -0,048 In plane: Base coat silver - Clear coat 1,33 -0,66 -2,53 -0,67 -2,53 1,60E-04 1,00 6,34E-14 2,07E-13 2,03E-13 
-0,047 -0,014 0,048 0,97 -0,93 -0,76 -0,13 -1,91E+04 2,00E-04 1,00 3,51E-13 0,020 




