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Status Quo [WAINIER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

« Coatings for corrosion protection with sufficient preserving
properties could be produced so far only with the aid of
anticorrosive pigments.

« If using these pigments an application as clear coat is
impossible.

» Feasibility for achieving both attributes by using Neuburg
Siliceous Earth?
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% HOFFVIANN

Objective [MINIER/AL
INTRODUCTION Following requirement profile should be fulfiled by Neuburg
EXPERIMENTAL Siliceous Earth:
RESULTS N _ _ _
» Enough flexibility and outstanding adhesion on different
SUMMARY substrates.
APPENDIX > Good transparency.

» No milky blushing of the clear coat after exposure to
humidity.

» Improvement of the corrosion protection properties.
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Filler Characteristics MIINER/A

. .. Surface
INTRODUCTION
Filler Description T e

EXPERIMENTAL .
Neuburg Siliceous Earth

Sillitin Z 89 none
RESULTS dsp: 1.8 pm, dg;: 7.1 pm
SUMMARY Calcined Neuburg
APPENDIX Silfit Z 91 Siliceous Earth none

dgo: 2.0 pm, dg7: 8.6 pm

Neuburg Siliceous Earth i
Aktisil AM < amino
deo: 2.2 um, dg-: 10 pm functionalized
Neuburg Siliceous Earth
(Experimental product similar to amino
TP 2008037 Aktisil AM, but more color neutral) functionalized

dgo: 2.2 pm, dg7: 8.3 pm
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Filler Characteristics MIINER/A

% HOFFVIANN

_ _ Specific surface
INTRODUCTION Oil absorption

Filler [g/100g] area BET
EXPERIMENTAL 9 9 (m2/g]
RESULTS

Sillitin Z 89 55 11
SUMMARY
APPENDIX

Silfit Z 91 55 8

Aktisil AM 45 9

TP 2008037 61 9
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Filler Characteristics MIINER/A

INTRODUCTION
Filler Color L* Color a* Color b*
EXPERIMENTAL
RESULTS
SUMMARY Sillitin Z 89 94.7 -0.1 3.4
APPENDIX
Silfit Z 91 95.3 -0.2 0.9
Aktisil AM 93.0 0.5 8.1
TP 2008037 94.8 -0.1 3.4
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Base Formulation MIINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

A-Component:

BECKOCURE™ EH Amine hardener 61.1
2260W/41WA ™

B-Component:

BECKOPOX™ EP 147w ™ Epoxy resin 12.5
BECKOPOX™ EP 386wW/52WA ™ 37.5

111.1

Solids content [%)]

VM-0/0516/05.2016
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Formulations MIINER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

Parts by weight

Sillitin Silfit | Aktisil | Aktisil TP
Control Z 89 Z91 AM AM 2008037
15 pbw | 15 pbw | 15 pbw | 25 pbw | 25 pbw

A-Component

(Amine 61.1 61.1 61.1 61.1 61.1 61.1
hardener)

+ Filler 0 15 15 15 25 25
B-Component 50 50 50 50 50 50

111.1 126.1 126.1 126.1 136.1 136.1
Solids
51.4 57.1 57.1 57.1 60.3 60.3

S R A K R
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Formulations MIINER/A

% HOFFVIANN

Parts per cent

INTRODUCTION TP

2008037

EXPERIMENTAL 15 pbw | 15 pbw | 15 pbw | 25 pbw | 25 pbw

RESULTS A-Component

SUMMARY (Amine 55 48.45 48.45 48.45 44.90 44.90
hardener)

APPENDIX
+ Filler 0 11.90 11.90 11.90 18.37 18.37
B-Component 45 39.65 39.65 39.65 36.73 36.73

Solids
content [%] 51.4 57.1 57.1 57.1 60.3 60.3

cos | o s | vo [ v e L
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Preparation / Application /

Substrates / Drying

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

Preparation:

Application:

Substrate:

Drying:

Dry Film Thickness:

Testings:

Dissolver with pearl mill APS 1000
Compressed air, Walther Pilot spray
gun, nozzle diameter 2 mm,

approx. 1.7 bar

Aluminum: Gardobond F,

Steel: Gardobond OC,

both without any surface treatment

30 min at 60 °C

50-80 pm

After 7 days at 23 °C / 50 % rH

VM-0/0516/05.2016
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Adjustment of
Application Viscosity

TN ER/A

INTRODUCTION
EXPERIMENTAL
RESULTS

* Application viscosity
SUMMARY

APPENDIX

Component A and B mixed, plus water for dilution

Sillitin Aktisil

Control Z 89 AM
15 pbw | 15 pbw | 15 pbw

Aktisil TP
AM 2008037
25 pbw | 25 pbw

Setpoint Setpoint Setpoint Setpoint
~ 3.0 ~50 ~75 ~75
Water
4.7 5.0
[%0]
Real Real Real Real
value 3.8 value 6.8 value 5.6 value 4.9
Resulting
viscosity at 1.5 1.9 1.8 1.4 2.6 2.4
25 st[Pa*s]
selisbeerient)  os | sas | a4 53.5 57.1 57.5

[%]

"I Intended application viscosity at 25 s1: 1.8 — 2.0 Pa*s

VM-0/0516/05.2016
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Cupping Test [INTER/AL

INTRODUCTION
EXPERIMENTAL
RESULTS
 Flexibility
SUMMARY

APPENDIX

Steel

[mm]

10.0

10

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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HOFFVIANN
TN ER/AS

Cross Cut Test (Imm)

INTRODUCTION
EXPERIMENTAL
RESULTS

+ Adhesion
SUMMARY

APPENDIX

Steel and aluminum

All formulations showed
excellent adhesion to the
substrate with GT O
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Humidity Test 240 h

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

» Corrosion resistance

SUMMARY

APPENDIX

DIN EN ISO 6270-2 CH

Evaluation of:

— Degree of Blistering DIN EN ISO 4628-2
— Degree of Rusting DIN EN ISO 4628-3

— Transparency / milky blushing by measuring Delta E

VM-0/0516/05.2016
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6@ Hu.mld!ty Test 240 h F——
' & Blistering and Rusting MINERIAIE

Steel and aluminum

INTRODUCTION

EXPERIMENTAL
RESULTS
» Corrosion resistance

SUMMARY )
All formulations showed

APPENDIX no blistering and

no rusting = Ri 0
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Humidity Test 240 h
Transparency Delta E

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

» Corrosion resistance

SUMMARY

APPENDIX

Steel

Control

Strong milky blushing,
marked negative impact to
transparency

Silfit Z 91

Significant
Improvement

VM-0/0516/05.2016
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¢

Humidity Test 240 h

INTRODUCTION

EXPERIMENTAL

RESULTS

» Corrosion resistance

SUMMARY

APPENDIX

HCFFMANN
Transparency Delta E IMIINER/A
Steel
8

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Salt Spray Test 240 h

TN ER/A

INTRODUCTION

EXPERIMENTAL

RESULTS

» Corrosion resistance

SUMMARY

APPENDIX

DIN EN ISO 9227

Scribed with a scratching tool according to van Laar

Evaluation of:

— Delamination at scribe DIN EN ISO 4628-8

VM-0/0516/05.2016
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Salt Spray Test 240 h
Delamination

HOFFVIANN
TN ER/AS

INTRODUCTION

EXPERIMENTAL

RESULTS

* Corrosion resistance

SUMMARY

APPENDIX

Aluminum

All formulations
no delamination = 0 mm

VM-0/0516/05.2016
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Salt Spray Test 240 h HOFEMANN

INTRODUCTION
EXPERIMENTAL
RESULTS

» Corrosion resistance
SUMMARY

APPENDIX

Delamination MIINER/AS
Steel
i ® | Marked reduction of delamination,

less rusting

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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¢

Salt Spray Test 240 h

INTRODUCTION

EXPERIMENTAL

RESULTS

» Corrosion resistance

SUMMARY

APPENDIX

_ _ I'DFI’MANN®
Delamination MIINER/A
Steel
[mm]

HE Panel 1 Panel 2
32
28.6

28
24
20
16
12

8 6.0

4139 4.6
4 N § Nz 1415 1716
0 | _YY Y

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Further Results
In the Appendix [

N]

ERAL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

General information (preparation of the formulations)

>

Optical properties
> Color L* a* b* >
> Gloss >

Mechanical properties

» Pendulum hardness (Konig) [

Corrosion resistance

> Humidity test, adhesion and gloss P>

» Salt spray test, gloss and color change [

VM-0/0516/05.2016
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% HOFFVIANN

Summary [WAINIER/AL
INTROBUCTION A waterborne 2C-Epoxy Clear Coat with Neuburg Siliceous Earth
EXPERIMENTAL provides the following quality profile:
RESULTS
SUMMARY « Transparency and color neutrality, especially by using Silfit Z 91
APPERDIX  High gloss (60°: > ~ 80)

Excellent adhesion to the substrate (GT 0-1)

Good flexibility (cupping test 6-8 mm)

Best price/performance ratio, especially by using Sillitin Z 89
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Summary [INTER/AL

INTRODUCTION

EXPERIMENTAL

RESULTS

SUMMARY

APPENDIX

A waterborne 2C-Epoxy Clear Coat with Neuburg Siliceous Earth
provides the following quality profile:

* No milky blushing of the clear coat after exposure to humidity,
maintaining transparency and color neutrality over the time,
especially by using Silfit Z 91 with 15 pbw.

« Significant improvement of corrosion resistance: by using Aktisil
AM oder the more color neutral TP 2008037 the delamination at
scribe is nominal. This optimization is obviously visible in the PVC
raised version (25 pbw).
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We supply material for good ideas!

HOFFMANN MINERAL GmbH Phone: +49 8431 53-0
Muenchener Stral3e 75 Internet: www.hoffmann-mineral.de
DE-86633 Neuburg (Donau) E-mail: info@hoffmann-mineral.com

Our applications engineering advice and the information contained in this memorandum are based on experience and are made to the best of our
knowledge and belief, they must be regarded however as non-binding advice without guarantee. Working and employment conditions over which we
have no control exclude any damage claim arising from the use of our data and recommendations. Furthermore we cannot assume any responsibility for
patent infringements, which might result from the use of our information.
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Preparation [WAINIS[R/ANE

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

J

» Pearl mill APS 1000 (with glass beads 2mm)
« Batch size A-component approx. 350g £ 290mL

* Milling:10 min at 2000 rpm £ 7,9 m/s, with water cooling
—> temperature approx. 30 °C

VM-0/0516/05.2016

27



6 Color
HOFFMANN
' & Brightness UINER/AT
CIE L*, steel
INTRODUCTION
EXPERIMENTAL 100
RESULTS
SUMMARY 80
67.6 65.7 63.8 64.5 63.3 63.7
APPENDIX
60
40
J
20
0

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Color
€ | HCFFVIANN
' & Red/green ratio MINERIAE
CIE a*, steel
INTRODUCTION
EXPERIMENTAL 0,5
RESULTS 0’4
0,3
SUMMARY
0,2
APPENDIX 0.1 0.1 0.1
- 0,1
0,0
-0,1
J 0.1
— -0,2
-0,3
-0,4
-0,5

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Color
€ | HOFFMANN
' & Yellow/blue ratio WINTEIRA
CIE b*, steel
INTRODUCTION
EXPERIMENTAL 12
RESULTS 10
SUMMARY
APPENDIX 8
6
J 4
2
0

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

J

HOFFMANN
Gloss 20° MIINER/A
[GU] .
100 HE Steel Aluminum
80 77
68 66 9 65
61
60
44
40 35§ 37
N
20
0

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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HCFFMANN
' Gloss 60° MINIERAL
INTRODUCTION
(GU] EE Steel Aluminum
EXPERIMENTAL 160
RESULTS 140 1i\z
SUMMARY 120 03\ 111 o4 106
1
APPENDIX 100 § 99 98 § o5 \\ o5 -
86
80 \ /8 \\
Q 60
40
20
0

Control

Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037

15 pbw

15 pbw

15 pbw

25 pbw 25 pbw

VM-0/0516/05.2016

32



¢

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

J

HOFFMANN
Pendulum Hardness [WINTER/AE
Steel
[s] mm after 3 days after 7 days
120 § % % § \\ i\f
=N e N\ N N\
JE N R

15 pbw 15 pbw

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037

15 pbw 25 pbw 25 pbw
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Humidity Test 240 h
Cross Cut Test (1mm)

TN ER/A

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

U

Steel

[GT]
5

HE at once

after 1 h at RT

N N \ N

74
v/
o/

\

M

\

N N

7/

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw

25 pbw 25 pbw
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¢

Humidity Test 240 h

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

J

HOFFMANN
Gloss 60° [WAINIER/AL
Steel
140 HE Gloss 20 [GU] Remaining gloss 20° [%]
120
107
100 N
88 86 §
81
80 \
60
40
20
0

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Humidity Test 240 h

' & Gloss 20° MINTEIRAL
Steel
NTROPUCTION 160 HE Gloss 20 [GU] Remaining gloss 20° [%)]
EXPERIMENTAL . 141
SUMMARY 120 112 §
APPENDIX 10:? \ \
APPENDIX 100 - § §
"\ \ I
J o0 57\ 4 \ \
= N D\
40 \ 36 §
20
0

Control

Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037

15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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¢

Salt Spray Test 240 h

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

J

HOFFMANN
Gloss 60° NN ERAE
Steel
" mE Gloss 20 [GU] Remaining gloss 20° [%)]
120 108
106
102 102 ]
100 9795 9798 99 92 %ig
8OS§%
80 §§§
60
40
20
0

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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Salt Spray Test 240 h

6 Gloss 20° RAINERAE
Steel
INTRODUCTION - mE Gloss 20 [GU] Remaining gloss 20° [%)]
EXPERIMENTAL o 141 138
SUMMARY = 123: § §
120 105 104 § §
APPENDIX 100 % \ § §
5 ., N\ 57 \ §
o 2\
20
0

15 pbw

Control Sillitin Z 89 Silfit Z91 Aktisil AM  Aktisil AM TP2008037

15 pbw 15 pbw 25 pbw 25 pbw
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Salt Spray Test 240 h
Color Change Delta E [INTER/AL

INTRODUCTION
EXPERIMENTAL
RESULTS
SUMMARY

APPENDIX

U

Steel

10

Control Sillitin Z 89 Silfit Z91 Aktisil AM Aktisil AM TP2008037
15 pbw 15 pbw 15 pbw 25 pbw 25 pbw
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