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1 Task

The target of this project was to examine the optical comparison between two lacquer
systems selected by the principal before and after artificial weathering and then to
evaluate the polishing power with different methods. The coating systems used until now
do not offer a sufficient optical impression after a natural weathering. Therefore in general
the suface is polished with commercially available products. In the investigations a new
kind of polishing method of the company Nobelclean was compared with traditional
methods. The lacquer systems were examined in regard to color tone, gloss and waviness
before and after a Q.U.V. weathering . After the adequate polishing method the surface
was measured once more and then outsourced to the Q.U.V. test again and the optical
properties were examined again.

2 Selection of the examination, lacquer systems and substrates

a.) Examination of the surfaces lacquered according to the demands of the principal:

* Gloss grade at 20° geometry with Tri-Gloss of Messr. BykGardner according to DIN EN
ISO 2813

* Color tone determination at 45°/D65 geometry with MA 68 Il of Messr. X-Rite according
to DIN 6174

* Wavescan and structure with Wavescan DOI of Messr. BykGardner

b.) Substrate used
* Aluminium

c.) Lacquer systems selected

International grounding Epoxy GP Coating, Thinner No. 7

AWL Grip Epoxy Primer 545 white / grey, Spray Reducer TO006

AWL Grip TopCoat Carinthia Blue and Darkgreen , Spray Reducer TO003

* Mankiewicz Alexseal Primer 101, Reducer 442 / 101

* Mankiewicz Finish Primer 442, Reducer 442 / 101

* Mankiewicz Alexseal TopCoat 501 Carinta Blue and Darkgreen, TopCoat Reducer

The substrates and lacquer systems were set by the principal.

3 Execution of the test
3.1 Application of lacquer systems

The application of the lacquer systems was carried out at the IFAM in an air-conditioned
lacquer cabin of Messr. SLF. In this lacquer cabin the temperature and the relative
humidity can be regulated individually. During the application a temperature of 22° C and a
relative humidity of 55 % were set. There were used lacquer according to the agreement
with the principal and varnished according the demands of the lacquer manufacturer.

3.1.1 Structure of the coating system
The graphics below (picture 1) show the coating structure.
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2K - PUR - Showecoat (20 pm)

2K - EP - Primer (2 x 60 pm)

2K - EP - Feinspachtel (nicht relevant fiir die Versuche)

2 K - EP - Grobspachtel (nicht relevant fur die Versuche)

2K - EP - Haftprimer (100 pm)

Stahl oder Aluminium fir den Schiffbau

Picture 2: Total structure of the coating and the layer thickness

3.1.2 Polishing method of Messr. Nobelclean
Following the polishing method of Messr. Nobelclean (picture 2) is explained.

1. Work prodedure: 1 Workprocedure = o 2. Workprocedure == &
rough cleaning without water and removal ol e R
of dust and dirt deposits

2. Work prodedure:
The lacquer is gently cleaned and realised with

ar}_hesive agent

Nobel Flex and a special cotton plate of dull adhesive agent h
spots as well as holograms (NC 33 + NC 35). The h

lacquer is cleaned with Novelorbit and a special
bonnet as well as with NC15-20 a second time and is
prepared for sealing.

3. Work procedure
3. Work prodedure: 1. sealing
Application ot the 1% sealing NC 50 (acrylpolymer).

clear lacquer

adhesive agent

=8

‘ | i I

4. Work prodedure:
The LACK suface is now consolidated and filled with 4. Work procedure

the product Nobelorbit and a special 100 % layer of 2 sealng
developing acryl-sealing NC 50 | plus a High — End
Nano-Solution NC 50 II. NobelClean sealing
clear lacquer IB'::E

adhesive agent

Picture 2: Description of the polishing process of Messr. Nobelclean



Comparison of optical properties of lacquer samples weathered

For further details cocerning the polishing method of Messr. Nobelclean you can directly
ask the manufacturer.

3.1.3 Traditional polishing method of Lirssen

The traditional polishing method of Messr. Lurssen often is not sufficient in order to polish
dull surfaces completely or after longer weathering of a ship disturbing holograms appear.

With the traditional polish (3M Finesse It TM, part 09639, batch: CCD1877, shelf life 07 /
2009) the removal and the smoothing of the surface is carried out with extremely soft
polishing agents, which are mostly bound in a paste or liquid, sometimes also known as
polish. The polishing agents are bound in cloth, felt, rubber, pitch or leather discs and are
applied on the surface.

When polishing traditionally, the material is applied with rotating polishing discs of cloth,
felt or leather. The polishing agent is applied as emulsion or a socalled solid paste on the
disc, the socalled polishing agent.

3.2 Evaluation of the test results
3.2.1 determination of the gloss
the gloss grade was examined:

- before QUV load

- after QUV load 1000 h

- after QUV load + different polishing methods
- after QUVI load + different polishing methods + new QUV load 500 h and 1000 h

The test results are shown in the pictures 3 to 7.
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Glanzgrad 20° AWL Grip Carinthia Blue

100

A406644-str-003/004
Politur 3 M Finesse It

W vor QUV

W nach 1000h QUV

W nach 1000h
QUV+Politur

Enach 1000h QUV
+ Politur +500h QUV

[Cnach 1000h QUV
+ Politur +1000h QUV

A406644-str-007/008 Politur
3 M Finesse It / Nobelclean

AA06644-str-005/006
Politur Nobelclean

Picture 3: Determination of the gloss grade AWL Grip Carinthia Blue

Glanzgrad 20° AWL Grip Dark Green

100

87,3

87.3 86.8

90

801

707

607

507

407

307

20

107

AA406644-str-011/012
Politur 3 M Finesse It

W vor QuUv

[l nach 1000h QUV

[l nach 1000h
QUV+Politur

[ nach 1000h QUY
+ Politur +500h QUY

[Jnach 1000h QUV
+ Politur +1000h QUV

AA06644-str-015/016 Politur
3 M Finesse It / Nobelclean

A406644-str-013/014
Politur Nobelclean

Picture 4: Determination of the gloss grade AWL Grip Dark Green
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Glanzgrad 20°% Mankiewicz Carinta Blue

100

A40E644-str-01%20
Palitur 2 M Finesse It

A406644-5tr-021/022
Palitur Nobelclean

744

Il vor QU
Il nach 1000k Qv

W nach 10030
QL +Politur

Erach 10000 QU
+ Politur <5000 QLY

[Cnach 1000h cUy
+ Politur +1000h QU

A406644-str-023024 Politur

3 M Finesze It f Mobelclean

Picture 5: Determination of élbss Mankievicz Carinta Blue

Glanzgrad 20°% Mankiewicz Dark Green

A406644-5ir-027/028
Politur 3 M Finesze It

A40EE44-tr-025/030

Palitur Mobelclean

W vor QU
W nach 10000 QU

@ nach 10000
QN +Politur

Enach 10000 QU
+ Paolitur +500h QUY

Onach 1000h QU
+ Politur +1000h QL

AA06644-5ir-0231/032 Politur
3 M Finesze It ! Mobelclsan

Picture 6: Determination of gloss Mankievicz Dark Green

All individual evaluations are mentioned in attachment 1: gloss determination

3.2.2 Determination of the color tone change
the color tone was examined:

- before QUV load

- after QUV load 1000 h

- after QUV load + different polishing methods
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- after QUV Belastung + different polishing methodes + a new QUV load 500 h
and 1000 h

In the pictures 7 to 10 the color tone changes are graphically shown.

20
Mnach 1000 h QUY
B Enach 1000 h QUY + Palitur
Wl nach 1000 h QUY + Politur + 500 h QLY
16 Wnach 1000 h QUY + Politur + 1000 h QUY
14
12
Delta
E 10
Wert
8

Politur 3 M Finesse It Palitur Mobelclean Politur 2 M Finesse 1t/ Mobelclean

Picture 7: Change of the color tone of AWL Grip Carinthia Blue

20
W nach 1000 h QU
Onach 1000 h QLY + Politur
Blnach 1000 h QUY + Politur + 500 h QUY
16 Bnach 1000 h QUY + Politur + 1000 h QUY
14,54
14 13,84
12 11.83
Delta
E 10
Wert
3
G
4
2
0,74 033
0
Paolitur 3 M Finesse It Falitur Mobelclean Folitur 3 M Finesze It / Mobelclean

Picture 8: Change of the color tone of AWL Grip Dark Green
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Wnach 1000 h QUY

Bnach 1000 h QU + Paolitur

Wlnach 1000 h QUY + Politur + 500 h QUY
161 Wnach 1000 h QLY + Politur + 1000 h QU

Politur 2 M Finesse It Palitur Mobelclean Politur 3 M Finesze It/ Mobelclean

W nach 1000 h QU
Onach 1000 h GUY + Politur

Enach 1000 h QUY = Politur + 500 h GUY
Mnach 1000 h QUY + Politur + 1000 h QUWY 15,98

16,17

14,47

198 224

-2

0,65

2

Politur 3 M Finesss It Palitur Mobelclean Palitur 2 M Finezse It/ Mobeldean

Picture 10: Change of color tone Mankiewicz Dark Green

The individual values or the changes of brightness respectively are shown in the
attachment 2 - determination of the color tone
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3.2.2 Determination of orange peel and DOI by Wavescan
The test results are summarized in table 1 and 2.

Table 1: Determination of the optical values before the outsourcing

Schicht- Glanz
Proben-Nr. System Farbton dicke DOl |du |Wa (Wb [Wc |Wd 20°

A406644-str-001 AWL Grip Carinthia Blue | 250pm g08 136 11131304 11371122 [86.2

A406644-str-002  [AWL Grip Carinthia Blue | 250pm BB3 |41 (167|389 [166]142 |86.3

A406644-str-003  [AWL Grip Carinthia Blue | 255pm 514128 116|293 [13.6 |104 |86.1

Ad06644-str-004 | AWL Grip Carinthia Blue | 250pm 811126 11291307 141193 [857

A405644-str-005 | AWL Grip Carinthia Blue | 260pm 876 |57 1188 1389 1151198 |86.1

A406644-str-006 | AWL Grip Carinthia Blue | 270pm 893 |44 147352 (166|123 859

A406644-str-007 | AWL Grip Carinthia Blue | 255um 13120 11301306 127 1107 [86.2

A406644-str-008  [AWL Grip Carinthia Blue | 260pm 905140 1138 [31.0 127 |87 |86.1

A406644-str-009  [AWL Grip Dark Green | 270pm 86,6 |79 18,0402 |188 'Iﬁ.B 86,7

A406644-str-010  [AWL Grip Dark Green | 250pm 866 |80 1203 (403 [20.1]17.2 |874

A405644-str-011 AWL Grip Dark Green 27 0pm 873 |62 11781399 (2021156 |87.5

A406644-str-012 | AWL Grip Dark Green 265pm 87,9 |46 |16.8 396|205 18,0 [871

A406644-str-013 | AWL Grip Dark Green 265pum 893 |50 11301342 1781146 [87.2

A406644-str-014 | AWL Grip Dark Green 265um 871 7.1 11661392 1199 117 3 |87.4

A406644-str-015  [AWL Grip Dark Green | 275um 509136 118|299 [166 13,9 |871

A406644-str-016 [ AWL Grip Dark Green | 265um 86 |79 1206|423 [195]15.1 |86.6

A406644-str-017 Mankiewicz | Carinta Blue | 250pum 966 110 |30 |46 |37 |40 |88E

AADEEA4-str-018 Mankiewicz | Carinta Blue | 250pm 967 |10 (22 |38 |25 |23 |89.2

AA06644-str-019 Mankiewicz | Carinta Blue | 260um 66 110 [28 |49 |24 |21 |&882

AA06644-str-020 Mankiewicz | Carinta Blue | 260um 966110 |26 |50 |31 |40 |&8.8

AADEEA4-str-021 Mankiewicz | Carinta Blue | 265um 966 |10 |28 |51 |38 |42 |889

A406644-str-022 Mankiewicz | Carinta Blue | 250um 967 |10 (24 |44 |29 |40 |887

A4DEE4A4-5tr-023 Mankiewicz | Carinta Blue | 265pm 956 110 |27 |45 [27 123 |BBE

AA0E644-str-024 Mankiewicz | Carinta Blue | 250pm 966 |10 |27 |56 |30 |33 |&8.8

AADGE44-5tr-025 Mankiewicz | Dark Green 285um gas |51 |17 336|236 2;3.? 88 .4

AADEE44-str-026 Mankiewicz | Dark Green 290um 914126 [142 292 202|225 |67 4

AADEE4A4-5tr-027 Mankiewicz | Dark Green 270pm 891 |57 [183 343|232 |26,7 [88.1

A406644-str-028 Mankiewicz |Dark Green 285um 902 140 (149 (325|202 270|832

A406644-str-029 Mankiewicz | Dark Green 275um gEE 160 |15 358|286 1333 ]83.0

AA06644-str-030 Mankiewicz | Dark Green 280pm 503127 |14 BE5212 1262|883

AADEE4A4-str-031 Mankiewicz | Dark Green 280um 871162 [17.7 404 |28 ]330 |&876

AADE644-str-032 Mankiewicz | Dark Green 280um gé 7152 [155 361|251 311|887
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Table 2: determination of wave scan after polishing method

Schicht- Glanz nach | AE nach Politurverfahren
Proben-Nr. System Farbton dicke DOl du |Wa Wh Wc_ |Wd 1000 h QUV _|1000h QUV
A406644-str-001 AWL Grip Carinthia Blug | 250um X X X X X X 265 361 Unpaliert
Ad06644-str-002  |AWL Grip Carinthia Blue | 250pm X X X X X X 212 4,69 Unpoliert
AA06644-str-003  |AWL Grip Carinthia Blue [ 255um 897 [46 |99 332 (143 (107|183 444 3 M Finesse It
AA06644-str-004 | AWL Grip Carinthia Blue [ 250um 912 [23 |93 308 147 (1131265 345 3 M Finesse It
A406644-str-005  |AWL Grip Carinthia Blue [ 260pm 885 (92 |14 307 |149]94 [216 5,22 Nobelclean
AA06644-str-006 | AWL Grip Carinthia Blue [ 270um 922 [37 |61 249 (116 (82 261 417 Nobelclean
A406644-str-007 AWL Grip Carinthia Blue [ 255um 915 |23 |81 29.6 146 1133 |27.1 3,92 3M Finesse It + Nobelclean
A406644-str-008 AWL Grip Carinthia Blue [ 260pm 912 |38 |72 286 [134 114 (270 403 3M Finesse It + Nobelclean
A406644-str-008 | AWL Grip Dark Green 270um X X X X X X 0.7 12,12 Unpoliert
A406644-str-010 AWL Grip Dark Green 250um X X X X X X 0.8 12,05 Unpaliert
A406644-str-011 AWL Grip Dark Green 270um 91,0 [40 |87 292 148 ([119]07 12,76 3 M Finesse It
A406644-str-012  |AWL Grip Dark Green 265pum 910 [33 |87 30,3 [139 (11,1 ]1.0 10,9 3 M Finesse It
A406644-str-013 AWL Grip Dark Green 265um 931 |47 |68 181 95 190 |04 1457 Nobelclean
A406644-str-014 AWL Grip Dark Green 265um 923 |57 |77 202 |58 |10,7 |07 13,11 MNobelclean
A406644-str-015 AWL Grip Dark Green 275um 890 |57 119 [344 153 [115]03 16,10 3M Finesse It + Nobelclean
AA06644-str-016 AWL Grip Dark Green 265um 855 [121]134 366 |185]168 (0.7 12,99 3M Finesse It + Mobelclean
A406644-str-017 Mankiewicz | Carinta Blug 250pm X X X X X X 16,6 571 Unpoliert
A406644-str-018 i Carinta Blue 250um X X X X X X 237 511 Unpaliert
AA06644-str-018 Carinta Blus 260um 953 (23 |40 95 38 (27 276 445 3 M Finesse It
A406644-str-020 Carinta Blue 260pm 94,7 [3.2 |50 106 |62 |78 [273 471 3 M Finesse It
A406644-str-021 Carinta Blue 265um 946 |35 |51 108 |50 (38 [213 541 Mobelclean
A406644-str-022 Carinta Blue 250um 936 |54 |59 125 |56 [52 [295 437 Nobelclean
A406644-str-023 Carinta Blue 265um 955 |19 |30 9.0 39 |39 (277 5,00 3M Finesse It + Nobelclean
A406644-str-024 Carinta Blue 250pm 944 |43 |39 100 |43 [27 239 516 3M Finesse It + Nobelclean
A406644-str-025 Dark Green 285um X X X X X X 1.0 13,63 Unpaliert
A406644-str-026 Dark Green 290um X X X X X X 0.3 14,94 Unpaliert
AA0B6644-str-027 Dark Green 270um 943 (24 148 168 11221191 (03 16,39 3 M Finesse It
A406644-str-028 Mankiewicz | Dark Grean 285um 926 (44 |70 20.1 131|170 |0.3 1595 3 M Finesse It
A406644-str-029 Mankiewicz | Dark Green 275um 928 |67 |79 137 16,2 [246 |02 15,43 Nobelclean
A406644-str-030 Mankiewicz | Dark Green 290um 922 |68 |69 178 |58 [174 109 13,51 Nobelclean
A406644-str-031 Dark Green 280um 934 |33 |63 193 165 (254 |04 15,64 3M Finesse It + Nobelclean
A406644-str-032 Mankiewicz | Dark Green 280pm 947 |21 |39 155 165 [18,1 103 16,33 3M Finesse It + Nobelclean
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3.2.3 Polishing / sealing of the surfaces before QUV — weathering

The following pictures 12 and 13 show the difference between the outsourced samples not
treated and samples sealed before. In these tests the samples were sealed with the
Nobelclean method before outsourcing.

Glanzgrad 20°nach 1000 h QUV
100
B89
oo s 87.1 —— &7.9 O Slanz vor
— ] Behandlung
80
B Glanz nach
70 1000 R QU
60 [ Glanz nach vorheri-
AT 1 ger Mobelclean Versie-
S0t ' gelung + 1000h QUY
406
30
3.9 b0, 2 21,2
- 16
10
0.5 06
0
AWL Grip Carintia Blue  AWL Grip DarkGreen  Mankiewicz Carinta Glue Mankiewicz Dark Green

Picture 11: Determination of the gloss grade with additional polish sealing

¥-Rite 45°/ D83 Delta E nach 1000 h QUV
L
14,28

141 O Delta E nach

1000 b 2L
2 12,08
- O Delta £ nach vor-

heriger Mobeiclean
10 Versiegelung

+ 1000 h QU
a !

.51 -
" 5. 551
4,15
-}
243 244
E_
o — — ’
AWL Grp Carnthia Blue  AWL Grip Dark Green Mankigwicz Cannta Blue Mankizwicz Cark Green

Picture 12: Determination of the gloss grade with additional polish sealing
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4 Discussion of the measurement results

Determination of the gloss grade:

After 1000 hours of Q.U.V- outsourcing the gloss grade of both color tones (Carint(hi)a Blue and Dark
Green) extremely decreases. However there could not be observed a difference between the lacquer
systems. Due to an additional polishing of the lacquer coating weathered the gloss grade of the original
value at the beginning is approximately achieved. The traditional polishing method as well as the
polishing technique of Messr. Nobelclean achieve the same good values. A combination of both
polishing methods does not improve the gloss grade. After another 1000 hours of Q.U.V. outsourcing of
the polished lacquer samples there are however achieved significantly higher gloss grades than after
the first Q.U.V. outsourcing. Here the polishing method of Messr Nobelclean does a bit better and the
gloss values are a bit higher.

Determination of the color tone:

After the Q.U.V. outsourcing the color tone of both lacquer systems descreases drastically and the AE —
values (up to a value of >14) are for the green color tone are outside the limiting value of the standard
DIN 6174. It can be observed that only the L — values change significantly. There cannot be realized
any color tone shift in the color axles a (red — green) and b (yellow — blue) respectively in both lacquer
systems. There were not observed any differences in the lacquer systems. The color tone difference
and the AE - value decreases below 1 by polishing the lacquer coating. The polishing with the products
of Messr. Nobelclean is significantly better than the traditional polishing. A combination of both polishing
methodas does not bring any advantage in this case. After a further artificial weathering of the samples
polished a change of the color tone and the AE — value can be observed, but the AE — values of the
Nobelclean samples are significantly better and the limiting values ( AE — value < 10) can be kept.

Wavescan:

Unfortunately Wavescan measurements were only possible before outsourcing and after polishing.
After the Q.U.V. - outsourcing the samples were too dull. A significant difference between the same
color tones of both lacquer systems could not be realized, but there are however significant differences
between both color tones of the same lacquer system. The ,Carint(hi)a Blue* shows significantly better
values than ,Dark Green®. After polishing of the lacquer sample weathered the same test values could
be achieved as before the outsourcing.

Polishing and sealing of the coating:

A previous sealing of the coating with the products of Messr. Nobelclean shows a significant
improvement of the test results after a Q.U.V. outsourcing. The gloss limiting values and the AE —
values of the surface sealed are significantly besser after the Q.U.V outsourcing than without sealing.

Here also no significant difference between both color tones of both lacquer systems has been
realized. The color tone ,Carint(hi)a Blue* shows a better performance than the color tone ,Dark
Green®.

5 Summary

The aim of this project was to compare two coating systems with the variation of the color tone in their
optical properties after an artificial weathering (Q.U.V) and to evaluate the color stability.

The tests carried out have clearly shown that the color tone Dark Green has always shown worse
results concerning the gloss grade and color tone changes in both lacquer systems than the color tone
Carint(hi)a Blue. After a Q.U.V. outsourcing the gloss grade has decreased significantly and the color
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tone change has increased. There could not be realized any other differences between the lacquer
systems of AWL Grip and Mankiewicz.

The original gloss value and color tone of the lacquer samples weathered could be achieved by

polishing. The polishing tests have showed at the same time that the polishing method of Messr.
Nobelclean shows better test results than the traditional polishing method. A combination of the

polishing methods is not usefull and no improved coating can be achieved.

A sealing of a coating with the products of Messr. Nobelclean before results in a significantly improved
weathering stability in the Q.U.V. test than the traditional polishing. This additional sealing is for the
outer coating of ships at Lirssen useful.



