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Introduction of Cie-Lab System

Several colormetric measurement systems have been developed in the past. Today the most
popular is the Cie-Lab system, based on the measurement of the light incidence of a
wavelength for each color. The results are displayed in a three-dimensional color system,
which enables the user to express each color in a numeric value and so ensures its

reproducibility.

Each color is clearly defined by three coordinates, named L*, a* and b*.

L*= light/dark value (axis) Cie-Lab model: 0

a* = red/green value (axis)

b* = yellow/blue value (axis)

Color comparison results are based on the calculated differences between the coordinates in
the 3-dimensional system. The reference value is called E*Lab.
To compare a determined color (here called “Y”) versus the reference color (here called “R”)

both values are calculated as follows and the result is value AE*Lab.

AEmw=VALZ+Aa?+ADT i ALY = R-LYY
Aa* =a*R-a'Y
Ab*  =b*R-b*Y
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Norms

Colormetric measurements are specified in following norms:
e DIN 5033 Part 1 measurement d/8

e BS 2782 Part 5: Method 530 A and 530 B / 1976

e ASTM E 1347

Tests are usually executed with different illuminations as

D65 - Daylight
A - Nightlight /Neonlight
TL 84 - Neonlight with bluefilter.

D 65 is used as standard reference.

Color comparison basics

Materials / Products

In a comparison of equivalent technical colormetric results, the optical appearance of colors

might still differ because of following reasons:

¢ Basic material of the color (e.g. paper, plastic, wood, metal, etc.).

Surface roughness

Kind of color pigments used.

Raw material base of color.

wood or metal).

extrusion).
In addition metallic-effect colors may differ, depending on:
e The angle of setting up the test equipment to the color surface.

e Metal materials used for the metallic effect.

Kind of color production/application (e.g. printing on paper, extrusion of plastic, painting on

Kind of e.g. HDPE product surface caused by production method (injection moulding,

PES.TEC Germany Phone ++49-6196-76681-0

Www.pes-tec.com



PES.TEC

PE Specialisten Technology

T1110-19 Colormetric Measurements of EDITION 0604
colored NOCX HDPE Pipes PAGE 4/10

Human eye evaluation

Human eyes evaluate same AE*Lab values different, depending on the color. AE*Lab values
start to be visible in general from > 0,8 for white and > 1,5 for red only, which means a
AE*Lab of 1,5 for red is nearly not visible, but the same AE*Lab of 1,5 for white seems to be

already close to the next color.

Test results

Test results of the same part and color might vary as follows:

- For each measurement upto +/-0,2 AE*Lab
- For different test equipment of the same model up to +/- 0,2 AE*Lab
- For use of different test equipment brands / models upto +/-0,5AE*Lab

RAL — color charts

To present our color variety of more than 200 colors for NOCX pipes we use

the worldwide most popular RAL — color chart.

The RAL institute, established 1925 in Germany, was the first to develop a color chart of
registered standard.

RAL colors are registered by so called RAL-numbers. Each RAL number/color has a
reference value (L*, a*, b*) in the coordinate system as explained before.

If using the original RAL — reference values to reproduce our HDPE colors, the optical
appearance slightly differs compared with the color of the RAL - color chart, because of the
reasons explained above. Due to our experience we modify the technical HDPE color values
in between a range of +/- 1 AE* to optimize the color appearance to comply to the RAL -

color chart as close as possible.

PES.TEC Germany Phone ++49-6196-76681-0 Www.pes-tec.com



PES.TEC

PE Specialisten Technology

T1110-19 Colormetric Measurements of EDITION 0604
colored NOCX HDPE Pipes PAGE 5/10
Evaluation of test results
The following table should give you an idea for the evaluation of the AE* results.
Table 1: Color appearance quality
PESTEC
norm evaluation of color difference RAL - color
AE* optical appearance comparison from comparison
Lab for chrom%tic 03m 3,0m
experts distance distance Examples
in room outside
* difference normally
O < AE Lab < 1 ,0 not visibel No No -
very small aberration, 9016 versus 9053
1 < AE* 4 < 2,0 | visible on(lay;(faor trained No No 2035 versus 9018
midium aberration, ver
2 < AE*.< 35| visible f(;ry Lemtrained oo No 3000 versus 3001
. . 3000 versus 3002
39 < AE* < 5,0| noticable aberration small No 3000 versus 3016
out of norm . 9016 versus 9001
5  =AMBm< 7Ol gpecifications middle Yes 13000 versus 3013
out of norm . 9016 versus 1013
7 < AE* < 9,0 specifications noticable Yes 2035 versus 7038
3000 versus 2002
out of norm clearly 3000 versus 3003
9 < AE*ap < 120 specifications noticable Yes gggg ://2;:3: ?812
9016 versus 9002

" The evaluation refers to high requirements for the production of colors used for, e.g.

automotive or paint colors. We assume more practical evaluation can be considered for the

use of NOCX HDPE pipes.
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General AE* value comparison

To give our customers an idea of the color change expressed by AE* we provide the

following comparison table referring to RAL reference values only.

Table 2: AE value comparison

RAL 7035

“Lichtgrau”
measured

AE*

versus
RAL 7047 |11
RAL 9018 |24
RAL 9002 |5,9
RAL 7044 |7,7
RAL 7038 |8,0
RAL 7032 |10,5
RAL 1013 | 11,7

NOCX Pipe color tolerances

RAL 9016
“Verkehrsweil*

measured

AE*
versus
RAL 9010 |1,6
RAL 9003 |24
RAL 9001 |6,8
RAL 1013 |9,7

RAL 9002 |10,1
RAL 1015 |154

RAL 3000

“Feuerrot”
measured

AE*

versus
RAL 3001 |3,7
RAL 3002 |4,0
RAL 3016 |4,3
RAL 3013 |7,0
RAL 3018 | 12,1
RAL 3003 |12,3
RAL 2002 |12,8

Tolerances of our NOCX pipe colors to the indicated original reference values are:

L*=+/-1,0 a*=+/-

0,8 b*=+/-0,8

but max. AE*Lab = +/- 1,0.
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NOCX pipe color test

We have tested 2 colored NOCX — samples which have been exposed for more than 10
years to the sunlight on bridges in southern Europe.

RAL 9016, white

RAL 3000, red

As declared in our Technical Information (Tl 110-29) on color recommendations for cable
stayed bridges, red is the most difficult color to UV — stabilize, which was confirmed in our

earlier UV — tests.

As shown in the attached graph, AE*,, of the tested color red RAL 3000, has varied in
average of 4,25 from the original value, measured 11 years ago. Compared on the RAL —
color chart, the red turned a little bit darker towards RAL 3002 color, but finally it remains the

same color.

PES.TEC Germany Phone ++49-6196-76681-0 www.pes-tec.com



PES.TEC

PE Specialisten Technology

TI1110-19 Colormetric Measurements of EDITION 0504
colored NOCX HDPE Pipes PAGE 8/10
:-::::m CIE Lab e Observer s e i Des
o o [
=~ . .- el lHlurminant: DES
STANDARD: Pipe Sampile after Production MEASUREMENT TYPE: Reflectance
Standard Hfum Le = b
Pipe Sampile after Production DBS 40, 483 41.473 22,035
A 45633 42,908 33701
TLA4 44 00 41 637 29158
Trial i LR a® [ DL* Da™ el DE=
NO 1, 11 years south europe DES ET AT 36,513 18184 3980 -3,560 Y ral 6,859
A 42 561 38,520 28618 4072 -4,380 =208 L8554
TLB4 40,269 37763 24,491 2811 4,373 -4 BET 74445
No 1., 11 years south surope  DBS 20,268 40,681 24.308 Az ‘oTaz 1273 1838
A 45319 41,636 34,780 1.314 273 1.080 FRFE
TLB4 42 55 41,268 30 835 1,125 -0.368 1477 1.893
Mo 2., 11 years south surope  DES 37 338 37.050 19574 3145 4423 3467 B.437
A 42803 38 637 28 065 -3.830 ATz - B3] 7374
TLBS 40 501 37414 24843 3579 073 4215 5 05
Mo 2., 11 years south europe Eﬁﬁ 393 40 B57 2433 L1683 0816 1277
45,381 41,846 34,780 -1.252 =1, 263 1.080
TLB4 42,996 a1 210 30,808 -1.082 0,427 1,448 i‘ﬁ
50.0

———— Pipe Sampie aft
NO 1, 11 yeawn s

Mo 1., 11 years
Mo 2., 11 years ¢
40.0 | Mo 2., 11 years
30.0
£
&
20.0
1000 ¢
U_UL/.........,..............._,,... ..... |
BE8395933285898C0R88C83823833828882883¢
Wavelength (nm)
Multitrial Color Difference/Spectral Graph Report Page 1

PES.TEC Germany Phone +4+49-6196-76681-0 www.pes-tec.com



PES.TEC

PE Specialisten Technology

EDITION 0504

TI1110-19 Colormetric Measurements of
colored NOCX HDPE Pipes PAGE 9/10
5130
1 Qptivien Gualty Control Version 5.1.3.0238
o f}Euh g 15:40
T4 - KAATEY Status: CRICSS e
STANDARD: Pipe Sample afer Production I
MERSUREMENT TYPE: Reflactance
I i — g
Pipe Samale ahsr Produehon . :i: | L“J&'! : 4473 - 3:.!— e e l ﬂ""“ _] Lo
48 BUE O 00000 | ooy
- 2 . e 5 o0 1000 1,000 10001000 1000
| : 2 Bl 10001000 410001000 -1.0001 60 110
= TLad 2480 4165 S5 000100 1,000 1 000 40001000 1000
5 I L ¢ oL b s
[0 11 e sauh e o# EE] ¥ 14164 A3 1380 3 ws
) [ | | A 55 38| -
_[mysoee | 47561 B0 A <401 : 35&; 5 -
\ - I = Lol o - - | -\-FI" : Tﬂ&}
- ‘ | ne | 0% ) ) 4| 47 457 T
2l 11 s soum e | o | ] &) 2438 1228 470 |7 _535:
_ [ty sidedoun A &3 4153 a0 T 17-13:'-? 112
= | & | 4255| 436 HeE 115 L 1--"i :J
i‘m; 11 jedrs soufh eurge 1] e k] 19574 31 "“3 : E
) L L 41 4 A 5437
_|seysdeng A o B Rl 38 4 483 T
7L 05| T 5 £ 705 "-1*. ﬂ =
N0 2. 11 yoars south eurape ok | 27| FEE ] = —
Uit 1 247 L] 127 1910
—i-s..r'r. s dm | A 45 %1 4154 BTE 1.4 0% '“
| : 43 T 2080
i T 18] I i
Color Difference
Page 1

PES.TEC Germany

Phone ++49-6196-76681-0

WWWw.pes-tec.com



PES.TEC

PE Specialisten Technology

T1110-19 EDITION 0504

PAGE 10/10

Colormetric Measurements of
colored NOCX HDPE Pipes

NOCX pipe AE* assumption on color durability

Based on the tested colors, we assume following NOCX color results:

The AE* results shown in the chart below refer to the original pipe reference measurement
after production with a tolerance of AE* = +/-1 to the RAL reference value.

The named color classes refer to our color recommendation chart, presented

in Tl 89, page 3, depending on kind of color and area section where the project is placed.

Table 3: Color class with longterm durability

Maximum AE* values of NOCX pipes

color class <7 years <10 years <15 years < 25 years
excellent AE <2,0 AE < 3,0 AE < 5,0 AE < 8,0
good AE < 3,0 AE <40 AE < 6,0 AE <10,0
critical AE < 5,0 AE <70 AE < 9,0 AE < 15,0
Conclusion

The colormetric measurement results of our tested NOCX pipes are excellent and support
our uv — test results. They show an advanced color formulation, we developed for our pipes.
The tested values are better than the common required values, specified for current projects

and so fully comply with the requirements.
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