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Environmental sustainability and efficiency are both of very high
priority for ECKART. This is proven by our constant innovations in
the field of effect pigments for waterbased coatings systems.

ECKART developed with the products

STAPA® HYDROLAN
STAPA® HYDROLAN S
STAPA® HFG

STAPA® HP Z

STAPA® HYDROMIC
STAPA® HYDROXAL E
HYDRO PELLETS
HYDROSHINE

Flake-shaped, “leafing” and “non-leafing” aluminium pigment
pastes, that were stabilized in various different processing steps,
in order to meet our customers’ highest demands. These pigments
are not only water dispersable, but they also allow the formulation
of gassing resistant and storable aqueous metallic lacquers based
on aluminium pigments for various fields of application.

STAPA® HFG, stands for Hydro Food Grade. The pigments are PAH
free and compliant with various European standards regarding
food contact. STAPA® HFG has also been approved by the FDA.

Under the product name HYDRO PELLETS, ECKART offers alumin-
ium pellets for water-borne coating systems. The usage of alumin-
ium pellets makes the dispersion process easy, increases manufac-
turing efficiency and provides easy handling and dust-free dosage.

With the product HYDROSHINE, ECKART offers highly brilliant
effect pigment dispersions for waterborne coatings. HYDROSHINE
is based on the most advanced PVD aluminium pigments. PVD
pigments allow the realization of unique mirror-like effects that
offer manifold design options. They are produced in a special PVD
(Physical Vapour Deposition) process which guarantees their
captivating optical appearance.
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When using our aluminium pigment pastes for aqueous systems
the same general recommendations apply as for conventional
aluminium pastes. To achieve the optimum pigment dispersion and
develop the full potential charateristics of the metallic pigment,
i.e. — brightness, brilliance, coverage and tinting strength,
distinctiveness of image (DOI), flop (two tone) we recommend
predispersing the aluminium pigment paste in suitable solvents,
i.e. — water, butyl glycol, methoxypropanol, isopropanol in a
proportion 1:1 or 1:2.

At the same time it is recommended to gradually add the solvent
to the aluminium pigment paste whilst stirring constantly. Upon
completion of the solvent addition, the slurry may be stirred
more thoroughly to ensure complete dispersion. In addition, some
benefits may be observed upon holding the pigment/solvent slurry
for a period of time before any further processing is done. Please
note the mixing blade should be close to the bottom of the mixing
vessel in order to ensure complete dispersion of the pigment paste.
The diameter of the mixing blade should be 1/2 to 3/4 the diameter
of the mixing vessel.

Following is a recommended procedure:

— First add the aluminium pigment to the mixing vessel,
then add solvent and if necessary — a wetting agent

— After thorough mixing, check for any undispersed pigment

— After thorough mixing has been achieved, other formulation
components may be added.

Ad(dition of suitable wetting or dispersing agent can be beneficial.

Aluminium pigment pastes are compatible with a variety of anionic,
cationic and nonionic emulsifiers.
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The following products have been successfully tested in different
binder systems and found to be suitable (This list does not claim to be
complete but can be used as a guide for initial tests.):
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STAPA® HYDROXALE,
STAPA® HYDROMIC,
STAPA® HYDROLAN
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— Disperbyk 192
— Byk 011
- Byk 347
— Agquatix 8421
- Additol XL 250

In both solvent and waterborne coating systems, extensive
mechanical stress due to high shear forces should be avoided. High
shear may result in deforming and/or fracturing of the pigment
particles. This damage will reduce the optical properties, gassing
stability and overall shelf life of the product.

Low shear mixing blades are recommended, their diameters
have to be adjusted to the size of the mixing vessel (see above).
Suggested mixing speed for dissolver blades is 500 —800 rpm.
Other parameters determining the performance of the aluminium
pigmented coating material are the pH-value and the additives for
adjustment of the pH-value in the coating material that influence
shelf life and gassing stability.

According to our own experience, coatings with a pH-range
between 5-8 can be produced with sufficient stability by using

STAPA® HYDROXAL E,
STAPA® HYDROMIC and
STAPA® HYDROLAN types.

However these limits are dependent on the binder system used
and therefore testing and control of gassing is very important
in both development and manufacture (the testing methods
“boiling test” and “40°C test” are described in the annex).

In all cases the binder system has to be adjusted to the correct
pH-value before blending with the aluminium paste slurry. When
choosing suitable additives for the adjustment of the pH-value such
as Ammonium Hydroxide, TEA, DMEA, AMP 90, TMEA and others,
it should be considered that products like Ammonia or TEA have a
more disadvantageous influence on the gassing stability than e.g.
DMEA or AMP 90.
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The sandwich type structure of the silica encapsulated aluminium-
flakes provides aluminium pigments with a high resistance to
degradation. Simulation of the mechanical stress is afforded by
means of a “Waring Blender Test”*. The shear stability of the
pigments is divided into three levels, depending on the L values at
20°C (CIELAB):

AL < 5: non degrading
AL = 5-10: semi degrading
AL > 10: degrading

Comparable to untreated aluminium pigments.

Storage stability (at room temperature) of the silica coated
aluminium flake type is 24 months.

Cielab L fEZE 4k / Cielab colour differential [AL]
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* Waring Blender Test: A method to simulate the degradation resistance of effect
pigment lacquers. The test, originally developed by an US located OEM manufac-
turer, allows comparisons of degradation resistance trends within short testing

periods.
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B (EEH/ ER GBI
Non volatile content (pigment) Volatile content
(solvents)

TRIBAT M /acc. to
DIN 55923 + 2%

RABIR I /acc. to
DIN 55923 + 2%

8 Aluminium B £ Coating
RS/ Type % %
212 61 4 35
214 61 4 35
2153 61 4 35
2154 56 4 40
2156 56 4 40
2192 55 5 40
2197 57 3 40
3580 52 3 45
3590 47 3 50
1540 61 4 35
1560 56 4 40
1580 56 4 40
161 54 6 40
501 53 7 40
701 55 5 40
801 54 6 40
8154 54 6 40
9157 53 7 40
9160 56 4 40
9165 54 6 40

iR4BHRf/acc. to DIN 53196

HYDROLAN is a silica encapsulated aluminium flake with long term
stability in waterbased coatings. This heavy-metal-free stabilisation
technology quarantees gassing stability and optical properties
comparable to chromate passivated pigment types. The pigments
are organically modified at their surface. They show high brilliance,
whilst no degradation under high shear stress is observed. The
product is stabilised without using a heavy metal compound.

We offer the following product portfolio:

BHAFEEAT/Nasssiebung mit organi- RIE DR/
schen Losemitteln als Spuilflussigkeit/
Screen analysis/Wet sieving with organic
solvents as rinsing liquid

Particle size distribution

103028 /determined with HELOS**

<71 pm <63 pm <40 pym D10 D50 D90

M™METF min. % £9/approx. [pm]

99,5 - - 30 55 82
99,9 - 20 36 56
- 99,9 15 26 40
- 99,9 1 21 35
- 99,9 10 20 33
- 99,9 8 16 28
- 99,9 6 13 26
- 99,9 8 14 22
- 99,9 7 13 21
- 99,8 14 26 45
- 99,9 9 17 29
- 99,9 6 12 21
99,9 - 12 28 50
99,9 - 1" 27 49
99,9 - 7 20 41
99,9 - 6 18 36
- 99,9 10 22 37
- 99,9 10 23 39
99,9 - 5 14 28
99,9 - 5 14 28

STAPA® IL HYDROLAN 7KI% 5332 &5 R AEZ / STAPA® IL HYDROLAN pastes contain isopropanol

BLAISEIGELERT / Further products upon request

* BF %1871 / See page 18
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The STAPA® HYDROLAN S series consists of the extremely thin silver-
dollar pigments of the SILVERSHINE S series. STAPA® HYDROLAN
S was developed especially for water-based coatings systems.
A new heavy-metal-free stabilization procedure encapsulated
conventional aluminium pigments with a transparent and homo-
geneous silica layer.

STAPA® HYDROLAN S closes the gap between conventional silver-
dollars and PVD pigments: The narrow particle size distribution
results in a very bright, chrome-like appearance. from a functional
point of view, STAPA® HYDROLAN S convinces with its extremely
strong hiding power, an excellent gassing stability and a high shear
stability.

B & 15/ KI1243%6 / Particle size distribution il

Non volatile content

1030188 / determined with HELOS* Solvent

#3 / approx.[um]

#S/Grade % D10
412 50 8
415 65 10
418 60 12
422 60 14
1100 50

1500 20

2100 60 1

B LR SOIRELF" / Further products upon request
* B[#551811 / See page 18

D50 D90

14 22 FAEE / Iso-propanol
19 32 FAER / Iso-propanol
22 38 SWEZ / Iso-propanol
26 45 SAEE / Iso-propanol
9 13 FPAEE / Iso-propanol
14 23 FAER / Iso-propanol
20 32 SWEZ / Iso-propanol

STAPA®

STAPA® HFG 2—RFIHIFMeIF A SRENR, BINKISHNEE
MREHAIE, ERTHRREEERIKIESRE, BIFN=1F
HFG RSB REK.

STAPA® HFG & PAH, fFERUNZ X T BRIEMIFEAE
f, ERNtBELEFTS:

— FDA JAIE 175.300
— KRMNETEARAE EN 71-3 (B Nov. 2002)

&lt, STAPA® HFG REREATITA. 8. BimsEAEERA
AL ZIKME RS =AW R MR, BIRAE, BEISNIFRIE T
HARINL,

BIAMDERRD) / Non | BHUARE ATET/
volatile content
(pigment), solvents as rinsing liquid

1RIBATfE/acc. to DIN 53196
1RIEFRE/acc. to DIN

55923
+2%, in %
<71 um <63 pm
AMETF min. %

212 65 99,5 -
214 65 - 99,9
501 60 - 99,9
801 60 - 99,9

B LBISANEELEFT / Further products upon request

STAPA® HFG is a worldwide unique product innovation for water-
borne coatings in the field of applications with direct food contact.
HFG means Hydro Food Grade. The aluminium pigments used for
this product are specially coated and stabilized.

STAPA® HFG is PAH free and compliant with various European
standards regarding food contact. Amongst others, STAPA® HFG
is in accordance with:

— FDA approval 175.300
— European standard for toys EN-71-3 (as of Nov. 2002)

For this reason, STAPA® HFG is perfectly suited for applications
such as toys, packagings, can coatings or for the coating of cook-
ware. This water-based product solution provides the desired
expressive optics for your application: from a soft, greyish shade
to high-sparkling effects.

Ki#Z 507 / R / Effect

Screen analysis/Wet sieving with organic  Particle size distribution

10301Y28 / determined with HELOS*
24 /approx.[um]

D10 D50 D90

24 / approx. [um]

30 55 82 BN / Very sparkling

23 39 63 NI / Sparkling

1 27 49 =B / Brilliant

9 22 41 #23¢, 5= / Silky gloss, bright



STAPA® STAPA®

STAPA® HP Z RAIIRE MR BEIIBFEEN, JBTFREIR  STAPA® HP Z is a product series of encapsulated Aluminium pig- STAPA® HYDROMIC EHIEHIIKERERY ENEENRL  STAPA® HYDROMIC - as the most current product development -
EHIENRHE, HEIE B TR MEERTE AR AR, ments for the coating and printing industries and can be applied in @I R INFISERR, NEAPEQ, IIh4h, ZRFIFEK, AMIEAEZST  enriches the portfolio of effect pigments for water-based coatings
either water-based or solvent-based formulations. Y systems.

The pigments of the STAPA® HYDROMIC product series are addi-
tive-stabilized and free of APEQ. In addition, they do not contain
water and are thus ideally suited for air freight.

B4 (ED/ BFEE KN/ et
Non volatile content (pigment) Type of Solvents Particle size distribution  Pigment Type
*
IRIEAT A /acc. to DIN 55923 + 2% D50 [pm]
BE /Type % JEMME approx.
3405 IL 65 SRE / Iso-propy! Alcohol 34 Silver Dollar / 87T A (BEh/ BRBOEF) BB BHARLD AT/ LRES ki ELEB(BREE)/
Non volatile Volatile content Type of sol- Screen analysis/Wet sieving with Particle size distribution Specific gravity
2600 IL 60 SPE2 / Iso-propy! Alcohol 26 Cornflake / EKEEL content (solvents) vents organic solvents as rinsing liquid (typical value)
(pigment)
2505 IL 65 SAES / Iso-propyl Alcohol 25 Silver Dollar / R 75! 1RIBAR A /acc. 1R4E4T /acc. to DIN 53196 103038/
TR¥EFFHE/acc. to  to DIN 55923 determined with TRAIBARE/
1805 IL 60 FAER / Iso-propyl Alcohol 18 Silver Dollar / $2 7t 2! DIN 55923 +2% +2% <63 pm <40 pm <25  HELOS** acc. to DIN 53217
ym D50
1405 IL 60 SREZ / Iso-propyl Alcohol 15 Silver Dollar / Rt 2 BS/Type % % * FMEFmin. % 2Y/approx. [pm] 2/approx. glcm?
Cornflakes EXKH &
=STic] _ -l - A
1400 IL 60 S ABZ / Iso-propyl Alcohol 14 Cornflake / KB 161 65 35 TE/BG . 98,5 . 28 15
Y . . . o 501 65 35 TE/BG = 99,0 = 26 1.5
1205 IL 45 S ABZ / Iso-propyl Alcohol 12 Silver Dollar / $27c2Y 18 65 35 TE/BG - ~ 99,9 12 s
1005 IL 45 SFSE / Is0-propyl Alcohol 10 Silver Dollar / $R7E5Y E0] 65 ED S/ G - Lo - L 2
8154 65 35 TE/BG - - 99,9 22 1.5
9160 65 35 TE/BG - 99,5 = 15 1,5
Silverdollars $RTE!
212 99,8 = = 53 1,6
214 70 30 TE/BG - 98,5 - 36 1,6
B . ,
" BIAR1801/ See page 18 2153 70 30 TE/BG - - 99,5 26 1,6
2154 70 30 TE/BG - - 99,5 21 1,6
2156 70 30 TE/BG - - 99,5 19 1,6
2192 70 30 TE/BG - - 99,0 17 1,6
2197 65 35 TE/BG = = 99,5 10 1.5

B RISTIEEET" / Further products upon request

* BG = _E2 T Bf / Butyl glycol, TE = 200#5A575 8 / Mineral Spirit
** Z[F) %1801/ See page 18
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HYDROXAL 23789 E F1 E Seed RFIAE APEO, nliHE RHTHE
AT ATEER,

HYDROXAL E NE&FRE ], AIBFLEKEERI R ERER.

HYDROXAL E Seed A&FREF, FEMKFNNEZIEMEER
*O

HYDROXAL DC #1 HYDROXAL M E#AE APEO, 43S S ZE1E
SRR ENR 22 E o

B EED/ TBTZEEY
Non volatile content Type of solvents
(pigment)

RIEAR A /acc. to
DIN 55923 + 2%

The new E and E Seed series are free of APEO and meet the latest
requlatory and technology standards.

HYDROXAL E types contain a biocide to prevent the water-
containing pastes from fungal attack.

The two special HYDROXAL E Seed types are free from biocides -
following the regulatory limits in the field of seed coatings.

Additionally available are water containing HYDROXAL DC and
HYDROXAL M, which are as well APEO free and most suitable for
use in decorative paints and for printing purposes.

KIZ 570/
Particle size distribution

IR EE/
determined with HELOS***

BUFTIEBY HYDRO PELLETS fREIEIR]LARIBYIR FHAE P A~ M
BRI, ZT @S VOC, Bl 2iRfE, BT o8B RN
it &,

HYDRO PELLETS SJEFKMEEARM T IRAR, FEREFT
FREE, KIE GHS, TET MR,

The innovative HYDRO PELLETS silver pigments step up business
efficiency and increase sustainability at the same time. Dosed
automatically, the VOC free product allows safe handling and dis-
perses easily.

It can be employed in waterborne systems for wall paints and
industrial coatings. HYDRO PELLETS does not contain biocides or
formaldehyde. As a result, it is classified as not dangerous accor-
ding to GHS.

BIAERREL) / Non volatile content (pigment), FRRIFZIR/ KRN /
Particle shape Particle size distribution

RE/Tpe TR/ peded sk d D10 D50 D90
==ip % * Particle shape Leafing property 2/approx. [pm]

E211 70 W SRt AY/Silverdollar JE5%/Non Leafing n.s.** 80 (n.5.**) n.s.x*
E212 70 W Rt 8/Silverdollar JE7¥/Non Leafing 30 54 83
E214 80 W fR7cAl/Silverdollar JE5%/Non Leafing 20 35 54

E 161 65 W K A8 /Cornflake JE3¥/Non Leafing 13 29 49

E 601 65 W EAKFE/Cornflake JE5%/Non Leafing 8 23 44

E 801 65 W KA /Cornflake JE5%/Non Leafing 6 18 35
E2nl 65 W K A8 /Cornflake JE3¥/Non Leafing n.s.x* 26 n.s.x*
E4n.l 65 w F KRB /Cornflake JE3%/Non Leafing n.s.x* 17 n.s**
FRFIRRSRERN / SEED Grades without biocide

E 4 Seed 65 W EKFA B/ Cornflake 778/ Leafing 6 20 47

E 8 Seed 65 W F KK B /Cornflake 7#8Y/Leafing 6 15 31

* W =K / Water

** RARER / not specified

*** 251801 / See page 18

1RIBAT E/acc. to DIN 55923

+2%,in %

A=/Grade

5000 100
3500 100
2600 100
1800 100
1700 100
1500 100
1300 100
1200 100
1000 100

10 501XE3 / determined with HELOS*

£/approx.[um]

D50
§R75EY / Silverdollar 55}
$R7TA / Silverdollar 33
EHKEE / Cornflake 27
KR / Cornflake 19
$R7cZ / Silverdollar 17
$R7cA / Silverdollar 15
$R7tA! / Silverdollar 13
Ryt / Silverdollar 12
E KA / Cornflake 10
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BiklE 8/ KEDH/ il
Pigment content  Particle Size Distribution | Solvent
BS/Grade % D50 £/ approx. [um]
IR ERL / Additive-stabilized pigments

WS 1011 23 12

WS 4021 10 10

TEEEEEER / Heavy-metal-free encapsulation

FAEE / Iso-propanol

HYDROSHINE is a highly brilliant effect pigment dispersion for
waterborne coatings based on the most advanced PVD aluminium
pigments. ECKART offers a choice of different technologies to
meet customers' specific demands for gassing stability, humidity
resistance and optical performance.

Additive-stabilized pigments:
Pigments available in different solvents.

Passivated pigment for dark, chrome-like effects.
Pigments with heavy-metal-free encapsulation:

High chemical and hydrolysis resistance. Highly brilliant chrome-
like effects.

Darkest pigment within the HYDROSHINE WS portfolio,
pronounced flop. Outstanding chemical resistance.

Depending on the desired effect the typical pigmentation will vary

between 0.5 % and 1.5 % (solid content of aluminium pigment).
The pigment to binder ratio should be between 1:5 to 1:10.

R/
Properties

BB / Highly brilliant

Z B2 THE / Butyl glycol  BEIATEEEIR / Dark chrome-like effect

BRI R SIREN /

WS 3001 10 1 FAEE / Iso-propanol

WS 3003 10 " FAEE / Iso-propanol

WS 3004 10 " SPAEE / Iso-propanol
A EZFE /

WS 4001 10 10 Methoxy-propanol
EEfs . 7 — S TR

WS 4140 10 14 PRS2 T

Iso-propanol-Butyl glycol

Very high chemical resistance and gassing stability
SHEAFHR/

Excellent optical effects

S FEYE, RBEREEE/

Highest chemical resitance, very good intercoat adhesion
REGIE, BIEmE /

Extremely dark pigment. High chemical resistance
EeEBRREEME /

Very high brilliance and chemical resistant

STAPA®/STANDART® R%I<5 BEUEIBR T 1ZIR RIS A BENE
ME#HTEINNTREERLIN, TER L LEMNEF R
5m|JO

REBMIZ, UM T:
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- XN FAMERERIIL Y

STER A BB 210 N 835!
— Tt (FBRELLRIRRITHLE)
TR#BAT & DIN 53196 5 ASTM 11
— FERBFRRIONZST R DT TIe
75 AR 1SO 13320-1

ST SR BT B9 B o)
— BAHRIBELD BN
TRIEFTE DIN 55923
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In addition to determining the quality criteria specified in the data
sheets, the quality control applied in connection with the STAPA®/
STANDART® metal pigments comprises comprehensive testing of
optical aspects.

As a rule, the following tests are carried out:
— Tests on the pigment, and
— tests in the application.

The quality characteristics determined directly on the pigment are
as follows:
— Sieve analysis (limit size particle sieving)
according to DIN 53196 or ASTM 11
— Particle size distribution according to the laser granulometer
method ISO 13320-1

In addition, for all pastes
— Volatile or non-volatile content in accordance with DIN 55923

In addition, for aluminium pastes for aqueous systems
— Gassing stability (not standardized)

The tests for the optical quality characteristics of a paint
application (visual and/or instrumental) include the following:
— metallic effect (flop)

— brightness

— brilliance

— distinctiveness of image (DOI)

— color saturation

tinting strength

covering capacity

15



23R 50 B — A MR BEHE KRR R SAR E MRV 75 5%, Mt
EANE 152 8 (D) RiE (E22K ¥ TERESE)
BERET, BY 400m EKFEERETE,

MENIREHNREE, CEYEPENEEBE,

1. 150ml BYEBEFKIELE ¢ RINAREHS (RIFEDR) -

2.5 152358 (IRZIER, WIEEEREINERD) n8FI BT
BEA, 185 10 520 BR.

3. FEKE g AT E f PRREAT AR h &,

4 REEEID BURANINER ¢ B, ARE R, iIcRAaTE,

5. NEREARHMSBEARENEE, M@ MEaKE
i g OB EERIVRIL SEBHRBNRAZNE MR i BY, 12R4E
REYEl. (GRAVEARAMEF AR A B RES)

6. XL ES a AIINHER b BIRRIR, AEHTHAE do

This test is a method to measure the gassing stability of aluminium
pigments in water. Being measured is the time during which 1 g of
aluminium (solid) produces 400 ml hydrogen at the temperature of
the boiling liquid (mainly water, see below).

Attached is a schematic drawing of the apparatus with a list of the
necessary equipment.

1. 150 ml of dem. water is heated to boiling point (under reflux) in
flask c.

2.1 g of aluminium as powder or paste (if using an aluminium-
paste the non volatile content is to be considered) is dispersed in
butyl glycol to get 10 g dispersion.

3. Adjust the level of the sealing liquid in burette f with the leveling
bottle g to the upper mark h.

4. Add the aluminium dispersion to flask c and reclose tightly. Note
time.

5.To avoid an over pressure in the apparatus by the hydrogen
evolution, the level of the sealing liquid in g and f should be
adjusted by moving the leveling bottle g down. When the level
of the equalized sealing liquid reaches the lower mark i; note
time again. (We are using a magnetic fload valve and a time
recorder to be time-independent).

6. Switch off magnetic mixer a and heater b and open drip tube d.

AR ke

a

b) Nz
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)
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a) magnetic mixer

b) heater

¢) 250 ml flask (two necked)
d) drip tube

e) refluxer

f) 400 ml burette with sealing
liquid (colored water)

g) leveling bottle
h) upper mark

i) lower mark
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The measurement of the particle size distribution (typical value), is
standardised according to ISO 13320-1.

Besides hardware (equipment manufacturer and type) and soft-
ware (computer program and plotting device), the results of the
laser granulometer are highly dependent on the following para-
meters:

— way of dispersion
— dispersing devise
— dispersing medium
— dispersion energy
— dispersion time

The standard dispersion method applied to the specimen is by
ultrasound. One can either use the built-in ultrasonic bath or
preferably the specimen can be prepared in an external ultrasonic
dispersion bath.

The higher the ultrasound frequency or the greater the energy
concentration in the dispersing vessel, the “finer” the specimen
will appear; this is because more super fine particles have been
dispersed. In cases of an extremely high energy concentration,
super fine particles will be generated by mechanically breaking
off from the original pigment.

The effect of the dispersion time is shown by the median value
(D 50) falling as the dispersion time rises, i. e. once more the
appearance of the specimen is “finer”.

Compared to the dispersion energy and time, the dispersion
medium plays a relatively minor role, the medium generally
used for QC purposes is isopropanol. The material properties
of the device should be checked before using other solvents.

A detailed description of the testing method (test instruction)
applied by ECKART can be obtained upon request.
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Ground stopper
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. Screw cap
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—— MIRES (300 ml)
Basecoat (300 ml)
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300 ml gas washing bottle
Bubble counter with two chambers
Ground stopper

A 300 ml sample of the enamel containing aluminium flakes is
filled into the gas washing bottle.

The bubble counter is attached to the gas washing bottle.
The lower chamber of the bubble counter is filled with
25 ml water through the side neck.

The assembled apparatus is placed in a 40 °C bath and
allowed to reach equilibrium for 30 minutes.

When a constant temperature is established, the screw cap
has to be securely tightened.

The volume of water displaced from the lower chamber equals
the volume of gas (hydrogen) generated.

25 ml of generated gas in 30 days is the maximum acceptable
level.
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