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AR .HFEA ARG
AMOSIL®, SIKRON®, SILBOND®

EE
Al
SR

A% | quartz

Quartz, cristobalite, fused silica:
AMOSIL® SIKRON®, SILBOND®

* high Mohs hardness

* high chemical resistance

* favorable optical properties

2

T 3% | Industrial Coatings

FI A | cristobalite

ERA
TREMIN® 283, 939

s BEEREE

o TREMIN® 939 :
SR (L/D:8:1) HAR
TREMIN® 283 :
BORERL (L/D:3:1) LAR

L] Fag™
TREMIN® 939

Wollastonite:
TREMIN® 283, 939

* low Mohs hardness

o TREMIN® 939: angular particles
(aspect ratio 8:1) HAR

o TREMIN® 283: blocky particles
(aspect ratio 3:1) LAR

KA .BRES:
MICROSPAR®, TREMINEX®

s WRREE
» BLEmHE
o XFMREMR
* FIRERL

P
TREMINEX®

Feldspar, nepheline syenite:
MICROSPAR®, TREMINEX®

e medium Mohs hardness
* high chemical resistance
« favorable optical properties

e platelet-like particles
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Features of high-performance fillers
in industrial coatings:

e high surface hardness
« cost-efficient formulation

« excellent requirements for anti-corrosion
systems because of:
- an outstanding weather resistance
- an increasing chalk resistance

EAE I AER S EREER

High-performance fillers for industrial applications

zH:
TREFIL® 1232

« RRKEE

. MRS

 RHEE

cBE Azl ABREXRE . 258 KEERFE
© FRERL

TREFIL® 1232

Mica:
TREFIL® 1232 phlogopite

e low Mohs hardness

e high thermal stability

e low oil absorption

e color: muscovite: white to light grey, phlogopite: beige to brown

* platelet-like particles

BAE ! BA
TREFIL® 1313 TIKRON®
- EREEE - MRS AR
- RN - ettt
« R . R

TREFIL® 1313 TIKRON®

Anhydrite: Talc:

TREFIL® 1313 TIKRON®

e low Mohs hardness e very low Mohs hardness

* favorable optical properties e chemically inert

e tabular structure e very pronounced platelet
structure

/N . .
HPE The Mineral Engineers
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Surface treatment

REYHENFRHEBEENESR . K2R EMEBIRED |
SEEM EERAERED (Bt . TYUERN RGN E TR
ERATHTZRELRE

BN AERSRER AT B TRELE | SR REMNT
"o

ERENE LAY . BRENEIE A KBAE M RE
AR . PRBEERASEMNERESS MEVEREANSREaYH
B . NERER  FREREEREERR EXREAPERS
®iE .

R FHETF

AFRE Y TRAMRESYS B RELER |
DIUEN LR RIE .

BRENRE

polymer systems

Potential weak points can be formed at the interfaces of the polymer-filler
system. Moisture or chemicals can e.g. permeate into the coating which
causes corrosion, blistering and loss of adhesion, so that the system-
improving properties of the inorganic filler obviously cannot be fully
exploited.

By surface treatment of mineral flours with silanes or silane

based compounds, these interfering effects at the interfaces can

be minimized.

Silanes are bifunctional compounds that consist of stable organofunctional
and hydrosable reactive terminal groups. The hydrosable group combines
with the filler surface, while the organofunctional groups harmonize with
the organic binder. Different silanes as epoxy- and aminosilanes are well
proven for surface treatment of our high-performance fillers.

Recommended applications

The most reliable way to find out which coating produces the best results
for a specific polymer is by experiment.

FEmtRie
labelling

EP, EPDM, FA, MF, PA, PC, PE, PF, PP, PUR, PVC, UF, CAST
B | polysulfone, IKMESEL | aqueous dispersions

ABS, EP, MF, UP, SAN, PA, PC, PE, PF, PP, PS, PUR, PVC, EST
BEREHIRE | alkyd resins, ZERACYD | polysulfide, IKFEIEFRSE | waterdilutable systems

EP, PE, PMMA, PP, PS, SAN, UP - MST
T8 RL | silicone rubber -RST /- TST
EPDM, EPM, EPT, PDAP, PE, PP, SBR, UP - VST

4 TAvF | Industrial Coatings




REEIRIR SR E R Improved corrosion protection with selective
surface treatment

EHFEERENTFENERRETREMER{CER (SILBOND®  With surface treated, silica based, micronized flours (SILBOND® silica,
A3 SILBOND® F#EA . SILBOND® 13gt — & {krE . TREMIN® SILBOND® cristobalite, SILBOND® fused silica, TREMIN® wollastonite)

HRA) AJRRE T RS EP-powder-coatings for exterior coatings of metals can be produced.
o BB ER MR These coatings are characterized by
. EEmEME e increased protection against corrosion
AT * high temperature resistance
* .

 optimized filling degree
.« RERRD R % * enhanced resistance regarding the cathodic delamination

R EACE = m LI E AL FEm

Surface treated products for better chemical resistance

*BARRISER M XY EERAREP RIRIE - —FHATE T AROIRMREDS
(SIKRON® SF 600) . S—FuEF T REke AL IEAI RS
(SILBOND® 600 EST)

*Comparative test of two EP-powder-coatings, one filled with untreated silica
flour (SIKRON® SF 600), the other with silane treated silica flour
(SILBOND® 600 EST), tested by cathodic disponding method.

o

TREMIN® 939 TREMIN® 939

RETREGRICAER | not silanised IR | silanised

BAKT  WREREE BAKT  WREREE \
in polypropylene after tough fracture in polypropylene after tough fracture

\
o o
/
R'=—Si—OH +HO—

\ \
o o
/

—> R'—Si—0— +H20

F>omZ2—=<
—raoamzZ—=

THRERE

Silan reaction at the surface of the mineral

/N . .
HPE The Mineral Engineers
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Environmentally friendly corrosion protection

BRANEMHRRFRT R R T M2 HANSAELEE T RS
PEMAEKRBESEERS YT ERERTT o 1 .
EEHRRMSEENERA , —REER ( IREEEXN T 250
BB T A R T ERHESIER . B2004F LR | f£5
MEEFREREARINIREEYR .

AR P AE B IR 73 FR AR T SRR o BR T R AFAIBT B2
RIERGF 2 BT BHE—SEL ERRAY .

Hitt « BATN S EREER MR R TR M TIMEER
FRANE « HIMAFEFTL . RIVEE BFVMSREE
TBHURFHF THIBIHABI R

6 TMVi% | Industrial Coatings

Effective corrosion protection prevents frequent maintenance work
on plants and buildings and the premature replacement of
maintenance-intensive components that are often exposed to high
levels of humidity or pollutants. In addition, high costs caused by
corrosion can be avoided. The environmental factor has played a
significant role for some time now, so that development work is
moving towards new formulations to save zinc-containing corrosion
protection pigments. Conventional zinc-based products have been
classified as hazardous to the environment since 2004.

Zinc phosphates were replaced by mineral fillers in the following
corrosion protection systems. In addition to good corrosion protection
results and exemplary environmental friendliness, formulation can

be simplified and made more cost-effective.

Our high-performance fillers thus offer an environmentally compatible
and cost-effective solution for zinc-free formulation of corrosion
protection coatings for example for the construction industry,
agricultural equipment, construction machinery or components
exposed to aggressive climatic conditions.




BBEIE Effective corrosion protection in

KRB EP ix#d 2C water borne EP coating system
ETENREFELRED . BFETRET YER In the following epoxy-anti-corrosion system the anti-corrosion
HERNAERTE2HTIER : pigment has been replaced partially or completely by different

mineral fillers or filler combinations:

2815 | component | LB | item | F=in | product | [FE %] | [wt.%]
1 Anquamine 701 f&{k5 | curing agent: Anquamine 701 28.00
2 Anquamine 701 F&{L5 | curing agent: Anquamine 401 10.00
3 EBFIK | VEwater 10.00
4 SH8 7 Tego Dispers 760 W | defoamer Tego Dispers 760 W 1.00
5 SHAF Tego Airex 902 W | defoamer Tego Airex 902 W 1.00
6 B3 ISR | anti-corrosion pigment 6.00
A 7 BA | talc 5.00
8 Bl | pigment 11.00
9 R | filler 20.00
10 Br i W ‘Add 8905 0.50
11 B EEFREEMERI Byk 348 | silicone surfactant Byk 348 0.50
12 EBFIK | VEwater 6.00
13 fiffe DOW DC-Z 6011 | Silane DOW DC-Z 6011 1.00
100
B 14 INERBERL 1L Arolditg PZ 756-67 W
epoxy resin emulsion Araldite PZ 756-67 W
SEA

fr%){(ﬁ/:: Ztll?g fl! components A:B 70:30

SR A AL TS PEAEORS

The following high-performance fillers were used in the conducted examinations:

TREMIN® 283 TREFIL® 1232 Kaolin TEC FK

EHERA P (S cga

short-needled wollastonite phlogopite mica kaolin

TR FEAE
particle shape density [g/cmA] surface treatment
RIREREESN | natural baryte BaSOy4 3* BUR | nodular 420 -
TREMIN® 283-100 12** 5REF | short needled 2.85 -
TREMIN® 283-100 AST 12** E | short needled 2.85 X
TREFIL® 1232-400 13** Kk | platelet 2.80 -
TREFIL® 1232-400 AST 13% KR | platelet 2.80 X
B8t TEC FK | Kaolin TEC FK 2.5%* Kk | platelet 2.60 -

WE T3k | method of measurement: *XHTEY | laser diffraction **;TLFEB | sedigraph

/N . .
HPE The Mineral Engineers



BAVER NS = WX 24 FhARERIE 77 BT T4 | B2 75 A
B B e 2R MA WA RS EREH VIEREUR . B AT
FORERAZRFSEBELER . TENATBERFERNED
BT,

[5y5)

formulation

HEREY)

B g Bkt

In our test laboratory, 24 different formulations have been tested in which
the anti-corrosion pigment was completely or partially replaced by various
mineral high-performance fillers. The talc and pigment concentration
remained identical to the starting formulation. The four recipes with the
best results are presented below.

anti-corrosion pigment | filler combinations

anti-corrosion pigment zinc-free

= e R B

anti-corrosion pigment containing zinc

RIRTRBELIN | natural baryte BaSO,4 20

20

TREMIN® 283-100

13.5

TREMIN® 283-100 AST

16 21

TREFIL® 1232-400

TREFIL® 1232-400 AST

10

Kaolin TEC FK
RSRPI B

properties of the liquid lacquer
FERE* | viscosity*

2B A | component A 4.89 8.32 7.09 316 3.77
[Pa*s]
BB | density according to
DIN 35217
2B A | component A 146 1.46 1.41 1.44 1.39
[g/cm3]
=& | yield
F£ 120 um FEER | at 120 pm dry film 307.31 307.31 29156 290.76 290.76
[g/m?]

*thE 1 Haake VT 500 | 14 E-30 ( #&EREE : 5 2% | Viskosimeter Haake VT 500, test specimen E-30, test speed: 5

R

FLENIRIR A 70 B 30 FIRALLBIZERE . EEFAHE : 50-60 o
S, Y < 15um ., FiE 24 /\0 ; 7 7 RZ B, BuRth
FE£975 1000 - 1500 mPa*s . B] FHZY 10 % HIFBREFIETIEE

T AN EREERR

E1.8barfIENT « SRR H M 42 KNBEE R TR L ERN

SR (Sa21/2) L, RRMBCRMEREIRSIERE . FREE

ARG  FRREBMNRFIE AR . CT0 , EERELER

TREFILLZRAEIR TR FERERE . 55EHA04E0  ER
EIREMNREL

8  TMli% | Industrial Coatings

Production of lacquers

The two components were completley mixed with each other at a mixing
ratio of A 70 : B 30. Pot life: 50 - 60 min / Grain fineness: < 15 um.
Through-drying: 24 hours; fully loadable after 7 days. A spray viscosity of
approx. 1000 - 1500 mPa*s was adjusted with approx. 10 % diluent.

Description of processing and optical properties

The paints were sprayed with a 1.4 mm nozzle at 1.8 bar onto thin, blasted
steel sheets (Sa 2 1,/2). The spraying behaviour of the paints and the flow
of the paint surface were very good. The surface showed no surface defects
after drying. The adhesion of the paints before the corrosive load is excellent
with GT O. The gloss is greatly reduced with the uncoated fillers TREFIL®
phlogopite and kaolin. The brightness L* remains unaffected by the addition
of fillers compared to the reference sample O.



ERER
Results at a glance

258 | results

4 DIN 50021 9L 5
salt spray test according to DIN 50021

500 h
B 75 | formulation
TREEE 120
dry film thickness [pm]
EAEFAR/N
degree and size of blistering 2(54) 0(30) 0(30) 0(30) 0(30)
RIRE (55) RO RO RO RO RIO
level of corrosion (rust)
WA NEIMRR | cross cut test GT4 GT4 GT0 GT0 GT0
HAFREHER () : ) : : :
corrosion at scribed panel (degree)
BEEE | anti-corrosion X X v N V

R | results

B2 75 | formulation
TREEE

f&#E DIN EN ISO 6270-2 #1458 7K K,
condensation water test according to DIN EN SO 6270-2
250 h

dry film thickness [um] 120
HEAE KN
degree and size of blistering 2(s3) 2(s2) 0 (s0) 0 (S0) 0 (S0)
R (.%ﬁ) RiO RiO RiO RiO RiO
level of corrosion (rust)
BEIE | anticorrosion X

=it Conclusion

MTERES S BN BN | R RBREE R EH

The following filler combinations have passed the corrosion protection test
and make the use of the corrosion protection pigment superfluous:

TREMIN®283-100 AST F0 TREFIL®1232-400 AST

TREMIN®283-100 AST F11 Kaolin TEC FK o TREMIN® 283-100 AST and TREFIL® 1232-400 AST
o TREMIN® 283-100 AST and Kaolin TEC FK
AREZREAIER TREMIN® 283-100 5 TREFIL® 1232-4003EKI4HE «

AR — 3L ERIBF B ERL . The filler combination of the uncoated grades TREMIN® 283-100 and

TREFIL® 1232-400 makes it possible to reduce the proportion of corrosion
protection pigment by more than half.

/N . .
HPE The Mineral Engineers






TiAaFINE R IR R ERSE &R Solvent free 2C-EP coating system
for heavy duty anti-corrosion

AT HBEHE T ERRITIAFINE R IRE R B RRE R h I BEE In order to save or completely replace zinc phosphate in a solvent-free

B ONWR T AERFEBHAFAERSAS 2K epoxy resin coating system, various fillers were tested in combination
with and without corrosion protection pigment.

EMBHFOT - The following starting formulation was used as a basis:

2819} | component | fIE | item =& | product (R %] | [wt.%]
1 BERE | resin: Araldite GY 253 48.00
2 RAFRIMNF | rheological additive: Bentone SD 2 3.00
3 BEI&EAR | anticorrosion pigment 12.00
4 BARY | 8.00
A 5 B | pigment 5.00
6 ERL | fillers 21.90
7 SEEF | defoamer: Tego Airex 900 0.30
8 SHBR | defoamer: BYK 085 0.30
9 SREF | leveling agent: BYK 354 1.50
100
B 10 fE{L5 | hardener Aradur 223
Eﬁ_fﬁﬂ"lfﬁéttﬁﬂ 7525
Mixture ratio of components A:B

SRR R T BRSO

The following high-performance fillers were used in the conducted examinations:

SILBOND® 126 EST
ARHR

silica flour

Mikhart 2
CaCo;

ki ey RELE
particle shape [a/cm?] surface treatment
KIRTREGN | natural baryte BaSO, 3* BRAR | nodular 4.0 .
AEK | silica flour 3* BIR | nodular 2.65 -
Mikhart 2 CaCO; 3* BIR | nodular 270 -

BIR | nodular

® *
SILBOND® 126 EST 22 X 5% | bimodale

2.80 X

& T55% | method of measurement: *35¢578% | laser diffraction

/N . .
HPE The Mineral Engineers
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formulation

PiEE | SRR S

Vaarious combinations of anti-corrosion pigment and fillers have been
tested. The talc and pigment concentration remained identical to the
starting formulation. The two recipes with the best results are presented
below.

[FR2 %] | [wt.%]

anti-corrosion pigment | filler combinations

BREREE | zinc phosphate 12.00

6.00

BaSO4

RIRTREEIN | natural baryte 10.00

BEMK | silica flour 9.00

Mikhart 2

TREB4S | calcium carbonate 2.90

SILBOND® 126 EST
RELEATRB R

surface treated silica flour

RESFRNENE

properties of the liquid lacquer

FREE* | viscosity*
ZH1% A | component A
[Pa*s]

25.70

27.90 33.90

20.20 18.30

BREARIE | density according to
DIN 35217
2015 A | component A

lg/cm?]

1.49

1.47 1.47

“HEEETT Haake VT 500 . iR0#¥f E-30 ( IR : 5 &
*Viskosimeter Haake VT 500, test specimen E-30, test speed: 5

SRR

FZH S IRFALEBIA 75 B 25 FE5R S , IERRA : 35- 400, F
J& 24 /NBY ; FE 7 RZHEH . A5 % NBBRTIARBURIEESA
2000-2500 mPas .

TN ERE ) B

FA 2 mm BEHETE 2 bar & 0 TR A R 23 BERD AO5E 5NAR (Sa 2
172) £ RBHRRRMERERE R RERTEIEL . TRE . R
ERBTERE , HREBMRNX AN & DR . 79 CT 0% , FTER
POEREERS . SSERMMAL ( RE U AREREN

12 T3% | Industrial Coatings

Production of lacquers

The two components were completley mixed with each

other at a mixing ratio of A 75 . B 25. Pot life: 35 - 40 min.
Through-drying: 24 hours; fully loadable after 7 days.

A spray viscosity of approx. 2000-2500 mPa *s was adjusted
with approx. 5 % diluent.

Description of processing and optical properties

The paints were sprayed with a 2 mm nozzle at 2 bar onto thin, blasted
steel sheets (Sa 2 1,2). The spraying behaviour of the paints as well as
the flow of the paint surface was very good. The surface didn’t show any
surface defects after drying. The adhesion of the paints before the corrosive
load is with GTO excellent. The gloss has been greatly reduced with the
uncoated fillers TREFIL® phlogopite and kaolin. The brightness L* remains
unaffected by the addition of fillers compared to the reference sample O.



ERER
Results at a glance

fi#E DIN 50021 HyEh 2 ik

R | results salt spray test according to DIN 50021
1000 h
B2 75 | formulation
dry film thickness [pm]
RIEERAR/N
degree and size of blistering 2(54) 0(s0) 0(30)
RIRE (35) RIO RIO RIO
level of corrosion (rust)
M NEIMAR | cross cut test GT5 GT1 GT1
B LR () ) ) )
corrosion at scribed panel (degree)
BFEE | anti-corrosion X v v

fk#E DIN EN ISO 6270-2 {94 57K

258 | results condensation water test according to DIN EN SO 6270-2
1000 h
B2 75 | formulation
TREEE 320
dry film thickness [um]
EEFEFR/N
degree and size of blistering 0(s0) 0(s0) 0(s0)

RIRE (5) RiO RiO RiO

level of corrosion (rust)

B5EE | anticorrosion

it Conclusion

« SILBOND® 126 EST AJ A5 &R EE 55 * Formulating without any zinc phosphate is possbile

« & F3 SILBOND® 126 EST A {L AT by using SILBOND® 126 EST
e The use of SILBOND® 126 EST simplifies the formulating

process

/N . .
HPE The Mineral Engineers
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B ESE AR RN 2C-EP high solid system
for heavy duty anti-corrosion

ESEWNASEPHEERER | In a 2K-EP High Solid System, the proportion of glass flakes was
EMREENRERASRIERE | to be replaced by high-performance fillers or filler combinations.
EMBHFOT : The following starting formulation was used as a basis:

2815 | component ‘ I8 | item ‘ =& | product [RE %] | [wt%]
1 BEAE | resin Araldite GZ 290 X 90 25.00
2 REEFRMF | rheological additive Rheothix 240 0.50
3 R} | filler TIE R | glass flakes 15.00
4 R | filler 78R | talc 10.00
5 Bt | pigment 15.00
A 6 R | fillers 20.00
7 &7 | solvent Butanol 3.00
8 A | solvent Dowanol PM 9.50
9 SHBF | defoamer Tego Airex 900 0.25
10 SH8F | defoamer Byk 085 0.25
11 SRR | leveling agent BYK 354 1.50
100
B 12 Aradur 450
éﬂfﬁfﬁééktﬁﬂ 10010
mixture ratio of components A:B

PSR R L TR LT

The following high-performance fillers were used in the conducted examinations:

SILBOND® 126 EST TREFIL® 1232
ARMR Eoras:

silica flour phlogopite mica

G017 BE FEALE

particle shape density [g/cm3] surface treatment
KIRTREBIN | natural baryte BaSOy4 3* BRAR | nodular 4.0 -
I F | glass flakes GF 001 g** KR | splintery 2.60 -

BIR | nodular

® *

SILBOND® 126 EST 22 SRUE S 75 | bimodale 2.65 X
TREFIL® 1232-400 13% Bk | platelet 2.80 -
TREFIL® 1232-400 EST 13** Fok | platelet 2.80 X

T T53% | method of measurement: *3IeH18Y | laser diffraction, **TUFE B | sedigraph

/N . .
HPE The Mineral Engineers
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formulation

piEEst | ERUR &

Different glass flakes and filler combinations have been tested.
The five recipes with the best results are presented below.

anti-corrosion pigment | filler combinations & %l | [we%]
RIRTREEEN | natural baryte BaSO,4 20 20 20
W F | glass flakes GF 001 15 15
SILBOND® 126 EST 20 20 20
TREFIL® 1232-400 15 15
TREFIL® 1232-400 EST 15 15

REFBME

properties of the liquid lacquer

FEEE* | viscosity*
ZH4> A | component A
[Pa*s]

14.50

12.30 11.90 24.10 19.50

BREARIE | density according to
DIN 35217
2045 A | component A

lg/cm?]

1.74

1.64

1.73 1.72 1.63 1.63

*#EEIT Haake VT 500 _ if#¥ E-30 | #&EEE : 5 | Viskosimeter Haake VT 500, test specimen E-30), test speed: 5

R
FLHIRIBLEBIA 100: B 10 TEAR S , ERHE : 45 - 50240, F
J& 24 NBY ; FE 7 RZHEL . 495 % MFBBRFIIERBUALEY
2000-2500 mPas .

IS AL IR AR

F 2 mm BEMETE 2.4 bar [E 71 TRSHZERE % 2 B AEMR (Sa 2
1/2) £, SRR R AR E IR RER M FIBE . R
HERBTERE , HEERHNRBIN S DiREF . 7 CTOR , @
FEAPEKE , 5EHRAL RE U AZERNEW

16 TMl5% | Industrial Coatings

Production of the lacquers

The two components were completley mixed with each other at

a mixing ratio of A 100 : B 10. Pot life: 45 - 50 min. Through-drying:
24 hours, fully loadable after 7 days. A spray viscosity of approx.
2000 -2500 mPa*s was adjusted with approx. 5 % deionised water.

Description of processing and optical properties

The paints were sprayed with a 2 mm nozzle at 2,4 bar onto thin, blasted
steel sheets (Sa 2 1,2). The spraying behaviour of the paints as well as
the flow of the paint surface was very good. The surface didn‘t show any
surface defects after drying. The adhesion of the paints before the corrosive
load is with GTO excellent. The gloss has been greatly reduced with the
uncoated fillers TREFIL® phlogopite and kaolin. The brightness L* remains
unaffected by the addition of fillers compared to the reference sample O.



ZREBRE
Results at a glance

fic#iE DIN 50021 fhzh 221
ZER | results salt spray test according to DIN 50021

1000 h

275 | formulation

FREEE 320
dry film thickness [um]

A E AR/
degree and size of blistering 0(s0) 0(s0) 0 (S0) 0 (S0) 0(S0) 0(s0)
L (ﬁ) RiO RiO RiO RIiO RIO RiO
level of corrosion (rust)
W& INELAR | cross cut test GTI GT1 GT1 GT1 GT1 GTl
QIR LR () 3 ) 3 3 5 3
corrosion at scribed panel (degree)
B5RE | anticorrosion N V v V v v

13 DIN EN ISO 6270-2 g9, 7K M3z
58| results condensation water test according to DIN EN ISO 6270-2
1000 h

B2 75 | formulation

FREEE 300
dry film thickness [unn]

EHERAN
degree and size of blistering 0(s0) 0(s0) 0(s0) 0(s0) 01(s0) 0(s0)

R (ﬁ) RiO RiO RiO RiO RiO RiO
level of corrosion (rust)

BEFE | anti-corrosion

it Conclusion
fid 75 93 S B 8] B TREFIL® 1232400 € =R In the recipe the glass flakes can be replaced by TREFIL® 1232-400

phlogopite mica.
SILBOND® 126 EST 1 TREFIL® 1232-400 (AL EELE) HAEE

AR EFROBS 1L RE . The filler combination of SILBOND® 126 EST and TREFIL® 1232-400
(with and without surface treatment) shows very good corrosion
RSN RN AEFREEMRR ( BAAE2EKBaS0, . protection properties.

The formulation with the filler combination also has the advantage
of lower density, since BaSO 4 can be replaced completely.

/N . .
HPE The Mineral Engineers



E{EVOC
VOC reduction

WA EP SEI R AR
TREFIL® 1313-600

ERERHDELZMETYRENNE ST . SEEREBH
EBHEENRK , ZXEEVOCEEMHREREN300 g9/ (kiE
ChemVOCFarbV . 2010 £ 1 B 1 H4ARK)

BATREFIL® 1313-600 %u%EUEE’JF
R ADEL M

ETRAWET (BAE)
i MEREBIREXTF « VUM IEREFIRT B IEEE |
BIYRZE . RARNFEERTRAE

18  TMl3% | Industrial Coatings

Functional Filler TREFIL® 1313-600 in 2K-PU
High Solid systems

Against the background of the VOC Directive to reduce the emission of
volatile organic compounds in paints, High Solid systems are an excellent
way for a VOC-compliant coating. The maximum VOC content of

such topcoats is 300 g/1 (valid from 1st January 2010 according to
ChemVOCFarbV).

With formulations containing TREFIL® 1313-600 and its surface-treated
type, based on a natural calcium sulfate (anhydrite), it is possible to
increase optical, mechanical and anti-corrosion properties and at the same
time reduce volatile organic compounds. In addition cost-efficency can be
achieved.



B2 A | formulation

B2 75 | formulation

BE#} | raw material HERZ | supplier (B2 %] | [wtoe] | (B2 %l | [wtoe] | [BE %] | [wt.9]
Synthalat A-149 HS HIAg | resin Synthopol Chemie 55.00 55.00 55.00
Solventnaphta A5 | solvent Brenntag 470 470 470
Tixogel MP 100 TRARINF | thickener Rockwood Additives 0.50 0.50 0.50
BYK AT 203 FBECARING | wetting additiv Byk Chemie 0.50 0.50 0.50
Z&1ksk | Titandioxid B | pigment Kronos Titan 15.00 15.00 15.00
BYK 057 SEBF | defoamer Byk Chemie 0.65 0.65 0.65
BYK S 706 FREF | leveling agent Byk Chemie 0.65 0.65 0.65
;:ft%féﬁ:ﬁ jgrium sulphate S| filler i B - -

® o i

® SRR
WER | anvydiite atemae e Quarzver : : 2300
Desmodur N 3390 WEALF | hardener Bayer Material Science 41 41 41
HREE / AT/ EEE
properties of the laquer / processibility / yield
REEE [g/cm3] | density mixture [g/cm3] 1.35 1.31 1.31
B (R %] | solid content [wt.%] 83.92 83.92 83.92
B [F2 %] | solid content [vol %] 75.42 76.05 76.05
80 ymTFRE LA KEFEE [g] | consumption per (m2) at 80 um. dry [g] 142.70 137.90 137.90
vOC [g/1] 216.30 210.76 210.76
VOC [g/1130 # | with a set efflux time of 30 sec. 301.23 282.02 276.23

WAH PUBEIEZE . S ERFEIMERE TS | 2K PU High Solid Topcoat, Basic recipe with synthetic barium sulphate

PR ALY I & FE T

o FPESRATIS | 80 pmBREFFM , B k24N
o WITRITFRE . 29100 um « FUE <

#®3 BYK micro TRI gloss p &2

FH4M DC 04 B, 190 x 150 x 0.8 mm &Il A% B4 4R

7 < Kriippel 28 (FHZBZRiAE)

TR 8 (20°C) T 3 X . #£ 40°C T 24h

Production and application
of the lacquers

» Manufacture of the paints by way of dissolver grinding with subsequent
sieving over an 80 ym fast screen. Maturation of the produced batches
over 24 hours.

 Application by means of brush, approx. 100 xm, dry,
control with BYK micro TRI gloss u
Substrate test plates made of steel DC 04 B, 190 x 150 x 0.8 mm,
Krtippel Co. (degreased with ethanol)
Drying conditions: at room temperature (20°C) 3 days,
then 24 h at 40°C

/N . .
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Results at a glance

B2 75 | formulation 1 p) 3
HIMSPEBE | mechanical properties & | syenthetic BaSO4 TREFIL® 1313-600 TREFIL® 1313-600 EST/2
Kénig #2588 & [s] (DIN 53157) 56 39 -

pendulum hardness Konig [s] (DIN 53157)

M | cupping [mm] (ISO 1520:1973) 11.90 11.40 11.70
SR [3%25] | drop height [mm] (DIN 55669) 100-200 <50 100-200

BEAERTFMEANEE
Excellent optical properties due to Anhydrite

SNMSEL | optical properties

BERGHE BYKR &I FZ K it

color values over white BYK micro-haze-plus

L* 95.52 94.67 95.02
A* -0.83 -0.69 -0.78
B* 1.80 2.19 2.0
NSEEE | gloss 20° @ [%], 7d 70.90 70.80 85.70
2 [Z Haze Hlin @ 5.80 11.60 6.20
¥ Haze Hlog @ 103.00 206.00 91.80

20  TMl3E | Industrial Coatings



5& EREEENAREL « TREFIL® 1313-6007EW A% PU B EEZEH

fE

« 3R

BERE voC
FREEEERARABUHEMNTF
TREFIL® 1313-600 EST/2 IRENZEE . BREEE
* 1000 h 2K «
o B B SRARSF
ErEE

EHEEFRD

In comparison to high solid top coats formulated with synthetic
barium sulphate, the use of TREFIL® 1313-600 offers the following
benefits:

noticeable reduction of the volatile organic compounds

superior surfaces through reduced viscosity; the silanized
TREFIL® 1313-600 EST/2 features the highest gloss
and the lowest haze

clear reduction of blistering after 1000 h
condensation water test

e enhanced anti-corrosion

increased yield

N\ . .
HPE The Mineral Engineers
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Optimized wind turbine blade coatings

BERVETFH RIS AL FIRBEE , BIBERER
SZFERIMET :
U RERAIEIA500 km /h o XM FH—ESER . Wit
BRI —Fh

MIXMINRM |« EHTFH RREPRNS RN RS
AR P AR SIREE D .

M HAR R TR & | REESTER R EAEIES SRR
B L RARMERAN  FANRETETAERIINBERLR
BRME T , XA FIE MR ER P RN EXEE ,
MR R R B2 TR BRI Pasquick® AR | IR 77 AR TE
DnVGL-RP-01 ,

22 T3% | Industrial Coatings

E VWK OKE  RRENES  HAR

Offshore rotor blades for wind turbines are built to withstand 20 years of
operation without interference. They are exposed to a wide variety of
environmental influences such as snow, rain, salty seawater, hail, heat
and UV radiation. Wind speeds of up to 500 km,/h can act on the blade
tips. This area is a weak point of the rotor blade. Rain erosion is one of
the greatest stresses.

Successfully passed tests confirm that the addition of high-performance
fillers in the coating system for rotor blades improves resistance to harsh
weather conditions at higher rotor speeds.

First, initial rain erosion tests were carried out in a newly developed
miniature simulator based on real conditions. A coating structure
consisting of a gelcoat, primer and topcoat was chosen for the study. All
formulations contained polyaspartics-based binders, which have

already proven themselves in practice for rotor blade coatings.

This pre-study was crucial for the correct selection of fillers in the primer,
which are subsequently subjected to the rain erosion test (RET according
to DnVGL-RP-0171) in a coating based on Pasquick® technology of
Covestro.




RN
- BISEREAERE | BTSSR | R Y s
REHTR}

B RTALE  RESMEERNSBEMAR LR M . E%
ERGHTUM
- TREMIN® 283-600 AST (HUREEIRA)
- SILBOND® 600 AST (B, ARMAR)

« 1R#E DNVGL-RP-0171 FR:fE . SCISEHARIEIE SILBOND® 600 AST

* XA {EFSILBOND® 600 ASTra sk IR ] IAE 2 B BAR B R
% . N —S RS R

Results at a glance

o Selection of suitable high-performance fillers possible through fast and
realistic rain erosion test on a laboratory scale

* Improvement of the resistance of the coating system by using
high-performance fillers in the primer with a surface coating
adapted accordingly to the polymer system:

- TREMIN® 283-600 AST (cuboid wollastonite)
- SILBOND® 600 AST (angular fine silica powder)

« Verification of the determined result in laboratory scale of
SILBOND® 600 AST by RET according to DNVGL-RP-0171

e The proven advantage of using SILBOND® 600 AST in the primer can
be transferred to any other layer within the coating system and can thus
lead to a further increase in performance

/N . .
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SCI6 == AR AR AL R o i Pre-test by simulating the rain erosion test
on a laboratory scale

ATHASHEERNERE  ERE B AR NERRE In order to investigate the effectiveness of the high-performance fillers, they
MEEREER « MERMEEARTE , were exchanged for the reference fillers talc and synth. Barium

sulphate 1:1 by volume in the starting formulation of the primer. Both

the gelcoat and the topcoat remained unchanged in their composition.

i Y AR U 25 R B T TR

Rain erosion test in miniature simulator

77 : AT KREE ST

Formulation: primer formulation for the pre-test

‘ E#} | raw material ‘ [FRE %] | [wt.%] IN&E | function
Desmophen NH 1422 36.76 Polyaspartic #5453 | binder
BYK-P 104 S 0.55 TEFIADET | wetting and dispersing additive
BYK-066 N 0.55 SHIF | defoamer
AEROSIL 720 TS 0.55 T8 | silicic acid
CO;EJ?:;} ‘A SYLOSIV 3A 1.84 SFFE | molecular sieve
LUVOTIX HT 0.92 BERmATEY | castor oil derivative
TiO2 3.68 B | white pigment
EEH 2757 ERL | filler
AR 27.57 EHE | filler
wafj?@i . Desmodur N 3300 26.50 BEALF | hardener

24 T3% | Industrial Coatings



il &
F A

EREAENHERERS . 824NN, NEHEHE&ARSTH
22ecmx24ecmx 04 cm (K X 5 XF) HIIRIEA 4R IBRAT , {F
ARFRBRE .

HEHIE E

ALEEL 10,000 U/min BI7KPREEER OO BILRSEEE SR
FER IR AT 4 IR B RAT , BREA 3 mm BEANESUKERM £
FEHEMAR KREI—RBEEETEHMARNNER L
Tem &FRE , KEREH 05 I/min , EERNZEEBTW

10000 rpm T « B [BI#EE RO R BIRINE SR
Time-dependent damage images of the coating at 10,000 rpm

Production
and application

All formulations were prepared with a Dispermat. Further processing of
the preparations took place after a maturing time of 24 hours. GRP rods
with the dimensions: 22 cm x 2.4 cm x 0.4 cm (L x W x D) were used.
Application by brush

Simulation of rain erosion:

For this purpose, the GRP rods were rotated around their own axis in a
centrifuge at a horizontal rotational speed of 10,000 rpm. At the same
time, a vertical load was applied from above with a continuous 3 mm
wide water jet, which flowed out through an aluminium pipe 1 cm
above the surface to be loaded. The flow volume of water was 0.5 |/
min. This served to simulate rain.

B/ E RN (Bas0,)

B/ RIREE N (Bas0,)

4]

TREMIN®

TREMIN®

TREMIN® &3 5RE IR | surface treated

[

TREMIN® &3 R ERIR | surface treated

.

TREMIN® &3 5RE IR | surface treated

SIKRON®

[

SIKRON®

p—
o
I'I
=
—

SILBOND® 23 R E AL FE | surface treated

SILBOND® 23 R E AL FE | surface treated

SILBOND® 23 R E AL FE | surface treated

/N . .
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A5 E&DNVCLRPO171 MK iR S EN S 14
REIE R

Pasquick® A A FIEFEINAARINAS . AU FH Figft
THEEEIRAABRERS , SILBOND® 600 AST 72 BT EARFZE A E J
REREMNZRES R« AT AR AFREUR R AR RIXT AR} |
EIBAR BB . SR T RRE  RAMERRERE,

Bi 77 . tR#E DNVGL-RP-0171 RO i iR Y KSR EC /5

Choosing the right high-performance filler for
RET according to DNVGL-RP-0171

Combining the benefits from Pasquick® technology with the right func-
tional filler results in improved performance of coatings for rotor blades.
SILBOND® 600 AST has been identified as a promising candidate in the
pre-study and has been substituted 1.1 by volume for the reference fillers
in the primer, namely talc, calcium carbonate, kaolin and barium sulphate.
Here, too, gelcoat and topcoat remained unchanged.

Formulation: Primer formulation for the rain erosion test according to DNVGL-RP-0171

ERL | raw material

| tmE | e

‘ IHEE | function

Desmophen NH 1420 6.0 Polyaspartic #5557 | binder
Desmophen NH 1520 10.9 Polyaspartic #5557 | binder
BENTONE® SD-2 0.4 TR | rheological additive
DISPERBYK® 111 0.1 SRR E | wetting and dispersing additive
BYK® 141 0.3 AT | defoamer
ZEETHs / RERREES /
BB A 8 _IEPztlst 11.4 A | solvents
component A utylacetat /
Methylpropylacetat / Xylol
BAYFERROX® 318 0.4 2@l | black pigment
Crenox® RKB 4 6.9 HERL | white pigment
HEUCOPHOS® ZPA 44 B IEERAL | anticorrosive pigment
SYLOSIV © A4 1.1 SFFF | molecular sieve
HPF 38R S
HPF-Filllstoffe* 399 L | fllers
Desmodur® N 3800 3.0 TE1LI | hardener
Desmodur® N 3900 9.2 TE1L | hardener
213 B " ”
component B ZETEs /_Eﬁ%ﬁm%ﬁa /
— 7.1 B | solvents
Butylacetat / '
Methylpropylacetat / Xylol

HMERRIRTRE RS EIER] | *Conversion of the proportion of reference fillers by volume

WREBEF=HRFEAVERE . EHiER NES SRR R
1£ Covestro TR EU=EEMFT = MAEHITRE

HFRERATERT RPN SESM B IR A2 RS M4
BE+HAEE , FHitkfE AeroNordic ApS fk#E DNVGLRP-0171 &
HTHEBEMHNE (RET) , XS BEFHFSEIHNEGREFFRE
EPL

26 TMl3% | Industrial Coatings

The test is based on the principle of a three-bladed helicopter, with the
test specimen reflecting the actual blade substrate construction. Three test
specimens each were coated with a three-layer structure in the Covestro
laboratory.

As the coating systems have to withstand extreme weather conditions,

it is important to understand their performance and erosion behaviour.
Therefore, they were subjected to the rain erosion test (RET) according to
DNVGLRP-0171 at AeroNordic ApS. The weathering conditions here are
very similar to real harsh weather conditions.



#HR

/N Z FEEIEN S BN IRIERDR R IBE S
M, TFEXFEREARENEE | BEHRERMNREPIE
i, ER/NNZ FEEFENK HFEREERERFRHIKF I
B

FEARE T/ . SILBOND® 600 AST Xt BRIERI AT LA Sk B2 W
HEERF RAZRERATSWEE . EHNHUERZE .

JUNI RAZIEERE  AMERHFERE il T (KA
MAERR SR ERAERL/ NN FEERF

RN RIRE A E T - RAXNREMNEZ=ZEAERRZRIL
HEA .

Specimen image of the three-layer coating system consisting of the
primer containing the reference filler at an accumulated erosion time
of five hours.

Ffi R4 DAS Lack GmbH #1 Covestro Deutschland AG ff§il&1E . MU FHZ SRS 8 fE
K, £ AeroNordics Aps #1177 RS |

We would like to thank DAS Lack GmbH and Covestro Germany for their excellent cooperation and the
information and pictures provided. The rain erosion test has been conducted at AeroNordics Aps.

—'j_"

Results

The visual inspection after five hours showed peeling and erosion in the
test specimens with the coating containing the reference fillers.
Breakthrough is defined as the first appearance of the exposed underlying
substrate, meaning the erosion has progressed through the entirety of the
layer. The test was stopped after five hours of running and not further
continued due to the fatigue of the entire coating system.

The replacement of the standard fillers by SILBOND® 600 AST in the
primer formulation has a huge performance benefit as this coating system
does not show any breakthrough to the laminate. The fatigue is limited
to the topcoat layer only.

The test run was stopped after eight hours of testing, as no breakthrough
to the substrate was observed, compared to the coating system with the
reference fillers, which was already destroyed after five hours

/UM RFRGMEE T R A SILBOND® 600 AST K% =Rk
ERZHIKAERR .

Specimen image of the three-layer coating system consisting of the
primer containing SILBOND® 600 AST at an accumulated erosion time
of eight hours.

N\ . .
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R R R
Products for

paints, coatings and plasters

2% | road markings
IR | emulsion plasters

T

7
FEBIRIR | coloured plasters

R

UV 544% | UV curing coatings
TR | industrial coatings

ARH#EZ | wood coatings
FLYB4235 | wire coatings

AL | powder coatings
ENmIHRE | inks

FHVERL | silicate paints
anticorrosive coatings

B IE%

FLALSHSE | dispersion paints

b=k

#

SERIR | silicate plasters

HHIHRIR | mineral plasters

FEHET | adhesives

median grain size [um]

FERIEE [um]

BE | [g/cm3]

density [g/cm?]

BIREE

Mohs hardness

AR Y@
ERN

brightness Y-value

of various products

W% SE1E | oil absorption

AR
quartz sand " "

80 - 2000

N

N
@
0
S
<)

.65 7

SREFES
white quartz . .

100 - 3000

2.60 7

60 - 68

S2A -
PAYEES
coloured quartz . .

AMOSIL®, MILLISIL®, SIKRON®’ SIBELITE®
A% HFRA (ARG [ BN BN BN BN E = E N
quartz, cristobalite, fused silica

2.20 -
2.65

67 - 95 21-34

EERR LA ERRY SILBOND® | silanized
A% HFRA ARG (BN BN BN |
quartz, cristobalite, fused silica

25-40

2.20 -
2.65

71-97 11-27

TREMIN®
R LB RE R T [ ] "=

surface treated wollastonite

25-99

2.85 45 80-94 23-50

TREMINEX®
ERVAENEAREKS " = (] N ]

surface treated nepheline syenite

2.60 6 85-93 13-27

MICROSPAR®
KA | feldspar

05-10

96 - 97

Chinafill, AK Pure Gloss
BI& L | kaolin

05-65

2 82-88 46 -56

AK Pure M3 + BRI
AK Pure matt + supermatt ]
8% | calcinate

2.70 7 92 -94 37 -42

HYDRAFIL® SI¥{L 55 u " N N " B N
aluminium hydroxide

0.8 - 106

2.40 3 91-99 15-31

TREFIL® 1232, TREMICA®
=B | mica

30-50

2.85 39-83 62-71

SEPASIL® EK
HRIE | white fused alumina

4.00 9 97 -99

SILATHERM® SFIERL -
thermally conductive fillers

78 - 87 25

TREFIL® 1313
BAS | anhydiite . il

3.00 4 86 -89 19

SIPOR® PC
BRI A | perlite n.

55-115

7 55-115

TIKRON®

BEW | tolc

AR BHARE it i AP AR IZIREA P T MR AEH RN | BIREER |
AT FADHNER THRERIAR BN BRI E LT RERAETE  MATRNE=
TTHEFRMZENRERT

HNBERAGRKH—SNEN | RAZSIRLHNLITE |

The figures documented in this brochure were collected and shown to the best of our knowledge.
However, we ask for understanding that we cannot take over liability for the results in individual
cases and for the suitability and completeness of our recommendations, and cannot guarantee that
no third-party patent rights are restricted.

We are available for further questions and consultation. Printed on paper containing kaolin.
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