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Effects of Extenders Ratio in Heat Resistance Paint Formulation

insanlik niifusu arttikca yeni ihtiyaclar dogmaktadir. Tek-
noloji gelistikce ihtiyag duyulan araclar veya esyalardan
beklenen ozellikler artmaktadir. Firinlar, sobalar veya
sanayi bacalan gibi basit bir ev esyasindan sanayide kul-
lanilan pargalara kadar her alanda isil dayanim 6nemli
bir 6zellik haline gelmistir. Isiya dayanikl boyalarin yillar
gectikce diinya Gizerindeki tiketimleri hizla artmaktadir.
Genelde, 1stya dayanikli boyalarin 300-800°C arasi sicak-
liklara dayanimi beklenir ve 30-50u kuru film kalinhiginda
olacak sekilde uygulanmasi tavsiye edilir. Isil dayanim,
boyaya baglayicisi ya da bir diger adiyla recinesi tarafin-
dan kazandirilan bir 6zelliktir. Organik recineler yiksek
sicakliklara maruz kaldiklarinda yapilari bozulmaktadir.
Si-O-Si baglarinin termal kararliigi sayesinde silikon re-
cinelerin 1siya dayanimi diger recine tiplerine kiyasla cok
daha iyidir ve yuksek isiya dayanikli boyalarin tasarimin-
da kullanilir.

Boyalara 1sil dayanim 6zelligi kazandiran silikon regineler
siloksan (Si-O) kafes yapisi ve silikat SiO, veya silseskiok-
san (R*-Si0, ) yapilardan olugmak-
tadir [1], Sekil 1. silikon recinelerin
kimyasal yapisini gostermektedir.

R gruplar genellikle alkil ya da aril 0 R
(metil, fenil) yapilardir. Silikon re- | |
gineler 1s1 ve radyasyona karsi da- R—Si—0—§;
yaniklidir. UV ve goriinlr bodlgede Cl) (')
transparandirlar. Silikon recineler [ |
uygun pigment ve dolgular ile for- R—si-0—si
mule edildiginde yuksek isil daya- CI) (J)

nim performansi saglar.

As the human population increases, new necessities are
born. Our expectations from every day items, vehicles,
and tools increase as the technology advances over
time. From residential ovens, grills, industrial chimneys
to machine parts, etc., heat resistance has become an
important feature. The consumption of heat resistant
paints has been rapidly increasing globally. In general,
heat resistant paints are expected to resist temperatures
in between 300-800°C. Also, they are recommended to
be applied as 30-50 u dry film thickness. Heat resistance
is a feature implemented to the paint by its binder. Or-
ganic resins are decomposed when they are exposed to
high temperatures. Through Si-O-Si bonds thermal sta-
bility, silicone resins are highly heat resistant compared
to the other types of resins. Due to this feature, silicone
resins are used in heat resistant paint formulations.

Heat resistant silicone resins are composed of siloxane
(5i-O) cage structure, silicate SiO,, or silsesquixane (R*-
Si0, ) structures [1]. Figure 1. shows
the chemical structures of silicone
resins. R groups are generally alkyl

R or aryl groups. Silicone resins are
_O— | . N heat and radiation resistant. They are
Si—0O transparent in UV and visible spec-
é trum. When formulated with appro-
| priate pigments and fillers, silicone
-O—‘S\i"R resins provide high performance of
0 heat resistance.

Sekil 1. Silikon Recinelerin Kimyasal Yapisi [2].
Figure 1. Chemical Structures of Silicone Resins [2].
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Dolgular, dogal minerallerin 6gtittlmesiyle ya da inorga-
nik maddelerin ¢okturilmesiyle olusturulan mikron bo-
yutunda kati maddelerdir. Boyanin maliyetini diistirmek
ve fiziksel 6zelliklerini iyilestirmek amacli en yaygin girdi
olarak dolgular kullanilir. Boya filminin mekanik 6zellik-
lerini belirlemede buyuk rol oynarlar. Isiya dayanikli boya
ve silikon kaplamalarda kullanilan pigment ve dolgular-
dan bazilari; rutil titanyum dioksit, oksit pigmentler, spi-
nal pigmentler, aliminyum pigmentler, mika, talk, barit
ve mikamsi demir oksittir. Calisma igin tercih ettigimiz
dolgular asagidaki tabloda belirtilmistir.

Extenders are micron sized solid matters that are ob-
tained through grinding of natural minerals or precipi-
tation of inorganic substances. To decrease the cost of
the paint and to improve the physical properties of the
paint, extenders are the most commonly used paint in-
gredient. They play an important role in defining me-
chanical properties of the paint film. Some examples of
extenders and pigments used in heat resistant paints
and silicone coatings are titanium dioxide, oxide pig-
ments, spinal pigments, aluminum pigments, mica, talc,
barite, and mica-like iron oxide. Extenders we've used

Tablo 1. Dolgu Malzemeleri / Table 1. Extenders

for our study are listed in the table below.

Dolgu malzemesi

Talk / Extender

Barit

Mika

Kimyasal yapisi
Chemical Structure

Mg,Si,0,,(0H), MagnezyumSilikat
Mg.Si,0,,(OH), MagnesiumSilicate

BaSO,)- Baryum Siilfat
BaSO )- Barium Sulfate

Serisit (K Al, Si,0,;
Aliminyum Silikat
Serisit (K AL, Si,0,,
Aluminum Silicate

(OH,)- Potasyum

(OH)- Potassium

Ozellikleri
Features

Yapraksi kristal yapidadir. Kristal
yapisi sayesinde boya reolojisine
katkida bulunurlar ve pigmentlerin
askida durmasina destek olur. Isi
ve asit dayanimi vardir. Matlastirici
etkisi gézlemlenmektedir. Astar

ve macunlarda zimparalanabilme
ozelligine katki saglamaktadir.

Leaf crystal structured. Through its
crystal structure, they improve paint
rheology and help suspension of
pigments. Heat and acid resis-

tant. Improves matte appearance.

Yuksek 6zkiitlesi sayesinde basta
astarlar olmak tzere bircok boya
formulasyonunda dolgu malzemesi
olarak kullaniimaktadir. Fiziksel da-
yanim ve diger pigmentlerle uyumu
sayesinde popliler tercih sebebidir.

Due to its high density, barite is
used as an extender especially in
primers and also in various paint
formulations. It is a popular choice
of extender by virtue of its physical
resistance and compatibility with
other pigments.

Yapraksi yapisi sayesinde boya filmi-
nin bariyer etkisini attirir. Bu sayede
korozyon, kimyasal ve isil dayanimin
artmasina katkida bulunur. Boyanin
yuzeye yapisma kuvvetini arttirmak-
tadir. Sedef pigmentlerin tUretimin-
de tasiyici olarak kullanilir.

Increases the paint film’s barrier
effect as a result of its leaf crystal
structure. Through this feature, it
improves corrosion, chemical, and
heat resistance of paints and coat-
ings. It increases surface adhesion

Improves grindability in primer and
paste

force of paint. It’s used as carrier in
the manufacturing of pearl pigment

Goriinim
Appearance

(3] [4]

[5]

Bu calismada, sabit PVC'deki (Pigment Hacim Konsant-
rasyonu: pigment hacminin, boyadaki toplam ugucu
olmayan maddelere orani) istya dayanikli boya formulas-
yonunda farkli dolgu oranlarinin yapisma ve isil dayanim
ozelliklerine etkisi incelenmistir. Deney tasarimi sirasinda
6 sigma metodolojisinden yararlaniimistir. 2k tam fakto-
riyel deney tasarimi kullanilmistir. 2 Farkl degisken secil-
mistir, film kalinhigi ve dolgu tipleri. Film kalinhigi degis-
keninde 2 farkli seviye belirtilmistir, 100u ve 200u. Dolgu
tipleri degiskeninde 3 farkli seviye belirtilmistir, barit,
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In this study, paints have different extender proportions’
effects on adhesion and heat resistance properties were
tested. These paint formulations were designed to have
constant PVC (Pigment Volume Concentration: pigment
volume’s ratio to the total non-volatile substance). 6 Sig-
ma methodology was utilized during the experiment de-
sign. 2k full factorial experiment design was used. 2 dif-
ferent variants were chosen, film thickness and extender
types. Film thickness was set to alternate between 100u
and 200u. Extender types were determined as barite,




UrGn Tanitimi / Product Presentation

talc, and mica. The calculated ratios for 3 different ex-
tenders are listed at the table 2 as below. 8 different
paint formulations were prepared with respect to ex-
tenders. In total, there were 16 different formulations.

talk ve mika. 3 farkli seviye icin hesaplanan oranlar tablo
2'de belirtilmistir. Dolgu oranlarina gore 8 farklh formul-
de boya hazirlanmistir (boyalarin PVC degeri %25,7"dir).
Toplamda 16 farkh calisma yapilmistir.

Tablo 2. Dolgu Oranlari
Tablo 2. Extender Ratios

Standart Sira Test Sirasi Film Kalinhgi Barit Talk Mika
Standard Order Test Order Film Thickness Barite Talc Mica
1 1 100 Tx Tx Tx
14 2 200 2x 1x 2x
11 3 200 1x 2X 1x
7 4 100 2x 2x Tx
15 5 200 2x 2x 1x
16 6 200 2X 2X 2x
2 7 100 Tx Tx 2x
9 8 200 1x 1x 1x
12 9 200 Tx 2X 2x
3 10 100 Tx 2x Tx
5 11 100 2x 1x 1x
4 12 100 1x 2X 2x
6 13 100 2x Tx 2x
8 14 100 2x 2x 2x
10 15 200 1x 1x 2x
13 16 200 2x 1x 1x
Tablo 3. Boya Formilasyonu
Tablo 3. Paint Formulation
On Karistirma Ham madde / Raw Material Miktar (gr)
Millbase Densurf HR 900 30
Densurf DA 413 1
Siyah Pigment /Black Pigment 10
Reoloji ajani / Rheology Agent 0,5
Cinko fosfat / Zinc phosphate 6
Barit / Barite 6,33
Mika / Mica 6,33
Talk / Talc 6,33
izo-Butanol / iso-Butanol 3
Alt ilave Densurf HR 900 12
Let down Densurf SM 114 0.5
Ksilen / Xylene 12,01
Butil asetat / Butyl Acetate 6
Total 100
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Boyalarin ezilme incelikleri 10-15u olarak gézlemlen- Paint formulations’ particle size of grind was deter-
mistir. Hazirlanan boyalar DKP sac panel Gzerine 100u mined as 10-15u. Prepared paints were applied to
ve 200u yas film kalinhginda uygulanmistir. metal pannels as 100u and 200u wet paint thickness.

Sekil 2. Yapisma Performansi Test Sonuclari (Film kalinligi: 100u)
Figure 2. Adhesion Performance Test Results (Film thickness: 100u)

a.) Standart Sira 1 b.) Standart Sira 2 c.) Standart Sira 7
a.) Standard Order 1 b.) Standard Order 2 c.) Standard Order 7

d.) Standart Sira 11 e.) Standart Sira 12 f.) Standart Sira 14
d.) Standard Order 11 e.) Standard Order 12 f.) Standard Order 14
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Plakalara uygulanmis boyalar 200°C’de 30 dk kiirlen-
dirildikten sonra 600°C sicaklikta 2 saat bekletilmistir.
Son olarak i1sil dayanim gdsteren boyalara cross-cut ya-
pisma testi kontroll yapilarak testler tamamlanmustir.
200u boya uygulanmis calismalarin hepsinde isil daya-
nim testinden sonra yapisma zafiyetleri gézlemlenmis-
tir. 100u boya uygulanmis calismalarin cross-cut test
sonuglan Sekil 2'de gosterilmistir. Standart Sira 1 calis-
masinin yapisma performansi ISO-2409 (ASTM 3359)
standardina gére GTO yani boya filminde dékilmenin
olmadigi en iyi sonug gikmistir.

Sonug olarak, PVC degeri %25,7 olan isiya dayanikh
boyamizin barit, mika ve talk oranlarinin esit oldugu
formulasyon basarili bulunmustur. Isiya dayanikh boya
sistemlerinde 6nerecedimiz Densurf Grlnleri Tablo 3'te
yer almaktadir.

After paints were applied to the pannels, they were
cured at 200°C for 30 minute. After curing process,
pannels were held at 600°C for 2 hours. Last but not
least, tests were concluded with the cross cut adhe-
sion test. Pannels with 200u paints have all shown
unsatisfactory adhesion property after heat resis-
tance test. Pannels with 100u paints cross cut test
results are listed in Figure 2. Study of Standard Order
1’s adhesion performance determined as GT0 accord-
ing to 1SO-2409 (ASTM 3359) standard. This is the
best performance result for a paint where there is no
deformation.

As a result, heat resistant paint formulation with
equal barite, mica, and talc ratio was determined
successful. Recommended Densurf products for heat
resistant paint systems are listed in the table below.

Tablo 4. Densurf Uriin Listesi
Table 4. Recommended Densurf Product List for Heat Resistant Paint Systems

Istya dayanikl silikon recine / Heat resistant silicone resins

Densurf HR 900

Dispersiyon Ajani / Dispersion Agent

Densurf DA 413

Yuzey Ajani / Surface Modifier

Densurf SM 114

Dip not: Isiya dayanikli boya calismalari yaparken or-
tam kosullar (sicaklk, nem vb.) sabit tutulmalidir. Kl
finninda test siiresi tamamlandiktan sonra plakalar
hemen c¢ikarilmamali, kal firnina madahale edilme-
den sicakhginin 200°C'nin altina inmesi beklenmelidir.
Plakalar oda sicakligina geldikten sonra cross-cut testi
uygulanmalidir.
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Note: When conducting a heat resistance study of
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cooldown period, oven should be kept closed until
the temperature gets down below 200°C. Cross cut
test should be performed when pannels reach room
temperature.
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