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Deney Tasarimi ile Etkili Képuk Kesici ve

Hava Aticilarin Dizayni

Creating Effective Defoamers and Deaerators by Design of

Experiment (DOE) Method

GUnluk yasantimizda, icecekler (kahve, gazl icecekler,
vb.), sabunlar, izolasyon malzemeleri (politiretan ko-
puk) gibi képukli bir malzemeyle karsilasma olasiligi-
miz gok yuksektir. Bu saydigimiz malzemeler icin képuk
istenen bir 6zelliktir. Ozellikle kopukli bir Tirk kahvesi
vazgegilmezdir- ve glnlik yasantimizda yer etmislerdir.

Boya Ureticileri ve uygulayicilari icin bu durum tam ter-
sidir. Kaliteli ve purizsiz bir goriiniime sahip boya elde
edilmesi ve bunun uygulanmasi esnasinda képuk kont-
roliniin saglanmasi zorunlu bir gorevdir. Bu nedenle,
boya ve kaplamalarda képuk olusumunu engellemek
ve gidermek icin yiiksek performansli kopuk kesici veya
hava atic katkilarin kullanimi gereklidir. Képuk kesici ve
hava aticllar; boyalarin Gretimi, uygulanmasi ve tasin-
masi sirasinda kopuk olusumunu engelleyerek boyala-
rin performansinin istenilen diizeyde kalmasini saglar.

Ozellikle, dispersiyon prosesleri, sivilarin pompalanma-
s, karistirma surecleri gibi endustriyel uygulamalarda
ve boyalarin uygulanmasi esnasinda koépuk olusumu
kesinlikle istenmeyen bir durumdur. Olusan bu ko-
pukler; Gretim proseslerinin gereginden fazla uzama-
sina (6rnegin dispersiyon suresi), ambalajlarin dolumu
sirasinda etkili ve verimli bir dolum yapilamamasina,
yiksek karstirma hizlari gerektiren operasyonlarda
etkinligin kaybolmasina, uygulamasi yapilmis boyanin
ylzeylerinde kabarciklanma, krater, balik goézi, “igne
deligi* ” denilen cesitli boya kusurlarina yol agmaktadir.

Kopuk, en basit deyisle, sivi icerisinde dagilmis gaz ka-
barciklaridir (Hava, karbondioksit gazi vb.). Su gibi saf
sivilarda olusan kopuk termodinamik olarak stabil de-
gildir; sivi icerisinde hizla olusan kopukler, yine hizli bir
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Not a day goes by that we do not come across a foamy
material such as coffee, fizzy drinks, soaps, insulation
materials (polyurethane foam) and so forth. Foam is
a desired feature for this kind of materials and well-
accepted in our daily life. Especially, a foamy Turkish
coffee is indispensable.

For paint manufacturers and applicators this case is
completely an opposite phenomenon. Foam control
is @ mandatory work during the manufacture and ap-
plication of paint to provide smooth and competent
paints. Therefore, usage of highly efficient defoam-
ers and deaerators in paints and coatings is neces-
sary to eliminate the existing foam. Defoamers and
deaerators prevent the formation of foam during the
production, application and transportation of paints
to ensure that the performance of the paints remains
at the desired level.

Foam formation is a serious and undesired problem,
especially in industrial applications such as disper-
sion, pumping and mixing process or during the ap-
plication of paints. The formed foam may cause an in-
crease on the production time (e.qg., dispersion time),
generate difficulties effective and productive filling
of vessels, reduce the efficiency of stirring opera-
tions and formation of paint defects on the surface
of coatings such as craters, fish eyes and pinholes*.

Basically, foam is a dispersed gas bubbles (air, carbon
dioxide, nitrogen etc.) in liquid paints. In pure liquids
like water, formed foam is thermodynamically unsta-
ble which the foam occurs rapidly and quickly rise to
the surface of the liquid, and collapsed immediately
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sekilde sivi ylizeyine cikar ve patlayarak yok olurlar [Se-
kil 1(a)]. Fakat, herkesin daha 6nce deneyimledigi gibi
su ile sabun kanstinldiginda, sabunun képigu stabil
hale getirmesiyle muazzam bir kalici kdpik olusur. Ayni
sekilde, su bazl boyalarda, mirekkeplerde ve yapistirici
formilasyonlarinda bulunan islatma ajanlari ve emdil-
gatorler de sabun gibi birer ylizey aktif maddedir ve
olusan képugun stabil kalmasina sebep olurlar. Yizey
aktif maddeler, sivi icerisinde olusan havanin etrafini
sararak diger hava kabarciklari ile birlesmesini engeller
ve bu durum hava kabarciklarinin ylzeye ulasma hizini
yavaslatarak mikro kopukleri** stabil hale getirir. Yiize-
ye ulasmayi basarmis hava kabarciklar ise makro ko-
pukleri olusturur [Sekil 1 (b)].

1) Migration of foams to surface
through foam surface  lamella

(a)

2) Drainage of water ~ 3) Thinning of foam  4) Rupture of foam

Water

[Figure 1 (a)]. However, as everyone has experienced
when adding soap to water, soap generates and sta-
bilizes huge amount of foam due to its surface-active
structure. Just as it is, wetting agents and emulga-
tors present in water-based paints, inks and adhesive
formulations act as a surface-active agent to stabi-
lize of formed foams. Surface-active agents prevent
the coalescence of trapped bubbles formed in liquid
paints by wrapping the bubble surface, therefore
slows down the rising speed of the bubbles to the
surface and stabilize them as micro-foam** in the lig-
uid body. The foams succeeded to reach the surface
of the liquid paint can be described as macro-foam
[Figure 1 (b)].

Macro-Foam
(Dry foam),
Polyhedral structure

(Wet foam),
Spherical Structure

" (b)

Sekil 1. Saf sudaki kopuk davranisinin sematik gosterimi (a), makro ve mikro kdpuk gosterimi (b)
Figure 1. Foam action in pure water (a), macro and micro foams (b)

Kopuk kesici ve hava aticilar etkili olduklan koptk tipi-
ne gore islev gordukleri icin birbirinden farkl Granler
olarak nitelendirilebilir. Képuk kesiciler daha ok sivi
ylizeyinde (sivi-hava arayuzeyi) olusan stabil kopuklerin
(makro kopuk) Gzerinde etkili olurken, hava aticilar sivi
icerisinde hapsolmus kiiciik hava kabarciklarinin (mik-
ro kopuk) giderilmesinde etkin bir rol oynarlar. Mikro
kopukler cok kiiciik tanecikler oldugu igin gorsel olarak
fark edilmeleri her zaman mimkin olmayabilir. Ancak,
boya formilasyonunun yogunlugunun beklenenden
distk ¢tkmasi gibi yontemler ile fark edilebilirler. Hava
aldirma mekanizmasi, kiigiik mikro képuklerin bir ara-
ya getirilerek boyadan daha hizl bir sekilde uzaklasa-
bilen daha buyik kopukler haline getirilmesi prensibi
ile calisir. Mikro kopukler olustugu andan itibaren sivi
icerisinde ylkselerek ylizeye ulasmaya calisirlar. Stoke
Yasasina gore; kopugun yikselme hizi, kopik capina
ve sivi viskozitesine baglidir. Sivinin viskozitesi ne kadar
disuk olursa ytizeye dogru o kadar hizl yikselirler. Sto-
ke Yasasi*** uyarinca képugin yukselme hizi yaricapi-

Defoamers and deaerators can be classified different-
ly from each other due to their working mechanism
on different type of foam. While defoamers are ef-
fective on macro-foams existing on the surface of the
liquid, deaerators destroy the micro-foams which are
trapped inside the liquid body. It is not always easy to
visual observation micro-foams because of their tiny
bubble structures. However, they can be detected by
lower density of paint than expected. The main princi-
ple of deaeration is to coalescence of micro-foams to
form larger bubbles which can be removed from the
paint more quickly. Micro-foams try to reach to the
surface right after formed in the liquid. As stated in
Stoke’s Law, rising speed of foam to surface depends
on foam diameter and liquid viscosity. The lower the
viscosity of liquid, the faster they rise to the surface.
The rising speed of the foam to surface of the liquid
depend on the square of radius according to Stoke’s
Law***, Therefore, the diameter of the foams is more
effective on rising speed than the viscosity of liquid.

Turkcoat
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nin karesi ile dogru orantihdir. Dolayisi ile, kopik capi
ylikselme hizi Gzerinde sivi viskozitesine oranla daha et-
kilidir. Hava aldinci ajanlar, mikro képuklerin birleserek
caplarini buyUtmelerine ve daha hizl bir sekilde yizeye
ctkmasini saglarlar. Bunu yaparken, mikro kopuklerin
etrafini saran ylzey aktif maddelerin stabilizasyonunu
bozar ve kopuk icerisindeki havanin boya icerisine di-
flzlenmesini saglarlar. Boylece mikro kopukler birlese-
rek daha buyik capli képuklere dondsur ve daha hizh
bir sekilde ylzeye cikarlar (Hava aldirma) (Sekil 2).

Deaerators enable micro-foams merge with one an-
other to increase their size which makes the foams
rise more quickly to surface. Deaerators destabilize
the surface-active agents around the bubbles and al-
low the air diffuse into liquid. Thus, micro-foams are
converted into larger bubbles that can be rise to sur-
face rapidly (Figure 2).
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Sekil 2. Hava aldirma mekanizmasi
Figure 2. Deaeration mechanism

Etkili bir hava aticl tasarimi, bircok degiskene ve prose-
se baghdir. Hava aticinin sistem ile uyumlulugu, hava
atma etkinligi, maliyeti, 6zellikle seffaf kaplamalarda
pusluluk yapmamasi gibi degiskenlerin g6z 6niine ali-
narak ince ve titiz bir calisma yapilmasi gerekir. 6 Sig-
ma**** metadolojisi ylzlerce deneme ile elde edilecek
sonuclarin, etkin bir deney tasarimi ile cok daha az de-
neme yapilarak elde edilmesini ve zaman ydnetiminin
en iyi sekilde degerlendirilmesini saglar. Deney Tasari-
mi (DOE); proje takiminin, olasi tim proses girdilerinin
son Urlin Uzerinde olan etkilerini anlamasina yarayan
kullanigh bir 6 Sigma aracidir. Denge Kimya, yer aldig
tim projelerde 6 Sigma felsefesini benimseyen ve 6n
planda tutan bir firmadir. Denge Kimya‘da bu felsefe ile
gerceklestirilen yeni bir calisma; seffaf kaplamalar icin
gelistirilen etkili hava aticilarin Gretilmesi projesidir.
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Designing of a high-performance deaerator depends
on versatile parameters and process. It is required to
make a reliable study considering various properties of
the deaerator such as compatibility of deaerator with
the system, deaeration efficiency, cost and clear coat
applications without haziness. Six Sigma**** meth-
odology enables to understand the outputs of the
hundreds of experimental data by applying much less
experiments and provide efficient time management.
Design of Experiments (DOE) is a Six Sigma tool that
helps project teams determine the effects that all the
inputs of a process have on the final product. Denge
Kimya embrace Six Sigma methodology in all the proj-
ects that the company involved in. By this approach, a
new project has been started in Denge Kimya to pro-
duce effective deaerators for clear coatings.
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Seffaf kaplamalarda, en iyi performans veren hava
aticnin elde edilme sureci etkin bir deney tasariminin
olusturulmasi (Tablo 1) ile baslatilmistir.

iki komponentli (2K) seffaf kaplamalarda, genelde yiik-
sek bir viskozite gozlenir. Mekanik yollarla (karistirma)
sistem igine surlklenen hava kabarciklar (mikro képuk-
ler) ylzeye ulasmak icin viskozite ile savas halindedir.
Viskozitenin yuksek olusu, olusan mikro kopuklerin
ylikselme hizini son derece yavaslatir. Bu sistemlerde
kdrlenme hizli oldugu icin mikro képukler yiizeye ulas-
mak icin yeterli zamani bulamaz ve sistem icerisinde
hapsolur. Bu sorunu asmada hava aticilar devreye gi-
rer. Hava aticilar, mikro kopuklerin kirlenme gercek-
lesmeden ylizeye ulasmasini ve ylizeyde patlayarak yok
olmasini saglar. Kullanilan hava aticilarin, recine siste-
mi icerisinde hizlica havayi atmasinin yani sira pusluluk
olusturmamasi beklenir.

Production period have been started using DOE set-
up by Six Sigma approach (Table 1) to reach the best
performance deaerators for clear coatings.

Generally, high viscosity may occur in 2K clear coat-
ing systems. Air bubbles (micro-foams) that dragged
into the system by mechanical stirring fight against
the viscosity of the system to reach to surface. High
viscosity extremely slows down the speed of formed
micro-foams in the system. Because of the fast-cur-
ing nature of these systems, micro-foams cannot
find enough time to reach the surface and trapped
in the system. This problem can be solved by effi-
cient deaerators. Deaerators provide the fast rise of
micro-foams within the system and burst on the sur-
face before curing. Another expected feature from
a deaerator is the ability of no haze in clear coating
system as well as quick deaeration.

Tablo 1. Seffaf kaplamalar icin gelistirilen hava aticinin deney tasarimi
Table 1. DOE for the design of new deaerators for clear coatings

Experiment Number Solvent Active Content (%) Polymer (%) Polymer Type
TRIAL-1 Solvent-1 50 0,5 Polymer-1
TRIAL-2 Solvent-2 5 2 Polymer-2
TRIAL-3 Solvent-2 50 0,5 Polymer-1
TRIAL-4 Solvent-1 50 2 Polymer-1
TRIAL-5 Solvent-2 27,5 1,25 Polymer-1
TRIAL-6 Solvent-1 5 0,5 Polymer-1
TRIAL-7 Solvent-1 27,5 1,25 Polymer-1
TRIAL-8 Solvent-2 50 2 Polymer-1
TRIAL-9 Solvent-2 50 0,5 Polymer-2
TRIAL-10 Solvent-2 5 0,5 Polymer-1
TRIAL-11 Solvent-1 5 0,5 Polymer-2
TRIAL-12 Solvent-1 5 2 Polymer-2
TRIAL-13 Solvent-2 5 2 Polymer-1
TRIAL-14 Solvent-2 50 2 Polymer-2
TRIAL-15 Solvent-1 50 0,5 Polymer-2
TRIAL-16 Solvent-1 27,5 1,25 Polymer-2
TRIAL-17 Solvent-2 27,5 1,25 Polymer-2
TRIAL-18 Solvent-1 50 2 Polymer-2
TRIAL-19 Solvent-2 5 0,5 Polymer-2
TRIAL-20 Solvent-1 5 2 Polymer-1

Tablo 1'de belirtilen deney tasarimindan elde edilen
Urlnler, asagida belirtilen yonteme gore test edilmis-
tir:

Oncelikle, yiiksek viskoziteli (11000-14000 mPas) sol-
ventsiz epoksi recinenin A ve B komponent karisimina
%0,5 hava atici ilave edilmistir. Eklenen hava aticilar-
dan sonra karistirma hizi ve slresi tim numunelerde
esit tutulmustur. 5 cm kalinliginda olusturulan kap-

The products prepared using DOE in Table 1 have
been tested according to the following methods:

First of all, 0.5% amount of deaerator is added into
high viscosity (11000-14000 mPas) solvent-free ep-
oxy resin composed of A and B components. All the
samples are mixed equal time after the addition of
deaerators by applying the equal stirring speed. Pre-
pared resins were applied as a 5 cm film without any

Turkcoat
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lamalar hicbir kesme kuvveti uygulamadan tamamen
doékme yontemi ile uygulanmistir. 1 saat sonra kopuk
miktarlari ve bulanikliklari gorsel olarak kontrol edil-
mistir. Gergeklestirilen testlerden sonra en iyi sonu-
cu veren calismanin gorsel analizi rakip Uriin ve kor
numune (Hava atic icermeyen) ile karsilastirlarak
Sekil 3'te verilmistir. Gorselde, hava aticl icermeyen
kér numune altindaki “Densurf” yazisi okunamazken
“RD-Safe 80001-31" kodu verilen hava atici iceren
kaplama altindaki yazinin kolaylikla okunabildigi go-
rilebilmektedir. Rakip Grtndeki okunabilirlik kér nu-
muneye gore iyi olsa da yeterli degildir.

cutting-power by pouring method. Visual control of
foam quantity and turbidity are checked after 1 hour.
Figure 3 demonstrates the visual analysis of the best
product selected from the DOE study including the
comparison of blank and benchmark dearator. In Fig-
ure 3, while the writing “Densurf” under the blank
sample is not readable, the writing under the sample
resin including deaerator coded as RD-Safe 80001-31
is clearly readable. Readability at benchmark product
seems even better than blank, still it is not sufficient.

Blank

RD-SAFE 80001-31

Benchmark

Sekil 3. 5 cm kalinhgindaki seffaf kaplamalarin Gstten gorinima; kér numune, RD-Safe 80001-31, rakip.
Figure 3. Top view of 5 cm coating films; blank, RD-Safe 80001-31, benchmark.
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Dipnot:

*"igne deligi kusuru, yas boya icinde olusan gaz kabar-
ciklarinin, filmin kurumasi stirecinde filmi terk etmesi
ve ylkselen viskozitesi nedeniyle, kabarciklarin gikisi
sirasinda olusan yirtilma izlerinin yayillmayla kapanma-
masi sonucunda olusan bir boya film kusurudur.”

** Mikro Kopuk: Sivi icerisinde hapsolmus, genellikle
yuvarlak bir gériiniime sahip hava kabarciklardir.Mak-
ro Képuk: Sivi ylizeyinde bulunan, genellikle polihedral
bir gérinidme sahip hava kabarcikardir.

*** v=r’2n (Stoke Yasasi)

v:Kopuk ylkselme hizi

r:Koépuk yarigapi

n:Sivi viskozitesi

**** 6 sigma; mevcut ve elde edilebilir her tarll veriyi
bilimsel yaklasimlar kullanarak iyilestirmeleri sistema-
tik hale getirmeyi hedefleyen proje odakh bir calisma
metadolojisidir.
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Footnote:

* Pinholes are small blisters whose surface has broken
during the drying process. Pinholes are often caused by
trapped air, trapped solvents and trapped moisture es-
caping from the film.

** Micro-Foam, is a trapped air inside the liquid, gener-
ally having a spherical shape. It is also known as wet
foam.Macro Foam, is a polyhedral air bubbles, gener-
ally formed on the surface of liquid. It is also known as
dry foam.

***y=ri2/n (Stoke’s Law)

V:Rising speed of foam

r:Radius of foam

n:Liquid viscosity

**** Six Sigma is a disciplined, data-driven approach and
methodology for eliminating defects (driving toward six
standard deviations between the mean and the nearest
specification limit) in any process — from manufacturing
to transactional and from product to service.




