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Titanium dioxide is a predominant white pigment,iethis used as a raw material of
paint. Titanium dioxide pigments are produced viitith sulphate and chloride proc-
esses. In paints, the main function of titaniumxdle is to contribute to the paint
film properties, like opacity and whiteness. Bee@atigmnium dioxide is a fairly valu-
able pigment, attempts have been made to replasghita filler which costs less.
Fillers of paint are for instance barium sulph&sglin, silicates and calcium carbon-
ate.

The purpose of the work was to study how paint erigs change when part of tita-
nium dioxide pigment was replaced with barium satgffiller so that the filler con-
tent in paint was 0, 5, 10, 15, 20, 25 and 30 wegincent. It was also studied how
different titanium dioxide grades contribute torgdiilm properties. The pigments
studied were Sachtleben RDI-S, Sachtleben 660,t8aeh RD3, Hombitan R210
and Hombitan R611 and those were replaced withutrasulphate filler. In addition,
the effect of mixtures of titanium dioxide- kaokmd titanium dioxide- barium sul-
phate on the characteristics of paint film was drach and the effects were com-
pared to those of Sachtleben K40. Colour, glosangrage and scattering coefficient
were analysed from the paint film and viscositynirthe paint. All paints were pre-
pared for both solvent and water-borne paints.

It was noticed in this work that increase of fillntent has an obvious influence on
paint film properties, like positively on glossasll as negatively on whiteness and
opacity. The paints with Sachtleben RDI-S, Sackteb60 and Sachtleben RD3
were top-rated when compared to all studied paifdaking all results of paints into

account, the paints with these three pigments werenost uniform. When Sachtle-
ben Micro was used as filler, results of measunegpgrties were better than those
with Amazon Premium.
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Titaanidioksidi on hallitseva valkoinen pigmenjtita kaytetddn muun muassa yhte-
nd maalin raaka-aineista. Titaanidioksidia valniégsta seka sulfaatti- etta kloridipro-

sessilla. Maaleissa titaanidioksidin paaasiallibeimava on vaikuttaa positiivisesti

maalikalvon ominaisuuksiin, kuten peittokykyyn jalkoisuuteen. Koska titaanidi-

oksidi on kohtalaisen arvokas pigmentti, sita @it korvaamaan tayteaineella, jon-
ka kustannukset ovat alhaisemmat. Maalin tayteameeidaan kayttdd muun muas-
sa bariumsulfaattia, kaoliinia, silikaatteja jasgtamkarbonaattia.

Tyon tarkoituksena oli tutkia, miten maalin ominaidet muuttuvat, kun titaanidiok-
sidipigmenttia korvataan bariumsulfaatti-tayteallzedPigmenttia korvattiin tayteai-
neella siten, etta tayteainepitoisuus maaliss®,08, 10, 15, 20, 25 ja 30 painopro-
senttia. Tyossa tutkittiin myds, miten eri pigméagdut vaikuttavat maalikalvon
ominaisuuksiin. Tutkittavia pigmentteja olivat SHeben RDI-S, Sachtleben 660,
Sachtleben RD3, Hombitan R210 sekd Hombitan R6Mlitgakorvattiin bariumsul-
faatti- tayteaineella. Lisaksi tarkasteltiin titadioksidi- kaoliini- ja titaanidioksidi-
bariumsulfaatti- seoksien vaikutusta maalikalvonr@isuuksiin ja vaikutusta verrat-
tiin Sachtleben K40:std valmistetun maalin maalikal ominaisuuksiin. Maalikal-
voista analysoitiin vari, Kiilto, nelidpaino ja sittakerroin sekd maalista viskositeetti.
Kaikki maalit valmistettiin seka vesi- etta liuatinenteisina.

Tutkimuksessa todettiin, etta tayteainepitoisuudensu vaikuttaa selvasti maalien
ominaisuuksiin, kuten positiivisesti kiiltoon sekégatiivisesti valkoisuuteen ja peit-
tokykyyn. Sachtleben RDI-S-, Sachtleben 660- jah8aben RD3- pigmenteista
valmistetut maalit olivat parhaita tutkituista nmeata. Mitattujen ominaisuuksien
perusteella naista pigmenteistda valmistettujen m@alulokset olivat tasaisimpia.
Kaytettaessa Sachtleben Microa tayteaineena, sgatiempia tuloksia kuin kaytet-
tdessda Amazon Premiumia tayteaineena.
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LITERATURE PART

1 INTRODUCTION

Titanium dioxide (TiQ) is the most important white pigment and it iscugeseveral

applications, like in paints. It is chemically d@bnon-toxic and insoluble in bases,
acids and other solvents in all normal applicatidrignium dioxide pigments can be
produced by two different methods, the sulphate @nldride processes. In paints,

titanium dioxide contributes primarily to whitenespacity and brightness of paint.

In paints, part of the pigment is replaced witkefilso that costs of end product can
be reduced. Filler has an effect on gloss, texsguspension, tinting strength and vis-
cosity of a paint. Fillers are among others baragutphate, kaolin, calcium carbon-
ate, silicates and silica.



2 RAW MATERIALS OF PAINT

2.1 White Pigments

Pigments are used in paints and other materialmypart colour, opagueness, and
other desirable properties to the product. In gaipigments may also regulate the
gloss, impart anticorrosive properties, and reicgathe film. All white pigments are
inorganic compounds. They contain for example;J@nc sulphide and lithopone.
These white pigments are all nonreactive. /1/

2.1.1 Titanium Dioxide

Pure titanium dioxide (Tig) is a colourless crystalline solid. It is stabienvolatile,
largely insoluble, and rendered refractory by sgragnition. TiG, is amphoteric, al-
though it is more acidic than basic. It exists lmee fundamental crystal forms,
namely tetragonal rutile, tetragonal prisms of as@t and orthorhombic brookite. /2/

Commercially produced crystal form of titanium dies are rutile and anatase.
Rutile pigments are more important in volume terifise rutile crystal has a more
compact structure than the anatase form (Fig. lis dccounts for important differ-
ences between the two crystal forms, particuldrby dreater stability, higher refrac-
tive index, and higher density of the rutile forithe higher refractive index of the
rutile crystal, which leads to its greater opacifyipower, and its superior exterior
durability are the major reasons for its preferose relative to anatase. Many ana-
tase pigments are used only in relatively spe@dliapplications where they have
been selected because of their blue tone, thdityatn operate with optical bright-

eners, or their lower Mohs hardness resulting weloabrasivity. /2/



Figure 1. Crystal structures of (a) rutile andgbatase titanium dioxide. /2/

Titanium pigments’ colour is affected by their gyribecause particular contami-

nants, even at the level of parts per million, aslely affect colour. /2/

2.1.2Zinc Sulphide

Zinc sulphide has a restricted use as a single gngnit is mainly important as a
component of the composite white pigment lithopddieall the white pigments, zinc
sulphide has, after titanium white, the second ésghefractive index. Its chemical
and thermal resistance is inferior to that of filam dioxide. As a pigment it has a
pure, white colour shade. It reflects UV radiatidine sphericity of the particles, as
well as their low hardness of 3 Mohs, contributehe low abrasivity of this pig-

ment. Zinc sulphide is used in applications wheng hbrasivity and white colour
shade are required. In paints, it contributes ®rthtability and good rheological
properties. /3/

2.1.3Lithopone

Lithopone is a mixture of BaS@nd ZnS. Zinc sulphide determines the pigmentary
properties of the mixture, and that is why lithopgnigments are characterized by the
quantity of ZnS present in the mixture. While theantity of ZnS in commercial
lithopones varies from 15 to 60%, the most comn®a 30% lithopone pigment,
containing 28-30% of ZnS and 70-72% of BaSQ/
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Lithopone is mainly used in paints with a relatwhlgh pigmentation, for example,
filling and emulsion paints and primers of all kindn these areas, it is particularly
characterized by its levelling properties, by lomder requirement and by giving
paints good flowability. Lithopone is found to bery resistant to flocculation in all
kinds of binder. Soft texture of lithopone makegaisy to formulate knifing fillers

and primers. Lithopone is compatible with almosbaiders. /4/

For economic reasons, it is often expedient tolitisepone together with Ti®pig-
ments. This makes possible the superior hiding pafehe TiQ pigments to be
combined, at a reduced usage, with the economiudltechnical advantages of

lithopone. /4/

2.2 Fillers

Fillers are substances in powder form that aretjoally insoluble in the medium in
which they are applied. They are typically whitesbghtly coloured, and are used on
meaning of their chemical or physical propertielse Tifference between filler and a
pigment lies in the purpose for which it is usedleFis not a colourant, it is em-

ployed to increase the bulk of a given materiahodify the properties. /5/

White filler pigments have various functions, swashcontrolling gloss, texture, sus-
pension, viscosity and hiding power enhancemetier&ihave low refractive indi-
ces. Common fillers are barium sulphate, calciunbaaate, kaolin, silica and sili-

cates. /1/

2.2.1 Synthetic Barium Sulphate

Precipitated barium sulphate is also known as peemiawhite and blanc fixe. Bar-
ium sulphate (BaSf) is a fine, heavy, odourless, white powder of padyphous
crystals that have a rhombic structure. Precipitdéi@ium sulphate finds a wide va-
riety of uses in the coatings industry. The highnfy power, low oil absorption,

fineness and chemical inertness of barium sulpaetesome of the properties that
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make possible it to be used as a filler for indaband automotive primers. It is also
used as an filler for wood paints and emulsion fgaiaquiring a high level of gloss

and a minimum distortion of colour. /6/

2.2.2 Calcium Carbonate

Precipitated calcium carbonate (PCC) is most gdgenaed in paint as a filler for

titanium dioxide. The small and narrowly distribaditerecipitated calcium carbonate
particles help space the individual titanium di@jghrticles and maximize their hid-
ing power. This extension of the prime white pigmean improve opacity and re-

duce cost. /7/

Unlike ground calcium carbonates (GCCs), which camjeist one shape regardless
of size, precipitated calcium carbonates can beemadmany shapes and smaller
sizes not achievable by mere grinding. PCC, muah dground carbonate, finds its

largest application in interior and exterior arebtural coatings. /7/

2.2.3Silica

Silica occurs generally in nature as sandstoneassiand or quartzite. Silica is the
starting material for the production of silicategges and ceramics. It is one of the
most abundant oxide materials in the earth's clusain exist in a variety of crystal-
line forms or in an amorphous form. Its grindakilid specific particle size distribu-
tions facilitates its use as a filler material tolbout products. Silica is generally

used as a filler in paints, plastics, rubber, attessand putty. /8/

2.2.4Silicates

Minerals which combine oxygen and silicon, areezhlilicates. The silicates can be
organized in terms of their crystal structures ahdmical compositions (Table 1).
19/
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Table 1. Silicates. /9/

Mineral Idealized Formula Cleavage
Olivine (Mg,Fe)SiOq None
Pyroxene group : Two planes at
(Augite) (Mg,Fe)SiQ right angles
Amphibole group : Two planes at
(Hornblende) Cay(Fe,MghSisO2(OH): | =10 o4 150
Biotit K(Mg,Fe}AlSizO0;o(0OH
Micas totte (Mg, FedAISIzOw(OH), One plane
Muscovite KAl 5(AlSizO10)(OH),
Orthoclase KAISi 30
Feldspars rhotlase '3>8 Two planes at 90°
Plagioclase (Ca,Na)AlSEOg
Quartz SiQ None
2.2.5Kaolin

The term kaolin is used to describe a group of bysialuminum silicates of which
kaolinite is the dominating mineral. Chemical fotmaof kaolin is AbOge 2 SiQ,

2 H,O. When kaolin is broken down, it will show appnmately 45% Si@and 37%
Al,O3 with trace impurities of TiQ FeOs, quartz, and mica. Kaolin is white and
chemically inert silicate mainly composed of veinefparticles. /10/

Individual kaolins vary in many physical aspectijah in turn influence their end
use. Kaolin is commercially interesting becausesoflegree of crystallinity which
influences the brightness, whiteness, film strengftacity, gloss and viscosity. /11/

In its hydrous or calcined forms, kaolin can imprabhe optical, mechanical and
rheological properties of a paint. Calcined kaokns widely used in matt and satin
paints where they can fulfil increased opacity, tetiess and scrub resistance. It is

advantageous to use kaolin as partial replacernoefi®, pigment. /11/

2.3 Binders

All paints have a necessary component, a vehicliehms a binding agent. It both

binds the pigment particles together before usd, @rce applied (and the liquid
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component has evaporated) has a solid componeshwéinmains behind both bind-
ing the pigment particles together and also bindnegfilm of color to a surface. /12/

Binders contain synthetic or natural resins such aasylics, polyurethanes,
polyesters, melamine resins, epoxy, or oils /12k Binder is a very important in-
gredient that affects almost all properties oft¢bhating as adhesion and related prop-
erties like resistance to blistering, cracking geeling. Other key resistance proper-
ties like resistance to scrubbing, chalking andrfgadhs well as application proper-
ties, like flow, levelling and film build, and gleslevelopment are also properties to
which binder affects. /13/

2.4 Additives

A fractional part of paint, 0,1-1 % of weight, idditives that improve paints proper-
ties. Those chemicals are also necessary when gaating is forming. Additives
can be divided to groups according to their effébey can be for example antifoam-
ing and anti-skinning agents, anti-corrosive pigmemhancers, anti-settling agents
and driers. /14/

2.5 Solvents

Solvent is important part of paint and the ternvent is used to contain liquids that
don’t dissolve binder. Solvents are used in paorhpgositions for two main pur-
poses. They enable the paint to be made, and tiedyleeit to be applied to surfaces.

/15/ If incorrect solvent is used, paint precigtaand becomes useless /14/.

In water-based systems the water may operate asgeastlvent for some compo-
nents, but be a non-solvent for the main film forn¥éhis is the case in decorative
emulsion paints. In most cases it is common tor iefehe “aqueous phase” of the
composition, acknowledging that the present walthough not a solvent for the

film former, is present as the major componenth& liquid-dispersing phase. A
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wide range of organic liquids are used as paintesus, the type of solvent depend-

ing on the nature of the film former. /15/

Solvency alone is not the only criterion upon whsdtvent is chosen. Other impor-
tant factors contain evaporation rate, toxicitgnilmability, and cost. These factors
suppose different degrees of importance dependingosv the paint is used. If the
paint is applied under conditions of industrial mi&eturing, it is probable that prob-

lems related to odour, flammability and toxicityieao be under control. /15/

3 MANUFACTURE OF TITANIUM DIOXIDE

Titanium dioxide pigments are produced with twofeatiént kind of processes,

namely the sulphate process and the chloride psofEs/

3.1 Sulphate Process

The sulphate process is said to utilize all theegsses of classical chemistry, except
distillation, and is a complex multistage indudtoperation. In the sulphate process
(Fig. 2), the titanium-bearing ore called ilmenigereacted with sulphuric acid with
consequent hydrolysis of the resultant titanyl batp yielding a hydrated oxide.
Then it is calcined in a rotary kiln at a temperataf approximately 1000 °C to pro-
duce pigmentary titanium dioxide. The sulphate pssccan be depicted with the fol-

lowing reactions /2/:

FeOTi, + 2 HSO, > TIOSQy + FeSQ + 2 HO (1)
TIOSO + 2 HO = TIO(OH), + HSOy )
TIO(OH), = TiO, + H,0 3)
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Figure 2. The sulphate process. /2/

3.2 Chloride Process

The chloride process (Fig. 3) is just for rutileatium dioxide production. In this
process, mineral rutile or refined ore is reacteth \gaseous chloride in the coke’s
presence, forming liquid titanium tetrachloridetekfdistilling, this is oxidized in the
vapour phase, to produce pigmentary titanium diexithe chloride process can be

depicted with the following reactions /2/:

TiO,+ C+2Ch> TiCl, + CO, (4)
TiCl, + O, > TiO, + 2 Ch (5)
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Figure 3. The chloride process. /2/

3.3 Surface Treatment of Titanium Dioxide Pigments

A range of surface treatments are usually appbetth¢ base pigment, regardless of
its original manufacturing route, to obtain thedwade of properties required /2/. The
surface properties of pigment particles are largelyermined at the surface treatment
step of the production process, where the surfdqagment particles is modified
with various inorganic and organic compounds. Masinmonly, the particles are
first coated with inorganic compounds and, as al fiouch, an organic compound is
added onto the surface to improve dispersibilitige Wifferences between pigment
grades manufactured for different purposes oftennidifferent surface treatment
variables including the chemicals used, the quastidf each, and the coating proc-
ess itself. /16/
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4 MANUFACTURE OF FILLERS

4.1 General Aspects

Fillers are inorganic pigments and they are gotnfrminerals. There exists two
manufacturing methods of fillers. In one methodnedi mineral is milled with or

without water. After that it is screened, dried grattked. Another method is chemi-
cal precipitation. Raw material for milled and sared filler should be pure, whereas

that for chemical precipitation can be contaminat&d/

4.2 Manufacture of Barium Sulphate

Natural barium sulphates are processed by usimgligg method /17/. Precipitated
barium sulphate can be produced either directlynftbe reduction of barite or it can
be obtained indirectly as a by-product in the maatufre of lithopone (Fig. 4). In
either case, the process begins with the formatiabarium sulphide melt which is
obtained by the reduction of natural barite witlalda a rotary kiln at 1200-1300 °C

according to the reactions /6/:

BaSQ+2C—-> BaS+2CQ (6)
BaSQ +4 C- BaS + 4 CO (7)
BaS Melt
Lithopone Direct precipitation
InS04 + ZnCi, + 2BaS— 2ZnS + BaS0, + BaCl, BaS + Na,S04—BaS04+ Nas3

BaCl, + Na,S0, — BaSO0, + 2NaCl

Figure 4. Production of precipitated barium sulph#g/
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This white-hot reaction product is cooled down iater and the barium sulphide is
extracted by countercurrent leaching with hot watée resulting solution is filtered
and pumped into large vats equipped with stirféng impurities remain behind as a

mud containing the gangue and insoluble sulphitbés.

The direct production of precipitated barium sulehis accomplished by adding a

solution of sodium sulphate to the vat accordinthtoreaction

BaS + NaSO, 2 BaSQ + NaS (8)

The precipitated barium sulphate is then separftmd the solution, dried, and
ground to give the high-grade blanc fixe powderduas a pigment filler and inert
filler. /6/

The precipitated barium sulphate obtained as arbgyzt of lithopone production
occurs as a result of the production of the higbrgith lithopones. For the produc-
tion of 30% strength lithopone, 1 mole of sodiuntpbate is used with 1 mole of

zinc chloride in the reaction

ZnChL + NaSOy + BaS—> ZnS + BaSQ@+ 2 NaCl 9

For lithopones of greater than 30% strength, tlaetren components are no longer

equimolar and the resulting reaction occurs:

2 ZnCh + NgSO, + 2 BaS> 2 ZnS + BaS@+ BaClL + 2 NaCl (10)
or
ZnSQ + ZnCh + 2 BaS~> 2 ZnS + BaS@+ BaCb (11)

A blanc fixe paste is obtained from the resultiagitom chloride solution in a second

precipitation reaction according to the reactian /6

BaChL + NaSO, > BaSQ + 2 NaCl (12)
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4.3 Manufacture of Kaolin

When the crude kaolin is mined, it is ready forgassing. There are two general
manufacturing methods, the air-float process aedwhter-wash process. Air flota-
tion is generally used when filler clays are mantifeed, whereas the water-wash

process is used for both filler and coating clay8!/

In the air-float process, the crude kaolin is cagshAfter that it is dried first in cage

mills and then dried completely in roller mills. \&fn the desired particle size is
achieved, the product is floated from the rolletlman a stream of air through a

whizzer separator. The fine particles pass throamh are set for operation or extra
milling and the impurities and rough particles eemoved. /10/

Water-wash process (Fig. 5) is more complicated #igfloated process. First kao-
lin is worked with high-shear machinery. Additiohveater and chemical is followed
with preparation of a water suspension that haetnapurities removed. This sus-
pension is next separated by centrifuges into #s&reld particle size. The coarse par-
ticles are delaminated with mechanically shearrggagglomerates with extruders or

attrition mills. /10/
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Figure 5. Schematic representation of a typicabwedsh processing facility. /10/

Chemical leaching and magnetic separation both awgs brightness and colour.
After this, most of the water and earlier addednuleals are then removed with ro-

tary vacuum filters or pressure filters. /10/

5 MANUFACTURE OF PAINTS

The manufacture of paint involves the followingg&s: mixing, grinding, thinning,

adjusting, and filling. /1/

One of the older methods consisted of mixing al prigment and part of the vehicle
to make a paste of suitable consistency in a tib witating blades. This paste was
then fed by means of a trough into a slow-speedgstoill which had two circular

stones, one stationary and the other rotating aliowext, this paste was fed in a
continuous stream into a thinning tank, which haiting blades. At this point the
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remainder of the liquids was added, and the comglptoduct was tested for viscos-
ity, colour, and other physical properties pertinenthe prepared formulation. The

approved batches, were then strained and fillexlappropriate size containers. /1/

Dispersion by old-fashioned low-speed stone mdlsxtremely slow, costly and ob-
solete. Various types of more efficient equipmertraow in use. The general princi-
ple, however, is the same. That is to wet eactviddal particle thoroughly with the

vehicle and to eliminate flocculated aggregates. /1

Nowadays manufacture of a paint consists of premgixiispersing, after-mixing and

toning stages. /14/

Various semi-finished products of some raw matsraae often prepared before real
manufacturing process. It is important to add rastemals in right order so that the
manufacture process succeeds. Right way of addsialso vital. Purpose of pre-

mixing is to prepare suitable grinding part befdispersing. /14/

In powder form, pigment particles join togetheragglomerates. Purpose of dispers-
ing is to disperse these agglomerates and wetcgurdd pigment particles with
binder. In addition, this way formed dispersionddoe stabilized which means that
it should remain fine-grained for a long time. Dasging can be done with flash
mixer, ball mill or three-roll mill. In flash mixerthere is a propeller assembled to
vertical axis. In ball mills, there is a horizontatary drum where steel balls or por-
celain balls grind pigments. In three-roll millssglersing happens between rotary
rollers. /14/

In after-mixing, rest of the raw materials are atlttedispersed grinding batch. Mix-
ing is done with propeller mixer or flash mixeridtimportant that addition is made
properly and that mixing is powerful enough. At thiage of toning, the paint is
tinted with special tinting pastes. Tint is tendedget near standard, tint of colour
chart, that is set down. /14/
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6 MOST IMPORTANT PROPERTIES OF WHITE PIGMENTS IN
PAINTS

In any pigmented system, the achieved degree afigng dispersion will have a pro-
found effect on the properties of the system. latnee terms, titanium dioxide pig-
ments are easily dispersible. As a result of sertagatment of Ti@pigment, those
can be processed using a wide variability of modeachinery, required that correct
millbase formulating procedures have been follow24.

In any paint system, no matter how accurately tliéngn process has been carried
out, there exist pigment particles of various sizebas been assessed that even in a
well-milled paint only 20-25% of titanium dioxidegment is present as single crys-
tals, the remaining part being present as grougsvofor more individual crystals.
These particle groups are usually formed by thegs® of flocculation. The presence
of flocculation in a system is the result of inglifo It is always present to a degree
and thus, it is essential that it is minimized bdain acceptable optical properties for
the system. Although flocculates are loose ass@sbli particles and they can easily

be broken down, but also readily formed. /2/

When the state of dispersion is good, the stalbilityiscosity is also good. Viscosity
is the quantity that describes resistance of a flaiflow. The higher is viscosity of
paint, the thicker and less fluid it feels. Visdg2f paint depends on dispersal prop-

erties of a pigment. /14/
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7 MOST IMPORTANT PROPERTIES OF WHITE PIGMENTS IN
PAINT COATINGS

7.1 Opacity

The most important property of any white pigmentssability to opacity and bleach
the medium in which it is dispersed. The opacifypajential of titanium dioxide or
other white pigments, is essentially controlledtlwp properties— particle size and
refractive index. The refractive index of a matkisaan essential property associated
with crystal structure of the material and thus piggment manufacturer has no con-
trol over this particular parameter. A paint filsr opaque because particles of pig-
ment scatter and/ or absorb light, thus prevenigig to reach the substrate. Incident

light can interact with a pigmented paint film iarious ways (Fig. 6). /2/

Incident
light

Substrate

Figure 6. Interaction of light with a pigmented miafilm. /2/

At the film surface, light is reflected (A) accondi to law of reflection. The reflec-
tion degree depends on the refractive index offilhe If the surface is optically
smooth, the angle of reflection is equal to thelamaj incidence, but more com-
monly with pigmented systems there is some diffugiB) from the surface itself.
The remainder of the incident light (C) passes thtofilm where it can be scattered

(D), absorbed by pigment particles, or absorbedhbyresin. These interactions de-
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termine the colour and intensity of light (G1) tmetemerges from the film surface.
12/

In films that are not opaque, some of the lighthes the substrate, where it may be
absorbed (E) or reflected (F). Again, some of teitected light may finally reach

the film surface (G2). Not all the light reachingetfiim surface emerges. Some is
internally reflected (H1 and H2) and may be furtbeattered and absorbed by pig-

ment particles within the film. /2/

The combination of all these effects leads to thenomenon of opacity. Thus, white
paints opacity is mainly caused by scattering ligtttile in colored paints there is an
increasing dependence on absorption as the coatientrof colored pigment in-

creases. /2/

Most of the light that enters a paint film is retied and refracted many times before
either escaping from the surface of the film, dkected light, or being absorbed by
the substrate. In a system containing a low rafrachdex pigment, light is deflected
through a relatively small angle when it strikesiadividual particle and thus light
has a high probability of reaching the substraig.(F). Thus an efficient pigment
particle should scatter light through as large arag possible. /2/

HIGH REFRACTIVE INDEX LOW REFRACTIVE INDEX
PIGMENT PIGMENT

Figure 7. Reflection of light from both high andvoefractive index pigments. /2/
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7.2 Degrees of Coloration

Two aspects of colour, whiteness and undertone,important to the users of
titanium dioxide pigments. White pigment itself saa the whiteness and products

that contains mixture of white and coloured pigrserguses undertone. /2/

Whiteness is developed by careful purification dfe tpigment during the
manufacturing process. It is particularly importdat reduce to a minimum the
concentration of contaminant elements which havéoured oxides. Another
significant factor for development of whitenesgshs particle size of the pigment.
The ratio of scattering increases as the crystaindter approaches half of the
wavelength of light. When the ratio of scatteringabsorption increases, it produces

a substantial increase in reflectance. /2/

Undertone is a term more commonly applied to ca@dusigments. It is defined as
the colour obtained when such a pigment is entieghlgnded with white. Undertone
of white pigment may be described as the hue (bigiwar bluish) of a grey paint

containing the pigment in admixture with a standakack pigment. Undertone is

mostly dependent on the particle size of the titandioxide pigment and can thus be
controlled by the manufacturer. In general, pigrmesith small particle sizes have
blue undertone while larger particle materials hbv@vn undertone. Undertone is
also affected by the state of dispersion of a pmgmbecoming more blue when

dispersion improves. /2/

7.3 Gloss

Gloss can be observed as a sensation when obsxpeniences it when light is re-
flected from a surface and thus, to a degree,atnslative effect. Gloss is an impor-
tant parameter in many surface coatings and itbeamfluenced by the distribution
and concentration of titanium dioxide pigments hie paint film. If paint films are
optically smooth, their specular gloss would bedlily related to the refractive index
of the film surface. Despite, paint films normdiigve a degree of surface roughness,
related to the flow of the film and to the present@igment in the system. The sur-

face roughness of a paint film can be consideredotusist of two components,
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macroroughness, and microroughness. It is primatigroroughness that is affected
by the presence of titanium dioxide pigment pagcat, or near, the surface of the

paint. /2/

The primary reason for incorporating titanium daipigment in paint films is to

produce opacity. Increasing the level of pigmentatio achieve high opacity also

causes the observed gloss to fall. Although theoegdicts that increasing the refrac-
tive index of a paint film will increase the obsedvgloss value. That is not the case
in paint systems where the refractive index incedass been achieved by increased
pigmentation levels. This is simply because thesgmee of pigment particles near
the surface of the film causes a marked increaseiiface microroughness and thus

a decrease in the observed gloss. /2/

Since the surface roughness of a coating systematably affected by the degree of
pigment dispersion, for a given pigment loadindhas a significant effect on gloss
levels in most systems. Also, the presence of fiaton in a paint system results in
a growth in the mean particle size of the pigmard Aence a growth in surface

roughness and a decrease in gloss. /2/

7.4 Durability

It is well proved that pigmented coatings subjedtedveathering undergo oxidative
destruction due to incident ultraviolet radiationthe presence of oxygen and water.
This results in a progressive loss of gloss, mass, land chalking. Two degradation
mechanisms are responsible for the breakdown ofpthlgmer in a pigmented
coating system. These are direct photochemical adegjon of the polymer by
ultraviolet radiation and photocatalytic degradatioduced by titanium dioxide. /2/
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8 MOST IMPORTANT PROPERTIES OF FILLERS IN PAINT
COATINGS

Fillers are cheap materials in comparison to pigsieéecause of this, they may be
used in association with prime pigments to achmvexact type of paint. It is tech-
nically difficult and prohibitively expensive to mafacture paint that consists of
only titanium dioxide. It is more economic to useigh particle fillers, like barium

sulphate or calcium carbonate along with titaniuioxide to achieve opacity and
whiteness. Fillers don’t impact on colour and insincases it is important that they

are colourless. /15/

Particle size of fillers is more small-sized thhattof titanium dioxide. This enables

fillers to be used in high-quality top coats poss&sa high level of gloss. /6/

Dispersibility is a characteristic of a materiabided evenly in another substance. It
relies on the number and strength of the binditesdietween the agglomerates and
also on the wettability of the dispersed matefldde colour development rate and
reduction in granularity can operate as a measureafalispersibility. Dispersion is
determined when smaller particles build up from gewagglomerates in a medium

and when medium’s particles wet concurrently. /18/

Grinding produces crystal fracture surfaces and timerfacial activity of filler
grows. Thereafter surface of filler particles behysiroxyl groups. The fillers are
commonly hydrophilous. That is why these fillersmdavet very well or if so, they
wet faintly, by aliphatic hydrocarbon solvents. &en attends on this function with
surface-active agents and wetting agents. Wettirggglomerates plays a major role
in the dispersion. Dispersion should remain stalkr a protracted period and floc-

culation is unwanted. /18/
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EXPERIMENTAL PART

9 PURPOSE OF THE WORK

Purpose of the work was to study the changes icosiy of paint and in optical
properties of paint film when titanium dioxide pignt is partly replaced with filler.
In addition, effect of mixture of titanium dioxidend kaolin on characters of paint

film was also examined.

10 EXPERIMENTAL

10.1 Paint Formulations

White and grey solvent borne (10.1.1) and watenéqgraints (10.1.2) were prepared

according to standard recipies of Sachtleben Piggnen

10.1.1 Solvent Borne Paint

Instruction of white solvent borne paint is KP-MN%
Instruction of grey solvent borne paint is KP-MM722
240 ml glass jar, @ 70 mm, h 90 mm

130 g glass balls, 2 8 mm



8,6 g Synolac 60 W (70%)

5,2 g Shellsol A

5,9 g White Spirit

0,5 g 75 % Colorol

0,1 g Exkin 2

30,09 TiQ (P:B =5:1)

Dispersing in ball mill (2 h).

Stabilization
8,6 g Synolac 60W (70%) (P:B=2,5:1)

Mixing in ball mill 30 minutes.

Tinting (if wanted)

7,50 g Black Dreibrandruss- tinting paste TSL-VQ-03
Contains black pigment 0,24 g/ 5g.

Mixing in ball mill 30 minutes.

Completed paint

25,7 g Synolac 60W (70%)
0,1 g Co 10 HEX-CEM

0,3 g Zr 12 HEX-CEM
0,5g Ca 10 CEM-ALL

85,5 g in total (P:B=1:1)
Mixing in ball mill 30 minutes.
Volume of white solvent borne paint: normal = 71 ml

Volume of grey solvent borne paint: normal = 74 ml
Density of paint = 1,3 kg/ din
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10.1.2 Water-borne paint

Instruction KP-MM-562.

Dispersion
Dispermat FT1 high speed dissolver, propeller 40. mm

Grinding container: 250 ml steel decanter, heightrn, g 58 mm.

Dispersing solution:
Following raw materials are added to grinding com@rain given order and are agi-

tated to smooth mixture.

25,1 g propylene glycol
2,0g Orotan 1124
0,59 25 % ammonia
0,4 g Kathon LXE

Mill base grinding:

28,0 g dispersing solution

3,0g Tegofoamex 1488/,8 1:1
98,2 g TiQ pigment

Notice: Tegofoamex and water are agitated together (ratipldefore the mixture is

added to dispersion solution.

Grinding 3500 rpm, 8 minutes.

Stabilization:

These are added to mill base mixture:

40,8 g Acrysol RM-55/ kD 1:2 (pH 8,5-9,0)
6,49 HO
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Agitation to smooth mixture.

Completed paint
To 360 ml glass jar is weigh

105,8 g dispersion

To which the following agents are added when digsak rotating:
170,3 g Primal HG-74D

7,49 Methoxybutanol

10,9 g Texanol

6,0g HO
0,6 g Tegofoamex 1488 (P:B=0,8:1, PVC = 18,8 %)
Tinting

50,00 g Completed paint
2,50 g Tinting paste TSL-VO-5

10.2 Application of paint films

Parallel films of different paints were applied bdeneta 2A cards to be able to

compare visually the colour of paint films with bawther.

10.2.1 Solvent Borne Paint

Two films of white solvent borne paint were appliga black and white Leneta 2A
cards. First paint film was applied with 90 um aqgior. Two cards were applied
per sample. Paint films were applied by using aatiecrErichsen applicator (speed

of applique 40 mm/s). Then cards of first painnfivere let to dry.

Another paint film was applied with the 200 um agpgior onto the first paint film

(90 um) and just onto second card of every sanRamt films were let to dry.

Paint films of grey solvent borne paints were agplvith a 100 um applicator.
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10.2.2 Water-borne Paint

First films of white water-borne paints were apgliwith 120 um applicator and

another paint films with 200 pum applicator.

Paint film of grey water-borne paint was appliedhwi20 um applicator.

10.3Performance Testing of Paints and Paint Films

10.3.1 Viscosity

Viscosity of all white paints was followed up favd months. Viscosity was meas-
ured 1, 7, 14 and in some cases 30 and 60 daysdafe of the paint preparation.
Measurements were made from paints at room temyera¥iscosities of paints
were measured with Brookfield Model DV-II+ ViscoreetIn addition, viscosities of

solvent borne paints were measured with Brookfidld2 Viscometer.

10.3.2 Colour

Brightness and tone were measured from pigmenteat fiam with HunterLab
UltraScan XE chromometer. While defining colour r@weristics, intensity of light
is measured when it reflects back from pigmentedtg#ém in different wavelengths

of visible light. The brighter is pigment, moreéflects back light.

From L*, a* and b* values, L* describes brightnesfsa pigment as proportional
value in scale 0...100. Value 100 corresponds td mbde and value O corresponds
to black coat. a* describes colour shade in dioectf red and green. Value of +a
means red tone and —a means a green tone wher@asats yellow colour tone and

—b means blue tone.

Degree of colouration was assessed with HunterLlita&tan XE. Measurements

were performed for both white and grey water artdesd borne paints.
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L=100

& iy &

L=0
Figure 8. Colour system picture. /19/

Tint reducing power and undertone are studied feopaint tinted to some colour,
often to grey with black paste. Tint reducing poweétitanium dioxide means capa-
bility of pigment to whiten black or pigmented mir¢. When the colour of paint

diverges to blue or brown direction from the staddé expresses the undertone.

10.3.3 Gloss

Gloss is determined by measuring specular reflectib incident light coming in
particular angle from the pigmented paint film.tlns study, specular reflection of
incident light from the paint film was measuredangles of 20° and 60° with the

Erichsen Picogloss 503.

10.3.4 Grammage and Scattering Coefficient

Measurement method is based on utilization of gamadation. Gamma radiation
traverses measured product. Remnant radiationctimaes to detector is a measure

for the density of measured product.
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| =1, @&+ 1)
where:
I= Radiation that comes to detector
l,= Continuous radiation
pu= Absorption coefficient
p= Density of absorbent

d= Thickness of absorbent

Intensity of radiation that comes to detector, aejseon the distance between the

source and the detector. /20/

Grammages of paint films were measured with thp béhiding power programme
and with Berthold LB 386-20C radiometric densitoenetProgramme takes into
account grammages measured before from blank c@aleur was also measured
with the hiding power programme and it was measudrenh first card of every

sample.

Reflectance of light was measured from black pérthe first paint film (R) and
from white part of the second paint film (R By means of Rand R,, scattering
coefficient S is obtained. These are measured théhelp of Autoelrepho Terminal

Color Meter.

10.4 Effect of Barium Sulphate Filler Concentrationaint Properties

In this series, titanium dioxide grades SachtleB&H-S and Hombitan R611 and
filler grade Sachtleben Micro (synthetic bariumphdte) were studied in solvent and
water-borne paint formulations (10.1). Product jrtips are represented in appendix
1 (Table 1 and 2). 0 to 30 % (in 5 % steps) ohtiten dioxide was replaced with

filler in paint formulation (Table 2).
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Table 2. Pigment filler ratio as weight percent.

TiO, pigment (w-%)| BaSQ filler (w-%)

100 0

95 5

90 10
85 15
80 20
75 25
70 30

10.5 Effect of Titanium Dioxide Grade on Paint Propesti

In this series, five different titanium dioxide ges and one filler were studied in
solvent and water-borne paints. Filler was Sachktieiicro (synthetic barium

sulphate) and titanium dioxide grades were SachtleBDI-S, Sachtleben 660,
Sachtleben RD3, Hombitan R210 and Hombitan R61ddurit properties are repre-
sented in appendix 1 (Table 1 and 2). 0, 10, 203naeight percent of titanium di-

oxide was replaced by filler in paint formulatiofaple 3).

Table 3. Pigment-filler ratio as weight percent.

TiO, pigment (w-%)| BaSofiller (w-%)
100 0
90 10
80 20
70 30

10.6 Comparison of Performance of Mechanical MixtureBitber and TiG to Per-
formance of Sachtleben K40 in Paints

Performance of mechanical mixtures of titanium @lexand barium sulphate as well
as mixtures of titanium dioxide and kaolin weredstd in both solvent and water-
borne paints. Performance was compared to thatoti&ben K40 which is after-
treated mixture of Ti@ (60%) and kaolin (40%). Mechanical mixtures cameal
60% titanium dioxide pigment and 40% filler (Talle Product properties are repre-

sented in appendix 1 (Table 1 and 2).
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Table 4. Studied pigments and fillers and theioras weight percent.

Pigment (w-%) Filler (w-%)
60% Sachtleben RDI-S 40% Sachtleben Migro
60% Sachtleben RDI-S 40% Amazon Premiym

60% Hombitan R210 40% Sachtleben Micro
60% Hombitan R210 40% Amazon Premiym
100% Sachtleben K40 -

11 RESULTS

11.1 Effect of Barium Sulphate Filler Concentrationaint Properties

In grinding process when paints were preparedpaihts of Sachtleben RDI-S got
wet better than those with Hombitan R611 (ApperdiXable 1).

In the course of time viscosities grow (Fig. 9, dfd Appendix 2: Fig. 1). When
filler content of the paint increases, viscositytbé paint decreases. Variations in

viscosity of white solvent paint are quite insigreint (Fig. 10).
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Viscosity, cP
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—+—75% RDI-S, 25% Micro
—=—70% RDI-S, 30% Micro
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Figure 9. Viscosity of white water-borne paint wilachtleben RDI-S or Hombitan
R611 and 5-30 % of Sachtleben Micro.
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Figure 10. Viscosity of white solvent borne painthwSachtleben RDI-S or Hombi-
tan R611 and 5-30 % of Sachtleben Micro.
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In water-borne paints (Fig. 13), glosses decreakenwfiller content increases.

Titanium dioxide and filler interact less with watsorne paint.

Gloss B Gloss 20° O Gloss 60°

90

80 - ] — — — — __ __

70 +

60 +

50 -+

40 -

30 +

20 T T T T T T T T T T T T

Sachtleben
RDI-S
95% RDI-S+
5% Micro
90% RDI-S+
10% Micro
85% RDI-S+
15% Micro
80% RDI-S+
20% Micro
75% RDI-S+
25% Micro
70% RDI-S+
30% Micro
Hombitan
R611
95% R611+
5% Micro
90% R611+
10% Micro
85% R611+
15% Micro
80% R611+
20% Micro
75% R611+
25% Micro
70% R611+
30% Micro

Figure 13. 20° and 60° gloss of white water-boramtpwith Sachtleben RDI-S or
Hombitan R611 and 5-30 % of Sachtleben Micro.

Whiteness decreases when filler content increaB&gs (4, Appendix 2: Fig. 2,

Appendix 2: Fig. 3 and Appendix 4: Fig. 1). Difface of 0,5 unit in whiteness is
significant and difference between Sachtleben R@R8 70% Sachtleben RDI-S +
30% Sachtleben Micro is minor than those with HaarbR611.
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Figure 14. Whiteness L* of white water-borne pantblack backing with Sachtle-
ben RDI-S or Hombitan R611 and 5-30 % of Sachtlé¥emo.
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When filler content of the paint increases, tirdueing power L* decreases (Fig. 15
and 16, Appendix 3: Fig. 1 and Appendix 4: Fig. Mariations between Sachtleben
RDI-S and 70 % Sachtleben RDI-S+ 30 % Sachtleberrdvire significant as well

as variations between those with Hombitan R611. (Fsgand 16).
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Figure 15. Tint reducing power L* of grey solvemrbe paint with Sachtleben RDI-
S or Hombitan R611 and 5-30 % of Sachtleben Micro.
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Figure 16. Tint reducing power L* of grey water-berpaint with Sachtleben RDI-S
or Hombitan R611 and 5-30 % of Sachtleben Micro.
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Increase of filler content didn’t have an effecttone and undertone of the paint and

noticeable variation is normal (Fig. 17,18, 19 &0d Appendix 2: Fig. 4, Appendix

3: Fig. 2 and Appendix 4: Fig. 2).
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Figure 17. Tone b* of white water-borne paint whchtleben RDI-S or Hombitan

R611 and 5-30 % of Sachtleben Micro.
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Figure 18. Tone b* of white solvent borne painthwiachtleben RDI-S or Hombitan

R611 and 5-30 % of Sachtleben Micro.
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Contrast ratio Cr decreases when filler contentemses. In water-borne paint,
exception is and in solvent borne paint, excepisorVariations, 90% RDI-S+ 10%
Micro (Fig. 21) and 95% RDI-S+ 5% Micro (Fig. 22)eanormal and minor filler

content has even a positive effect on contragi.rati
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Figure 21. Contrast ratio Cr of white water-borranp with Sachtleben RDI-S or

Hombitan R611 and 5-30 % of Sachtleben Micro.
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Figure 22. Contrast ratio Cr of white solvent bopant with Sachtleben RDI-S or
Hombitan R611 and 5-30 % of Sachtleben Micro.
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Scattering coefficient S decreases when filler eohincreases (Fig. 23, Appendix
4:Fig. 3).

Scattering coefficient S
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Figure 23. Scattering coefficient S of white solviearne paint with Sachtleben RDI-
S or Hombitan R611 and 5-30 % of Sachtleben Micro.

11.2Effect of Titanium Dioxide Grade on Paint Propestie

In grinding process when paints were preparedyatts of Sachtleben RDI-S, 660
and RD3 got wet better than those with Hombitan(R2dd all paints of Hombitan
R210 got wet better than those with Hombitan R&dpendix 7: Table 1).

In the course of time viscosities grow (Fig. 24 p&pdix 5: Fig. 1, Appendix 7: Fig.
1). When filler content of the paint increasescuogsty of the paint decreases. Varia-

tions in viscosity of white solvent paint are quitsignificant (Fig. 24).
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Viscosity, cP
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Figure 24. Viscosity of white solvent borne pairtiem five different pigments with

Sachtleben Micro are used.

Gloss of white solvent borne paint films increagleen filler content increases,
except for 20° gloss of same samples (80% 660+ RAeso, 80% RD3+ 20%
Micro, 80% R210+ 20% Micro and 90% R611+ 10% Mic(®)g. 25). These
variations are a consequence of measuring erra@ulsecnothing is appeared in 60°

gloss.
Gloss @ Gloss 20° OGloss 60°
95
90
85 -
80 -
75 B
70 B
65 B
60 - H
©O 0 0 o © © © m © © 0o o © o0 © 4 o o o
® 5 & 5 8 & 8 8 0o 8 & & ¢ © 58 & d 8 &8 &
2 £ 5 5 ¢ £ 5 = § S 2 S g 3 5 2 @ = S =
c 2 8 8 £ 8 8 8 ¢ 2 2 R 5 8 8 8 g & 8 ¥
¢ © © © @@ © o 6 2 & o o & &5 o & & & &5 o
8 — « ™ = 4 & ® 8 4 d& ® 5 + d ™ 3 - « ™
= O O ¢ © ©o o o £ o o o £ ©o o o £ «H «d o
c L X I T © © © & o o o O 4d4 d d S +d «d o
% a) Ia) a) wn o o o 1%} @ @ @ T N N N T [{e) (o] [{e)
2 2 o e £ ¢ e o = r o « r @ o
© © o & © o N - 2 8 B X X X
S 8 S o o~ S © 9= o © O o O o
8§ 8 R d® © ~ d» © N~

Figure 25. 20° and 60° gloss of white solvent bgramt when five different pig-

ments with Sachtleben Micro are used.
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Scattering coefficient S

When filler content increases, scattering coeffitidecreases (Fig. 32, Appendix 5:
160
150
140 4
120 +
100

Fig. 6).

OIJIN %0€ +TT9d %0.L

OIJIN %0¢ +TT9Y %08

OIIN %0T +TT1T9d %06

TT9d ueliquoH

OIJIN %0€ +0T2d %0.L

OIJIN %0¢ +0Tcd %08

OIJIN %0T +0T2d %06

0TZy uelquoH

OIIN %0€ +£AY %0.L

OIIN %0¢ +£AY %08

OIIN %0T +£AY %06

€0y usgapydes

OIJIN %0€ +099 %0L

OIJIN %0¢Z +099 %08

OIJIN %0T +099 %06

099 UagaNyoes

OIIN %0€ +S-1dd %0L

OIJIN %0¢ +S-1dd %08

OIJIN %0T +S-1ad %06

S-1ayd usgapydes

Undertone b*

5,7
-4,7
-45
-4,3

_5’5 [ p—
-4,9

-5,3 A
-5,1

Figure 32. Scattering coefficient S of white waberne paint when five different
Undertone turns more yellow when filler contentreases (Fig. 33, Appendix 6: Fig.
1, Appendix 7: Fig. 5). Paints that contain SadigteRDI-S, 660 and RD3 are more

blue-toned than those of Hombitan R210 and R61ffei®nce of 0,5 unit in
undertone is significant. Undertones of paints a€t8leben 660 change most (Fig.

pigments with Sachtleben Micro is used.
33).
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Figure 33. Undertone b* of grey solvent borne pawhen five different pigments

with Sachtleben Micro is used.
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11.3Comparison of Performance of Mechanical Mixture&itier and TiQ to Per-
formance of Sachtleben K40 in Paints

In grinding process when paints were prepared, eigrnwith Sachtleben Micro filler
got wet better than those with Amazon Premiumrfi(l@ppendix 10: Table 1). In
preparation of 60% RDI-S+ 40% Amazon, 1/3 of watas added in stage of grind-
ing and in preparation of 60% R210+ 40% Amazon,d/®&ater was added in stage
of grinding. While in preparation of K40, all wateas added in grinding. K40 didn’t
disperse properly to water-borne paint system afadmed quite dense paint.

When Sachtleben Micro filler is used, viscosities mwer than when Amazon Pre-
mium filler is used (Fig. 36 and 37, Appendix 8gF1i). Viscosities were measured
1, 7 and 14 days after date of the paint preparakfscosities of K40 and paints of

Amazon as filler are nearly same in solvent boraiets (Fig. 36).

Viscosity, cP
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/ = 60%RDI-S, 40% Amazon
1000
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S I I I R S

Figure 36. Viscosity of white solvent borne painthaK40, RDI-S or R210 and 40 %

of Micro or Amazon.
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Viscosity, cP
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[
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Figure 37. Viscosity of white water-borne paintiwk40, RDI-S or R210 and 40 %

of Micro or Amazon.

Paints that contain either Sachtleben Micro or AmmaRremium as filler didn’'t have
big differences in glosses. 20° and 60° gloss afhaical mixtures are better than

those of K40 in water-borne paint (Fig. 38).
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Figure 38. 20° and 60° gloss of white water-bora@tpwith K40, RDI-S or R210

and 40% of Micro or Amazon.
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In solvent borne paints, paints that contain Sabtleth Micro as filler have better
glosses than those of Amazon Premium. 20° and 168% @f K40 are better than

glosses of paints that contain Amazon Premiumlias (Fig. 39).

B Gloss 20° OGloss 60°

Gloss

93
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Figure 39. 20° and 60° gloss of white solvent bgraiat with K40, RDI-S or R210

60% RDI-
S, 40%
Micro

60% RDI-
S, 40%

Amazon

60% R210,
40% Micro
60% R210
40%
Amazon
100% K40

and 40% of Micro or Amazon.

Tone b* of K40 paint is higher than tones of othamts (Fig. 40, Appendix 8: Fig. 2
and 5, Appendix 10: Fig. 1). Tone b* is lower wh®achtleben Micro is used as
filler than when Amazon Premium is used. 60% RDI4®% Amazon is more blue-
toned than K40.
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Figure 40. Tone b* of white water-borne paint w0, RDI-S or R210 and 40 %

of Micro or Amazon.
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Paints that contain either Sachtleben Micro or AmmaRremium as filler didn’t have
big differences in whiteness. Difference of 0,5tuim whiteness is significant.
Whitenesses of mechanical mixtures are better thainof K40 (Fig. 41, Appendix
8: Fig. 3 and 4, Appendix 10: Fig. 2).

Whiteness L*, (black)
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S+ 40%
Amazon

60%
R210+
40%
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60%
R210+
40%
Amazon
100% K40

Figure 41. Whiteness L* of white water-borne painth K40, RDI-S or R210 and

40 % of Micro or Amazon.

Water-borne paint K40 and paints that contain 3elsbh Micro filler have lower S
values than paints that contain Amazon Premiurrf{lFig. 42 and 43).

Scattering coefficient S
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Figure 42. Scattering coefficient S of white solvbarne paint with K40, RDI-S or
R210 and 40 % of Micro or Amazon.
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Scattering coefficient S
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Figure 43. Scattering coefficient S of white waberne paint with K40, RDI-S or
R210 and 40 % of Micro or Amazon.

Paints that contain Sachtleben Micro have neartyeseontrast ratios like also paints
that contain Amazon Premium, contrast ratio of k&ilittle bit lower (Fig. 44). Con-

trast ratio Cr of white solvent borne paint is eganted in appendix 8 (Fig. 6).

Contrast ratio, Cr
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S+ 40%
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60% RDI-
S+ 40%
Amazon
60%
R210+
40% Micro

60%
R210+

40%
Amazon
100% K40

Figure 44. Contrast ratio Cr of white water-borreenp with K40, RDI-S or R210

and 40% of Micro or Amazon.
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In grey water-borne paints, whiteness of paint fimh K40 is substantially lower
than that of other samples (Fig. 45 and AppendixFig. 3). Whitenesses of grey
solvent borne paint are represented in appendsic® 8 and 4).

Tint reducing power L*
67,0

66,5

66,0

65,5

65,0

60% RDI-
S+ 40%
Micro
60% RDI-
S+ 40%
Amazon

60%
R210+
40%
Micro
60%
R210+
40%
Amazon
100% K40

Figure 45. Tint reducing power Y of grey water-b®rpaint with K40, RDI-S or
R210 and 40 % of Micro or Amazon.

Undertones of paint films with RDI-S are higher rththat of other paints and
undertone b* of paint film with K40 is lowest ofabe paints (Fig. 46, Appendix 9:
Fig. 1 and 2).
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60%
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40%
Amazon
100% K40

Figure 46. Undertone b* of grey water-borne paiithv 40, RDI-S or R210 and 40

% of Micro or Amazon.
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12 CONSIDERATION OF RESULTS

In the course of time, paint starts to flocculatel flocculation induces the increase
of viscosity. Paints that has Sachtleben Micro iber,f has lower viscosities than
paints that where Amazon Premium is as filler. Tisibecause Sachtleben Micro

disperses much better to paint than Amazon Prerdngs.

Particle size of fillers (Sachtleben Micro and Amaz remium) are notably smaller
than that of TiQ pigments. Thus, the better paint is dispersedbéteer is the gloss.
Variations of gloss arise from the quality of appked paint film. Roughness of paint
film, air bubbles and contaminants interact witbules of measurement. Water-borne
paints of Hombitan R210 and R611 disperse worsan thther paints. Glosses of
those paints decrease when filler content increasdghat is because the more paint

involves filler, the worser dispersing works out.

Fillers have much lower refractive index than Ti@hus, fillers decrease whiteness
of the paint. On the grounds of results, fillersynmoduce a yellowness of paint.
Fillers contain contaminants, like coloured oxidak0s, Si0G,, BaO, SQ). In grey

paints, blue undertone of paint is caused by speliicle size. However, the more
paint contains filler, the more blue is tone ofrpaWhen paint contains more filler,
dispersion was more unsuccessful. And this is vplayticle sizes were not become

so small and furthermore paint is less blue tohed it should be.

When filler content increases, scattering coeffiti® decreases. The higher is S, the
more opaque is the paint film. So, the more pamnttains filler, the worser is its

opacity. TiQ gives opacity but filler doesn't.
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13 SUMMARY OF RESULTS AND CONCLUSIONS

Increase of filler concentration has evidently efffen characters of paint. Suitable
filler content depends on desirable charactere®fpiint. If gloss of the paint film is
desired character, fillers are worthwhile to us@%olfiller content is quite suitable
taking into consideration gloss, whiteness and ibypaé/hen the filler percentage is
30, it interacts quite a bit with characters ofnpalike opacity, tone and whiteness.
Costs of the paint can be reduced while replagtagitim dioxide with filler.

Comparing pigments to each other, results of Salobtl RDI-S, Sachtleben 660 and
Sachtleben RD3 were most uniform when taking intzoant all measured
characters. Variation of values of whiteness ame toetween paint that contains no
filler and paint which filler content is 30%, wamaller in paints of Sachtleben RDI-
S, 660 and RD3 than in paints of Hombitan R611 R&d0. Yellow index, tone and
whiteness are worse in paints of Hombitan R210 &wmbitan R611 when
compared to other pigments. 20° and 60° gloss Wwest in solvent borne paints

when Sachtleben Micro was used with Sachtleben 660.

Scattering coefficients were best in paints thatt@im Amazon Premium as filler
whereupon these paints are most opaque. Gloss haitehess of paints that contain
Sachtleben Micro as filler were better than othegppred paints. Viscosities of
paints with Sachtleben Micro were lower when coragato those of Amazon
Premium. Sachtleben Micro seems to perform be#tditlar than Amazon Premium.
Sachtleben K40 functions better in solvent bornanthn water-borne paints.
Whiteness of mechanical mixtures of titanium diexahd filler was good. In these
paint systems, mechanical mixtures of titanium diexand filler seems to perform
better than K40.
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Charactersof pigmentsand fillers

Table 1. Studied pigments.

Appendix 1 (1/1)

Sachtleben Sachtleben Sachtleben Hombitan Hombitan
RDI-S RD3 660 R611 R210
804344049 721322013 733212002 K4614 K4615
Brightness L* 97,78 97,96 97,84 97,95 98,13
Tone b* 2,47 2,44 2,21 2,55 2,51
Undertone b* -7,53 -7,63 -7,22 -6,79 -6,91
Tinting strenght
L* 64,74 64,70 64,26 63,74 63,81
Particle size
(nm) 279 275 288 307 299

Crystal size (nm)
mean/ sd/ mode

216/ 56/ 198

220/ 50/ 200

221/ 55/ 197

216/ 61/ 197

210/ 52/ 186

TiO, % 94,7 94,0 93,9 93,4 93,6
AlLOs; % 3,26 3,46 2,24 3,63 4,32
SiO, % 0,06 0,06 2,33 1,08 0,22
Zn0 % <0,01 <0,01 <0,01 <0,01 <0,01
P,0s % 0,116 0,40 0,134 0,33 0,26
Sh,03; % < 0,005 0,081 0,005 < 0,005 0,006
Fe,03 % 33,0 36,0 35,0 40,0 37,0
Zr0, % 0,079 0,589 0,079 0,020 0,020
Nb,Os % 0,1261 0,047 0,0439 0,030 0,030
K>0 % 0,019 0,021 0,037 0,040 0,030
Table 2. Studied fillers.

Sachtleben Amazon

Micro Premium

Brightness L* 99,10 94,95
Tone b* 0,95 4,26
Undertone b* -1,25 -2,49
Tinting strenght
L* 27,41 30,64
Particle size (nm)
d(0,1) um 0,959 0,142
d(0,5) um 1,783 0,205
d(0,9) um 3,148 0,652
Na,O % 0,73 0,23
AlLOs % 0,7 44,16
SiO, % 51,79
SOz % 34,9 0,16
TiO, % 1,21
Fe,03 % 2,05
BaO % 61,8
P,Os % 0,27
K>0 % 0,01
Zr0, % 0,01




Appendix 2(1/2)

Effect of barium sulphate filler concentration on properties of white solvent

borne paint
Viscosity, KU
100,0
98.0 1 —e— Sachtleben RDI-S
96,0 —l— Hombitan R611
95% RDI-S, 5% Micro
94,0 90% RDI-S, 10% Micro
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90,0 1 —+—75% RDI-S, 25% Micro
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Figure 1. Viscosity of white solvent borne painttwsachtleben RDI-S or Hombitan

R611 and 5-30% of Sachtleben Micro.

Whiteness Y, (white)

91,0

90,5 -

90,0 ~

89,5 +

89,0 +

88,5 -
§ Do e Vg Qe e e 5, 32 98 22 48 =28 28
o0 Ao pL pL oL AL AL 23 o V= ©=z ©= ©= ©=
ga rs e = =2 = = go rs = x= = = x=
EZ S £ S8 S8 8 8 6% 82 88 88 282 8¥ ¥F%
] hip ©6© mH 39 b 539 I LEH OO0 LM 9O LWL OO0
0 o & o @@ XA <O o dd ¥d ®DN NN KO

Figure 2. Whiteness Y of white solvent borne paiith Sachtleben RDI-S or Hom-
bitan R611 and 5-30 % of Sachtleben Micro.
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Effect of barium sulphate filler concentration on properties of white solvent

borne paint

Whiteness Y, (black)
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Figure 3. Whiteness Y of white solvent borne pamblack backing with Sachtleben

RDI-S or Hombitan R611 and 5-30 % of SachtlebenrMic
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Figure 4. Yellow index YI of white solvent borneipawith Sachtleben RDI-S or

Hombitan R611 and 5-30 % of Sachtleben Micro.



Appendix 3 (1/1)

Effect of barium sulphate filler concentration on properties of grey solvent

borne paint
Tint reducing power, Y
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Figure 1. Tint reducing power Y of grey solvent m®paint with Sachtleben RDI-S
-15,0

or Hombitan R611 and 5-30 % of Sachtleben Micro.
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Figure 2. Yellow index Yl of grey solvent borne piawith Sachtleben RDI-S or

Hombitan R611 and 5-30 % of Sachtleben Micro.
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Effect of barium sulphate filler concentration on properties of water-borne

paint

Table 1. Grinding temperatures.

T/°C

1 | Sachtleben RDI-S 34

2 | Hombitan R611 35

3 [ 95% RDI-S+ 5% Sachtleben Micro 34
4 {90% RDI-S+ 10% Sachtleben Micro 34
5 |1 85% RDI-S+ 15% Sachtleben Microg 33
6 [ 80% RDI-S+ 20% Sachtleben Micro| 34
7 | 75% RDI-S+ 25% Sachtleben Micro 34
8 | 70% RDI-S+ 30% Sachtleben Microg 34
9 |1 95% R611+ 5% Sachtleben Micro 35
10{90% R611+ 10% Sachtleben Micro 36
11|85% R611+ 15% Sachtleben Micro 34
12|80% R611+ 20% Sachtleben Micro 38
13| 75% R611+ 25% Sachtleben Micro 35
14|70% R611+ 30% Sachtleben Micro 38
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Appendix 4 (3/3)

Effect of barium sulphatefiller concentration on properties water-borne paint

Scattering coefficient S
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Figure 3. Scattering coefficient S of white waterr+ie paint with Sachtleben RDI-S

or Hombitan R611 and 5-30 % of Sachtleben Micro.

Tint reducing power, Y
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Figure 4. Tint reducing power Y of grey water-bopant with RDI-S or R611 and

5-30 % of Micro.
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Effect of titanium dioxide grade on properties of white solvent borne paint

viscosity, KU
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Figure 1. Viscosity of white solvent borne paintemhfive different pigments with

Sachtleben Micro are used.
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Figure 2. Yellow index YI of white solvent borneiawhen five different pigments

with Sachtleben Micro are used.
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Appendix 5 (3/3)

Effect of titanium dioxide grade on properties of white solvent borne paint

Scattering coefficient S
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Figure 5. Scattering coefficient S of white solvéatrne paint when five different

pigments with Sachtleben Micro are used.
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Appendix 7 (1/4)

Effect of titanium dioxide grade on properties of water-borne paint

Table 1. Grinding temperatures.

T/C
1 | Sachtleben RDI-S 42,7
2 [90% RDI-S+ 10% Sachtleben Micro 41,3
3 180% RDI-S+ 20% Sachtleben Micro 39,5
4 |1 70% RDI-S+ 30% Sachtleben Micro 38,5
5 | Sachtleben 660 44,0
6 [90% 660+ 10% Sachtleben Micro 43,2
7 | 80% 660+ 20% Sachtleben Micro 42,1
8 | 70% 660+ 30% Sachtleben Micro 41,1
9 | Sachtleben RD3 42,9
10|90 % RD3+ 10% Sachtleben Micro 40,7
11|80 % RD3+ 20% Sachtleben Micro 38,8
1270 % RD3+ 30% Sachtleben Micro 38,0
13 | Hombitan R210 445
14 90% R210+ 10% Sachtleben Micro 43,1
15| 80% R210+ 20% Sachtleben Micro 44,6
16 | 70% R210+ 30% Sachtleben Micro 42,8
17 | Hombitan R611 43,1
18 90% R611+ 10% Sachtleben Micro 41,1
19|80% R611+ 20% Sachtleben Micro 41,6
20| 70% R611+ 30% Sachtleben Micro 445




Appendix 7 (2/4)

Effect of titanium dioxide grade on properties of water-borne paint

viscosity, cP
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Figure 1. Viscosity of white water-borne paint whigre different pigments with

Sachtleben Micro are used.
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Figure 2. Yellow index YI of white water-borne painhen five different pigments

with Sachtleben Micro are used.
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Appendix 8 (1/3)

Comparison of performance of mechanical mixtures of filler and titanium diox-
ide to performance of Sachtleben K40 in white solvent borne paints

Viscosity, KU
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Figure 1. Viscosity of white solvent borne painttwik40, RDI-S or R210 and 40 %

of Micro or Amazon.
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Figure 2. Tone b* of white solvent borne paint w0, RDI-S or R210 and 40% of

Micro or Amazon.



Appendix 8 (2/3)

Comparison of performance of mechanical mixtures of filler and titanium diox-

ide to performance of Sachtleben K40 in white solvent borne paints

Whiteness Y, (white)
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Figure 3. Whiteness Y of white solvent borne pawth K40, RDI-S or R210 and

40% of Micro or Amazon.
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Figure 4. Whiteness Y of white solvent borne pamiblack backing with K40, RDI-
S or R210 and 40% of Micro or Amazon.



Appendix 8 (3/3)

Comparison of performance of mechanical mixtures of filler and titanium diox-

ide to performance of Sachtleben K40 in white solvent borne paints

Yellow index Y,
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Figure 5. Yellow index YI of white solvent borneipiaon black backing with K40,
RDI-S or R210 and 40% of Micro or Amazon.
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Figure 6. Contrast ratio Cr of white solvent bopsent with K40, RDI-S or R210

and 40% of Micro or Amazon.



Appendix 9 (1/2)

Comparison of performance of mechanical mixtures of filler and titanium diox-

ide to performance of Sachtleben K40 in grey solvent borne paints

Undertone b*
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Figure 1. Undertone b* of grey solvent borne pawth K40, RDI-S or R210 and

40% of Micro or Amazon.
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Figure 2. Yellow index YI of grey solvent borne piawith K40, RDI-S or R210 and

40% of Micro or Amazon.



Appendix 9 (2/2)

Comparison of performance of mechanical mixtures of filler and titanium diox-
ide to performance of Sachtleben K40 in grey solvent borne paints

Tint reducing power L*
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Figure 3. Tint reducing power L* of grey solventrbe paint with K40, RDI-S or
R210 and 40% of Micro or Amazon.
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Figure 4. Tint reducing power Y of grey solvent m®rmpaint with K40, RDI-S or
R210 and 40% of Micro or Amazon.



Appendix 10 (1/2)

Comparison of performance of mechanical mixtures of filler and titanium diox-

ide to performance of Sachtleben K40 in water-bor ne paints

Table 1. Grinding temperatures.

T/C
1[60% RDI-S+ 40% Sachtleben Micro 37,9
2 [60% RDI-S+ 40% Amazon 95,5
3| 60% R210+ 40% Sachtleben Micro 42,5
4160% R210+ 40% Amazon 86,6
5| K40 74,0

Yellow Index YI, (white)
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Figure 1. Yellow index YI of white water-borne pawith K40, RDI-S or R210 and

40% of Micro or Amazon.



Appendix 10 (2/2)

Comparison of performance of mechanical mixtures of filler and titanium diox-

ide to performance of Sachtleben K40 in water-bor ne paints

Whiteness Y, (white)
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Figure 2. Whiteness Y of white water-borne painthwiK40, RDI-S or R210 and

40% of Micro or Amazon.
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Figure 3. Tint reducing power Y of grey water-bop@ent with K40, RDI-S or R210

and 40% of Micro or Amazon.



