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Far many consumcrs, a tip to the in-store paint chip
aislc can lead to indeciziveness, as choosing the “just-
right™ calar to reflect the personality and mood lor 8 -
space ¢an be g challenge, Even though many consumers
experience doubt when trying to choosc the perfect hue,
fermulators must confidently select the eolors Lhey will
offer to Lhe marketplace, while also offering a range of
finishes and performance features consumers demand
for today's paints: high hiding, paint plus primer, low
WOC, sorub and stain resistance, light stability, and more.

The technology behind colorants does much more
than just deliver color. Part 1 in this series on pigments
iCozlingsTech, 11 (10 Octabay 2014 focused on the
different families and chemistrics of pigments and how
these impact key properties, such as lightfastress,
durahilily, opacity, and chroma. Equally importarst for the
fermulatar is the knowledge of how to transform thoss
pigrments into a usable form for their application, which
i the foous of Part 2,

INTROCUCTION TO DISPERSIONS

Unfortunalely, thers is no such thing as a true "uni-
versal colorant” to deliver Lhe needed performance in
all applications and vhicles, Liguid dispersions are the
mast common means of reliably delivering color in cogt-
ings and graphic arts applicabons. Although pignents
may e applied dirgctly to the subetrate in applications
such as stamped concrete, often the goal of such appli
calions is to deliver 8 mottled or iregular appearance
rathar than a uniform surface. In most applications,

Flgure 1—Conventional disperslens are highly engineered and toilored to cach ink and
coating type, taking compatibliity, stabllity, and other factors Inlo conslderation.
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pigments are handled in a liguid form for both ease of
use and consistent color defivery. Dispersions for archi-
teclural coatings perform as part of a full-colar palells
available through in-stove dispensing systems or in-plant
tinting. A similar palette is ilized in graphic arts for spet
color printing, while a smaller ChMYK (cyan-maganta-
vellow -klachk) set is used in most other print applica-
tions. Gonsistent strength and color batch-to-batch is
critical in all applications. In paints, the color delivary
must alsa ke consistent across the various tint base-
lings, with strengths ranging from pastels to deep tones,

Properties of pigrment dispersions vany widely by tar
geted applicatinn. Dispersions used in waterborne architec-
tural coatings can differ greatly from those used in aque
ous staing, solventbome coatings, or todsy's L-curable
coatings and inks. While the traditional ethylens-glycol-
hascd canister colorant may deliver excollent performance
in numerous lates omulsions and alkyd house paints, it wil
generalty fall short in industral coatings.,

Formulation musl be tailored to each application’s
diffgrent noeds, beginning with pigrment selection, as
discussed in Part 1. Tvpical house paints are designed
for maximum opacity and often contain relatively large
pigment particles 1o facititate this. Canversely, an ink
formulator needs to use primarily transpavert pigments
1o laver or “trap” colors one over angther and create
additional colors without the need for ancther ink baze.
Transparency is glso required in metallic automotive fin-
ishes to deyelop depth of image and sparkle, as well as
in high guakity furniture stains to showcase wood grain.
Many pigmerds are avaiable in both transparent and
opadue grades—often referred io as
"ink grade” and "coatings grade”—
and are selected according to need.

GETTING THE PARTICLE
S1ZE RIGHT

There are numerous gritical
ateps in producing pigmeant dis-
parsions, and achieving proper
particle size is eszenkal. The pro-
cess involves wetting the pigment,
physically reducing the agdlomer-
ate sizc, and stahilizing the par-
ticles (Figure 1), Ohtaining proper
particle size is nol anly important



for proper opadcity, but alse Impacts the colloidal stabil-

iy in-can and during the application process. Howeaver, /ﬁ

one Lype of equipment does not mest every require- '\'-.

ment for producing a proper pigment dispersion, For {"\* | )
examplc, a basic high speed, saw-tooth Cowles blade |

mixer sufficiently disperaes opaque yellow or red iron
oxides far many applications, whereas 8 high energy
media mill is needed to properly disperae and stabilize
transparent grades of iron oxides.

Dflen, the pigment dispersicn step is the bottlensck
in coatings manufacturing, so manufacturers commonly
mill products the minirnum amount, as determinsd by a
Hegrian grind gavude reading (ASTH 01210 and D1313),
then proceed with letdown or finishing. For products with

MILLING
©

Opaclty 5 Wistosity

Figura z—aAs particle size decreases due ta milling, chroma, gloss, viscoshty,
and tint strength increase, while settling decreases, Gpaque plgments tend
to behave differently than transparent plgments with additional milling. For

a history of production difficulties, it is often worth the
additional time to let down & small portion of the batch
in the lab to confirm guality, rather than simply relying
an the gauge reading to determing when milling should
b siopped. Chroma, transparency, and gloss of a coat-
ing will often change substanlially as the particle size is
reduced (Figure 2). Many timee, a pigment bateh that
appears of~shade can be brought in line with additional
milling, The cther side of the coin is that aver-milling
AN just as easily cause difficulties obtaining the propear
chroma, opacity, or viscosity.

The pigment’s primary parlicle size, shape. and sur
face groups alse influence whether the particle will dis-
perse easily and remain so o will rapidly re-agelomerate,
patentially causing problems wilh strength, shade, and
settling. For many pigments, manufacturers have devel-
oped easily dispersed grades, incorporating surface
treatments that greatly reduce the milling time required
versus nondreated grades. As an example of the |stest
technology coming to market, several manufacturers
now offer "self-dispersed pigment,” dispersions where
the surface groups dirgetly on the pigment have been
medified, providing extremely stable disperzsions without
the us=e of traditional formulating aids such as surfac-
tants of dispersants. Also available are surface-maodified
“easy to disperse” pigments that simplify formulating
and may completely efiminabe certain process steps
such as milling. These premium technologies can offer
substantial benefits in demanding applications, such as
inkjet printing, where agglomerated particles will cause
bath quality problems and equipment lssuses, or certain
Indusirial coatings applications, potentially streamlining
processing and reduclng waste,

axample, opacityhiding tends to Inerease with additional surface area.

FORMULATING TO ADDRESS
CURRENT REGULATIONS

Following particle reductlon, the rermaining formiala-
tion steps are necessary to ensure compatibility wilh the
coating, oblaln other important propertics such as vis-
cosity and freeze/thaw stability, inhibil microbial growth—
and rmeet the nesded VOT level,

When formulating dispersions, the vehicle tpe is the
rext component to consider aller pigment. The vehicle
must be compatible with and, in some cases, reacl into
the resin syslem in the end-use application. Examples
include coatings based on tradiional twe-compoanent
systems such as urethanes and epoxies, as well as the
latest IW/EB-cured matarials. Vehicle componerts can
include acrylic resins, alkyds, polyesters, plasticizars,
epoxies, monomers, and ¢ligomers. (0 addition to YOO
lirnits, other health and salety regulations have forced
changes in raw material selection, such as the current
emphasis on the elimination of certain phthalates. with
bisphenol A [BPA) possibly next in the erosshairs.

In addition to the primary vehicle, a number of addi-
tives—such as wetling aids, dispersants, various stabiliz-
ers, and defoarmers—ate often required to satisfactorily
disperse the pigment. The requirements for these are
dictated by the differences in pigment density, polarity,
hydrophobicity/ hvdrophilicity, and chemical nature of the
pigmentl compasition and media. For example, a disper-
sant that may be a workharse 0 intedor house paints
would likely be unsuitable in industrial maintenance
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Figure 3—The woal scale measures lightfastness of a fermulation by com-
paring a coverad “contrel” swatch with a swatch exposed to light. The
level of fading vorresponds to the woel scale rating, with 1 befing most
faded and least lightfast. For more on the wedl scale and hov to

incruase lightfastness, see Part 1 of this series.

i

applicalions, where durakility requirernents are higher.
As with all ingredients, achieving acceptable perfor-
mance at minimal cost is an overarching consideration,

In efforts to reduce or eliminate VOCs over the yvears,
formulatars hiave locked to changs ncarly every sompe-
nent of their coatings formulation, evaluating allernative
resing, coalescents, defoatners, and colorant dispersion
systems. The formulalor faces constant challendes to
halance reducod VOCs with the desired petfonmance
features of the paint. For instance, many of the sol-
vents ysed in the past imparted beneficial features with
respect to dry time, stability, dirt pick-up, and hardness
development. Reducing those solvents to reduce VCs
requires the use of highly engineared resin systems
and additives tn achieve comparahle performance. In
response to demand for low/zerp VOC coatinds systarns,
resin and additive manufacturers have overhauled their
product lines and now offer highly functional additives
and resins, often tailored for specific applications.

LY systems are another low-vYOC aption. Dispersions
uzed in IV curing have & unique set of challenges, for
both choice of pigment and vehicle. Like other disper-
sion types, In addition to pigment and vehicle, there are
stahilizors, dispersants, welling sids, and perhaps other
addilives 1o consider. Howevar, rather than emulsion,
alkyd, plasticizer, of solventbarme yehicles, Uy disper-
sions utilize oligomers and/or monomers as g vehicle for
a 100% sofids system, containing 10-45% pigment. The
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manufacturer formulates the dizpersion into & finished
eoating ar ink, adding additicnal monomers and aligo-
mers and a photainitiator, all designed to cure on expo-
sure to UV light or electron beam (EB). n many cases,
the photoinitiator sclection is vitally important and has

a direct refation to the color being cured. For instance,
black and white are very difficult to cure, as light will not
easily penetrate the coating due 1o reflection or abaorp-
tion by the plgment. Ltilizing highly functicnal oligomers
and the proper photoinitiator attows the coating to obtain
proper through-cure, This also has other benefits, such
as improving adhesion to difficult substrates.

Eithet transparent or opaque pigments may be cho-
sen for UV-curable applications: however, as covered in
Patt 1, lightfastness is a major criterion in piginent selec-
ticn. Typically, & rating of 7-8 of 8 on the “wool scale”
is desired for superior color durabilily (Figure 3). Mare
opadue pigments may cffer groater light stability, but are
Also mare difficult o cure (Figure 4.5 A= menticned provi-
ausly, challenges cneauntered in curing—whether due o
pigment oF variations in lamp intensiby—can sometimes
ke overcome through adjustments to the photoinitiator
packages and/or substitution of higher-funclioning oligo-
rmers in the foermulation.

When farmulating ta comply with regulations, viscos-
ily and viscosity stability can be major issues. The viscos-
ity for coatings and flexographic printing applications
must be designed 5o materials are easy to handle., For
in-store costings, colarant dispersions are incorporaled
into the paint base valumetrically from dispensing equip-
ment. In-plant cogtings generally meter in colorants by
weight, hul must be pumpable and easily incorporated
inte the batch with minimal agitation. Although disper-
slons awe tailored to meet the different rheology require-
rments of each application, all systems need 1o resist
settling or separation and be stable and suitahle for
use with the dispensing/application equipment, exhibit-
ing rninimal drift ot aging regardless of the rheology to
pbtain repeatable results,

COLOR MATCHING AND
QUALITY CONTROL

Consistent lot to-lot color for various tint-hases and
strengths is critical. 5o, whean color varfations occur,
where does the formulator begin 1o address the issue?



Figure 4—Transparent iran pxides are chemically identical to their opaque countar-
parts; it is the crystallization process that creates Lhe transparent effect. Extremely
durable, lightfast pigments, the Uv-curable Lueida Colors™ ITansOxlde™ plgment:
dispersions shown here in black, yellow, and red (103 dispersion on left, 5% an right}
have a7 & wood seale rathng and showcase the wood grain.

The first step is to "rub-up" or shear the applied wet film,
If the sheared filmn's celor shifts cempared to the con-
trol, ponr colar acceptance or compatibility issues could
he ta blame. Colar acceptance issues include the throo
F=: flpating, resutting in an uneven film appearance;
flooding, meaning the fllm's surface does net mateh the
hady of the film; and focculation, balls of isalated disper-
sion formed in the film that have not besn compledely
dispersed, &s color acceplance ISSUSS are & COITITION
proflem, manufacturcrs have developed numerous addi-
tives tor address these defecls. For example, floating and
flaading can be resolved with the use of surfactants or
dispersants, while flagculation may require reformulation
or utilizing additional mechanical shear.

Assuming there is no compatibility problam, the
nest step is t0 examine the individual colorants used
Lo determine how the current 1ot compares 1o praviods
lots that were successful. The range of acooptable calar
variation batch-to-batch is largely determined by applica-
tion reqguirements, but generally falls hetween 0.5 and
2.5 delta E to minimize perceived shade variation to the
eye, Each product will have its own specification range
that will include an acceptable limit for color proper-
ties swch as strength, tint shade, and masstone shade,
all of which are measured versus the manufacturer's

standard lot. Pre-testing a sample of each colorant is
highly recommendsd when manufacturing a coating
with tighl color specificalions, parliculary products high
in chroma, which leave Iitie room for color correction.
Even then, a problem can ocour if the manufacturer has
chosen a particular eolorant 1ot as the internal standard
withouwt checking 1o see how that ot cormpares ta the
colorant manufacturer's standard.

CONCLUSION

Dispersinng are the Most common way to reliably
celiver reproducikle coler for coatings or graphic ans
applications. They can either be purchaszed in a ready-te-
uze fonm or the manufacturer can custompreduce his/her
own dispersions in-houss, By purchasing ready-io-use dis-
persions or “zlir-in” pigment types, companies can mink
mize inventories and aveid costly capital and maintenance
expenses associzted with milling equipment. Consisternt
color and pigment optimization also offers improved
throughput and helps to eliminate production snags. a
comimon cause of lasl-minule scheduling changes and
down time, There are alsa envircnmental benefits gained
by reducing exposure o pigment dust and to the salvents
and cleanars for milling equipment after use. @
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