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Dispersant Additives Improve
Pigment Wetting and Dispersion
in Waterborne Coatings -

I Ernest C. Gﬂlgﬂl:i_. v fatrdly of Igh performance pigimer dispecsans giddithees has been Jeveloped

Khalil Yacoub, 1o improve pigment welting and Jsperaon it waterbome coatings. These umigie Al

are highly effeciime for i wnidde rame of oganic and inorganic pigments in both rosin free and

resinous pigritent grinds, witere they provide Duresed pigeiemd Jocding, frproved color de-
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. itional and vifer frigh-pe formance dlpesand nchade o foem: effective plgmeat stabi

Steven Y. {—-'h_ﬂ“ lization; outssandig pighient wering: feigh color developaien; and encirermenial benefits

Air Preducts and Chemicals, Inc.* as they are HAs- and (leplphencl atlioxplate {ALE)-free. Thase newr additives gre aphlice-
ble o antomerive, ihchirectwel, utusirinl, aod wood coacings.
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INTRODUCTION AND BACKGROUND

The provess (o dispersing pigments has heen desoribed as consisting of
thiee siages: (1) wetting of the pigment by the conlinnos phase; {2 me-
chanical milling to break up particle aggregates and agglomerales; wocd {37
lomg-1erm stabilizalion of the dispersed particles o prevent coagulation
{Aocculation).! Vor waterbome cratings and inks, the dispersion process
presents a mumber of challenges, Tor cxample. the high swlace tension
{7+ stbscripls sefer o liguid-vapor) ol wiler and the interfadal tension
{1 subscripts reter to selid-liguid) betsween the conlinuous water phase
and the pigment mnst be reduced to adequately wet the pigment particles
as shanwn sochemadcally in Higure 1

welllng of the pigient panticles is necessary to displace adsorbed air
from their surfaces and to facilitate particle separation, so dhad in sep 2,
the: pigment agglormerates can be more readily redoced to the desired pri-
mary particles or much smaller agglomerations. The condition for wetting
[ar spreading) of the aguenus phase onto the sodid pigment particle is
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Figura 1—Representation of step 1 {pigment wetting} in the pigment
dispersian process, Surlaclants faglitate the wetting of the pigments
by the continuaus water phase,
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piven by the spreading coellicient, 5. which is defined as:
5= gy — (g +

Spreading wilk ocour if 5 = O, Vherelore, or the pig-
ment Lo be wel oul, v, and v must be reduced such
that their sum is less than the surface energy (4,3 of

the: pigment.?

Au Figure 1 shorws, in order to reduce the surface and
interfacial tensions, i pigment wetting suxfactant is re-
quired. The wetting surlace adsols anw the pigment
surlace, rechices the interfacial tension, and “vandi-
tions” the surface for funher adsorprion of dispersion-
stabilizing molecules. Commaonly, the werting srfac-
tantts are allkvlphenod ethoxylates {Al*Ls) or modilied
versions therenl | lowever, ATFs have been implicated
as endeocrine distuptors, and there is a growing trend (o
repace these surfactants in coatings. In addiden, the
APL-Based surfactants usually increase the foaminess of
waterborne coatings and can also negatively impact the
coatlings water resistance, Thus, the use of tiese surlac-
tants necessitates the need 1o aded strong defoamers to
cutail the development and subsequent Tuild up of
wowanted foam. Defoamers, however, often produce
negative congequences such as surface defects (eg.,
craters) and poor flow and leveling {e.g.. vrange peel},
sor i is obwioosly desirable 1o use surfactants thal mini-
mize foam.”

A stated above, the primary role of the surfactant iy
o recduce the y, and the v, . so that the aqueous phase
can more elleclively wel oui the pigrment particles.
Tower surface and interfacial tensions provide Tora
more elficient milling process by reducing the time
(and energy) w reach the desired particle size distibu-
tiom and, thus, maintaining a lower milliog Lemperi.
ture. Sinde the milling process ocours wnder dynamic
conditions, surfactants thal conler low dymamic v, and
¥y, shomld further enhance the efticiency of the miiling
process. Lhe Geminilype®® acetylenic diol suacant
TMOT {Tigure 2] and its low molecular weight ethoxy-
Liates are exarmples of surfactants that impart losw dy-
namic surtace tensions in agueous systerms, whereay
the ATF snrfactants mentioned before generaliv have
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Figure 2—Molecilar structure of the acemylandc diol surlaclant TMOD
(2.4, 7, 9-tetrameshyl-5-decyne- 4, 7-dial ).

HQ OH

significantly higher dynamic y. .7 Also, the appropriate
swifactant can help Lo reduce the viscesity of the mill
hase, so that a higher pigment loading can be wsed lor
Detter equipmeni-uiili=ation rates,

Adter the pigrment agalomeraies are brolen apart and
the particles are dispersed in the aguenus phase during
the milling process. the particles must be stabilized o
prevent Noceulatien. As illustrated in Tigure 3, stabiliza-
ticm is uswally accomplished through elecirosrric
{vhange) repulsion and/or steric barriers. As desortlied
Ire the clagsic 31003 theory and its oditications, elec-
trostatic stabilizadon is accomplished not through the
actual chavge on the particle but rather through the as
socialed electric double laver® Steric handers arise
through the interaction in the aquenns phase of hy-
drophilic segments of molecules that are adscrlred
cilo Lthe parlicle surfaces. To either case, the stabiliza-
tion barier is due 1o adsorbed molecules om the parti-
rle surfaces, The simplest cases are lonic or nonionic
surfactants that conlain one hydrophobic group and
one hwdrophilic aroup; examples of These surfactants
are rrhosylates of allorlphenols and various alcohols
and newtralized alkyl xullomates. Tn the more complex
cases, the adsorbed molecules are polvineric and comn-
tain mulbiple stabiliming {hydrophilic) and anchoring

Figure 3—35chematic reprasentalion ol Lhe mechanizms of dispersion
stabilizazion. Tha sizes of the siabilization shels are exaggerated for
illustration pLrposcs.
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Table 1—Properties of New Pigment. Dispersants Evaluated

Product Aetves Four Paing Tsensity {eF) WOC {% wi)
Code (" wk) (") 1L 2570 Clarity/Color U.5.7 EL
Z-1200 A5 = =25 B0 200 Clear/lighs amber = 25 = 17
£-1400 40 = -23 1880 A6 ClearTighs amher = 20 - 20
Z2-1600 S 18 A6 200 Clear eddisk: amber = 25 = 14
Z-2100 104 3 3RQ 150 slight hare/straw-light amacr = 1.5 2.0
450 dlearistraw = 15 a.0

F-AE00 ek i T80

[ad EPA Helhud 24.
(0] Ediesar JieaLie 100670700
Refes b Aigeiae V%0 ~aeial ideoli ezlisn and =.opliers.

segments which are ammanged in various confligunlions
(e.g., block or comb structures), A common example of
such a molecule is an amine-neutralized copolymerof
polv(aerylic acid), The polvimeric rolecules may in
clude hath ionic and nenionic hydrophilic sroups. ‘The
multiple anchoring groups affurd stwong adsorpdon of
these molecules onto the sucfaces of the particles. The
so-valled polymienic dispersants with numerous anchor-
ing and stabiliving grouwps provide excellent long-term
stabilization to dispersed pigment particles.

The wetting and dispersing addilives may b intoo-
duced inlo the formulation as separate CompoRents.
However, it may be advanlageous [e.g., compatibility,
rawe material mindmization, eic.) W wilive products
thiat are [ovmulated (o proside both wetting and stabi-
Hzation. In this ardcle, the henefits of 2 new sevies of
brigh-performance pigment dispersants thal provide op-
timal welling and long-term dispersion stability are de-
scribed, The effectiveness of these dispersant prodhacts
bias Deen ested with organic and inorganic pigments in
resin-free grinds and in fnal paint fomulations, The
advantages of this plgment dispersant 1echnology in-
clude:

Mgure 4—~Color strergth comparisan af the Z-1600 disparsant relative
tir commercial dispersants with a yellow organic pigment. 30% pig-
ment digpersion, 120 T0, blush, Pigment Yellow 23 {diarylide
dimethowy chlnnilide),
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Lifectiveness onoa wide variety of plgments

Lower dispersant demand levels

Betfer cost in use

Superior color development/reduced color-

plgmelt concentlakion in paint

s FEnhanced pigment wetting/lower viscosily grinds
or higher pigment loadings in grind lor higher
equipment ulilisation ralsy

* Tnreased pigment (extender) Toading in praint

e lmproved long-term stability of dispersion and

paint

& & & @

EXPERIMENTAL

The properties of the new pigment dispersants eval-
nated in this study are provided in fable 1.

Pigment dispersioms (grinds) were prepaved by one
of three medrods: ball mill, vertical pearl mill, or high-
speed dhispersion [inorganic pigments only) with a
Cowles-Lype Dlade. The viscosities of the pigment
prinds were evaluated wsing Brooklield Digial
Yiscometers with TV and BV spindle series. For the in-
organic pizments, the spindle speed was fixed at 26
rpim. The viscosities of the paint formulationy were
mesasuned using a digital Stormer viscotmewsr. 1o pee
pare the resin-lres pigment dispersions, detoamers
wete ypically added at 0.1% by weighi of the total dis-
persion formnlation,

Color developrmen was determined in either
biushes or tint bases. 'The blushes contained 1:30 1o
1:20 prigment solids with a commercial "1}, slurry and
L0 styrene-acovlic resin. The tint bases were 2-5% in
vanous decorative and industeial muainlenance water-
Lo tnl-hases. A pMiniSean spectrophotometer
fLlunterlab) was used w oblain the CTRLab color
space values. [See publication CIL 15-2004,
Colorimeiry.)

Ml t::&aﬂng [ormulaticns wers prepared and applicd
using standard techniques. To determine stahilinyg the
coating formulations wers aged for one week at 507
Tilms were applied by either draw-down onto sealed
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Figure 5—~Cplor strength comparizan af the Z-2390 dispersant and
commergial dispersants with organic ed pigmant. 40% pigment dis-
persiom, 1:20 Tid, blush, Pigment Red 234 (diketo-pyrrala-pyrrole).
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Figure 6i—Color striength campanison of the Z-2100 dispersant and
commercial dispersants with carbon black. 36% actives on pigment,
25% disporsian (2.5% W tint hased, Pigmenl. Black 7.

llj:l 8.5
L
[¥] - D6 # Z-2100
& E
=
m
-
= Eaw
= i L]
E‘l Els A 0]
- I8
= 40
i
1)
=
[=]
[T ]
] 20 <0 il an 100 )

Dlgpereanl Amount (% as Supplied} on Pigment

Fiqure ¥—I[Mspersian stability comparson of Lhe Z-2100 dispersant
and commercial dispersants with carbon black, 36% aclives on pig-
ment, 25% dispersion [2.5% in tint basa), Piament Black 7. The dis-
[rersians were aged for L week at 50°C.
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Figure A—Dispersant demand cunves for the new dispersants with Tick,.
FE% by waight pigmant disparsian,
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Figure @ Disporsant demand cunes for the new dispersants with red
Tron oxide pigment #1. 70% by weight plament dispersion,
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Figure 10— Dispersamt demand curves for the new dispersants wilh red
iren pxide pigment #2. 70% by weight pigment dispersion.
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Table 2—~Results of tie Haal-Aging ¢

Materiak Hame Yistosity, KU Yiscosity, KU Initial
(st Leval) Imikial After Aging a0° Gloss
O-11 (190,58 54 G Th
21200 {2 5%} 54 5% 7o

D-100 4%} 5R G4 Mot determined

Leneta chans or sprayed [conventional suclion-fed)
ot cold-tolled steel panels to a wet film thickness of
aboul 152 pm (& mils], Gloss was measuved using
hand-held gloss meters (either Hunteclaly or BYK-
Gardner), Covered spot tests [one-hour exposure) with
witTious Teagents were performed on the paints to deder-
mine Lheir resistance properties.

RESULTS AND DISCUSSION

New Dispersant Products

All of the: dispersant products studied are relatively
Ioviw wiscosiey liquids with low pour poinis Tor excellent
handling and storage. Activity levels range from 10% to
10094 Try weright as delivered, All of these products ane
free of alkylphenol ethoxylates {APES) and contain oo
HAP solvents. The sutfactant-type products are Z-21013
(memicmic] and Z-2300 (anionic, The polymeric pood-
ucts are £-1200 {oonioonic and anionic), 2-1400 {non-
iomic and anionic), and Z-1600 (nonionic). All of the
proelucts aee formulated for pigment wetting and dis-
persion stabilizing.

Organic Pigments and Carhon Black®

The color swength of 4 pigment veltow 83 dispersion
prepared with the Z-1600 dispersant was measured i a
Til, blush. As shown in Figure 4, the Z-1600 disper-
sanl provided excellent color sirengthy al s lower use
level compared o that of dispersions made with a
number of commercially available
dispersants. Lhe 2-1600 dispersani
was mare cificient [5% to 8% less
elispersant} and effective [10-20%
color strength imprevement) han
the commercal dispersants,

perior o thal seen for three oul of four commerdal dis-
persants Lhal were claimed Lo be effeclive Tor dispersing
carbon black, Only the I3-6 dispersant showed better
color strength, As shown in Figoe 7, the Z-2100 disper-
sanl pronvided a much lovver viseosity dispersion which,
ai an equivalent dispersant level, could wanslate ino a
higher pigment loading in the dispersion. In aging
stuilies, Figere 7 showes that the Z-2100 dispersant pro-
vided good dispersion stability wilth no change tn vis-
cosity upon aging. while the -6 and I8 products in-
creased significantly in viscosity, and the T-7 product
decreased in viscosily Although the 179 product
showed no change in viscosity upon aging, the use
level required was significantly higher and the disper-
sian qualily was poor.

Inorganic Pigments: TiQ,

THspemsant efficiency of the new disprrsants was
evaliiited by preparing dispersini-demand curees. The
dizpersant-demand curves are plots ol dispersion vis-
cosity versus amount of dispersant for a plgment at a
sel amount {Toading) of pigroent in the dispersion.
They are nsed to determine the optimal level of disper-
sant required for a given pigment and loading; a lower
viscosily and lowver winownt of dispemsant indicale muore
elliciency. As shown in Pigire 8, the A-1200 dispersant
had the lovest viscosity and use level vexsus the com-
mercial enchmark dispersant - 10 (commion disper-
sant used tor 110, sluries), while 2-1400 had a low
use level but a higher viscosity, 7-1600 was significamly
less elfeciive than the other dispemsanis.

Lecause of its low wse level and low dispersion vis-
cosity, the Z-1200 dispersant was further evaluated in a
lewwr- %000 [ 100 /L] coating Dased on a urethane-
acevlic liybrid resin. The coating tormualalion is pro-
vided in Appendix 2. The oviginal formula used 10.5%
dispersant (O-11] per weight of pigment. Based on the
dispersant demand curves in Ligere 8, the amount of 2~
1200 dispersant was set to 2.5% of the pigment weight,
Also, the commercial dispersant 1 10 was evalunied al
a 4% level, All of the grinds had viscosities of 150034
P at a pigment loading of 799, Coatings were sprayed
ondor sieel panels and drawn down onlo sealed Lenets

Tahle 3—Results of the themical Spot Tesling of Lhe Titl, Pigmenied

Formulations Prepared wilh the Dispersants

. Reagent, 0-11 (10.5%) £-1200 {2.5%) -10 {4%])
Forr carhon hlack, the color )
strength performance of the Z- Waler eksiioc o efect Mo effect
Ii i is sh 10 Fiewn 10% wt NH,OH Mndermte swalling Hn efact Bristers
2100 dispersant is shown %1'1 TEure Exhanalfwater (50:50) Modenite sweiling Wery slight swulling Hlisters
6. The color sirenglh obitained Clarax Ho elTecl Ho elfec! Shight swelling

willl e Z-201) dispersant was su-
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Figute 11—Mhspersant demand curves For the new dispersants with ed
o eede pigment #3. 70% by weight pigment dispersicn,
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chars. ‘The results of the heat-aging slability lesting
(507 C for ane week) of the coatings are provided in
Table 2. Even at one quarter of ihe omiginal-formula use
level, the 7-1200 dispersant gave excellent formulation
stability. N pigment settling was abserved with the
aged samples containing £-1200 or 13-11, while some
setling whas seen with the D-10 sample. Initial gloss of
the Z-1200-containing coating was as good as thal of
the original tormulation.

Cthemical spot tests were performed on the coatings
Lo determine whether the changes to the dispersant had
an cffect on the resistance properties. The results re-
ported in Tabfe 3 show thart the £-1200-hased coating
had improved NH OH and ethanolfwater resistance
compared to the original coaling with the 13-11 disper-
sand, while the coating with the D-10 dispemsant
showed pocrer vverall resistance, These results Husteale
that the choice of dispesant can affect coating perform-
Aance -1

Inorganic Pigments: Iron Oxides

ispersani demand curves were developed for a
number ol iron oxide pigments, Figures 9 through il
show the data loe three red itan oxide pigments, where
the Z-1200 and Z-1400 dispersanis were compared to
several commercial benchmark products. 'The pigment
dispersions studied were a1 a relatively high pigment
leading of 7% by weight. The 2-1400 dispersant pro-
vided the besl combinution of Tow use level and Los
minimum-viscosity for two oul of the three red iron ox-
ides. I the case of red iron oxide #3, the £-1200 per-
formed the best, although the 21400 was also effective.
Im several instances, the commercial bencinarks had
lowweer movindmurm viscosilies, Iaat their vse level at mini-
mum ¥iscosity was higher Cenerally, the 21400 dis-
premsant provided the best overall performance,

www cootingstech.org
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Figure 12— [ispersant demand curves for the new dispersants with yel-
Lo Trerh oxide pigment #1, 0% by weight pigment dispersion.

10000 ,
=y IE [E— —)
3 LSS s
L 1 !
g 4
m | Iy
2 i
b
oL \ L
L =
- 1)
= 1
-1 T
E § s | —s-Z-1200
= X —— A
M‘“‘L}.pf/ === 12
1000 + :
3 4 3 8 T ] 4] 1]

ispersant Amount (% az Suppliad) on Pigment

Figure 13— Dispersant demand curves [or the new dispersants with yel-
low fren odde pigment #2, 709 by weighl pigment dispersian.

100D ] I
_ [ T1200 —#Z-1400
= —— -2
§ |
g -
8 1
. 10000 =t
=y
g
= - —

1000
3 5 T | 11

Dispersant Amount (% as Suppllad} on Pigrmant

Figure 14—Mspersant demand curves for the new disparsants with
black iron owide pigment. 70% by weight pigment dispersion.
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FPignres 12 and 13 show the dispersani demand
cirves Tor wo yellow iron oxides. [n botk exAmplEs,
the Z-1100 dispevsant showed tower minimuam vis-
cosities and lower use levels than the 7-1200 disper-
sant ot the commercial benchmark dispersant ([3-12).
Dispersant demand for the yellow iron oxides was
generally higher than lor the red iron oxides. Likewise,
for a black icon axide pigment, the 7-1400 again
showed Lhe best performance (Figure 14) relative 1o
the 2-1200 and two commercial benchmark disprer-
sants. However, excepl lor the Z-1400 case, the bladk
iron oxide curves were relatively flal without disnnct
viscosity minima, -

SUMMARY AND CONCLUSIONS

For organic pigments, the 7-1600 dispersant showed
improved color strengih at lower dispersant levels. ‘The
Z-2100 dispersant showed good color strength and dis-
persiont slability tor a carbon black pigment. Using a
madel formulation for a urethane-aerylic hybrid resin
and the dispersani-demand curves for the #-1200 dis-
persanl with 110, a plgmented model lormulation
hased on a urethane-acrvlic hiybrid resin was studied.
Tvem at ane ¢uarter ol the erginal-formula use level,
the ¥-1200 dispersant gave excellent oven-aging stabil-
iy with no pigment settling abserved, Initial gloss of
the Z-1200-containing coating was as good as that of
the original formulation, and chemicil spot resistance
was Lmproved, For iron oxide pigments at a high pig-
ment loading of 70% by weight, the 7-1400 dispersant
gave low viscosity dispersions at relaiively low wse few-
els.
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APPENDIX 1--LIST OF RAW MATERIALS AND SUPPLIERS
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Dispersant Designation Mame:
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A-1A00 Zelabperse 1400
Z-1a00 Fetatpese 1600
#-21H Felasperse 2100
Z-2500 AEtaspere 2304
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Figment Designation

Comenevdal eachunarks

Hame

Hostaperm™ Fed T3 70

Telbon 35 Irgalite® Yellow B3R
Cathon Elack 7 Speeciad Black 4

Baed 254

N, Ti-Pure® | 706

Foed Tooun Oxide #1
ed Trsn Crxacle 22
Ped Iron Omide #3
ellews Tran Okl £1
Yellowe Iromn Crride #2
1Mack Tron O

Kroma Red® B 4007
Copperas Rexle HI10Y
Raneferron® Ll0M
VZ-1585

VL2 2HET
Gayferrozt S1und

Adr Proclucis and Clwewsicals, Tns
Air Preducts g Chemicals, 1.
aic Prewdncts and Clicaicals, Inc
Ain Froducts and Chernicabs, T
Aar Procducts and Chwernicals, ne,

various supplies

Supplier

Ciba speralty Channcals
Dhepussn

Clamant

DiuTont

Flerneni: Pignuals
Clementis Mgments
LAMKESRS

Clenwentis Figments
Flemetuis Pisianenls
LAMKESS
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APPENDIX 2—LOW VOC HYBRID RESIN FORMULATION

Material Amount, % vt Supplier
Resipe-Froe Grind: Combine e folloudmy weder mifd cxtteliom aud mix el dissolied:
Dreivnized Water 14
Prispersat 0 1L 234 Cormuinercial ek
Dieluamer Suelvncl® LIE-75) oy Al Prescfocts ancd Chemicals, o

Continge Agicarion 1white addime (e pramment el
Tk, Figuent (Ti-Fure? H-F1bc] 2700 IMmPomt

Mocrese e speed o fiigk et diswerse o legmam = 7. De uee eacesd 140°T

Reduce the speed ard add the follansing with sedinen ggitation weeil plended:
Deiomired Watet IR

Total Crind 3400

Blermel: Adel the flliowiny inte a feparate, clnm conteiner undar peild agitetion until eveded:
Hyhrid 1ispersion {Hybridur® 870} 41,74 Alr Products and Chemocads, Too

Dre-diemd fhe folleudmy fremes befirre adding to the fpterid divperdon wdole sevamy agitation:

Solwent [11nEE] 2343

Casdescing Surfactanl {Tovivofen™ ATHIL) 1.5 Al Froduats and Cliemicals, [ne.
Defoamer (urfyrued DE-77) n.03 At Frodocts and Chemisals, Ioc.
Weetting Surtactan {BVE- 340 Uil DYI-Cloeanie

Final Blead: $Toelp add the grind ta the blend and mix with mild agitarion until homagerss:

Resin-fres grimd 3420
Bled ol lryleid vesian wdditives, arl soleent (.80
Towal Fooualation TelEARLY
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