HIGH SOLIDS

Improving the
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Frwvironrmantal rogulations continue Lo drive
the developmeant of coating Lechnologies with
low: wolatile organic compound (YOO content. For
maAny applications, the togus has
heen on waterborne allernatives,
with coating svstems availablo
today that equal or outperform
their older, solvent-based counter-
partz. Whore protective coatings
are required. however, waterbome
farmulations do nat vet provide
the level of peformance needed,
bioth i Lerrms of applicalion be
haviar and applied film propertics. Instead, high
snlids systems have been the preferred method
for meeting the regulatory requirements far tower
VC=, Bven this approach prosents challenges,
Lhaugh. Several desvelipments in rasin and ad-
ditive tachnolagies are, howsaver, cnabling the
formulatian ot high solids protective coatings that
hawve applicalion and perfarmance prepertics simi-
lar to comeertional high-VoL systems.

WHY NOT WATERBORNE?

Although most paint and coating manafaciur-
ers and resin and additive producors are warking
to identify salutions tor the fermulation of water-
borne, high perfarmence protective coatings. limi-
tations of the technology remain that have not yet
heen prvercome. “With the very high performance
requiremeants needed for corrgsion resistance,
durability, chemical resistance, and dry time under
widely varying global exterior application condi-
tions, the use of watorbarne coatings is slll very
limiled in Lhe protective coaling and marine seg-
ment.” says Jeffray Arandt, o tochnical accourt
coordinator with Arkema. Generally, notes Kiran
Baikerikar, a senior R&AD manager for Dow Coating
Materials, high salids svatems are prelerned over
alternative low-YOC technalogies for applications

“The main difference in high
sglids versus traditional
solvent-based coatings is the
use of lower molecular weight
resing in order to achieve a

sprayable viscosity.”

requiring heavy duty performance feg., C4 C5
COMQsion resistance or veny high resislance to
chemical immersicn] ar for applications in advorse
enviromnental conditions (e,
|ovy termperature of high humid-
ity). Specific cxamples for opoxy
coatings include applications in
maring coatings and tank linings
for chemical and potablc water
1anks. while polyurethanes are
wscd for heawy equipment and
rhilitary applications.

High solicds coatings are
mgre tolerant of poor surface preparation and are
used in ariginal equiprment manufacturing (GEM)
and maimsnance apolications where s issue
is A concern, accarding te 1off Danneman, an ad-
vancetd research associale with Reichbald. Ramesh
Subramanian, R&D director far Muplex Resins,
adds that the atility to achisye thickor film builds
is another advantage of high solids coalings over
waterborne formulations, In addition, in the casc
of in-silu Tield applications, bigh selids protective
coatings are more talerant of variahle weather can-
ditiors, particularly with termperature and huamidity,
and from an applicator poinl of view, the transilion
from salventborne o high solids coatings is much
smaller Lhan from solvent based to waterborne,
notes kees Van Der Kolk, global technology divec-
tar fir PPG Protective and Maring Coatings. "Also
with respect o application, higher solids coalings
snable fewer comts to reach the desired film build,
thus lacililaling increased productivity, efficienay,
and labor savings,” says Baikerikar. Furthermore,
alder paint application systems that arc not
constructed of stainless steel and do nol have
adequate temperaturc and hemidity controls ag
also generally nol suited (or waterbhorme systems,
bt will accommodate high solids coatings, adds
Michasl Vecellin, North Amercan GEN technology
director with Axalta Coating Syslems.




CHALLENGES WITH HIGH SOLIDS

Cven though high solids tormulations arc
preferred for many proteclive applications, the de-
velopment of effective high performance systems
dees presont nurncrous challenges to both raw
material suppliers and coaling manufactores, “The
main issues far Migh solids protective coatings are
ralated 1o applving thickor films without sag, the
humidity dependence of some high silids chem-
istries during both manufacturing and application,
maintaining o simplc component ratio for thesc
typically two componet systems, and managing
e rheology of lower maolecwlar weight resins,”
chserves Subramanian. Many of these issucs are
reslated, and s 8 result, achieving w00 conlent
thraugh a high solids approach creates challenges
in terms of viscosty and film Build control, with the
former affecting sag and Lhe laller delermining the
curing propenies, accarding to Dannaman.

The main difference in high sclids viorsus tradi-
tional splvent based coatings is the use of lower mo-
lecular weight resing in order to achieve a spravable
yiscosity, “Systoms hascd on 0S5 vistaus resing
lack the intrinsic rheolody of conventional Termulz
tions, and thus there is litthe viscosity build following
solvent cvaporation, and rosin crosslinking requires
more trne Lo build suilicienl mokecular weight o
contribute 1o the rheology” Arenct explains, 1n ad-
dition, denser and heavier high solids coatings are
rmewe likely Lo sulTer from sagging, running, and
slumping. which is even more of an issuc when
applicators ook to use fewer, higher build coals 1o
achieve target specifications, he adds, Furthermor.
high salids systoms require the use of complex
spray equipment dus s Lhe higher Tarmlation
wiscosity, which presents challenges in sprayability.
pumping, and handling of the: formulation, particu-
&y in colder environiments, Baikerkar notes,

Formulators of two-pack reactive high salids
coatings must also be aware of the issues raised by
using higher reactive resin concentraticns, accord-
ing to Yan Der Kolk, "A carcful balance is required
to maintain couting reaclivily versus accepiable pot
life, particularly for products that are meart to be
usd under tropical or low fermperature conditions,”
he noles, Yan Der Kolk adds that a higher resin
concentration also loads o denscr crosslinked net
wiirhs that may resall in less Mesibilily and stress
buildup when cured, which in turn may increase the
susceptitility 1o micro crack formation during Lhe
lifespan of the coatings, typically in areas with high
thicknosses and at weld seams.

Incorparation of pigments into high solids for-
mulations is vet another challenge. "It can be dif-
ficult 1o combine high volume solids with high pig-
menl volume concantration [PV and still achieve

easy spray application and high performance,”
camments Baikorikar. 0 addition, metallic flake
control to achieve Lha same final color position in
high salids Tormulations as that obscryed for con-
viznitiona! selventhorne systens requires significant
expertlise, according 1o Vecellic, He adds that high
solids metallic coatings ane alsa Imoare suscep-

titrle to circulation degradalion and can reguirg
special flakes 1o maintain color control.

There are also production chalengss when
manufacluring high solids coatings. "The remaval
of salvent and the necd for higher levels of certain
rhenlogical additives can cause RCoMporation,
gloss logs, and rheology modifier activation is-
sucs,” he states. For example, the higher levels
of Turmed silica and organaclay often required can
affect the gloss and increase the spray visoosity.
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Also, arganoclay activation requires polar activa-
tar salvents, which are lirmiled in very high sokids
Systemns. Traditionai polyamide rhealogy modifisrs,
rmeaarmwhile, reoguire higher temperatures Lo aclivate
in very high solids, low-saklent Tormulations and
can require extra time to ool beforo packaging,

Simubtaneously mecting varying VOO level
requiremants and the wide variely of expected
performancs levals around the warld is ancthor
signiiicant challenge when termulating high solids
protective coatings, according 1o Belh Ann Pearsan,
diobal products manager for Metal & Plastics with
Sherwin-williarms Product Fimshzs. =In addition,
globkal coatings manulaclurers must 8NsuUne oam-
patibility with changing standards and rogulations
and diffevent approaches ta formulation and ap-
plications,” she says. For example. she adds, North
drmerica relics heavily on the use of cxempt solvernts
that hiave been classified as having nir affecl on
the environment or YOO caleulations when addsed
Lz pneet stringent YOO levels without sacrificing ap
plication quality or pverall performance, as well as
on the usc of differing applications methods, includ-
ing air-assisted aidess spray, bell, electrostatic, and
clisk, "Adding to Lhis complaxily,” she continues, "is
the nead for coating manufacturers to koeop costs
incheck, particularly given that the use of exempt
solvents aften leads (o cosl incresses,”

RESIN AND ADBITIVE APPROACHES

Given that the use of low molecular weight res-
ins and Lhe consequent viscosity is a critical issue
for high salids protective coatings, it is o SUEFprise
Lhat significant offort has been invested in improw-
ing bath resin and rheclogy control technologies.
Curing agchts (drier systems) and flexibilizers have
also received attention, considering the problems
that can arise wilh curing of Lhicker Tm builds,

Because the resing uscd in high solids coatings
contrinute less 10 the Minal application rhoology
profile, additives must now exhibil greater control
and do so with minimal undesirable side =ffects,
according ta Arendl Rheology maoditicrs tor those
systems must offer high etficiency and incorporale
wilh greater gase.” he notes, Research also con-
tnues in the area ol reactive diluents to dovelop
resing at lower viscosity levels, which could resull
in the advancemeant of scivent-basad systams
with lower WOCs and a lower demand for crcmpt
solvents, thus improving efficiency, reducing cost,
and advancing envirormental attributes, aceording
to Pearsoen. Van Der Kolk adds that stross builduap
must e minimized vy compatible resin flexibilizers
and enginesred ouring agonts, and for tee-pack
high solids epoxies, [ow-viscosity polyamine and
polyamidc CUMNNE agents can vesull in gredler sus-
ceplibility of coatings to so-called suface amine
hlushing [reaction with C02 and HICI']. "To address,
this isswez, chomical modification s vequired in o
der to prevent infercoat adhosion problems when
multiple coats are to be applied,” he says.

RECENT 50LUTIONS

With respect to additives, sesveral rheology
medificalion technologies have been developed
ta improve the parformance of high solids protec
tive coatings, Muplcy Resing, for example, bas
introduced dispersed urea orystals ond suface-
mcdificd resin particles as new rheaology medifisrs
lor this applization. Arkema, meanwhile, has deval-
aped arganowax pohvamide rheology maodificrs that
man actjivate in very Wigh solids and solvent-free
syslems &t easily achigvahle produstion tempeara-
tures, "Because it is nol necessary to push these
rmatertals to wnusually high incorporalion lempera-
tUres, extra processing fime is not nooded for heat
generation and post-production cooling, unlike
comventional polyamide praducts,” notes Arendt,
He adds that each of Lhe products--one far high
salids and the other for 100% solids coalings—also

. . . denser and heavier high sglids coatings are more

likely to suffer from sagging, running, and slumping, which
is even more of an issue when applicators lock to use
fewrer, higher build coats to achieve target specifications.”



offer sap porfarmance robustnoess over o wider
processing temparalure window than previgushy
possible. Arkemna also offers pre-activated pasles

Ul; can be difficult to combine high volume solids with
high pigment volume concentration (V) and still achieve
easy spray applicaticn and high performance.”

that simplify the procossing noodod to incorporate
polyarmide powder rhealogy additives, a5 well as
liquigd additives for addition to high solids lormula-
tions with diftcront potartics. Pearson alsa points
Lo impresved thisolropes that provide both improscd
rhealogy and coating stakbility.

Yan Der kolk also appreciatas the wider avail-
ahility of reactive diluents and resin floxibilizers,
which is enabling more painl engineesing flexibility
and providing nesy oppartunities 1o drive salid con-
tent ta higher levels with even better lang-term ro-
Leclive perfarmance. Advanced nanotechnologies
angd the development pabymers derived from renew-
Able resources arg alen providing erigue sclutions
to coatings development, according, 1o Vecellio, "ln
addition. dual functional polymers and aligomer
technologies have begn under developmaent and
are begihning tm make il inle e market place thal
arc onakling higher solids coatings that maintain
desired filrm properies,” Vecellio says. Muplox,
for example, offers castor-oil-based resing and iz
ctending acrylic polyel technology—ariginally de-
viloper for the vehicle finish market for protective
coating applications—that provides fast cure wilth a
halanced pot life, acoarding 1o Subramanian.

Dow has applied high throwghput technology o
significantly accelerate the synlhesis, Mormulalion,
and application testing of high solids systems. As
a result, the company has developed novel resin
technolcgies that offer benefits in ease ol applica-
1o, lewer VOC, and highar performance, accord-
ing Lo Baikerikar, “In particular, our new develop
ments in epoxy technologies have enabled high
solids, high PYE coatings that can be applicd with
comentional spray equipment and demonstrate
aguivalent perfarmance compared to traditional
epoxy systems.”

Advaneements in anticorrosive pigment tech
nalogy are also impoartaent for Sherwin-wiliams.
“Cornsion protection is no longer solcly dopendont
o the resin syslem; anlicorrosive pigmerds can in-
croase the lifctime of a coating system, translating
Lo cost savings for the end user,” Pearson asserts.
Afocus on the implementation of compacl process
technologies is also allowing cnd users to coat ef
fectively and quickly by making the costing process
[cancr in sems way. such as thraugh a faster cure
Lirre ar Lhe elimingtion of a coating layer, according
t0 Pearsocn, She points to a new MIL-PRF-22750G
Type Il high solids eposy recertly introcuced by
Sherwin-Williams that can be applied direct-to-
rmztal {OTR 25 8 single-coat application over Zing
phosphale sleal or reated aluminam.
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“It i tmpartant to keep in mind that, as with any
typz of coating, carctul sclection of the palvmer.
pigment, and addilives is required Lo ensure that &
high solids protectivie coating formulation meets the
redulaton, pertcrmance, and applications require-
renls, " Dannerman slales, Developing new, innowa-
tive protective coatings with higher salids content
alsn requires more than paint engdingsring wark,
according to Van Der Kolk, “PPC invests in research
that prowides a bothar fundamental understand-
ingd of crosslinking, substrate adhesion, and faibre
mechanisms. With a greater understanding of the
chomical and physical intoractions of tho various
high solids malerials and their substrate adbesion
performance, more direction and guidance can be
proviced to determing furkther inncvation routes for
resing, resin Mexibilizens, and curing agent technol
agy, which in turn drives future higher-salids tech-
nology.” he explaing. The gverall result, socarding to
Wan Der Kolk, is an immproved abilily 1o reduce YOO
emissions whiloe realizing egual or etter perfar-
rnance from heavy duty coating systems.

“The induslry is making real progress in deyel-
oping new technologies to address performance
requirements for dermanding, high solds, industrizl
coating applications." agrees Baikerikar. “AL Do,
far cxarmple.” he continues, “we arc develaping
approaches 1o further reduce VOCs and push the
performance limits for durakility, low iempera-
ture cure. and corrgsion, thermal, and chomical
resistance.” Pearson also slresses Lhal, while
waterhorne may b the up-and-coming technalogy,
manulaclurers such &5 Shermwin Willlamsz are ngt
abandoning current users of solvent-based high
siids coatings who rely on suppliers for tochno-
logical advancements, “End users who work with a
manufacturer that is a leador in otk waterbarne
and salvent-based lechnologies receive the most
bencfit,™ she concludas, @
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