oalings
evelopment:

Moving to the
Fast Track

by Cynthia Challener he desire to speed up the product development process has always been
o | present in the coatings marketplace. However, the drivers {or reducing time-
1T (_JDA?NGKT\N?TT to-market have never Deen s momerons and the pressure as intense as they
Conuibuling Writer are today. Many leading tormulaters and raw material suppliers have discov-
ered that high throughput experimentation (IITE) techniques can have a
measurable impadt oo (he development process, allowing for not only re-
duced time in the lab, but often creation of higher performing products,

~ High throughput technology, also referred to as high throughput sereen-
ing and sometimes as combinatorial chemistry, has been widely imple-
mented in the pharmaceutical industny foc roany vears. Catalyst manufactor-
ers have becnn more recent adopters of LY techniques. Many specially,
consumer, angd commuodity chemical companies are now benefiting [rom ap-
plication of lhe lechnology as well.

HTE involves the use of robotics 1o enable parallel sereening of very large
numbers of micro-sized experiments at the same time, accelerating scientilic
research. For coatings, the technique can he applied at all stages of the prod-
uct developrient process, including initial foomalation, application, and per-
formance evaluatiom,

In fact, the increasing inlerest in HTE by the coatings indusuy likely re-
flects the growing awareness that te technology oo be applied o formula-
tion and performance testing, two activities that are critical for coatings re-
search, according 1o damian AL Hajiluk, vice president of Performance
Materials and Formulations tfor Symyx lechnologies, Inc. [nitially, HTE was
seen as being vseful vutyide of the phamaceudcal sector for synthesis-
related development work, and the ipact for indusities such as coatings
was limited.

“Coatings manufacturers aren't just seliing chemicals. They are selling per-
formance, and (his performance can be difficnlt g predict from chemical
composition alone. Fer coatings, then, svnthesis is only the st steq,”
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Lajduk explaing, "Any newly syn-
thesized resin oflen has to be for-
mulated into a model coating, ap-
[liecd v o surface, cured, and Lested
across muliiple performance di-
mensions befoee ils vaine con be es-
Ienate],

With the recent advances in | TTE
capabilities, iL is now possible to
symthesize resins, lormulale them
inle coanngs, apply them to several
ditferent subsirates, and measure
propertics such as Mexucal modulus,
glass tranyition temperature, and
chermical resistance at tates of
A -500 formulations per weels,

A couple of vears ago, re-
searchers from industrial labs were
somewhat skeydical regarding ITEL
techniques, but this attide has
dlisnppeared over the vears and we
are new seeing HTE adoption by
leading pedormance malerals com-
1amiies,” notes D Philipp Dawck,
husiness development manager
with hte AC

Mot anly has ihe techoology im-
proves] significantly, but the seclor
has become much more receptve as
weell, "Another imporiant key. driver
tias been changing environmental
vegulationg, leading tor a shift to wa-
terhome, high solids, and energy
vured coaring fumulations which
reduire extensive Lesting to demon-
strate the performance and henelits
ol new compounds,” Hauck adds.
HIL helps the indusiry shorten the
development cvcle and can (ulhl
this Lask in time to meet legislation
deadlines.

The primary reason for invesiing
in high thromghput capabilities,
though, is the grossing realization
that HTF. has an economic benefi,
according o Saraby Folersley, tech-
noxlogy divector and head of coat-
ings HIFE for Thnw Chemical. “10en
ables faster speed In-market and
higher pexforming, more novel so-
ludiens, " she states,

[igh throughput equipment
suppliens are offering new capalil-
ity specific lo coatings preparating,
application. and tesling, while ma-

v cogtingstech.ang

jor raw material suppliers are find-
ing that HTF allows them to de-
velopr o imach richer undemstanding
of how their products can con-
tribute to enhanced perfonnance,

“One of the main reasons for the
increased amount of inwrest is the
eftecliveness of the technology,” ul-
firms Abdultah Fldn, PhI?. head of
High Through put Tesiing ar Bayer
aterialbcience LLC, "Companies
that have HTE have a signiticant
competitive advantage due to realiz-
ing laster development. ™ e noles
that the interest level in burope
seems to have grown more tapidly
Lhar it s ion Sonh America,

‘Lhis advaniage can be gained in
many ditferent ways, One of the
must cornmon applications for HTE
is screening a wide variely of resin
families and types for a specilic ap-
Hication, which serves as a basis for
wlhere Wy siarl W fonmulate, aoeorgd-
ing to Chin. Ancther s optimization
of a coartng by changing different
parameters within the fonmsulation,
wost agree, though, that high
thremighout technigues ane not very
well suited for netuning of rosting
formulations or optimizaticon of a
linal resizg frmulatdon.

Caalioggs Tormudialom are faced
with the task of oplimixing a very
large umber of chemical composi-
Lons and process conditions. Tn the
majority of cases, these facloes are
strongly interdependent and there-
tore have W be investigated ina
non-decoupled way, “lhe main ad-
vantage of a well thought out HTE
concepl is the complete worklow
andl data integration including
Dresign el Experiment {ThoR), for-
mulation, application, and charic
terization, Theretore, HIT tech-
nigues enalile heter nndersianding
of tormulation-substrate inleraction
amd are much more than an in-
crease in the nwmber of experi-
ments, " Hanck comments.

The results can be dramatic,
"Whal previously (ooh years, now
talees monchs: and what ook
roesndlis, nowy 1akes weels,” Hajdule
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states. Turnaround times improve,
anic] The numler of prajects o feam
can ke on in a given vear in-
Credses. Some companies, he says,
have sexd his 1o condact more
torough research, identfying the
best performing formulations for
commetcializialion and palenting
while leaving areas of weaker per-
formance for their competition.
Crihers hiwer vsed 1 1o locrease the
number of projects a team can take
0N I a gIvwen vear

IT1E akso lews manulaciurers in-
vest their research budgets offi-
ciently. *The expansion of HTE into
physical westing lets cesearchers estl-
mate the performance of erery for-
mulation al an early slage in The re
search,” explains 1lajduk Large
quantities of material, often reguir-
ing sealew)s, ace no longer recuired
belore Urese properties can be
measured, Teams can therefore
identily promising directions aLan
early stage and focus their efforts
there. Less promising research direc
tions can also be identilied quickly;
and the time spent on them can be
minimised. .

lormulation developiment using
high thronghput lechnology is one
ared receiving a lol ol attention in
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the coalings sector. "HIUE is pariicd-
Laxly weell suited ot solving prob-
lems with muli-component formu-
lations where there may be
synergistic or anlagonistic interac-
tions between components,” me-
marks 1lajduk, And the greater the
number of fonmulations to be ex-
plored, 1he greater the advantage
ol ITTLE.

*Tormulations Tepresent a huge
challenge for the researchen” agrees
siack Cruber, who is cesponsible for
Gleba! Strategic Management of
Tesing with BAST A2 "Numerous
different ingredienls, varying in type
and concentiation, have to he han-
dled; structure-properly relation-
ships are hard W predict and the
variation ol chemical composition
andd process conditions is almost in-
finite, In this field, [TTE methods
are A powerful tool for increasing
the efficiency and ellectiveness of
R&D.”

Specilic problems inchade ingre-
dient substitation and sunplifica-
tion, accotding w [Tajdulk. HTE can
be very usetinl when a key ingredi-
enl must be replaced for cost o1 en-
virommental peasons, Because the
replacement material is noi exactly
identical to the original ingredient,

ils impact on performance is hard
to predict, HTE aiso atlows man-
facturers o identify whal each in-
gredient in a lormulalion con-
tributes to performance, and the
level at which this performance is
uptimized. 'The use ol expensive 1In-
gredients can be reduced to the
Level that yields the desined per
ferrmmuaanee, and addilives thal con-
uibute litde or nothing o the coat-
ing can be eliminated.

Crther rvpical development prob-
leans where Y oflers signiticant
suppor for B4 ave compatibility
stuclies; the influence of process pa-
rameders such s curing Wme o en-
ergv o coating properties: develop-
ment of nrw color shades Ty
formulation; and adjustment ot ad-
ditive packages to resins and vice
versa, according to Gruber, "From a
coating lechnology point ol view,
Lthere are, in principle, no limita-
tions. Radiation-curable coatings
can he tested 1n an HIE sewup as
well as Lthermally cured coatings.
Both 1K and 2K formulations with
a pevtlile can also be studied, but for
2K gystemms, timing of workdlow is
essential becanse of viscowity lssues.
Char experience hag shown, though,
that this challenge can be realized
in fully integrated automated co-
lroslic symieng.”

The advantages of high through-
put technology are not realived,
thowgh, by simply running a lot of
experiments in parallel on robotic
systems, “The sheer amoun! ol ex-
perirnents hal can be done will not
lead per se to a better understanid-
ing and faster resnlt,” noles | [auck.
LITE is only effective i the search is
narrowed down to elevant maleri-
als or processes (0 be lexled early on
i ihe research process. Therefore,
the Diesign of Fxpetiment stage is
eTitical in determiniang the success-
ful application of any HTE program.

HTE equiprnent mainterinoe re-
cfuires anigue skills as well.
“Predicated personnel with the reg-
nisite expertise are needed (o (ully
capitalize oo the polential of the in-
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veslmendl, which can Le significan,”
says Dokersley "The mos. Importan:
thing tor consider is having the right
team of people whe will be able 1o
understand and use Lthe equipimeni.
This includes expertise in software
and Tarhaare, as well as knowledge
of designing and execuling large ex-
perimental designs, and tepically in-
vorlves a scietiyt, chemist, techni-
cian, and engineer,” agrees Flin.
Knowing how o manage the
large quantites of data that are pro-
duced and 1w able to convert that
data inlo useliul information is also
important. “In arder to tap the fwll
perleniial oof the powerful HTE tech-
niques, a fasi evalualion of the Tags
data sets as well as the acquisidon
of stmeture-property relations is ab-
sofutely essential,” asseris Grulwer

Lrata managemenl syilems wilh
graphic display of the results otfer
wowr] solutices, bt there is sl
room tor improvernent. “The Tal-
tlenecl is no longer execution of
the experiment but the processing
and intelligent interpretation of the
data,” adds Hauele, Gruber turther
Delieves that, "Only il this chal-
lenge is tackled successalully will
HTF technigues really make a con-
Lribution W increasing the effi-
clency of R&D."

Doww Chemical's coatings busi-
ness, which has partnered with
Symyx on its LI aciivites, has in-
vested inan imtegrated set of ro-
Broslic instrments and meodeling
and data management soltware thal
can e used o formulate coating
compositions, creale coilings on g
variety of substrates. and analyze
laath Tiguied formulations and coat-
ing samples for several key proper-
ties, Tacilities have been imple-
mented in Dew's new coatings RETD
labs in Midland, sl and Shanghai,
China,

Do han roatele a substantial
and strategic investmend in 10U as a
trangformatiomal way of doing
E& 1 We use TTE throughout our
product development process—
fromm early slage research through

WL coatingstech.org

designing spedific formulations with
optimized performance,” Fckersley
noes. In all cases, the company
chises (o use the 1ITT approach
when it makes technical sense and
will result in mew valoe.

"Using HTE technology, we are
changing the wav we develop new
products and explore new solutions
with our customers,” expliins
Wenily Hoenig, global B&D divector
for Dow's coatings business.
"Through new pelymer develop-
ment and orroualalion latlode stud-
fem, we are working on innovative
solutions that meet historic and
emerging indusiry needs with
chernisiries we would not have con-
sidered before, Current projects in-
cludle enabling new envircumental
o ‘green’ coalng lormulations, en-
hanced environmental durability, ve-
duced application and Tormalialion
cosls, smart coalings, and others.”

Wilh ils LELE capabilities, Diow
optimizes coating perfurmance by
linenoing the complex inleractions
hal occur between the numerons
different ingredients. For example,
Dow recently conducted a series of
experiments using IITT targeted to-
wards Low VOO and Tone acdor me-
sults irean archiecloral painl ln
just 11 weeks, 15,000 end-use per-
formance tests om 288 paint lormn-
lations were compleled.

“we [ound a formulation region
of lenwr odor and lewy WOO that hadl
sigrilicanily beller performance
than the commetdal paints en the
market,” Fclersley notes. “HTE al-
lowed us (o prabe regions of the
tommaulation space that would never
have been tried using o tradiiicenal
ladder approach.”

ln addition to development of
water-based coatings, HIE s aluo
well suiled [or eoaling application
processes for UV-oured Jacquers, ac-

cording fo Hawck. 1TUE can sionulale

coil coating processes for UV or IR
auting or dual curing and short to
ultr-shorl exposidon experiments
can be mn that could not be
arhieved manually.

Market Update

“Exact reproducible timing is
sehmething mutomated sysiemms are
especially good at,” Hauck 5AVE.
“Thete is a range ol dillferent HTE
coating technologies that are well
developed and reliahily reproduce
the comesponding manual labora-
tory procedures, They even excel,
with higher reproducibility and
higher iniegrily comparead 1o the
standard mannal operations.”

Abdallah Elzin also stresses thal
making assumplions about cormela-
Lins Delween convenlional meth-
ads and high throughput meithiods
must be mveided, "RBefore a new
methed is generated using HTF, fea-
sibility studies need to be dane Lo
confinm the comrelation between
convenlional methods and high
thrawghput methods.”

tany ITIT approaches simplify
existing practices in order to achieve
high throwghp, Bt such simplild
cations can inadvertently eliminare
ke steps needed for meaningful re-
sulis. OIne pood escnmple, wevording
to Iajdul; 13 the use of drawdowns
fur sample creation, Most measure-
ments o inleresl can be performed
o drawdowns, but there are others,
such as surface finish measare-
ments, in which specific deposition
methods like spraying need to be
useel in order to obtain resuhs rep-
resenative of the real application.

"When setting up 1110 programs,
it iy always wise to check the extent
Lo wltich VITE reswl s on kinown”
samples correlate with “known' re-
sults—and if the comelation is
weaker han expected, consider
whether key steps of conventicnal
practice have heen changed or elim-
inated,” flajduk emaphasizes. 1L is
essential. Gruber adds, when em-
ploving high throwshpul methods,
“to formwlare. apply onto sub-
strates, and characterize coatings in
a mannet as close w reality as pos-
sible in order to guarantee the
transferability of the results for
praclical purposes ”

It 15 also important to realize that
high through ol techinignes canneot
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practically replace all develop-
ment efforty, Tor example, large-
scale perlormance 1ests (such as
ABTM tesis) that are expecied by
enslonmers tale a considerable
armount of time and resources to
pertorny, but automating such
tests at the relevant scale wondld
recuire a very high level of inves|-
ment.

Svmvx looks nol Lo refdace
Large-scale performance Lests, Tl
Lo Festeied them [ coarings most
Likely to succeed, according 1o
Haiduk, High throughput pliysical
lesling is used o measure comlbi-
nations of fudamental physical
properties that are theught toan-
iletlie the properties measured in
tepical Large scale performance
tests, For example, gliss ransition
temipeTatuTe measuremernts cooald
e used 1o estimare performance on
F: Sth.ening LEITY Perad L Besyt, 6T s1n-
face friction measurements in the
presence ol different solvents could
be used 1o assess chemical resist-
ance of a cured coating.

Coatings that show accepuable
performance in the high through-
put tests are then scaled apr md
sent through the battery of large-
scale Lesty thial manyfacturers use
today. Dow, which {ollows this
stratepEy, wees scheduling and logis-
tics o kewp ol put maximized
when the time duration of dilferent
tests dues not perfectly align.

Biyer ases HTE for many inter-
nal applicalions such as calalyst
sereening for a new chemisuy or
vesiny, vplimization of diffterent pa-
rameters in a coating fonnulation,
and understanding of raw material
properlies and the performance of
materials in diflerent types ol Tor-
mulitioms, according to Lkin. 1ligh
throughpul is also asery important
customer service ellering (o7 the
company. “We use HTE 1o help our
customers selve prolilems, partion-
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larly when tiine is of the essence.
Arul we alao vsge i for our potential
customers’ necds to show feasibiling
for a project,” he explaing.

Lt iz lagge companies like Do,
Bayer MaterialScience, and BASF that
are implemernding Rl swalegtes
that increasingly rely on high
throughput methaods. “The hest fit
ans] highest added value o applying
1L wechnigues is with companies
ernploving clearly defined long-lerm
development abjectves,” noles
1auck.

Smaller companies are ollen hes-
ilanl o adopt the techmology be-
cause of the high inital invesiment.
HTF. centers like the blanders
Malerial Centre in Belgium—which
has instalied eopipment and sofi-
ware for coilings developmeni—or
niher institutes, could sevve as
places whete HTE technology is -
rensible onoan K&l service basis,
Llawck believes.

“The coatings industry s still in
the early adoption phase with re-
gard 1o HTF. Major iy material
sipliers and larger coatings com-
panies are leading the way, often
Conciucting jiint projects 1o explore
the pedendal of this new technol-
ogv,” states Fckersley, “Tnlerest will

Sulsteate depasiting [Pheto courtesy of Symye Technolmgies)

conlinie ky prosy as economic and
technical value is demonstrated one
project at a time.”

Just in the past 3—-10 vears, ac-
cording to Lkin, many questions
abowrt the value of 1ILL technology
lor cvatings fermuladon develop-
ment have bheen addressed by differ-
ent instiment suppliers. Alsn, there
HFE ITIATNY TOTE companies wlo are
supplving insiruments and intro-
ducing new capabilities compared
1o v years ago. “The increasing
availahility of new equipment will
turther interest in both e shor
and longer term,” he notes.

As high theoughpot techniguoes
are more widely used, shorer Lime-
lo-market for nosvel raw materals
and lormulations will be realized.
“Eventuably, 1111 technicgues will
make it possible for companies to
reacl immediately (o customer Te-
quests and ofter highly targeted so-
lutioms, " says Gruaber,

The ability to explore comples
formulation spaces efticiently will
cantinue o roale HTE attractive to
the ceatings indusley, according w
Hajdule. “As more and morte meas-
urements become availaldle in high
throughpan form, the value of Lhis
apprrosach will only incease,” he
says. Haoek poins 1o futime dewel-
opments such as laboratory devices
lor characterization that are more
suitable lor integration into auto-
mated workflewes, cenualized data
acguisition, and processing and im-
proved informalics Lools loc more
suphisticated visualization and data
mining.

“We must always recognize that
FITE supaperts bt does not substi-
tute classical aptimication in te
lah.” asserts Gruber, “Keeping that
inn mind, I linnly beligse that high
throughput techniques, which are
already inereasing the efficiency of
coatings developrrent toduay, will
see even wider use in the tfuture, @
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