for Paints and Coatings:
Moving Beyond Basic

A

Vegetable Oils

By Cynthia Challaner, Bin-bascd resin technology has been a staple of the paint and coatings industry
Comﬁflﬁ::;f\;ﬁr for many decades. The polvol and fatty acid components of comventlional alkyds

have becn detived from raturally ooourming oils since their first introduction. Uil re-
contly, however, corting resing prepared from oil-based raw materiats ware scolacted
based on their performance, with no attention paid to the renevwable content B
in recent years, demand for traditional allivds has been declining because of their
high volatile organic compound (WOC) content, There is growing interest in “droenar”
produsts and a greater awarensss on the part of paint and coating manufacturers
and their gustorners that the use of renewable raw materials can help mest suslain-
ahility goats. This, in tum, is driving renowed interest in the development of coating
resings developed from a4 variety of bic-based materials, including derivatized natural
oils, prioteins, and other biodegradable polymers,

Presented below are highlights of both commercial products produced Ls
fg bio-based raw malerials and academic research projects focused on Utilizing
renewahle resources for the svnthesis of high-pefarming resins for a varicty of
paint and coating applications,

ON THE MARKET

Polyurethane Dispersions

Alherdingk Boley is a company focused on 100% solids and water based res-
ins for nurnerous applications, ts groducts have heen based aon renewable ma-
tetils since its inceplion—first linseed oil and thon castor oil. Most recantly, the
facus at the company has shified to polyerethane dispersions [PUDs) prepared
using polvols gerived from castar oil.

"Traditional paint and coating mariufacturers have begun to embrace the idea
of renewabile materials, and there has afso heen particularly strang irmerest from
the do-ityoursell [DIY) sector," notes Yasmin Sayed-Sweet, vice president of sales
and marketing far Alberdingk Beley, However, renewable content is net encugh,
adds techhical applications manager Markus Dimmers, *The performance charas-
teristics have 1o ba there. There is a big push for paints and coatings to be longer-



lasting, and products formulaled with resing
ahd/or additives prepared from renewalle
content moust also meet that expectation,”
he explains.

That is one reason Alberdingk optod 1o
develop PUDS instead of pursuing water-
horne alkyd technology; polvurethanes arc grngrally mare
durable and thus offor a significantty extended seryice
life compared to alkyds, “The renewahle palyols contenl
combined with the greater durabilty makes PUDSs a gaod
aption, even though the isocyanate component is not re-
newable,” Dimmers obsetves,

tr addition, the properties of castor qil and jts poslyols
miake i fdeat for usc in the preparation of PUDs, according
1o Zayed Sweet, Castor oil iz both fydrophobic and more
nanpalar than other natural oils, a3 well as having exce-
lent viscosiy that is beneficial for coatings applications and
performance. Gastor oil alke cortains napural OH funetion-
ality and cAn be reacted directly with iseCyanates without
any need for derivatization. “The fact that no further chemi-
cal madification is required is quitc altractive, becayse
there is ne additional enargy used, and the masximom re
newable content can e achieved,” camments Dimmer.

The company's latest PUD based an castor ol
(CURTY is a vOOC- and ador-free resin dosigned for use
in imeriar wall painds, It is cdorfree berause it iz neutral-
feed wilth o sedium salt, according to Dimmers, Aocarding
ta the company, additional features inciude good wet
sCrub resislance, sxcellent hiding power, excellent block-
ing resistance, and a Nigh water vapor iransmission rate,
The resin was introduced to the European market at the
Buropean Coating Show in April 2013, and s furrenlly
heing promoted to key custormers in North Ametica pHicr
to 2 [ull launch later in the year,

Both Sayed-Swect andg Dirnmes agrea that it is up o
paint cormpanies to find a way Lo cffectively market their
products comtaining renevwablo contant in such ey
that will differentiate it from other choices on the shelves
&t "hig box” stores, Part of that effor, they befieve, will
invalee combating misperceptions in the marketplace,
Such as compedition with food crops and performance
and processing concems, "Resin manufactiurers have
Lhe technology o make advanced, high-performance bio-
based resing. The challenges is 1 get consumers to real-
i7e that products formulated with Lhese resine are viable
and 'greenet” options,” concludes Sayed-Sweat,

Waterborne Alkyds

Reichhold, meanwhile, continues ta advance its
walerborne alkyd technology, and now offers severg)
praducts that have received the US. Departrent of

... the proparties of

castor ofl and its polyols
make it fdeal for use in
the preparation of PUDs,"”

Agriculture (USDA) valuntary Binproferred®
labet, which indicates that the material
has a renewnbile content of at least 25%.
The resing are alse low-WoO (<-B0 g/

as supplied) ard APEfroe, according to
damie Dziczkowski. 8 chemist associate
al Roichhotd. The Beckasal AQ ling includes = rando

of products with varving renewable content (35654
renewatle carbon content} from various wils and fatly
acids, including sovhean il The alkvd latex is farmed
using proprictary processing technology that instudes
the addition of a surfactant o enable dispersion of the
resin, “The different lovels of renowablo contont fead
to different properties that are suitable for a range of
coating applications fror stains to metal primers,”
Dziczkowski says,

"At Reichhold, we are committed 1o providing our
customers with waterborne sfkyds that perform analo-
gous o owr solvent based technology, with much of our
RE&D in the alked latex seclor focused on new products
that provide perfurmance in both industrisd and architec-
lural appfications,” she continues. “We are also develop-
ing bic-hased polyals far the preparation of water-hased,
oi-madified polyurethanes,"

Impartantly. shs notes, the waterbome alkyds have
a llow and appearance that is similar to converttional
solvent-based alkyds, combined with good adhesion and
lorig-term stabilfty. “In fact, very high gloss rivaling that of
solventbarne alkyds, and much Ereater than acnlics, is
possiie with these renewable waterbased alyds.” sEvs
Dziczkowski. “In addition, a vatiety of sheens is possible
because they can also be readily flattened.” Because the
Alkyd latexes behave fike traditional fatexes, they alse
can be processed on exisling equipment,

The newest Beckosal product, Beckosol AQ 521, =
an epoy-mooiTed allyd \atex designed and formulatad
for use in wet-look sealers. It provides excellent penetra
tion and substrate welting for porous concrete surfaces
and erhances the natural color of eoncrete pavers and
fTagstane withaut imparting gloss, Driczhowski noles,

“Resin manufacturers have the technology to
miake advanced, high-performance big-based
resins. The challenge is to get consumers to
realize that products formulated with thase

resins are viable and ‘greener’ options .. .




While she fools that the goal of developing renswahles
Alkyd iatexes with perfarmance rivaling solventborme sys
lems has been achieved, she does apree that challenges
remain, The biggest hurdle for bio-based resin manufae:
furers is the need to educate bolh Lheir divect customers
and end users about the benefits of this type of technol-
oy, "In addition, poople Eonceally think Lhat iBtex means
acryiic. We have to overcoms that assumption and also
demonstrate that products with renewable content can
prowide both high performance and incressed sUSEIN-
ahility.” Dricrkowski explains.

Vegetable Olls

Like Albaerdingk Balgy, Cardill has begn involved Ih
the business of natural cils for many years, While not
spacializing in coaling resins, the company does lake
basic vegetanla oils and develops processes Lhat maks
therm suitable as raw materials for various spplications.
According Lo Brenl Aufdembrink, technizal director for
industrial cils and Wbricants at Cargill, this is generally
achicved via the additional acid funclionality.

Many of Cargill's products are based on sovhean oil,
For exaenple, the compary makes a ling of soy-based
polyols that can replace castar il Although much of the
wark that Cargill did on sovbean cil-based polyols was
directed at the polyurethanse foam market, the campany
i= interested in finding additional applicalions for these
products in polyarethane coalings. “We have palyols with
Frydrowyl values ranging from 36 to 280, and many of
them should be appealing for coating resin applications.”
aufdarbrink belisves. Notably, the range of functionality
tan be further expanded to impatt ditfterent propearies,
“The main idea is to add value to the ails, We arc happy
to work with customerns 1o develop specific vegetable-
baser products far specific applications, bul Zenerally,
there noods to be a pretty siveahle market apportunity
involver " he adds,

Like olhars in the industry, Aufdermbrink has found
that atthough intorest in bio-based raw matarals is grow-
ing, i has not yet reached Lhe point where cusiomers are
willing to pay a higher cost far sustainability. "Either the
bic-bascd material has to be of enual o lower cost for
the =ame [or heller) performance, or it has to ofller some
special functicnality or performance capability not other
wise possible with petrochernical products.”

One args whersg
Aurdembrink has noted a
resurgence of interest in weg-
etable-based products, and
in particular methyk esters of
vedetahle oils, is as adjuvents
in pesticide formulations that
arc sprayed anto plants. The:
tils help Lhe pesticide formu-
laticn flow over and coat the
leaves of the plant so thal Lthe

14y 2013
w COATESITERCH

active indredicnt is uniformly distributed. This applica-
tion was important in the 19905, but shrank dramatically
wilh the introduction of Roundup Roady™ sood, which
eliminated the necd for sprays that required cil-based
adjuvents. Recently, howevar, there has been some inc-
danes of resistance to Raundup, and somea altornatives
have required re-adoption of cil-hasaed adjuvents, The
bio-pased nature of the vegstable oil derivatives is at-
tractive, given Lhat the msterial 1s applied to crops.

Polylactides

MaturcWaorks is a company that is just beginning o
explore the opporlunities for its bio-based resins as bind-
ars in paints and coatings and othor rolatod matesials
[adhesives. inks, toners, ete.) Manuel Natal, global sepg-
rant leader for lactide derivatives, is looking to idcntify
rew applications for polymers based on lactide and il
derivativos, “The first respanse | often haar wheh | 5uf-
dest the use of polylaclide (PLA) In paints and caatings
is Lhat it is too stff,” says Matal, “In fact, while the Tu
af paly-Llactide is indeed relatively high {(35-80°C), if
a mixture of the L- and D-lactyl isomers 2 used, the TK
could drop to 40-45°C, By cargfully sclocting oo
manamers, lactide derivatives with Tu walues g5 low as
—20°C can be ablained.” He adds that PLA and its de
rivakives aiso exhibit excellent adhosion to a wide ranges
of substrates, including plastics, meatal, and wood,

Oligomeric lactides have, in fact, beeh Used as
hinders i w00 paints, such as in U.S. Patont Mo,
TO49357 B2 from Glidden (which is not part of PPG
Architectural Groatings), and hey provide good pigmeont
dispersion and adhesicn, Toyoho Co. in Jopan, for exan-
ple, has developod bisdegradable film adbesives, inks,
and coatinds hasad on armorphous PLA, and is even ook
ing Lo commercialize a foul-releasc coating for ship hull
exteriars that is self-polishing (via hydrolysis of the PLA
resin by the seawater). Henkel and Danilar Scicntific,
rreanwhile, offer hot melt adhosives with significant re-
newalic content.

Polylactice derivalives have also been used in mono
chrome and color tanars that offer cogual or improved
printing peyformance compared to petrechemical-based
products. In this case, the stiffness of the PLA s advan-
tageaus for the particle formation process, which can be
achieved vig chemical or machanical methods.

In the agricultural
spacec itself. PLA bind-
ars are finding usa in
sustained-release coatings
for fertilizers, inciuding
Urea, potash. and phos-
phatos, according to Matal,
The PLA adheres very well
to the granles of fartil-
izer and then, once in the
ground, slowly degrades,



releasing Lhe chermical over time so
that it can be used effectively with
minimal waste, In addition. there is
sore evidence to suggest Lhal Lhe
lactic acid produced as a result of
the polymor degradation may be
heneficial for plant growlh, Howeser,
miore research is needad on this
front, This product is currently inthe
validation stage.

Matal pokrnls Lo academio re-
search at the University of Minnesota

¥y Stoven Jovortsan, who has found
that aorylate resing (2-sthyl hexyl ac

Y

¥ .. new cold-water-soluble,
starch-hased resin aids it water
retention and does not affect the
whiteness of the coating. As a
result, a greater quantfty of less-
expensive starch can be used, while

the amount of expensive water

retentfon agents can be reduced.”

aceording to the company. LUndike
claxtrin, which 15 8 comman bicpoly-
mot uscd as o pigment kinder in
topcoats for paper, the new cold-
waler-soluble, slarch-based resin
gids in water retention and does ot
affect the whiteness of the coating,
Az 3 resull, a grealer quantity of
less expensive starch can e used,
whilz the amount of cxponsive water
retention agents can be reduced.
Solam, in parthership with a graph-
ics company. has demonstrated the
performance of the coating on the

rylate ar n-butyi achdate] grafted with
hin-bascd lactide and caprolactonc
side chains are effective |ates based,
pressure-sensitive adhesives (P53AS]. |
In addition, by vaning the amaount

and compesition of the grafted

side chains, the properties of the PSA can be adjusted.
limportantly, these PSAS can contain up 1o S0% renemw-
able cortent, and scale up is possible using conventional
emulsions polnmerization equipmenl and manufacturing
processos. The university is seeking licensees for tho
technology.

MalureWorks kel conlinues o seek oul parlners for
the development and commercialization of binders based
on lactide derivatives, and welcomes any opportunities to
wirrh with companies Lo bring new producls Lo market.

Two other companias have committed 1o developing
PLA-bascd bindors for coating and adhesive applica-
tioes. Puras and Perstorp have formed g research and
business development partnarship for caprolactones
lactide copolymers that have potential use as polyals for
coalings, adhesives, sealanls, and elaslomers, and as
hat-melt adhesives. The unigue composition of the copo-
lymer makes it possible to control bath its mefting point
and mechanical properties and to reduce the crystallinity
af the polvals, according 1o the two companics.

"Tha first jointly developed caprolactons lactide co
prowducts show that the modification of existing resing with
big-based Puralact™ lactida adds value to the value chain
by combining increased sustainability with enhanced
performancs,” notes hMarco Bootz, vice president far
Chemical & Pharma, The copolmers wore first proscented
at the: European Soatings Show in April 2013, Cuslomer
sampling has been under way, and use of the new lactide
copolymers has been approved in some final products.

Pigments, Resins, and Additives

Papor manufacturcrs are also loaking tor hio-based
and birddegradable coalings. In response, German
company Solam has developed a low-viscosity, pre-
gelatinized hiopolymer that functions as a pigment
hinder with aptimum color properties in paper coatings,

I

|

i pilat seale and confirmed thal Lhe

i runmakility of the new starch-based

i coating is suitable for high-speed

aperalions and provides good privd

i quality. The coating has been intro-
duced at full scale,

Even additive companies are getting involved in the
development of bio-hased products. BYK Additives &
Instruments. in fact, introduced an interesting product n
2012 based on a vesin produced by & bio organism. BYK,
began investing in biotechnology about four years aga,
including the uso of enzymes for the manufacturing of
chemicals and other bin based technologdies, acoording
Lo Mavin Lassila, director of technology for the company's
Faint Additivies Division, "We have had a growing number
of custormers asking about “green’ additives,” he says. “Our
inyestment in bictechnology, as well as our recent efforts
t0 take product lifc cyclo analyses inte account, is part of
how we have resporded to this customer expectation.”

These efforls have resulted in Ceraflour 1000
Biclegradable Polyrnar, tho company's first bio-based
additive. The: resin is actually isolated from an organism
enginsered o produce the procduct and then micrenized.
As g result, it is L00% sustain-
abile and 100%. bicdegradahle,
according 1o Bruce Sesber, Usi-
ness ling managder for BYK LISA's
PainL Additives Divigion. Although
it is not a wax, it has wax-like
properties, and is effective for
improving marting and impan-
ing attractive haptic (soft touch;
properbes, bul is lransparenl.

It also improwas scratch and
blocking resistance and leveling
properties, although it has na in-
flugnce on slip performance and
does not affect the foam stabili-
zation or formulation viscosiy.

The product was ariginally
developed for interior wood
coatings, including kitchen cahi-
nets, countertops, Aand fueniture,
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and is particularly effective in Uv-cured
farmulations. Currently, BYK is [coking
to expand ifs uEe in more application
areas, including industrial and archi-
tectural coatings, orerprint varnishos.
plastic and paper coatings, and leather
Tinishes,

Likg cther companics invelved in
the developmeant of new big bazed
matgrial for paint and coating applica-
tichs, BYK has found that one of the
biggest challenges in introducing a
new product into the markelplace is
educating the end-user, 1n this case,
according to Seeber, 8 key issue is getting potential
custoimers to undarstand thal the resin is not 8 wax and
is bindedradable, evon though it has many of the proper-
ties of & war. “The coatings industry is very mathodical
when it comes 1o the adoption af new lechnology, We
exnpect, thowgh, that as greater numbers of bic-bascd
praducts are introduced and their performance is dem-
ohstrated, the potential opportunilies will increase dra-
matically," he concludes,

Reactive Surfaces has taken a ditferent approach,
developing bic-based addilives using naturally occurting
hiwnlecules including enzymes, peptides, and proteins,
In May 2013, the company launched its latest product,
W Dtox™, a self-decontaminating coaling Lhat protects
firsarms, vehicles, cquipment, and unfforms by neutral-
iZing organophaspharouz chemical agents such &s sarin,
according to chief innovation officer Steve MeDaniel. The
coating includes the company’s additive JPDiox™ . which
contains organaphosphorous hydiolase, an enzymea
that specitically cleaves tha P-0, P-F, and P-5 bonde
in crganaphasphorous compounds, producing nontoxic
Fyproducts,

Other preducts from the company based on en-
#ymes include DeEreez'™, which contains lipases, ar
hydralytic enzymes, Lhat catalyze the breakdown of
natural greascs. fate. and oils known as tHacylglycersls.
DeGreen™ consists of 2 mixture of cnzymes known o in-
hikit the growth of algae. In addition, Reaclive Sufaces’
PraleCoat® additives are based on antimicrobial peptidcs
iAMPs) that selectively target the cell membranes of mi-
Crogrganising but are inactive toward plant and animal
cells. Because they focus on characteristics camman to
microsrganisims, they offer true brosd spectrum aslivity
agminst many different types of bacteria, yeast, meld,
tungi, and some virgses and algaes, yet are selective only
for those microbes.

JOINT INDUSTRY/ACADEMIC EFFQRTS

In additien to the individual resin manufacturers and
other raw material suppliers working on the development
of hio-based products for use in paints and coatings,
numerous |oint development efforts are under way Lhal

invilve hoth companies and research
instinAes or academic research groupe.

At the WTT Technical Research
Center of Finland, several scientists are
invostigating the use of dillarant bypes
uf biomass far the production of indus-
trially relevanl bic based materials. Al
Harlin, a research professor in bicecon-
iy, Chemicals, and materials, s fo-
cused on developing waterborme Ginder
systems based on PLA dispersions and
hemicelluloses, After developing cross-
linkable palyhydronyacid disporsions,
he more recently has forused on water
soluble: svlan ether derivatives produced from high ma-
lecudar weight xylan present in bleachoed birch Kradt pulp.
The xylan ethers can be produced eilher frorm exfracted,
nondried sylan orthe birch pulp by reactive extraction.

These xylan ethers were demonstrated by Harlin's
team to be effective binders in inks, barier coatings,
pigrnent coatings. hot-melt adhesives, and films. Harlin
nates thal, unlike starches, hemicolluloses presant no
conflict with the food supply, being nonfood polysac-
charides and the sccond mast abundant plant material
in naiure. “Xylans gre the main hemizelluloses in hard-
woods, and the glokal annual growth of wood and ather
hio hased raw materials will provide an annual maximum
avaliability of hemicellulosic raw materials of approsxi-
mately 35-T0 killion tons, making Lherm a practically
unlimited resource,” Harlin ohserses,

Xylan can be produced from different tvpes of wood
ar agricultural matarials using a wariety of extraction
rnethods, such as treatment under alkaline conditions
fallowing bleaching far whiteness, it roquired, and re-
roval of the lignin, or—meore preferably estraction of
bleached pulp used tator, o.d., for fluff, The wian then
can be chemically modified to adjust its propoitios,
including, lbut not limited ta, the hydrephabicity -hydia-
philicily Balance, solbility, thormoplasticity. and film-
farming behavior, according Lo Harlin. Tvpical reacticons
include esterification and etherification, such as alkomyl-
ation or carbowymathylation, and mothacrylation,

To increase the sodubility of the unacetylated but
amorphaus xylan in birch Kraft pulp in waler, Harlin
subjected the natural polymer to hydroxvalkylation at a
suitable substitution level to achieve internal plasticiza-
Linn and to form watersaluble, film-forming compounds.,
These palymers were Lhen further convertod to xlan
ethers using propytene axide or glycidyl ether via reactive
exLraclion, which avoids difficsl intermediate separation
and concentration staps.

Tihe hydroxypropylated and butyl-allyl derivatives of
xylan were found to be particularly suitable as binders for
watcr-based and UM-curable flexo inks for paper. coated
board, liguid packaging board, and palvpropylene top
white laminate with increasad water repallency, [nkjet
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inks were also Mormulzted and tested, and YTT is con-
ducting further investigalions in cooporation with various
cormpaEnies in the supply chain, including raw material,
binder. and ink rmanufacturers, pigmeant producers, con-
verters, substrate manufacturers, and brand owners.

Harfin's group has alzo demonstrated that the xylan
athers are potential replacements (or styrene-putodiene
latexes and starch in pigrnent coatings for offset grade
printing papers. Formulations comtaining 70% calaium
carbonate and 30% kaolin wera
applied with suecess, gven thaugh
the xylan systems had a higher
wiscosity than the synthetic lates
and the solids content was |owear
in the paste.

In barrier coatings for packad-
ing applications, chemically cross-
linked (with citric acid], water-
szluble xvlan derivatives showed
the best overall barrier properties
[Eredse, water vapaor, and oyEen
permeakility; on pre-coarad, big-
hased board, and they cutper-
farmed PETwoated board,

&lso in Eurcpe, six industrial
and seven academic parthers invalved in the E.fundad
SuUrface Functionalization of Cellulose Matrices Using
Colluloge Embedded Manoparticles [Surfuncelll project
announced in May 2013 thal they have developad a new
tlass of bic-based materials made up of estremely small
lavers of polvsaccharides coated with nanopartcles
cormprising gther biolegical or mineral matter. When
formed intoe & composite with other materials, the new
palymors hawve certain characteristics, such as selactive
adsorptinn, flame resistance, electrical conductivity, anti-
microbial activity, and barrier properties. According to the
Surfuncell group, these are attractive properties for pulp
and paper, cellulesic varm, celiulose film, and filter mem-
brane products used in medical and hygiene devices,
water-purification systems, and electronics.

ACADEMIC RESEARCH HIGHLIGHT

Dean Wehster at Morth Dakata Slate University
(MDEY) s investigating derivatives of low-viscosity,
sucrpse-bascd fatty esters. The starting esters (Sefose®,
developed by Procter & Gamble) are 100%. renewsble
materials prepared by esterifying sucrose with fatty acids
in a solventdree process. Typically, all eight hydroxyls an
the sucrose molaculs are esterified,

Webster epoxidizes the sworpse esters and then
detivatizes therm through reaction of the epoxy groups.
leading o bic-based vesing with 8 high degree of Tuno-
tinnality. He has, for example, developed derivatives with
a high degres of hydrouyl functicnality and used them
in the synthesis of polyurethanes and melamine resing,

.. .In barrier coatings for packaging

applications, chemically crosslinked [with
cltrie acid), water-soluble xylan derivatives
showed the best overall barrler properties
{grease, water vapor, and oxygen permea-
bility} on pre<coated, bio-hased board, and
they outperformed PET-coated board.”

initial evaluations have suggested that Lhe technology
should e Tairly competitive in terms of cost, The work
has attracted the interest of a number of companias whao
are in discussion with YWebster regarding potential licens-
ing opportunities.

With respect to the future of bio-based resins lor
paint and coating applcations, Wehster is quite posi-
tive. “Interest in this area is growing exponentially, and
there are a fot of interesting dovelopments coowerring
with respect to bic-based build-
ing blocks, such as succinic
acid, levulinic acid, isosprbide,
furan dicarboxylic acid, and even
1, 3-propaneadicl. In addition,
unique work is being dong inthe
area of vegetable oif derivatiza-
tiaor that is yielding hic-hasad
resing with interesting proper-
ties," he absenes,

MEBEL colleague Bret
Chisholm is one of the research-
ers developing derivatives of
soybean and other plant ails,
Hea esterifies the base il with
a winyl ether alcohal (butylene
glycol moncyiny ether or ethyleneg glycol monoving
ethery, removing the glveeral byproduet (in a procoss
sirmilar Lo that used for the preduction of biodiesel) and
then palymerizes the new vingl ether, citaining polymers
with the sites of unsaturation lecated in the plant oil-
detived pendent groups which can be used for curing,
These polymers can be used directly in coatings or can
be epoxidiFad for use n Uv-cured eoalings ar further
derivatization Lo palvols or polyacrylates. In addilion, the
fatty acid-substituted vinyl elhers can be copalymerized
with weater solulle monamers to form polymers that can
he dispersed in waler without the noed for an added
surfactant. The use of monomers with side changes of
varying steric bulk enables control of the T, of the final
polymers, which in lurn enables formulation of coalings
with vanving degrees of hardness.

A with Webster, there is significant interest from the
industry in Chishelm's worl, and 8 number of companies
have been requesting samples for evaluation, Chishalm
believes that, as a bio-based =tarting material, plant oils
have an advantage because they do not require exten-
v downstream processing 1o be used in paints and
coatings. He nales that significant advances in lechnol.
ogy would be needed before cellulose and lignin. for ex-
ample, could he used as bic-based resin materials.

&t Pittshurg State Liniversity in Hansas, Petrovid
Zoran s also developing resing based on scyioean in ol
In his case, though, he is focused on the cationic palym-
crization of soybean ol with superacids. such as triflic
acid (CF3502H) and tetrafluaroboric acid (HEF4). He has
demuonstrated thal the polymerization proceeds under
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mild conditions (80-100°C and atmospheric pressure) in high yield to
produce viscous liquids or solid polymers depending on the reaction
time, and that it is more economical than conventional thermal and
“air blown” processes. In addition, because a large percentage of the
double bonds are retained in the final polymers, they can be further
crosslinked for use in a range of applications, including printing inks.

Researchers at lowa State University (ISU) are also achieving note-
worthy advances with respect to bio-based polymers for coating ap-
plications. Michael Kessler developed antibacterial soybean-oil-based
cationic (through incorporation of ammonium) polyurethane coatings
prepared from five different amino polyols. The particle morphology,
mechanical properties, thermal stability, and antibacterial properties of
the coatings are determined by the structure and hydroxyl functionality
of the amino polyols, which are derived from soybean oil. The ammo-
nium ions bind to bacteria and other microbes and disrupt their struc-
ture, leading to cell injury or death. Also in conjunction with Richard
Larock, Kessler has developed a variety of vegetable oil-based polymers
via free radical, cationic, olefin metathesis, and addition polymerization
reactions that exhibit a range of thermophysical and mechanical prop-
erties from soft and flexible rubbers to hard and rigid plastics.

Meanwhile, David Grewell, also at ISU, has focused on the use of
proteins as natural resins for coating development. “It seemed reason-
able to choose a naturally occurring polymer rather than to take a poly-
saccharide, break it down into its sugars, and then repolymerize it,” he
explains. Plant-based proteins are attractive for temporary coating ap-
plications because they eventually biodegrade. One example of a coat-
ing developed by his group that is attracting a lot of interest is a barrier
coating for paper and paperboard that can replace nonbiodegradable
waxes. Food packaging manufacturers have been actively seeking just
such a technology.

Even more interesting is the
coating that Grewell has devel-
oped for hay bales. Large round
bales are generally wrapped in
a polyethylene plastic wrapper
for storage, and this wrapper
adds significant cost to hay pro-
duction and a large amount of
nonbiodegradable waste prod-
uct. Grewell’s protein-based
coating alternative, on the other
hand, is sprayed directly onto
the hay and lasts for several . il . R ik Nl A
months—about as long as is ik e ARl
needed to store hay for winter
feeding. Because the cows can eat the hay directly, there is no waste
plastic to dispose of, and the cost, time, and inconvenience to the
farmer are significantly reduced.

Separately, Grewell recently received a planning grant from the
National Science Foundation for the establishment of the CB2 Center for
Bioplastics and Biocomposites as an Industry & University Cooperative
Research Center, which will be organized by ISU and University of
Massachusetts-Lowell. Although most of the work will be focused on
bioplastics and biocomposites, he anticipates that some research will
involve the development of resins for coatings applications. @
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