anEEN LUATINGY

A Trend That Is Becoming the Rule
Rather Than the Exception

by Rawi Joshi, ** ' sl 11 PN YeArs, many leading paint and coatings manufacturers have been
Theodore Provder,*t and Leying 1o meel the growing consumer demand for safer and healthier products
Konnie Kustron! erabled by suict environmenial regulations and government legislations. As a

Eastern Michigan University* resalt, there is a growing need in the voatings industry for what is referred w as

“green coatings.” Several independent cerlifying agencies' 7 have everlved over
the last 16 vears 1o support this tasle, These organizations have established their
own environmental perfformance sandands and evaluzlion coteria. Based upon
those, these organizations certify a consumer product as eco-[riendly ar “green.”
1 further suppert of this movernent, in Sovermber 2006, the Creen Chemismy
Research and Development Act of 2005 {H.R 1215) was passed by the LIS
House of Representagves, 1 The bill hias been referred to the Committee on
Commerce, Science, and Transpotadon and muesi be now approved by the TL5
Seqate® " This bill will certainly fosier an increasing recognition of green chem-
istry practices when passed into law, All of the above indicate that the trend to-
wards developing “green” coatings will soon become the rile rather than the ex-
ception. This significant need [or innevation is matnly driven by continuing
regtilalory reguitements and CTeasing consumer ro-Consciousiess.

The goal of this article is W review the impact of government regulalions as
inmovative drivers for a paradigm shill in the paint and coatings matket. This
analysis is divided Inwo six pans, Subsequent wo the introduction, in order to
put green coatings in appropriate perspective, a sequeniial historical overview
ol the Jevelopment of coatings twechnology with respect o envirommental regu-
laticns is provided. The next section describes how paint and coatings compea-
nies responded to the implemenied genvemment regulations. This is followed
Iy & section which provides an overview of independent organizationy that cer-
tf a coating as “green.” The following section surmanamizes curend initiatives
by the government for a green revolution and discusses the intetnational sce-
nario iandd sustainability issues of green coatings. Tastly, the final section fo-
cuses on the fulee of green leclinology,

HISTORICAL OVERVIEW

Paint and coatings technology can be classified as one of the oldest tech-
nologies in the history of manlking,=* 7 A historical review!#1% shows thal the
Lgypiians and many of the ancient Asian and European cullures used to mix
raw natural pigments (for example, turnmeric] with plant ol or egg-yolle for
decorative as well 45 protective purposes.

*Copalings Research Inslilule, Easkern Michizgan Universily, Ypsilart, Ml
Tallege of Techiology, Easterr Michigan University, ¥psilznti, ML
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Lxlensive literure reviews 3 show that the busi-
ness of paint manutacuring began in the 1L, in early
1908, Tn general, a paint formuiaten incorporates
{1} pigments andfor extenders to impart color, opacicy;
and sometimes a lew other properties such as cotmo-
sion resistance; (2} binders (o disperse pigmenls or ex-
tenders), considered as the “engine” of coatings mainly
contribming 1o physical, mechanical, and chemical
properties; {3} additives, added in a relatively small
amuound of the total fomnulation, which significandy
atfects the final performance properties; and (1) sol-
vent. which makes a paint or a coating flow over a sub-
sirate ang once the paint il is formed, evaporales;
thus, may contrilute fowands volatile organic com-
pounds {WOCs) 0

Prior 1 1360, there were few regulations o laws
that specitied or restricied the vse of toxic substances
ot the amount of volatile organic solvents in formuolat-
ing painls. For example, lead pigments that are oxic in
nature and hazacdous o loman health, were used
withourt any regulations or mandated limits in com-
mercial paint manufacturing untl 19607 Another ex
ample involves VOO levels: when a gallon of paint was
used to coat a surace, approximalely 900 grams of
YOI were released into the atmosphers. ® When ex-
posed 1o sunlight, these YOy comtmbuted to the for-
matien of smog. These cotmpounds have been defined
by the Enviranmental Protection Agency (LA} o in-
dude "any compeund of carbon, excluding carbon
monoxide, cartbhon dioxide, carboni acid, rmetallic car-
bides or carbonates, ;md ammonium carbonate, which
participares in atmeospheric photochemical reactions, "

"The alwwve and many more similar examples started
to raise concerns about product safety, health, and en-
vironmental friendliness. "1 hose fears generated & need
(o develop regulatory standards for consumer paints. [n
1974, the Consumer Peoaluct Safety Commission
{CPSCYT came into action and issued a regulilion to
restrict the wse of lead pigment in commercial paint
manufacturing. Pricr whis o 1966, Rule 66 was
promulgated by the Los Angeles Air Pollution Conirol
Department [LAAPC) regarding VOC ernissions. ™ Rule
G4 was amnong the tirst regulations io the country re-
garding VO emissions. ™ Since the passing of Rule GG,
the federal government enacted the Clean Air Act in
1967 and established the Lavicenmenial Protection
Agency [LPA]-? The porpose of the law was w regudate
the use of “toxic air pollutanis which were hazardous
to luman health or the environment.” ™ The Clean Adr
Act was amended in 1977 and again in 1990."" Trom
the coatings industy perspectyve, by enacting the Clean
Al Act, the givvemnment tightened the limits on the use
of VOCs in paint foemualations. Tn the second major
amendment to the Clean Air Ael, the Federal govern-
meent “included a Hst of 189 tomic alr pellutants [ox
which emissions mwst be reduced. " Further, the law
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statedd that the EFA had to publish a list of source cale-
gories within a vear after the law was passed. ‘The list ol
source categoties' was bised upon the source's emis-
sion levels of the toxic air pollutants. The Tist included
*Ihe major sources emitting 10 tons/vear of any pollu-
lant o 25 tonsyear of any combination of those pollu-
tants.”1” This directory alzo included geographical area
sources. ANy area source, whether large or small {such
as a dry cleaning business), was included in the lst
The LPA also issued “Maximurn Achievable Conmal
Technology " (MACT) standards for each lisied source
category according to a prescribed schedute ' These
standards were based on the “hest demonsoated con-
trol technology or practices within the regulated indus-
ey The law also mandated that all centrols had o be
achicved within 103 years of i enactment, The law
granted an extension of six years [or mneeting MACT re-
duirements to “companics that voluntarily reduced
erission aceording (o cerain conditions.”? The CPA
also classified a list of compounds thal were exempred
friom the Clean At Act or VOO regulations. ™ TTese
compounds, even though they are carbon-based. have
been exemnpted based upon their “negligible reactivity”
towards smoyg or ozone formation. This list is known axs
the "W -exemyl s and can be found on the FPA
wehsite.

1 addition o the nationwide law, states wele also
asked to develop Siawe Implementation Plans {SIPs), “a
collechon of requlations a stare will use Lo clear wp
polluted areas™ mandated by the 1990 Clean Alr Act.
According to the law, each siate’s SIP had to be ap-
prewed by the FPA and i it was unacceptable the EPA
could Llake over enlorcement of the Clean Alr Act in
that state.’ As a resull, slale regulalory programs were
developed through public pamicipation and cormment.
“The Calilernia Air Toxics Hot Spot ITnformation and
Asgessment At of 19877 or "The (uone Transport

Fiqure 1—Histarical progiession of key environmental legislations.

—— 866—The Carnsumer Produgt Safety Commigsion {CPSC)
Igwerad the limit of lead in paint to 1.0 %

— 1BBE—Rula BE promulgated by he Los Angelas Alr Follutlon
Contral Department (LAAPC) tegarding VGO0 emigsions

— 10E7—EPA establishod the Clean Air Act {CA4)
— 197 7—Clean Air Ack amcnded

— 1978—CFSC bans white lead paint {imil of laad in paint
brelow O.06%)

- 10B7—The Caliiomia Air Toxics Hot Spot (nfemation and
Arzesament Act

— 1500—>Second major amendment in CAL: devalepmarnt of
MACT standards. Jzene Transport Commitias {OT0)
ectablished, State Implementatlon Plan (SIP)s reguired
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Committee [0, ereated in 1990 as a part of the
Clean Air Act amendmeni, are examples of state regula-
wogy programs.! The OTC has many member states and
has been imvolved i developing model cules w0 reduce
V(105 in consumer paint products such as architecural
coalings, maintenance coatings, or mitomotive refinish
coatings. 'The 19940 Clean Air Act also developed a "per-
mit” program tor larger sources that release pellutants
in the air.™ The law also covered the interstate pollu-
tion and inleenational pallution isswes t* [ndesd, these
regulatons were 1oL only a major initative to restrict
orcontrol the use of harardous or toxic substances in
consumer prodocts, but they could be viewsd as signill-
cant steps towards beneficence and betterment of -
man health, safety, and e surrounding environment,

THE GREEN SHIFT

The introdwetion of the tfederal and swate regulations
motivated raw material suppliers and paint manutac-
turers 10 think “outside he box.” The researchers inin-
dustries as well as in academics siarted exploring new
strategies to meel the mandated limits. Some of these
plans could be characerized ax *[17) switch to an alter-
native technology, (2] reformulate, or (3) install con-
tral or recovery technulogy." As a result of industry re-
search effors, four main enviconmentally friendly or
“green” Lechnologies evolved, These [our lechoologies
included waterborne coalings, powder coatings, high-
solid coatings, and radiation-curalile coatings,

Water-based coatings have remained the prime
choice for manufacurers as well as end-users, The
Glidden Company was the tirst one to invoduce V0OC-
free paints and primers for architectural coatings into
the macket, in 19292, 7F They were the liest generation of
VO C-free coalings. These paimts, however, did not at-
triact comgumer purchases hecanse of their higher cost
than ronventional waterborme paints and marketing
approach, ' Subsequently, companies successtully in-
wvesled their resources in developing low to zero VOO
paints. Accrwding te a market reporl,? walerborne coat-
ings in the 115, markel are the lagest type of cca-
fraendly coulings, with 2005 sales of 8.3 hillion. They
contmbute 60% ol all sales, mainly in the architeciural
coalings market, High-solids coatings were the second
largest type of eco-lriendly coatings at $2.6 billion in
sales. The third largest and the fastest growing coatings
market was powder coatings with ULS. sales of $1,4 bil-
lion in 2003, [n 2001, lones? overviewed the above
three technologies, Acconding to Jomes,”” “Lhess three
alternatives could serve as answers to federal regula-
dons.” Tunthermore, commenling on powder coating
echnology, Tones™ cited M. Wismer's (FPG) thought:
“breakiliroughs in coatings technology often stem from
brealsthroughs in application technology.” According 1o
him, powder coatings served as an example of an inno-
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vative application method which was o result of joint
elloris among frmulators, chemidsts, and application
ENEINECLs.

Insleliviom, many researchers have also heen explor-
ing the possibililies of using renewable resources In
coatings technobogy.”! The need has arisen due to the
increasing raw material costs of pewnleum-hased prod-
ucts. Some renewille resource materials are wsed as
meonomers in manufacluring water-based coatings. The
nse 0f castor gil-based monomers™ 42 or sova oil-hased
menamers?®< as partial substitution of petrolewn-
based acrvlic monomers has been explored by many
researchers, In addition, the use of epoxidized sov bean
oil in radiation cire coatings also has been explored.#
Tones™ also emphasized that despite certain shertcom-
ings such as yellowing or poor wealtherahility, vegetable
oils are relalively inewpensive abundant resourees.
According to lones,™ the use of vegetable oils as reac-
tive diluents or as monomers has polential commercial
viability.

Thus. since 1970 the federal government regulations
primarily initlated the "green revolution” in the patni
and coatings indusiry. Also, “renewed social aware-
ness” provided momentuim. These two factors greatly
pushed the rw material suppliers and prannt roceoafac
turers to adopt green technologies and to consider the
benefits and advantages provided iy prachicing green
chermisLres.

STANDARDS AND CERTIFICATEONS
FOR GREEK COATINGS

In the last decade, many different independent or-
ganizations have been developed that cenify a com-
sumer product as “green.” Their standards ave based on
varous criteria that are developed [romn their assess-
menl and evaluation of a product’s environmentat sl
tributes. Some of the omganizations established 1o re-
cent years include Green Seal, LS. Green Building
Council, dMaster Painter Tnstitute, Green Guard
Fivivonmental losdiate, Buildinglireen,
CireemHometzuide, Environmental lome Center
fLLLC), and MceDonongh Braungart Design Chemisuy
{MBDC)'s “Cradle to Cradle cerlification. 7

Creen Seal! is one of the leading non-prolit cerdli-
cation ocrganizations. Green Seal has developed many
scienlilic environmental standards for several major
product calegories, three af which are for paint and
coatings, These three standards are G%-03 for anticorto-
sive paints, Gh-11 for general paints, and G5-43 [or re-
rveled-content latex paint. 'Ihese stindards are devel-
oped Based upon various criteria—for example,
resticting the use of toxic compounds in paint as well
as in packaging materials, or detenmining the limits on
VOC levels and aromatic (or carbon) compounds. The
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evaluation criteria mainly assess the overall environ-
mental performance of the entire product life-cycle. In
the course of developing a standard, whenever possible,
Green Seal also follows international standards to eval-
uate the performance of a product in terms of its eco-
characteristics. For example, Green Seal follows the
Guiding Principles and Procedures for Type I
Environmental Labeling Standard of International
Organization for Standardization (ISO 14024).

The U.S Green Building Council (USGBC)? has been
recognized and accepted both in the U.S. and in
Canada. The USGBC has developed a Leadership in
Energy and Environmental Design (LEED) Green
Building Rating System. According to the organization,
this system works as a “national consensus-based, mar-
ket-driven building rating system designed to accelerate
the development and implementation of green build-
ing practices.” There are five key areas in LEED: (1) sus-
tainable site development, (2) water conservation, (3)
energy efficiency, (4) materials selection, and (5) in-
door environmental quality. Each area has specific per-
formance points and based upon the total earned
points LEED provides different levels of certifications.

The Master Painters Institute® is another independ-
ent organization with green performance standards for
paint and coatings. These standards are based on differ-
ent criteria such as VOC quantities used in a paint for-
mulation, its durability, and physical performance. The
Green Guard* Environmental Institute is also an inde-
pendent non-profit organization. They have developed
standards for “indoor products, environments, and
buildings.” Their standards incorporate acceptable lev-
els of VOCs, formaldehyde, and other emissive com-
pounds used in indoor products.

Further, many organizations are involved in supply-
ing information and providing on-line directories of
green building materials. Building Green Inc.® has de-
veloped a subscription based on-line directory, “Green
Spec,” which includes lists of green products and mate-
rials, articles, news, case studies, and reviews of several
consumer products. To consider any product as
“green,” Green Spec uses various criteria for evalua-
tions. GreenHomeGuide’ is another example of a com-
munity-centered online resource directory that supplies
information, case studies, expert opinions, and tips for
“green” options available to conventional building and
consumer products.

Founded in 1995, MBDC’ is a product and process
design firm which claims to transform its client organi-
zations through an innovative eco-effective design ap-
proach known as “Cradle to Cradle” certification. As
defined by the firm, the “cradle to cradle certificate” is
conceptually about “using environmentally safe and
healthy materials; design for material reutilization,
such as recycling or composting; the use of renewable
energy and energy efficiency; efficient use of water, and
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maximum water quality associated with production;
and instituting strategies for social responsibility.”” The
firm also claims that upon achieving the required crite-
ria, “a product is certified using various terms such as
Silver, Gold, or Platinum product or as a Technical/
Biological Nutrient and it can be branded as Cradle

to Cradle.””

GOVERNMENT'S INITTATIVES FOR GREEN

Recent passage of the Green Chemistry Research and
Development Act of 2005 (H.R. 1215) by the U.S.
House of Representatives indicates that the government
has recognized and supports the green revolution.® The
goal is to develop an interagency program involving
the National Science Foundation (NSF), the Environ-
mental Protection Agency (EPA), the Department of
Energy (DOE), and the National Institute of Standards
and Technology (NIST).® Further, these organizations
would work together to promote green research and
development by providing research grants to individual
researchers, and establish university-industry corporate
research centers through education and training of un-
dergraduate and graduate students in green technology
and many more activities.81!

Shortly after the passage of the Pollution Prevention
Act of 1990, the Environmental Protection Agency
(EPA) also developed a Green Chemistry Program to
promote “innovative chemical technologies that reduce
or eliminate the use or generation of hazardous sub-
stance in the design, manufacture, and use of chemical
products.”?” The EPA is currently building an Internet-
based Expert System, comprised of literature and many
practical examples, to help and promote green strate-
gies among manufacturers.?’

After 1990, to prevent pollution and to encourage
green chemistry practices,?’ the EPA adopted “12
Principles of Green Chemistry,” originally published by
Anastas and Warner.?” These rules serve as a guiding
map for researchers to apply green chemistry practices.

Figure 2—12 Principles of Green Chemistry.?’

Use catalyst, not Use renewable Use safer solvents
ichi ic d: and i diti

reagents

Increase energy \ % Minimize the potential
efficiency ,\ 5 f/ foraccidents
\ i 4 A
N\ s -
5 ,»"‘ r/
Design safer x i }/" Analyze in real
hemicals and reen Chemistry Princlples time to prevent
products /*\ pollution
\'\
) AN
Design less ,~” /’ \ \ Design chemicals and
hazardous chemical # products to degrade

syntheses Maximize atom Avoid chemical Prevent LD

economy derivatives waste
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Msa, as rart of the Green Chemisiry Program,“ 1o
encourage organixalions, they EFA gives vearly awards
in vations categories of green practices, Cunrently, there
are lve calegories: *{1) alternative solvent pathwarys,
{2) altermative solvent and reaction conditions, (3] de-
signing safer chemicals, (4) academics, and (5) small
business. "= Incorporated in 1997, the Green Chemis-
try Insiitute (GO, is @ compotation which daims o be
“devoted to promotng and advandng green chemistry
petnciples and pracices inte all aspects of the chemical
enterprise.”*® (1 mission is "o be the premier
change agent thal hus the lmowledge, expertise, and ca-
pabilities tor catalvze Lthe movermnent of the chemical en-
terprise towanl sustainability theough the application
of green chemisiy principles.”? According 1o CGCL it
accomplishes Its mission by “supporting rescarch,
works o integrate green chemistey no wll levels of
chemical education, aides companies with indusurial
implermnentation. hosts conlerences, and coordinates cf-
fors with an intermational network of green chemisiry
advocates. """ Lvery year, GCI recognizes and honors re-
searchers from indusey and scadetnia for their valu-
able contrilmtion towards designing and developing
innovarive pollulion prevention strategies ™

INTERNATEONAL STENARTO

In today’s global economy the coating industry lras
taced challenges because of burgeonmg glohalizatiom,
outsourcing, and the changing business climmate of Lhe
115 marketr, The inilalives o implement strict regula-
tions [tom Furope and the price-cost soueese from fast
developing Asian ecomemies are two prime sources ol
pressute from the global market.

European VO [FU VOC) policies Lake volatility
into account. wot reactivivy*™¥ According to U VOC
regulations, "any material with a boiling point above
250"C is considered exempt,”™ Thus, [or solvenl-based
ks, VOU content limils in Furepe can generally be
considered mome stingent than in 115, In other words,
A coating/ paint formulatur in Turope designing a sol-
venibarme paint is restricted from using fast-evaporat-
ing solvenws under curent BU VO policy. However, in
the 1.5, the coating/ paint formulator does have more
latitde in rerms of using fast-evaporating solvents—
for example, Lerl-Butyl acetate [1BAC) —1o design a
paint fonmutation. Recently, the Furopean Undon |
passed new legislation known as REACH (Registration,
Evaluation, and Authorization of Chemicals) *"
Acrording to this new regulation, *companies produc-
ing chemeoils alwoyve 10 tons per veat would have (o
praovide safety daly [or the chemicals,” There is a provi-
sion of substiton of saler allernatives to hazardous
chemicals. Alses, the public can request inlormalion
ahoant the presence of a4 linited number of hazardous
chemicals in producs,™ Flie EUs regulatony initiafives
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such as REACIL will cerlainly put pressuce on LS. legis-
iatwors and policy makers to adapt a similar regulation
plan.

The cwrent high wuan-power costs, increased raw male-
rial expenses, sing energy costs, tghter regulatory re-
quiremenis, and escalating insurance preminms con-
tibute to greater pressure on TLS, manufaciurers.
Cumently, global competitors in Asia do not face the same
challenges and magnitude of sucl operating costs 3232

SUSTAIMABILITY ISSUES: COST AND
RECYCLABILITY ARE IMPORTANT

Although the green chemistry praclices incorporate
critical concepls such as eovironment, human health,
and safety into product design and development, many
argue thal cost is not ecognized as a key faclor™ Ax g
result, major companies including Akzo Nobel, BASE
Baver, 11584, Bohm and Llaag, Shell Chemicals, and
many mcrre are pushing an alternative Lerm, “sustain-
able chemisiry. "*+3% The proponents of sustainalle
chemistay claim that besides the ecomomic element, an-
ather difference between @een and sustainaldle chem-
istry is its lifecycle end analysis® The green chemistey
ponciples sav that “products should be designed so
that ai the end of their function tey braak down mto
innocuous degradation producs and do aol persist in
the environment, "™ On e other hand, sustainable
chemisity puts forward the concepls of recvelability and
reusabilitg **** Accarding to recent research re-
ports, #1243 yoday several companies—for example,
Bayver MaterialScience, BASE ACC Plastic Division, and
majer reailers such us Wal-Mart are using life cvele—a
technique 1o compare the environmental impact of
compeling processes and products—as a way to define
greenness. Fhe reporls further guoted that leading com-
panies—for example, BASK and Rohm and Haas—are
spending hendly on sustainable green R&D, which in-
cludes avtivites refaling to- *energy efficiency, resource
comseTvation, and cdimare prolection.

Recenuy. the Synthetic Organic Chemical Manulace-
turers Assodaton [SOCMA} launched an International
Center Jor Sustainable Chemistrv in parinership with
the BPA 3% | he center aims to “develop and establish
comgistent methods for analysing aliematives that can
achieve a sinilar lunction, without distupting the mar
ketplace, ™ According ws a report,®? this center also
Mans o include corporations, academic instinations,
and environtmental groups to fom a goverilng body
which would primarily focus on defining what is and
whal is not green, Alse, according to another news Te-
port, ' recendy American Chemical Society's Green
Chemistry Tnstitute (GCI), led by Pannl T, Anastas. a
areen chemistey pHomesr, anoounced that “green and
sustainable chemistiy™ will b theit main focus at up-
coming and future ACS nadonal meetings.
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GREEN FUTLIRE

The future of green lechmalogy is bright becanse ily
ultimate goal is o strengthen our eco-syslem by pro-
ducing environmentally fiendly products. [lowewer,
like any other technology, green technodogy holds
many ofpporitnites and challenges for ils stakeholders.
Consumers want a product that is not ondy eco-fiiendly
but must alse produce better, or at least equivalent,
performance al the same cost. Recvclability, reusability
and cost are also critical tactors in product design and
developmemt from the manufacturer's standpoint. Also,
the: manmalaciurers view the major obsiacde w be over-
come is the nataral resistance to change—specifically,
the modifving of existing processes and products.

Tt is true that the green innovation in the paint and
coatings industy has been mainly driven by lederal
regularions. [lowever, today a large number of raw ma-
terial suppliers and manufacturers are voluntarily
adapling the green tend Tor their products. According
1 a recent news repolt,’® a Brazilian-based company
named Braskem caimed that they have encountered
suceess i prodociog leial guantities of the world's [isi
bio-based high density green polyethvlene ('L}, made
from sugar cane-hased ethanol. Tn the futre, they aim
Loy build 4 green PE plant in Braxll and invest 360 mil-
lion-%101 million. depending on whether it is built at
an existing facility or a Greenficld location. In addi-
tion, according 1o recent reports, ™40 the other compa-
nies invelved in such green activities as developing bio-
based plastics include DuPont, which claims thai i has
recently developed high performance polyol
{ "Cerenaol”™) based hio-materials; Archer Traniels
midland and Metabolix, which aim 1o joinly poodoce
polvhiydrosyalkanoate (PLLIA)Y based renewable materd-
als; and Cereplast, which is a producer of bio-hased
polyaciic acid.

The concepi coming Lo the forefronl of the public
is that “green is not only good for business, but also
for the betterment of mankind. ™ Government nitia-
Uves mnay eventually encourage o1 even mandate that
all manufacturers shift towards implementing green
technologies. Thas, (o the not wo distant [ware, the
green trend would become the mile rather than the
exception. E

References

1 https fenseepmenmseal omr. Retrioved on 04,/24007.

1 httpyiwwwusghe org, Retreved on 04,2407

1 hetpyfwesewspocilgroen aom, Beeceved on 03724007

1 hepy rwegreenguard o, Retrieved on 002407,

boTuygsyfweewepneeolioaepoide conn, Betrievod on 04023707,

b ohapeeedildinggresn. com, Retrieved an 047 2-0/07.

bbby vewwe ibde.corn. Benleved oo 07 L6 07

b httpsfwweengovitack ma/congress hillxpd fhill=h 109-121050
Relieved oo 07716/07,

{9 Challener, 5, “Emsdronroentally Friendly Paimts aml Coatings:

Wil Coalingstech. org

Technology Today
1

wlaking the Wikl o Gresner Flace,” JCT CoamucsTecin 3. No. 7,
[ 28 (20080

[ty Challener ¢, “Green Chemisiy,” TCT CoamcsTecan 1, No. &,
p. 34 (2004).

(1] Challener, €. * e Grass Beally Caw Be Greeoe,” W0T
CosmirosTeCH, 4, Mo, Lop, 64 (2007,

(L2 Mamtens, £ L1, "Introduction ul Caoating Tadosir ™ in Teohmology
of Pairees, Virndshas oasd Lacguers, ¥ol, IL RE. Krieger Publishing
Mew vork, 1-12, 1974,

{13 Fischwr, W, "Inuoduction wo the Prowective Coarings Industrs,®
Fadpr and Yarnisk fecliolagy, Vol. 1. Beinhold Poklishing Cone.,
Mew Yook, 1-11, 1948

{147 htipef frnsne paintorgiind_infs/hivtonecfm. Betricwed on
a7/ 16107,

4157 htipe/ fensne pcimag.mom a8 Aechivesy Tedtad 3fhRa7mo
VepuWChd 1000005 2a8c0. Retrieved on 04712107,

{15) Mathesan, R.R. Jr., “Wiewpnint: 2th- ta 2a-Centary
Tevluwlogical Challenges in Sott Coatings” Seiemce. 2875583,
76 -970 [0

{17) Matiowal Painl & Coatings Associalion, “The Painl and Coarings
Industry sddresses | ead laame,” tssue Backgriuredar, 84, 1-6
{2000].

(187 hitpe e answers.comy tap o paiots-vamishes-acquers-enam-
els-and-allied-producisicat=bis-fin. Beaieved on 077160467,

[ 1%] hetpe) ferwweepa. go/airicaa. Retrieved on 0412/07.

[200) Tty fwoweweplonline oo ardcles 110003 ol Begdeved on
07/ Le07,

(217 g wvewameivansolverlseownel org Tesorces! pdls)
Cotdng Maze mdf. Retrieved on o0 12707,

[22] fones, B, "Oudeok o Zevs V0T Besing,” 1. Codr. Toouwsow, 73,
Mo, 916, p. §3-F1 (20007

(23] Deddsen TTE, Cupaus TR, and  Kolster P, "Reneiwable
Rescurces in Coatings Technolngy: A Heview, ™ Prag. {rg. Coae,
27,1, . 45-53{1945),

(24} Thames, .5, Hrister, E.H_ and Smith, (0%, "Castor Acylated
Blomones CAMY 1 VieslAvcrlic Lapewes,” Proc. Reetiiy-Sisth
Annpg! Tnternatintal Wanerhorees, High-Sofids, and Powder Covetings
Spmpceutk, §9-99, Hew Orleans, Lo, 1999,

(75} Maszingll, 1. Rahim, b, Shaw, O and hong, B, “SNovel
Coalings lrom Sopbean il Fluosphare Ester Polyol,” 1. Coar.
Tr MM, FEONOCTLE, o 3A-RT (2001].

{206} tdassingill T, Baghdachi T, Baghowachar, I, and Sarnecki, ©.,
“Catiomic Bake Unred Cpatings Using Eposddieed Soylaean 08L°
T. Cowr TooHNoL, 78, Mo, 200, p, 123 133 [2004).

{27) htipsf fonwns epa oy greenchoemistre pubedwlts ge bunl
Peideved on 07 L6/ 07,

(28] htipe! fenens.chemiatryong prortal a1 facadisplay ool DOC
=greenchemistrrinstitue abowtgel. bl . Rertered on 077 15/07.

(27 ht111:j,u'pl|l'_m.a:}i.1:rg,l'L'u|1..‘:1tm..‘ﬂ-j,-'Ll?_."SSi?uL'\-\-‘ei?.hLml. Relieved
ol 7 LB,

{3 https pandacngfaloal wwifwlbal we do) policy /o,
Retrieved on 0d) 12707,

{31 hotpfeceuropdenfenvireoeenichemicalsfeeach fozach_inlio.
hauw, Retrered on 07 16,/07.

32) Valero, G, "Slate ol Indostey: Wheee Do We Stand ! Leoking,
Back, shead at Ismies Reshaping surface Finishimp— Hinew &
Furecast, ™ Metal Findshing, 12-1% {2008,

(337 Murkeee, |.K., “Cleaning |imes: The Fature of 115 v
Repubations,” Adetal Finishing, 48-50, lubs/dugost [ 2005).

(347 Brmen M. oand Seo, A "Green Chenisuy— Taning Inow
Sustainability,” Cheeica! Weak, 19-21 (May 20073,

(35} g fvewonsocima cony . Beeved oo 071607

[36} Frmer k., Sootr, A, and Walsh K., "Sustainable Development—
The Boardrooin Takes Clyarse,” Chemrfoal Week, 13-16 {lune
20073,

(37} Maty T, “Tludiog e Way Lo LCA: Special Reporl Geeen
Coatinga,™ ). Amcde Cagr, 373, 15-21 {2007}

(38Y b pubs acs orgfisubscribeffoummalsicens 8511 2} il
531 Zoomment eml. Betrieved an 077 18/07.

{397 hupfanena chenyseels comfincfanticles o) 2007 [06, 22 {00 3 homl.
Retrieved on 07 16/07.

{40 Rt fwnew greencarcongress.com, biopolymers/index hrml.
Hetrieved oo 07 TEOT.

(£ hrtpe! v businessweek. com/magazing/ content De_ 19!
IagE3l1e ol Fevtleved oo 7 16/07.

Jaruany 2045 43



	green coatings pg38
	green coatings pg39
	green coatings pg40
	green coatings pg41
	green coatings pg42
	green coatings pg43

