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INTRODUCTION

The modern world is awash with “green” initiatives in
nearly every aspect of life. Politicians, businesses, celebri-
ties, scientists, and the general public are supporting
such diverse green developments as hybrid cars, wind en-
ergy, solar energy, ethanol production, the production of
black lists of dangerous chemicals, and sponsoring prod-
ucts and processes claiming to be green. There is no ar-
gument against reasonable actions being used to avoid
environmental pollution. However, taking the complex-
ity of air quality issues as an example, it is unclear where,
or by whom, priorities for emissions reduction should
be set and where resources should be allocated. Far less
than 1% of man-made emissions in California are
coming from architectural coatings, while transporta-
tion contributes the major part. There is no disagree-
ment about the need to develop technologies to reduce
the impact of human activities on the environment, but
there is a general disconnect with regards to priorities,
the relative magnitudes of different environmental prob-
lems, and a concept of cost/benefit analysis in deciding
what issues should be considered first.

While at first air quality programs focused on exterior
issues (as well as exposure in the workplace), today, inte-
rior air quality is considered among the highest priori-
ties. Part of this is a reflection of how much the general
environment has improved over the last 30 years; part of

this is a matter of what is the popular target of the mo-
r"ﬁé{f;ﬁland Rd., Florham Park, NJ 07932.
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VOC:s are emitted into indoor air from building ma-
terials, furnishings, cleaning compounds, office equip-
ment, personal care products, air fresheners, people,
food, and unvented combustion processes such as to-
bacco smoking or cooking with gas stoves. In general,
the concentration of pollutants in indoor air can be re-
duced most rapidly by air exchange with outdoor air,
provided the pollutant is actually being emitted by in-
door sources.

In this context, the extension of the VOC definition
to include all organic molecules having a sufficient va-
por pressure to become airborne in sufficient amounts
to provoke a concern for human well being (i.e., is
measurable) is often used. Also, it is important to un-
derstand that volatile organic compounds can be gen-
erated by the reaction of coating ingredients with air
oxygen and not just by the ingredients. Well-known ex-
amples are oxidative drying systems, which emit low
molecular weight aldehydes for long periods of time—
long after all solvents are completely evaporated.
Although VOC reduction in architectural coatings
should be considered as a positive step, a more holistic
approach to careful consumption of energy and re-
sources and to reduce emissions over the entire life cy-
cle of a product should guide the next steps.

Functionalities imparted by adding antimicrobial
substances to paints assist with, and have a positive im-
pact on, waste reduction and the reduction of emis-
sions. One example is that cleaner exterior surfaces
over longer periods of time and the subsequent exten-
sion of renovation cycles reduces pollution overall.
Antimicrobials provide the security to avoid moldy sur-
faces in damp rooms, and this has a positive impact far
beyond any savings of VOC gained by choosing a low-
VOC. antimicrobial. Effective antimicrobial additives al-
low for the reduction of coalescents and the use of raw
materials from renewable resources in paint produc-
tion. However, doing so makes the coating more sus-
ceptible to microbial degradation than the full syn-
thetic counterparts.
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Technology Today

Preservatives are integral components of modern
coatings. Advances in binder technology and the intro-
duction of new performance additives have provided
formulators with the tools to develop low-VOC paint
formulations without sacrificing coating performance.
While the new binders optimize physical and perform-
ance properties, their influence on the microbiology of
paint preservation is frequently not evaluated or con-
sidered.

U.S. regulation of microbiocides differs significantly
from Europe, which is in a transition period with the
Biocidal Product Directive (BPD—1998/08/EC). Con-
solidation within the world’s paint industry and the ne-
cessity of extensive eco-toxicity and toxicity data gener-
ation in Europe has triggered the search for optimized
paint film microbiocides applicable in different coating
systems and climate zones in Asia, Europe, and the
Americas.

This article describes some opportunities for further
VOC reduction in the coatings industry by proper selec-
tion and use of preservatives. The following principles
will be discussed with examples from practice:

1. Replace organic solvents in preservative formula-
tions.

2. Reduce emissions when the preservative is pro-
duced, stored, and transported.

3. Reduction of waste in coatings production.

Further reduction of VOC of paints.

5. Reduced emissions from the coatings in service.

=

REPLACE ORGANIC SOLVENTS IN PRESERVATIVE
FORMULATIONS

Recent developmental work has focused on coatings
preservatives that provide no contribution to VOC.
Solventborne formulations of film preservatives, which
needed to be very low water-soluble by design, like
Polyphase P20T, were replaced by water-based suspen-
sion concentrates. While the first generation of suspen-
sion concentrates still contained some minor quantities
of VOC,! most recent formulations have eliminated
even the minor VOC contribution of surfactants and
additives used to formulate the preservatives. Today, a
complete range of zero-VOC in-can and film preserva-
tives is offered.

REDUCE EMISSIONS WHILE PRESERVATIVES ARE
PRODUCED, STORED, AND TRANSPORTED

The example of recent 1,2-benzisothiazolin-3-one
(BIT) formulation technology development demon-
strates the efforts to reduce the VOC contribution of
this important and ubiquitous preservative. While the
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(il generation products weee ablaline solutions in
dipropylene glyeol or propyiene giyveol with a respec-
tively signiticant VO contribution, the second genera-
tion offered products such as Mergal K105, o VOC-free
waler el formulaton introduced more eine 1O vears
ago. At that poing, fatther development and overall re-
duction of emissions could be achieved by not only
considering the physical torm of the product, Tl Ty
reevaluating the total value chain of the active’s produc
tion, use, and wansporation, Teveloping catremely
high concentrated. pll-newiral, wens-VOHC BT suspen-
sion concenrtes reduces not only the impact ol tans-
pott and storage by a factor 4.5, but also requires less
praduction of packaging and less recyeling of the pack-
agiog roctterial.

REDUCE WASTE IN COATINGS PRODUCTION

sirdem zero-VIOC In-can preservalives need greater
assistanece Mrom improved plant hyglene practices dur-
ing praint producton than do the older preservative
chemistries, Also, while wadilional pains wers imuch
more forgiving 1o mistakes in production hygiene, Llove-
VO paints cannol be successtully produced without a
prroyrer hygiene plan. Lhus, “weaker” proelucts pilied
against greater hinlogcal insult potential require that a
wide variety of measures have 1o be 1aleen 10 avoid any
mictabial burden ttom unclean procduction equiproent,
raw malerials, water, and recvcled materials. Somelimes
the most etfective plant bvgiene measures arc counter-
intitive. Tor cxample, overlaying slorage tanks with a
formaldelmde: reaction product, which is known wo
contibute per se Lo the VOU in paing actually could be
a veny 1oy develop, produce, and sell painis it ian even
lower ¥OOU Tevel. In this example, a cylindrical storage
tanlk with 10 tons of [aint might be considered.
Assumnityg 4 two sguare meter sulace area and o liguid
laver ol 0.5 cm thickness of a solution ot 0.3% ot a pre-
servative consising o 70% of VO would add just
O0N035% VOO (3.5 ppm) 0o the bulk. This small, im-
measuralle cantribution to the bulk paint would trans-
late to the correct level of i preservative at the location
needed tor progect the head space of the slorage Link. As
a result, the final preservative program at the end of
production could be both Tow VOO and effective in
vontrolling contamination, ‘This example might also
demncnsirate Lthal the simple weiection of any raw mate-
ral with a conuibutinn of YOO s not always the most
appropriale parh to the lowest environmental impact,

As another example, increasing the fracion of recy-
cled wash water reused means a rednction of the enwvi-
ronmental impact from water discharge. This is only
possible by proper preservation of recycled water with
an effective, quick acting preservalive thal might noel e
VO Tree iself Sll, the end result is that vOO of the
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"otal production and distrilaiion system” could be
Loveeer than if this connter-intuitive siticn were not
Laken.

FURTHER REDUCTION GF VOC OF PAINTS

1L s well extallished that the reduction of VOUs
fronmn rasy materials alse renders paine formolatinns
mere susceptible to micebial grewwth, Tor example,
Lrindems with lower levels of residual monomers ane
mote easily coloniced by bacteria, In addidon w the al-
teved winerability 1o microbial atrack, this modifica-
tivn influences the physical-chemical lehavior of
preservatives in the muoltiphase coating material. A loi
of work was undertaken W reformulate anchitectural
roatings over the fast couple vears. For arceprable in-
city preesenaalives that meet low VOO and other ens.
ronrmental critedia, the list is reduced wemendoosly
andl, in fact, has left the industey with 1, 2-benzisothia-
olin-3 ane (BIT) as the major active subsiance. T
covel the weahness of his preservative against e lm-
purtant famidly of gram-nezalive lacteria, the
Pseudomons species, 7t was successully proposed o
combine the BI1 eestment with the co-applicadon ol a
short-term active bactericide, like 5-Chlove-2-
methylisonhiazolin- 3-one (CIT) and bronopel. The re
sult is efleclive preservation and low VOU conuibution,
but not the lowest YOO that might be obtained if effec-
liveness were sacrficed,

VO{ FROM TINTED PAINTS

In the latest publication for the envirenmental label
Creen Seal, *Fovironmental Standard for Paines and
Coatings {C5-111"7 there is a requitement also o con-
sidler the colorants added at the point of sale whern f-
ol paint VOU evalualion is performed. This require-
ment is offective as of January 1, 2000, Ta reduce VOC,
mirre ane maone colorants ave tormulaced with no APRO
as a surkactand This, in combination with the curreot
comsumet fashion tends Lonweird roore intense colors
and deeper shades, has negative implications with re-
spect to the microbiology of preservation of the col-
urants and the final paint.

Tev achieve the necessary brighiness, depth, opacity,
and [asiness properlivs at acceptable costs, Uwe col-
orants also need broad compatilality with different
paint forolations, While propvlene glveol as a humeo-
tant helped Lo preserve o linting system and did mor in-
fluence the susceptibility of the Noal coating, ity ne-
placement Ty nomvolatile components increases the
suscepiibility ol the tint dispersion iself, as well as the
final tinted coating, to microbial growdhe I was long
known that the dnting machines ar the point ol sale
can develop heavy fungal growih an the sermi-doed tin-
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Table T—wet Stats Presarvation Chailenca Tast of

Low-W0E Calorants

tolorant, 1/70° U
Black 2 ?
Gray a 3
K.agenta £ Z
Crange 0 ?
Drqanic Red il a
Mnanic Yellow 1 0 a
Draric Yellow 2 v Q
(ide Rod 3 3
Dride Yellow 1 1
Hesd 1imer 4 4
Pirthalo Dlue 4 4
Mi-thalo Green u] a
Whita 4] 0

(md 10000 1t dneenlatic . hacserin sreee pfer seven dags e La2l Lime,
(b1 &7eD: eond ireculasion, kactesia seae afer sxer coys reabass fima,

Evalyaiing sobane: 00 e pacteni rocowned, 0 SasE SERE Tl prneth

wers. This in turn can dlog the valves and mabe exact
dosing impossible. Very low levels of special Tungivides
lileer RCAA-TPRE combinations added 1o the colorant at
approximalely 100 mgfly active substance can keep the
tinting machines clear [rom fungal griwdh oo the semni
dried stage, However, bacterial contamination has be-
cotme very dilficull o comtrol, This is becanse the appli-
cation of amine-based n-can preseratives Tike HH U or
mazolidines, which provide signiticant “head-space-
preservaltion,” will non e posyible, because trace
amounts of formaldelwde ave given off into the ratrix.
This issue is further potentiated if surfactants based on
renewable resounes Tike sov lecithine hecome pan of
the recipe, The examples o table 1 and Figare 1 demon-
strate that single RTT ov CIT/MIT based in-can preserva-
tives cannol salely preserve Tow V0

Technology Today

green were well preserved with a frrmaldetrede adduct-
based preservative, Test of the zero-VOC preservation
shewwed thial BN added as a single active substance
[slergal K10N) was nol sulllcient in st of the tinters,
even at the relatively high addition rate. Only organic
vellow 1 was completely free of microorganisms alier
seven davs. A combination of branopel, CTTAIT, and
BIT provided mucl better protection; however, 1he ph-
thalablue. 1ed cadde, red toner need a slightly higher
comcenitation level than wsted here. Ay bronopol is not
stable in mnosl of the coloranis, i peimany luncion is
to reduce the level of Preudomemas species from raw
materialy 1o 0 very low level {one conmollable by the
mwire slable BT} helore il s degrades] 1a a nom-active
lewiel, Ulnfortunately, Loty comcentrations ol formalde
hydle are generated from degrading bronopol. The level
ol generated (onmualdehyde 15, In general, much lower
than the theoretical magimum value of 30% of the
moleoale and for most envitonmental labels 1s accept-
alile, exeepl lor Those that incomorate an anificial fo-
[ormaldelsde content provision. As the example
demonstrated, the optimum relative level ol the active
covnponents has o be evaluated for every colorant sep-
atately. From the exhibit, it can be conclded that the
addition rates of in-can preservatives (o wero-YO0 Lin-
ters might e higher than expected from the preserva-
Lo of painls. Preservalive Tabel Timiw may not make
effective preservation possible tor all tnters under
some currently envisioned low- or no-¥VO4C, no-
[rmaldelyde provisicons.

[lowever, the proper evaluation of the best in-can
preservation cholce provides the formulator with a tool
Wi make e VOU colarmts. Allowing some latitade in
secure preservation avolds waste In procduction anmd al
the point of sale, Cleaning ctforts are reduced and with
that the enviranroental Toolyrrint reduced,

colorants. It is evident that the pig-
ments wre nod inert for the microbic-
cides wsed. Carbon black s, of course,
nne of the most difficult colorancs 1o

Figure 1—Wet-state presersation challenge test of BIT based preservatives.

preserve as the pigrment adsovbs huge 4:’
ameounts of organic molecules. Taking 35
the: solvent out of the fonmulation re-
ders the adsorpion phenomena gven
T SCVETE. Plithalocvanines can react
Cwith electroghiles Tike the isothiazoli-
fiones, and deaclivate them. These facts
lead o the common observation Lhal

dillerent shides have different levels of
sensitivity to microbial contamintion.
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REDUCE EMISSIONS FROM
COATINGS IN SERVICE

Exterior Loatings

For extenor coalings. hroad spectum, zero-YOC
Hlm preservatives formulated as sospension-congen-
trates in waler were developed, preventing the cole
nivation of exterior coalings even under severe climatic
conditions. The recent developments ar Trov elimi-
nated even the very low levels of volalile components
frovn the surfactants andd the stabilizers. lowever, Lhe
mwain conirbution of a lilm presemeative to reduce the
environmental footprint of pain and the reduction of
VOHE from exterior coatings is an indirect elfect. i was
shown that the appearance of a coating in an exterior
cnvircnment is strongly cocrelated (o micrabial colo-
nization. Microbial defacement is oiten the Leigger or
recoaling and rencvalion. A recent generation film pre-
servalive thal was tosted helped 1o redhuce the impact
by keeping the walls in a proper condition. Exterior ex-
posuTe tests i Florida and Ovegon showed that a coat-
ing which is rolonized afler six months fo a degree
that repainling winild be necessary, could stay lree of
defacemnent for more than six years by adding 0.6%
Polyphuse 663,

Intarior Loatings

In 2004, the Institule of mMedicne (TOM) of the
National Acaderny of Sciences competed a major e
view of the available soientific literature pertaining to
the health consequences of huilding dampness and
maold . The propomion of cwrent LIS, astbona cises al-
tributable to dampoess and mold exposare was esti-
maled 1o egual 21% with uncertvingy bounds of
12-29%. (O the 21.58 million pecple reporled to have
agthma in the U5, apprvamately 4.6 millicn {range:
2.7-6.3 million} cases were estimaledl to be attributa-
ble to dampness aned mold exposure in the home. The

Table 2—7zero-¥00 Fitm Presenvatives Based on
[FBC-BLM Avaid Formanon of MYAC fram Fuirgal
Calonized Inlerwr Paints

Labaratory Method Comparative Teting: Latex Paint Products
Lsitg a Model 3:1 Ratio BCM:IPBC Mildewide [20%)°

Pereant® Mildeatide Normssary be
Pass ASTH B 559094

Matle saslel base 025 %
Matte base 0,255
Flat mastal hase 0.25%
Flat wase .25

1a; Talephase 675,
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associaled annual cost of cwrent asthona atrdbutable to
dampness and mold o the T8 was estimated o be
$5.5 billion {range: $2.1-4.8 billion}.*

Microbial Volatile Orgamic Compounds (MYOC)

Micrebial volatile organic compounds (MY are
geneTated by microorganizmy that thrive on constmc-
on materials, In primary metabolism, the arganismes
break down such rmualerials 1o eotract nutrients needed
for building cell stractures and reproducion. As
byproducts, these activides create MYOC, T addition,
ricroorganisos produee so-called secondary metiala
lites, whose main funclion appears to be a chemical
wen 30T o compete inthe envieomment with other o
sanisms. These secomdany metabolites ouay also e chis
sified a5 MYOC and Lheir formation is dribven by the
competition for Iesources in a nulrent-poor envion-
mend. Typical VO from fungus aclivily is used w de
tect fungal growdh o buildings which is not visible
{e.z.. in the cavities behind drvwalls). Typical MVOC
include ethinaol o cass 1 carcinegen acoonding (o LARC
classification), 1-oclen 3-0l, 2-octen-1-ol, benzyl
ovanide, and terpenes like geosmin and 2-meths-
lizoborneol. Some microorganisms simply produce
ethanol by lermentation. (ihers, such as Asperoilfus
riger, Aspergifis favus, and Pendcilliem speciesi ate able
tor produce T-oeten-3-ol or 2-ooten-1-ol. Lene concenina
tions of this particalar MYOL can be detected by thelr
typical mushroom or musty odoe. By cinerea can
produce beneyl evanide which emits a grassy odor
Geosmin is one of the meost ador intensive molecules.
(.01 ppb is noticed as an carthy smell. The greatest oo
currence of MY production {espedially terpenes and
scsquiterpenes) seems 1o coincide with spore formation
and roveatexin production as observed in species of
Aspergilfus and Perdeillivm. Mycotoadns differ trom
MYVOHC i that they are relatively large molecules that
are nol valatile, and deo not easiby evaporate or “ofl gas”
into the air, bul they are associated with house dust
and can be manspornted into indoor air.

The role ol mold growth in interler environmenls s
still ot fully comprehended. |ess ventilation and bet-
ter insulation of homes to reduce energy usage can lead
Lo local condensation of air humidity and favorable
conditioms for mold growdy. D buildings also en-
verage: the: greneth of bacteria, dust mites, and venl
roaches, as well as degradition of moist building mare-
rials that can alse release lritant chemiacals indoors,
Sowe or all of these chemicals or biclogical organisms
may contribute 1o occupant indisposition, However, the
Calilornia Department of Public Health Services
{CrLy did nol sacceed in che implementarion of the
Toxic Maold Protection Acl of 2001 (8 732) uniil ve-
cenlly. This stamte, enacied Tanuary 1, 2002, charged
CDPLL (formerly BL1S) w determine the feasibility of
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adopting permissible exposure limits for indoer
molds.”

It is easy to detnonsinate the value of reducing any
prirential contriburion by sAVOC emissions into indooer
air by adding a wero- VOO film preservative 1o Lthe inte-
rior paint.

biold grewth in indoor environments and the emis-
sieart 0of MYOCs can be prevented by addition of a lovw
concentraton of 4 proper 2ero-v¥OCO Hlm preservative Lo
the finish. Other consiruction parts can be protected
with the same combinarion of active substances ap-
plied in the manufacturing process. Tests should foous
on the efficacy against some model fungus as evaluaied
inn the ASTA I3 3271 and ASTM D 3590 test procedures
[ferble 27.

CONCLUSTON

Antimicrobial substances are a prerequisile: for paint
chemists wo deselop lowe- VOO coatings and the use of
hiodegradable ingredients, materals from renewable re-
sowrees, and recrcled materials. 1 has heen shown thar
recent [ormulated antdmicrobial products do nol con-
tribute to crnission of WO Trom roatings, Recentdy,
evert contrilations from additives wsed 1o formulate
the preservalives were eliminated completely, Today, the
paint fonmulator can build e sl antimicrobial fune-
ticns necessary, like in-can and film preservation, with
no contribmion o the VOO of the coating formula.

As the task to eliminawe all volatiles from the fonmu-
Tatiom of the preservative can be aow considerad fimal-
ized, there are suUll vppormynities for the develapment

wiviw coatingstech. ong

!Technology Today

of new fonmalated preservatives for funher reductioon of
emissions. Sighilicant progress could be achieved by
the recent development of stable, highly concentrated,
forrmalateed additives for the in-can as well as the flm
preservation. 'The wera-¥O0 concentrates reduce signill-
cantly the energy input for production, transport, and
storage, andgd therefore emissions from these processes,

As a lurther benefit, zero-VOC filim preservatives
conuibule e the reduction of VOO emivsions by ex-
tending the litetime of the coating and of renovation
cycles, as well as the prevention of the developiment of
BV (oo indoor wir

EBetormulation af tinting pase is one of the current
tasles in paint laboratories to fullill the deinand for
o WO coatinggs. Replacing the sobvenits in coluranis
creates a hew etiviconment for microbial growah, which
reiuired the developmenl of new preservation sestems.
TThese new wer-VOO preservatives not only show edli-
cacy in e nder isell, ol have universal compatibilicy
to coatings and comply with forheoring, further tight-
ening YO regularions,
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