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Role of Mildewcide
in Yellow

Discoloration of
Latex Paints

by Lakshmi Sadasivan,
Roger C, Montemayor, and Judith K, Varner
Rohm and Haas Company®

aint formmulators muost Lake o account may factars in
cludig, bue nol Timied to, ease of application, dumbilitg
aerub resistancy, fading, and discoloration when fommoulating
a new paint. Although discoloration can be caused by many
factors including tannin-relawd stain bleeding, mildew re
lated sap staining, fading due to sunlight, vellowing dne to
alkeyd modilication, and interactions between colorants and
pigments, clay, and other filler pigrenis, this aticle specili-
cally explores the effect of mildewcides on vellowing -#

The etfect ol mildewcides on vellowing b latex puaints has
Leen an ongoing concern for paint manulfclurers,
Milelescides and their interactions with various paint ingre-
dients including certain v can preservatives, binders, pig
mments, and clay are o known phenomenon.” Through experi-
ence, painl companies have developed formulations m
optimive the efficacy of mildewcides and minimize their ad-
verse effects in paims. Becently, formulators have been facing
a new chailenge o produce low- or zexo- VOO painis. Y These
lower- o zer YOO paint reguitements came abont due 1o
legislation such as the South California Ale Qualicy
banagement District law (SCAOMUYY as well as the pulbilic's
increasing concerns for e environment, ™ 7 Lowering VO
conlent cin allect application characteristics, and presents
the reewe challenge to minimize changey in the perfonnance
prewpeties of the coatings incuding vellowing in low- or
zero-YiO0 formulations. Sew ingredients that may bie ineor-
potated to achieve these madified VOO goals may include
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low- or zero-VO reactive conlescent agents {RCA)
suciy as Archer™ REC [ADM), or low-VOC lormulalicns
ol mildewddes such s Fungitrol™ §20 (15P Chemicals
Iney 17 piildeweides thal have been in use for cemain
tvpes ol painis in the past roay not be suitable in new
leswwer ar wero-WOC Tirmylations. 1o dawe, miost studies
have examined only the etfect of these changing ingre-
dients on the film formation aod the application prop-
erties of these low- o0 wero-VOUC paints. ™' &4 We gneder-
tele an extensive evaluation to swady the effects of
vaniows muildewides in several low-VOC painl [onnula-
tons. We report inthis article our signilicant Gndings
o mere than 300 paint formulations tested with all
pssible mildeweide oprions.

MATERIALS AND METHOD

Paint Formulations Tested

Getette Fleet Poing Formudaion: The Flat faint [oa-
latioms were prepared using four dilferent comimer-
cially available binders including acrylic, vinyl versa-
tate, and vinyl acetate-ethylens from differen
manufacturers and two ditferent commercially avail-
able coulescent agents. These paines contiined total
I'VC of 44.9% with volume solids of 36,3% with caliu-
lated VOO of 100 gm/T.

Cagpertc Sepri-Clime Formedations: The Semi-Gloss
Paint fTormulations were prepared using four commer-
clally available inders including acrvlic and acrylic
styrene latex from Jdifferent manufaciorers and two dif-
lerent commercially available coalescent agers. These
paints contained o total PV of 22.0% and volume:
solids of 30.0% with ealoulated VOO of 130 gm/L.

Mildewtdides Tested

The single aclive and combination inildewcides
listed in fable 3 are commercially avail-
able products used today in pain fommu-
Lations, and were evaluated in this swady
since they are lilely to be wsed a5 2 start-
ing point in the new low- o Zaro-YOC

Table 2-—Binders and Coatescent Agents
Used in This Study
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Table 1—uvoc Requlations for Latex Paints

W5, EPA SCagMoe CARB:
Paint Type (1099) (Rulg 1113) oTet  (1/2003)
Fat {Ialeror znd 2540 a0 160
Fater'or) (50 by ¥/2008)
Gerii-Glass ann 150 150
(B0 oo TA2006)
High-Glnss R IEn 430 250

fal) by 7/2004)

[l STADMI Sontk Loagl &0 Quzily 2age—er- sl
(L) STE—CSxme: Tarsaar Commission: Do prised of * rectbaas oo L5, sk,
[ SARE—Lal winig 00- Bese. v Hoang

ity, and their effectiveness against both algae and fungi,
With the incressed popularity of these blended Tsio-
vicles, it is wery likely thev will be used in Tow- ar zero-
VO Tommlations, Therefore, they are included in this
study.

Dosing and Drawdown of Paints

Prepared paints were posi-dosed with the appropri-
ate level ol mildewdde and mixed thoroughly, Dosed
patints were alloseed 1o equilibrate for 24 br before
preparing the drawdewns. Drassdowns ol each sample
(three-mil thick wet) were prepared nsing a 3 ml Bind
applicator on plain white unlaguered Leneta chart pa-
per (The Leneta Company). Coated charl papers were
allowed to alr dry ar room temperaiore for 24 by belore
lesling,

Color Measurement

Color measuraments were perlormed on drawdesyn
samiples that either remained at room Lempersture,

codalings furmulations, Binder Binder Type Manufacturer
Among the single active chemisiries, Finés: ol

P i oy T g Airllex™ EFET MHE A7 Praducts Pelymers |LP

itrcler Plo_l:rajg}fl |'_'|Lll_.3.-| citrlarmate (113 e iy o Uniu~ Carbide Corparation

chemisinies are typically known to con- Rouples™ M1 200 henyle Rohr and Hags Company

ribute o yellowing in paims.* New and EF5"™ 2734 arnylic EPs,CCH

improved formulations have been devel- Semi-Glass:

aped that are low o 2ero YO0, as well as Fhoples SG-30 Acylic Fuhm and Haas Compes

# - sipe” ey ati T 1 Rhoplax 3G-20 Acrylic Fohim and laas Cnmpary
lE‘SS:jaﬂl.lcm ing, ferrmulationts, !hl-_h{-. TIETY Flioplas 2300 Sherens acry'ic Rohim and Haes Compary

LPBC formulations were Lested i these Dptive® 130 Aerylic BASF CovparaLion

studies. il 3 also lists the combination
and dispersion Wpe mildewcide formmnla-
Uons that are becoming increasingly pop-
ular due 1o their broad spectum of activ-
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Coalescent Agenis:
Texanel™

Archer RC™

Meen-reactive coalescing agent
[MRCA) cster elthanal

Risective coalescing agent (ROAY
carn oil esters

Eastmar Chemica. Corpany

ARM Chamical Company
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Figure 1—Yallowing study in flat paints using non-reaitive coalescing
agent (NRCA) in raom tempemture cxpased films,
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Figure ?—Yellowing study in flat paints wsing MRCA in 24-hr UV ex-
posed films,
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Figure Za—Effect of single activa mildewside an filn yellowing in flat
paints hased on four bndevs using MRCA ©Kotan Cleateoat/a-hre UY
mething).
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were exposed 1 24 hr of UV light, or were sprayed
with Kivlon Kamar® Varnish 1312 and exposed Lo Y
light fur 4 hr% In the Krylon Method, drawdowns
were sprayed] with Krvlon Kamar Yarmish 1317 [Krvlon
Products Croup) for 1 min and allowed o air o
Dawlowns were spraved [or o total of 5 min. Afler
ilrvingg samples were exposed o LY Tight for 4 hr
Color was measured nsing the X-Rite Colormmasier
B400, Besults of the *b values are veponed in the
graphs.

RESULTS AND DISCUSSION

Table 1 shows the VOO regulations for latex paints in
elfect al the time of this experimenlt. Sulwseeuenl
SCAQMD regulations will require even lower YOUs
{50 gm/L} for flat and sewi-gloss paints, However, for
the majority of the 115, the currenl VOO level] Tor at
paint is 100 gm/Load 150 @n/T. for semi-gloss painl,
which are the levels used [or this sereening study, We
selected several rommercially available Binders and co-
alescing agents (see Jable 2], Coalescing agents in-
cluded non-reacive coalescing agents {NRCA) such as
esler alenhols, and reactive coalescing agents {RCA)
based on corn oil esters promoted and tested lor Low-
VOO formulations. Tabde 3 Lsis mildewcdes wested for
their elfects on various formulations for vellowing -
tential in dry filims. Mildewcides are one of the key ad-
cditives in a paint formulation thal can affec the dry
[ilm propecies and appearance. o Lable 3, the mdldew-
cide categories tested are classified as three sub groups:
I single active mildewcide; Ll—various formulations
of the IPELC mildewcide that are new improved non
yellowing or new low- VYO formulations to comple-
enl the new ow- 00O regulations for paiots; and
I—commercial commbinalions or plssical blends. The

Figure Ib—Eect of single active mildewcide on film yellowing in flat
pairts based on four binders using reactive coslescing agents (RCA)
[krylen Clearceat/4-br UV method).
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Figure 4a—Effect of single aclive mildewcide on film yellowing in
semi-gloss paints based nn four binders using NRCA agents (Krylon
Clearcoat/é-h UV method),
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Figuie Sa —Effect of mildewcide formulations an yellowing of flaz
paints based on MACA IPBC Formulations (Krylen Clearcoat/é-hr
mezhad),
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Figure & —Effect of mitdewcids formulations on yellowing of semi-
gloss paints based an NRCA agents (Kiyion Clearcoaty/4-hr Uy melhod),
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Figure 4bh—Ellect of single aciive mildewcide on Alm yellowing *n
sami-glyss painls based on four binders yging RCA agents [Krylon
Clearcnaty4-hr Y methed).

b 1

Bom

=

I

=]

:ﬂ 1= =

m

=

a \

a 5

Ede'E Binrder F Enerd Hindar H

[k, MECH IFEC B DL
[ER || W 40X Ghicratrokr] LY A 75
L d34 1PN 7 3% LG~ W Carkcr aim

Figure Sb—Fffecl of mildewcide formulations an yellowing of flat
paints based an RCA IPBC formulatians {Krlon Dlearcealfé-br UV
method).

mr

a 1
=
m |
o=
I | B
a
5 " li
[.T] =
o 54 j
|
" Bk Snder 8 Binder € Binder D
£ Eana PER _ow = nbowdg IPEC Bt Ao euse Frocus s

B o FEC Avwcdacl Oy o WU 1780 1250 A e Proagst L

Fiqure 6b—Effect of mildewcide lvrmulations on yellvwing of semi-
iluss paints based on RCA [Krylon Clearcoat/s-hr UV methed).
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Table 3—nildewcides Used and Their Abbreviations

Mildewcide Type Ih/130 gal
I. Single Active Mildewtide
1. Skane"™ M-2 ERH
2. Razene™ 2000 3.57
3. Rocima™ 200 5.57
& Carbrendazim 0.9
5. Polyphasze™ AF1 1.6
f, Palyphasze P-70T .0
B Zn Dradine ™ a0
B. Huocide ™ 4040 10,0
II. Single Active IPBC Versioms Comparison
1. Palyphasc P-20T .0
ER Tungitrel = 320 4.0
3. Fungitrel &20 6.0
4, Cxperimental a0
3. Generc praduct 6,0
f, Polyphask 15T a.0
HL Bleaded Dizspersion Produces
1. Polyphasc 678 2.0
2. Polyphase 663 1.0
3 Racima™ a3 10,0
N Rucima 355 4.5
9. Racima a5 1030
f, 2 Dmading™ Z0OE B0
Ua Yuocide™ 2010 7.0
H. Huocide #0072 3.0
o, Acticide™ PM 10,0
100 Acticide PA, ko
1. DCOIT chlarsLhalorl 110

Tode Hame

0% OIT

204 DCOIT I
20% DCOL 4L
3% Carbendazim
0%, 1PEI.

20% IPBC

AR, LPI

40%, CH

200%. [ PEIC

20%, ow yelewing IPBE
0%, ow WO IFBC

20 Aqueaus Produst A
A% Aquecus Product B
2o Aqueons Product L

TS
I:CiD
0,00
1/00
D0 AT
ZFT
1/CH
CH,T
CH/M
0/CHAD
Di/H

Manufackturar

Fahm and Haaz Campeny
Rahm and Haas Compahy
Bahm and Haas Campeny
finhm and Haas Compony
“ray Chemica. Campany
fry Chemica. Campany
drch Chemical Campany
I5F Chemicals Ine.

Tray Clwrnical Camparry
ISF Chemicals Ine.

ISP Chanicals Ing,

Fohm ad Haas Comparny
Solie

Tray Chemical Campu-y

Troy Coernical Tompay
Temy Chemical Comparsy
Rohm and Hsas Company
Rohm and Haas Company
Rohm and Hass Cormpany
Arch Chemicals Lomparsy
I5P Chernicals Tnc,

T5F Chemicals Ine,

THOR Chernical Compay
THRR Chemical Coimpa-ry
Rodinn and Haas Company

() [ I7BC; Cow Cavherdzzin; 00 .- DCOCE O = SIT: Ol = Chonrstoialon™: T e Tragioeg 3 0F e 237 Fire Py vdnng,

(L) Bapa: i et booad VIGO0 Dapmn) ralic.

latter are genting increasing attention in the paint in-
dustry due 1o their claim ot broad speciram activity.

Diry (ilm vellowing is 2 phenomenon oocmally ob-
served 1n films exposed e light in indeor or outdoor
comdiiions. Tn many cases, observaliony of the vellow-
ing phenomensn are o challenge and are now repro-
ducible in defined laboriony comditions, This may be
beciause the vareties of tormulations and the inferac-
tions of many ingredients in a paint formulation mmay
vary from condition w comdition, Tor this study, we
screened (hree fest methods tha provide consistent re-
producible yellowing of dry films.

Fignre 1 shows that al paint dried at toom tempera-
ture showe no color development The same paing film
when exposed o LUVE {313 nad) light for 24 hr, showed
volor development thar measures up to delta b of 3-4
[Figure 2. A greater degree of vellowing was noled in
paints containing either IPBC or chlorothalonil than in
paints containing DCOLL or other mildewcide. This
color development in 1TV exposed film was more pro-
nonnced ina method where the surface of the film s
sealed with  clear coating of a non-velluwing vamish.”
In these sealed diy Nilins, UV exposure of just 4 hr was

4 bAarch 2007

sufficient Lo wrap the vellow chromophore lor measure-
ment, With this method, il can be cleatly seen o the
Mal paint formulation (Tigeres 3a-312) that IPRC and
chlorothalonil-containing paints were e maost yel
lewweird, TICOIT, 2071 and Carbedawim yellowed the
least. The vellowing of these films was consistent with
all types of bindey tested. The data also shows that
when g non-rractive coalescing wgent wis substituted
wilh a reaclive coalescing agent, the relative degree of
vellowing was decreased bul the trend was thar IPBC
and rhlorothalenil velloweed consisiently (Figures
3a-3b} Imtersstingly, DOOTT-based mildewcicde hias
breen implied occasionally as cause for vellowing undes
cerlain conditions; however, when Investigated further,
there were other factors [ound in the tormulacion e
influgnced the discoloration.”

Figroes 4t amd db show the elfecs of single active
mildewrcides on film velliwing in semi-gloss painls. o
these formulations, the aclives TPRC and chlorothalonil
were againl the muost vellowing and DOOT and other
mildeweides showed the least yellowing as tesied by the
aceeleraled fest method. Again, the formulations con-
taining the NRCA showed a higher degree of wellowing

1T Coatings Tech



Figure 7a—Fffecl of combination mildewcides on film yellawing in flal
paints using Texanal as the coalescenl agent (Krylon Clearcoat,/4-hr UV
me:hod).
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than the paint films containing RCA. Also noted was
the intluence of the fonmulalinos of a mildewcide
prochuct on the degree of vellowing. The 209 IPRC-
brased preluct tested in these evaluatinng exhilyited
more Fellowing than the 10% 1PRC product. There are
several new and improved IPBC-based mililewcides
availalyle for paine formulaions o consider wihile Te-
formulating their paints for lower VORC compliance.
These IPRC products are formulations with improve-
ment on color development or law- VOO0 producs.

We also studied] the various 1PRC producs available
arn the market along with two experimental agqueous
tormulations for their influence on vellowing in the
various low-YOG paints, As shown in Figures Sa and 3,
the standard 204 1PBC fommulations vellowed signifi-
cantly in a Nal paimt based oo NRCA while the paint
based on RCA exhibited reduced vellowing, Similar ob-
setvialioms wele noted lor semi-gloss painis {Figires 6a
and ob). An intetesting observation in this siudy was
that the IPBC formulations that are promoted as Low-
yellowing and low-VOU versions showed the most yel-
lowing, This obseration is notable since for the low.
VO paint repulations arferapts are being made o
reduce WO levels in any additive that would help
eliminate YO contmibution 1o the final formulation.

We also evalualed several combination mildewcides
in all paint lommulations, wsing the two coalescing
agents, NECA and RCA. As shown in Fignres 7a {NROCA)
and 7b (RCAY, the blends that contained chlorothalonil
were the most yellowing in these lests, Again, the de-
gree of vellowing varied depending upon the binder
trpe and coalescent used,

The heal age stability and contrilyution of any tilm
delects of any mildewcide is o question often asked
wlhien lesting in new formulations, particalacty in Low-
VO formulations. We evaluated semi-gloss paints by

www.cootingsiech,org
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Fiyure 7b—Effect of combinalion mildewcides an film yellowing in flat
paints using Archer RE as the coalescent agent (Krylon Clearcoat/4-hr
W method).
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heat aging the painix al G0°C for 10 days. Dravwdowns
were maite and subjected (o 4 hr UV with clear sealing
on them. Figure & shows that in our semi-gloss paind
fommulations. painl minde with MRCA coalescent vel-
lenwedd merre than pains formlated with RCA coales-
cent. Again, we noted that 1PBC-coniaining paints vel-
levevind] muore than DO T-based painls.

CONCLUSION

Reformulation of painis to comply with new low-
VOO regulalions s a task being undertaken by many
paint companies. The paimt manwlaciurers have the
hige joby of qualifving many nes raw materials such as
lowe-vOC binderys, improved coalescent agents, sl
tants, and other additives like old and new mildewcide
formulatioms, This screening of 300 paints [or yellow-
ing potential will hopefully facilttate this huge task for

Figure B—Comparisan of room tomperature and heat agod semi-gloss
paint containing IPBC and DCOIT mildewsides,
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paint manufacturers. In summary, this study shows that
the potential of a dry film to yellow is greatest in for-
mulations containing chlorothalonil or IPBC-based
mildewcides. Our data also indicates that the formula-
tion of IPBC-based mildewcide can play a significant
role in yellowing. DCOIT-based mildewcides showed
the least yellowing. In addition, effects of heat aging
paints appear to be negligible compared to formulation
effects (coalescent and mildewcide).
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