Formulating Coatings with
Silver-hased Antimicrobials:
A Systematic Approach
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INTRODUCTION

Antimicrobials are chemical substances which Kill or inhibil growih ol
micronrganisms such as bacteta, fungl, and algae. These microbes feed on
organic material and under conditions of high humidily can he deleterions
to organic [ms and substrates. Antimicrobial compounds can be incorpo-
taled into paints and coatings with the inrended effect of inceasing their
durability and effective service life, and are increasingly in demand where
sterile envitonments are required such as in the medical profession.’

PPainl is composed of resin (binder), pigments and fillers, selvents, and
additives. Additives inelude surfactans, dispersants, theological modiliers,
light stabilizers, and biocides. Because in both the liquid fespecially waler-
hased systemis) and cured states paint can be susceptible to attack by mi-
croorganisms, there is a need for both in-can stabilizers, which protec Tigguuied
caatings (rom hicdegradation, as well as materials which protect cured films
in Uhe industry,
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DESIRABLE ANTIMICROBIAL PROPERTIES

Ideally, antimicrobial materials will showe efficacy
apainst a wide variety of microorgandsms, be relatively
erwvirenrnentally sate, be colorless and odorless, and be
imert with respect to nltravialet and visible radiation.
Alsn, it is advanlageous to formulate with andimicro-
Bial miaterials which are staldle across a wide range of
pli and which ran be processed al veny high tempera-
tuves, Finally, e andimicrobial should show efficacy at
relatively low levels within a coating matrix.

MARKET AND MARKET TRENDS

The total global market for blocides lor 2006 s ex-
pected tia by approximately $400 million LS. dollars.
The highest consumption of antimicrohial by applica-
Licen 1 im the architeclural macket, induding inlerior
and exlerior coatings witch are designed to provide
protecien (rom growth of meolds and mildews, The
serond largest market for antimiciobials i marine an-
tloulants, whicl help prevent marine life from atach
ing te ship hulls and the bottoms ol Twoats,?

Other markels which are expecied W sew prownh for
antimicrobial coatings indlude hospitals, nuesing
homes, daveares, and medical applications where high
standards ol hygiene are vequired. A wariety of target
application areas have been recently developed and ex-
plored; lor example, powdet coaling applications for
the food processing industry, Other developing appli-
catiens include ventilation ducting, public tansport (-
cilities {planes, buses, etc.), bathriom amenitics, and
flooring,

SILVER-BASED ANTIMICROBIALS

Silver has been usecd lor centusies as an antiseptic,
and i el lnown to Be Woxdc e humans i lowe coin

Figure 1— Wiseosity change vs. time for staing puint formulations.
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centrations, In addiden v s low toxicicy, silver has
several beneficial properties which malee it an excellent
candidale for use as an antmicrobial material Tiis
thevmally stable, shows Troad spectral activily against
Moy 1aTget organsims, and s stable against LV/isible
radiation. These propexties give silver & marked advan
tage Vel many organic antimicrobials, which can be
oxic anil degrade at elevied temperatures as well ay
degrade in the presence of LV Yisible radiation. The
silver-based antimicrobial studied in this ardcle will be
denoted as SAMIL. This material has an average particle
slee o approvimately 5 miceons, and containg 1% ac-
tive silver and 3.4% zinc in a glass weolite supporting,
matmix, The physical form of this produwct is o white
pewwcder. Combinations of silver and zine have been
showwn i some cases 1o lead 1o synergistic effects®

FORMULATING CONSIDERATIONS

Lnitial screening of SAMI ralsed some issues which
were resolved througl swstematic formulaling consist-
ing of evaluating the shear lorces necessary 1o properly
disperse the fller in the coating malrices, as well as op-
tmizing dispersartl choice and, finally, assessment of
surfactants to ensure How and leveling of the coaling
tormutations. 1 was deteemined hal acrvlic acld poly-
met dispersanis were excellent for stabilizing the an-
timicrobial in water-based formuolaions and the acidic
polvester/palyamides tor salvent-lased formulations.
Sufficient shear wo disperse this material can be im-
paried through the use o an HST (High Speed
Drisperser] such as a Dispermat CN D equipped with 4
Cowles blade al 3000 myms for 15 min.

MECHANISM GF ACTION

The mechanism by which SAM1 climinates growth
ol miceohes beyging with the cootrolled release ol silver

Figure 2—Gloss ws, antimicrohial concentration far starting point for-
mulations.
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Figure 3—Bioefficacy results [or intericr latex paint,
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Figure 4—Biocfficacy tesults for 2K water-hased polyursthane.
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Fiqure 6—~Biocfficacy resulls fur 2K salvent-based polyurethane.
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Figure 7— Binefficacy results for selvent-based polyester melamine.
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ions under ambient moeisture. Silver iong liberated by
MOiSTIre come indo coniact with target organisms and
tnteract with muliiple binding siies, As silver lons are
transterred inwo the cells of targel organisms, metabolic
and respiratory funclions of the cell cease, and, comse-
quently, the fanget organism cells are destroyed.

BIOEFFICACY TESTING PROTOCOL

Antimicrobial efficacy 1s tested according to a modi-
fied version of ANITTC Test Method 100- 1998 {Assess-
ment of Antihacterial Lindshes on Textile sMaterials).
The protoce] Tor ihis test method involves inooilation
of the otganic coating with the appropriale lest siraing
fine Uhis case, with Sraphydococeus awrens and Bscharichia
colf), then ncubation for 24 hr at 3790 a1 0% relative
hurrmielity,

After this rime has elapsed, Uhe surviving bacteria are
washed off and dilution sedes are plated out onto agar
[lates with a spiral plater andd incukated 2n additicnal

HCT ContingsTech



Fiqure B—D5C spaclra for water-based acrelic cearvoat,
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Fiaure 9—D05C spectra for inlerior latex paint.
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24 hir at 379C, After incubation, visible colonies are
counted and the results are given as colony forming
units per sample Generally, a 2 order of magnitude re-
ductiom in CFs (colony (orming units) due wo e
presence of antimicrobials is accepred as ovidence of
hiocfticacy, [deally, a result of <100 CELs i comsidered
full acitvity, as this s the limir of detection for

ihis tesling.

The modification of this testing Mmom the ornginal
AATCN Test Method 100 is necessary becanse the origi-
nal method calls for a high level of mrient brody [pro-
tein], which in this case causes the silver ro bind to the
protein before it is able o come into contact with mi-
crobes. Thus: the comcemtration is dropped from 0.3%
10 (.05% soybean-casein digest broth. Contrals are mn
o1 coalings in sach case thal do not contain anlimiceo-
bials 1o assess for “hlank effects,” or W ensure that
other components in the formolation ave not respaonsi-
ble for destnuctiom of target organisms evaluated in
the testing,
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Figure 10— D5C spectra for 2K wator-based polyurethans.
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Figure 11—05C spectia for 2K solvent-based polyurethane.
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Figuie 13- Correlation belween minimum silver antimicrabial concen-
tration to obiain binefficacy and Tu'
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EFFECT OF SILVER-BASED ANTIMICROBIAL ON
PHYSICAL PROPERTIES OF COATINGS

Initial torniulaticwss were tested for shelf stability un-
iler accelevated aging conditions at S0°C fur two weely,
Sarnples were also evaluated tor viscosity change afler
one month of slorge under ambient conditions. The
roatings tested included an interior lates paint, an in-
dusteial waterbome 1K aaylic dlearcoat, a 2K waler
based polyurelhane, a solvent-based polyester!
melamine for coil coaling, and a sobent-based 2K
pedyurethane. All fonmulations containiog SAM 1 either
had no sedimentation or had sedimentation which
coutld easily be redizpersed witls low agitation after the
duriation of the shelf stability testing. Viscosities were
cenerally stable and are summarized in Fgure 1 (note
that the 2F water-based wrethane 34 not included as the
polyel in this svsten is known w hydralyee and any ef-
fect from this could not be decoupled trom a in-
crease/decrease in viscosily due to the presence of an
antimicrobial ). Sivy-degree aloss values were also
measured and are plidted as a funcion of tiller loading
{Figure 2). It is evident that soroe reduction in gloss iy
fncurred ax a lunction of 5481 lnading,

Table 1—t, and WRE Yalues vs. Anti-

microbial Concentration Reguired for
Bioefficacy

System [SAM1] T WRE Yaluz
Intevior latex paint ... .. 0.5 0,62 3.5
WH acrylic clearcoat ... 0Lb 4028 731
2K 'WE polywralhane . .. 3.0 46,3 4.1
Polyester melamine .. .. 7.5 G504 B9.9
2K 5B pelyurethane ., - =10 7416 62,6
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FigLre 34-—Correlazion between minimum silver antimicrobial concen-
zriaticn o obtain bicefficacy and WRE value.
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BIQEFFICACY TEST RESULTS

Bioefficacy testing was perlormes] using the modified
version of AATCC 100-1998 as described previvusly.
Hesults are given in Migures 3-7. The water-based acrvlic
and polyurethane coatings showed bioefficany ar lower
leadings of SAMI compared to the solvent Dased
polyvurethane and polvesier-melamine coatings (the 21K
solvemt-based polywethane did ool show efficacy at
any Tewel tested but the 10% data polint s included 1o
illusuate the wlationship with properntics tested). Lhis
result is consistent with the mode of action described
prrior, demonstranng the role of moiswre in liberaling
silver ions lrom the surface of the coatings o the target
organisims, This mechanism is thus enhanced for coat-
ings with greater hwdrophilicity,

CORRELATION OF Tq AND WATER REPELLENCY
EFFICIENCY WITH BIOEFFICACY

Class transition remperattes were measured Jor the
individual staning polnl formulations vsing a © Series
Thermal Analysis Differential Scanning Calomimeter
(OO fram A Instruments. Scans were done al
5" min sweep rates under nilrogen purge, Measure-
ments of T were analvaed using the Universal Analysiy
sollware pﬁagmm and are reponted [see Mewres 8-12 for
scans). There is strong evidence (o direct correlation
lelween the resin glass transition temperature and log,
concentration of silver lased antimicgobial [SAMI) re-
quired to obtain bioetficacy against £ colt and 5
eurens, willn the T4 value of the trendline in gure 13
being 0.831'1hus, increasing resin T {or higher
crosslink dengity) results in lower migration cales of sil-
vel [ons W the Lirgel onranisms, requiring higher levels
of SAM] to show bloetficacy.

Water Repellency Efficiency {WERL) was evalualed ac
cording 1o ASTM 03401, Sonthern Yellow Pine wood

JCT CoaringsTech



Table 2—starti ng Point Fermulations Evaluated with SAM1
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Coaarg Type Row Matavial Supplier Wright (g) Mixing
{1) Poiyvester/Melantine Coil Coatimg [Pispursiat)
AR e e CHEMpAL® 211-4205 Couk fumpasites a1c Pelemer: 2430

EFKa» 5010 Cihz Specialy Clerica s 38,0

Teonpx® (k325 Kerr Mchee 40C.0

Sarl [iba Specially Loenicals 33,0 15" & 002 rans
[ T PRSI CArrpol® 271-7 805 ook Compnsites @nd Polyners 162.5

Cyeniel® 303 Tures Incus.ries Ee¥ ]

r-Ka7® B22R King Industies 6.2

[l kas 5236 Ciba Scecially Chamizals 51

Aramatic 150 Exxan Chamiral o, 1820

Wbyl Cellaznlys® Uiz Ca-bide £l

BLty. Corbitel* Union Carkige 5.4

Mix lefdevs aad goind. apply with 300 gi (wey [00) wiee waead ditedaen rod, H#ash 10 adient. come i1 & 1807
{2} 58 2K Folyurethane
Grind & pace), Desmnpaen™ 6314-75 By fzba-daisriance 200.0

EFka™ 3600 C*ha Speeialy Chemicals Ei|

EFEA® 500 Utbz Spaciatty {hericals BB

Truas= LRE2E Ketr Midare 180,01

PHA Avamalic 1500 [30:hd) Siyma Aid-ich R0 Chernicel Co. 6.0

St ika Speciolly Chem™cals 18,0 1% @3000 rpms
[ o Desmndur® k3200 Bayer MazeralScier o 155.7

Meeure T-07 (1% ir 4MP) Adr Precucls and 5emicals, Tac .1

Hix fetdown, gring, ood cafelyst. Otube wilh 9 i necessary, Spray Lo desiad S0 i, Cure 15 mio ar 2300

3] Intariar Flar Framel

LEhe L PO 1) o1 13.5
Tqepal> CO-a70 Rhed'a Ine, [HRLY
Sonect s American Lecthn Lo, 0.4
Dz prst® 40 Cina Bpasally CheTicals 1.5
EFKAY 2550 Cibie Spacialty Cheswicels 0.1
Nistulae® Yy3o Ciha Saecially Chemizals 1.0
Acnganl® BFAZE Ruhre and Haas fompany 0.8
TI Purg= apz Cupart LN
Hytal® 200 It.1. Yanderzitz Ca, 24.4
51 Ciba Specially Loiemicals 1.0 10" & 3003 mme

LebErman, . s Fhoplex v aC-264 Buitn ard Haaz Company 2480
AP ER i1
‘Water .3
Aapylene Lilyzal i

o iefidren du grind, Brush apply or drawdows 43tR 200 sicon BT wire worng bec, Will ary ander dmbient coaditions,

(4} WE Clear Acnlic Thermoset fndustrial Clearcoat

Jancryl™ &40 Jaknsan Prdyrers 10ce.4

Lizazalve® DR Easlman Charical Cn. 3.0

DT H,0 56

TIEa 3570 Ciba Scecialty Chemirzls 0.3

EFKA% 25357 Cha Spadalny Chomicls 01

SAMIL Ciba Spuciaky Chemicals 1.1

Spray ar deawdnan ay desred. Flash 200 @ ambiast. Cure 18" & 15050, 18" @ 3900 pois

(%) W8 2K Folyirelhame

Adura® 100 Air Prosucts ard £Femicas, Tal, 7.0

NI 0 34

EFKAS 3470 Cibu 5zadalsy Chemicsls 0.5

DFspem® B0 Cibz Specia.my Chemical: 1]

loemaxns AGS Tegi 0.l

SAHN Uiba Specialty MFerticas 3.0

Desrcdure M35 Bayver Malorials:lenca 2z.B 10 (@ 2000 FEms
Matacire® 7-12 {10% in HKF) A~ Products and Chemicals, Inc. .02 "

Mix grind. terdowe, oo coledest. Ditute afth D7 K00 Apoly w320 2000 am drawdown bar, Wil care vader sinfiont randitnns,
ran Aest [ Racesssry ta decvitvale cure.
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blocks were coated and allowed to float for 15 min in
deionized water, then inverted and allowed to float for
an additional 15 min. At the end of this time period,
the excess water was wiped off of the blocks and then
they were evaluated for water uptake. The WRE values
were calculated using the following equation:

WRE = 100[(A-B) - (C-D)]/(A-B) where:

A = weight of the uncoated specimen after water contact
B = weight of the uncoated specimen before water contact
C = weight of the coated specimen after water contact

D = weight of the coated specimen before water contact

Triplicates of each coating were evaluated. Higher
numbers reflect better water repellency. Figure 14 shows
the results of this testing, with excellent correlation be-
tween log (SAM1) and WRE values (R?=0.99).

SUMMARY AND CONCLUSIONS

Silver-based antimicrobial SAM1 has shown efficacy
in a variety of model coating systems including in wa-
ter-based 2K based polyurethane, in water-based clear
and pigmented acrylics, and in solvent-based polyester-

melamine coating. The product can be easily dispersed
into solvent- and water-based resins using a Cowles
blade-type mixer under high shear without the need for
additional milling processes. The main target markets
for this type of product are interior and exterior archi-
tectural coatings and marine antifouling coatings. It is
apparent from the data, which was a result of this
work, that bioefficacy can be easily demonstrated in
water-based acrylics and urethanes at levels which will
be economical for the end user.

Glass transition temperature and Water Repellency
Efficiency values summarized in Table 1 show evidence
that both are proportionally related to the concentra-
tion of antimicrobial required to obtain bioefficacy in
the starting point formulations evaluated. [
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