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With the advem of an oireementally cosclaus consusmer imd increased regulatory
sure, the coatings formabaroy 1@ feced wilh developing products within the conslraint: of
latile arganic compreads {VOH) veluile seifl acliiving specific perfirmaree Ltogats,
igh new resins awre being developed which will feeet o exveed the expectations of the
lator, a bend agpproech using alveady fariliar resins £5 5ol @ tdaie oblion geen

nown performatca artribures of each. This ariivle diboussey the wunlizatinn of vavions waie-
_ ' 'Iyurethg;rw-mryiic Blends in develeping a ome-compongir [ 1K) wood flonr coarig
ich achieves o VEXC gt of 2 o/l o balence of hardness developmiend with very good
1 resistatiig, and ewcelleat chemical vesierarie in comparison Wth cosenially foe-
mulated water- ard oil-Dased products fa the sonsusier- aved conractor-applied markers.

POLYURETHANE COMPARISON

. The major resin of mmost water-based waod Mooring formulations is the
prbvurethane dispersion (PTITY). FUDs are manutaciared by reacting iso-
cyanate with varinus polyols Lhirough a step growth reaciion process.
Typical polyols used to eate wooed flooring prodocts include palyesters
{FESY, which Drring exceplional chemical resistance; polycarbonates (PC),
which [ring a balance of hardness and Mexibility; and castor-based ()
products, which are noted for improved black heel inark resistance and
atulrer apprearance.

Five waler-based polyurethanes were evaluated in combination with a
medium-hard (MITT 40C) self-crosslinking aorvlic (AC-1) at a 53015 ralio of
PLIN to acrylic baseed on solids so as to attain 275 gf1 VOO larget, A starming
point formuladon was used in which the wetting, defoamer, and coalescent
packages were all lept constant. Trble 1 descrilves ench PUT,

Hardness Development
Tach coating was applied to a glass plile with a 6 mil drawdoswn bar, and

allowed to dry at ambient temperaiure and humidivy for seven davs, After

*ao0s [bBgh Point Rd., Greensboro, N 27407-7008.

JCT ContingsTech



Figure 1—Hardness development of Lhe PUDs with AC-1.
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Urethans Blends with AC-T

this diving period the hardness was measured via
Koenig pendulom hardness instrinment, Figiere 1
lluagleales the hardness developmernt af the TIT
with AC-1.

The acaplics (AU-1) Tiandness was measured o be
104 seconds via Koonig method. 1 is apparent that the
neady 1:1 Wlend affected each PUL i separate ways.
Tor example, the PES/AC-1 s one of the soliest Jdue o
a lamge impact of the AC | versuy the harder LS com-
ponent. This could be due to sligh! incompatibilit or
formufation ingredients interaction such as solvent
evaporation. n e two other cases, PC-1 and C-1
Bends, we see the impact of Tunher erosslinldng with
increased hardness development versus the: twer ineli-
vidual components.

Commercially available ane-component (1K) wood
cotings tend 1o exhibit hardness in the range of 45
to 170 seconds measured via Kpenig tester. Figlae 2
illustrates the hardness development of cach product,
A 11, with its respective listed VLD maximims in
prams/lier.

Abrasion Resistance ASTM D 4060

Abrasicn resistance seeks to determine seevice lile
of the coating in a testing enviromment, Using a stan-
dard Taber abrader set up of 1000 g applied (0 0517
wheels, the coalings were subjected to LOOO cycles of
wear, The average welghl Toss of triplicates was meas-
ured with an analytical balance. 'Lhe resulis are re-
ported in figure 3.

As expected, the polyoarhanate-hased FUDs pel-
Tormedd very well. One of the casior based products had

Table 1—FuD Properties

PUD I T W Elgrgation % _Kaendg Hard pirss
PL-1rwsrarawrimias w5 200 115
PL-2 oo iiie i cas Ry 160 130
[ 13.3 230 145
-1 e 5 175 a5
C-2 i e e o LA 6 115

WWW. Coating Stech, org

‘Technulugy Today

Fiqure 2—Hardness development of commercial wood coating products.
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some deaease in resistance, bul nod so substantial as to
disconmt it entirely as a floor product. ‘To put these
numbers in perspective, commerdal products range in
Taber resistance from 26 o 50 mg loss.

A significant finding is the balance of Rardness and
Lithwer alwagion of PO-1/AC-1 and C-1/AC L. Fach of
these exhibits the highest hardness walues of 132 aind
135 seconds respectively, vel wlur the besi abrasion re-
sislance propeties with 22 and 36 my loss respectively.

For the commercial products, the Taber abrasion re-
sults varied [rom a Tow of 20 myg loss 1o 53 mg loss as
shewvn in Figaoe 4.

Chemical Resistance

Tloror coatings thal are bacd and wear resistant also
neeel Lo e resistant to e conumon hiusehold chemi-
cals that potentially could he present. Waler, comman
water-based products, aleolaly, and oils are used to
evalinile resistance, Two coats ate applied 1o oal: loor-
ing at & mil wel filin thickness using a squatre ar 1o
simulate final coating thickoess of 4-6 mils diy, which
mirmics 2 three- to four-coat standard applicarion,
Sanding belween coats wlows for tull coverage ol any
Taised grain that may aflect the rating of the cemical
resistanee: of the film, Films are allowed 1o dry for
seven days belore spol lesting with each chemical une
der watch glass covers is completed lor the dme indi-
cated. Aller wiping of films and approximaely 13-

Figure 3—Abrasion resiszance of PUDs with AC-1,
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Figure 4 - Abvasion resistance of commercial wood coatings preducts,
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Figure 5—Gloss development of acrylics with PC-1.
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Figure 6 Hardness development of acrylics wilh PC-1.
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Figura F—Abrasion resistance of acnylics with PC-1,
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nitntile recovery. the final raling & ziven. he rating
scale ranges from a razimum of 5 being the best with
1oy eftect on Lhe film, to O, indicating compleie (ailure
oof (the M, usually digsolving through o the subsoate,
talle 2 smmnarizes the results.

It is apparent thal each coating performs very well
with the milder water-based chemicals. Rihyl alcohol
andl ammonia prowide the lesl differentation. The
polyester-based MILs vield slightly better chemical e
gistance than lhe polycarbonate-based and castor-based
rrewlucts. This is not necessarily a aniversal wend, ban
one that has been noted in much of the author's work.

These data indicate that one could choose any
of these o appropriate for use in VK floor coalings.
The Trest balance of hardness, alrrasion resistance,
and chemical vesistance is achieved with the PC-1
polycarhonale based PUD with the sebf-crosslinking
acrylic AC-1.

ACRYLIC COMPARISON

15 the acrylic AC-1 the omimurn for wse 10 a tloor
coating? To answer this queslion, a separate study was
condusted 1o evaluate four acrvlics in blends with the
PG P Lhese acylics difTer in termes of hardness
and self-crasslinling tvpe life 3 gives a desciption of
the acrylios wsed.

Compatibility of PUD and Acrylic

Ome of the first Gwelors 10 evaluate is the inidal come-
patibility of PLIDs with the specific acrylic. Simple ex-
periments such as viscosity changes in lme or appear-
ance {particularly gloss developiient) in cast films are
good indicawors of stability, All acvlics evaluiled exhib-
iled good wiscosiny stalility over Lme with PC-1, hiow-
ewer ditferences did arise in texms of gloss developiment
(e Feute 3.

Fowr of the five resing showed extremely good com-
patibility with TC 1. AL-5 showed significantly lowered
gloss. Mo (urther studies were dome (o delermine the
ciause of Incompatihility, bul it is speculated that exces-
sive solvent conwent o tonmulartion was the culpril.

Shuwen in Figures & and 7 and in Tabde 4 are the re-
sulis of hardness, Taber abirsion, and chemical resist-
ance commparisons of the different acrvlic modifications
versis winoditied PO-7,

The effect of acrylic mendification is verv evident
trom inoessed [ hardness and chemical resistance
1 the decpease in abrasion resistanoy versus 000 PC-1
PLITY, At issue, though, is e VO of the coatings. The
100 PC-1 coating bad a thearetical W00 of 370 2/L
while: the acrylic maodified foonulations were below
27¢ /L.
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Tahle 2——chemical Resislance of PLT Comparisnn

[:hemical Resictance

PL-1AC1 PL-AMAG1 PESMCT [A/AGL GE/AC1
16 P—Loey-Cola. oo 3 g 4 5 5
16 hr—weter ..o - oo 4 3 5 a 5
18 w—adwne oo 4 3 5 5 9
16 hr—hot ooffee . . .. ..., . R 5 3 4 3
1 hr—dibuiplphthaiate, - . ... o 5 5 5 5
B T T T [ h 4 5 4
1 hr—wagetabla o'l ., .., 5 L] ) 0 )
Thi—hH, 350 ... 3 3 4 2 5
Liv—EtOH (50%) ., ... <. 3 & 4 i 3

Zelf-crosslhinking

aerylic Code _ MFR koenlg Hardness _ Type
AL-T oo 4h 104 A
AL a0 130G B
AL oo s - =0 130 Hune
Al e 5h 140 [
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Chemicl Resistance

Pl PG-liACA PC-1 f80-2 PL-1740-3 PC-1/804 FOn1 /A5

la h—Coretnla .. .. .. ... ... .. L] 5 5 ) 5 )
Tabr—water ... .o 4 L 5 & 5 4
18 hr—rez Wil o w e oo, 5 ] 3 & 5 4
T h—hsteoffes o, .o .00, 3 5 4 4 3 4
Chr—dibugprtalas Lo oL g a A 4 z 5
B T e 4 5 3 5 ) 4
Thr—myelaziz il o, v e 3 5 5 5 L 5
l |'|r——hH_. 30 e e Z k! 3 3 4 &
Toar—Et-MH (50 oo ] E 3 2 3 2

Chernital Reslstance
- - PL-1/A0-1 i ] L 0 E F 5 H
16 nr—Coca-Cola .- ..o 5 5 5 5 4 3 g g b
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1z hr hetooffee o000 h 4 5 3 3 k] 3 4 4
1 br—dibutylphthatate o, o, -, [ 3 g 5 3 3 g ] 3
Shr—amebore oL L. 5 q 5 5 ) 5 = 5 3
1hy—vegrtabie ol oL L L 5 b 5 3 g & Y 4 3
THE HHy 5.5% . ooennnns. E z 3 i 2 2 4 4 4
Thr—E-ON (305 ..o 2 4 a k! I 2 5 L L
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L looking at the data, any of the aceylic modifica-
tions would be wiable aside from the ploss difterences
nated previously with AC-5. Interestingly, the increased
hardness of the AC-1 in combination witlh PC-1 a1 130
sec versus 1004 PC-1 a1 109 sec and AC-1 AL 104 sec is
significant Jue to the increased crosslink density of the
twa in combrination, This can be lurther supported by
the bump in chermical resistance for both aninonia
and ethanol.

A halanced view of the dula would suggest the best
choice of acrylic would be AC- 1, giving rise 1o the best
compasition el the new coating being PU-F PLIDYAC 1.
Comparing data to comimerdal products on the market
currently suggests indeed Lthat thiv approach is wonth
investigating.

SUMMARY AND CONCLUSIONS

Although new rewing are being developed that will
meet or exceed the expeclations of formulators, a blend
approach using already familiar resing 15 still a viable
aption given the known pedormance auributes of eacts.
This article discussed the utilizadon of various
palvurethane-acrvlic blends in develuping a wood floor
coating that achieves a VOO target of lexs than 275 &1,
a halance of hardness development with very good
‘labee abrasion, and excellent chemical resistance,

&4 bay 2008

The best composition involved use of a polycarbon-
ate-based PUD, such as PC-1, In conbination with a
medinm-hard sell-crosslinking acrvlic, AC-1 This com-
pwition also perforimed very comparably to the com-
mercial wood coatings formulations earrently available
in the marketplace.
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