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onventional solvent-based oil-modified urethanes (OMU) have been
a mainstay in wood flooring and clear varnish applications for many years.
Since their introduction into the United States in the early 1950s, their usage
has grown steadily. They find application in the toughest environments, like
gymnasium and athletic floors, as well as clear varnishes for hardwood
floors in homes, offices, and other public buildings. While favored by the
professional flooring contractor, they also are used by the do-it-yourself
(D1Y) homeowner, for everything from floors to cabinet refinishing to wood

. furniture restoration.

The features that have made this technology so popular over the years in-
clude ease of application, fast dry, excellent long-term durability, and reason-
able cost. There are very few resin and varnish systems that can provide the
ease of use, appearance, dry time, early mar and scuff resistance, abrasion re-
sistance, and household stain and chemical resistance of a solventborne oil-
modified urethane varnish.

Currently, conventional solvent-based oil-modified urethanes, with all of
their features and benefits, are facing extinction in the marketplace. The
cause: implementation of volatile organic compound (VOC) regulations.
The top performing solvent-based oil-modified urethanes have a hefty
520-550 gram/liter VOC. Regulations that will take effect in the northeast-
ern United States in 2005 and in the Los Angeles area of California in 2006
call for VOCs of 350 g/L and 275 g/L, respectively.

Questions that are addressed in this article include:

(1) What is an oil-modified urethane, and why is it so popular for wood
floor coatings?
(2) What are the VOC regulations? When do they take effect?

Presented at the 82nd Annual Meeting of the Federation of Societies for Coatings Technology, October
27-29, 2004, in Chicago, IL.
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{3) What test methods were used to determine alter-
native wehnology performance?

{1) Whal are the altermalives 1o solvent-based (ML
lechnology?

(%) How do the allermnatives compare to the best of
the solvent Ol technologies {550 giL)?

{8 Is oil.modified uretlane techinology doomed 1o
extingtion, ar do the VOC-compliant alternatives pro-
vide an opponunily for distincion?

SULVENTBORNE QTL-MODIFIED URETHANES

Applications

Solvenubarme oil-modilied urethanes are used exten-
sively m the wood Moot finish market, Woed floor fin-
ishes range from gym foors, which are typically maple,
ta home and office loors, which are usually red or
white nalc 'Lhe National Wond Flooring sMannfacturers
Association (NOEMA] has a recomimended regimen for
finishing wood floors. Inchded is the need to let the
wood acclimate to the dimate of the building where it is
inslalled, as well as a sanding regiinen from coarse to
fine sandpaper betore applying the conting, The sanding
media can be either sandpaper, steel wool (never used
wilh waterbornhe coatings though, due to rusting and
filim discodoxation), or & screen/iiber prad on a disc luff-
ing machine. NOPMA recommends coating the wood
right after sanding, within the sime day. Coaling mmne-
diately after sanding minimizes the wndency {or grain
raising. Berween coars, sereening and dust removal (vic
vum and tack cloth) ate specified.

The varnish is applied by pad applicator (or some
varialion, lile a squeegee), brush, or roller. Care has 1o
bie talten nol to overwork the wet varnish, which may re-
st in bubbles. ' The varnish needs fo drv quickly, but, on
the other hand, must Bave excellent wet edge and worka-
bility. Qil-modified urethanes, like other technologies
that are reviewad in this reporl, are vory ellective at bal-
ancing dry time wilh wet edge and workability,

Lhese preparation and application methods are no-
table in the discussion of alternate technologies, partic-
ulady waterborne. [nothe NOEMA procedures, oil-mod-
itied urethanes are cited for thelr ease of application—
easiest compared to all of the other technaologies, like
walerbome and acid-catalyzed syslemns,

Chemistry

Cil-modilied urethanes are an addition reaction of
an tsocyanate with a hydroxyl-bearing fatty acid modi-
fied ester. e isocvanate typically used is toluene di-
isoeyanate (1D}, The drving oil is reacted with a poly-
hydric aleohal like glycerol or pentaerviriwl, lorming
polyol-medified vegetable oil or polyel-modified fauy
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acid. Isocyanates teact readily with alcolols/polyols, re
siting in the formanon of the mil-modified urethane.
Vhe gemenic stouciure of an DML is shown in Figee 1,

ey characterisics that dictate the pedormance of
the oil-meadified urethane: urethane comient. oif con
tent, and ol lype. Higher levels of lsocpaate, or less
iil, result in higher molecular weight polymers that are
harder, faster diying, ard more chemical resistant. Due
to the higher molecular weight, they also wend to be
higher in viscosity, To get to a useable viscosity, mole
solvent [lower solids] is needed. More selvent means
higher V(I —as high as 550 gL,

01l selection 15 also critical to Ol performance.
(ine of the most commaen oils used in hese polymers
is linseed, Linsesed is a diving oif thay provides fast iy,
good haridness. and respeciable tlexibility properties; it
also tends 1o vellowy more than soimne of the semi-diy-
ing altemnatives. Pegmilar and (eqguently used semi-diy-
ing oils are soya and sunflower The semi-diying oily
are used tn vamishes where a lighter color (less yellow)
is desired.

Another critical aspect of oil rmoditied westhanes 1s
solvent selection. Mineral spirits is the solvent of
choice Jor architectural varnish ObLs. This is due o
gvaporation rales [dey times), wet edge, odor, and rea-
sonally low tlammalility, Any aprodic solvent (no
groups that will react with the urethane)}—aromatic-hy-
drocarbons. aliphatc hvdrocarons, esters, and le-
lnes—aan be used. Some of 1he sironger aromaiic and
oayveenaled solvents are used in indusirial coating ap-
plications.

Cil-modilled nrethane varnishes, after appplication,
cure 1o fully crosslinked systems. ' The mechanism is ox-
idative cure. Orygen, in conjunction with the double
honds in the oil, undergoes a complex seties of veac-
Uons leading to crosslinkdng, The reaction with oxvgen
is catalyzed by a metal soap drier (see Figure 23, For
most medern (ML varnishes, the mertal drier of cholce
is etther cobalt or manganese, The Mster this oxidative
reaction, the faster the Olm will cure and be able © be

Figure 1—Generic stiucture of gil-modified wrethane and oil.
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Figure 2—0xidative cure model of oil-modified urethanes.
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put “back-into-service.” Some oil-modified urethane
systems, specially formulated with drier accelerators,
can be back-in-service in as little as 24 hours. Slower
drying oils and lower drier/accelerator levels may
lengthen cure to four to seven days. A film with no
drier will eventually oxidatively cure on its own, but
studies have shown that this process takes a month or
more, depending on oil type.

To summarize, solvent-based OMUs are a one-com-
ponent, self-crosslinking resin and varnish system. They
are stable, easy to formulate, and provide a high degree
of performance. Later, some non-OMU alternatives to
solvent-based oil-modified urethanes are presented.
Performance advantages and disadvantages are dis-
cussed.

Formulation

Conventional solvent-based oil modified urethanes
are very easy to formulate. A typical formulation con-
sists of OMU resin, mineral spirits (or some other suit-
able aliphatic solvent, depending on drying and open
time requirements), metallic drier, and antiskinning
agent. Usage levels of metallic drier are relatively low—
0.01% metal on resin solids is the norm. The two most
common metals used are cobalt and manganese.
Cobalt gives faster surface cure, but in solvent-based

Table 1—Clear Varnish Formulation,
Conventional Oil-Modified Urethane

Material Lb Gal

Conventional solventborne OMU (50% NVW) ........... 576.1 77.86
Mineral SPirits .ooeeeveueeeeeeeeeeeriee e eeraies ...144.0 22.09

Anti-skin (0.2% on resin NVW) .....ocoeeiiiiiiiiiiiiiiiiinnee 0.6 0.08
6% Cobalt naphthenate (.01% on resin NVW)............. 0.5 0.06
Totals: ... 721.2  100.09
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OMUs, could add slightly more color in both the wet
varnish and dry film. Manganese gives more of a
through-dry and is slightly lower in overall color than
cobalt. If very rapid cure is required (to get faster back-
in-service times), an accelerator can be used. Examples
of accelerators are commercial products DriRx and
Activ8. Optimum use levels for accelerators are a 1:1
molar ratio of accelerator to drier metal. The 1:1 molar
ratio, for varnish formulation purposes, is approxi-
mately 12 times the weight of pure metal in the drier.

VOC, Grams per Liter

As the formulation in Table 1 shows, the VOC of the
conventional OMUs is quite high—519 g/L. The exam-
ple presented features one of the higher molecular
weight, higher urethane level oil-modified urethanes.
At the featured VOC, it will have lighter color, quicker
dry, the best mar and scuff resistance in the shortest
cure time, and it will be the easiest of the solventbormne
OMUs to flatten (make semigloss and satin finishes).

The longer oil length OMUs are very popular as
well. These will formulate to lower VOCs, typically in
the 450 g/L region. They have a lower initial viscosity
and sharper viscosity reduction curve, hence less sol-
vent is required to achieve specified viscosities—result-
ing in lower VOC. Dry time and mar and scuff resist-
ance development will be somewhat slower, but still
very good compared to other solventbome systems,
like alkyds. The longer oil length OMUs will be more
difficult to flatten; more flatting agent—like fumed sil-
ica—will be required to get a target (lower) gloss.

The discussion of VOC levels is a good introduction
to the next part of this article, which reviews current
and pending regulations.

VOC REGULATIONS

National Regulation, EPA

The United States Environmental Protection Agency
(EPA), in conjunction with the coatings industry, pro-
posed and ultimately formalized in 1998-1999 a series
of regulations to limit VOC emissions from architec-
tural and industrial maintenance (site-applied) coat-
ings. These regulations, especially by 2004 standards,
are reasonable from a compliance and technology
standpoint. In these regulations—40 CFR Part 59,
Subpart D—varnishes are listed at a VOC of 450 g/L. A
coatings manufacturer making a 500 or 550 g/L var-
nish could pay exceedance fees, which often resulted in
lower cost than reformulating their product line. The
national regulations also included tonnage exemp-
tions. The EPA document allows states and regions to
impose stricter regulations based on environmental
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Figure 3—South Coast Air Quality Management District (SCAQMD).
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and meteorological needs. That is where the real diffi-
culty for the coatings industry and varnish manufactur-
ers begins.

South Coast Air Quality Management District

California initiated the original coatings industry
VOC regulations, and has continually pushed the VOC
regulations lower. Within California, the various re-
gional Air Quality Management Districts (AQMD) can
set even lower limits. The lowest limits in the United
States are set by the South Coast Air Quality
Management District (SCAQMD; see Figure 3), which
includes within its jurisdiction Orange County and Los
Angeles. The current SCAQMD VOC level for varnishes
is 350 g/L. The new proposed limit, Proposed
Amended Rule (PAR) 1113, which will go into effect in
July 2006, is 275 g/L. In 2006, the South Coast district
will do away with the exemption for varnishes in con-
tainers of less than one liter in size. Interestingly and
ironically, the SCAQMD has cited claims straight from
the cans, data sheets, and websites of some of the
largest varnish manufacturers as justification for VOC
reduction. The claims tout that the reduced VOC water-
based varnishes will actually perform better than the
solventbome counterparts.

Ozone Transport Commission

Perhaps the larger regulatory threat to conventional
solvent-based urethanes, and other higher VOC sys-
tems, are those regulations being coordinated by the
Ozone Transport Commission (OTC). The OTC is a
multi-state organization that focuses on helping their
member states reduce ground-level ozone. The OTC
membership list includes 12 Mid-Atlantic and
Northeastern states, along with the District of
Columbia (see Figure 4).

The OTC has recommended several architectural
coating VOC reductions. Significant to this article is the
pending regulation for vamishes: 350 g/L. This recom-
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mendation, already adopted by several states—for ex-
ample, New Jersey, New York, and Delaware—was set
to become law on January 1, 2005. Most of the OTC
states (those with the largest populations and most
pollution problems) were expected to have this law in
place by that time. OTC is providing the exemption for
containers of less than one liter.

The OTC regulations—due to timing (early 2005);
size of the region in both land mass and population;
and California-like limit (350 g/L)—are what is causing
the immediate concem among floor finish and varnish
manufacturers.

TEST PROCEDURES

The next sections deal with various alternatives—
polyurethane and oil-modified urethane types—to con-
ventional OMUs. To help understand the performance
of these various systems, this section deals with some
of the test methods and parameters that are mentioned
in the following sections.

Mar and Scuff Resistance

One of the keys to differentiating performance of the
various resins used for clear wood coatings is mar and
scuff resistance. There are many tests for mar and scuff
resistance—the method presented here is the pendu-
lum scuff test method, as seen in Figure 5. The appara-
tus consists of a pendulum arm with a weighted hard-
wood (white oak or maple) block at the end. This is
the striking surface to the test panel. The average 20°
gloss is read before and after the test. The test consists
of hitting the coated panel—either treated steel or
maple—four times with the pendulum arm/wood
block. Results are expressed as (a) % 20° gloss re-
tained, and (b) visual assessment of the panel (scratch-
ing and scuffing). The equipment and method for this

Figure 4—O0zone transport committee,
member states.

b
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test was developed by Reichhold. The test development
is supported by several statistical experimental designs.
Copies of the method are available. Good correlation is
seen between pendulum scuff resistance and known
quality and scuff resistance of existing commercial and
proprietary varnishes.

Taber Abrasion

Taber abrasion is measured by standard varnish test
procedures: the instrument arms are weighted with
1000 gram weights. The abrasive wheels are the CS-17
(more abrasive than the CS-10 counterparts). The sub-
strate is the steel panel recommended for the Taber
abrader. The initial weight of the panel, and successive
weights after 100 cycles, 500 cycles, and 1000 cycles are
checked using an analytical balance (four decimal
places). Results are expressed in milligrams removed.
The reference for this method is ASTM D 4060.

Chemical Resistance

Chemical resistance is performed on the dry films
using eight household stains and chemicals. Test
chemicals and materials include MEK, olive oil, 409®
cleaner, 1% Spic-and-Span cleaning solution, 50%
ethanol, white vinegar, water, and 7% ammonia. The
test substrates are treated steel and maple. A #65 wire
wound rod is used to apply the steel film (approxi-
mately 1-1.5 mils dry). Two coats of varnish are brush
applied to the maple panel. Each chemical is applied
to a two-ply square of heavy duty paper towel on the
test film, completely saturating the towel. The towel
and solvent/stain are immediately covered with a
watch glass. The stain is left on the panel for two
hours, after which all stains are removed, and the
panel is rinsed and patted dry. The impact of the
chemicals is assessed immediately after rinsing. Items
affecting the rating of the panel are discoloration
(mostly yellowing or whitening, haze development);
blistering; and soft-
ening. Each chemi-
cal is rated on a
scale of 1 to 10, with
10 being “no effect”
and 1 being “severe
effect and failure”
(essentially taking
the film out of serv-
ice). The reference
for this test is ASTM
D 1308.

Figure 5—Pendulum mar
and scuff tester.
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Color

Color is an important property, especially when eval-
uating different oil-modified urethane systems. The
color system used is CIELab, with an illumination of
D65/10°. From the L, a, b readings, Yellowness Index
[calculated as (142.9 * b)/L], change in Yellowness
Index over time, and Delta E (square root of the sum of
the squares of the difference in L, a, b values—test con-
dition versus initial). Color after exposure to light, as
well as storage in the dark, are measured. Oil-modified
products tend to show more yellowing when stored in
the dark. Color panels are stored in a constant tempera-
ture (25°C)/humidity (50%) room. ASTM E 313, ASTM
D 2244, and ASTM D1925 are references.

Konig Hardness

Konig hardness is the main method used for hard-
ness testing, in reference to this article. Konig hardness
measurement is similar in concept to a Sward rocker
hardness. The contact points rock back and forth with
the Konig pendulum, and the varnish films dampen
the rocking motion—Ilike a Sward. The Konig results
provide more differentiation between materials. Results
with the Konig are expressed in seconds; the longer the
pendulum rocks, the harder the test varnish.

Cost Analysis

As part of the evaluation of various technologies, there
will be references to cost. Rather than discuss specific
prices of raw materials, the following convention and
ranges were used:

(1) Conventional OMU systems—$15-30/gal.
(2) Waterborne polyurethane systems—$30-60/gal.

(3) High-performance polyurethane systems—
$60-90/gal.

These approximate price ranges are determined
through actual purchases and observation at wood
flooring distributors, paint stores, and “big box” hard-
ware chains.

NON-OMU ALTERNATIVES TO CONVENTIONAL
OIL-MODIFIED URETHANES

As the OTC and South Coast regulations are imple-
mented, are there viable alternatives to meet the de-
manding new regulations? The next sections present
various technologies, with data showing the perform-
ance of those technologies versus the 520 g/L conven-
tional solventborne OMU. The first section discusses
two waterborne systems: two-component waterborne
polyisocyanate varnishes and standard polyurethane
dispersion/acrylic varnishes. The later section looks at

JCT CoatingsTech



Table 2—Wwaterborne Two-Component

Urethane Varnish vs. Solventborne OMU
Varnish

Conventional Waterborne

Property oMU Two-Component
GlOSS @ 60° .uvveeerenneeeererrnnneeeeannnes 96 87
GlOSS @ 20° cevvveeeeieeeeineeerennanenes 85 69
Gardner dry times, min

Touch 15

Set....... 21

Hard.......cc..... 40

Through 110
Initial Yellowness Index . 7.29
30 days dark

Yellowness IndeX.....coeeeevvvunnnnnns 20.69 6.72

0.47

Konig, sec

Overnight 46 72

7 day e 90 100
Taber abrasion, mg lost

500 cycles ..oooovevmrrreiniiieeiiennnn. 56 20

1000 cycles ..coeeeeererrereeeeeeneennes 125 42
Mar & scuff resistance,
% gloss retained ........cccceeeeiiennnn. 91% 96%
Stain resistance, total
rating (8 stains) ..ccceeevviviieiiiineenn. 63 79

three VOC-compliant OMU technologies: 350 g/L oil-
modified urethanes; oil-modified urethanes in exempt
solvent—parachlorobenzotrifluoride (PCBTF); and wa-
ter-based oil modified urethanes. The discussion fo-
cuses on the relative advantages and limitations of
those technologies. In review, the conventional OMU
resin is compared to the three compliant OMU alterna-
tives in several key properties.

Waterborne Two-Component Urethanes vs.
Conventional OMUs

Waterborne two-component urethanes, for the pur
poses of this discussion, are defined as a polyisocyanate
that can be reduced in water and combined with a
polyurethane dispersion (PUD) polyol or acrylic latex
polyol. Another common two-component system
(which will not be discussed) is a polyurethane disper-
sion/acrylic reacted with a polyaziridine crosslinker.
The polyisocyanate/PUD polyol is regarded as a high-
performance system. Commercial and experimental ver-
sions of this system are available in the market.

Waterborne two-component polyurethane systems
provide a number of advantages: they have quick devel-
opment of key properties, particularly mar and scuff re-
sistance, stain resistance, and abrasion resistance. Two-
component waterborne systems can be formulated to
VOGC:s at or below 275 g/L. Upon application and aging
of the film, they remain water-white, with no yellowing
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evident. This might be perceived as an advantage by
some varnish companies, but a limitation by others, es-
pecially versus solventborne oil-modified urethanes.
The OMU's mild ambering over time is said by some to
provide warmth to the wood.

In addition to color and color change, the two-com-
ponent system will provide better abrasion resistance,
hardness, and stain resistance versus a conventional
OMU system. This is due to a much higher level of ure-
thane in the two-component system. Gloss is lower,
and dry-through is slightly slower (see Table 2).

There are some downsides to this technology versus
OMUs. First, it is restricted to contractors, and not rec-
ommended for (or sold to) the DIY painter. Handling
two-component systems, with the need for exacting mix
ratios and mixing procedures along with attention to a
finite pot life, is generally not for the DIY market.
Additionally, polyisocyanates need to be handled with
care due to toxicity. Another issue is that more coats are
required—generally three to five—for adequate film
build. From a varnish formulator perspective, the two-
component system is a more complicated formulation
(see Tuble 3). Commercially, these systems are expen-
sive, ranging from $60-90/gal (compared to $15-30/
gal for an OMU).

Polyurethane Dispersion/Acrylic Varnishes vs.
Conventional OMUs

Polyurethane dispersion (PUD)/acrylic blend var-
nishes cover a wide range of performance. A PUD/
acrylic system dries by evaporation of the volatiles (wa-
ter, neutralizer, and eventually coalescing agent) as the
individual particles coalesce to form a continuous film.
Unlike the oil-modified urethane and two-component

Table 3—Two-Component Urethane

Formulation

=i Lb Gal
Part A:
PUD polyol (40% NVW) . ............. 636.9  72.29
PMacetate ............ ... .. ... 5.0 0.62
Water . ... ... .. Claks Rl g 123.3 14.81
Associative thickener ............... 4.0 0.46
Wetting surfactant ................. 5.0 0.62
Defoamer . . . . . . . .. <gosi ope oRsksk< siameTs 0.4 0.06
Hand mix the following into Part A:
Part B:
Water reducible polyisocyanate (80% NVW)  81.2 9.91
PMacetate ...................... 10.0 1.24
Totals: «oeeveenenieiinnnnnannnns 841.4 100.0
Index (NCO:polyol EW) . ........... 125%
NVW, % ..o e 38.0%
NW, % e e 33.6%
VOC, g/L oo 274
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Table 4—Ppolyurethane Dispersion/Acrylic

Blend System, 40% PUD

Materials Lb Gal
Styrene acrylic latex (45% NVW) ............. 401.3 46.45
Water....ovieeeeeiiiecreri e 16.7 2.00
DPM acetate 54.2 6.66
PlastiCiZer...ccoeeieieeeeeeee e 9.0 1.06

Add each material under agitation:
L N oo oG OO0 TR 28.2 3.39
Polyurethane dispersion (35% NVW) ........ 344.0 39.5
Surfactant (surface wetting)................... 3.0 0.37
Associative thickener........cccceeveeeeeeeenennns 4.0 0.46
Defoamer....c.eeveeeieeeeeiieeeeees 0.5 0.07
Totals: 60.9 100.00
Weight/gal, Lb...eeeeeiiiiiiiiiiiiiiiiniieeee, 8.61
Weight solids, % 35.4
Ratio of PUD:acrylic vovvuuvvreeeeeeereeeeeerennnne 40:60
vVoC:

[B/gal veeeeiieieceiicce e, 2.0

Grams/lter covverueereeeeeeeerirenenieieneaaenens 242.00

system, there is no crosslinking of the film after appli-
cation. The main parameter dictating the durability and
resistance of the final vamish is the ratio of
polyurethane dispersion to acrylic. Higher levels of
polyurethane dispersion (over 50%) give better abra-
sion resistance and mar and scuff resistance. Higher lev-
els of acrylic or styrene acrylic latex can provide better
chemical resistance and lower raw material cost.
However, latex modification causes a drop in abrasion
resistance and mar and scuff resistance. Higher acrylic

Table 5—PuD/Acrylic Varnish vs.

Conventional OMU Varnish

Conventional
Property oMU PUD/Acrylic
GloSS @ 60°.ciuueeiieereierneerceeaeeennnnn. 96 87
GloSS @ 20°.ieueeeeeneeeeeeeerrrrenennnnnenns 85 72
Gardner dry times, min
5
10
20
90
7.43
30 days dark
Yellowness Index .......cccceecunnnnneee 20.69 7.29
2.78 0.09
Konig, sec
Overnight 46 59
7 daY eeeeeeeeeiiieeeeeeeee e 90 90
Taber abrasion, mg lost
500 CYCLES evvrrrrieneeiareeeeiennnn, 56 131
1000 CYCLES eeeveveveeeeereiiiieiiininnnees 125 198
Scuff resistance,
% gloss (20°) retained .........cccueee.ee. 91% 63%
Stain resistance,
total rating (8 stains) .....cccccceeveneennn 63 58
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levels will also lower the 20° gloss of the varnish.
Performance requirements dictate that a PUD/acrylic
blend for flooring applications will have more
polyurethane than latex. Conversely, a DIY vamish for
general wood coating applications would be fairly high
in acrylic.

The latex used in a PUD/acrylic blend system con-
tributes to performance. For example, styrene acrylic la-
texes, commonly used in industrial maintenance fin-
ishes, are known for their outstanding chemical and
solvent resistance. Blending a PUD with a harder
styrene acrylic will improve chemical resistance. Note
that the latex—acrylic or styrene acrylic—has to have
the requisite amount of coalescing solvent for optimum
performance. Table 4 shows a typical polyurethane dis-
persion acrylic/styrene acrylic latex blend vamish.

The formulation shows that the harder styrene
acrylic requires a high level of coalescent and plasticizer
for maximum performance. The coalescing solvent con-
tributes to the VOC, which is still below the lowest 275
g/L target.

The regulators would look at that VOC level of these
varnishes, as well as a varnish manufacturer’s marketing
literature, and question why varmishes have to be made
at 520 g/L. That is, why would an oil-modified ure-
thane varnish be preferred, given its higher VOC?

Table 5 shows the performance comparison between
the higher VOC OMU and the lower VOC PUD/acrylic
system. [t is obvious that the PUD acrylic system does
not have the mar and scuff resistance, even after a one
week dry, that is seen with the OMU. Abrasion resist-
ance is significantly worse with the PUD/acrylic.
Glosses, particularly 20° gloss, are lower. The
PUD/acrylic has fairly quick dry, although through-dry
(“return-to-service time”) is actually slightly slower.
This could be due to slower evaporation of the coalesc-
ing solvent. The PUD/acrylic has respectable chemical
and solvent resistance, which could be a function of the
latex used. Also notable is that the PUD/acrylic varnish
shows no yellowing or color change over time—which
again, could be an advantage or a disadvantage de-
pending on the varnish marketing approach taken. One
other issue with the PUD/acrylic system: they typically
require one to two additional coats of varnish to match
the film build of the OMU system. The requirement of
additional coats in a waterborne system is a function of
a number of things: lower volume solids, lower high
shear viscosity, and water soaking into the wood much
faster than mineral spirits.

PUD/acrylic waterborne varmishes are intermediate
in price range; commercial varnishes range in price
from $30-60/gal. Combine that with the increased
number of coats required and PUD/acrylic systems be-
come a much more expensive yet lower performing al-
ternative to conventional oil-modified urethanes.
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[Lshould also le vuded thal PUITY acrylic systems are
frequendy crosslinked wilh a polvaxiridine in contrac-
tor tvpe floor varnishes, This will elevate the perforn-
ance of the FUID facrylic system toward the polyiso-
Cyianale bwo-componertl syslems. Agaim, such a syntem
would not be nsed by a DAY applicator In addition, the
cost would be on a par with the polyisocranate two-
cormpenenl system {as evidenced by commercial

polling and purchases).

GIL-MODIFIED HRETHANE ALTERNATIVES TO
CONVENTIONAL OIL-MODIFIED URETHANES

The previows section shows Lan svsletns thiat Dasi-
cally bracket the oil-modified urethane varnish: Lhe wa-
tethome two-compoment polyisocyanate system gives
treamendonas pecformance, bul al a much higher com-
merdiat price. Application is limited 1o knowledzeable
and responsible comtractors. The MUD/aavlic blend sys-
1em s suitalle Tor DY application, is lower inoverall
petformance, and is sdll more expensive  both Trom
the number of coats required and the commercial var-
nish price. Are there YOO complignt QaUs that meet
all, o mozl, of the properties of the convenLionl
OibdlTs

This section looks at three differemt approaches to
prrowiding ane ol medified uretbine systemn thae 15 W00
compliant {less than 330 g/L, and eventually, less than
273 1), The approaches are high-solids oil-modified
urethanes; convenlional oil modified urethanes inoex-
empt solvent; and waterborne oil-modilied urethanes.
These are all single component, storage stable finishes
that can e wsed by combractors and DY asens alile,

High Solids OMUs vs, Conventional OMUs

Some quick math in a formulation spreadsheet pro-
gram will indicate that o achieve a 350 /L varnish, o
welght solids of #2% is required. Uhis may sound rela-
tively simple at fimt—some comventional urethanes are
shipped at a 60% NV specillcation. The second consid
eration, however, 1s that the most desirable viscosity
range for a sobvent-hased vammish, espedally one that is
wsed i wood flooring applications, is a Giardner | aldl
bubbke viscosity range of A-C. The Maple ooring
sarmifaciuress Assenialion [MEMA) spedfies viscosities
ol less than A for heavy ducy linishes (Group 24 and
A—3 for swface finishes {Group 3). Both arcas teature
CIRALD Trasendd prroecducts. A GO% MY conventional ORI
would be in the area of a 2- viscosity

The question then becomes: how can the viscosity of
a convetilional (LU Tre Towered (o an acceptable
range, ar a VIOC-compliant solids? 'Lhe answer Is basi-
catly to lower the molecular weight of the polymer,
therely depending moge on e caddalive cure Lo gener-

www coatingstech. org

‘Teci*mo[ugy Today

Table 6——-High-Sotids OMU Yarnish

Material Lb Gal
High-snlids M0 (E0% by wt) ..., o G100 7274
12% Cabalt drie~ .. ... T T .8 o.ln
Bocelerator oL Lo oL 1.2 0,15
Aluminum (e ADDY Ll Z1.9 £.72
fbickinring agent . L. 2.0 0.491
Mingral spinils - oL L 152.89 2334
L= |7 100,00
L 63.3%
Viseosily, Gandnai-lloldl. L
YL, bAgal.... . PBS
T OO 1= 1

ate crosslink densily and moleaslar weight, Building
molecular weioht through curing is less ellective than
building it through manufactuce of the polymer—
hence, redhuced overall performance,

Respecialle vamishes can be made using high-solids
oil-modified urethanes. 1o make suche s varnish re-
quires good formulating skills, particudardy when opii-
mizing the drier package, the most critical formulation
asprecy 0 high-solids QMU varishes. Satistical desigm
of experiments was applied to arive at the drier pack-
age shown in Tabte 6, Different levels of cobalt drier,
different acceleratnrs, and dilferent thremgh driers were
all factors in that design,

The formulation {Teble ) shows the complexity of
mowing lresmea comventional QMU 1o o higher solids,
VOC-compliani version. There are more ingredients—

Table 7—High-Solids OMU Yarnish vs.

Conventional OMU Yarmish

Canventional High-5alids

Property oMU oML
Lloss & 60" a5 04
Gless @@ 20 .. ah ar
Gzrdner dry Limes, min

Tauc, 15 37

Sel..... an At

Hard... k] 240

Theowggh e, B2 320
IniLial Yellow ess Index............ 16.37 ek
30 days derk

Yellowness INdes e 2,54 4312

O e, 272 &80
Koy, sec

Trvermight 46 o5

P OO - | 47
Teber chrasion, mq lost

LK VT - | :b]
Scuff res’stance,
“a gloss retained oo, 91%: AT
Stain resistance,
trtal rating (& staing) .o 53 hE
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Table 8—Clear Varnish Formulation, Based

on PCBTF OMU

Material Lb Gal

PCBTF-based OMU (40% NVW)......cceereeuunnnenn. 680.4 69.43
Mineral Spirits ....cooevieeiiiiiiiiiccee e, 114.0 17.40
PCBTF SOLVENT...uuiiiiiiiiieeeeeeeeeeeeeeeeeeees 145.9 13.12
Anti-skinning agent ......ceeeeeeeeeeeereeeeennnnnnnenns 0.6 0.08
6% Cobalt drier (0.01% on resin NV) ............. 0.5 0.06
Totals: 100.09

Viscosity, Gardner-Holdt.......cceuveeeiienrnnnnenns
Non-volatile, % by wt/vol.

for example, two driers and an accelerator versus one
drier. Due to the higher solids and the recommended
ranges of items like through-driers, there are larger
quantities of each raw material in the formulation. This
adds to the overall raw material cost of the formula-
tion.

Table 7 shows the strengths and limitations of a
high-solids OMU system. Most of the properties de-
scribed are reduced with the high-solids system, sup-
porting the conventional wisdom about reduced molec-
ular weight leading to reduced overall performance.
Some of the notable deficiencies are hardness and
hardness development over time, reduced abrasion re-
sistance, slightly reduced mar and scuff resistance, and
greatly increased yellowing of the film—both initially
and after dark storage. While these systems will dry
faster than a conventional long oil alkyd, they are sig-
nificantly slower in dry time than a conventional, high-
VOC oil-modified urethane.

It is interesting to note that stain resistance and mar
and scuff resistance are only slightly reduced versus the
conventional OMU control. Part of this could be due to
crosslinking of the [increased] oil. This also reflects im-
provements that have been made over the old high-
solids OMUs. These improvements have occurred over
the past few years, as resin suppliers moved to support
varnish manufacturers in the face of increasing VOC re-
strictions.

An advantage to the high-solids technology is in-
creased film build: because the system is higher in
solids, every mil of varnish that is applied will have
more solids per given volume. A typical high-solids
OMU film will require only two coats for a thick, lus-
trous film. A conventional OMU may require three
coats for the same appearance.

There is a caution for high-solids OMUs in film
build: at 3 mils wet, the featured dry times and proper-
ties were realized. At 6 mils wet and higher, dry time
slows considerably—generally to 16+ hours. Surface
skinning/curing of thick films can lead to other per-
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formance issues, including more yellowing and a de-
crease in resistance properties.

Cost is an advantage for the high solids OMU—the
prediction is that they will still be in the $15-30/gal
conventional oil-modified urethane range. Note that
pricing could be somewhat higher, gallon for gallon,
due to putting more solids (nonvolatile matter) in the
can.

Exempt Solvent-Based OMUs vs. Conventional OMUs

A new group of solvent-based oil-modified ure-
thanes has emerged. These are OMUs based on an ex-
empt solvent—namely parachlorobenzotrifluoride
(PCBTF) (Figure 6). PCBTF has the commercial name
"Oxsol 100.” The EPA and state regulators have deter-
mined that PCBTF is not an ozone depleter and hence
is exempt from VOC considerations.

Cl Figure 6—Structure of
3 parachlorobenzotrifluoride

// R solvent.

CF;y '

PCBTF has some differences versus the mineral spir-
its that it is replacing. These differences have to be real-
ized and addressed by the varnish manufacturers. The
most obvious issue with PCBTF is readily apparent '
when you open the can of solvent, resin, or varnish—
odor. While odor is a very subjective property, the odor
of PCBTF is strong.

Another concern about PCBTF is its cost. It can range
from three to six times the cost/pound of mineral spir-
its. This would put a PCBTF-based OMU firmly in the
water-based varnish price range ($30-60/gal).

The raw material cost of PCBTF is accentuated for
the varnish formulator by another interesting aspect of
this solvent: it has a very high density. The weight per
gallon (in U.S. pounds) of PCBTF is 11.12. Compare
that to the density of mineral spirits—6.35 lb/gal. If a ,
formulator is used to formulating to equal weight
solids in his varnish, he would have to immediately ac-
climate to formulating to equal volume solids with E
PCBTE. The conventional wisdom of volume solids be-
ing lower than weight solids has to change as well:
since PCBTF is more dense than the resin solids, vol-
ume solids in a PCBTF-based resin or straight PCBTF-
based varnish actually will be higher than the weight
solids. Another issue with the higher density of PCBTF
is that more pounds of solvent (or resin based on the
solvent) has to be used to get equal volume yields. This
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Table 9—peBTE-Bases OMU Yarnish vs.

Conventignal OML Yarnish

Comwventianal PCETF
Propatty il aMu
Gloss @ b a7
Gloss & a5 2k
V0L, gL 52 275
Bardrner dry timas, min
1o RS L 3
Havd ceveieciieece 5% 25
Ihrangh Bé 106
Initial Yellownsss Index coen.. 1637 1716
0 days dark
Yellowrness Indes. e vvevienie. 20LA0 A0
.78 P0G
Kenig, sac
(arnighl —vveveirsin e L5 52
£day 20100
Taber abrasmun, rmy losl
SO0 EYClEE e Rk n3
Sroff resistance,
Yo gluss retained L a1% B
Slain resistance,
total rating (48 staing) ............... A3 [

commibutes 1w tle cost issue with PGBTE since resin
and sulvent are sold by the pound, and varaishes are
sold by the gallon.

O the other hand, conventional OMUs based on
PCETT allow the formulator wemendows VO latitade,
with minimal, if any, change in performance and duea-
bility, PCELF-conlaining viarnishes can be made at 350
g1, 275 gL and even <18 g/L. VO is dictated by the
ralicy oof PORTF solvent to mineral spiries in the formu
laticn.

Table 8, a 275 g/L PUETF Basexd vamish fonmulation,
illustrates the formulation "oddilies” that aecur when
using PCIETE Mote the weight solids and volume solids,
and compare them W the convemional OMU formula-
tion in Table 1. The weight solids in the PCBLF formne-
lation are rooch lower than the conventional [=10%),
while the volume solids are equal, Volume solids con-
trel dry film thickaess, so tormulating (o equal volume
sulids is complelely spproprate, The weighl per gallon
of the 275 g/L formulalion is alse notewortly: it is
much higher than the conventonal st formulation
in Tabe 10 One additional formulation note witl
PCEIL: like water in a latex or watethome system,
PORTE 15 an gxempt solvent. When calewluting WO,
the PUBTF volume st be subtracted from the woLal
volume in the denominater of the YO caloulation {1b
ol VO divided by total volume minus voluime of ex-
empl solvent]. This calevlation for exempt solvenis, lile
TCRIT and water, is teatured in the regional and oa-
Cierreal WO reguliations.
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The performance of the PCELE varnish is wery simi-
Lar W the comventiomal CTEL Thie o the faster evapeo-
ration rate of PCBLY {13.90) versuy mineral spirits
{0.13), PCETT will generally show laster set and diy
harel times due to rapid solvent loss. Through dry,
which is mowe axidalive cnre related, is not impacied—
it 1z egual to the conventional OmLL Orherwise, the
performance—gloss, vellowing, alsrasion resistance, mar
aned seufl resistance, and chemical resistance- & eguiva-
lent Lo the mineral spiriis-based oil-maodified urethane
control [see tilde U).

Water-Based OMUs vs, Conventional OMUs

Water-hased vil-modified urethanes have been avail-
able [or several vears, and are starting to grow o popu-
lanity as the more stringent VO regalations are imple-
mented, Water-based OmUs give very similar
performnes o their conventional solvent-based coun
terparts aL much loweer YO s The VOHC of a typical wa-
ter-based oil-moditied urethane oeroulation is helow
200 1.

Other than performance, what are the issues with
water-based (dALls? Firsl, versus ther solventhorne
coulterpans, water-based ObdUs are linwer in solids, A
Lepical water-hased OMU vamish is 28-30% volume
sclids. This is lower, Tl sl cvenwhelmingly so, than
the conventional OMU varnish— which is typically
arome] 3309 volume solids (see dable 13, Film huilds
will be slighlly less, recuining more coats, While a con-
ventlonal salventborme syslem iy reguine two 1o three
coats, the waterbome QMU system will require three 1o

Table 10——Clear Yarnish Based on

Waterboine Qil-Modified Urethane

Matarials Lk Gal

Weter-hased DM (335 WY) o T58.0 EO,18

Premix the followdng, adding wator to My orfer, before zdding
Water Mzparsible Mo drier

10.04% an rezin H‘-'j FETRR N B | 0.13
Water._. - s e i e B 2 L] .00
Framixz the anfalwngr f‘?eﬁ n.:'."d

WATEE ety 2 0.5
Ll v ST 1z n.15
Adi each matenal inder agitation

Watting surfactas L “AY . 30 0,349
Wetting surfactait "B” .20 .23
De oamar .., P PR | W 0.a7
Water, ... e, G2 G35
L PP PR 1. 2. 10641
[ U UUSUOR: 1 | I b 3

[ ET T e 2H 2

T O P B48

WO, gl 1.56

WL, 7L verveesmsentses sttt st ee oo 187.00
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Table 11—Wwaterborne OMU Varnish vs.

Conventional OMU Varnish

Conventional PCBTF
Property OMU OMU
GloSS @ 60° .eeveeerenennieeeeeeennnenens 96 88
GLoSS @ 20° coeeeivvreienieeeeeeeeeneaaee 85 67
VOC, G/Luvvrereeeeeereieeesesessesenenes 520 187
Gardner dry times, min
TOUCH weeeieiiieeiiiieeee e 15 3
S e 30 8
Hard ..oeeeeeeeeiieeeee s 53 17
Through «oeeeeeeeeiiiiceeeeieeeeeeeeens 82 57
Initial Yellowness Index .....ccceeennnn. 16.37 7.54
30 days dark
Yellowness IndeX.....cceeerrreernnneee 20.69 12.71
DE 2.78 3.35
Konig, sec
Overnight 46 49
7 dAY e 90 79
Taber abrasion, mg lost
500 CYCLES .uveeereererriieinnnianns 56 34
Scuff resistance,
% gloss retained ........ccceeevvennnne. 91% 96%
Stain resistance,
total rating (8 stains) ........ccceceenn. 63 61

four coats. A sealer, usually acrylic latex type, is recom-
mended with these systems and other one-component
waterborne systems, like the PUD/acrylic system. This
minimizes the number of coats of water-based ure-
thane varnish required, bringing it into the same range
as solventborne systems (two to three coats). A sealer
provides a smoother, higher build appearance for the
waterborne OMU, with fewer coats. Fewer coats of wa-
terborne OMU makes the end user’s paint cost lower.
Sealers also are useful on high tannin woods, like white
oak, to block tannins from coming into the topcoats,
causing discoloration.

An interesting feature of the water-based OMUs, re-
lated to multiple coats for the best appearance, is their
dry times. As Table 11 shows, the dry times are very fast.
The applied varnish is
dry [hard] enough after
one hour to be able to
walk on it. The advan-

tage is that the film can Conventional
Solventborne
be screened or sanded af- Property oMU
ter a few hours, and re- VOC, G/L oo 450-520
coated. Solvent OMUs Dry time....... Control
typically require an Yellowing Control
ovemight dry before Film build, coats......... 2-3
. . GLOSS ceeeerrreereennreniaeens Control
sanding and recoating, Hardness...... Control
With an early start, Mar & scuff Control
where two coats of top- Abrasjon resi‘stance ..... Control
. ith Chemical resistance...... Control
coat S (with a Odor (subjective) ........ Control
sealer), it would be pos- COSt wuvvevevererereeereneenens Control
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sible for a contractor to finish the flooring job in one
day.

An issue that is raised routinely about waterborne
systems is their tendency to raise the grain. If the rec-
ommended NOFMA protocols are followed (see the
earlier “Application” section)—with applying the coat-
ing immediately after sanding the bare wood and rou-
tine sanding/screening after each coat—grain raising is
not an issue. Indeed, the water-based OMU looks virtu-
ally indistinguishable from its solvent-borne counter-
part, once the job is finished (except that, as Table 11
indicates, it is less yellow).

Another concern, similar to the discussion of the wa-
terborne two-component polyisocyanate system and
the PUD/acrylic system, is the complexity of the formu-
lation with waterborne oil-modified urethanes. Issues
like recoatability and defoaming—which are non-issues
with the solventborne counterparts—need to be taken
into consideration. As with the high-solids solvent-
borne OMUs, formulation skill is required to identify
and balance the driers, accelerators, surfactants, and de-
foamers. While the film will dry quickly, adding the
right level of driers and accelerators will provide rapid
(as little as 24-48 hr) back-in-service times. This means
the film will crosslink and develop mar and scuff resist-
ance faster. See Table 10 for a suggested waterborne
OMU formulation.

Table 11 indicates the performance of the waterborne
OMU coating previously described. It is slightly lower
in gloss, especially 20° gloss, and is slightly lower in
one week hardness versus the conventional oil-modi-
fied urethane. Otherwise, the properties are equivalent
to, and in some cases, better than, the solventborne
conventional OMUs. Abrasion resistance is significantly
better with the waterborne OMU. Yellowing is less over-
all, but not the “cold” water-white of a PUD/acrylic sys-
tem. Mar and scuff resistance is notably better as well.
It is interesting to note that the waterborne OMU sys-
tem shown will develop very good mar and scuff resist-
ance after an overnight dry—an advantage over the con-

Table 12—Comparison of Oil-Modified Urethane Alternatives

High-Solids

Solventborne PCBTF- Water
oMU Based OMU OMU
350 0-350 <200

Slower Faster Faster

More Yellow Equal Less Yellow

2 2-3 2-3, with sealer
Equal Equal Slightly Lower
Softer Equal Equal
Slightly Worse Equal Better
Equal Equal Better
Equal Equal Equal
Equal Stronger Different
Slightly Higher Higher Higher
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ventional solventborne OMUs. Chemical resistance is
equivalent to the solventborne system after a one-week
cure. Pricing of the waterborne oil-modified urethane
systems will fall into the waterborne varnish area—the
$30-60 range.

Comparison of OMU Technology

Several alternatives to conventional oil modified ure-
thanes have been presented. Will the PUD/acrylic sys-
tems replace conventional OMUs? Are OMUs bound
for extinction? Or are there some distinguishing alter-
natives to conventional oil-modified urethanes?

Table 12 shows a comparison of the various tech-
nologies. Obviously, no OMU technology is a drop-in
for existing, high-VOC conventional technologies.
There are odor concerns. There are raw material
cost/pricing issues. There are formulation issues—gen-
erally the compliant systems are tougher to formulate.
A look at the actual performance, however, suggests
that the compliant OMUs provide many of the same
advantages and performance as their higher VOC coun-
terparts. Some of the systems, like PCBTF and water-
borne, may actually give improved performance, espe-
cially when properly formulated.

CONCLUSION

The question posed in the title of this article re-
mains: Are oil-modified urethanes, a technology used
in clear varnishes since the early 1950s, finally headed
for extinction, driven out by VOC regulations? The in-
formation presented in Table 12 would suggest that ex-
tinction for OMUs is not imminent. Advances in ex-
empt solvent technology, waterborne OMU technology,
and even 350 g/L high-solids OMU technology indicate
that the properties that make oil-modified urethanes
desirable—ease of application, quick dry, warm color,
mar and scuff resistance, chemical resistance, abrasion
resistance, and gloss—are all available in the compliant

types.

www.coatingstech.org

Technology Today

So the answer is, with proper formulation, VOC-
compliant OMU technology will likely keep oil-modi-
fied urethanes around for another 50+ years—with dis-
tinguished performance over existing conventional
OMUs and other non-OMU varnishes.
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