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SELF-LEVELING PUTTY COMPOSITIONS
FIELD OF THE INSCLOSURE
fB0G1] The present disclosure relates 1o wood subsirates having surface defocts treated with a
pulty composition having. fuer afin, enhanced seifleveling characteristics,
BACKGROUND
{6082} Currently, defucts in cellulosic substrates are repaired by manually filling the defeet with
a curable composition. Subseguently, the composition is cured; the outer surface of the substrate
is optionuily sanded and subseguently coated. A disadvanisge of this process is that it is
performed manually and requires significant dry tme. Filling the defects manually with 2 putly
machine is o laborious process, which is expensive and time-consuming. In addition, the process
is not suitable for a conlinuous production process,
{8803} Thus, there remaing a need for compositions suitable for use In a continuous Process
which provides « inrer alie - through-cure of putty compositions used to repair defects in
cellutosic substrates. Embodiments of the presest invention are directed 10 meeting these needs,
SUMMARY
10804} In some embodiments. the present invention provides a composite panel comprising a
first major surface opposite a second major surface, the composite panel further comprising: 2
cellubosic substrate comprising a top surface opposite a botiom surlace, the top surface forming 2
part of the first major surface, the collulosic substraie comprising at least ane defoct that forms g
depression in the top surfuce of the cellulosic substrate; and & cured polymerie composition
formed from 8 pully composition comprising a fst reactive component comprising 2 frst
acrylate oligomer; a second reactive component comprising a second acrviate oligomer, the
second aorylate oligomer comprising a urcthang serylate oligomer: and an initiator component
comprising a thermal initlator and o photo initintor, wherein the firdt reactive component and the
seeond renclive component are present o a weight ratio ranging from about 411 1o abowt 1:2; and
wherein the putty composition is seli-leveling: and whereln the cured polymeric composition
cecupies @t {east a porton of the depression,
[0808] In other embodiments, the present invention provides a method of repairing collulosic
substrate comprising: {a) heating & cellulosic substrate having al least one defect that forms a
depression in a top surface of the cellulosic subsirate o 2 temperature of preater than about 3155C;

{t} applying a putty composition o the depression, the putty composition comprising: a first
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reactive component comprising 2 first soryiste oligomen & second reactive component
comprising a second acrylate oligomer, the second acryviate oligomer comprising o wethane
acrylate oligomer; and an initialor component comprising a thermal initistor and 2 photo
initiator, wherein the content ratio of the first acrylate oligomer 1o the second acrylate oligomer
ranges from about 4:1 to sbout 112 and wherein the putty composition is seif-leveling; and (¢}
axposing the collulosic subsirate to 2 radiation source.
[0806] In other smbodiments, the present invention provides a puily composition comprising: a
first acrylate oligomer comprising a polyester acrylate oligomer, an epoxy acryiate oligomer, or &
combination thereof] a second acrylate oligomer comprising a urethane acrylate oligomer: and an
inftiator component comprising: 3 thermal inftator and o photo initintor; whersin the first
acrylate ofigomer and the second acrylate oligomer are prosent in & welght ratio that ranges from
about 4:1 to abowt 112} and wherein the putty composition is self-leveling; and wherein the putty
composition has a viscosity ranging {rom abowt 500 o to about 10,000 ¢P a1 sbout 25 50,
{00871 Further areas of applcability of the presemt invention will become apparent from the
detailed description provided hercinafter. It should be undersiood that the detailed description
and specific examples, while indicating the preferred embodiment of the invention, are intended
for purposes of Hlustration only and are not intended 1o Himit the scops of the invention.

Brier DESCRIPTION OF THE DRAWINGS
{0008] The present invention will become more fully understond from the detailed description
and the accompanying drawings, wherein:
{3009 Figure 1 is a porspective view of o composite papel comtaining surface defects that have
been treated according o the prasent invention;
FO0IB] Figure 2 s g cross-sectinnal view of the cellulosic subsiraie taken along line I in
Figure {;
18811 Figure 3 is a cross-sectional view of the composite pansl taken along line -1} in Figure
i,

DETAILED DESCRIPTION

{88321 The following description of the preferred crmbodiment(s) is merely exemplary in nature
and is it no way intended to lmit the invention, is application, or uses,
FO013] As used throughout, ranges ave used as shopthand for describing sach and every value

that is within the range. Any value within the range can be selected s the terminus of the range.
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fn addition, all refercnces cited hereln are hereby incorporaied by referenced in their entiretics,
In the event of a conflict in a defiaition 1n the present disclosure and that of a cited reference, the
present disclosure controls.

0014} Unless otherwise specified, all percentages and amounts expressed herein and clsewhere
i the specilication should be understood to refer to percentages by weight. The smounts given
are based on the active weight of the material.  According to the present invention. the term
“about” means - 3 % of the refercnced value. According to the prosent invention, the phrase
“substaniially {ree” means less than 0.5 wi. % based on the referenced amount,

[3015] Referring 0 Figures 1-3 concurrently, the present invention provides a composite panel |
comprising & cellulosic substrate 100 and cured polymeric composition 200, The composiie
panel 1 may comprise a first major surface 2 opposite & sceond major surface 3 and side major
surfaces extending there-batween 4. The cellulosic substrate 100 may be formed from wood and
comprise a top surface 102 opposite a bottom surface 103 and side surfaces 104 extending there-
between. The cellulosic substrate 100 may also comprise natural design fentuses 130, such as &
knot, burl, wood-grain, or the fike. The cellulosic subsirate 100 may have 2 thickness 15 ranging
from abowt 180 mils o about 1000 mils av measured from the top surface 102 o the bottom
surfuce 103 ~ including ail values and sub-ranges there-between. The composite panel | may
also have a thickness that is substantially equal to the thickness 15 of the cellulosic substrate 100

{3318} The cclivlosic subsirate 100 may comprise surface defocts 130 that form dopressions in
the top surface 102 of the cellulosic substrate 100, Each depression 150 may comprise a floor
151 and side walls 133 < with the foor 131 being the deepest point of the doprossion 1530, The
defects 150 may have a defect depth Dy g8 measured from the top surface 102 of the cellulosic
subsirate 100 to the foor 151 of the defect 130, where the defect depth Dp ranges from abowt 1
mil to about 100 mils - including all values and sub-ranges there-between. The side walis 153
may exiend upward from the floor 151 and intersect with the top surface 102 to the cellulosic
substrate 100 at an infersection point 132 « wherein the side walls 133 may extend upward in a
direction that is perpendicular or onhogonal o the top surface 102 of the celinlosic substrate 100
Each of the depressions 130 may have an opening distance Dy which {s the distance measured
between the intersection poimts 132 that exist on opposite side walls 153 for a single depression
E50 in the cellulosic substeate 100, The opening dislance Do of may range {rom about (.1 inches

to about 2.4 inches - including all values and sub.ranges there-between.
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HEHTT According to the present invention, the defecis 150 on the celiulosic subsirate 100 may he
repaired by fitling the void created by cach depression 150 with a putty composition which is
cured (o form a cured polymeric composition 200, thereby producing the composite panel 1 of
the prosent imvention.  As wsed herein, the term “pulty™ refers o a soft. sticky. dough-like
malerial that hardens after i is cured.

{8818} As demonsirated in Pigwre 3, the cured composition 200 may form a top repalr surface
202 that faces the same divsction as the wp surface 102 of the cellulosic subsirate. The top repair
surface 202 of the cured polymeric composition 200 and the top surface 102 of the collulosic
substrate 100 may each form a part of the first major surface 2 of the composits punel. The top
repair surface 202 may be substantinlly paralie! to the top swrface 102, The top repair surfuce
202 may be substamiially co-planar with the top surface 102,

{31%] The putty composition of the present invention comprises a blend of {irst reactive
component and a second reactive component. The first reactive component may comprise a first
scrylate oligomer and, optionally, a reactive diluent. The second reactive component may
comprise a second acrylate oligomer and, optionally, a reactive difuent, Each of the first and
second acrylate oligomers may be u linear or bmnched compound having an scrviate
functionality (the term “acrylaie” as described herein refers to compounds having either acrylate
andfor (methjacrylate fanctionality) ranging from abowt 2 0 9 « including all values and sub-
ranges there-between, The reactive difuent may be one or more compounds having an acrvlate
functionality ranging from about 1 lo 5 « including all values and sub-ranges therc-betwesn.
Together, the first reactive component and the second reactive compencnt react lo fomm g
polymer alloy that is particslarly sultable as wood putty « as described [urther herein,

H820] The frst reactive component comprising the first aorylate oligomer creaies may be an
adhering oligomer and may comprise an epoxy acrviate oligomer. a polyester acrylaie oligomer,
or a combination thereof. The term adhering oligomer refors to reactive composition that, when
cured, provides vigidity and hardaess (o the cured polymeric composition 2. The second
aerylate oligomer may be a Dexible oligomer and may comprise a urethane acrylaie oligomer.
The term flexible oligomer refers to reactive composition that, when cured, decreases the
tkelthood of cracking in the cured polymeric composition 200, The combination of the first and
second acrylate oligomers crepte a polymer alloy exhibiting rigidity and [lexibifity required 1o

for the resulling cured polymeric composition to be postoprocessed using various mechanical
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means {as doseribed further hereind, withont risk of cracking that would usdermine the putly’s
sbnlity 1o repair defects in collulosic subsirates.

{08211 The frst reactive component sad the second reactive component may be present in a
weight ratio ranging from abowt 411 0 &« e in some embodiments the first reactive
component may be optional.  In other embodiments, the weight ratlo of the first reoactive
component W the second reactive component may range from about 4:1 to abowt 12 < including
all ratios and sub-ranges there-between. In a preferred smbodiment, the welght ratio of the first
reactive component (0 the second reactive component may range from abowt 2:1 to abouwt 131 -
including all ratios and sub-ranges there-between,

10022] The first reactive component may be present in an amount ranging from about 40 wi, %
to about 87 wt. % based on the total weight of the putly composition « including all values and
subr-ranges there-between. In other ambodiments, the first resctive component may be present in
an ameount ranging from abowt 30 wi. % to about 7O wi. % based on the otal weight of the putty
compasition - including all values and sob-ranges there-between, In other embodiments, the
reaclive component may be present in an amount ranging from about 55 wi. % fo abowt 6% wit, %
based on the total weight of the putty composition « including all values and sub-ranges there-
hetween .

{B823] The first reactive component may comprise 2 pelyester acrylate oligomer that is the
reaction product of polyester polyol and a carboxylic acid functional acrylate compound such as
gerviic acid, {(methacrylic acid, or g combination thereo! « gt an OHOOOH ratlo of abowt 101,
The polyester polyol may have a hydroxyl functionality ranging from 2 0 9 « including all
vatues and sub-ranges there-betwesn.

FR24] The polyester polyal may be the reaction product of 8 hydroxyl-functiona! compound and
& carboxylic acid functional compound.  The hydroxyl-functional compound is present in &
stoichiometric excess to the carboxyhic-acid compound,  The hydronyi-functionsl composnd
may be a polyol, such o diol or & wi-Tunctional or higher polvel {e.g. triol tetrol ete). The
polvel may be womatic, cycloaliphatic, aliphatic, or a combination thereof, The carboagylic acids
functional compound may be a dicarboxylic acid, o polycarboxyiic acid, or a combination
thereol. The dicarboxylic acid and polyearboxylic acld may cach be aliphatic, cycloaliphatic,

aromatic, or 3 combination thereof,
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JO3251 The diol may be an alkvienc glyeols, such oy cthvlone glveoll propyviene glveod,
dhathylene ghveol, dipropylene glveoll triethylens glveol tripropyvlene glyeol, hesylone glyeol,
polvethyviene glycol, polvpropylene glyeo! and neopentyt glyveol hydrogenated bisphenol A
cyclohesapediol,  propanediol  ncluding D 2-propuncdiol,  L3-propunediol,  butyl  ethyl
propanediol,  Z-methyl-1 3-propanediol,  and  Zeethyb-2-butyl-1 3-propanediol;,  butanediol
including {.4-butancdiol. [.3-butancdiol, and Zeecthyl-ldbumancdicl; pontancdiol including
rimethyl pentansdiol and Z-methyipentanediol; cvelohexanedimethanol; hexanediol including
L.&6-hexancdiol) caprolacionedicd (for exumple, the reaction product of epsifon-caprolacione and
cthylene  glycol);  hydroxy-alivinted  bisphenol  poleether  glycols,  for  example.
polviosyictramethyiened glyveol, In some embodiments, the tri-functional or higher polyol may
be selected from fmimethylol propane, peniserythritol, dispentaceythritol, ivimethyviol sthane,
rimethylol butane, dimmhyiéi cyelohexane, glyeerol and the Hke.

{0028} The dicarboxylic acid may be selected from adipic acid, aeelain acid, schacic seid,
succinie acid, ghatarie acid, decanoie discid, dodecanoie diacid, phihalie acld, bBophihadic seid, §-
teri-butviisophthalic acld, wiralivdrophthalic soid, twreplibulic acid. hexahydrophthalic acid,
methyihexshydrphthalic ackl,  dimethyl  terephthalate, 2.5-furnsndicarboxylic  ackd, 2.3-
furandicarboxylic  neid,  Z4-furandicarboxviic  acid, 3 4-Dwandicarboxylic  ackd, 23.5-
furaptricarboxylic acld, 234 5-funmtatracwrboxylic acid, cyelohexans  dicwrboaylle  acid,
chiorendic anhydride, 13-cyciohoxans dicarboxylic acid, 1.4-cyclohexans dicarboxylic acid. and
anhydrides thereofl and muxtures thereol. In some emmbodiments the polyearboxylic acid may be
seleeted from tomellitic acid and aehydrides thoreol

{83277 Commercially availuble polyestor acrviaie oligomer include polyester-sorviate resing
such as: Craynor® UVP215, Cravnor® UVE220 (both ex Cmy Valley), Genomer® 3302,
Genomer® 3316 (both ex Rahn), ), Sartomer ON2261, ONS00S, Laromer® PE 44F, Laromer PE
S&F, Laromer 8992, Laromer S800 {ox BASFE), Ebecryl® 800, Ebecryl® 810, Viektin® 3975,
Viaktin® VTE 3969, and Viaktin® 6184 (1U0%)

[O028] The first reactive component may comprise an epoxy acrylaie oligomer.  The epoxy
acrylate oligomer may be prepared by reacling epichlorchydrin with bisphenol A to form
diglveidyl ethers of bisphenol, followed by reacting the digiveidyl ether of bisphenol preduct
with sorylic acid andfor {methjacrylic acid. The epoxy scrylate oligomer may be an abipbatic

epory acrylate oligomer or an aromatic epoxy acrylate oligomer. The backbone of an aromatic
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epoxy acrylaie obgomer may comprise an epoxy compound that includes one to three L2-epoxy
groups per molecule, and preferably, from about two o showt two and one half (2.5} 1 2-epoxy
groups pey molecule. A non-limiting crample of the epoxy scrylate oligomer may be a glycidyl
eiher of a polyvhydric phenel and polyhydric slcohol having an epoxide eguivalent weight of
from abowt 10U lo about 500. The polvhydric phenol may be bisphenol-A, bisphenol-F. or a
combination thereofl

[8829] In other cmbodiments, the epoxy acrylaie oligomer may comprise a diglyeidyl ether of
etrabromobisphenal A, epoxy novolacs bused on phenol-formaldehyde condensates. epoxy
novolacs  based on phenol-cresel condensates,  epoxy novolacs buased on phonol
dicyclopentadiens condensates, diglyeidy! ether of hydrogenated bisphenol A, digyleidyl ather of
resoreinod, fetraglyeidyl cther of sorbitol, and tetra glycidy! other of methylene diantline, as well
as mixtures of two or more thereof.

{90381 The second acrylate oligomer may be present in an amount ranging from about 12.5 wi
% to about 33 wi. % based on the totd weight of the putty composition - including all values and
sub-ranges there-between  In other embodiments, the second acrylate oligomer may be present
in an amount ranging from abeot 20 wi. % to sbowt 30 wi. % based on the towal weight of the
puity composiion ~ including all values and subranges there-between. In other embodiments,
the second aorylate oligomer may be present in an amown ranging from about 25 wi. % o shout
45 wi. % bascd on the total weight of the pulty composition - including alf values and sub-ranges
there-between. In a preferred embodiment, the second acrylule oligomer may be present in an
armnount ranging from sbouwt 20 wi. % o about 40 wi. % based on the total weight of the putty
compasition ~ including all values and sub-ranges there-between,

{8831} The second acryiate oligomer may comprise s urcthane servlate oligomer. The urethane
scryiste oligomer may have an average acrylate functionalily ranging from about 2 to sbout 4 -
including all values and sub-ranges there-between.

160331 The urcthane acrylate oligomer may be the reaction product of polyisoovanate, ong or
mose high molecular weight polyol, and a hydroxyl-functional serviate. The urethane acryiaie
oligomer may be produced by reacting the polvisocyvanate ond the hydroxyi-functional
compounds at an NCO!OH ratio ranging {rom about §.8:1 to abowt 1301 - preferably st abhowt
i1
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{0033] The polyisocyanate may have an isocyanste-functionality ranging from about 2 1o showm
4. Non-limiting examples of polyisocyanate include aliphatic pelyisocyanate, cyclouliphatic
polyisocyanate, andfor aromatic polyisooyanate ~ such as Ld-tetramethylene diisocyanage, 1,6
hexamethyvlene ditsccyvanate, Léd-cyclohexyl dilsocyanmie and isophorone ditsocyanate, 4.4°
diphenylmethane dilsocyanate and toluene dilsocyanates. Polyisocyanate having an isocyanate
functionality of 3 or 4 may include triisocyonustes and Bocyanurates of 1&-hexamethyvlene.
diisocyanate and isophorone dilsocyanate may be used. "
{03341 The high molecular welght polvol may have & hydroxyl functionality ranging from about
1 to about 4. Non-linuting cxamples of high molecular weight polyol include polyester polysl,
polyether polyol, polyelefin polyel. and polycarbonale polyol having an average hydroxyl
functionalily ranging from about 2 (o abowt 4. The polyester polved used © ereate the wethans
acrylaie oligomer may be the same as the polyester polyol used o fomm the polyester acryiae
aligomer,

188351 The hydvoxyl-functional aoryvisie may have a hydroxyl funciionality from shout | to
about 2 and an acrylste Punctionality from about | io about 3. Non-lmiting examples of
hydroxyl functional acrylate include the reaction product of scryiic acid andfor (methierylic
acid and & low molecular weight diod or polyol. In some cmbodiments, the low molecolar weight
diod is selected from moncethylene glycol, 1.2- sud [3-propslens glveol, 4= and 23-butvlene
glvenl,  1.5-pentancdinl,  L&-hexancdicl, L3-ociancdiol,  decancdiol, dodecancdisd,
geopentyighyeol, oyclohexanediol and mixiorey thereof.  In some ombodiments, the polyol Is
sefocied from pentacrythritel, noopentyizivend, dicidol, irimothyiolpropane, and mixtures theroll
I some cmbodiments, the diol und polyol may contain alkyl branching or hydroxylalkyl
branching such as tnmethylelpropane. In other embodiments, the polyol comprises o mixture of
a polyed having o hydroxyl functionglity of three or grester and g diol, In other cmbodiments. the
polyel may have a chain length of from Cyto Gy or from Caio Cy between the hydroxyl groups,
f0036] Each of the first resctive component and the second reactive component may
independently conmyprise a reactive diluent, The reactive diluent may be present in the frst
reaclive component in an amount ranging from about § wi % o about 30 wi. % based on the
total weight of cach of the first reactive component. The reactive diluent may be present in the
second reactive component in an amount ranging from about § wi. % 1o about 20 wi. % based on

the total weight of each of the second reactive component.
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{0037 Reactive diluents are compounds that serve a dual porpose: such compounds are not only
capable of covalently honding with acrylate-functional oligomer but are also capabie of reducing
the viscosity of the overall putty composition. The reactive diluonts may have number average
moleenlar weights of abowt 228 o ubout 2000« including all values and sub-ranges there.
beiween. The reactive dilucnt may have an scrylate functionality ranging from 1 to § « including
all values and subranges there-between.
IBH38] Suitable reactive diluents include, but are not limited io, {methiacrylic acid, isodecyl
methiacryiste,  Novinyl  formamide,  bobormyl  (mothioryiate,  swirsethvione glyeol
{methsaoryiate, tipropylene gheol (methmeryisgie, boxancdiol difmethiacrviate, cthoxylate
bisphenol-A  difmethyucrviste, cthoxylated neopentyl glycol di{methijucrylate, propoxyiated
ncopentyl glveol difmethicryiate, ahoxylated wipropylene ghyeol difmethiaorylate, glyoeryl
propoxvisted  mifmetiacevinie, wis Qhydroxy ethyly  isecvanuraie  imethiacryviate
pentserythritol  iri{methneryviate,  penteervibritol  tetafmothlacryiate,  dimeothylol  propane
iri{mathacrylate dipentasryibiritol monchydroxypenta(methiucrylate, and trimethylol propane
iri{methiseryviate and ity othoxyiued snd propoxyviated analogues of the skeletal structurcs i

Formuals 3

:{3 Formula 3
CH o ORI oo O e o {0y e UMy e O fs»f“ e TR C e ke
LAZ
o

Ry O o O oo (e SR O 5 3o CRL N e e OB 22 O

3

FOO3% Where R'%H o CHy und =00 2, 3,04, 5,6, 7 8 % or 1

(0BT The preferred {methlacrylate reactive diluents are the mudtifunctiona) acrylates with
mumber aversge molecular weights of sbout 226 1o abowr 2. Esamploy of such are
setracthylene glyeol discryiate with a molecular weight of aboot 302, cthoxylated bisphenol A
discrylate with a number aversge molecular weight of about 776 (SR&(I from Swiomer
Company), irithvdroxyethyl bocyanurate itmerylnle with molecular weight of about 423 (SR368
from Sartomer), irimethyvlol propane triscrylate with 2 number average molecular weight of
about 296 (SR3ST from Sartomer). and othoxviated trimethyiol propane insoryiates with number

average moleculr weights frons shout 30 1o about 2000 (SRAS4, SR4AG9, SR3GZ, SRMIAS, and
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SE 413 from Sanomer Company and Photomer 4155 and Photomer 4158 from Henkel
Corporation). Teirs-functions] sesctive diluent may comprise pentaervhritol tetrascrylate.
Penta-functional roactive diluont may comprise dipentaeryhritol pentaacrylate,

FO041T Additionally. when the resctive composition comprises an epogy-based oligomer, the
reaciive composition may [uther comprise an epoxy fleaibilizer. Non-limiting cxamples of
flexibilizer includes rubber-modified bisphenol A epoxies, epoxidized caster oil based cpoxies,
and epoxiss which are modified with dimerized fatty acids, as well as miztures thereof.

FH2] The putty composition further comprises an initlaior component comprising a mixiure of
thermal Inttdator and 2 photo iniiator.  The mixiure of thermal initiator and photo initiator
provides a dual cure mechanism (o the pulty composition {2.g. curing by heat and UV radiation)
that ensures fast and proper through-cure of the pully composition to form the cured polymeric
composition 200, The term “through-cure” indicates that the substantially all of the putty
conposition that has been applied to one or more defects 130 in the cellulosic substrate 100 has
been chemically cured by cross-linking of the {ree aorviate groups present on the first sorviate
oligemer sad the second acrylate oligomer {and, optionally, the third acrylate oligomer), thereby
forming the cured polymeric composition 204,

FMA3T The doeal cure mechanism of the present invention resulis in through-core for putly
compositions applicd (b depressions having a defect depths Dy ay high st 10 mils, Unlike the
soft, sticky, dough-lke puity composition, the cured polymeric composition 200 is a rigid, non-
tacky material &t room temperafure that has & hardness of a8 lsast the surrounding cellulosic
substrate 100, Thorefore, the dual cure mechanism provides fast and efficient formation of the
cured polymeric composiiion 200 twoughowt the substantially the entire defect 150 (up o defeat
dopths Dg of 100 milsy, which in-turn allows for fast and efficient post-processing of the
composite panst 1 {e.g., milling, surface sanding, sbrading, cie)) s the cuved polymerie
composition 200 can guickly be post-ireated in the same way thal collulosic substraie 100
without special concern fo & partially cured putly composition.

F044) The thermal initiator may be presest in an amount ranging from sbouwt 803 wi % o
abowt 3 wi. % based on the total weight of the putty composition - including all valucs and sub-
rapges there-between,  In some embodiments, the thermal initiator may be present in an amount
ranging from shouwt 0.1 wi % io abowt L5 wi % bosed on the (otal weight of the putty

composition - including all values and sub-ranges therg-belween. In other embodiments, the

H
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thermal Initistor may be prosent In an amount ranging from about 8.2 wi % to abmd 1235 wi %
based on the tolal weight of the pulty composition ~ including all values and sub-ranges there
between., In furtber embodimenis, the thormal indtistor may be prosent in an amoun ranging
feom about 8.3 wi. % o about 1235 wio % based on the total weight of the putty composition -
including all values and sub-ranges there-between.  In other embodirments, the thermal initistor
may be present in an amount of abowt 08 wi % bused on the total weight of the puity
composition. In other smbodiments, the thermal initiator may be present in an smount of about
.6 wi. % based on the (otal weight of the putty composition. In other smbodiments, the thermal
initiator may be present in an amount of about G.7 wi. % based ogn the tofal weight of the putty
composition.  In other embodimenis. the thermal inltistor may be prosent in an smount of abowt
1.1 wi. % bascd on the total weight of the putty composition,

[0045] The thermal inBistor may comprise a {ree radical initiator that generates radicals upon
eaposure 10 heat rather than light. The thermal initiator may be selected from a peroxide
compound, an aro compound, and o combination thercofl,  Nooqlhmitng examples of aso
compounds inchude 22 -aeobis-(Z4-dimethylvaleroniiriie), azobistsobutyronitnile,
azobisisoheptanonitrile, azobisisopentanonitrile. and 2.2-wrobis-{2-methyibutyronitriley, 1.1%
azobis-{ Loyclohexancearbonitrile).

{00461 Non-limiting examples of peroxide initlaton include dincyl peroxides. such as 2-4-
diclorobenzy! peroside, ditsononanoy! porexide, docanoyl poroxide, lauroy! perpxide, succinic
acid peroside, acetyl peroxide, benzov! peroxide, and ditsobutyryl peroxide, acetyl alkyisulfonyl
poroxides, such as acetyl eyclohexyisulionyl poroxide, dialiod peroxydicerbonates, such as di{n-
propyl} peroxydicarbonats, di{seo-butyl) poroxydicarbonade, diC-cthylhexyl) peroxydicarbonate,
-butvl-peroxymaleie seid, dilsopropyl peroxydicarbonate, and dicyclohexyl peroxydicarbonate,
poroxy esters such as aipha-cumyl porosyneodecunoats, alpha-cumyl perexypivalate, tamyl
peroxyneodecanoate, Wbutyl peroxyneadecanoate, tamyl peroxypivalate, tChutyl perorypivalate,
2,5-dimethyl-2 5-di(Z-sthylhexanoviperonydhexane,  tamyiperoxy-2-cthyl  hexanoate,  tbutyl
peroxy-2-ethyl  hexanoate,  tbulyl  peroxyizobuiyraie, thuiyl  peroxyacetate, byl
peroxybenzoate, di-i-butyl diperoxy azelate, and di-t-butyl diperoxy phithalate, dicumyl peroxide,
2.5-dimethyb2 5-dit-butylperoxyihexane, -butyl cumyl peroride, di-t-butyl peroxide, and 2.5
dimethyl 3. 5-didt-butylperoxyihexyne-3, o hydroperoxide, such as  2.5-dihvdroperoxy-2.5-

dimethy! hexane, cumene hydroperoxide, tbudvl hvdroperoxide and t-amyl hydroperoxide, n-

it
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butyl-4 d-bis-{t-butylperoxyhvalerate, 1 1-di{i-butylperoxy)3,3 5-rimethyl oyclohexans, 11-di-
tarnyl-peroxy cyclohexane, 2,2-di{t-butviperoxy) butne, ethyb3 3-dig-butyiperoxyibutyrate, ¢
butyl peractoste, and 1, L-di{t-buiylperoxyjovelohexane,

{0847} The photo initistor may be waler soluble and include benzophenone-type initintors,
phosphine oxides, acelophenone derivatives. and cationie photo initiators such & triaryl
sulfonium salts and aryliodoninm salts, The phote initiator may be selecied from benzophenons;
4-methylbenzophenone; bonzyl dimethyl ketal: dicthoxy acelophenone; benrzoin ethers;
thioxanthones; Dhydroxyeyclohexyl phenyl ketone; Z-hydroxys-2-methyl-1-phenol-propane- 1~
one;  4-{2-hydroxyethoxyiphenyi(Z hydroxy-2-methylipropyl} ketone; 2.4,6-trimethyibenzovi
diphenylphosphine oxide; bis (36 dimethoxybenzoyly2.4.4-irimethyipentyl phosphine axide;
2 2-dimethoxy-Z-phenyl  aceiophenons;  2.2.dimethoxy-1.2-diphenvicthan-f-one;  bis(Z.4,6-
trimethyibenzovibphenyl phosphineoxide; 2-benzyl-2-N N-dimethylamino- 1-(4-
morpholinophenyly- -butanone; and Zomethyl-1-{4-{methylthio)phenyl}-2-morpholino propan-1-
one, and & combination of twe or more thereof,

16848} The photo initistor may be used alone or in combination with other photo initiators. The
pulty composition  may  further comprise photosessitizers.  Mon-limiting  exoamples of
photosensitizer  include  isopropyl  thioxanthone, chlorothioxanthone, quinones sueh as
camphorquinone;  4.4%-bis{dimethylaminoibenrophenons;  $4%bisdisthylaming  benzophenone
ethy!  kelowe, thioxanthone, bonzanthrone,  triphenyl  acctophonone  and  {luoresone,
dimethylethanclamine, methyidisthanolamine, tricthanclamine, N.N-dimethyl-para-toluidine, N-
{Z-hydraxyethyl-N-mcthyl-para-toluidine, octyl-para-NN-dimethylamine benzonic, and ethyl-
mara-N. N-dimethylamino benzoate.

{B04%] The putty compoesition of the present invention may be substaniially freg of thiol
functional compounds.  According (o some embodiments, the puity composition of the present
mvention may be cntively free of thiokfunctional compounds (e, comprise § wi. % of thiol-
functional compounds based on the fotal weighl of the pulty composition).  The putty
composition of the present invention consures fast and proper through-cure of the puity
connposition (o form the cered polymieric composition 200 even withowt the addition of thiol-
functional compounds, such as trithiol,

{058 The putty composition may further comprise a solvent. Non-Himiting examples of solvent

include an aromatic solvent, such as toduene or benrene; and o non-gromatic solvent. such as
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acctone,  chlomfom, dichloromethane, cthylscoiate, or methyl methacryviate,  In some
embodiments, the solvent comprisss acsione,

{453} The solvend may be prosent in an amount ranging from about 0.5 wi.% to about 5 wi %
based on the total weight of the puity composhiion ~ including all values and sub-ranges there
between. In other embodiments, the solvent may be prosent in an amount ranging from about |
wi.% 1o abowt 3 wi.% based on the totad weight of the puity composition ~ including all values
and sub-ranges there-between. In other embodiments. the solvent may be presest in an amount
vanging from sbowt 1.2 wi% to abowl 28 wi based on the total weight of the putty
compasition ~ including all values and sube-ranges therg-between.,  In some cmbodiments, the
solvent may be present in an amount of about 1.2 wi, % based on the total weight of the putty
composition. In some embodimenis, the solvent may be present in an amount of about 1.8 wi. %
based on the wial weight of the putty composition, In some embodiments, the solvent may be
present in an amount of abowt 2.6 wi. % based on the total weight of the pully composition.
{H052] The solvent and the thermal initiator may be present in the puity composition in a walght
ratio that rasges from about 5:1 o abowt 111« including ali ratios and sub-ranges there-beiween.
In @ preferved cmbodiment the solvent and the thermal initiastor muy be preset in the pully
composition in a weight matio ranging from abowt 4:1 to about 2.5:1 ~ including all ratios and
sub-ranges there-between.

[B853] When preparing the putty composition of the prosent invention, the thermal inltintor and
solvent may be pre-blended before being added to the first and sccond acrvilate oligomers.
Specificaily, the thermal indtistor may be substantially dissolved in the solvent prior to being
added to the first and second acrylaie oligomers.

196054} The putty composition of the present invention may funther comprise pigments and
colorant and, optionally. surfactant. The pigment may be prosent in an amount ranging from
about 3 wi. % to about 8 wi. 9% based on the total weight of the putty composition - including all
values and sub-ranges there-between. The pigment may include particles that impart yeHow, red,
green, blue, black, and combinations theveof, to the puity composition. The surfuctant may be
present in an amount ranging from abowt 0. wi. % to about T wi. % hased on the total weight of
the putty composition ~ including all values and sub-runges there-between.

{35} In preferred embodiments of the present invention, the puity composition may be

substantially free of filler. In aliernative smbediments, the putly composition may comprise
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filler. Non-limiting examples of filler include glass 38, fowr, caleiom carbonate, barfum sulfate,
mica, ammonium chioride, ammonium bromide, borie acld, antimony trioxide, slumina {e.g
fumed alumina), clays such as kaolin, china clay, lithopone, zine sulfide, zirconium oxide,
barium oxide, calcium oxide or hydroxide, magnesium silicate, oxide or hydroxide, coramic,
hollow  glass, resin microspheres. pearl essence, baryies, dialomaceous carth, aluminum
wibydrate. oayx four, magnesium silicate {Male™), calcium silicate, mixed silicates, and the like
FOUSET The pulty compuosition of the present invention may have a Brookfield viscosity ranging
fromy sbout 300 cF o about 10000 ¢P, & about 25 °C. In other embodiments, the puty
compantion may have a Brookficld viscosity of from about 1,008 o to about 5.000 cF, at about
23 °C. In other embodiments, the pulty compositions may have a Brookfield viscosity of from
about 2,000 P o about 5000 ¢P, a1 about 23 °C. The pulty composition may further comprise a
viscosity modifving agent in an amount effective such that the pulty composition exhibits the
desived viscosity, Non-limiting examples of viscosity modifying agent comprises fumed silica
andfor a dispersant.

{057} The putty composition of the present invention is formulated o be seilleveling. The
term “seli-leveling” refers 1o o composition that can filf one or more deprossions 130 on the
celiulosic substrate 100 under the cffect of only grovity and without the need for asing physical
tools (e.g.. s putty knives, alr blade, vacuuny suction) to further manipulate the pulty composition
after application {0 the cellnlosic subsiraie 100, Specifically, self-loveling will cause the putty
composilion o settle within the deprossion 150 and form a putty top surface that is substantially
paralicl to the top surface 102 of the collulosic substrate 100 under the offect of only gravity.
{B058] After curing, the top surface of the putty composition becomues the top repalr surfacs 2032
af the cured polymeric composition 200, Therefore, the self-develing of the puity compositinn
provides a fast and efficient way o create a desirable the top repair swrface 202 becamse the
apphication of the putly compasition can be immediately followed by inftiation of the dual curing
mechanism without the nesd for intermittent physical manipulation of the pulty composition that
would otherwise be required o ensurs the resulling top repair surface 202 is paralle] o the top
surface 102 of the cellulosic substrate 100, Furnthermore, with an esza:csivé amouni of paty
composition applied fo the defoct 130, the self-leveling can provide a top repalr surface 202 that

is substantially co-planar with the top surface 102 of the cellulosic substrate withowl need for
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additional processing. such as sanding or abrading of the cured polymeric composition 200,
thereby reducing manufacturing time and energy, a5 well as saving on material cost.

{03387 The putty composition may be formed by combining the frst acryvlate sligomer, second
acrylate nligomer, thermal and photo inltistors, selvent, and optionally, plgments, and swrfactant
in some cmbodiments, the thermal initiader may be pre-dissolved in the solvent belore being
added to the other components of the pully composition.

{0068 The composite panel 1 may be formed by heating 2 cellulosic substrate 100 that has a
least one defect 1530 on the top surface 102 (o a fomperature of grester than abowt 35, In some
smbodimenis, the colfulosic substrale may be heated to a tomperature of {rom about 37 °C o
about 7} *C. In other embodiments, the cellulosic substrate may be heated to o tomperature of
from about 57 *C o abowl 66 °C. The bottom surface 103 of the cellnlosic substraie 100 may
face an upper surface of & conveyor belt or other work surface. The puity composition may be
applied to the defect 150, where the pully composition then seli-levels ander gravitational pull
{whereby gravily is pulling in a divection extending from the top surface 102 toward the bottom
surface 103 of the coliulosic substrate 100y, The pully composition may be af room temperature
when i seif-levels,

{00611 During one or more stages of the manufacturing process, the cellulosic substrate 10 may
be placed on a conveyor belt that has a line speed of from about 10 fect/minuie {fhm) to abowt 70
fpm ~ including all values and sub-ranges there-between,  In some cmbodiments, the conveyor
belt has a line spead of {rom abouwl 20 {pm to abowt 60 fpm ~ including all values and sub-ranges
there-between,  In some cmbodiments, the conveyor belt has 2 line speed of from about 30 fpm
to abowt 30 {pm - inchuding all values and sub-ranges there-between. In some embodiments, the
conveyor belt has 2 Hne speed of about 35 fpm. In some embodiments, the conveyor belt has a
line spesd of 33 fpm. Specifically, the seif-loveling and dual cure mechanism of the puty
composition allows for faster manufacture of the compaosite panel 1.

{8062} Once the pulty composition b applied (o the defect 130, the putly composition self-levels
i form the putty top surface without the need for the application of exiornal pressure on the
putly top surface from an externad top layer or wop Blm. The cellulosic subsirate 100 may then be
exposed 1o a radiation source and the puity composition cures {0 form the cured polymeric
composition 200 within the cellulosic substrate 100, thereby forming the composite panel 1 of

the present invention. The putty top surface may be exposed to atmospheric conditions during
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curing.  Stated otherwise. the putly top surface is not covered by an extomal membrane or
prowetive film / layer during exposurs o the UV radiation during curing. Rather, the putty top
surface of the putty composition and at least & portion of the top surfuce 102 of the cellulosic
substriie 100 are exposed o the swrounding wimospheric conditions during curing. Thas the top
putty surface forms the top repair surface 202 while exposed to atmospherie conditions and not
under the protection of an external layer andior membrane.

[8063] The celfulosin substrate 100 having the petty composition applied thersto can be cured by
conveying the cellulosic substrate 100 slong the machine direction whersin the radiation source
i3 located above the cellulosic subsiraie 100 and conveyor belt, facing downward,  As the
cellulosic substrate 100 and putty composition applied there 10 puss undemneath the radiation
source, the pulty composition is exposed fo the UV radiation that is cmitied from the radiation
SOUTCE.

{0064] The radiation source may comprise sliravielet radistion as measured uwsing an EIT
mdiometer in the UVA regime, The radiation source may be g UV lamp that emits UV radiation
having a peck irradiance ranging from about 350 mWiem™ to abowt 20 Wiem® ~ including all
valoes and sub-ranges there-between. In some embodiments, the radiation source may emit UV
radiation having a peak iradiance ranging from sbout 350 mWicm® to abowt 2,000 mWiem® ~
including all values and suboranges there-botween. In a preforred cmbodiment, the radiation
souree may omit UV radiation having @ peak irradisnce ranging from about 350 mWiem® i
about 1,000 mWiem ~ including ali values and sub-ranges there-botween, The radiation source
may be a moereary vapor UV lamp or an LED cmitiing radiation lamp, wherein the radiation that
is eonitied has @ wavelength in the range of about 350 nm (o about 400 nm ~ including all values
and sub-ranges there-betwesn, The LED may emb radiation ot o wavelength ranging from 363
e to 393 nm and have a LED paak irradiance a5 high as 20 Wiem® using a Nobel Probe.

[#065] Moving along the machine direction ai the shove roferenced ling speed, the putty
compasition applied 1o the cellulosic substrate 100 can be cured with UV radiation from the
radiation source, wherein the UV radistion outpst required to cure the puly composition
{including complets through cure) lofals 1o an amount ranging from about 300 mlem” (o abow
1000 milom® ~ including all values and sub-ranges thero-between,  Addiionally. the puty
compesition may be cured with as little as a single pasy under the radiation source. I other

embodiments, the cellulosic substrate 10 having the puity composition applicd thersto may be

i
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cured by passing undemeath the radiution source with meltiple passes « eg. 2 to 10 pusses
including all value and sub-ranges there-between,
{661 The radiation source may comprise one or more UV lamps (including an LED} baving o
UVA output of groater than about 700mMfem®. The mdiation source may be an LED emiiting
radiation having & wavelength in the range of about 3530 am o sbout 400 nm - including all
values and sub-runges there-betwesn whereln the LED muay comit rediation st o wavelength
ranging from 363 nm to 393 nm and have o LED peak irradiance as high as 20 Wiem®,
180671 The composite panel 1 may then be cooled at a swrface lemperature ranging from abouwt
54 °C 1o about 63 *C - including all temperatures and sub-ranges there-belween,
{88681 In a preferred embodiment, the cellulosic substrate 1 having the puily composition
applied thereio can be cured with » single pass under the radintion source, which provides for a
continuous mansiacturing process of flcoring materials and products that funther includes defoct
repair, Stated otherwise, using the pully compasition of the prosent invention provides a useful
way o repair surface defects 150 in eollulosic substrates 100 withowt having o temporarily
separate the cellulosic substrate 100 from a continoops manufaciuring process ~ e.g., stopping in-
ing Flooring material manufacture so that ¢ cellulosic board may be removed from the in-line
production and relocnied (0 g separate isolated repaly process. Rather, defects 154 in cellulosic
substrates 100 can be repaired along the overal] contineous munulacturing process such that the
defeets can be ropair immediniely aftor the initial processing of the collulosic board (e.g., board
milling) and immediately before funther processing steps {e.g.. bourd sanding. additional cutting,
surface staining andfor scaling} withouwt the need 1o pause the overall manufacturing process for
surface defect repair. With a single pass. the defects in the cellulosic subsirate can be repaired
along a conveyor otherwise intended to shaping. sanding. and for staining the celiulosic subsirate
i an effont to ereate a flooring material,
062 In non-limiting embodiments, a Booring panel may comprise the composite panel 1 of the
present invention.  The flooring panel may further comprise an underlayvment applicd o the
second major surface 2 of the composits panel T, The flooring penel may further comprise a
wear fayer applied to the first major surface | of the compeosite panel 1.
{00701 The invention will be described in grenter detail by way of specific exampies, The
following examples are offered for Hlusirative purposes and are not intended o limi the

inveation in any muanner,
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EXAMPLES

{7 Deseribed in Tables 1 and 2 {below) are the compositions of four {4} exemplary putiv

compasitions of the present invention (Ex. T~ Bx. 4}, along with the compositions for three (3}

mparative pulty compositions {Comp. Ex. 1 - Comp. Ex. 33

721 Bach sumple was p

&

cllulosic subsirate

i,

repared by first performing a pro-heat sfep to each ¢
before application of the putty composition, The pre-hest step included passing the cethulosic

substrate under UV tamps 1o achieve s board surface temperature (BT of 37 %C 1o 83 °C prior

o gpplication of the pully compasitions,  Subscquently, each pulty compesition was applind o
and filled defest

device. The defects included knot holes having a depth of abowt 80mil

s ont @ collulosio substrate by using either a plastic dropper or another dispensing
The board was then

. . i a . S
passed under UY lamps with a2 UV A output of 730mdlem” using an EIT Power Puck.

Table 1
ngresient Bx. 1§ BEx, Ex.3 | B 4} {i‘i:;ssp.fx; P Qomp, Bu 2§ Comp, Bx 3
o 5
Y e (‘.‘*.."—5‘\‘ FHIt g - - g .
UV eurble? epory sl | ager | goan | 7432 | 8109 ] 8s.ss 93.27 64.40
oligomer
TV curable® Lirethane sceviate - N _ .
UV curable® Urethane aceyiole | og po Ly gy | 1033 | 330 34 o4 3468
ofigomer
2w, (a3 4
| o Arabin(2d 046 | 073 | 038 | Lis 8.62 859 -
dimsthyivaleroniviled
Aremns PR P 123 1 124 | 268 1,31 13
Surfactapt®s 618 1 6034 1 332 1 088 42 .40 8,92
Colorant 06 T 487 | 401 475 450 o
Through Dupgtes Yes Yes Yo Yeu Y Yes Nag
Cracks on Cooling N N No Mo e Yas &

*Ingredient contains photo lnitistor

**Surfactant ncludes polyether modified polydimethyisiloxane

¥ Absence of "through cure” §s confivmed by the cozing of usowred putty Srom the sides of o defect after the defect
is pressed,

Table 2
Ex. P {1 Ex.2 1 BEx 3 1 Exd {Comp Ex. 1 | Comp. B 2§ Comp. Bx. 3

Feed Spead (fpm) 33 33 33 33 33 13 33
Lamp Radiation vy g . gt ey 4 N
UVA Output fmdfem® | o0 | U A0 Tee 738 3 A
Peak eadiznce {mWheany | 483 483 483 453 463 463 3

# Passes i i i i i { i

{‘epm of Defect B3 mil | 80 midl | SO mil | B0 mil 80 mil S0 mill 88 mil

Theough Cure Yes Yeg Yes Yes Yes Yes No
Cracks on Cocling N Ng No Noy Yas Yes NiA

.(,,
e
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{073 As shown in Table 1, the exemplury compositions of the present invention (Bx, 1 < Ex. 43
have no perceivable crucks upen cooling and demonstrate through cure; whereas Comp. Bx. 1
and 2 become brittle upon cooling and crack: and Comp. Ex. 3 doos not demonstrate through
curg. A putty composition that cracks upon cooling, or {afls to demonstraie through cure, is
unaccepiable.

160074] It is intended that any patents, patent applications or printed publications, including
boods, mentioned in this patent document be hereby incorporated by reference in their entirety.
HIO7S] As those skilled in the art will appreciate, numerouns changss and modifications may he
made to the embodiments described hercin, without departing from the spirit of the invention, &

is intended that all such variations fall within the scope of the invention.
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CLAMS
A composite panel comprising a first mujor surface opposile a second mujor surface. the
composite panel further comprising:

a vellulosic substrate comprising a lop surface opposile 2 botom surface. the iop
surface forming a part of the Orst major surface, the collulosio subsiraio comprising al
least one defect that forns a depression in the wp surface of the cellulosic subsirate;

a cured polymeric composition formed from a pulty composition comprising:

4 first reactive component comprising a first acrylate oligomen

2 sscond reactive component comprising a second acrylate oligomer, the
second acrylate oligomer comprising a ursthane acrylate ohigomen and

ar initlator component comprising a thermal intilator and a photo inttiaton

wherein the first reactive component and the second reactive compon
arg present in g weight ratio ranging {rom about 4:1 1o abeut 1:2; and wherein the
puity composition is seli-leveling;

whersin the cured polymoric composition occupies af least g portion of the depression,

The composiie panel according o claim I, wherein the pulty composition has a viscosity

ranging from about 500 ¢P to about 10,000 ¢P at about 23 °C.

The composite panel according to claim §, wherein the first acrylaie oligomer is selected

fromn o polyester acryiate oligomer, an epoxy sorylate oligomer, or 4 combination thereof,

The composiie panel according to claim 1, whereln the welght ratio of the {irst acrylate

oligomer to the second acrylate oligomer ranges from about 211 do abowt 111

The compasite panel according to claim 1, wherein the pulty compasition is substantially

free of calelum carbonate, ke and clay.

The composite papel according o elaim |, wherein the thermal Inbiistor s prosent ia an
amopunt ranging from about .2 wi. % o about 1.5 wt. % based on the {ofal weight of the

puily composition.
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The composite panel according to colaim L whercin at least one of the st reactive

cornponent or the second reactive component comprises a reactive diluent.

The composite panel sccording o claim 1, wherein the cured polymeric composition is
present in the depression such that the cured polymerie composition forms & part of the

{irst mujor surface.

The composite panel according to claim 1. whereln the depression has a floor at a
marimum depth of abomt 100 mil as messured {rom the top surface celiulasic subsirate in

a direction exiending from the (op surface toward the bottom surfage,

A method of repairing a celiulosic subsirate comprising:
{a} heating a cellulosic subsirate having o least one defoet that forms a depression in
a top surface of the cellulosic subsirate 1o o wmperature of greater than abowt
35,
{I applying a putty composition to the depression, the putly composition comprising:
a {irst reactive component comprising o frst aorylate oligomer:
a second reactive component comprising a second sorylate oligomer
comprising a urethane acrylate oligomer: and
an initisior componeat comprising a thermal initiator and a photo initiaton
wherein the content ratio of the first reactive component o the serond
reactive component ranges from sbout 4:1 o sbout 1:2; and wherein the puity
composition is sell~leveling; and

i) exposing the celfulosic subsirate o a radiation source,

The method sccording to olatm 10, whereln the putty composition has a viscosity ranging

froun about 330 oF (o ahowt 10,606 oF at abma 25 °C,

The methad sccording to claim 10, whermin the weight matio of the first serylate oligomer

{0 the second acryiale oligomer ranges from abowt 201 to about 111,
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I3 The method asccording to claim 10, whereln the cellulosic substrate 1s heated o 2

wemperaiure ranging from abowt 33 °C to ahowt 70 °C,

i4.  The method according to claim H), whorein the radiation source comprises a UV famp

having a UV A outpul of grester than about 700m¥/em”.

15, The method according fo claim 1, wherein the pully composition is substantially free of

caloium carbonsie, fale and clay.

16, The method according 1o olaim 10, wherein the collulosic subsirate comprises a bottom
surface opposite the top surface and wherein the putty composition is self-leveling such
that during step (b} the putly composition {ills the depression under gravitational pull and
a top porton of the putly composition is substantially coplunar with the top surface of the

celiniosic subsirate.

I7. The methed of chum 16, wherein the depression has st 2 maximoem depth of abouwt 130
mil as measured from the top surlace collulosic substrate in a divection extonding toward

the bottom surface.

T8, A puily composition comprising:
a first aeryiate oligomer comprising a polyesier acryiate oligomer, an epoxy
acryiate oligomer, or 8 combination thereof;
2 second acrylate oligomer comprising a urethane scrylate oligomer; and
an fnitiator component comprising:
3 thermal inttigtor; and
a photo initiaton
wherein the {irst acrylate oligomer and the sccond acryviate olipomer are present in
g weight ratio that ranges from about 431 o abet 1:2: and whersin the putly composition
i self-leveling: and wherein the puily composition has a2 viscosity ranging from shout

304 oP to ahow 10000 oF gt abowt 32370

753
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9. The pully composition sccording fo clatm 18 whersin the weight ratio of the {irst

acryiate oligomer and the second acryviate oligomer manges from abowt 201 to about 1l

20, The putty composition according to claim 18, wherein the puity composilion s

subsiantiully free of calowem carbonate, talc and clay.
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