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SUMMARY OF THE INVENTION

It is now found that polythiol additives provide improved properties for abrasive
resin binders.

An abrasive product includes a plurality of abrasive particles and a resin cured with

a polythiol group.
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The disclosed cured resins, such as crosslinked resins, are color stable compared to
other resins. For example, the typical darkening observed in phenolic resins can be
mitigated with polythiol crosslinking, without the use of melamine, allowing transparent
resins capable of being used in applications that benefit from transparency, for example,
use with colorants, or the like.

The disclosed resins have improved mechanical properties, for example, increased
average storage modulus, increased average loss modulus decreased average tan 3, and the
like. The improved mechanical properties can lead to improved applications such as in
abrasive products. For example, in coated abrasives such as sandpaper, the disclosed
resins can result in a product that retains abrasive grains better leading to decreased

random scratch formation, is more flexible leading to less cracking/embrittlement which
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FIG. 3 is a graph of the ultraviolet absorbance of a long wavelength photoinitiator
of the invention 500, a short-wavelength initiator 502, and three different abrasive grains
504, 506, and 508.

FIGs. 4A, 4B, and 4C, respectively, show improved mechanical properties of
increased average storage modulus, increased average loss modulus, and decreased average
tan & measured over a temperature range of -150 degrees C to 250 degrees C for a
trimethylolpropane triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin
crosslinked with the polythiol pentaerythritol tetra-(3-mercaptopropionate) compared to the
same trimethylolpropane triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin

without polythiol.
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In one aspect, the present invention is directed to an abrasive product that includes
a resin cured with a polythiol group. In some embodiments, the cured resin includes a
resin crosslinked with the polythiol group.

As used herein, an uncured or uncrosslinked “resin” is a composition for curing or
crosslinking comprising one or more components selected from monomers, oligomers, and
polymers, and may optionally contain other additives such as colorants, stabilizers,
plasticizers, fillers, solvents, antiloading agents, or the like. Generally, a resin includes a
mixture of partially polymerized components that harden upon curing, which is typically
the result of a crosslinking reaction. The cured or uncrosslinked resin can be cured by
initiation with light, electron beam radiation, acid, base, heat, combinations thereof, or the
like to form the crosslinked resin. Typically in the invention, the uncured or uncrosslinked

resins, such as aldehyde resins, are cured or crosslinked with a polythiol group.
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amino group (-NH). Examples of the amino compounds that can be employed in the
invention include urea; aminotriazines such as melamine; and mixtures thereof. As used
herein, the "phenolic compound" means a monomeric compound having at least one
phenolic unit. Examples of the phenolic compounds that can be employed in the invention
include phenol; alkyl phenols, such as cresols (e.g., o-cresol, m-cresol and p-cresol),
xylenols (e.g., 2,4-xylenol), cardinols, ethyl phenols, propyl phenols, hexyl phenols, nonyl
phenols or cahew nut shell liquid; alkenyl phenols, such as isopropenyl phenol; polyhydric



In a nore preferred enbodi nent, the polythiol includes

pentaerythritol tetra-(3- nercaptopropionate) (C(CH
wORuCHI2GR2- SH) 4) . Nuner ogns pol ythiols are PCT/US2006/025133

commercially avail abl e from BRUNO BOCK Cheni sche

Fabri k GroH & Co. KG Nhrschacht Germany. In a

phenchl S50t S SRR A1 0L BT R S9%E i i o
CHZ(dGmGPi)Q ey dechs g@m@ﬂ)}s SAﬂdﬂ Eﬁséuﬁ\ést bhefed?O! YA 'ugéq( herein, the

As used rein,the uncured or uncrosslin
"aldehydd: Ulahgm;eanr @gami¢ compdunddwvipglay beasti anecaldghsdé g@iup pr a functional

group B RGBS FRver RS (bR oy o oty Sy g epRLLe of reacting with a
phenoﬁyck&aﬁ&mdesas WERHES AMPvRO Cfl gﬁgsoprsdaﬁe %geh@eea include

conpounds, generating water as a byproduct
formahiehypden fottddehade gizldingrpotertls sehns paraforoatdeliyce; acetaldehyde;

ojrpoun ng at | east ope amno gro -NH2) .
ﬁuﬁ“%&gﬁ%%@ghB Y%H ‘Bﬁ?ﬁﬁ”g@ﬁﬁgunds tha? cgﬁ ge en%loyed
Irr& Er}ﬁofenéf)%@l coé?nﬁdaﬁhé{g Hér 1%91?1 A4 Qﬁlrega(ﬁ &8?811315 iéf%ﬁldes a

am ne; m xt ures ereo use ereln,
phenol-pldelylei e m&mpmambﬂehyrka asnea—aideimde rregin oojrm«nmakehh@rbastg In an
at | easft. on c unit es of the phen

[
even RGILRTHLLY ¢ ‘5? e B rsﬁﬁﬁ&b@ocqr o erasHiRd T es'a phenol-
formald@ﬁ;rdédﬁ Iﬂaﬁﬂﬂeafoﬁbﬁd%wﬁgefﬁjeé-f I?ié?&h? s ?} £ nfi€tuks thereof.
, Xytenols’(e.qg.,

-cresol m Creso creso
In sonzg prefstr@heampodimanid) thelssined el cupdt o k®ssljkedihcludes a phenol-
phenol s_or cahew nut

formaliREy e gy SULCIEF RIS HONOR BhEnaTemiakdeb g hapame cmployed
in thepﬂgﬁﬂp% 981 K@fgﬁﬂ 1n fﬁe ényF%k {%U(hg Ugﬁeggﬁ% 8:3.0?1,’130,550,

ary suc
4,289 81k anb ﬁmmmmeaum €@ Kig) 2FCRhIBHr2; mmqbom'ted heesm by

thereof. As used herein, the "al dehyde" nmeans an
reﬁﬂmﬁpganlc compound havi ng at | east one al dehyde group or

a de y%éerosgﬁélﬁgr %FC tt ﬂﬁ@'}eﬁ t§ %V&ﬁécﬁgr[ Er%sﬁﬂlkie% includes an

roup i’s capabl e of reacting w

thiol-ephgobiner witngio dirdthivd-ede polyntee ts alred or cﬁxﬂﬂikéceﬁnmfthésp@lbthml
al dehydes incl| ude formal dehyde; formal dehyde yi el di ng
groupRytia ofher Vosdicthe Huolynpighesratieibiglrae palyateap cfle thiol groups

of the{%%{ }fftﬂfo"i1 011&}.” il ﬁ%ﬂgln%da?b&?%emsxmg et';eeg&re% op c?osslinked

€ Spe€eCl ré3|n e cure

includes pindthylspdopane trisdsgata opﬁﬁr(ﬁlhyafdi@fwl@&) isécyanurate trlacrylate
nel am ne- al dehyde, a urea-al dehyde resin, or a mxture

t Beyeotnothes %’Pb@%‘?ﬂtﬂﬁ}eer%ﬁe@ be cursdnerarivatiinked fecludes or is
furthef ﬁcﬁ‘hﬁ {a 3 with agqu?‘ﬁgnﬁfy c%%ﬁﬁj(éél&ec(%ésﬂﬁi(%qg §orﬁponent selected from

phenohc resins, aminoplast resins having pendant «, B-unsaturated carbonyl groups,
urethane resins, epoxy resins, urea-formaldehyde resins, isocyanurate resins, melamine-
formaldehyde resins, acrylate resins, acrylated isocyanurate resins, acrylated urethane
resins, acrylated epoxy resins, bismaleimide resins, hide glue, cellulosics, latices, casein,
soy proteins, sodium alginate, polyvinyl alcohol, polyvinylacetate, polyacrylester, and
polyethylene vinylacetate, polystyrene-butadiene, and mixtures thereof.

Generally, the polythiol group can form from at least about 1% to about 99% of the
cured or crosslinked resin by weight, typically at least about 5%, more typically from about
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w1thout abraswe grains. Optionally, depending upon their specific applications, the coated

abrasive products can further include other coats, for example, a size coat, a supersize coat,
or the like. In these embodiments, abrasive materials can be applied separately by gravity,
electrostatic deposition or in air stream, or as shlurry together with the polyurethane
adhesive compositions.

In other specific embodiments, the support substrate may be impregnated with a
resin-abrasive slurry that includes an abrasive material, such as abrasive particles, and a
resin binder, to form a binder-abrasive layer, depending upon the required aggressiveness

of the finished coated abrasive tools, as described above.
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(Buchanan); and 5,560,753 (Buchanan, ef al.).

The substrate may also be a fibrous reinforced thermoplastic, for example, as
disclosed in U.S. Pat. No. 5,417,726 (Stout, et al.), or an endless spliceless belt, for
example, as disclosed in U.S. Pat. No. 5,573,619 (Benedict, et al.). Likewise, the substrate
may be a polymeric substrate having hooking stems projecting therefrom, for example, as
disclosed in U.S. Pat. No. 5,505,747 (Chesley, et al.). Similarly, the substrate may be a
loop fabric, for example, as described in U.S. Pat. No. 5,565,011 (Follett, et al.). |

In some instances, it may be preferred to incorporate a pressure sensitive adhesive

onto the back side of the coated abrasive such that the resulting coated abrasive can be
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the substrate may be a
particles on the other side. Alternatively, one side can contain a plurality of abrasive

particles having a different particle size than those on the other side. In some instances, this
two sided abrasive article can be used in a manner in which both sides of the abrasive
article abrade at the same time. For example, in a small area such as a corner, one side of
the abrasive article can abrade the top workpiece surface, while the other side can abrade
the bottom workpiece surface.

Nonwoven abrasives are included within the scope of the invention. Nonwoven
abrasives are described generally in U.S. Pat. Nos. 2,958,593 (Hoover, et al.) and
4,991,362 (Heyer, et al.).
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dlor seney eases,t supemsidescans S8t caal by depasited deith opneitisiutiey binder.
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Generalli th TEHENOT RIEFAZE 5126148 19 {P Blece Bp Asiupiac 8f coatpd gbrasive

materiéll@ p%lhu rﬁ%{ﬁfl?ﬁ? lﬂé i}%ﬁ\rfigé% %g&ﬁ‘ﬂt LA YerisBEE sHkhGisCathaG Ol g}iﬂding
capability, surface lubrication, anti-static properties or anti-loading properties. Examples
of suitable grinding aids are those that include KBF,. Examples of suitable lubricants for
supersize coat 108 include lithium stearate and sodium laurel sulfate. Examples of suitable
anti-static agent include alkali metal sulfonates, tertiary amines and the like. Examples of
suitable anti-loading agents include metal salts of fatty acids, for example, zinc stearate,
calcium stearate and lithium stearate and the like. Anionic organic surfactants can also be
used effective anti-loading agents. A variety of examples of such anionic surfactants and

antiloading compositions including such an anionic surfactant are described in U.S. Patent

Application Publication No. 2005/0085167 Al, the entire teachings of which are
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Perinone, anthraquinone, azo dye complexes and thioindigoid.

A fluorescent colorant is a dye or pigment containing a fluorescent organic
molecule. Detailed descriptions of fluorescent colorants can be found in Zollinger, H.,
“Color Chemistry: Synthesis, Properties, and Applications of Organic Dyes and Pigments™,
2 Ed., VCH, New York, 1991, the entire teachings of which are incorporated herein by
reference. As used herein, a fluorescent colorant can be, for example, a xanthene,
thioxanthene, fluorene (e.g., fluoresceins, rhodamines, eosines, phloxines, uranines,
succineins, sacchareins, rosamines, and rhodols), napthylamine, naphthylimide,

naphtholactam, azalactone, methine, oxazine, thiazine, benzopyran, coumarin,
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violet. In specific embodiments, the colorant is fluorescent, for example, fluorescent red,

fluorescent orange (blaze orange), fluorescent yellow, fluorescent green, or the like. In
some preferred embodiments, the colorant is fluorescent orange (blaze orange).

In various embodiments, particularly in some embodiments including the presence
of a colorant, the cured or crosslinked resin does not include melamine.

In various embodiments, the colorant can be employed to identify the abrasive
product, e.g., for commercial branding, for usage indication such as wet, dry, wood, metal,

or the like, or for identification of grit size, or the like
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example2$d Bhovl B 188, ARLiUSRAYin ?%Rﬂfpﬁoﬁ Uppirt alibe2Adsafe in@tr@ctlon a
coating between the opfi onal port substrate and t

safety evarmguig, reewiear. indicateay 4 sweilf dmadetgomdma'@m,t a1, theHikec chufreaxample an
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effectlgéﬂeg(ﬁqfl@aﬁaﬁvge found in Zollinger, H, "Color
Chenmi stry: Synthesis, Properties, and Applications of
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ant hr agui none, 1sovi ol anthro hrapyri done,
at leastpghoahﬂ(h em, py iagpekdivemivdimatthatzme 66 nnp eT]_gd: enaeelem‘gth range can

i ndi.goi d Mor e pref erab) resce coI or an
be locqi Geataiiaal 11T E GG ppebhs seied febreesaisoranasd 800 mm,
more tyPlEAKARENERES0 1 BEPBYG ﬁrﬂs r il QUHB rehﬂ)%ﬁm?éﬂt prﬁ) nm and

ant hr agul nones, 1So0vl ol ani rones, anthnrapyri aones,

450 nnpy heperti@dar qaxylvc&lzmbnm,eth@ waeelzgdth rage ras be | duateidrigbge@ndS0 nm
nd fluo es. Mbst eferably, the fluorescent
and40§6‘%9§%"( Ii]13’ eﬁmfl}ﬂgc?iéﬁ{)ﬁ@ne or thioxanthene. One
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aval | abl e col orarts, e Speci chem ¢tal®'structure’
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t hi oxant hene derivatives, y not be publicly
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u (
least 1%??1:‘[%{3%}‘1 %Salreﬁﬂc Cf;c{ gfgt‘rlvfo?eéeéhﬁ% %r %&};}tﬁ%ﬁ%la %V%l%ﬂ@%f 338 nm or
longer AareabsogmioAseadd ks drandd.9, Tgextialle léshahars 0.8, &pdeally less than 0.7,

more ty%?!:a?{yl lgstsstha_n (? %ecjarrﬁ:arlltlc-rurlellr ynlgslsethaF;l 0. l§ T%lcally, the absorption value at
a wavelength 350 nm or longer is over a wavelength range of at least about 10 nm, more
typically at least about 25 nm, particularly at least about 40 nm, or in specific embodiments
about 50 nm.

Likewise, in some embodiments, the abrasive product includes a support substrate
that can be transparent to ultraviolet light.

Also, in various embodiments, the cured or crosslinked resin and/or the abrasive

product can include an ultraviolet transparent filler e.g., a filler that transmits more
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polyth¥ailgr@ipS embodi nents, the col orant can be enployed to

identify the abrasive product, ., for commerci al
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excepC@B chRdlRsinEt. Ahe %rdﬂ'u'cﬂin@ﬂld@sﬂiﬂ 8thBrwibOTdeBHEHIRESn bitOnot cured
show a Iogo an i entifying description, a part

WMhaHWMﬁ@plg@uusage instruction, a safety marning, a wear
d| cato

f di.c th
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the cufgP R E T RL TR et g P YR eplipl Pt B Ch with o
polyth{i(ﬁg@'lékﬂblﬁty‘:%tlﬁcrheé@\ﬁéa By@itahle ARl KnBREAIiRShd &,/ BF BeRaple,
by the use of a Frank Stiffness meter available from Karl Frank in Germany or Gurley
Precision Instruments in U.S.A. Typically, flexibility test with such a Frank Stiffness
meter measures the amount of force required to bend a sample over a fixed radius to a
standard angle, such as between 10 degrees to 60 degrees in 5 degree increments. This can
be done in both wrap and weft directions of the sample. The slope of a plot of % force (y-
axis) versus angle (x-axis) for each sample yields what is known as the as the “Flex -

Slope.” The higher the flex slope generally indicates a stiffer product.
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laminatew, plastidsi fibdrglabsy leathel ensdraraizout 40 nm or in specific

errbodl nts about 50 nm. Li kew se, .in sone
ngnﬁgoe% © AMPSF BVERUgARCIudRT [, gweble compesition that
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prefenedcmmjnptdsedf thesformaldeliyale retie aalrtas ipebtigob drotip arams described
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with ther poigthiol @ndupt i Inl athieriembaldimams)thé curblyid rcatn@osmon further includes
or is further combined with an optionally crosslinked or crosslinkable component selected
from phenolic resins, aminoplast resins having pendant a, B-unsaturated carbonyl groups,
urethane resins, epoxy resins, urea-formaldehyde resins, isocyanurate resins, melamine-
formaldehyde resins, acrylate resins, acrylated isocyanurate resins, acrylated urethane
resins, acrylated epoxy resins, bismaleimide resins, hide glue, cellulosics, latices, casein,
soy proteins, sodium alginate, polyvinyl alcohol, polyvinylacetate, polyacrylester, and
polyethylene vinylacetate, polystyrene-butadiene, and mixtures thereof. Optionally, the
curable compositions of the invention can further include colorants, fillers and additives,

depending upon their specific applications. Examples of the colorants, fillers and additives

are as described above.
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Precision Instrunments in U S. A Typically, flexibility
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the p&k&ﬁgg Bf %oBJﬂ%BI OfFo{0 JX%%% (t)ﬂgxéaﬁ)ple with 0 wt% of the polythiol

pentaerythritol tetra-(3-mercaptopropionate) was almost black, while the sample with 20
wt% of the polythiol pentaerythritol tetra-(3-mercaptopropionate) was very bright yellow-
orange, indicating that the transparency of the sample with 20 wt% of the polythiol was
significantly greater than the sample with 0% of the polythiol.

Also, when two otherwise identical coated abrasives containing a fluorescent
orange dye were compared, i.e., one with a phenolic resin binder cured without the
polythiol group, and one with a phenolic resin binder cured with 10% by weight of the
polythiol pentaerythritol tetra-(3-mercaptopropionate), the coated abrasive with the

phenolic resin binder cured without the polythiol group was much darker and therefore
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resins, bisnmaleimde resins, hide glue, cellulosics,

Tranymitteddry, the Aduiapive Grains, Improving Curing

FIG. 3 is a graph of the ultraviolet absorbance of a long wavelength photoinitiator

of the invention 500, a short-wavelength initiator 502, and three different abrasive grains
504, 506, and 508. As can be seen, if short-wavelength initiator 502 is employed, there
can be significant shadowing by the abrasive grains, particularly grain 504. By employing
long wavelength photoinitiator 500, the system can be irradiated with light in a wavelength
region above the major absorbance of the grain, e.g., 350 nanometers for grain 504, Wﬁere

photoinitiator 500 has greater absorbance than short-wavelength initiator 502. Also, the
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pentaerythritol tetra-(3- nercaptopropionate) as
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the foll owi ng exanpl es were prepared by ng one
samplegf werp gerad) emdho dilamKdedandeimmediand clepnody toaaroyidasamples

. resin coated .at.1 6 |bs r (23.7 Labrasjve = .,
suitalf 8 u R SRt Sapuriie GFI Gilineclias "B Kol iy x 1
long).to a 5-m | polyethylene terepthalate surface treated

filmin a continuous coating process. The coated
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Resi ns | nprove Transparency Transparenc sanpl-e
E’, angieniops modukisnEhi The 6194ag6 ¥hodue refoms! t @96 bilityed b naedrial to
t he pol.yt hiol pentaerythritol .
store. Py S ool LD 10 J1o ABATRSTS 9 e daaterialy The e modulus can
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t he sanpl e.wi,th 20
and storage mogglus is the Va%ue tan 8. Because of the viscoelastic nature of polymers,

these viscoelastic properties (E’, E” and tan §) can be a function of temperature as well as
time.

FIGs. 4A, 4B, and 4C, respectively, show improved mechanical properties of
increased average storage modulus, increased average loss modulus, and decreased average
tan & measured over a temperature range of -150 degrees C to 250 degrees C for a
trimethylolpropane triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin
crosslinked with the polythiol pentaerythrito] tetra-(3-mercaptopropionate) compared to the
same trimethylolpropane triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin
without polythiol.



wt % of the pol ythiol pentaerythritol

tetra-(3-nercaptopropi onate) was very bright
weebd'masrsange, i ndicating that the transpar encyCcofustive025133

sanple with 20 wt % of the polythiol was significantly

greater than the sanple wth 0% of the polythiol.

e e S PR o e e
| FRG. 5398 Mo&&%@pho Hﬁﬁﬂh% Gl @fleSirdH1 SG{dof F&gtcﬁ" ih NP Workpiece

i
__the polythiol 'group, and one wth a phenolic resin
finishbiWitlout ovislenig W bé badsd by theeryy fitt is dklitved thatl spthiraddom scratches

entaerythritol tra- (3-mercaptoprqpi onate),  the )
occur Bttt P BT e e BoPUSF RAAChaicyl gopertis
of the Wi Bidliet he pol ythi ol group was nmuch darker and

therefore- - nuch | ess transparent than the coated

ablGs idveand 6B ardphgtheraphs that ebow thd differerce rie dusthdehfinible of a
ol yt hi ol group. anpl e 3: " I.n Shadow ng’ )
workefiep bebvian BB DBy e ROV BATET A reri\gsBBkeh it the
s - o6 : i radi at i .
polytHi A RORERIIRE, CUETD sl pubpiahe) Tk logtdd 3678 Bhhsive
having ghreabame hasttowiithgtit pélfthidl (6B).chAs sabdlei ewgdtht obpthist abrasive

during ultravigl et curing of coated abrasive 100. This
appearsilp baye 3 wnged ?fgj\}’é%t!il i fﬁi’g%idPeﬂlﬁé %ﬁ?fﬁ&ﬁ%d thus the

Pehik ; [ | 10 i .

D e R L B, RS E BBl gl RSy has
improbgd abdmsdvelgss £onsurfabd rovghineds masmeattimdiay Ry nhd ®Resasoshown in
Tabl he resin in nmake coat 104 and size coat 106 in region

abl® 404 shadowed by the grain, preventing it fromcuring

properly and binding grains 104 to substrate 102.

W thout wishing to be bound by theory, in various
TABL&nbodi nents, it is believed that the "grain shadow ng”

affoect ~can hao 1tiaatad hyv ol ovi no
T LY L) LB AT U OF L4 \.lllrll \.I]I T

effe cah—be— —a—photoinitiator
ArreRvaRIedush apdsr ption i nRE wavel ength {&di on where

'gﬂg' asTVve giaidis are af;tgast—partiat

:P:& nsggr ent, err%rgoiyi ng ult rzafg]?m et transpé;r‘gesnt filler
Bcpblgiodl um nimdor i hydr atg 4yni ch can i1 n¢repse
scattering andlor diffusian of light to deduce

shadow ng, enploying a photoinitiator that has an

absor bance at | onger wavel engt h where the | onger ..
The s\ 5558 RS FAECIEhSr 4t RSB &V Pro 3P g gl if el gomprising o
straighit ?}'?aﬁhstb.k’e% 124 plobb €Sl @ i RUANEEaI R %gﬁc_‘ﬁl 'i‘)iE’(abe?e nglt h8\fes variation
ultravi ol ét transparent substrate 1 n'coated abrasives
in the siréaceBa ishke avesige roughnbss aluweeavebthetdssassmentlledgth b tie surface,

., directed, at the other side qf the substrate fromthe
which s EFHeS e siiroen salk TRt pud Yaky depth of Bvéragd Smplitide of a
surface. Rz is an ISO 10 point height parameter, which describes the height difference

)

between the 5 highest peaks and 5 lowest valleys in the assessment length. Rt is a measure
of roughness maximum or “topmost roughness™ relating the difference between the highest

peak and the lowest valley over the entire assessment length.

Example 7: The Disclosed Abrasive Products Have Improved Durability

FIGs. 7A and 7B are photographs of coated abrasives after identical use conditions.
FIG. 7A is a photograph of a coated abrasive with (TMPTA/ICTA resin) crosslinked with
the polythiol pentaerythritol tetra-(3-mercaptopropionate); FIG. 7B a photograph of an



Exanpl e 4: The Photoinitiators Enployed in the
Di scl osed Abrasives Absorb Light Transmtted by the
woho@miosss2 G ai ns, | nprovi 2& Curing FIG 3 is argrasoein2s133
the ultraviol et absorbance?bf a i ong wavel ength
photoi nitiator of the invention 500, a
.shor \ﬂel ength initjator 502, and three different
abrasi, BaEPg o §r#iRses0 Witk PolyiBiobogAs 43D dgnses, thsetfsiny without

plr S EBYSICIEH D s 20213, S N A 60 o

missirrgaabr;ismal grainy cgnpared twOhie cojtedahsiye withipolyghivlvel engt h
t he syst m can be_irradi at ed th

p 0| njtiator
fe togs 1&"%&'\9@5’@% Beqn PEGFYR TRBRE Ebd gpajibgd with references to
prefer%%%%ggﬁ&tggleereg?p %?%)Pen ur? de? tooé%ﬂu%ﬁ%%&%%cﬁiéﬁ%{ &% that various
changedomoﬁohﬁrmd detailn nedydret mude/ e ming tvithont depaitiap 2 iheﬂdcspe of the
abrasi ve grains_can have conparatively |owe

mven%vs alamnﬁlﬁsefihlé}h thenagnsaded elsips-i Jitrihghpagh U.S. patent previously
particularly grain
1dent11§ %}j{ﬁtﬁ%g&{héﬁ%éq%%g g’lg?m (ed Resins Have
I npr oved I\/lechani cal Properties Sanples of cured
Example \SreiThe oDisebsbhnAbedsiven Frgdudts wHaee plnepawved Blexibility and
m xing a 70/ 30 ratio of trimethylol propane
Adbesion 5ery| ate/tris (2-hydr oxy et hyl) isocyanurate
t
Thég%}ﬂ&eé%g%‘ﬁy\@w& otd&téﬁ?@?%s?&%fs&rﬁﬁ@% were evaluated
for flexibilityd patlestfenptheamd aralhamale Inytt]i[lls iekahple. Test samples were prepared
t etra- (3-mercaptopropi onate), and then casting_fi

under $he SRS BEACERF QWPHLIONT. JRRBIHING FORH YFiIgS &p@%tmeuwhﬂa vaRying the
rag,
ool VAR LR OB PERETT 11 CPILDRBRL
supply utilizing a "V' and "D' bul bs respectively to
PTM Conted dbeasbafiongwsi@BondPkbcehe sanpl es were renoved
fromthe MWlar filmand trimed and cleaned to prow de

+ CRef gty FRuctuss A R ek gRGOAR fitesif oslewire'prodtced by
coaung lanienahels W& serimadaiohiwith b9 B{a@dse}k@y@an%@ml o@aqahenol

he resulting sinusoi dal defor rratl on ‘was nonhi tor
formalflekydeatnake dﬁmﬁethjy méuxhe centaipig 6 G0Vh QTM/ nadil ocoa;rtpoaemts and

corresrili, 5T SR R feb Br B MAIAUidi e qnaks fieet e then
follovde@ dﬁoaéﬂt%tatlgdepo-ghﬁ)nsﬁr@&ég% PR 3&51)61@1@? @érnrte%rért(ﬁea BFRPL

ity of a material to store energy and
alummlmll aKild gramt Has paitipf stesture bf tiake maated ivab and lgeninh v@s then dried

I
in an ovgrllJ f(l)'lrS two hours at 80°C to impart drying and them B-staging of the phenol

formaldehyde prepolymer.

Table 2: PTM Modified Make Formulation

Make Formulation Component [Vendor Percentage
Filler NYAD Wollast 325 NYCO 34%

Wet Witcona 1260 Witco 0.10%
Resin, Single Comp 94-908 Durez 57%

Nalco 2341 Defoamer Nalco 0.10%
PET-3MP (PTM) Bruno Bloc  5.70%
Water - 3.10%




represent the heat dissipated by the sanple as a

result of the material's given nol ecul ar notions and
woam7esdsect the danpi ng characteristics of thecT/UsS2006/025133

pol yner. The ratio of theZfoss and storage modulus is

the value tan d. Because of the viscoelastic nature of

pol ymers, these viscoelastic p erties (E' E' and
The coated abrasieen stectares trese itism esfatade wvgrlét pPEd3 Poiiaram 24 a phenol

formalgRiie, s e i e PopEPY BT BERE Sk ok s pRthiod sy Toble 3.

The wétl RELARITREURed ThidiigBash tbr ahedtel] d ms;ummpumua rsehmg of
decreased average tan d neasured over a tenperature

120 °Crfangperixfd oft50 hoetir ees C to 250 degrees C for a
trimethyl ol propane triacrylate/tris (2-hydroxy ethyl)
i socyanurate triacrylate resin crosslinked with the
TRBley3: IO M @ESi¥E Boinughtidet r a- ( 3- mer capt opr opi onat e)

G PaLfattcd CofipaRRE, [T METWHdet Pr OPane Ppercentage

hite, Dy [ <X46t i Ty dr X YA FOURER] Cbﬁo"“y@%"/a‘ The
\MPEW1WQM1%Q' asive Product EW , 20%.; i
SolwpéMaines 16345 5 is a photRdymghHadsoni n§ -
Rineleinr@lybter andom scr at ch [Salvay wor kpi ecd2#0% sh.

NI hoMEleWshp Dg-ob® be boundblyzt heory, iugizgybelieve

NATES Sschefog:ngpm scr at ches N due To [pogp, adhesi o
LT AME glythcﬁﬁ’i&b' oS T eSt LT EILITT PUOR JgEE A
vt igpershBlackat th/\/l the diPRerence in OeWce finit
Whtea wor kpl ece between a coated abrasive %%

(TMPTA/ I CTA resin) crosslinked with the polythio
The maentahway theni waindt@tie a-cof- which dptnepa opll. ditetrell of @pgted abrasive
npared to an abr S|ve havi.ng the sa resin t hout
produch g, EBIPICS By nions L& CORS SSHGR V&S BBTGER EooshHILH pep in
hich PRAGALShBeAkEwas EAPR! BRI a hibissh wi th [ever deep
whie randon1%c$ 3 S apparenf di fference can be
quantified. In particular, the polythiol abrasive has
i mproved (reduced) values for surface roughness
paraneters Ra, Rz, and Rt, as shown in Table 1. TABLE
1 The surface roughness paraneters are neasured over
P%mﬁﬂﬁv@ﬁﬁﬁ§$g§%y}%gﬁﬂ%ﬂ conprising a straight path taken

a probe (e.g., a mechanical or optical probe) that
msasur es variation

Flexibility was ascertained using a Frank Stiffness meter available from Karl Frank

&N

-

)
>

_in Germany. This test measured the amount of force required to bend the sample between
10 degrees to 60 degrees in 5 degree increments. The slope of a plot of % force (y-axis)
versus angle (x-axis) for each sample yields what is known as the as the “Flex Slope.” The
higher the flex slope generally indicates a stiffer product. Three (3) test sample pieces,
each of which was 1” wide x 3” long, were used.

Peel force was determined through the use of an Instron Tensile tester. For this
mechanical property, the coated abrasive web was bonded to another member of equal
stiffness through the use of a high strength, two part epoxy adhesive. The force required to
adhesively separate the make coat layer from the backing material was measured through a
constraint T-peel on an Instron Tensile tester with a cross head speed of 1.00 inch per

minute. The ratio of the peel force to flex slope was a measure of the adhesive strength of



in the surface. Ra is the average roughness val ue over

the assessnent |ength on the surface, which describes
woher7awersage peak hei ght ang vall ey depth or averane006/025133

anplitude of a surface. RZ4%s an 1SO 10 poi nt hei ght

par aneter, which describes t he height difference
bet 5 t k d 5 | t I
the mlferogt Gt IpBrigeink REDSHE S HES S ol tap g B greater
"topnost roughness" relating the difference

dh Xi mum or (
2 es{g;gtvveen t he hi ghest peak and the | owest valley over

t Detacgdnieratech fivas theeRtank Stiffnbss dndaimpiren PeelThestDhcprosanttd in

Abr asi ve, Products Have é@( rovegg%éajg! lity FI Gs. 12% with an

Pro
Table 4 g From éliué tﬁﬂ%tﬂaf‘g PYGSRES BeX elong
ang,f th flex
Ccr OSS I NKe

avera% gﬁ;&i d& ex Y5to GF Q‘iitlﬁ] '\Y%é&ﬁfd&%ﬁog gl’n et

rasive w
slope ‘ded:réasédh ey 1ody withal copﬁﬁ]jicmelmgtlhcrieisalm the peel to flex ration to 23.0 or

( 3- mer capt opr opi pnat e)

10%. o Rber5 oy (i e RGN weduse ﬂ%’&hﬁ“}’ @S PRRPVRGYIth @ corresponding
1ncrea|9§ iy y%lo Lxdhe‘%% cafphe

mpar at Vel y rou

e

r
g e
produetpmsegsési lowee peelnathesion walsiss. nfncadnasalvaldipicai DISPTM to the size

npared to the d abrasive

FIG 7B a photograph of

ey

pol yt hi

ks

ﬂl%l %HH ﬁlex1ble

W th

ol . Wile

t
leyer didh B0t HWHEREH AHect Hoe rﬁegsgaﬂetmn §io8 RoGRETtFROf the structure,
d t
These ﬁeglgf@o?ﬁﬁca\f\é b trfflfg eﬁ g‘g‘?s efnepil ggleaﬁgagfeirr%ﬂ scigliuﬁlcantly

impro&é ta tdwdd wbrases fbabilies Wh’llef simultamdudgt iapgrevin@ythd énterfacial

made therein w thout departl ng fromthe scope of the

adhes}‘)ﬁ\}’éﬁ’ﬁe@r‘ih%ﬁé]é‘?rﬁ&%

“’IS)}aXeﬁe appended cl ai ns. Further,

each U. S. patent previously identified above has its
t eachi ngs i ncorporated herein.
Tabld}: Hiteos eflP Byl asflaseslbpcoahidgies] stieugthhvahiesved Fl exibility

and Adhesi on The pol yt hi ol

Exanple 8 :

The
nodi fier (PTM nodified

coated abrasive structures were evaluated for
f [Testi#ni ||Fley Slope gMake RTA (fize PTN| Paelh ¢Reeble Flex fihi s
ekanple.| Tes¥ sdnpl 8s were Oprep@dr%q uddél t he sane
process lcoddi4 i gns, Ommi ht ai%ni nPSe@at Pht 4 const ant,
whilé varvit® the afount ofd PTMS824|ej t2Rat the nake or
s 4 er ¥¥om|0 t# 10% A&s deiNA led DAl ow| PTM
Cpbat éd ﬁ_br dsitve [Contfbsiti of anSHRocedd-4Coat|ed
aprasi ved sthrd9ct yresiGor|thd fl 368l i t2¢.34nd |adhesi on
test 3 ware H2oducediby goatdi ngl 2-48¢nt i2488us |web of
fni shed cliddh wi t h1®4 pourds 74 ear®6@4330 [ft 2) of a
ppenol 1.04 10 5 24.96 24.00

10 1.14 10 10 27.08 23.76

11 1.09 10 10 24.51 22.48

12 1.14 10 10 27.81 24.39

13 1.23 5 0 25.35 20.61

14 1.21 5 0 26.05 21.53

15 1.23 5 0 26.18 21.28

16 1.14 5 5 26.85 23.55

17 1.18 5 5 24.99 21.47

18 1.21 5 5 25.57 21.13

18 1.21 5 10 23.83 19.69

20 1.17 5 10 23.94 20.46

21 1.2 5 10 25.58 21.32



f or mal dehyde make fornul ati on which containing 5.70%
PTM Al l conponents and corresponding | evels are
wdebt@idoed2i n Table 2. The web with the make coaCTWwa2006/025133
then fol l owed by an el ectr?dstatic deposition process
appl yi ng 32 pounds per ream of a BFRPL al um num oxi de
rain. This partial structure of nmake coated web and
EQUIYARENTRas then dried in an oven for two hours at 8Q0C

tQnl It dryin th - ' fat I
t ST sripttoR EagPuL P B A st M apsronces o
preferfe@lefiboain s teteof, Fowillbatmdestéeiponhest skiltsddarthe art that various

Percentage Filler NYAD Wl | ast 325 NYCO 34% W\t

changey indforra ang detaify mey 1. mads thewsimyvithpy glepartagrom thwpggope of the

. Durez 57% cn 2341 foanmer Nalco 0.10% PET- 3VP

mventtworﬁpﬁﬁ%l\gj@%f %P?ﬁ%\?\%ﬂrgg - 3.10%he coat ed
abrasive structures were then coated with 13 pounds
per ream of a phenol formal dehyde size coat. The
detail ed conposition of the size coat is presented in
Table 3. The web was again transported through a drier
whi ch had a dry bulb tenperature setting of 120 OC for
a period of two hours. Table 3: PTM Modified Size
Formul ati on Si ze Formnul ati on Conponent Vendor
Percentage Wiite Dye E-8046 Acrochem Corp 0.70% Wet
Wtcona 1260 Wtco 0.20% Sol nrod Tanol 165A Rohm & Haas
0.90% Filler Syn Cryolite Solvay 42.40% Resin Single
Conmp 94-908 Durez 48.30% Nal co 2341 Def oanmer Nal co
0.10% PET- 3MP Pol ythiol (PTM Bruno Bl oc 2.50% Dye
Uni sperse Bl ack Ciba 0.20%



Water 4.80% The material was then wound onto a core
which forns a roll. The roll of coated abrasive

wonoewwos4seas t hen placed into a | arge convecti BaT@8$2006/025133

to undergo a post curing <¥ep in which the oven
tenperature was 125 OC for 12 hours. Flexibility,
Adhesion and Peel Tests Flexibility was ascertained

What igslaigedistr ank Stiffness neter available from Karl

2.

aldehyg

resin.

Frank in Germany. This test neasured the anount of
force required to bend the sanple between 10 degrees

t An GBrgRe PRRRIcE ddnBprit@t ee i ncrements. The slope of a
plot of %force (y-axis) versus angle (x-axis) for

edch s&pbméﬁypﬁﬂhﬁﬁﬂwmaﬁﬁﬂssMn@mn as the as the "Flex

ope." The x sl ope general 'y indicates
Sb tlf?gelsmpcfuﬁ%ﬁ‘g{ a f ful?est sanpl e pi eces, each

of whi ch was 1" MAde x 3" | ong, were used. Peel force

was determ ned through the use of an Instron Tensile

t Ee @brasivorprodiics ofeClatmi k avheeinpibe trgsintthebe guteddcomprises an

brasi ve web was bonded to anot her nenber of equa

F ¥ hess through the use of a high strength, two part

epoxy adhesive. The force required to adhesively

separate the nmake coat |ayer fromthe backing materi al
perasive pdodut ofighaim 2owderew the aldghyde resin as al fosmaldehyde

Tensile tester with a cross head speed of 1.00 inch

per mnute. The ratio of the peel force to flex sl ope

was a neasure of the adhesive strength of- - the make

coat to finished cloth coating substrate, where

gTb@alyasivapmgctrcépﬁl@'m i edietpire atee‘csiadh dsicored @enises at least

ener at d fr h nk Stiffne I nstr Peel

Jaus bgter e e Bl feTaiun SPSRRuma 1 ShPAUrEfigehyde, o
AV elaffiRe- fdrﬁéld%hﬁﬁ%nﬁ%rmgalfoonjfl%d%ﬁf@r@ S 1.26 with an
average peel to flex ratio of 21.1. Wth 5% addition

of PTNIto t he nake coat the flex slope decr eased by

% rre |ncre se i.n .t to flex

§ S pSAEGH G 1ImP Rt e Senl ¢ BE B Sesorprises s hiol-
Qﬁgqﬁgﬁn&JeX|blllty was observed W th a corresponding
increase in peel adhesion. This was unexpect ed,
because typically the nore flexible product possesses

i CHREHE S96%) 8o o nBhIEGRIT Rt oo Rl cpmpises
Fdtiibiblopa rRERERE 8Pt RI(ORGHTkF ) ildi§arirhid HistiPlate.

The abrasive product of Claim 1, wherein the resin to be cured comprises an
optionally crosslinked or crosslinkable resin component selected from phenolic
resins, aminoplast resins having pendant a, f-unsaturated carbonyl groups, urethane
resins, epoxy resins, urea-formaldehyde resins, isocyanurate resins, melamine-
formaldehyde resins, acrylate resins, acrylated isocyanurate resins, acrylated
urethane resins, acrylated epoxy resins, bismaleimide resins, hide glue, cellulosics,
latices, casein, soy proteins, sodium alginate, polyvinyl alcohol, polyvinylacetate,
polyacrylester, and polyethylene vinylacetate, polystyrene-butadiene, and mixtures
thereof.



10.

11.

12.

13.

14.

15.

16.

17.

These results indicate that the presence of PTMin the
make | ayer can significantly inprove a coated

weaho@giosss2s flexibility while sinultaneously i RPTASR200§/025133

the interfaci al adhesi on t8tween the make and backi ng

| ayer. Table 4: Effect of PTMon flex sl ope and peel
strength val ues. EQUI VALENTS Wiile this invention has
bEemalyasive pradaet of Clhiond, wheretielhe mobéliolhgnohp cemprisgsdeam 2 to
tﬁgigrefer .ed enbodi nents thereof, it will be

U BEPIPEISHSSy those skilled in the art that various
changes in formand details nay be nade therein

W t hout departing fromthe scope of the invention
enconpabsaktasiye producimp édelen8.cviagreis the polythigf groupsis a trithiol or
cl ai is: 1. An abrasive product conprising: a) a
p‘ieﬁ?tﬁc?ty of abrasive particles; and b) a resin cured
with a polythiol group. 2. The abrasive product of
Claim1, wherein the resin to be cured conprises an

al dehy@he abwisive pgoduthef Sliaims?,vwheretndibetpodythiol gionp2is selected -

R e A G
bRlefedpRHcERBRT i ReRethrt6RStet@EmRRABRD: rfém%)?dgéﬁt@éﬁrthritol

t he 6%]r_oup consisting of a phenol -fornal dehyde,
ntetra@merchpioncttdehyde anpblyolti-swrdaptopedpdatayase r esi npolyol-3-

5. The, abrasive, prodyct of C ai.m wherei n,the resin
BB oATU % R EF s PR AR JRBFSIeB: Fggeapioacetates
ap{@styemoreduct of daimb5, wherein the resin to be
cured conprises trinethyl ol propane triacrylate or tris
(2-hydroxy ethyl) isocyanurate triacrylate. 7. The

Cur o0 UBAERE APt nitiy FboePrheghtrpolyhidl Soup i
ChQSSr{RKAY k@raf@%acﬁﬁmgﬁ%ﬂﬁtgﬁ el ected from phenolic

resins, am noplast resins having pendant a,
b- unsat urated carbonyl groups, uretliane resins, epoxy

oSl S e oL gl SN T PSSt OSSR TS FPhSt s

about 1% by weight of the cured resin.

The abrasive product of Claim 12, wherein the polythiol group forms at

least about 5% by weight of the cured resin.

The abrasive product of Claim 13, wherein the polythiol group forms
‘between about 5% and about 50% by weight of the cured resin.

The abrasive product of Claim 14, wherein the polythiol group forms
between about 5% and about 40% by weight of the cured resin.

The abrasive product of Claim 1, further comprising a colorant.

The abrasive product of Claim 16, wherein the cured resin does not

comprise melamine.



18.

19.

20.

21

22.

23.

24.

25.

26.

27.

resins, acrylate resins, acrylated isocyanurate

resins, acrylated urethane resins, acryl ated epoxy
woesiws4sbi smal ei m de resins, hide glue, cellulPasius2006/025133

| atices, casein, soy prorédﬁL sodi um al gi nat e,

pol yvi nyl al cohol, polyvinyl acetate, polyacrylester,

and pol yet hyl ene vi nyI acet ate, polystyrene-butadi ene,

and m xtures thereof.- - 8. The abrasive product of

(o6 t?@h%“‘ﬂfﬁéfvg{‘?réé‘%tg&' it sy R 57 BRon S it i
8v1siM‘@ﬂ1%dghttH@c1ﬁ@ayésﬁi ol group is a trithiol or

tetrathiol. 10. The abrasive product of Caim?9,
wherein the polythiol group is selected from

trimethyl ol propane. tri r gpi onat e

e ot hoF aPEEERIRGeld L ARE TR0 yREAR, Pajioh of the colorant i
PRRfuded Yi thel duddd deSih) B{ SotiMBALCHP &@Vsﬁ’tﬁﬁtﬁ&ahﬁa/or a coating between
pent aeryt hritol t et r a( 3- mer capt oacet at e},

pbEpptioml ﬁépmpmbptraipm@@c eured pesiiy.ol - 3-
mer capt oacet at es, pol yest er - 3- mer capt opr opi onat es,
pol yester-3- nercaptoacetates, and ETTMP 1300. 11. The

abr asi YRe RbRAHE! pfiud® ¢t 0kl 19%0gh&bM RechOlaut N @l dye or a
group is pentaerythritol tetra-(3- nercaptoproplonate)

.pigmentThe abrasive product of Caim1, wherein the
pol yt hi ol group forms at |east about 1% by wei ght of
the cured resin. 13. The abrasive product of Caim12,

wher ei Thd RBraBRE VbRt od V(H&iﬁa f19r wge&in LiRAsdoRRP %mé"/a gﬁnted
wei ght of the cured resin. . The abrasive product

Qpagiern- 13, wherein the pol yt h| ol gr oup forns between
about 5% and about 50% by wei ght of the cured resin.
15. The abrasive product of Caim 14, wherein the

pol yt ed aBhgve pteRuBBo el e a9, %@f@in ?hé’ %ﬂlﬁaaraﬁ&u&f t‘ﬁ@oéblorant

by wei ght of the cured resin. sive product
otha@esi imrdspohser to uee Of:tbnplvnaswc]groductol or ant. 17. The
abrasive product of C aim 16, wherein the cured resin
does not

The abrasive product of Claim 19, wherein the colorant is red, orange,

yellow, green, blue, indigo, or violet.
The abrasive product of Claim 23, wherein the colorant is fluorescent.

The abrasive product of Claim 1, wherein the cured resin is cured by
initiation with light, electron beam radiation, acid, base, heat, or a combination

thereof.

The abrasive product of Claim 25, wherein the cured resin is cured by a
photoinitiator having an absorption greater than 0.1 at a wavelength 350 nm or

longer.

The abrasive product of Claim 25, wherein the cured resin is cured by a

photoinitiator selected from bis-acylphosphine oxide and a~hydroxyketone.



28.

29.

30.

31

32.

33.

34.

35,

36.

conpri se nel am ne. 18. The abrasi ve product of C aim
16, wherein a portion of the colorant is visible

wohoanoghusthe cured resin. 19. The abrasi ve pro@8aTiusedos/025133

Claim 18, wherein a porti-@T-of the colorant is
included in the cured resin, an optional support
substrate, and/or a coating between the optiona
support substrate and the cured resin. 20. The

abr asi product of ai 9 erei,n the colorant jis .
2 ye. Jfe HoBisre Arodush 31 Tt o FEUR, GBI 26 uifviolet
1@ansphieattilert he colorant forms a printed pattern. 22.

The abrasive product of Claim19, wherein the
appearance of the colorant changes in response to use

of the_.abrasive product. W T rasive product of .
& o mTE e ettt i Eimy 5 WRBS SoaRuante s lgiolet
Ofr&RParett WBporkt Bebis@gee. OF Vviolet. 24. The abrasive

product of aim 23, wherein the colorant is
fluorescent. 25. The abrasive product of Caiml,

ther €t e UL S el Ln PUES BN LSO AL i
CRFREIBRO BB NRNA&T abrdbve alh@eabr asi ve product of O aim

, Wherein the cured resin is cured by a
phot oi niti ator having an absorption greater than 0.1

at a wavel ength 35 . onger, 27. The abrasive

or oduc i FIERYE ot gf Claiim, 1 Hsthe, FRBPHESE 7 SUPPat sulbstrate
bihéreRAL Chdiitrbah N pr@he! £k 08B DI 8286 PROSRREREe coat at
oxi de and a- hydroxyllietone. 28. The abrasive product of
Ohaiswprst substratber conpri si ng an ul travi ol et

transparent filler. 29. The abrasive product of O aim

25, further conprising a ultraviolet transparent

SUpPOr Thé YRakiva o EREm AT 33 '

1, wherel ﬁ&‘ta%e@?urdggp?gsiﬁn %ﬁ@%ﬁ%%ﬁ%&ggﬁmﬂﬁé ¥ paper,
paothi ¢llms pblynfepicnfoamp fibele dukthniasd Viben rwochematerials, nonwoven

materials, metal, wood, plastic, ceramic, paper/film laminate, cloth/paper laminate,

or film/cloth laminate.

The abrasive product of Claim 32, the cured resin substantially conforming

to the flexure of the substrate.

The abrasive product of Claim 31, wherein the cured resin binds the
abrasive particles at the support substrate to form an abrasive coating at the support

substrate.

The abrasive product of Claim 34, further comprising a compliant energy

dispersing layer between the support substrate and the abrasive coating.

The abrasive product of Claim 1, wherein the cured resin transmits more

visible light compared to the same resin cured without the polythiol group.



37.

38.

39.

40.

41.

42.

43.

44,

43.

31. The abrasive product of Claim1l, further
conprising a support substrate, wherein the cured

woesimoss2present in a nake coat, a size coat, POT/U82006/025133

supersi ze coat at the suppdrt substrate. 32. The
abrasi ve product of C aim 31, wherein the support

substrate is paper, cloth, film polyneric foam
fi ber, TheiRbrasive grpduchef Claivo\le whertie theadwed resinibasean increased

materials, netal. woo |l astic, ceram.c er/fil
Bl ioed BeR s iR At nat B bt o Fearees €1o 250
| agrbat@compared RAhARAAS tedh d%&&ﬁ%ﬁﬁo@ftheq)élxﬂﬂcﬁ Srouphe

cured resin substantially conformng to the flexure of
the substrate. 34. The abrasive product of O aim 31,

wherei n, t cured resi inds _the.abrasiv articles

at ¢ he ot AaRHE Bk EPaf i 1 siafoud Hehisef vBRthastanigoreased
ahvdrilR BWPRULISURS fedtRrande ralRersh Muy €150 asbisds Ofto 250
A aim 34, further conprising a conpliant energy

dilegresssi eqmpagdio the samperesinmarewitiorut taupdythil grampd t he
abrasive coating. 36. The abrasive product of Caiml,
wherein the cured resin transmts nore visible Iight

conpar gge hratine t L SIAmMCU VRItkrdth RO Blirel H8siR By b hieBleased

group. 37. The abrasive product of Caim1, wherein the
c éivesaertes Prin asmaerahure rawgs dohnaabow géS @ degragreC o @60 dsgrees C

in ate ature range fr out .-150 deqrees C to
e b S s e SRR R ety e i ¢ hout
the pol ythiol group. 38. The abrasive product of Caim

1, wherein the cured resin has an increased average
| oss nbbikabrasiva modwstdrGlaim d, rveregein fthe mbedsoet prode@ exhibits

CBESH e RS BT b b G EhGR Proce
PEQAMEindhe Shidk Bsin cBERRhAutREpAYHET f&R). N has a

decreased average tan d in a tenperature range from
about -150 degrees C to 250 degrees C conpared to the

same resin rred without .the polythiol group. 40. The
abr asi 8505?635?]@’%6 B?SH@IQF%“E‘?CI \%ﬁ% %IW‘%%%%O%r asi ve
product exhi bits decreased random scratch formation

conpared to the sane abrasive product conprising the
sane r€kd prasslirdgdwicsinoeft Claire 4ol wheneiol thgrpmlighiol group is non-

polymeric.

The crosslinked resin of Claim 41, wherein the formaldehyde resin is
selected from the group consisting of phenol-formaldehyde, melamine-

formaldehyde, and urea-formaldehyde.

The crosslinked resin of Claim 41, further comprising a crosslinked thiol-

ene polymer.

The crosslinked resin of Claim 44, further comprising trimethylolpropane
triacrylate or tris (2-hydroxy ethyl) isocyanurate triacrylate crosslinked by the

polythiol group.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

4 1. A formal dehyde resin crosslinked by a pol ythi ol
group. 42. The crosslinked resin of Caim4l, wherein
woheo7mos4st hi ol group is nonpol ymeric. 43. The PCT/US2006/025133
crosslinked resin of O ai-@941, wherein the
formal dehyde resin is sel ect ed fromthe group
consi sting of phenol -formal dehyde,
rrel ami ‘Hest @no ehirst obfrtpinr Hla Wheraia threpylpidiol goupT bemprises
yw 1re%ln of Claim4l, further conprising a
£1"BY-ene pol ymer. 45. The crosslinked
resin of Claim44, further conprising
trimethylol propane triacrylate or tris (2-hydroxy
et hyI ) Theserosstinkechresint ofi Glemy Har whenensthk ipakyéltiobgronpés a trithiol
%[ h[hoi group. 46. The crosslinked resin of CaimA4l,
&t he pol yt hi ol group conprises from2 to 6
thi ol groups. 47. The crosslinked resin of C aim 46,
wherein the polythiol group is a trithiol or
tetrat Tﬁh‘lﬁ)(crosslnakedr tesincofo€kim e tvhersini theafolythiml gratip, is selected

R e ——
t b RBStONdethd)! OPéhlitﬁefyﬂiri(t(ﬁ ﬁ%ﬁ@%&&ﬁﬁt@bl@bﬁ)ﬂﬂte) pentaerythritol

pentaerythritol tetfia(3-mercaptopropionate
ri@ﬁ@(éénwamoftcetatet)et r a( 3 pqimléalptmaptepwp@uates polyol-3-

rcapt o i onat
ar R iin PRl RO SR o Rl e Bpeist-omsteatoncetates,
p@{d)@pﬂqp-@oo,rrer capt oacetates, and ETTMP 1300. 49. The
crosslinked resin of Claim47, wherein the polythiol
group is pentaerythritol tet ra- (3- mer capt opropi onate) .

50. Theg cross)i.nked reS| mAl re| t.h .
ol yt st <GPSO SRt st COE, “Ebovherdioy tiF RePgheL group i
t editdefyABSto] 183 Rsédbio éloﬂ—eﬁ crossl i nked reS| n of

Cglk&l m™50, V\:he%gl n thd(g){p?gl yth|§I group forns at |east
about 5% by wei ght of the crosslinked resin. 52. The

crossl.jnked r. m5 ere t thio
group Fist FFEs S[]_)’é‘f(@\‘ig éfhglrhﬁ al /21 &n\\%ﬂ%fﬁ’é‘h?le%g%{tg&? Y\%@%}q{’ox‘ms at
Abask B0k 19586} WElRELI18S bidsslinked resin.

The crosslinked resin of Claim 50, wherein the polythiol group forms at
least about 5% by weight of the crosslinked resin.

The crosslinked resin of Claim 51, wherein the polythiol group forms
between about 5% and about 50% by weight of the crosslinked resin.

The crosslinked resin of Claim 52, wherein the polythiol group forms
between about 5% and about 40% by weight of the crosslinked resin.

The crosslinked resin of Claim 41, further comprising a colorant.

The crosslinked resin of Claim 54, wherein the crosslinked resin does not

comprise melamine.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

53. The crosslinked resin of Claimb52, wherein the
pol yt hi ol group forns between about 5% and about 40%

woyoommiosdst of the crosslinked resin. 54. The PCT/US2006/025133

crosslinked resin of daim% 1, further conprising a
colorant. 55. The crosslinked resin of Caimb54,

wherein the crosslinked resin does not conprise

nmel am ne. 56. The crosslinked resin of Caimb54,

wherei n, a port.i .t 0 .S V]S u :
the cr EE% |CI Oﬁﬁlé%{%?erglglﬁ. Sgg%h%eg%%%%flidnéélgiorgeéﬁj{%lgo%%ram '
G/Rivk Sfoughtiies @bsslinked feinor ant is a dye or a pignment.

58. The crosslinked resin of Claimb54, wherein the
colorant is red, orange, yellow green, blue, indigo,

or violet. 59. . .The crosslinked,resin.o [

wher ei Eﬁ% hcéosg% (S:Iraarr‘]3 e éisfql%ﬁélr gg’cen%&%&ec%‘ﬂg%ﬁs a dye or a
CpRgfnt.nked resin of Caim4l, wherein the resinis
crosslinked by initiation with light, electron beam

radi ati on, or heat. 61. The crosslinked resin of Caim
60, wherein the resi.n | .oss) i . b .

phot oi ﬁF’ icﬁqsglﬂlﬁﬁgvﬁeﬁla %fﬁ Cg Hgosjﬁt ‘F}%eﬁrglél r%lg?C 8 rlor??}talr? ]ffd 7 OTanES;
atelowWidyhengé indiah, dtmislet. | onger. 62. The crosslinked
resin of O aim60, wherein the resin is crosslinked by

a photoinitiator selected from bi s-acyl phosphi ne oxi de
and ahydroxyket one. . 6 r 1 nke i N Qf i, m
AL andPerr T st iRl ST iR 1 bt
visible light conpared to the sane resin wthout the
polytliiol group. 64. The crosslinked resin of Caim

41, wh&heicrosshigkedr esisl phkdainy 4&i whersin e rasiy sagwgslinked by
aver.age st.or.age dulus in.a.te rature range from
a%ﬁ%%pl‘%’gi @éﬂﬁég@m& qewgﬁaggﬁigggggc conpared to the
sane resin wthout the polythiol group. 65. The
crosslinked resin of Claim4l, wherein the resin has

an i nclbasewskinked agein| afsCSlaim A vderain sha easieisagrgpsdinked by a

i b -
C BRARPTATRE an h8sorbE St Plon e FRRpf 350 nm o

gisuepr. 66. The crosslinked resin of Caim4l, wherein
the crosslinked resin has a decreased average tan d in
a tenperature range from about -150 degrees C to 250

The crosslinked resin of Claim 60, wherein the resin is crosslinked by a

photoinitiator selected from bis-acylphosphine oxide and o hydroxyketone.

The crosslinked resin of Claim 41, wherein the crosslinked resin transmits

more visible light compared to the same resin without the polythiol group.

The crosslinked resin of Claim 41, wherein the crosslinked resin has an
increased average storage modulus in a temperature range from about -150 degrees

C to 250 degrees C compared to the same resin without the polythiol group.

The crosslinked resin of Claim 41, wherein the resin has an increased
average loss modulus in a temperature range from about -150 degrees C to 250

degrees C compared to the same resin without the polythiol group.



66.

67.

68.

69.

70.

71.

degrees C conpared to the sanme resin w thout the
pol yt hi ol group. 67. A curable conposition,

woaoqvaosismg: a) a formal dehyde resin; and b) aPCT/US2006/025133

pol yt hi ol group. 68. A net of crosslinking a

f ormal dehyde resin, conprising reacting a polythio
crosslinker wwth a fornal dehyde resin. 69. A nethod of
prepari ng an abrasive product, conprising: a)

cont acty ng._a plural ity abr asiy rfi.c AM .

cur abl ih% %ﬁ%glgl?lgefig}r? > h%fbllarlllg'l %ge‘gﬁ%&r%e{shlen&g%g\ma(w r€in has a

PabaéREPbvaigiian S3inth Rinpettthrd Galdeei i rabblite- 160 iegks 0o 250
to produce the abrasive product. 70. A nethod of

abegetisr{g cempayed tosthe farpe restowishqus thegpodyihio) Brayran
abrasive product to a work surface in an abrading
notion to renove a portion of the work surface, the

abr asi Weoupdudslesihpdsitedrl dbmprigifig:abr asi ve materi al

enbedded in a crosslinked resin , the crosslinked

reki n Rfomabichyderesigstichks by a pol ythiol crosslinking
gﬁgup. a71 Alcr Qsslinked resin selected from

phenol -P8Wﬁ? o%ﬂ%e, nmel am nef or mal dehyde, and

urea-formal dehyde, the resin crosslinked by a

pol ythiol group having at |least three thiol noieties,

t he polymistlsd gf @ws)@%ﬂn@ daformalishyden grsin, 10gnerising reacting a

crossl.i.nked..r.esi n.by.weight. . wherein conpared to the
s Bﬂ@a‘ﬂ%lsﬁr?issmeﬁ St %/f?gnﬁ@%‘fdﬁir%ﬁm'g roup, the
crosslinked resin satisfies at | east one criterion

selected fromthe group consisting of: the crosslinked
resi n Rawethod pEprepering amapeierprpdudtiremprisigg i nked

resin has an increased.stor.age lus, th "
cfbsol Fimadhect PFRTEOLARRET BadRir iRL st comappiion that
t hRIEde9a $ésilRba pEISihbl BasupRastecr eased tan d72. The
crosslinked resin of Claim71, further conprising a

cb) or anuting7Be cablecoppsisitioR éeipiodusenthe Abmasiae proguct.
further conprising abrasive particles enbedded in the
resin. 74. The crosslinked resin of Claim?71l, wherein

the polaytliRld 8f asiRding vork shEfas coRPuking%apYyileiaghdbrasive
of the crosslinked resin. _
product to a work surface in an abrading motion to remove a portion of the work
surface, the abrasive product including an abrasive material embedded in a
crosslinked resin , the crosslinked resin including crosslinks by a polythiol

crosslinking group.

A crosslinked resin selected from phenol-formaldehyde, melamine-
formaldehyde, and urea-formaldehyde, the resin crosslinked by a polythiol group
having at least three thiol moieties, the polythiol group being at least about 1% of
the crosslinked resin by weight, wherein compared to the same resin without the
polythiol group, the crosslinked resin satisfies at least one criterion selected from
the group consisting of: the crosslinked resin has increased transparency; the
crosslinked resin has an increased storage modulus, the crosslinked resin has an

increased loss modulus, and the crosslinked resin has a decreased tan &



72.

73.

74.

75.

75. The crosslinked resin of Claim71, wherein the
pol yt hi ol group forns between about 5% and about 50%
woyovmiogdst of the crossli nkgd resin. PCT/US2006/025133

The crosslinked resin of Claim 71, further comprising a colorant,

The crosslinked resin of Claim 71, further comprising abrasive particles

embedded in the resin.

The crosslinked resin of Claim 71, wherein the polythiol group forms at
least about 5% by weight of the crosslinked resin.

The crosslinked resin of Claim 71, wherein the polythiol group forms
between about 5% and about 50% by weight of the crosslinked resin.



