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example, phenolic resins, aminoplast resins having pendant o, 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, mixtures thereof, and the like.

However, there is still a need in the art for abrasive binders with improved

properties.

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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crosslinked resin has a decreased tan & In particular embodiments, an abrasive product
comprises abrasive particles embedded in this resin.

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. 1 is a diagram of a coated abrasive product 100 that includes a support
substrate 102, such as sandpaper, emery cloth, or the like.

FIG. 2 shows a “grain shadowing” effect which is believed to occur during
uitraviolet curing of coated abrasive 100.

FIG. 3 is a graph of the ulfraviolet 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 deprees 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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The disclosed embodiments are generally related to polythiol groups in
combination with polymers and resins, in particular employed as binders incorporated into
abrasive products,

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 pelymerized 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

resing, such as aldehyde resins, are cured or crosslinked with a polythiol group.
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the uncured or uncrosslinked "aldehyde resin" includes polymeric or partially polymerized

compositions that are formed by condensation reactions of an aldehyde with nuclecphiles,
such as amino compounds or phenolic compounds, generating water as a byproduct. As
used herein, the "amino compound" means a monomeric compound having at least one
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
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further conbined with an optionally,crosslinked or crosslinkable
conpon efvcludey wimethylalpigpane triacrylate or tris (2-hydroxy ethyl) isocyanurate triacrylate,

In yet another embodiment, the resin to be cured or crosslinked includes or is

further combined with an optionally crosslinked or crosslinkable component selected from
phenolic resins, aminoplast resins having pendant ¢, B-unsaturated carbonyl groups,
urethane resins, epoxy resins, urea-formaldehyde resins, isocyanurate resins, melamine-
formaldehyde resins, acrylate resins, acrylated isocyamurate 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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surface of the substrate, which can be tenned a make coaf. I n one
exanpl eabrasive particles; a resin "binder which adheres the plurality of abrasive particles to the
first major surface of the substrate, which can be termed a make coat. In one example,
such a make coat can be formed by impregnating the support substrate with a resin binder
without abrasive 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 slmry together with the polyurethane
adhesive compositions.
In other specific embodiments, the support substrate may be impregnated with a
resin-abrasive shury 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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Additional details concerning antistatic substrates and substrate coats (treatments) can be
found in, for example, U.S. Pat. Nos. 5,108,463; 5,137,542 (Buchanan, ef al.); 5,328,716
(Buchanan); and 5,560,753 (Buchanan, et al.).

The substrate may also be a fibrous reinforced thermoplastic, for example, as
disclosed in U.S. Pat. No. 5,417,726 (Stout, et ol.), 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, ez 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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di scl 0@ one another. In this aspect, the abraswe article is essentially two sided; one side can
contain a plurality of abrasive particles which are different from a plurality of abrasive
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, ef «l.) and
4,991,362 (Heyer, et al.).
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i ncl udes a S trate. 102, .such as paper. The resin cured
with a pol y?ﬁ?egﬁ%%%tFaéeuEﬁs%%gerég&‘?f’%gﬁ“@ﬁo%?‘% %dﬁnﬂg‘)’ﬁ’ @’é‘iﬂ’-{e lﬁ‘ﬁ' g:ﬁé or
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supersi ze co§t 108 at the support substrate 102, or the |ike

Typi cal 1§d supstrate; e lexible) sybsizte having at majonsuriacey er ther ke | ds patigulat
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filler tolie fepves ofiihstubsrate. 102 can be ri gid or flexible, porous or
honporous, ahquo%n%ecalsésl,(%upelis%e coat 108 can be deposited with or without a binder.
Generally, the function of supersize coat 108 is to place on a surface of coated abrasive
materials an additive that provides special characteristics, such as enhanced grinding
capability, surface lubrication, anti-static properties or anti-loading properties. Examples
of suitable grinding aids are those that include KBF4. Examples of suitable lubricants for
supersize coat 108 include lithium stearate and sodium laure] sulfate. Examples of suitable
anti-static agent include alkali metal sulfonates, tertiary amines and the like, Examples of
suitable auti-loading agents include metal salts of fatty acids, for example, zinc stearate,
caloium 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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tend to cause . the abéa% ve particles to be released fromthe cured

or cr osYPPoTk 8tbstrae AR Hherfifnd resphyn Pestiquias qurbediggents, te colorant can include
organic polycyclic dyes, organic monoazo dyes, orgamic diazo dyes, organometal
complexes, inorganic pigments such as metal oxides or complexes. Dye can fall into
Perinone, anthraquinone, azo dye complexes and thioindigoid.

A fluorescent colorant is a dye or pigment contaiming 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”,
2rd 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 thodols), napthylamine, naphthylimide,

naphtholactam, azalactone, methine, oxazine, thiazine, benzopyran, coumarin,
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The ent fad@ion of the total colorant composition of between about 0.01 and about 2%, more
preferably between about 0.05 and about 0.5%, and most preferably, about 0.2%.

In specific embodiments, the colorant is red, orange, yellow, green, blue, indigo, or
violet. In specific embodiments, the colorant is fluorescent, for example, fluorescent red,
fluorescent orange (blaze orange), flucrescent 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, €.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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absor pt| gr%oz\ﬁl%la%? s€ éc(tagdt §om bis-acylphosphine oxide and a-hydroxyketone.
In some embodiments, the abrasive product includes abrasive grains that can be, at
least in part, transparent to ultraviolet light, e.g., having, at a wavelength of 350 nm or
longer, an absorption value less than 0.9, generally less than 0.8, typically less than 0.7,
more typically less than 0.6, or particularly less than 0.5. Typically, 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 o 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



than 0.1, generally greater than 0.15, typically greater than 0.2,
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In some embodiments, an abrasive product of the invention, including the resin
cured with the polythiol group, has increased flexibility, for example by at least about 5%
or by at least about 10%, compared to an abrasive product that is otherwise identical except
the cured resin, i.e., the product includes an otherwise identical resin but not cured with a
polythiol. Flexibility can be measured by suitable methods known in the art, for example,
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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t ester. W{i&% the pol ytgjf') oup In other c?mbodxments the curable composition further includes

or is further combined with an optionally crosslinked or crosslinkable component selected
from phenolic resins, aminoplast resins having pendant o, 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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i ncluding preferred exanples, of the fornal dehyde resin and the
pol yt hi ol group are as descri bed above. EXEMPLI FI CATI ON Exanple 1:
Pr epar aEkmipkf2: TheIxkdsice Crtinkid ResioResins Improve Transparency

Transparency of samples of phenolic resin with 0%, 5%, 10%, and 20% by weight
of the polythiol pentaerythritol tetra-(3-mercaptopropionate) increased with the increase of
the percentage of polythiol. For example, the sample with 0 wit% of the polythiol
pentaerythritol tetra-(3-mercaptopropionate) was almost black, while the sample with 20
wit% of the polythiol pentaerythritol tetra-(3-mercaptopropionate) was very bright yellow-
orange, indicating that the transparency of the sample with 20 wi% 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, ie, 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



Crosslinked resins for the foll owi ng exanpl es were prepared by
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fransparent substrate in coated abrasives whereby the resin can be cured by ultraviolet light

directed at the other side of the substrate from the coating being cured, or the like.

Example 4: The Photoinitiators Employed in the Disclosed Abrasives Absorb Light
Transmitted by the Abrasive Grains, Improving Curing

FIG. 3 is a graph of the uliraviolet 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 wavelen_gth
region above the major absorbance of the grain, e.g., 350 nanometers for grain 504, where

photoinitiator 500 has greater absorbance than short-wavelength initiator 502. Also, the



are enployed. FIG 2 shows a "grain shadow ng" effect which is
believed to occur during wultraviolet curing of coated abrasive 100.
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in regi 6/ g@ﬁ’ﬁcfﬁ{)\g‘ﬂv%fj'on@]??éat@ﬁeg’ lqwer hsapéinn ithag ingthe ebsergtioni tagd of

proper | ¥ha@naaRildhginngitigoab0s palr glgglsgoqate 102. Wthout wshing to
be bound by theory, in varlgus gfan%}(’) Iments, it is believed that the

"grain shadow ng" effect can be mtigated by errpl oying a

phot oi ni Iz, Whi bsor vel.engt h regi on where

t he abr gg‘:‘"@éﬁgsr' \aili@'?locsi %5E%ﬁggpq ggss‘f Sﬁgﬁ "wrpveﬁqgﬁ%ﬂ?‘ﬁ%f erggsm oyi ng

ul travi ol et Sanagispaf ewmtd fpolynes Sos hﬂébha@iﬁ:aﬁ&b&l@smﬁ?efer pﬂ@pfﬂé@tbﬁ Mitrgha can
ght to_reduce shadow ng,

It / di ff f
ol oyt A58 S ST RSP ST i 2D 4D By pieomia
wavel engi rrMm/@cmerehlgn%o%y%@Dgtﬁnbm&h daﬂbﬁ fﬁﬁ?sw*?ﬂ) oto{n%?a%r' y

around the_abrasive particles to reduce shadow g

ul t r avi e friyydiste Bliar, pertiesrythtito] tqtra@atewp@mc@mm@, Mtdethabyasnij@
resin c di rect d at o her

of the s ﬁ s(t%r gﬁﬁgﬁ% l%éolhgg}g@bﬁtul%el rllég;;t Cired: Ps}‘?]ﬁé W

4: The S’}*ﬂbﬂrm i, |Cbat1thmsb1Egnge®ntammgmotﬂlesemmsxeﬁcbﬁbﬁﬁsslovaﬁmﬁb%ﬁwér
Li ght Traps‘ﬁiited ,,th ive & ai | mpr.ovi ng CurlngFFIG 3is
a graph’8P%t H2ig % Vi HERERVS tﬁ PEneviaweles @t 9 FPM. The

phot oi Nighipdsasere & dva@ﬁl m/@letm Br BROanPumhid |
502, and tp%eeer%ll fn% er ent0 abr as?lve g}_@glll ns 50 4@@2%%&1@2%&53 @E%@l&r

be seensuiiplpledp @ynaniaveschryeat anplysis §DMIA) Soting ~BAGT Ehigd X Vheride XcHh be
signifigat shadowi ng by the abrasive grains, particularly grain 504.
By enpl oyi'ng |ong wavel ength photoinitiator 500, the system can be

i rradi at ed VAtShﬂusdi@ﬁtfoﬂcm v@smyléddemghmabdvegmpleabﬂd/metﬂa@ﬂmvg $fiusoidal

bsorb th i f 504, wh
oot oi rirat S6o RO o 2l JROARRBI W b cuvEEHOR
initiatwe c&ﬁ@ex Alogelus, HTewWeh 200 Bé m&%’mk&ﬁi{)vﬁ%/ yiRP BRGLL %ulus

abr asi ve grains can have conparatively | ower ab SOI’ ption than In

absor pt¥ oAb Hifdost modes £ wabe serge inddulusirefietsr tosbe abl}har of gma&xrﬂa;/to
grain Slge £X8PRLE can bgglﬁ%teggbgrﬁé ls{u%gg oﬁ?lfe Hl%te 1a1 eThe %ﬁi\{lgngtrlus can

Mechani cal Properties cure
anal ysi Igpl\ﬁméﬂprlepadleajpemd by ﬂiensyn@le a&0d &@ult af l:h& rﬁﬁteﬁdﬂl’m@%}yin@le&ﬁlgpane

I NI A AR T CRE A
phot oi nintli stdrfife, modulus is the value tan 8. Because of the viscoelastic nature of polymers,
these viscoelastic properties (E’, E” and tan 8) 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 pentaerythritol tetra-(3-mercaptopropionate) compared to the
same frimethylolpropane triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin
without polythiol,



alumnumtrihydrate filler, pentaerythritol
tetra-(3-nmercaptopropionate), and then casting filnms on untreated
Ml ar fol l\owegh-Rys4sH traviolet curing in a Fusion |ab upi HehRKzW
Systens, Inc, Galyat ersburg, MD) cont®i-ning both a 600 WF?/I’I]](%E e{n 3300
w inch power supply utilizing a "V' and "D' bul bs respectively to
cure thﬁ san*ﬁg:{gs @30 FPM The sanples were removed fromthe MWl ar
fi1 m ant*prplafe dhstisdesed Abyasive Pioduply dlaye bppreyed Finishing Bropertignani c
mechani cal apgd ysiS PM%%: £std 3 ol Ao RERTY Ko [ :

| ong). A sinusoidal a%orc a%vas a‘g%‘gi(agclil{ntagsﬁahe %ﬁ%%éé Sélg%}/ﬂéga ‘é)rlc%<}3{eﬁee
resul ti figisei Widoutiwishingab de reatidby theeryniins belfeget thihech atridonndordtdies
dynam c_stress, to the dynam.,c strain,yields he conpl ex ,mpdul us, E*,
Wit o cofeh B et PRGR B el ety afutte i af S gReoRit ereres
and t heof s sestiosltdedls, E'. The storage nodulus refers to the ability
of a material_fo_ staqre energé and can be related to the stiffness of

the materi al FIOPn8AI199d SByamhgoererhs thap phoss et differenedasuefpessiinal efia by

t he sampbfnitse & Lt t 4 ST - 8C ; I and
can refl ectp ot ﬁe e{&%?rpian%&%ﬁa?g%% %%?dcr%ﬁ) W?QA gg%@rréj? %%%p&dg? intge of
t he | oseolythid pinérenduitolp thitau(@-macaptmprombnate) t &h) ScorBecalise of ablagive

vi scoel .1 c..nature of I rS,...t e Vviscogel astig¢ pr rties (E,
£ "and POeERers®h Pl Pofnigt CBRp LR e RShyfefbdBii] pgsite
FI Gs. 4dppedSio hnve adfioothesiest Witk Fawer 3bwaidsp! RyLehegEChani cal

properties of ., incr eaaﬁfg aver age storaege nodul us, i ncreased average
| 0ss nodul us s ARPAREE fiklseage %?&]g?eaf@’énhﬁ n ISPFFEGE s the nelydiiolabrasive has

tenper afn‘r};?r@vdda(ﬂél&:éa? valkeOfod GRS TolghhSss 2Rl RQ,SRTQ, ah@Rtas shown in
trimethyl ol propane triacrylate/tris (2-hydroxy ethyl) Isocyanurate
triacryfeilelresin crosslinked with the pol ythiol pentaerythritol
tetra-(3-nmercaptopropionate) conpared to the sane trinethyl ol propane
triacrylate/tris (2-hydroxy ethyl) isocyanurate triacrylate resin
wi t hout TABL¥tlhi ol . WO 2007/ 005452 -19- PCT/ US2006/ 025133 Exanpl e 6:
The D scl oged—Apras+ve-—Products—Have laproved Finishing Properties
FIG 5 is aAEFPétVSQF%@Bﬁt showt ng an un&&sirabl e randdd scratch i a
wor kpi ece [pLRESE. W THoUty ¥ SN Ng 1§ he bourd by [Hgpry;—Tt-Ts
bel i eved that “such random scratches] occur due to [poor adhesi gn of
abr asi ve pabtbiplwsclr esul tjithgp f r om podr7nechani cal |@rzperties [of the
resi n bi nder—H-Gs—6A-ard—6B—are—photographs—thatl show the
difference in surface fmsh of a

The surface roughness parameters are measured over an assessment length comprising a

straight path taken by a probe (e.g., a mechanical or optical probe) that measures variation
in the surface. Ra is the average roughness value over the assessment length on the surface,
which describes the average peak height and valley depth or average amplitude 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 maxinum 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. 74 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



wor kpi ece between a coated abrasive with (TMPTA/ I CTA resin)
crosslinked with the polythiol pentaerythritol

tetra-(3- npHeapipRELpPi onate) (6A) conpared to an abr asipygush@yibiRgsst he
sanme resin without polythiol (6B). -AY-can be seen, the polythiol
abrasive appears to have a snoother finish with fewer deep random
scratches. This apparent difference can be quantified. In particular,
the pol §TATIGY hans dhe, sanpazesin wihos aeplythielusdgenvhy seea, ther resinr wileaat
roughne j T

pbr a5t oo PR AR S e Seer S8 e SR8 ! Honye Mniy JORR !

0. 90 4. aifssBgzprafive grainsicanpated tytha essedarzimetwitlspadytkioheasur ed over an
assessnent I%% c

a mechani cal “or op.tg i?% éﬁrl tli%lr }ga%eb)% %t ﬁgé{lg‘i]r%&m% g’%hwg?ré%?l}’%%m% %étg%gceg% >

sur f acepreRared $nibb@inaverageot] 10 wilh be Gisdeystdddehyaliae skilled RiSHe &S (RO Varlapgt h
on the surface, which describes the average peak height and vall ey

dept h ofhaageiademaapd ftelsanyt begmadg jhergmewithent depagting foan the s5epsef the

hei ght pARLAMRL &f 64 QR BhRATed BGiRE] | L{cBr@Re he
5 highest peaks cgﬁ‘gﬁﬁg Iog/est I;if\J/ﬁz}ﬁl %c%/s In tggﬁgég’sg%grgﬁt %fitgﬁgkeﬁ?ﬁ%f% S
a neas uidentifggd aboughesdtsseankingninentperatet bprest  roughness” rel ating the
di fference between the highest peak and the | owest valley over the

ti t 7: i i o t
Fave | mErauRs Br Dod 1ry el AUP e xdffes uEi e BRR AT HABERCRNE
abr asi vAghedidgrer i dentical use conditions. FIG 7A is a photograph of

ted abrasi ith (T | CTA [ | i nk ith t
Pol vt hi ol - peliaBTyEin FIOGIE bt 1Y rodHER Sahed ahasro ALt P Svigagd
phot ogr apMeafbiian, Wl 208EHARHRRR6T 11820 0anaS 1335t sarkiBled IiedS biBared

having the sane resin wi thout polythiol. As can be seen, the resin
Wi t hout Ungse (e $i51 Prpesse seRsitions, painlpinieg, genb (veights ¢Ruptaniy seila ayingdhe h
many _aPRALERLEYTMIARANE thOhaiBr 3Bl I LREAY K S0%! A RhiegRRBLEd Lo the
coated abrasive wth polythiol. i"e thi's rnvention has been
particularly shown and described with references to preferred
enbodi nBAf ¢ Corppasitionand Fredest ood by those skilled in the
art that various changes in formand details rmay be made therein

wi thout depagiffafha {RnSGABL R Adt ity and adhesion tests were produced by
coating a continuous web of finished cloth with 24 pounds per ream (330 %) of a phenol

formaldehyde make formulation which containing 5.70% PTM. All components and
corresponding levels are detailed in Table 2. The web with the make coat was then
followed by an electrostatic deposition process applying 32 pounds per ream of a BFRPL
aluminum oxide grain. This partial structure of make coated web and grain was then dried
in an oven for 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 e 3.10%




i nventi on enconpassed by the appended clains. Further, each U S
patent previously identified above has its teachings incorporated
her ei n. E)ggmg The Di scl osed Abrasive Products Hav

Flexibility aénoz/0 Adhesi on The pol ythi ol nodifier (PTM ?er)(giggu‘ﬂé’/gz@m
coated abrasive structures were evaluated for flexibility, peel
strength and adhesion in this exanple. Test sanples were prepared
under ttie Gane rabessucargiwirotisn catedtwitnil b goondst paneghto aceheselant ,

vvhllevaryln the anou f PTMin el.th t he rraeor

' om 0 Prraibgy e Rl o PRI iy § Bt P dnd
Pr oces sti{QalaghsaRhAS Y §porikd UEbibheSdrfep Which@iadl b ey RIlb tdnpetinde settigsoon
tests were produced by " coating a continuous web of finished cloth
Wi th 241286Groiss preiod b e 1BBD fie) of a phenol formal dehyde make
formul ati on which containing 5.70% PTM Al |l conponents and
corresponding levels are detailed in Table 2. The web with the nmake
coat was t Mable 3t PTMOMeedifiey Stra Felnadétiamst at i ¢ _depositi on process

appl yi ng 3&ijpounasiages Coppomedf a BFRRIend@&l um num oRérdentggeai n.| This
partial stIykdHe Blgofgke coat ed web | mpdhehaldp Wag.2dyen dried in an
oven for t o WikshadbesoC [0 |rrpart AXig_and Thefhds, Stagi ng of the

phenol fot pot-ymer IdU a Vodi vake

For mul at i o'go@?c {g;;if{?ﬁ% er—Cofponeh vcugié(é .-c. L%Eaﬂ e—fit] er NYAD
Wl | ast 32'3“WM§£M@9%-42@§—W¥W 0-—16%—F 7 A—SiAgl e Conp
94- 908 Dur esardinglaSlonp 54908 Dot gane il 1009 = M Br uno
Bl oc 5. 70%0Nabest 241 Defoagner0% WO 2007/ 2 PCT/ USFhHEAQ025133 | -21 The

coat ed abr EERaMPtRolchiol @IMjer e t hen [Brosa Bwewi t h 135%6unds pel ream
of a phenolpydouismitdiycdke si ze coat. Cibe detai |l ed @2Wposi tionj of the
size coat iwaffesented in Table 3. The web was agh8otet ranspoyted
through a drier which had a dry bulb Tenperature setting of 120 C

for a perd Qdiefhl *XOHBOWEAd onto a core which forms a roll. The roll of coated abrasive

product was then placed into a large convection oven to undergo a post curing step in

which the oven temperature was 125 °C for 12 hours.

Flexibility, Adhesion and Peel Tests

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

‘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 17 wide x 3” long, were used.

Peel force was determined through the nse 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



Table 3: PTM Modified Size Formul ation Size Fornmul ati on Conponent
Vendor Percentage Wite Dye E-8046 crochem Corp 0.70% Wt Wtcona
1260 Wt coyv@ 2098054201 nod Tanol 165A ohm & Haas 0. 90% Btri€foodiy 133
Cryolite Solvay 42.40% Resin Singl-€2Conp 94-908 Durez 48.30% Nalco
2341 Defoaner alto 0.10% PET-3MP Pol ythiol (PTM Bruno Bl oc 2.50%
Dye Uni sperse Bl ack Ci ba 0.20%, Water 4.80% The terial was then
RIS e R R e e S e R T e PR
product jyasichhen placed into a | arge convection oven to undergo a
post curing step in which the oven tenperature was 125 C for 12
hours. Fl exi Bathigeyeratad Hosp ¢he Brauk S&&hesyand dnstoadiepl Teaty ajgepgesented in
ascert ai uskn . t ] e vai I Kk
o Ger g et B BRR B e RS Bl lor QY TRL a8 S i 3R
t he sanpleadeeizvewnflexlftidegraieas With 6% aidgioaed HTM So deginelee contribendiat s.
The slope of a plot of %force (y-axis versus angl X-axis)_for
each s anBPRIpRarIL e il &t COREIng fReresse Y ?Pﬁqg&%éé gpan-to et

hi gher tihg, ftRXerslome i8GBREah produBdiSatias adbbdehRl WillDdUshkespbhdiag

(3) test sanple pieces, each of which was 1" wide x 3" long, were
used. Pésteagicpeaheasiheideorer Miietvas Mnewgiied. eecyse tpically thasmpgnilerehlgi | e
tester. F t hi I . ) . {

bonded P5eLidHRrRanta oaf RHER Shble. pR-ERR] BAUAN BELIG UG, VoS

hi gh st igagik, ndt wipnpiirahtle péieyt hedHegibilizty of hdhdsmcgropaties o thet Bructure.
adhesi v separate the nmake coat |a r.om t he backi ng mat eri al. was
rrpasuregjh%/sﬁr’@ i %&cﬁ%n@ﬂ' enPreﬁe%lbeeQ%(%EﬁI[ an %ﬁ%?}aﬁ%n | BETRETEY
Wth a ¢hQede Berdted PoRstivls %ﬁ@nﬂrﬁ%t@%@m&%@ inTh6vih@tth® iRbrfiche
peel force to flex slope was a_ neasure of the adhesive strength of WO
2007/ 008diBgion betweathe usko @B bewsngdayer-he nake coat to finished cloth
coating substrate, where greater val ues represented greater

adhesion. Data generated fromthe Frank Stiffness and I nstron Peel
Test s arbfrde Eéatted PV on flex slope and peel strength values.

|} mm

Test # Flex Slope |Make PTM iSize PTM |Peel |Peel To Flex
1 1.38 0 4] 25.91 18.78
2 1.14 0 0 25,72 22 56
3 1.27 0 0 28,21 22.21
4 1.17 10 0 . NA NA
5 1.17 10 0 2512 21.47
6 1.09 10 0 26.53 24.34
7 1.02 10 5 25.42 2492
8 1.05 10 5 27.74 26.42
] 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 24,38
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 2117
18 1.21 5 5 25.57 21.13
19 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




Table 4. Fromthis table the average flex slope for 0% PTM sanpl e was
1.26 with an average peel to flex ratio of 21.1. Wth 5% addition of
PTMto th 1ai, the flex slope decreased by 11%.,w -
corresponé?ﬁg&ﬁﬁggggse in the peel txg_flex ration to 2%&%&%%%@%@&?
Therefore the increase in product flexibility was observed with a
corresponding increase in peel adhesion. This was unexpected,
becauseEQYRVARENTSt he nore flexible product possesses | ower peel
adhesi on val . dncrenmental additjon of PTMto .the size, |layer did
ot o1 gni 1 cIbRe JHSERION frs tPRbRb ey P g gkt iheh FBparBieates
the str Petdied embddBRHLs IRISHIT 8 willBé Gitefitdoddly thdie sETes BGe af thabP¥d¥lous

t he make | ayer can significantly _inprove a coated abrasjve's

f1 exi bi Fhangésihiferan snddatailsriadils padeibeisin wighouhdenaping repithy scopamfels on
bet ween, . | ri:table 4. Effect of PTMon flex

sl ope aft e%?gl%‘g?“ﬂégsgeg%g\%‘?%@éﬂ élsatlaﬁ Flex Sl ope Make PTM Size PTM
Peel Peel To Flex 1 1.38 0 0 25.91 18.78 2 1.14 0 0 25.72 22.56 3
1.27 0 0 28.21 22.21 4 1.17 10 0O NANA 5 1.17 10 0 25.12 21.47 6
1.09 10 0 26.53 24.34 7 1.02 10 5 25.42 24.92 a 1.05 10 5 27.74
26.42 9 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 50 26.18 21.28 16 1.14 5 5 26.85
23.55 17 1.18 55 24.99 21.17 18 1.21 55 25.57 21.13 19 1.21 5 10
23.83 19. 69
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20 1.17 5 10 23.94 20.46 21 1.2 5 10 25.58 21.32 WD 2007/ 005452

PCT/ US2006/ 025133 -23- EQUI VALENTS Wil e this invention has been
particularly shown and described with references to preferred

enbodi ments thereof, it will be understogg by those skilled in the
art that various changes in formand details may be nade therein

wi t hout departing fromthe scope of the invention enconpassed by the
appended cLﬂinﬁn 24 TthclaiﬁB def i hn the invention are as

fol lows: |. mexlimydefioimpdhe pyention MEaH8I9 S ng: a) a plurality of
abrasive particles; and b) a resin cured with a polythiol group. 2.
The abrasive product of Claim1l, .wherein the resin to be cured

conprises ah  alJeRiAINC PRLHH COBPTIsfEs abrasive product of O aim 2,

wherein the al dehydea pRaliy dfabasiiofmiidehmgde resin. 4. The abrasive
product of Claim 3, wherein th& refin to be cured conprises at |east
(Livied

one member sel e®led #FESHCLHE ™Y USRI ng of a

phenol - f or mal dehyde, a nel am ne-formal dehyde and a urea-fornal dehyde
resin. 5. The abrasjve product,  of. Claim1, wherein the resin to be
Cared comprheee THE BHISYCPONE! (g o Shgeim oo b8 P VaS R of

A aim5, whereiRidehgier@ud.n to be cured conprises trinethylol propane
triacrylate or Iris (2-hydroxy ethyl) isocyanurate triacrylate. 7.

The abrasive praduct of d ai . rein the sjn to be cured
Corpr T ses a bprirbierye el icREl bR B SEH AR 8 F et nent
sel ected from phesrol i ¢ resins, am nopl ast resins having pendant a,
O-unsaturated carbonyl groups, urethane resins, epoxy resins,

ur ea- f or Ml geny e LGaLNSprod ROGARM 2L RebRhd Bin B LA e&ﬁsr%{ﬁagegghyde

resins, acrylate resins, acry I'socyanurate resins, acr d
ur et hane resi ns,onaceybertseldclepiiwy theastupsonshlingef sgihpioddormakieige, hi de

gl ue, melamine-formaldehyde and a urea-formaldehyde resin.

5. The abrasive product of Claim I, wherein the resin to be cured comprises a thiol-

ene polymer.

6. The abrasive product of Claim 5, wherein the resin to be cured comprises

trimethylolpropane triacrylate or tris (2-hydroxy ethyl) isocyanurate triacrylate.

7. 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 o, 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, polyviny! alcohol,
polyvinylacetate, polyacrylester, and polyethylene vinylacetate, polystyrene-

butadiene, and mixtures thereof.

8. The abrasive product of Claim 1, wherein the polythiol group comprises from 2

to 6 thiol moieties.



cellulosics, latices, casein, soy proteins, sodium al ginate,

pol yvi nyl al cohol, polyvinyl acetate, palyacrylester, and

pol yet hyl ene vinyl acetate, polystyrene- butadi ene, and m xtures
thereof. 8. The abrasive product of Caim1l, wherein the polythiol
group conprises from2 to 6 thiol noieties. 25 9. The abrasive
product of Claim8, wherein the polythiol group is selected from
trintethylo}pro , [ ne
I xi (2- nercgptogﬁgg E&géﬁoﬂﬁ[ﬁgﬁﬁﬁﬁF?ﬂkﬁnﬁgﬁ%ggggﬁgﬁéQ%%%%gbﬁggnate)
pentacrythritol tinhghylapRpmericBpneapatpatpente), rimethyloipropane (ri(2-

pol yol - 3- ner cap 0 1 ce

pol yest er - 3- mer éugeg a %‘Fl%?a?éc}hgfnlﬁ%)ty%l 3}%? 3’71?15 gﬂ)?o 10;15?%?%1@0 a\élhnloi

et hoxyl at ed tr|mamﬁyhmmmﬂmp@me)mOWGSLmaeﬁmapmumamﬂmo@akb) 10. The
abr asi ve product_ of p forns

ot ween: about _BSaRG- Sl bl s AR e 11, The
abr asi ve pr oductmemcfapﬁhmtmsl 4ndfeﬂmtc}'iaed eiarpylofirspgnatri€®l orant . 12. The
abr asi ve product_of ain1%;} wherein the appearance of the col orant
changes in respdWEEPPBORCEAE the abrasive product. 13. The abrasive
product of Claim1, wherein the cured resin is cured-by a

phot oi ni ti at®r ﬁ@vbh@simm@s&w&ﬁliﬁm gheaindire polydnol Graip dorma beiavesl engt h
350 nmor | ongegk . aim1, wherein the
cured resinis %u?%é %%}Q-Eraa&lﬁﬁg(?%\gl&lgﬁ{w%%m Iresqed from

bi s- acylphotfhlnc oxi de and a- hydroxyketone. = 15. The abrasive
product of H-ai rheabmsiye preducteffdpimsh Hthenromptisiegs ¢luents r anspar ent
filler and/or an ultraviolet transparent support substrate. 16. The
abrasi ve productThehbladiod product wWhElkigd 1, dheeib the@pbda@fdcbitHeabBfant S nor e

visible light c ared to the sa resin cured w thout the polythiol
group. 17. The &8%7\?&?9&%&?“8%&?{%%3? WHerein the cured resin

has at | east one feature selected fromthe group consisting of an
i ncreased avkr ag@mesbmsiagpaow@duﬂ Clgim lawheteindresaisddesinierargeby #ss nodul us

in a tenperature agﬁ a’tor%n\gl 5‘ arh%grlﬁt?%egca? %rl? gef ﬁk%@?veénétﬂg%m or

t enperat ure randl Fom abou degr
longer.

14, The abrasive product of Claim 1, wherein the cured resin is cured by a

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

5. The abrasive product of Claim 1, further comprising an ultraviolet transparent

filler and/or an ultraviolet transparent support substrate.

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

light compared to the same resin cured without the polythiel group.

17. The abrasive product of Claim 1, wherein the cured resin has at least one feature
sclected from the group consisting of an increased average storage modulus, an
increased average loss modulus in a lemperature range, and a decreased average
tan d in a temperature range from about -150 degrees C to 250 degrees C

compared to the same resin cured without the polythiol group.

r



conpared to the sane resin cured w thout the polythiol group. 26 13.
The abrasive product of Caim1, wherein the abrasive product

exhi bits decreased random scratch formation conpared to the sane
abrasive product conprising the sane reggn cured wthout the

pol yt hi ol group. 19. A nethod of preparing an abrasive product,
conprising: a) contacting a plurality of abrasive particl es with a
curable co Si t4,0 ) group; and
b) curing the Cl}lrhaﬂ?lqswedméotgf%tq%mtlo“ mm' Iﬂm a&d{ﬁ Jﬁaéé? "e“f‘)roduct

20. A nethod of dahc:aeki mgdcm wodidd fsmncﬁlame):nmmmdm nhsm@ aappivy producan

abr asi:ve product QS.Ia l)qiorak esr‘érif?ure IQ] lal\r/’[h ﬁ ng notion to renove a
portion of the \AB‘R”él}Er QEE° TYhE e%o"’(') det®Phcl udi ng an
abrasive material enbedded in a crossllnked resin, the crosslinked
resin incl utfl.ng Aemgbed pikepanys an ahodsiye hioduct,spopiEtingnk i ng group.

a) contacting a plurality of abrasive particles with a curable composition
that includes a resin and 4 polythiol group; and

b) curing the curable composition lo produce the abrasive product.

20. A method of abrading a work surface, comprising applying an abrasive product
to a work surface in an abrading motion Lo 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.



