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STRENGTHENI NG FLAT GLASS BY EDGE COATI NG BACKGROUND oF THE | NVENTI ON The
present invention provides a nethod of restrengthening flat brittle oxide
substrates (e.g. w ndow gl ass) that has been weakened by surface flaws such

as when gl assWPY#889 by scoring and breaking. 5 - . CoRGTHPISHHYe Dbeen
known for repairing surface flaws in glass and thereby restrengthening the
gl ass towards the strength of unflawed gl ass. Particularly wuseful -
strengthening conpositions are aqueous solutions containing

si | ane- based conpositions especially 10 pol ymeri zed
cross-linked siloxane. The present invention relates to a nethod

of strengthening or restoring strength to cut flat glass and the resulting
restrengthened flat glass article. Articles nmade frombrittle materials,
such as gl ass 15 wi ndow panes, generally have substantially | ower
tensile strength than predicted. Thi s weakeni ng can be the result "of
such factors as inperfections in the article, or small anounts of
inpurities in either the body or the surface of the article. Historically
many types of surface treatnents of brittle material nmay be used to 5

protect the surface frgfahiasheie $ARFISLA0 B spceVidRrang el | measure of

support to brittle articles ass Is intrinsically one of the strongest

materials known to nan. Theoretically, standard silicate gl asses
shoul d be able to support stresses as 10 high as 14 to 20
gigapascals (2 to 3 mllion pounds per square inch (psi)). In practice,

however, the strengths

BACKGROUND OF THE INVENTION
The present invention provides a wmethod of
restrengthening flat brittle oxide substrates (e.g.
window glass) that has been weakened by surface flaws
such as when glass is cut by scoring and breaking.
5 Coatings have been known for repairing surface flaws in
glass and thereby restrengthening the glass towards the
strength of unflawed glass. Particularly useful
strengthening compositions are aqueous solutions
containing silane-based compositions especially
10 polymerized cross-linked siloxane. The present
invention relates to a method of strengthening or
restoring strength to cut flat glass and the resulting
restrengthened flat glass article.
Articles made from brittle materials, such as glass

15 window panes, generally have substantially lower tensile
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typically obtained are on'the order of 70 megapascal s (MPa), about 10, 000
psi. The explanation of the discrepancy between predicted 15 and
measured values is the existence of surface flaws or cracks. These flaws
essentially fracture the siloxane network (Si-OSi), which is the backbone
of \the gl ass WO1288amaged point in the gl ass becones the f8EHUSIRASHS of
forces on the glass and act to concentrate the force 20 and cause
catastrophic failure of the glass article, typically at nuch | ower stresses
t han ot herwi se expected. Researchers have_ | ong s?qu%ht a neargsetghgl | evi ate

the probl ens wisHregEsds e REeFINERy noth¥s c¥E N9 Af t he

formng and handld g BfOSESS rakeBlasss Adddimaechans Lechd arpgatbsfactory
i ncreases in the strengt ecause these nodified handli n% procedures still
e

cause sore flaws iswmalle gimpswtsgr pEciwpuritFgs tin eitdeIonfhe| pogysor2-

been a goal of researchers re e eff . NS A they are
I nevitably for rFeh gﬁr%ﬁge o%% %(?te. gggﬁ%i%'pp%lzfgﬁ%égtg%i#npr 3€ith'§gtsh§gst rength
of gl ass i ncl udaxFarieanire@tmahts &F orRatlentmdierikl8m8y6de, ushdr eon net al

ions in the glass are exchanged with iqQns 5 of | arger, .radius to
develPop a surf RROtEGipFRR & agﬁ\;\%ﬁ%“.‘ a%(f&lséc’ﬁt %"T“.‘a,geuf_"%‘.la?%tp ViRE.
3,743,491, al sq, rflaatenehSuie B¥ fR@RoREOLEChI M 1d @dtiBDés. Hashi noto et
al., US. Pat. No. 4,891,241 relates to strengthening glass surfaces with
the application an&legse éF silngpéngically one cqfy 95“\'@ fFerngestn

conj unction  wiffe,AGH%! OkhowdNd: SELAACT V! Olre@rRELEL Ly TheLaaRRERat i on s

essenti al .
silicate glasses should be able to support stresses as

10 high as 14 to 20 gigapascals (2 to 3 million pounds per
square inch (psi)). In practice, however, the strengths
typically obtained are on the order of 70 megapascals
(MPa), about 10,000 psi.

The explanation of the discrepancy between predicted

15 and measured values is the existence of surface flaws or
cracks. These flaws essentially fracture the siloxane
network (Si-0-8i), which is the backbone of the glass.
This damaged point in the glass becomes the focal point
of forces on the glass and act to concentrate the force

20 and cause catastrophic failure of the glass article,
typically at much lower stresses than otherwise
expected.

Researchers have long sought a means to alleviate
the problems with glass strength. Many modifications to

25 the forming and handling process of glass articles have
led to unsatisfactory increases in fhe strength because
these modified handling procedures still cause some

flaws in the glass articles. For this reason, it has



Whil e the patents described aboVe each provide some inprovenent to the
strength of the glass so treated, they are not w thout shortcom ngs. Some
of these 15 treatments require longer tines than avail able during
manuf acturi ng, necessitating off-line processing. There are_al so concerns
related to woYReH1288f ety and health. In particular, the usePaROSARARHS ng of
organi c solvents, as well as the acrylate and nethacryl ate conpounds, are
20 a safety and health concern to the manufacturer. Flat glass is

produced commercially by a "float" process, that prod s .a W cont i nuous
sheet of gl ass. b¥ee 4 |gpalgPEsEesanrsheER tATSIES {'?eetff%&:uf’ws > The
cutting process_i og;_{%g I 4101 Ry He@Son thaltobdfect. flat

gl ass pi eces ar gkgH‘en ejﬁrfet ?gg}{ed toﬁ;soft‘en and repair such flaws. Heat
treatment, or anneabomg appxuachepehoi YEPYPOENS SheCHryeagERopE giass
strengthening of brittle oxide substyate parg.j.cul.ar ghags di scl osed
inUS. -3- ﬁﬁfiﬁ%@ %,‘%‘57‘?23§ y> ’rso%ﬁ,s'etéaél%?l,t ellr]f%('l t :‘Lég %%ﬁe't hod of

St rengt heni ng ayBekéih andRd106 ol b riiee gSakanarBasarha@gedowithobenand a
Pol ynmeri zed Cross-Linked Silane Coated Bri it | e Oxi _d%€Subst rate”

. . .and
5, 4865693 ent i t PEd Vel MEERPH Fafiush gt ReAPKGLR ads SUFAPERt SP BFT2F YT 1i s, et
> al | an elsQ.MiF&gIe Thesiss, f.befatbiyats) tzy,7480w0Yprk1ss G ass
St r engt heni ng I a Si [ ane Coupl'i ng- Agent Coatings", R Bennett (Feb.,

1989) and in t heelstes cdnr @s surface iDYOLRET AT reARTEBhed HABdPERe R .
e oa®  Binsy FL5GS . b 60, 9 SHBRa R igingiun (he 10
glass surfaces with the application and cure of silane
10 coupling agents in conjunction with acryloyl and
methacrylol compounds. The combination is essential.
While the patents described above each provide some
improvement to the strength of the glass so treated,
they are not without shortcomings. Some of these
15 treatments require longer times than available during
manufacturing, necessitating off-line processing. There
are also concerns related to worker safety and health.
In particular, the use and handling of organic solvents,
as well as the acrylate and methacrylate compounds, are
20 a safety and health concern to the manufacturer.
Flat glass is produced commercially by a “float”
process, that produces a wide continuous sheet of glass.
The flat glass is often cut into more useful sizes. The
cutting process introduces flaws into the glass. Cut
25 flat glass pieces are often heat treated to soften and
repair such flaws. Heat treatment, or annealing is an
expensive process.
Compositions for strengthening of brittle oxide

substrates, particularly glass are disclosed in U.S.
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to achi eve as good or better stfength i nprovenent as applying the

strengt heni ng conposition to both the edges and the nmajor flat surfaces of
the article. 15 BRI EF SUMVARY OF THE PRESENT | NVENTI ON The
present invention relates to a nethod of strengthening flat glass pieces by
treati ng essoMOPHI2BI only the edges of the glass and not tré’mmﬁ%lﬁ of
the large flat surfaces of the glass. First, the one or 20 nor e
edges of the flat glass are coated with a gl ass strengthening conposition
(e.g. an aqueous solution containing a silane-based glass strengthening
conpound) W t hRRtensat 5 ntf % 235gRY CREFAR &Lt Bdn - ofTE el $fh; éY MPFgPdsurfaces,

fol I oved by CUqu‘%t% ngﬁrg@rg%% TRKLE ;t.‘fxide SubstE&64 T&NYHenkga The

resulting streng coate ass 1s substantially inproved
conpared to t heotposdigtibnef 4t @l aBslymewizead Brpag-bivked Sidane

surprisingly the edge-treate l.ass. 1S, as straqn r r . gl ass
havi ng both t he&@d—'& sBﬁhﬁg:{%g”ﬁg'gFgguagtra&ef I'at(gL ngurgf%%%’sé%%ge{ngé@\%g?h t he

i dentical coatiMthod OfSttesigthenttly Gligss CdavedtbraBrydmelldeti ete and a
wi ndow cont ai ni ng such strengthened gl ass article as a w ndow _pape are al so

providded. 5  al; and in Master Bhegls pRddEyesTUBAVEES 11 RES: The
drawi ngs show e.c&%s(‘soat %@Eeﬁ&ﬁ&?ﬁﬁene@ifa' at Sghaﬁé apgoﬁlppi,ﬁagrggﬁg of

strengthened flat glass. Figure I's a perspective view of at glass in
the testing apfioeatiogs”FiRurBennett Fekel.cd9BPbrand dpy Shet Frfepgnces "

piece of gl ass dnder .0}, 0atk dLrbRE; bESA | AkIRBRER! USndhdIet Fledllbg 3 shows
the gl ass sanple &Pn‘é under
references do not teach the selective application of the
10 strengthening composition to the edge of flat articles
to achieve as good or better strength improvement as
applying the strengthening composition to both the edges

and the major flat surfaces of the article.

15

The present invention relates to a method of
strengthening flat glass pieces by treating essentially
only the edges of the glass and not treating most of the
large flat surfaces of the glass. First, the one or

20 more edges of the flat glass are coated with a glass
strengthening composition (e.g. an aqueous solution
containing a silane-based glass strengthening compound)
without coating a significant portion of the major flat
surfaces, followed by curing to achieve maximum

25 restrengthening. The resulting strength of the edge-
coated glass is substantially improved compared to the
strength of the glass prior to being coated and
surprisingly the edge-treated glass is as strong or

stronger than glass having both the edges and the large

4.



| oad. DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON 15 The

I nvention is described herein primarily in ternms of glass as the substrate
that is strengthened by edge coating with a glass strengthening
conposition. However, glass is just one exanple of a brittle oxide
sulstrate t hMOWEARSSBe strengt hened by the present 20 PCT/DBRBER/S o,
Flat articles can be nade of any brittle oxide material such as al um num
oxi des or alum nates, silicon oxides or silicates, titanium oxides or
titanates, germ nates. Generally planar, or flat pieces of such brittle

oxi de substrat Etatasulsfaces cggaheRelith the 1dent9(FF¥1 CREtERge t Peat nent of
the present in ' ar ] d I val,eat S bsjrates in
the practice %?Qééﬁ&eq{k%\/engd%%@&%{ﬁi Fggyt \r?qag?’nv%%’fg&?délz%'r| ed herein
i s explained felingb@ssontdiirsingawechhstrgngieried gppeeedrtickmashrE ttl e

oxi de material no denonstr t| ng._si, ic{icant pl astic deformation prior
to failure. VAPHOWRAAF &FS %Y% ‘materials are considered

equi val ent substrates for rest rengt heni ng by edge coating as discl osed
herein. Accordingly the term"qgl ass as ued her ein includes all such

equi ¥al ent 5 br BRIEE BREGRIRTIO Sel ection of specific
strengthening conpegs ! yhdd gﬁ&sndd EBQtE@”pQEk&hQEhé}{ed hedyittle
oxi de substrate. ape of a typica artlc e that can be strengthen by

edge treatnent g&asar obndg tbet heeqinexgen@f 1@trengthened n\idati omlass usual | y

flat. However..the essence of e_Qf an _ard-i Gl sq . stdength can
be i nproved bny'ﬁg Bdge r éatFE %e %nge%ﬁt ’%lr?\%efﬂltl%% ﬁs eI ehape

testing apparatus. Flgure 2 is an elevation view of the

10 piece of glass under no load in the testing apparatus
while Figure 3 shows the glass sample bending under
load.

DETA )}t P (¢)

15 The invention is described herein primarily in terms
of glass as the substrate that is strengthened by edge
coating with a glass strengthening composition.
However, glass is just one example of a brittle oxide
substrate that can be strengthened by the present

20 invention. Flat articles can be made Qf any brittle
oxide material such as aluminum oxides or aluminates,
silicon oxides or silicates, titanium oxides or
titanates, germinates. Generally planar, or flat pieces
of such brittle oxide substrates can be strengthened

25 with the edge treatment of the present invention and are
considered equivalent to glass substrates in the
practice of the invention. While the invention
described herein is explained for glass, this same

theory can be applied to any brittle oxide material not
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that has at |east two major surfaces that are generally parallel and at

| east one mnor surface with each major 15 surface connected to at
| east one m nor surface. The mnor surface functions as an edge and the
ratio of the area of the major surfaces to the area of the m_nor surface or
surfaces is HNOPUREY 10 and usual ly greater than 100. Usual PFT/USPRA$IIE
articles are generally planar or 20 flat such as a wi ndow pane.
However some shapes having significant curvature posses the essence of the
shape of an article whose strength is inproved %y edge freat nent of the
present inventi8amongeratdng ssenefifant RleAtis ei“'ﬁ”'ﬁﬂ‘él%cﬁ}él%efti"ni tion

does not excl udg if@rgp.senq@nﬁf @Rh brittleCUbX3bE! end€sri1e MRIrQr
surfaces, but on?‘y requires that the surfaces be about the sane distance

apart over npstcohsidexrest efjuivalentcsubgtnates &k iregenenarhsning & el
surfaces need not_be flat. An, e l.e cur Ltl.el.e '
u ége n%?aoﬁ'lngu?? glsc)ﬁ.%g@flhlég{'%fn. u A‘.’%x@ﬁhbf&eﬁ\@éﬁ

general ly paral1a aces as termis-u erein and a
m nor or edge swgiase” wakh vdednjlreiin nimdudesr faide suda egtiwaigmzat er than

10 is_a cylindrjcal shape, such as a the gl ass copponent of a typi.cal
_tubul%tr fi uorejsPEHftl‘Figﬁ’td%uﬁ‘bt?su&f"ﬁ@'gl a&e cBRPTHAR" o as??f%’iééﬁ

i ncandescent | i ghleidHerifigScompositiondRPLiNlepend®h &1 cBmposMabnshape
with inner and outer” surfaCes being the major surfaces that are about the

sane di stance apfrtheritkdet ostde rrukgtmasee (reasonably uniform thi ckness
and therefore generglly parallgle) Q”dtﬁﬁi P N R8k1e" ed9e Ssedf agR usually -
in the vicinity of where tthie glass Is connected to the netal
screw base. A rsttrangther |y sddgee tneattent pageording exabipd epxdsent
10 .. invention is usually flat. However, the essence of the
shape of an article whose strength can be improved by
the edge treatment of the present invention is a shape
that has at least two major surfaces that are generally
parallel and at least one minor surface with each major
15 surface connected to at least one minor surface. The
minor surface functions as an edge and the ratio of the
area of the major surfaces to the area of the minor
surface or surfaceg is at least 10 and usually greater
than 100. Usually, such articles are generally planar or
20 flat such as a window pane. However some shapes having
significant curvature posses the essence of the shape of
an article whose strength is improved by edge treatment
of the present invention. The term “generally parallel”
in the above definition does not exclude the absence of
25 curvature for the major surfaces, but only requires that
the surfaces be about the same disténce apart over most
of the article. Accordingly, such generally parallel
surfaces need not be £flat. An example of a curved

article having generally parallel major surfaces as the
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article having two such major surfaces and four nminor surfaces while a
circular or elliptical shaped wi ndow pane has two such maj or surfaces and
only one mnor edge 15 surface. A generally planar article is
depicted in Figure 1 as item 12. It is typical of a flat article having
gekeral |y par‘ﬁg%#zs%"urfaces, i .e. surface 18 and the surfac®CIHS¥I8W 13,
that are an order of magnitude 20 | arger than the edge surfaces of
the article, (e.g. 6) and the di stance between the generally parallel
surfaces remains about the sane for npost of the article. Wndow.glass is

| )
the most commont®¥M: i 2889 dersin apd R HAIN9S FefdR5| PYFHRSHAF T h its
maj or surfaces RayLPO-@MmAlRA s@2face area YELGR greater thaw idesLdge area.

Al that is requited Is that the article have two generally parallel
surfaces signif Frhiedyddads ghapee spchgagatertih ML (saRPneatget) & han t he

edge surfaces. Qupyedh atLiGles $1GB-a5.6H Vadakndnuanegand, gy pmobil e
w ndshi el ds or other w ndow -7, glhass have~large, generally parall el
surfaces and ar eompbhett e ofr tacltgpital sinengidsernng ligidr dbndbt ds he

present invention. Sone articles have only .one m,nor .or edge,surface such
/s & B5RB ORI O

as a Tircul ar oPfPEFRPHIEXAMPLG R0t FRRE=YrShIRe J148s 188fho n

i ncandescent |igfi{faces being ©hd Dmafuit sbifdee viat! easd dBMuCTRIHY -
surfaces with each maj or surface connect ed to at | east one m nor surface.

GLASS STRENGTHERRRES UEEOSETRENS: OXeY Besp@f thenastiqke|(Eepspnably

strengt henin ' | PRPSiddPn I8
sui tagl e forguggﬁﬁoﬁe&%‘: ]érslgﬁ? ?ﬁﬁ‘ﬁ’%ﬁ?‘%@%‘%ﬁ#&&?ﬁ Fggs ar eér%:&;pabl e

with a minor or edge surface usually in the vicinity of
10 where the glass is connected to the metal screw base.

A rectangularly shaped window pane is an example of

article having two such major surfaces and four minor

surfaces while a circular or elliptical shaped window

pane has two such major surfaces and only one minor edge
15 surface.

A generally planar article is depicted in Figure 1
as item 12. It is typical of a flat article having
generally parallel surfaces, i.e. surface 18 and the
surface opposite 18, that are an order of magnitude

20 larger than the edge surfaces of the article, (e.g. 6)
and the distance between the generally parallel surfaces
remains about the same for most of the article. Window
glass is the most common brittle oxide article that is
generally planar with its major surfaces having an area

25 much greater than the edge area. All that is required
is that the article have two generally parallel surfaces
significantly larger (e.g. greater than 10 times larger)
than the edge surfaces. Curved articles such as curved

window panes and automobile windshields or other window
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of restrengthening a brittle oxi'de article after it has been cut or

ot herwi se damaged or flawed by at | east 20% conpared to the strength of the
cut or flawed article 15 prior to being restrengthen. Such
conpositions are known to those skilled in the art. Si | ane based

coRposi ti ons WP 8/BB®f erred, especi al |y aqueous based sil ane FEIHN¥I81l6ns.

U S Patent 5,476,692, Ellis, B., et al. inventors, discloses a mxture for
st rengt heni ng 20 gl ass that contains a silane and a resin, which
is incorporated herein by reference for its teaching of suitable glass

st rengt heni ng cobpesi bawmslargenr cfeneradlyi Parel bk e flacss dnde@Ffheni ng

composi tions arg,Maelosed il ool EingtiiingSacestedy! CALRON. S 25
et al., which i S THCOFporated hereln Dy referenca. Strengthening -
conposi ti ons ot pessdritainsehaimn basSeue canpigsdiesi bave prlyaloye sinaonlgre.

Sol uti ons cont ai$i ng and am nopl asts_such t he re_.;\ftﬂ'J i, rodu of a
Wi

compound cont ai BP9y SFTFRERSHR A o HFOUPR” rBhcted o)

h™"a conpound

contai ning an apghedyde gheuplass aoRmpPOERECof Oah alincagdesdyntr @dghtgr oup are
suitabl e for strengtheni ngé | ass. For exanpl e, .an 5%l‘géjeous sol ution of

nel an ne- f or mal Hekyd&utng we atchaAghdMNP "RIPH FHATRSSRS Wtk 9R¢coat ed on

the edge of fl S Led sta&ahgliber thesglass such as
CYMEL[ err] 385?&‘??%%%&%%%@ g?ggeﬁgﬁ%mtgjnea‘?f %%fgr%l dehydel, from Cytec

Industries) or Resimene[err] 717. Additional strengthening chenicals
7! U0 st OBENEE irorkifion, dokgaaabgg < bl ocked rsopnerone
T-403 (a pol yam ne mwaidompbeit iainsidxable Cherr stadengothendR$ §lasmriayophenyl
sul f%‘ue, avail agclngt:{rigorQIass with the composition is suitable for use
in the present invention. Such compositions are capable
of restrengthening a brittle oxide article after it has
been cut or otherwise damaged or flawed by at least 20%
compared to the strength of the cut or flawed article
15 prior to being restrengthen. Such compositions are
known to those skilled in the art. Silane based
compositions are preferred, especially aqueous based
gilane compositions. U.S. Patent 5,476,692, Ellis, B.,
et al. inventors, discloses a mixture for strengthening
20 glass that contains a silane and a resin, which is
incorporated herein by reference for its teaching of
suitable glass strengthening compositions. Preferred
silane based glass strengthening compositions are
disclosed in U.S. Patent 5,567,235 issued to Carson, S.
25 et al., which is incorporated herein by reference.
Strengthening compositions other than silane based
compositions are also suitable. Solutions containing

and aminoplasts such as the reaction product of a

compound containing at least two amino groups reacted



Aldrich Chemical Co.), "Epon"' 825 (an epoxy resin available from
Shel | Chem cal Co.). Some are commercially available as dilute

sol utions that can be 15 applied to the edges and thermally cured
to a condensed film Al t hough some of the commercially avail abl e

f okl at i ons WPAYREMeous, non-aqueous formul ati ons may al so REE/UHI#L116

Non- agueous sol uti ons of bl ocked isocyanates by 20 t hensel ves or
wi th pol yam nes or polyols can also be used to strengthen glass by applying
themto and thermal curing themon the edges of glass sanples. Formul ations
of epoxi es havewatho abeermptsmch stontiadgingHaghi abdehde qgrouR)sandpa ent
4,891, 241 alsg__disclo . S r t | ositions
suitable for uggmp?lﬁné h‘g&&maelg%rl?g % %&eﬂrrl?ﬁg%l gméé'h%]%r%ggi |enke ’

pol yacryl at es deseendrtkriingt dassnveRdt cexauplegbeai reuebys beelutiver nul and

ultraviolet curing. -9- . Preferr t rengt heni ng co siti.ons are sil ane-
based conposi ti 8fs mﬁaﬁﬂﬂlﬁfé@wlﬁﬁg‘}’gﬁued{@@ﬁrﬁt i o%or%é%trﬁefihe ‘?1"3:6} ol yZed
noi ety having tRerhohdPVWetd bor sddhiEd (&) eieréddd RBE Bk gldds igndn

or ganof uncti onal group which may or may 5 not fyrther hydrolyze in
t he aueous sol gured. to Stwendgihganshanelaspafuch @ pMEky385; dQide

residues - of hygephyrahle s haNGs-colht1 S6hAH | ®Ro cited SoliibtiRIsPased on |

the requirenent e resulting aqueous solution = contalning
hydrol yzed si ban®ebisene® (0717. Addittiomadsistirengshesindechemiarlised and

cured on the brift] Sad! §SsSHSH 268 ' M30' S @-2UBRLINLEA Vol BEQY

isopherone di-isocyanate trimer, available from Hils

10 AG), Jeffamine" T-403 (a polyamine available from Texaco
Chemical Co), APS (4-aminophenyl sulfone, available from
Aldrich Chemical Co.), Epon” 825 (an epoxy resin
available from Shell Chemical Co.). Some are
_commercially available as dilute solutions that can be
15 applied to the edges and thermally cured to a condensed
£ilm. Although some of the commercially available
formulations are aqgueous, non-agqueous formulations may

also be used.
Non-agqueous solutions of blocked isocyanates by
20 themselves or with polyamines or polyols can also be
used to strengthen glass by applying them to and thermal
curing them on the edges of glass samples. Formulations
of epoxies have also been demonstrated. Hashimoto et
al, US ©Patent 4,891,241 also discloses glass
25 strengthening compositions suitable for use in the
present invention. The c¢ross - linked polyacrylates
described in that invention are obtained by both thermal

and ultraviolet curing.



strength to the brittle oxide substrate. The hydrolyzed silane-based

conposition, for exanple, can be selected fromthe group consisting of 15
met hacryl - oxypropyl tri net hoxysi | ane (MPTMO) ,

gl yci doxypropyl -tri nmet hoxysi | ane (GPTMO) ,

viky)trineth {1288 e (VIMO), 2-(3, 4- PCT/US98/18116
epoxycycl ohexyl ) et hyl tri met hoxysi | ane (CETMO) ,

met hyl t ri net hoxysi | ane (MIMD) 3, 3-di met hoxypropyl - 20

trimet hoxysil ane (DPTMO), 5, 6-epoxghexy| trimet hoxysil ane %EHT&%% :
N (trinmet hoxysilyl Freseryedulssrengthening dECmBOH &1 Whr BPyI Srti-ABBRoxysi | an
(UPTMD), 1, 2-1h | conPokReXyss | Wafihpna i BdORqueous solution
1,2-bis(3-tri m%’% oxy-cos“ﬁéy pr opoxy) et hane (ETTI\/[PE) , _hydrolyzed forns

t her eof 25 with thadhydzalyzed noigtaphavisgorks felyovpreffarrudaexanpl es
of the hydrolyzed sil ane-based co zéjt_ﬂ,pns i ncl ude hydrol yzed gl yci doxy-
propyl trimet hoxysil ane, hydr ol @zﬂ@ 2- (3, 4- epoxy-

cycl ohexyl ) et hydHereint ROXyss idnabeganofundujidnal ygeshp wh3ch-didy or may

ur ei dopropyl -tri net hoxysi | ane . and hydr ol yze . \

3, 3- di met hoxyprifdy | f¥Fthas H&S@Tﬁlﬁ’éﬁe.inTﬁé‘eC(?éi{’ieﬁ’&saﬁﬁﬁPtéﬂo?0 tA8Brittle

oxi de substrat eofg%h&f'uﬁ@t@@nﬁl M %HG8 SUEy asidcliidd Ur eeSidwse Opgnore
hydrol yzed sil aneé-based conpositions. Generally, the 5

si | ane- based compbsilhizahdeusdliangsa nThe upelediidve ofd&ed iisn BwwFhsroporti on.
Further, any of c Lti : L b er, in]&%r‘ylg S e to
substantially ibrf%ogrgg(%/eg{;ﬁgiét rrt%:%tl%g%%ﬁ% gg??t Itgleom e guggt %g?gbg%nl ess

st at ed ot her vésIytiont heconsairaing basbed 1Chydrolyzed cogiggiet-ibaged

pr OVdee-d as s oeu(t:plcjsli iorelxgézpelre%eigrgecoated and cured on the brittle

e

oxide substrate imparts a substantially improved
strength to the brittle oxide substrate.
The hydrolyzed silane-based composition, for

example, can be selected from the group consisting of

15 . methacryl-oxypropyltrimethoxysilane (MPTMO) ,
glycidoxypropyl-trimethoxysilane {GPTMO) ,
vinyltrimethoxysilane (vr™mo) , 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane (CETMO) ,

methyltrimethoxysilane {MTMO) , 3,3-dimethoxypropyl -
20 - trimethoxysilane (DPTMO), 5,6-epoxyhexyltrimethoxysilane

(EHTMO) , N-(trimethoxysilylpropyl)-maleic acid amide,

3-ureidopropyltrimethoxysilane (UPTMO}, 1,2-bis(tri-

methoxysilyl)ethane (BTMOE) , 1,2-bis(3-trimethoxy-

silylpropoxy)ethane (BTMOPE), hydrolyzed forms thexeof
25 and mixtures thereof.

Accordingly, preferred exampleé of the hydrolyzed
silane-based compositions include hydrolyzed glycidoxy-
propyltrimethoxysilane, hydrolyzed 2-(3,4-epoxy-
cyclohexyl) ethyltrimethoxysilane, hydrolyzed 3-
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commercially available fromone'or nore of the follow ng sources, OSi

Speci alties, Dow Corning, Huls Anerica and PCR, Inc. Wile the coatings of
the present invention can be 15 m xtures of one or nore

hydrol yzed sil ane-based conpositions, separate coatings of _hyvdrolyzed

si kane- baseR¥WEBNi tions can be applied to a surface of aPGHUSTH B8y de
substrate. For exanple, a coating of CETMO can be applied to a surface of
a brittle oxide 20 substrate and then while the CETMO coating is

still wet or dry or_after curin he first coatin as at L ng,
anot her CETMD Hq?é’r&pyal'&irflf'%%‘rﬁxycsd&ﬁnﬁg (e. ga.qdq\/PTN%?}?gg%ff% %o be
applied. Any nyrhegifbcBsfprdpiacerindehsopalaine .coati ngs can 25

be applied in this manner. Further, a surfactant can be applied in this
manner, namely, coZbengoating taprlicd §e &her Reithds PXdsySREEERES bef or e

coating the surface wth_a | Lang- RasedrL YHRslel beNS Even
coatings like t ag;[ %&yol—lggh?nhé{bg%%%zgﬁ&( EQS I@atent No. -1e1- c,fl(,e891, 241)

can be appli ed fdrelyapgl gihgne Herseghtdonpeosdtioche. pr &sosrathyenthen. The

si | ane- based conposi tjons.used in the nethod of t.h re t.in i on can
be p?esent in tHe-2R5080TRY STRPFOR S gr?egv ?a%énlé%ﬁggn ar?rgtlﬁeoﬁgggém about

1%to 5 in a@pt prd¥¥eiviniei Ghirthet, Waingt off tdgUemirposdkibhen,
preferably from about 1% to about 50% and nost preferabl fron1g£out 5% to
about 30% The 9afqxghefg hegsdn GRrsdPRnisedt 81PBRt o kG EeactY ons whi ch

are believed t o RGeHE the! DErHARALR! LOBrittle oxide substrate.
Unless stated otherwise, the silane-based
10 compositions provided as specific examples are
commercially available from one or more of the following
sources, OSi Specialties, Dow Corning, Huls America and
PCR, Inc.
While the coatings of the present invention can be
15 mixtures of one or more hydrolyzed silane-based
compositions, separate coatings of hydrolyzed silane-
based compositions can be applied to a surface of a
brittle oxide substrate. For example, a coating of
CETMO can be applied to a surface of a brittle oxide
20 substrate and then while the CETMO coating is still wet
or dry or after curing the first coating, a second
coating, another CETMO coating or a different coating
(e.g. MPTMO), can also be applied.
Any number of such consecutive separate coatings can
25 be applied in this manner. Further, a surfactant can be
applied in this manner, namely, coating a brittle oxide
surface with a surfactant before coating the surface
with a hydrolyzed silane-based composition(s}). Even

coatings like that of Hashimoto et al. (U.S. Patent No.
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10 and application of the aqueous sol ution containing the
hydr ol yzed sil ane-based conposition. (RO)[err]SIR + 3Herr]0 <---->
(OH)Jerr]SIR" + 3Rferr]OH ----> Si-0-Si coating 15 In this
reaction, the trial koxy silane reacts in water to formthe trisilanol in
sohution.  VQA128ke trisilanol in solution condenses to fBEHUSI1§HAer s
and may further polynerize to cross-linked siloxane (Si-O Si) coating
upon curing. This siloxane (Si-OSi) 20 coating generally contains
an organic substituentﬁis) such as the R %rou S)%f'{ In . this reactign schene,
¢hhte rTﬂ&g}f 7

R O can be any 4yr&#3p2 3 bey gpPBl{sdALES DPRGERRERISURE best

neet this 0 25 : ' 11 criteria, -CHerr],
th t tion. __

-C2H err], and - .esﬁgwe:\L/%‘r’?noltoﬁer groups which neet this criteria are

wel | known to thos&hekshilameihasedecampositipns usgeir greyuppthedapt

or ganof uncti onal, group_ that. ydro upl e;hy RYASY! action to
formthe R gr&fb. 5h séezgcr gna?]o%{rhér}'cchll o%%fe%%oé%gg?a%@béga%?gsi eOK(Sl a

hydrol yzabl e sidlaitdon atFeid eGwergget bencémntiratigi Enopachbont akdtbhe R
group contai ns hydrol yzabl e grorgs, 5 the R' group .contains at

| east® one hydr BRAUY C%G’%grqyup‘."? h% KR ST PE AR ShYEr P8¢ then R
and R' woul d be,tdve,s@1% Eebmi NSbARCE 139WheB Rabsuli Nyd% Orardeet Bkt | N
general, the Rgroup in"the above reaction schene is preferably sel ected
so that theprefigreldy- fagwdai@it 5% to akewpol%-ions of the present

i nvention  provi de pihe: ARRKLARG' Helor28h 28ERemPELUBEN £ol-BRT B4ET el

restored
' reactions which are believed to occur in the preparation

10 and application of the agueous solution containing the

hydrolyzed silane-based composition.

{R'0),8iR + 3H,0 <----> {OH),SiR" + 3R'OH ----> 8i-0-5i coating
15 In this reaction, the trialkoxy silane reacts in
water to form the trisilanol in solution. Then, the

trisilanol in solution condenses to form oligomers and

may further polymerize to cross-linked siloxane

(8i-0-Si) coating upon curing. This siloxane (Si-0-8i)

20 coating generally contains an organic substituent (s)
such as the R" group(s).

In this reaction scheme, R'0O can be any group that

is hydrolyzable. The following R' groups best meet this

(0]

25 |
criteria, -CH,;, -CH;, and -CCH,. However, other groups
which meet this criteria are well known to those skilled

in the art.
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strength and solution stability. Accordingly, preferred exanples of the R
group include glycidoxypropyl, 2-(3,4 epoxycycl ohexyl)ethyl, and

3, 3-di nmet hoxypropyl. 15 ~Further, preferred exanples of the R' group
woul d be hydrol yzed versions of these preferred R conpounds. The

abQue- descri b®@9d28?i on schene by no means is neant to |ini PCHESHHAer in
whi ch the aqueous solution containing the silane-based conposition is
prepared. 20 Instead of starting with trial koxy silanes, one can’
just as easily begin with any hydrol yzabl e sil ange. For instance, hal i de

silanes such as ThesfoIHup df #F OQNEBPEEIIERNalA SRR 1360 T8Y upon
hydrol ysis, the & 4r Caly the hvd AedhexVio (£3dm Goet @vni ng as
the R' group. F%% %%§%8|e, MDeang E% whi ch both have an epoxy ring
in the R group, smwp.hy@hisyerganofunpbieredruPorani BR, awegidueseft in a
di hydroxy group by .th enj of.. epoxi Lk T, , . oup has
a bal ance of -13 By g‘&&ﬁh??l csi’%grlgev’l ded F%?/.l{)hgﬂ%_' girf%up}g gﬁgs’g‘g
hydr ophobi ¢ propesddtaon Bhe@ Budr Rp§bus qurmpeans dydralyrablR gromps,

larly inprove the strength. A surfactant to the

gﬂteing{heni ng coffpR"t BERUP o= eani%?%rge‘m(?f ?’S’H«Ege ???&g FKiYe -5

substrate edge Spf fﬁ@RV\@fg‘Eb S WbtS hydvrAyeaBas Sretidd @nghle Rdulgof t he
brittle oxi de substrate.” Generally, only a small anount of surfactant

i s added to al | ove t tiee cerma .nfaxo instangenovkerfR i &5 eHI¥E AF MIREMYLI-tt ] e

oxi de substrate. - LQni f nt LoR lally

useful in this r]ézba“}'gg' ra&,]e&é;é(;i{m#e%hgf S.ﬁ E’ﬁ‘é/eab]ere reactio .e&fhe%t%p?l_%
preferably selected 80 that the silane-based

10 "~ compositions of the present invention provide the
appropriate balance between improved or restored
strength and solution stability. Accordingly, preferred
examples of the R group include glycidoxypropyl, 2-(3,4
epoxycyclohexyl) ethyl, and 3,3-dimethoxypropyl.

15 .Further, preferred examples of the R" group would be
hydrolyzed versions of these preferred R compounds.

The above-described reaction scheme by no means is
meant to limit the manner in which the agqueous solution

containing the silane-based composition is prepared.

20 Instead of starting with trialkoxy silanes, one can just
as easily begin with any hydrolyzable silane. For
instance, halide silanes such as substituted
trichlorosilanes.

As noted above, upon hydrolysis, the R group can

25 become hydroxyl (OH) containing as the R" group. For
example, CETMO and GPTMO which both have an epoxy ring

in the R groué, upon hydrolysis in the aqueous solution,

will result in a dihydroxy group by the opening of the

epoxide ring. Thus, the R" group has a balance of

-13-



such a surfactant is comercially available Triton X-102 (obtained from

Uni on Car bide) which is octyl phenoxy pol yet hoxy ethanol. Generally, from
about 0.001 wt.%to about 1.0 wt.% (based on total weight of solution) of a
15 surfactant can be added. Preferably, fromabout 0.01 wt.%to
abqui 0.05 WWR W3R on total weight of solution) of a sur PEEAUSHYISILS
added. For silicon containing brittle oxide substrates other than gl ass,

t he silane contai ning strengthening 20 conposi tions discl osed

above for strengthening glass should be suitable. Additives to Coating
Conposi tions: Thpdeopiiiliicefprovided byt the| OH rexqupsd PREt hyiFRRhoRic
conpounds can b QQQQ ot aen| SGHRASst HANHO TR

coverage, e.qg. ?’ﬁ vveqle%hg @g?%dggghgfg%{%lons, gr provi dirnrégot ef

ef fects such aspakrticusltaailiyl Linprove hdr @tyength. stability or control

of rheol ogical properties such as _surface.Lubricity. -14- Fqr. t he
preferred aqueous st EHE?'B%%%W‘ c5ABodT i 3R ‘T‘gt 58 pH%of SHREIHEEEE sol ution
is generally adiegpéshdiod e riapaevel 2bodtade Sof othdobitititlevddidehe pH
usual |y being adjusted in the preferred range of about,Z 2 to about 4 because
the ayjueous sol gebesfEatfur eAget anigges which resglp® ihofn 9ISAtSFe nost

stable at thi %glﬁ%g#vgegﬁglgl I Gperalfsy, bheePit of SHh@eadug@isesaleit i ons

cont ai ni ng the ane- based conpositions is adjusted based upon
the R group seGenewllyThenjpyl ofsmahd ampwuuofsshufachantcas dddedijtested to

the desired pH by;§f€1Q coating 289dprRlaCmctePAY ficlbnBEdhi GLPOUNd.
' brittle oxide substrate. Non-ionic surfactants have
10 been especially useful in this regard. One example of
such a surfactant is commercially available Triton X-102
(obtained from Union Carbide) which is octylphenoxy
polyethoxy ethanol. Generally, from about 0.001 wt.% to
about 1.0 wt.% (based on total weight of solution) of a
15 surfactant can be added. Preferably, from about 0.01
wt.%¥ to about 0.05 wt.% (based on total weight of
solution) of a surfactant is added.
For silicon containing brittle oxide substrates
other than glass, the silane containing strengthening
20 compositions disclosed above for strengthening glass

should be suitable.

Additi to C i itions:
Those skilled in the art will realize that other
25 compounds can be added to the strengthening composition
to improve coverage, e.g. the Qetting for aqueous
solutions, or providing other effects such as U.V.
stability, hydrolytic  stability or control of

rheological properties such as surface lubricity.
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The aqueous sol ution containing the hydrol yzed sil ane-based conposition can
be affected by aging which can eventually result in a decrease in the

anount of strengthening i mpr ovenent of the brittle oxide 15
substrate. Interestingly, slight aging can, in certain circunstances, be
bereficial; WA%A28¥nstance the perfornmance of an aqueous EEWNERUSNG: i on

I nproves with aging e.g. 1 to about 30 days. However, wth
substantially further aging, e.g. greater than about 100 20 days,
there is an eventual decrease in properties. sh |ife qf the aqueous

sol uti ons cont ai ni Fp% kBe BrAESTyEeL ef%‘?esb&%%l' §?‘f‘?%§fst’1°§lsbased on a
composi ti0n by GMTRRlel Phe bifictye BBLuL 164 HE GentirhlLy CRIAGLAD L8N agueous

sol uti on wherein the hydrol yzed 25 | ane- based conposition is
hydrol yzed CETMJe arasigsl fofl isbeubf1ad ﬁ@@s‘lomgldbl%hl shey @k jusualdvt hout an

appreciabl e of fiecl, ona NGl |14 Yoho BUBRLARY aLdold pE O¥Eliessigengt h of

the brittle oxi I on en| ng Corrp03|t|ons
The strengtheni ilgoxaonpobetam ceie baquealsdsomtmamae dnr:umr eedtinke edges

of the substrate b spr dri ppi n ng, i n or_an ot her
techm ques sui tB2V¢ o R g?l 8}? gf %s atvaﬁgf‘g g%]? nge.

aerosols.  Prefgipbtana th‘ét &:@ng;fh@mencacﬁ;@mg%bwmmss aw{ﬁaadumg pai nting
or brushing the edge o ‘the flat substrate. The coati ng of the present

i nvention can b@happvdgqlwqcbcsﬂyarmhasﬁy EAPOsdGipRE e 15 Rdjusted
Typically, In tHgsdd Qlda! LR f ghblifCUELecttd 2Phhe T 8¢ PROSRRIY 2ss are

cut fromlarger piece
solutions can be adjusted to the desired pH by the

10 addition of a basic or acidic compound.

The aqueous solution containing the hydrolyzed
silane-based composition can be affected by aging which
can eventually result in a decrease in the amount of
strengthening improveﬁent of the Dbrittle oxide

15 . gubstrate. Interestingly, slight aging can, in certain
circumstances, be Dbeneficial; for instance the
performance of an aqueous GPTMO solution improves with
aging e.g. 1 to about 30 days. However, with
substantially further aging, e.g. greater than about 100

20 days, there is an eventual decrease in properties. The
shelf life of the agueous solutions containing the
hydrolyzed silane-based compositions is based on a
compogition by composition basis. For instance, with
respect to an aqueous solution wherein the hydrolyzed

25 silane-based composition is hydrolyzed CETMO, a shelf
life of at least 100 days is possible without an
appreciable effect on the ability to substantially

improve the strength of the brittle oxide substrate.
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cutting is often acconpli'shed by scoring and breaking the larger piece into
the desired sizes. A wi ndow pane intended for residential purposes may have
edges with a 15 t hickness in the range of 2 nmto 10 nm and have
maj or or generally parallel flat surfaces from 100 cn2 to nore than several
squar e net er SWOGHMa®E? ci al and industrial w ndow panes are of REHUPRIRRE,
than residential w ndows, e.g. nore than 10 nm but sel dom nore than 2
centineters 20 t hi ck. Regar dl ess of the thickness, the area of
the maj or surfaces_are at least 10 and typically,several hundred tines

| ar ger than t he2BResSR h & e fGESRIR R A ottt PO 0

conposition to an eﬁlﬂ@&f}%ﬁgéh&eirdﬁ%mﬁééﬂiarh@hneﬂge:mdbeﬁfbCdﬂe for the
25 shaping or sizing of the glass article. Furthernore, only the
edges shoul d becto@axg i hthe sedgpghefotdid gukFtrate Bht FREPGHID the fl at

surfaces. The a he ur % d, g t g%‘mespi ng
conposition shoé’?gpgén#'esgiéﬁianrﬁloéf%ﬁrﬁg ﬁr:tar\é%r?%%%ea%gm I's -16-
consi dered equi galiced tto chlei ngpprimtivan &6 % bfuidss avemovs$, t ke maj or
surfages i f nmore_than 10% of thebfrea I S ant eqéand t he coat%n&ti.s renoved
fromat |east 98859F°%5re AFEESHTPIHre TR BFESUPT A REDEPEPEStHERGft ing i s
cured. 5 ap: liedTﬁﬁ Bh 1SR Y NErEEHIRRS itHeOrede die wpl 1ot at
t enper at ures bel ow the sof t eni ng or anneal i ng tenperature of
the glass subSvP8E¥At®r article. Generally it is applied at or near room
tenperature. A glasg,d bsda;tfihs 0¥ g% presbace:haimerR! Whae beomabay 20 10
to about 200[err]Ci1s preferied, and a surface tenperature

directly onto any edge surface.

v he strengthening

10 Typically, in the production of windows, suitable
sized panes of glass are cut from larger pieces. This
cutting is often accomplished by scoring and breaking
the larger piece into the desired sizes. A window pane.
intended for residential purposes may have edges with a:

15 thickness in the range of 2 mm to 10 mm and have major
or generally parallel flat surfaces from 100 cm? to more
than several square meters. Commercial and industrial
window panes are often thicker than residential windows,
e.g. more than 10 mm but seldom more than 2 centimeters

20 thick. Regardless of the thickness, the area of the
major surfaces are at least 10 and typically several
hundred times larger than the area of the edges. The
application of the strengthening composition to an edge
should be done after that edge has been cut for the

25 shaping or sizing of the glass article. Furthermore,
only the edges should be coated with a straight overlap
of the coating onto the flat surfaces. The area of the
flat surfaces covered with the strengthening composition

should be less than 10% of the flat surface area. It is
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from about 20 to about 30[err]C is nost preferred. Curing of Strengthening
Conposition: After the edge to be treated of has been coated with 15

t he strengt heni ng conposition, for nost conpositions especially aqueous
sol utions containing the silane-based conpositions, the coating should be:
cured. NEr@f(E/”GFV’gng i s adequate for some strengthening cBﬁ’ffg' bs.
Crosslinking or other reactions may occur during curing. 20

Accel erated curing or drying may be used as in a curing unit, such as a

curing oven, to raise the surface tenperature of the cogted edge. Curing
time depends orffo¥%ddeRes E‘Eﬁl’y"ﬂfentth§°sf:?§ﬁb‘?$1eﬁ?sf‘?g t@ﬁ%g‘g’l tgi 8% 5R% cure
tenperature. GCgRehabEYehd fdydrNgul£iRe U@ reatden 0f02%f the areal00 -
300[err]Cis used. Preferréed is a curing tenperature of about 230[err]C

Certainly, ef flectdopgedcand nghe taptdngr d6crevayed Ay dReptt Adh
230lerr] C is pogsihle,yid ﬁf%&ggﬁ& | alarRasedp0aL | OS Elngsipi Lh

BTMOE. Once the curing Surtace erature 1s obtalned effective -17-
curing occurs aguireld.y. For silane based strengthenirg conpositions, the
surface tenperature can be he at , about 230[eerr%§g:%#or about 30

d at the. \
seconlds. The terrpeFH‘Fur%tfel?gég‘eﬂgWnﬁggﬁ??hﬁl?ﬁeeﬁaf‘o e “holigh t o

al | ow f or Mat | ON:efpelrB@UEEAt | NEE18 NOtke br QWTRGIREE CORAti RgneSling - The
tenperature range for effective curing is based, in part, on the R' group

sel ect ed. Forcemperakuee  Pér IW6r ol9)288 CEPRECrgERer 8F y artdRber at ur es
bel ow about ZO%Qewaqudgtﬁeégwﬁierdew bs ARd:-! FUBRT Adup RS rakayeaabout

350[err]Cresult 1nt charring of the coating. 10 The cure
step in the netdlegsofbrietis exdde) i swafimceohemperature f£rom about 20

10 to about 200°C is preferred, and a surface temperature

from about 20 to about 30°C is most preferred.

curi £ Str theni c ition:
After the edge to be treated of has been coated with

15 the strengthening composition, for most compositions
especially aqueous solutions containing the silane-based
compositions, the coating should be cured. Merely

drying is adequate for some strengthening compositions.
Crosslinking or other reactions may occur during curing.

20 Accelerated curing or drying may be used as in a curing
unit, such as a curing oven, to raise the surface
temperature of the coated edge. Curing time depends on

the chemistry of the strengthening composition and cure
temperature. Generally, a curing temperature range of

25 100 - 300°C is used. Preferred is a curing temperature
of about 230°C. Certainly, effective curing with

surface temperatures lower than 230°C is possible with

certain silane-based coatings such as with BTMOE. Once

the curing surface temperature is obtained effective
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can be affected by the application of energy of any source at a nmgnitude
sufficient to renove, e.g., water or other non-coating reaction products
fromthe coating of the treated brittle oxide substrate and to pronote 15
any curing reactions associated with the chem stry of the strengthening
colposi tion. WORY8H ng step, being a conbined function of SCEAIHISEL ti ne,
can include a | ow magni tude of energy for a relatively long tine, or the
opposite, an application of a high magnitude of 20 energy limted
as noted hereinabove, for a relatively short_ period of tine. Exapples of
such energy soucs&dngagcrwes (L IRLYr onHPE, SthrRe rRaped, SErapebheringy) |

irradiation or %ﬁﬂg@&&%,amaemrﬂceeksmaéf&&msﬁ%@rmd g¥chh@s in an
el ectric or gas heating oven, at, above or bel ow at nospheric
pressure, or a atnaboati 2R0YE SuclkkowtdBPi gasonds. tTher tepperateres

Addi tional coatin can be appl.ied on yop of the ed treng | ng
layer to i mb’i%? WS i‘%‘ﬁ"&ngpr’bepeéit?%s;’e r}'fﬁgl ge%p?rug?l ertreoedéfﬁ(;:]\vjr ed
strengt heni ng c@RastibANchashé WBarimbe wishdut Ustslirtingr ehiestaating) f 5
greater resistance to water than that Jllpossessggab t he Qurgg éér epgt heni ng

coatifg i s desi r&g, taMPeRRIULERARIR GERY RFE6CTA¥E: FGRT &F pl12d on top

of the strengthgpiR coplthg g% l3uep. sHlectdde combPdiMbiinddrenskhening
conposition can"al so be over coated If 10 desired wth
addi ti onal | aydwsirolyzednFETNR, gepexallyesitamperatsres obehpnakowt her

properties. A t%oggat E%Edé‘bﬂxé‘é%ﬂ?af e?é{«h%cean‘?i;] tte%P%E:Q’éh Es | OBEGL
resi stance can Be add&d as a Coa I'ng on top of the strengthening
about 350°C result in the charring of the coating.

10 The cure step in the method of the present invention
can be affected by the application of energy of any
source at a magnitude sufficient to remove, e.g., water
‘or other non-coating reaction products from the coating
of the treated brittle oxide substrate and to promote

15 any curing reactions associated with the chemistry of
the strengthening composition. The curing step, being
a combined function of energy and time, can include a
low magnitude of energy for a relatively long time, or
the opposite, an application of a high magnitude of

20 energy limited as noted hereinabove, for a relatively
short period of time. Examples of such energy sources
may include microwave, infrared, ultraviolet (UV),
irradiation or exposure to ambient or elevated
temperatures, such as in an electric or gas heating

25 oven, at, above or below atmospheric pressure, or a

combination of such conditions.
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coating. U S Patent 3,743,491, Poole et al. discloses 15 such
coatings. Strength Testing: Strength, as used herein, refers to the nmaxi num
| oad a specinmen can withstand prior to catastrophic failure 20

(and destruction of the article). There are nunerous nethods for neasuring
fail ure streWRM8%endent upon sanple geonetry and articl e PES{HISPY 160N
These include bending strength, vertical |oad, concentric ring strength,
and inpact testing. The nmethod of the present 25 i nvention
actually strengthens the brittle -oxide substrate. As stated in the
background, th&thexi Geatinagd | brittle oxide substrates, especially glass,
are damaged in so : ' a Lnc rdd t £ d ubstrates
theoretically shogﬁggﬁgt%inngﬁéhr{dgh\é%q %@ &éig’teerdejngr% h%&:)ﬁeéf C(E;Belgd‘
characterize theiger esshtengnlemingn adayemet ed ofmpaxk or iadgdisdieragth to a

brittle oxide substrate sincg, the nethod of th ese | | IS

provi di ng a dedF&®%5 lg?rengﬁﬂet o Ph% %rr]f%({ | e cg'}(ig(?: su tsx{ter%é?ggﬁﬁ%h i's
closer to its tdfpostitiah Bis eswiidwaker and humiditysremiatadce.t hE
application of a strengthenin cogpéosit'#‘on s to the cutd dge, of the

gl ass article. INRRLEH r@ﬁb%t‘%}'fceag‘;ﬂ Fakegr thpn tRat, Rogsesged Q¥ athe ong which

the glass pieceway Gilreh8rAeN iy | doddiOh dd dfTred, 0Ca Hddikdssal 10
Those skilled in the art Wll recognize that by increasing the strength of

a gl ass pane orccatiingl eor a conkings cgnecke @PPlé@ge OtohPRd Oyl BB  wi | |
have substanti ald v eQULYRh§NLoSt{GNP 20ge0eNeha! cBEENRBAEY with

strengthening composition can also be over coated if

10 desired with additional layers to improve impact
registance or to enhance other properties. A top coat
for abrasion resistance or to provide impact resistance
can be added as a coating on top of the strengthening
coating. U.S. Patent 3,743,491, Poole et al. discloses

15 such coatings.

Strength Testing:
Strength, as used herein, refers to the maximum load
a specimen can withstand prior to catastrophic failure
20 {and destruction of the article). There are numerous
methods for measuring failure strength dependent upon
sample geometry and article applicaticn. These include
bending strength, vertical 1load, concentric ring
strength, and impact testing. The method of the present
25 invention actually strengthens the brittle oxide
substrate. As stated in the background, theoretically,
all brittle oxide substrates, especially glass, are
damaged in some way by minute flaws. Since the brittle

oxide substrates theoretically should have a much higher
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performance of a thicker, untreated piece. Thus, the 15 flat gl ass
can be lighter in weight than its untreated counterpart. Furthernore,
increasing the strength |eads to | ess failures of the product (e.g., less
breakage) during shipping installation and use. 20 St r engt heni ng
Formul at i ons WOr¥9d28ef erred enbodi ment of the present invenPCHUSIEIBINe use
of 5-25 weight % solutions of hydrolyzed trial koxysil anes such as

2- (3, 4-epoxycycl ohexyl)ethyl, 3-glycidoxypropyl, and nethyl,

trial koxysi |l anes. The 25 nost preferred enbodi nent of this
invention is tRCTRNTE: BPEr 6PYERCBINEFLLrIZEX FEG cCPERRSTT ) BTIRAC ISR et hy!
trial koxysil an t t ben,.soddsil I D Vo153 IeN Gxti cut
edges wi t hout g%%t?ngéﬁgérué ?ﬁaﬁélo%lé#dﬂr?ah%ﬂe%?g? ?ﬁffaoes%— I2e0?bx'(laglt i's
possi bl e, in fasibhstimatier eahcehthedurthast dofl shegbrssenndinmntiienaisensil e
strength increase 0of,.100% ag_neasuregd ] 4- poi test cri bed
herei n. Anong Pf%"é"dme?qu%oéggre%i{;gng@ée'égtée%dtg é:'?ktrGengt cll'('g'r]ilgngf’xq'%lg

conposi tions, tébsirtrgvhithci®aslbsardtbDits Urlsedretical stremsgilst ance i s
greatest for hydrolyzed silane solutions where the fourth noiety has

consier abl e hydr offobi¥®teRar abPer . BPPHEIALON t T enBoufit BT Susi ng

hydr ophobi ¢ si | afgsod it jhe iabidd tohel Qut Ahiyer o Stad| 1amieons ch@ .
solution. Wile solutions produced using conpounds such as CETMO can be
stabl e for sevefke giteledagnedr appéper ebridiat gasssi isjan sdgemEiopgdi fficul t

to produce aqueglS s Undt HPNSs WidkeMRhE LHANES JefWrdR¥S£Pom S ety USi Ng

piece of glass.

10 Those skilled in the art will recognize that by
increasing the strength of a glass pane or article, a
thinner piece of edge coated glass will have
substantially equivalent strength and general mechanical
performance of a thicker, untreated piece. Thus, the

15 flat glass can be lighter in weight than its untreated
counterpart. Furthermore, increasing the strength leads
to less failures of the product (e.g., less breakage)

during shipping installation and use.

20 engtheni F a 2
The preferred embodiment of the present invention is
the use of 5-25 weight % solutions of hydrolyzed
trialkoxysilanes such as 2-(3,4-epoxycyclohexyl)ethyl,
3-glycidoxypropyl, and methyl, trialkoxysilanes. The
25 most preferred embodiment of this invention is the use
of hydrolyzed 2-(3,4-epoxycyclohexyl)ethyl and methyl
trialkoxysilanes to strengthen soda-lime flat glass by
coating the cut edges without coating more than 10% of

the flat surfaces.
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t he hydrophobi ¢ conpounds'  This linited shelf life 15

dramatically increases the problens associated with the use of these

hydrol yzed nmaterials. This can be overcone as shown in the foll ow ng
exanpl es by the addition of cosolvents such as isopropanol and chel ating
agents. A med¥R9%d89%enove shelf-life frompractical concernPSHUSISLIGE" —j g
to prepare the hydrol yzed, aqueous solution just prior to its use in the
plant. If used in a continuous process, the process would entail a reactor
to prepare the hydrolyzed sol ution, and a holding tank o be_u fd as a feed
to the applicati onlItqlf pRREALDAEY piRFAGF o EOstreat the ?§§%§y°§pg #Ration).

The introductigng.af ;b el Hatersals dteehbBenr eactisant tbossabsequent
transfer to the feed tank are synchroni zed such that the material reaching

t he appl i cati omesguirpdeiy i the n4apeink ebend ptest ddesaxihtth bereint . - 21-
The present invention wll b er gharifie t hegd,d ' xanpl es.
Al'l proporti onéml??gd i ﬁlh?he gg%%r% %s a’sna'g?lhrouié:%%é(uqt1 tﬁserlc s&?@%figﬁi on are
by wei ght unl essonplosgenbne, st shed. sE2&dgiE lidgrease and modstumgueous 15

weight % solution of each strengthening c osition to he tested was
prepdred by tru¥%§H§FéﬁFeaHﬂi??%ﬁF%ﬁtt4%§ é@ﬁFVgggﬁ%r R SOP5I8RRI | ut e

acetic acid solyfdren drl | £t nv théi i8S} O 8o RivablayiHy@raphbboé 3. 3.
Sanpl es of clean soda-linme 10 glass (2" x 10 [err]) 2.2 mmthick
were used in alghamgetexanples with the 10 [err] edges of each gl ass sanple

resul ted f|’0n1cuttiApgdlf¥aéﬁygy et lAM e Ik gggngf hydrophobic

silanes is the ability to produce a stable agqueous
10 solution. While solutions produced using compounds such
as CETMO can be stable for several weeks under proper
conditions, it is extremely difficult to produce aqueous
solutions with more than a few days of stability using
the hydrophobic compounds. This limited shelf 1life
15 _ .dramatically increases the problems associated with the
use of these hydrolyzed materials. This can be overcome
as shown in the following examples by the addition of
cosolvents such as isopropanol and chelating agents.
A means to remove shelf-life from practical concern
20 is to prepare the hydrolyzed, aqueous solution just
prior to its use in the plant. If used in a continuous
process, the process would entail a reactor to prepare
the hydrolyzed solution, and a holding tank to be used
as a feed to the application equipment (typically a
25 spray application). The introduction of the neat
materials to the reactor and the subsequent transfer to
the feed tank are synchronized such that the material
reaching the application equipment is in a state to

provide maximum benefit.
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gl ass by scoring and breaking the glass. The cutting was acconplished by
scoring one of the major surfaces 18 15 shown in Figure 1 and
breaki ng the glass along the score Iine. Each sanple was cl eaned using a
comercial glass cleaner, followed by a rinse with isopropanol. The
edges were t MEAP¥I8HBY |iberal |y applying the fornul ation bePGEUSREIBL (o
two thirds of the length each 10 [err] edge 20 of the sanple -
using a cotton swab applicator. Each formul ation was tested i mredi ately

(within 1 hour) after preparatjon and al so.after variou rd.0ds. of agi ng
measured i n days. ﬁ‘g‘ﬁl g&'&?%“%ai’fb‘feé‘é”\ﬁé‘r é’lgg'e Sr gﬂrg'ﬁ%rtes%ggl%g Y pfter
application WwHd foSldangt R&ANBYedd ALl propbtiithat used ihhehkr eat ed

sanples were heated to a surface tenperature of 210- 25%%%”]0 by gl aci ng
the sanpl e betixaveles Apd rehvoychenti Hee BRRIEiCEF198 dWoedshl setting

of 600[err]C \#(Eésﬁa?o%ﬂe%{‘éc{fegt_a%%fﬁp' es of glass were subjected to the

sane heating and cooling as t treated sanples but w thout the
application.-of the aqueous strengthenE#@MBBEULi on. The sanples were cool ed

to reqomtenperature _and_the 2" x_ 10 [err],sanple C i pEo three
1300 ¥EIRhE "D SRR, BE0 UCh

[err] x 2" specitens®HWIHT wo FIENS havi n err] edges treated
w th the fornulsdrtetiythefiing compositione topdel Restedrwas prEpaxedobyr ol W th
its edges not treated with the st reér;%t heni ng f.or mul at iegg_.ePThe 4- poi nt bend

strength was deti® npRteatoraddis iPpe Se Fig A59 Ve dgiss bl FBHR: A 2[err]

x 1" 4 -point hend,dd XaUe€i 8Sasi@MBoh Ot EoAUr@iluped WARH deibi@zbixture has
a 10,000 Ib 10 conpression load cell affixed to a |oad plate (10)

on an | nstron Teateémg hayihgna. PHoof ex43 bermptleengfhclenyy| spda-lime
10 glass (2”7 x 10 %”) 2.2 mm thick were used in all the

examples with the 10 ¥” edges of each glass sample
resulted from cutting the sample from a larger piece of
glass by scoring and breaking the glass. The cutting
was accomplished by scoring one of the major surfaces 18
15 : shown in Figure 1 and breaking the glass along the score -
line. Each sample was cleaned using a commercial glass
cleaner, followed by a rinse with isopropanol. The
edges were treated by liberally applying the formulation
being tested to two thirds of the length each 10 ¥%* edge
20 of the sample using a cotton swab applicator. Each
formulation was tested immediately (within 1 hour) after
preparation and also after various periods of aging -
measured in days. Replicate sgamples were prepared and
tested. After application with  strengthening
25 formulation, the treated samples were heated to a
surface temperature of 210-250°C by' placing the sample
between two infrared heating panels for 45 seconds at a
setting of 600°C. Untreated control samples of glass

were subjected to the same heating and cooling as the
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speci men (12) is supported on two 1/4" steel rods, (8) set 2 1/4" apart so
that the treated edge or mnor surf ace, (6) to be tested spans the 2

1/ 4" space 15 between the rods (8), with the ngjor surface 18 that
was not scored during cutting but broke along line (2) facin ug and the
majos surfac®QPMesBurface opposite 18) that was scored al oﬁ%ﬂp 7 8118)
during cutting facing dowmm. Two 1/4" steel rods, (14) are placed on top
of 20 the gl ass specinen, (12) and set 1" apart and parallel wth

the lower rods (8). A steel_ plate (16), is pl.aced op, top of upp rods
(14), and a vertFeafied ogampley bet githopg, tde | 8rR ‘F?‘&?nonmgo%&hﬁardl y on

plate (16). Fi FusS BNl ihbXEH G Md.h TRE CounpAQ) Pbrd icd1edb

i.e. the "no |oad, position. Figlire 3 shows the fixture with specifren (12)
under |oad. Theté oncow immpergituse spécthen2{ 1®)10 ¥0 $AWRIS &&§ U in the

| ower maj or surface %g?e%zg@é%cex opBQsiéLPr cihbngf Vﬁ_}gﬁgiw 55@1%3163“

subjectedtoteh%?e d maj Or s ace I8 to be -23- jected to
conpr essi ve forg&eing HYadd 3620pdges St esdtgul atich( the formulatdasednsdt a fi xed

rate by lowering the cross head ,(not shown) .of .the _Lnstron .Testing nachine
at a fate of 0.9%epEPeTTfift € 9@&&&#&% é"sltllhoafﬁ‘f F5IES I’G’,%OOO | bs.

Typi cal |oads afgedted RetACKOGchBngthening forhalg€ioor TRACH-gadmitul ati on,
the strength of replicate sanples were tested and the nean val ue and

standard devi atPemrd vl argitéumasedetermingd £9%oithe HERATEE r¥figiadass the
glass in pounds,peg,5Qiane ANCim BSh). 410p0int bend £ixtdB€ as dHIWHOW NG

active gl ass st rengt heni ng
in Figure 1 was used. The fixture has a 10,000 1b
10 compression load cell affixed to a load plate (10) on an
Instron Testing machine. To test bend strength, a glass
specimen (12) is supported on two 1/4" steel rods, (8)
set 2 1/4" apart so that the treated edge or minor
surface, (6) to be tested spans the 2 1/4" gpace
15 between the rods (8), with the major surface 18 that was
not scored during cutting but broke along line (2)
facing up and the major surface (the surface opposite
18) that was scored along line (4) during cutting facing
down. Two 1/4" steel rods, (14) are placed on top of
20 the glass specimen, (12} and set 1" apart and parallel
with the lower rods (8). A steel plate (16}, is placed
on top of upper rods (14), and a vertical load (20), e.
g. a force, is applied on downwardly on plate (16).
Figure 2 shows the fixture with force (20) at =zero,
25 i.e. the “no load’ position. Figure 3 shows the fixture
with specimen (12) under load. The load causes glass
specimen (12) to bend resulting in the lower major
surface (the surface opposite 18) of specimen (12) to be

subjected to tensile forces and major surface 18 to be
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conpositions were tested in formul ati ons using the above procedure:
3-am nopropyl tri et hoxysilane (AMEO) 3-am nopropyl trinethoxysilane (APTMO)

15 vi nyl tri met hoxysi | ane (VTMO)
2- (3, 4- epoxycycl ohexyl )et hyl tri met hoxysil ane (CETMO) Table | 20
Strength & PA28%0n  Age  (Standard Devi ation) % PREUSEEBIIR/VED

59 6 11, 300 (2,400) 26% Unt r eat ed 6
8,900 (1,100) AMEO (5% 19 9, 300 (1, 600) 23% 25
Unt r eat ed 19 7,600 (2,000) AMEO (15 Q % 15, 800
(4, 400) subjeqisd, tht FeERERFsive forces.  Loaf o) LmHRfeSAPTMOD (5% -
1/ 3* 10, 0 4% Lot 8, 800
(1.000) 30 BQaééA@%ﬁ/Dl 1/51creased a4y Eﬂké&aa%%% J)_f é§1ng the 39%
Unt r eat ed ctoss head (ﬁs:t?wzc(anOO)‘I tﬂﬁl’ MDsSEEPR TestlnB‘ maChlne BE 700

O

Eéé/()SOO) 1/ 4% a rat_;lﬁ 6/% % (ﬁ?%) mlnute. The O%Sngag&rzgoio évq err]
Untreated[err] up i:b4io,ooo 1b®., 20B/dic00)loadd- are Bhr ehgt H0L2 W rkosi ti on
Age St andard Devi ati on) % | ncrease VTIMJ err] (5% 3/ 4*

12,400 (2,000) ¥range. 33% Untreated[err] 3/4* 9, 300 (1, 000)
ViMJerr] (5% ﬂ'or each fjcﬁ:m%QQtiém Zo%e strength &H%eéplicate
Untreated[err] 700 (1,3

samples were tested and the mean value and standard
deviation was calculated for the 4-point bend strength
of the glass in pounds per square inch (PSI).

10 The . following active glass strengthening
compositions were tested in formulations using the
above procedure:

3-aminopropyltriethoxysilane (AMEO)
3-aminopropyltrimethoxysilane (APTMO)

15 vinyltrimethoxysilane (VTMO)

2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane (CETMO)

Iable T
20 Strength &
Composition Age (Standaxd Deviation) % Increase
AMEO (5%) 6 11,300 (2,400) 26%
Untreated 6 B,900 {(1,100)
AMEO (5%) 19 9,300 (1,600) 23%
25 Untreated 19 7,600 (2,000)
AMEO (15%) 5 15,800 (4,400) 109%
Untreated 5 7,600 (2,000)
APTMO (5%) 1/3* 10,000 {(1,900) 14%
Untreated 1/3* 8,800 (1,000)
30 APTMO (5%) 1 10,800 (1,500) 39%
Untreated 1 7,700 ( 200) .
APTMO (5%) 7 11,700 (1,500) 33%
Untreated 7 8,800 (1,700)
VTMO! (5%) 1/4% 11,000 (3,000) 20%
35 Untreated? 1/4% 9,200 { 200)
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ViIMJ err] (5% 1 13; 100 (3, 200) 57% Unt r eat ed?2 1

8,400 ( 300) VTlvo[ err] (5% 3 8,100 (1, 500) 34%
Unt r eat ed2 6, 000 ( 200) 10 CETMJ err] (15% 7
15,500 (1, 400 93% Unt r eat ed3 7 8, 000 500%; *Ti me
i n\Hours 15 WO991285  heated for 25 seconds 2 heated for 45CTUSEAIFLI63

heat ed for 60 seconds 4 Fornul ati on had sone precipitate present- phase
separation 20 COVPARI SON OF TOTAL COATI NG vs EDGE ONLY COATING The effect
on 4-point bend strengthening by treatlg%lt e entire specinen versus the
treatnment of the edge only was studi e ' C ncentJEEions 55 & 15 25
3, 4- B

wei ght % Cempositianeo
epoxycycl ohexy [YRMOhy (5% net I"RJ&V si | and¥;4a8% (Zeif 99 9% MIVD 33%
(et hyl tri net hdlargieaknd) M 15 2wYhtReO00TVD
(vinyltrimet hoWmMOFat&y).  Bxdanpl es 211310&nd 208 ow that trédsng only the
edge i s as goodimtreatedbett erl 30 7,70Q heln 300¢at i ng all the surfaces of
t he gl ass sanplwrMoactsad ng all the | aLgeisurfma@®®land the edd. This is
suprising and winireatedzresult to obt adpd@equal 3@0)better strength with | ess
t han 20% of t heriMeRralssurfaces area -258,100 cav,ao®d W th cured4st r engt heni ng
conposition venaRseaeeqgring al the susfoce aremoof the article. EXAMPLE 2

10 CETMO® (15%) 7 15,500 (1,400) 93%

Untreated? 7 8,000 ( 500)

*Time in Hours

15 ! heated for 25 seconds
2 heated for 45 seconds
3 heated for 60 seconds
* Pormulation had some precipitate present- phase
separation
20
(8{8) ON OF T h'4
The effect on 4-point bend strengthening by treating
the entire specimen versus the treatment of the edge
only was studied using two concentrations (5 & 15
25 weight¥%) of aqueous CETMO [2-(3,4-
epoxycyclohexyl) ethyltrimethoxy-silane], 15 weight% MTMO
(methyltrimethoxysilane) and 15 weight¥% VTMO
(vinyltrimethoxysilane) . Examples 2, 3, and 4 show
that treating only the edge is as good if not better
30 then treating all the surfaces of the glass sample

including all the large surfaces and the edges. This is
suprising and unobvious result to obtain equal or better

strength with less than 20% of the total surface area
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The 3[err] x 2" soda-lime glass specimens were precut froma |arger sheet

of glass and cl eaned by washing with a 5 W ndex sol ution and
wi ping themw th standard | aboratory paper towels; foll owed by washing with
i sopropanol and allowi ng the sanples to dry in air. The sanpl es were then

wi ged with KW@P¥@85%aper tissue just prior to treatnent. 10PCIUS8/18116
The 5 wei ght % aqueous CETMO formnul ati on used here was prepared by diluting
10 grans of a 30 wei ght % aqueous CETMO fornul ation to a total of 60 grans

wi th additional pH 3.3 agueous acetic aci g One half of. . the sarlrcpl es were
total ly i mer seRPYRTIhoNE bR medFaayrEFesietaepang COMPOSLELDR  VEXRER 5

vei ght % aqueousc MRS Qi ULRL | Ak fated agbgass Rieardiislle . renoved using
metal tongs, and the excess allowed to drip off. The sanples were thermally

cured between two infrared heating pafEP¥PEBr21 nminute at a panel setting

of 600[err]C T ubst rat u : QIZREr in the
230 - [280[13rr] Cﬂ%%%éé RThie o%nd%r &ﬁi'g%?g%f%stﬁ ecs:iéTr?orllges hada% e&S\Q&gmght%

agueous CETMO far batgér asherpldfedilnest hededyesnead|lyy udAshing edthoa swab

appligcator. Thesees S | .es re_.also thernmally cured.for m nut e

bet wesgn the i nf‘?”d?‘%a‘ 2§°aﬁptl°n an%ﬁ’@ﬁ’f‘f‘ﬁgt e.ﬂl&lg.% sgafh%r - %%]?%’fa]tl?éqd
strengths of tr@?g@frmc%mreowsww Bs Wethhngbed thnibsprgdamoll. and6- - 5
VEI GHT% CETMO 4- PO NT BEND STRENGTHS Sanpl e Tr.eat ment 4- Poi nt Bend

Strength psi (S2B-9Yirg thegeagplgs to dry in air.  The symms #55F 5
Full 1 mMersion tpen wiped with KitkifOP(g803r tissue just prior to

treatment. _

10 The 5 weight% aqueous CETMO formulation used here
was prepared by diluting 10 grams of a 30 weight%
agqueous CETMO formulation to a total of 60 grams with
additional pH 3.3 aqueous acetic acid. One half of the
samples were totally immersed at room temperature for 2

15 minutes in a 5 weight% aqueous CETMO formulation in a
clean Pyrex aish, removed using metal tongs, and the
excess allowed to drip off. The samples were thermally
cured between two infrared heating panels for 1 minute
at a panel setting of 600°C. The substrate surface

20 temperature was in the 230 - 280°C range.

The other half of the samples had the 5 weight% agqueous
CETMO formulation applied to the edges only using a
cotton swab applicator. These samples were also
thermally cured for 1 minute between the infrared
25 heating panels. The 4-point bend strengths of the

samples were tested as described in Example 1.
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3 1

Untreated Controls 6,000(200) [err]S.D. = (n-1) standard
devi ation 10 EXAMPLE 3 The 3[err] x 2"
soda-lime gl ass speci nens were prepared as described in Exanple 2. The 15
wei ght % aqueous CETMO formul ati on was prepared by the addition 7.5 grans of
CE\ﬁ (Lot #WO®P/I2859996 from OSi Specialties) to 42.5 15 PCT’US”’{:}%\WB of
3 aqueous acetic acid. Hal f of the sanples were imersed in the 29
day ol d 15 wei ght % aqueous CETMO for 2 m nutes, renoved as described in
Exanmpl e 2 and ther mall cur ed as descrl bed |n that exanpl e. The other half
of the sanpl es 2nESCGHEg e eSefes only with the solution
applied using the cotton svvab appl icator and also thernally cured as
descri bed aboveanfile Tueatmenty tabl e nd strengths of
the sanples.tested. 15 VEIGMI CETMO .4- PO NT BEND (§TRENGTHS 25 Sanml e
Tr eat ment BégRobnlyBend Strength psi (S.32,500£@PP) i mersi on
12, 7G60( 1, 400) edwAlodyiersion 13, 800(111,,410(0)(299) unt r eat ed
controls Untreat@d3064eedl)s [err] S. D. (re,000dRaAdard devi ation
EXAMPLE 4 35 The 3[err] x 2" soda | i me gl ass specinens were
prepared as dedcfibed i(m-Exafprrdard dexiad5igRi ght % aqueous MIND - 27-
formul ati on was prepared by the addition 7.5 gram; of MIMO (Lot # 95E-8025
fronk0CGel est, Inc. to 42.5 grans of EXAMPLE 3

The 3%* x 2" soda-lime glass specimens were prepared as

described in Example 2. The 15 weight% aqueous CETMO
formulation was prepared by the addition 7.5 grams of
CETMO (Lot # 36IJ022996 from OSi Specialties) to 42.5
15 grams of pH 3.3 agueous acetic acid. Half of the
samples were immersed in the 29 day old 15 weight%
aqueous CETMO for 2 minutes, removed as described in
Example 2 and thermally cured as described in that
example. The other half of the samples were treated on
20 the edges only with the solution applied using the
cotton swab applicator and also thermally cured as
described above. The following table shows the 4-point
bend strengths of the samples tested.
15 WEIGHT% CETMO d4-POINT BEND STRENGTHS

25
Sample Treatment 4-Point Bend Strength
psi(s.D.)?
full immersion 12,700(1,400)
edge only 13,800(1,400)
30 untreated controls 6,300(200)
1s8.D. = (n-1) standard deviation
EX2AMPLE 4
35 The 3%” x .2” soda-lime glass specimens were prepared as

described in Example 2. A 15 weight% aqueous MTMO
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pH 3.3 aqueous acetic aci‘d at ahbient tenperature. The fornul ati on was
mechani cal | y shaken for 15 mnutes. A snmall anpbunt, 0.03 grans of Silwet
L-7604 (CSi 5 Specialties), was added to inprove the spreadi ng of
the formulation. The solution phase separates in 48 - 72 hours at anbi ent
t epper at ur e. WQR128P t he sanples were i mersed in the 15 wePGHUS384§WSous
MIMO for 2 mnutes, renoved as described in Exanple 2 and thermally cured
10 for 50 seconds between the infrared heating panels. The other
hal f of the sanples were treated on the edges only with the fornulation
appl i ed using tferedatdenswas REEPAERE oFY 4o a"f‘%%yttll?é’r el PEERPelfas

descri bed abovet‘,l.r@et}%gb?tggégsﬁr 368 &SI atiiee waSa s tdvamk8es- 230 C
range. e

15 ornmul ation ages are shown in the follow ng table.
The fol | owi ng tpibl%® Jalagueshovacdtic achdiat Berent: tepgeratyre t h&bganpl es

tested. 15 VE % NMTMO 4- PO NT_ BEND STREN 0 5 mindi@sTul &tion Age
Sanpl e Tr eat mentST™H-34°7: YBEnHE %%czft-&h%h%rggeg for 15 mimdtes.

psi(S.D.)[err] Small amount,fuld.oBmMBikamen of SilwewlO0K-1763@0) (®Si
edge only 9, 200;3, 900) untreated cont r%l S .
6, 3005( 1, 300) ogSpecialties), wagadded to improye tihe m;gﬁibrhg of the

9,200(2, 200) 22¢ormulation. S92E s¥h¥ion phase sdphar@¥ded if0Q@p untmeated
controls 5,300(300) [err]S.D., = (n-]) standard

devi ati on 30 EXAWRLE 5 #nbighlerygmperatuseda-H3lie afl 86 spmRismeXRer e
prepared as desgfibed 4n Bxgpple %eighé%]éﬁﬁggdghh%ﬁéq989u§ Vil Res?8-
removed as described in Example 2 and thermally cured
10 for 50 seconds between the infrared heating panels. The
other half of the samples were treated on the edges only
with the formulation applied using the cotton swab
applicator and also thermally cured as described above.
The substrate surface temperature was in the 180 - 230°C
1$ range. The formulation ages are shown in the following
| table. The following table also shows the.4—point bend

strengths of the samples tested.

S W 2. -
20 Formulation Age  Sample Treatment  4-Point Bend Strxength
hours : psi(s.D.)?
3 full immexsion 8,400(1,600)
3 edge only 9,200(3,900)
' untreated controls 6,300(1,300)
25 22 full immersion 9,200(2,200)
22 edge only 12,600{4,700)
untreated controls 5,300(300)
13.D. = (n-1) standard deviation

30
BXAMPLE 5

The 3%” x 2” soda-lime glass specimens were prepared as

described in Example 2. A 15 weight% aqueous VTMO

228-



formul ati on was prepared ‘by the' addition 7.5 grans of VIMO (Lot # 81246
fromHuls Petrarch Systens). to 42.5 grans of pH 3.3 aqueous acetic acid at
anbi ent tenperature. The formul ati on was nechani cally shaken for 15

m nutes. A small anmount, 0.03 grans of Silwet L- 5 7604 (COSi
Specj al ti es, WQ42858ddded to inprove the spreading of thePEBPH#IEISON.
The formul ati on phase separates within 24 hours at anbi ent tenperature.
Hal f of the sanples were inmersed in the 15 wei ght % aqueous VTMO for 2
m-nut es, renoved as described in le 4 _and thermally cured
for 50 seconds fSé’t“%éﬁl?%ewﬁ%fP’ﬁ@d?eﬁeé’ﬂ’ ﬁ&ep&ﬁéggl"ffh@ 3t FATHAE of the.

sanpl es were tkagbeqron &g £0065 5Nk 1 ‘E’Qtfaﬂ?cﬂ Xagle&rsbontap&@d usi ng

the cotton swab applicator and also thermally cure s descri bed above. The
fornul ati on aggrads of pH |k ZheMHepnst hacdlg odaig t 86l eambirt fol | ow ng

tabl e al so sho th oi nt t hs .of t 15
VEL GTo6 vIND 4 CEEPRE TR | TRRCRhi ol s WRersATBatly ERAEE O o
Treatment  4- Pdopt 1 Beiichufiesenga henedilr amount, 0.03 grams of Silwet L-

pSI(SD)[e r] .5 ful l_ i.nmersion 8,400(.1,000) 5
edge’onl y 7604 o (8%} 1SERRHRIs4es, was agded ey IBREPYEs the

6, 300( 1, 300) [%?"rla&iﬂa “ofNthe Forngdadisteyi arhen fN@hqu&JEé?dSplEaCRVULATl ONS
FOR EDGE STRENGTHEN NG The follow ng exanpl es denonstrate the

strengt heni ng éFpPaEates W}&i’lérlyz"éd hquxrs (xy3mbaeRs . temppEayeyt i on
stability of cenhal paAlind L4 KR RPN fifind 1S d ML ViElEE - 29- weights

aqueous VTMO for 2 minutes, removed as described in

10 Example 4 and thermally cured for 50 seconds between the
infrared heating panels. The other half of the samples
were treated on the edges only with the formulation
applied using the cotton swab applicator and also
.thermally cured as described above. The formulation age

15 is shown in the following table. The following table
also shows the 4-point bend strengths of the samples

tested.
A5 _WEIGHT% VIMO 4-POINT BEND STRENGTHS

20 Formulation Age Sample Treatment 4-Point Bend Strength
hours . psi(s.D.)?
5 full immersion 8,400(1,000)
5 edge only 9,500(1,400)
25 . untreated controls 6,300(1,300)
18.D. = (n-1) standard deviation

NON-AQUEOUS FORMULATIONS FOR EDGE STRENGTHENING
30 ' The following examples demonstrate the strengthening
effect of hydrolyzed trialkoxysilanes. The solution

stability of certain alkyltrialkoxysilanes is improved
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by the addition of non-adueous 5ol vents and chel ati ng agents.

(MM TFPTMO | sopropanol  formul ati ons were exam ned.) The foll ow ng
reagents were added under anbient conditions to a glass container equi pped
with a plastic 5 | ined screw cap; 3.9 grans of reagent grade

i sQpr opanol YVOAP1IBSBO32KTRP, Mal linckrodt), 0.75 grams MIMPCT/US98/18116

(met hyl tri net hoxysi | ane Lot # 95E-0825, Gelest, Inc.), 0. 0 2 g rans

o f TFPTMO (3,3, 3- trifluorpropyltrimethoxysilane, Lot #

120, 337 United 10 Chem cal Technologies) and 0.35 g of 1 N
aqueous hydr ocHtrike sadditionTigf mERTARUEPSH - FRLVIRIGhANL AhelasRBRen for 15
m nutes at anbi nper i Ol e, f days

bef ore phase se rneés?'on bg%ﬁfg’f’iw?ﬁ'é??%r %a%r?%)ln 38???%“2’?85 y%ﬁ%li ed to
two 15 exduimeel.0f the | ength of the scribed edges of a clean 2.2 mm

thick soda-linme glags (2" 10 Jerr ampl e usi cot.t on swab_appli cator
at the fornul ati ona%’&esgmqg[n ﬁ#ﬁgﬁn}ﬁl e'He o?vagﬁ%e URLRS) \?VSPE

thermal |y treateshdi®#iod8 s€wRflasst contaitidnreeippaél wiet td Rgaetig00[err] C.
The 20 surface tenperature was in the 150 - 200[err]C range. The
sanplPes were cobiied SCEEY cap; #nd FRITF oL FRagenbefyade rLIRRYPARRASUred as

described in exaigl € 4. 303b@RE0! | AL DO L& )ShOVS, A5Ne Fr@me! t Srrmo30-
15/0.25 WEI GHT% Mr TFPTMO 1 n | sopr opanol 4- PO NT BEND STRENGTHS

For mul ati on AgelmeriBditpimBehoxBiilamngt ot # 95ECBH2BNtGelral,s Inc.),

psi (S. D)’ 0.02 grams of TFPTMO {3,3,3-
trifluorpropyltrimethoxysilane, Lot # 120,337 United

10 Chemical Technologies) and 0.35 g of 1 N aqueous
hydrochloric acid. The formulation was mechanically

shaken for 15 minutes at ambient temperature. {The

formulation is stable for 2 days before phase separation
begins.) The formulation was liberally applied to two
15 thirds of the length of the scribed edges of a clean 2.2
mm thick soda-lime glass (2”7 x 10 %"} sample using a
cotton swab applicator at the formulation ages shown in
the table below. The samples were thermally treated for

30 seconds at an infrared panel setting of 600°C. The

20 surface temperature was in the 150 - 200°C range. The
samples were cooled, cut, and their 4-point bend
strengths measured as dJdeascribed in example 1. The

following table shows the results.
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5 1/ 2 ' 11, 300( 3, 000) Formul ati on cl ear and
honogeneous 5 12, 300( 2, 700) Sanme as above 24

13, 600{1, 100) Formul ation slightly hazy 10 unt r eat ed
controls 7,700(600) 'S.D. = (n-1) standard devi ation Exangl e 6 15

The .foll owi WO888ents were added under anbient condi PCHYSHISI gl ass
confai ner equipped with a plastic |ined screw cap; 3.5 grans of reagent
grade isopropanol (Lot # 3032KTRP, Mallinckrodt), 1.0 grams MIMO
(rmethyl trimet hoxysil ane Lot # 95E-0825, Gelest, Inc.), _ 20 0. 03
grams  of  TFHE/MMR25 WBIGHTX (MEMO/TEPEYS pi® t FSCRFOPRBRY si | ane, Lot #

120, 337 Uni teg_POIC.ﬂghﬁﬁl_smiﬁgi es) and 0.7 g of pH 3.2 aqueous
acetic acid The tornurati on was nechanically shaken for 15 m nutes at

anbi ent terrpergé ure.y .Theﬁfgr | at. y Leab by 25 ::__mmsn;%”proved
stability conp e5. The Tornmulati on was

| i berally applied AP¥Fo t hi rds OIJ(' ()Fs(.?.g ?gf ug?%grﬁgg%s)ﬁ)%ﬁis%ean 2.2

mnm thick soda-1ine gllégs (2" x 10 o b
applicator at the fornulation ages shown in the 30 OMOgERGPES hel ow.
The sanples were ther®al |y treated?i3P0 4t Whonds at aFETHIEAAREBanel
setting of 600[err]C24 The surfacdd c8R\M&r28% e was i nFPRBUEEHON 210[err]C
range. The sanples were cool ed, cut, and their 4-poEhtgBehy hapy

st relfyt hs neaswnirestedesontbels i n 7Te XARPFRON. The foll owing table shows
the results.

18.D. = (n-1) standard deviation
Example 6
15 The following reagents were added under ambient

conditions to a glass container equipped with a plastic

.lined screw cap; 3.5 grams of reagent grade isopropanol

(Lot # 3032KTRP, Mallinckrodt), 1.0 grams MTMO
(methyltrimethoxysiiane Lot # 95E-0825, Gelest, Inc.),

20 0.03 grams of | TFPTMO (3,3,3-trifluorpropyltri
methoxysilane, Lot # 120,337 United Chemical
Technologies) and 0.7 g of pH 3.2 aqueous acetic acid

The formulation was mechanically shaken for 15 minutes

at ambient temperature. The formulation has greatly

25 improved stability compared to the one described in
example 5. The formulation was liberally applied to two

thirds of the length of the edges of a clean 2.2 mm

thick soda-lime glass (2” x 10 %") sample using a cotton

swab applicator at the formulation ages shown in the

30 table below. The samples were thermally treated for 40
seconds at an infrared panel setting of 600°C. The

surface temperature was in the 170 - 210°C range. The

samples were cooled, cut, and their 4-point bend
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15/ 0. 25 WEI GHTY% MM TFPTMO i n 1 sopr opanol

Fornmul ati on Age 4-Point Bend Strength Comrent s days
psi(S.D.)1 7 10, 600( 1, 100) Formul ati on cl ear and
honbgeneous 10 31 12 900( 2, 000)

abgve untreaV@P@B2rol s 8,400(1,000) S.D.

4- PO NT BEND STRENGTHS 5

= (n-i) standar W"ﬁ’t‘?%ﬁ 15

Exanple 7 The foll owi ng reagents were added under anbi ent conditions to a

gl ass contai ner equipped with a pI astic lined screw cap; 3. 5 gram; of
reagent grade isopropanol (Lot # 3032KTRP, Mallinckr od&
strengths; (PeRAFUKSE) s75 afgSERibed gk GEIRP @ellest henc.)

ggﬁ@&ﬁn@tﬁbﬁetgﬁé Q;rhtgr g}gg{,igé net hoxysi | ane, Lot # 120, 337

| ogl es) of I N aqueous hydrochloric acid,

met hyl -, 20
0. 03 grans of

Uni ted Cheni ca

ams MIMO

and 0.02 of N 13N®R5 2W@ﬁﬁamlwaw1w5v@t dnafepaaRan®06 from ROC/ RI C
4-POINT RENP) STRENGHIS st abilizer. The fornulation

Research 25

was nmechanically shaken for 15 mnutes at anbient tenperature.

The § or nul at i oRoxmakatgioe Bl

gonpar econmertize one

as

described in exanmdsgysH. The forrul;eety(@nn\z\msl i braIIy applied to two thirds

of 30

the lzength of theopedees.,afooa cl ean Edrdulatidch ckieaeda-
glass (2" x 1054&rr]) sanple using a cotton swab applicator at the

i me

formul ati on ages shown in the table, bel ow The sanpbasquRssud hermal |y
tregjed for 40 -32-5, 12,900(2,000) Same as above

15

20

25

30

untreated controls 8,400(1,000)
*8.D. = (n-1) standard deviation

Example 7
The following reagents were added under ambient

conditions to a glass container equipped with a plastic

lined screw cap; 3.5 grams of reagent grade isopropanol

(Lot # 3032KTRP, Mallinckrodt), 1.0 grams MTMO (methyl-.

trimethoxysilane Lot # 95E-0825, Gelest, Inc.), 0.03
grams of TFPTMO (3,3,3-trifluorpropyltrimethoxysilane,
Lot # 120,337 United Chemical Technologies) and 0.5 g of

1N aqueous hydrochloric acid, and 0.02 of Ni(AcAc),

(nickel acetylacetonate, Lot #206 from ROC/RIC Research
Corp) as a stabilizer. The formulation was
mechanically shaken for 15 minutes at ambient
temperature. The formulation has greatly improved
stability compared to the one described in example 5.
The formulation was liberally applied to two thirds of
the length of the edges of a clean 2.2 mm thick soda-

lime glass (27 x 10 %”) sample using a cotton swab

applicator at the formulation ages shown in the table .

below. The samples were thermally treated for 40

-32-



seconds at an infrared panel setting of 600[err]C. The surface
tenperature was in the 170 - 210[err] C range. The sanples were cool ed,

cut, and their 4-point bend strengths nmeasured as described in exanple 1.
The follow ng table shows the results. 5 15/ 0. 25 WEI GHT%

MIMO TFPTMO WO 99418890panol 4- PO NT BEND STRENGTHS For nul at i 86T/H§¥/18114- Poi nt
Bend Strenth Comrents 10 days

psi(S.D.)[err] 4 9, 800( 1, 600) Formul ati on clear and
honbgeneous 31 .13, 300( 3, 300) Sanme as abqve 15

untreated contreesonds, 500en, fofrared: psnpl sethiny SfarkPHd- deviBet i on
Exanpl e 8 20 fage Wiod AlLOW §8. L£30RNUS0 eRGoaddeye UNdele  aNDI ent
conditions to a gfass contal ner equipped wth a plastic |ined screw cap;

0.8 granms of desampies water ccsblzbd;r amt,of raztjebbegradepadatorendand 2.0
grans of Cynel" 385 0% net ted ani, e f Qr.mal Lot 11464
from 25 Stéﬁ’?é’éhsf nHﬁ%?‘r‘¥%€) as %&ré aellélhte’%lwr Ut at i oqﬁ'1 was -

liberally appli edi1igwide t%‘iﬁ%ssﬁi:wéVﬂié higslatef the length of a clean 2.2
mnm (0.09") thick soda I|rre gl ass 2" x 10 err ') sanpl e using a cotton swab
appligator. Tha5£0npF SUQATERTIMO. dn. 4 §OpEQDS econds at an 30
I nfrared panel § ! B, 2 surface terrperature was in the 150 -
200[ err] C range. The sarrpl es were cooI ed to arrbl ent terrperature cut into

the 2" x 3 [err Formekitianpges . st r SomueRts
det er m ned. The treated sarrpl es exh| b| ted a mean 4- poi nt bend strength
-33-10 days psi(S.D.)?
4 9,800(1,600) Formulation clear
and
homogeneous
31 13,300(3,300) Same as above
15 untreated controls 8,500(1,100)
8.0, = (n-1) standard deviation
Example 8
20 The following reagents were added under ambient

conditions to a glass container equipped with a plastic
lined screw cap; 0.8 giaﬁs of deionized water, 0.4 grams
of reagent grade acetone, and 2.0 grams of Cymel” 385
(~80% methylated melamine-formaldehyde, Lot # 11464 from
25 Cytec Industries). The S50 weight % formulation was
liberally applied to the edges of two thirds of the
length of a clean 2.2 mm (0.09") thick soda lime glass
(2" x 10%") sample using a cotton swab applicator. The
samples were thermally treated for 30 seconds at an
30 infrared panel setting of 600°C. The surface temperature
was in the 150 - 200°C range. The samples were cooled to
ambient temperature, cut into the 2" x 3 ¥#" test samples
and their 4-point bend strengths determined. The

treated samples exhibited a mean 4-point bend strength
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of 13,000 psi with a standard déviation of 2700 psi. The untreated,
thermally cured sanples exhibited a nean 4-point bend strength of 6,000 psi
with a standard deviation of 600 psi. Exanple 9 5 The follow ng
reagents were added wunder anbient conditions to a glass container

i pped wi t V99288t i c |ined screw cap; 0.8 grams of reageRCTHSHASII6

e one, 0.4 grans of Vestigon[err] BF 1530 e-caprol actam bl ocked

|sopherone di -i socyanate trinmer (Huls AG, and 0.25 10 gr ans
Jeffam ne[err] T-403 pol yam ne (Texaco Cheni cal T resultipg 28/ 17
wei ght % BF153®ET-1A09000 0@ atli %@#&E@al‘iﬁyl%%?‘i‘ t 87PhePBUges of two
thirds of the lndtA.pladf! ¢88rha 1m&&d0%a)n t@éct«xxmg.%adl aemaaﬁss (2"1 x
lJerr]) sanple using a cotton swa i cator. anpl es
were thermal |y 4-pedhed Yemd Gél:mgmdsmét 62809 nosdr eeitﬁanel S§érltiii¥‘@ of
600[ err] C. The sur.f ace te ture was in the 200 - 270[err] C range. The
sanmpl es were cSBIVE f‘8n ﬁgpﬁt ptsé'rtperature, cut into the 2" x 3[err] test

sanpl'es and their 4 poi nt bend strengniaanﬁlréam ned. 20 The
treat ed sanples exhibited a nmean 4-point strngﬁgth 0 14 400 psi
wi t hoa st andar FhfevitaliloWing 1B0BIFRYS 'I‘f?é"%nt dX ve8%ir ed

saml es exhi bi (e AcHEAD ¢ RO lhskeBth 10 uobpdd WAIDY plbbia Standard
devi ation of 400 psi. anpl e 10 The

f ol | owi ng reage'lm'@dv\eceetadm Qn8gramspEnrerdnnt Or8As 2eLtPn§i-a8s4cont ai ner
e R T
- 34. isopherone di-isocyanate trimer (HGls AG), and 0.25
10 grams Jeffamine® T-403 polyamine (Texaco Chemical Co).
The resulting 28/17 weight % BF1530/T-403 formulation
was liberally applied to the edges of two thirds of the
length of a clean 2.2 mm (0.09") thick soda lime glass
(2" x 10%") sample using a cotton swab applicator. The
15 samples were thermally treated for 60 seconds at an
infrared panel setting of 600°C. The surface temperature
was in the 200 - 270°C range. The samples were cooled
to ambient temperature, cut into the 2" x 34" test
samples and their 4-point bend strengths determined.
20 The treated samples exhibited a mean 4-point bend
strength of 14,400 psi with a standard deviation of 1800
psi. The untreated, thermally cured samples exhibited
a mean 4-point bend strength of 7,700 psi with a
standard deviation of 400 psi.
25 Example 10
The following reagents were adaed under ambient
conditions to a glass container equipped with a plastic
lined screw cap; 0.8 grams of reagent grade acetone, 0.4

grams of Vestigon® BF 1300 internally blocked isopherone
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di -i socyanate oligoner (Huls AG, and 0.2 grams APS (4- am nophenyl

sul fone, Aldrich Chemcal Co.) The resulting 29/ 14 wei ght %
BF1300/ APS fornulation was liberally applied to the edges of two thirds of
the length of a clean 2.2 nm (0.09") thick soda line glass 5 (2" x

| Jerr]) sanPOd92hg a cotton swab applicator. The sanpl eBCTES®18MEr nal |y
treated for 60 seconds at an infrared panel setting of 600[err]C The
surface tenperature was in the 200 - 270[err] C range. The sanpl es were
cooled to anbient tenperature, cut into the 2" x 3[2err] test 10

sanpl es and t héirisbgyehate bekigionere s Afdt ePRAF nett2 PRE™E (2B} dd-sanpl es
exhibited a m%gléoﬁ%nﬁ b%ﬂ?féﬁ%?ngﬁx Dicnl 3, dihiRsh V“c‘ohfa st gpdar d
psi .

deviation of 6 e untreated, thernally cured sanples exhibited a
mean 4- poi nt beesuktimeng2dvif GeOFHE psi BALAP0AAPE formulatige amesr d

devi ation of 300, psi_.. Exannl.e The fol Low ng.r e recadded under
anbi ent condi tfbﬂgrﬁjolya @r@s’sed:‘;(ljtrﬁ 2‘? fer “eqTT p%fedggmgt %El?ir%?agffi c Tined screw
cap; 4.0 gransighgtieaged Qeadezagzemwnen.dd™) Zhick soda limearyiaai

Vestigon[err] BF 1300 internally hl ocked isophergne di-isocyanate oligoner
(HUIS AG) . ~ THR" reciPi’) ngamaledisdRe & BRY “ﬁ%nﬁPah%Bﬁt%%s ™M§eral 'y

applied to theg f@sO&e£¥0tkg%ﬁéﬁﬁfﬁtfé&téé”@ﬁﬁ 66 acebRa® dt2amm (0.09")
X

thick soda line ass (2" err]) sanple using 25 a cotton swab
appl i cator. ThEraedppeselvsesting raf 609 € r e Fhed SRHFARB0 LEERSFRIITR an

[ nf2r78r ed panel wggt{i ng Of, RPO[ eLLbE. -_sur{r%c%a}ngmggr@éfg &S 4 N the 200
- [err] C range. %he sanpl es "were cool ed to anbient tenperature, cut into
the 2" x 3[errtot esbisatpltespandtitei rcdt pantp the 2" x 3¥" test
10 samples and their 4-point bend strengths determined.
The treated samples exhibited a mean 4-point bend
strength of 13,100 psi with a standard deviation of 600
psi. The untreated, thermally cured samples exhibited
a mean 4-point bend strength of 6,000 psi with =
1§ standard deviation of 300 psi.
Example 11
The following reagents were added under ambient
conditions to a glass container equipped with a plastic
lined screw cap; 4.0 grams of reagent grade acetone, 2.0
20 grams of Vestigon® BF 1300 internally blocked isopherone
di-isocyanate oligomer (Hils AG). The resulting 33
weight % BF1300 formulation was liberally applied to the
edges of two thirds of the length of a clean 2.2 mm
(0.09") thick soda lime glass (2" x 10%") sample using
25 a cotton swab applicator. The samples were thermally
treated for 60 seconds at an infrared panel setting of
600°C. The surface temperature was in the 200 - 270°C
range. The samples were cooled to ambient temperature,

cut into the 2" x 3%" test samples and their 4-point
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- 35- bend strengths determ.ned. The treated sanples exhibited
a nean 4-point bend strength of 15,6300 psi with a standard devi ation of 300
psi. The untreated, thermally cured sanpl es exhibited a nmean 4-point bend
strength of 7,000 psi with a standard devi ati on of 800 5 . psi.

Exanpl e 12 Theo bg2kepni ng reagents were added under anbient caiyhdobRdigeto @
gl @ss container equipped with a plastic lined screw cap; 4.0 grans of

reagent grade acetone, 2.0 10 grans of APS (4-am nophenyl sulfone,
Al drich Chem cal Co.), 3.0 Epon" 825 epoxy resin (Shell Chemcal Co.), 3.0
grams of GPTMO téng! Ysteenythidpyddddrmivedoxysi Ime thebselet sampheSyst ens,

Inc.). The resulting 25/25/16 wei ght % Epon err 85/ TMY APS formul ation
was |iberally apphilitad a mean 4-pgipfe %B‘é) i +0s3%¢ Pk .l ength

of a clean 2.2 gmn(Q. Q@F):déi’ac&eﬁ%%clﬂ 9z elo@5§s(12" mt«.%erca-laate&arrpl e

using a cotton svvab applicator sanpl es were thermally treated for
60 seconds at anhenmahlEdCImetlSmltam@mbésefleﬁr peanTHePeint abend

he, 200 .20 T I
tAgrrre)e(r:gtjlureg tlvgssh‘gtat%ﬁ?ht% %’r a(}tourlpg,:L w(’:'ﬁP gégﬁé#r% %[terr B‘? es arerf)l es

and their 4-poipsibend strengths determ ned The treat ed sanpl es
exhi bited a nean 4-point bend strength of 7 O psi wth a standard
deviation of 2000 psi. The 25 = Examp reated, thermally cured

sanpl es exhi bi t egea @B@ﬂoﬁinémnfﬁ%égﬂﬁi Stedegt Riaakd?’, ¥BQeRS| awbiénd
standard devi ation of 1000 psi. 6-

conditions to a glass container equipped with a plastic

lined screw cap; 4.0 grams of reagent grade acetone, 2.0

10 grams of APS (4-aminophenyl sulfone, Aldrich Chemical
Co.), 3.0 Epon" 825 epoxy resin (Shell Chemical Co.), 3.0

grams of GPTMO (3-glycidoxypropyltri-methoxysilane, Hlls

Petrarch Systems, Inc.). The resulting 25/25/16 weight

% Epon’ 825/GPTMO/APS formulation was liberally applied

15 _ to the edges of two thirds of the length of a clean 2.2

mm (0.09") thick seda lime glass (2" x 10%") sample

using a cotton swab applicator. The samples were

thermally treated for 60 seconds at an infrared panel

setting of 600°C. The surface temperature was in the 200

20 -~ 270°C range. The samples were cooled to ambient
temperature, cut into the 2" x 3%" test samples and

their 4-point bend strengths determined. The treated

samples exhibited a mean 4-point bend strength of 17,000

psi with a standard deviation of 2000 psi. The

25 untreated, thermally cured samples exhibited a mean 4-

point bend strength of 7,000 psi with a standard

deviation of 1000 psi.
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Substitute sheet- 15 Febr'uary 2002 WHAT | S CLAI MED: - 1. An i nproved
brittle oxide article wherein said article is shaped to have at |east two
general parallel major surfaces and at |east one nminor edge surface, has a

ratio. of the area of the ot he area of the mnor surface
of Lat |east WO 994 each JIS SiEETabAS iBEE8annect ed to at | BEEVSHARLET nor
edge surface, wherein said]inpr®EPUREED conprii ses at | east one m nor edge

surface being coated with a strengtiremrmy~conposition for the brittle oxide
and at | east 90% of the area of the major. surfaces of the article being

essential |y fr dEAS IS8GLAIMEDYt heni ng conposition. 2 The article of .
claiml, wherein the brahtlfASidle iichiol 6l Scaek af prhgped piece of
gl ass having two major surfaces and four m nor edge surfaces. 3: " The
article of claiowifie whbicie wherebni sai@ artiigdeaisi ehared & daveurbr or

el liptical shaped piece of alass.hay] Wel§ f.acges ,an m nor
edge surface. gl'easl?: ?Fl’f'g: aqﬁ“%é-’ﬁzixf s%%%?ln%%vﬁdrzgisr%%%br ia'?t ﬁggggi de ’
article i s a gesisd adinprt ebigbasusteged piscae ratigl af sthm\dmeg ofwohem| or
surf%ces and two m nor edge surfaﬁes. 5. The article of. cl aif@l wher ei n
saidodrittle 0BT TFERESESTY B L2 EFRART e FHEERa9F nBttwo naj or
surfaces and ongdEtNeh £50RaW has6r furface 1€ cirneetedoto adtil@akcWherein
said brittle oxide article is a glass article having, curves in its ngjor

surfaces and siRRfed Mioorusedge WWEATSYy a¥®erRiBn SRiGnobiRrevement The
article of cl ai&#ﬁi‘é‘éﬁsber conprising a second coating on top of the
strengt heni ng conposition. 8. The article of claim7 wherein said second
coatjng is water insoluble acchtpingyithes ainarercdgesisurfase beffrkbe to said
cur strengt hening.coatji.ng. 9. The article of .claim.7 [ein.said
second coating I lgwa?}égaaﬁ% *SPIAT elgl% rcrp'ﬁg?glrtels?ns g%cté gjrt%ﬁgl%rt icle.
REPLACEMENT SHERdide without coating at least 90% of the area of the

major surfaces of the article with said strengthening .
composition; and

b) curing the coating to form a strengthening

15 layer essentially limited to the edge surface of the
article.
2. The method of claim 1 wherein the brittle oxide

article is flat glass made by cutting the article from
a larger piece of flat glass and the strengthening
20 composition reacts with the glass and is capable of
restrengthening the glass by at least 20% compared to
the strength of the cut flat glass.
3. The method of claim 2 wherein the flat glass is
a rectangular shaped piece of glass having two major
25 surfaces and four minor .edge surfaces.
4. The me;hod of claim 2 wherein the flat glass isg
a circular or elliptical shaped piece of glass having

two major surfaces and one minor edge surface.
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Substitute sheet- 15 Febr'uary 2002 10. A silane coated brittle oxide
article having generally parallel major surfaces and at | east one m nor
edge surface, a ratio of tha.area of the major surfaces to the area of the
mnor surface of at |east JOTHIgASHERFhHARIgRENSUr face connected to at | east
one mi nor suWVOA2%#285hd havidg a stR'E gidaening (I ayer of pol y rRGT/UH§/18116
cross-1inked siloxane cured edge of the brittle oxide
substrate, with at | east 90% of the maj or surfaces being free of any

strengthening | ayer, the polynerized c¢ross-]|inked bei ng, f or med
from an aqueous sﬁan%ﬁ‘éﬂg%rﬁfoﬁltaﬂﬁn 1sWpersint éﬂelg gﬁ:k organi ¢
sol vent and th eLNgeseLett P fbema honderlipaniesicy i gtastf MPTMO
GPTMO, VTMO, CE‘T"SYB:%R]/IT% hD%P furel dopropyalcﬁt ri ﬁ,et hoxysi I%Enhe 1, 2-bis
(trimet hoxysi | haythdarey majo- busfa6($ tandrrﬁt”ﬁo%%‘PJF ﬁ‘%ﬁeoﬁb‘%§?ce%t hane,

5, 6- epoxyhexyltri oXxY. ne, | ret; ]Q&)%; lL.p acid
am de, hydrolyzed ?grﬂ% trﬁs‘i}e%f ngléé'étures t ere i)Qw{:it}l’@lgdrét:| cle of

claim 10, wher arfiéle ini@sbubh eshaped| piece WX glhasahwmm)wwt:amj\:gt a frame
and at | east one w ndow pane nount ed An said frame, the inprovenent

conp?i si ng havFPHYLASSE HPWRER PIRSIhER B Ere of claim1. 13. In a

wi ndow having a frame apd abth6@Sf @NEiMi HAMErRAACLI® WretigtResingl frane,

t he i nmprovenent conprising having as the wi ndow pane, the st rengtt hen gl ass
article of cl alcnmemRBF!LA:(EI\EI\ﬁOJSHEEP made by C°E‘blREE$\I a gsghven The
method = of A &1an%§5gé& c geﬁne!aﬁesuélgafcmag{:h%ﬂf

am nopl ast . n | nNprove r|tt oxli de article wherein Said icle is
shaped to havegab.slseast two generally

10 8. The method of claim 7, wherein the solvent is
water.
9. The method of claim 8, wherein said silane-
based composition is a hydrolyzable silane.
10. The method of claim 9, wherein the silane-based
15 ‘composition is a mixture of 2-(3,4 epoxycyclohexyl)ethyl
trimethoxysilane and a surfactant in water having an
acidic pH.
11. The method of <claim 1 further comprising
applying an additional coating on top of the cured
20 strengthening composition.
12. The method of claim 11 wherein said additional
coating imparts impact resistance to said article.
13. The method of claim 11 wherein said additional
coating is water insoluble and imparts moisture
25 resistance to the strengthening layer.
14. The method of claim ' 1, wherein the
strengthening composition chemically reacts with the
brittle oxide substrate upon curing. e
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parall el major surfaces and at teast one m nor edge 5 surface, has
aratio of the area of the major surfaces to the area of the m nor surface
of at least 10, and each najor surface is connected to at | east one m nor
edge surface, wherein said inprovenent conprises at |east one m nor edge
sufface bei nyO9942888 with a 10 st rengt heni ng conpoR¢TURNE 18146 t he
brixtl e oxide and at |east 90% of the area of the maj or surfaces of the
article being essentially free of said strengthening conposition. 17. The
article of claim16, wherein the brittle 15 oxide article is a
rectangul ar shapedi$i e@heof wetlssd haefng alAGMmaj dr sHWPEEEEs af®ifour mi nor
edge surfaces. 18. The article of..cl ajm_1 | e brittle oxide.
article is a cFFEEIEFBHE F?W?%%ﬁ%Oﬁggegnp%@%%ﬁgﬁass havi ng two nmj or
surfaces and one nmi@or adgmpPdved brittlesoxidearti¢leThberein daddf claim -
16 wherein said brittle oxide article is a_generally. .tubul ar shaped piece
of glass havi ng*Ede %ajiE SRR e§°an}&a‘f%a%i ng?ase“-ﬂgémsour?%(lzeersa{l 5

20. The artichgreii&l angydf wherfids sahd Bti lehstoxinde wfiidrcleddes a bul b
shaped piece of glass having two major surfaces and one mnor_edge surface.
21. She articl susfac¢aihnsl@ wasiei AL sbhe 379a 19t the BaIGFt FE¥%aGe® a gl ass

article having,gULyes i, L8 39 minofPhoirsu fces: andhathaned Ly use as
wi ndow gl ass in an aut onobi f’e. %2. Yhe article of claim16 further
conprising a each major surface is connected to at least one minor

edge surface, wherein said improvement comprises at

least one minor edge surface being coated with a

10 strengthening composition for the brittle oxide and at
leagst 90% of the area of the major surfaces of the
article being essentially free of said strengthening
composition.

17. The article of c¢laim 16, wherein the brittle

15 oxide article is a rectangular shaped piece of glass
having two major surfaces.and four minor edge surfaces.

18. The article of claim 16, wherein the brittle
oxide article is a circular or elliptical shaped piece
of glass having two major surfaces and one minor edge

20 surface.

19. The article of c¢laim 16 wherein said brittle
oxide article is a generally tubular shaped piece of
glass having two major surfaces and two minor edge
surfaces.

25 20. The article of claim 16 wherein said brittle
oxide article is a bulb shaped piece of glass having two
major surfaces and one minor edge surface.

21. The article of claim 16 wherein said brittle

oxide article is a glass article having curves in its
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second coating on top of ‘the strengthening conposition. 23. The article of
claim 22 wherein said second 5 coating is water insoluble and
provides a water resistance barrier to said cured strengthening coating.
24. The article of claim?22 wherein said second coating is flexible and
provi des i npWeX99412889 st ance to the article. 10 PCI/USIB(18416 ane
coated brittle oxide article having generally parallel major surfaces and
at | east one m nor edge surface, a ratio of the area of the nmjor surfaces
to the area of the mnor surface of at |east 10 and each nmmjor surface
connected to amajeasbuofmces rod shaped £ors use as windei Hagsndnaan

strengt heni ng layer of_polynerized cross- |inked siloxane cured onto at

| east one edge °f“ﬁ§l%$i'ttle oxi de substrate, with at |east 90% of the

maj or surfaces bei ng.freReObrshcle séff erigiwermiagfurpher, comprpeiyaeai zed
cross-1linked sil oxane bei ng forned f£o an 20 i caql?g(ra?ou?si | ane- based
conposi ti on sulR8SeRe SPRYTFRAR FGPaR o&bearﬁtfe?gf:vgﬁf At EE S PR ne being
sel ected fromthe group BaNsiAtidle & MIENW 2@PWMareYiMaaiGEEMCondTMO,
DMPTMO, 3-urei dopropyl -trinet hoxysilane, 1, 2-bis (trinmethoxysilyl)
ethade, 1, 2- biePatingr| Adt heayer 25insoluble  apdy | BYSHPEH efhafater

5. 6- epoxyhexyl LrlJTetbaKy- SLLANG: o ohld | ARARPXYSEhYLRERDN JiBRkebg. aci d

am de, hydrol yze and mxtures thereof. 26.” The article of
clai m 25, wherein tde sutist ratteidle gifasslaim®@2 whexpin| gajdnisegondhavi ng a

frame and at |east .one w ndow.pane_mounted; 40 SAhshdy Al tAGL MRLOVement
the article. .
10 25. A silane coated brittle oxide article having
generally parallel major surfaces and at least one minor
edge surface, a ratio of the area of the major surfaces
to the area of the minor surface of at least 10 and each
major surface connected to at least one minor surface
15 and having a strengthening layer of polymerized cross-
linked siloxane cured onto at least one edge of the
brittle oxide substrate, with at least 90% of the major
surfaces being free of said strengthening layer, the
polymerized cross-linked siloxane being formed from an
20 aqueous silane-based composition substantially lacking
an organic solvent and the silane being selected from
the group consisting of MPTMO, GPTMO, VIMO, CETMO, MTMO,
DMPTMO, 3-ureidopropyl-trimethoxysilane,
1,2-bis(trimethoxysilyl)ethane, 1,2-bis (3-trimethoxy-
25 silylpropoxy)ethane, 5,6-epoxyhexyltrimethoxy-silane,
N- (trimethoxysilylpropyl)maleic acid amide, hydrolyzed
forms thereof and mixtures thereof.
26. The article of claim 25, wherein the substrate

is glass.
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conprising having as the W ndow'pane, the strengthen glass article of claim
16. 28. In a window having a franme and at | east one 5 w ndow pane

nounted in said frame, the inprovenent conprising having as the w ndow
pane, the strengthen glass article of claim26. 10 -41-

o WO 99/12859 PCT/US98/18116°
AN
27. In a window having a frame and at least one
window pane mounted in said £frame, the improvement
comprising having as the window pane, the strengthen
glass article of claim 16.
28. In a window having a frame and at least one
5 window pane mounted in said frame, the improvement
comprising having as the window pane, the strengthen
glass article of claim 26.
10
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