21 April 2004 -1 WATER- REMOVABLE COATI NGS FOR LCD GLASS 1. FIELD OF THE

| NVENTI ON The present invention is directed to tenporarily protecting gl ass
sheets, and, in particular, to tenporarily protecting the surfaces of glass
sheets used 4 n producing liquid crystal displays (LCDs). The&liAwiBdodon is
useful, for-exanple, in protecting such sheets from anbi ent contam nants
and for preventing glass chip adhesions to the sheets during cutting or
grinding. In addition, the invention can protect the sheets from
scratching. - Il. BACKGROUND OF THE | NVENTI ON Many uses of gl ass, including
LCD glass, require a very clean glass surface that is substantially free
of dust and organic contam nants. Wien exposed to the environnent, glass
can qui ckly become contam nated with organic contam nants, wth

contam nati on being observed within a few mnutes. Current procedures used
to cut and grind glass surfaces and edges often generate small gl ass chips

(e.g., chixps having } 1,.GL O d |l ess than about 100
m crons). 5Sone of t h§’¥*§’1’§§rﬁ%ﬁﬁ@@@%@@%ﬁﬂ&%@&%% ean gl ass
surface, rendering the glass useless for many applications.- This is
particularly_a serious problemin the case of LCD glass surfaces. LCD

gl ass can belmadeFBELE (SES'FHE IN\ENAIO®Ess, which yields flat, .snooth

gl ass surfaces whingh _can be. cut.or. gf.ound,to, the desired size. Sone of the
gl ass chips genérg\gsgl?sre ‘E‘FFé‘tb‘{ﬂF%@%‘F%&%@%ﬂ%@%ﬁﬁﬁ@mﬂ%mgﬂaﬁé surface

of the gl assshifisnid)en paebici | @RuiorkNBEE- RS, OUBRANLQEHLACt Wi Lh
ge

the surface of the glass plate, there can be a lar contact area between
t,,h_g chi pd0anghesats ugediispraduringliqmidciry shed dinpdaysOCDg). Thadaraitiod fs 21 Apri |
2004 -2 a wa [ ndenses hetween these two surfaces, pernanent
cheni cal bo%géﬁr% d)rr%fa%%_ url?nﬁ ﬂol%%t}%%s%(gb@lﬁeﬁ%%&@Q’rbd?fltcﬁonttﬁ@”gﬁ%s chi ps
to the surfanéfhgnerestihg ERisechifph@hesions to the sheets during cutting or
. grinding. In addition, the invention can protect the sheets from scratching.
II.  BACKGROUND OF THE INVENTION

15 ' Many uses of glass, including L.CD glass, require a very clean glass

surface that is substantially free of dust and organic contaminants. When
exposed to the environment, glass can quickly become contaminated with
organic contaminants, with contamination being observed within a few
minutes.

20 Current procedures used to cut and grind glass surfaces and edges

often generate small glass chips (e.g., chips having a size greater than 1

S

. micron and lesg than about 100 microns). Some of these particles
irreversibly adhere to the clean glass surface, rendering the glass useless
for many applications. This is particularly a serious problem in the case of

25 LCD glass surfaces.

' LCD glass can be made by a fusion draw process, which yieldsr flat,
smooth glass surfaces which can be cut or ground to the desired size. Some
of the glass chips generated from the cutting process originate from the
surface of the glass. When the flat surfa.ce of these chips comes into contact

30  with the smface of the glass plate, there can be a large contacﬁ area

between the chips and the glass surface which promotes strong adhesion. If



One known net hod of protecting glass sheets, specifically, sheets of LCD
glass, is to apply a polynmer filmon both major surfaces of the glass to
protect the glass during the scoring, breaking and beveling processes. In a
typi cal nethod, one major surface has a polyner film attachdd Apri ROGh
adhesi ve, and the other major surface hassga filmattached by static charge.
The first filmis renobved after the edge finishing (cutting or grinding) of
the sheet is conpleted, while the second is renoved prior to the finishing
process. Al t haugitet figmadhdenses-lizawken thederbwdr @itrfebs, gebfamidhi ag@midaom

scratchi ng by,the handling egui ppent, it causes other problens. For
exanpl e, the B%‘glﬁ‘érmﬁwc it Fap m%a@@eéhepéhw@ueﬁ@@ glass elgips e the ni shi ng

process, | eadifgaddhdolids!ifkelbBy gl ass chi ps and scratching of the glass
surface, particui_iaérytrybnegr1 tehglsg%lg'es of the surface. Another problemwth

this filmis that Ohedmywheavthaivfadbrsting glasishdetsPBpdcifcdlyashestdbf ace. A

further probl w.th the filmapproach _is glass breakage during peeling of
the filmf onﬁapegléﬁ%@% e aPpPolyasa dilm ‘Plybﬁﬁirmﬂmr@@rgne# of thehglasgteass

sheets. Ther dtéct%h@%% dudy E f Qrotectin gl ass
surface from lgrhi_p adh&sions ﬁiéﬁ%%ggﬁ%??ﬁag%%%g? g%ﬁ?ﬁ‘“ﬁ& t he
gl ass sur f acetypichndthnd comeetlajnt sofrface HaemagdlymePLilth @Gtidhgd Shig ansur f aces,
wher eby a gl with a clean, coating-free surface can be readily

as articl
obt ai ned for ?‘ﬂ}elsh"é*r &ndzé@ opher mpjog surizse bas agfflﬂhwa@m&bm@tami%ﬂiatgﬁ.
tenporarily casved! L bl by .acturers.of, |.iguid
crystal di sprgl;i/)ésﬁﬁéstg{%sgﬂgl asgdg?te{rﬁéﬁ???g% kﬁ.lh%s‘é:mp%/ﬁ%%%%w%w Oftﬂe
manuf act A ngheebtewsudetsd, shileythesatind isireuniveé piios 56 bige Sa15 duct or

devi ces, e:g.,_ thin filmtransistors, o he gl ass substrate. To not
adversel y af fpéfco,?esguéqr}fhﬁ]r“@&’e@ : eﬁWﬁ'Q‘f’Gﬁ?‘i& egctsothegrgfacetframaD gl ass
must be readigeyate 1 i dling Syl cBe G BALAE offed B REOTuUCT i On

process. 21 April 2004 -3 In view of the foregol ng, re nas Been a need
in the art féramplegbraoliner megtedramglags elsips phehiced dspiny fHechiklingsheet s

AR e TN T MR
15  surface, particularly near the edges of the surface. Another problem with
this film is that it may leave an adhesive residue bn the glass surface. A
further problem with the film approach is glass breakage during peeling of
' the film from the glass surface, especially for large an(ifor thin glass sheets.
There is a need, therefore, for a method of protecting a glass surface from
20  chip adhesions that does not leave residual coating on the glass sul-'face,
and for a method of temporarily protecting glass surfaces, whereby a glass
article with a clean, coating-free surface can be readily obtained for further
use. - |
A critical aspect of any coating used to temporarily protect LCD glass
25  is removability. Manufacturers of liquid crystal displays use LCD glass as
the starting point for complex manufacturing processes which typically
‘involve forming semiconductor devices, e,g.,A thin film transistors, on the
glass substrate. To not adversely affect such processes, any coating used to
protect LCD glass must be readily removable prior to the beginning of the |
30 LCD production process. .



I ncorporated in the overall glass form ng process, specifically, at the end
of the form ng process, so that newly fornmed glass is protected
substantially inmmediately after it is produced; anong other things, to
meet this criterion, the coating material should be (a) abld Amwil 2%4st and .
the environnment (e.g., high tenperaturesg of a glass formng line and (b)
the nmethod of applying the material should be safe for use in such an
environnment; (2) the coating nust protect the glass fromchi p adhesion

resulting from cutvieny ofihié foregoinggilngedfastbeendl wes! imhdetart & ael | as the
adhesi on of ot q}eqrﬁ“gont am nant s, , particles, that the glass nay comne

e.g.
into contact M@k LPFOGCRg BtrsE shRetss Apgsiienllyp shestsod LETe glass) wh
coati ng nust %&%yﬁil&&ﬁﬁtéﬁérg%&’&hcép continue to provide protection

to t

after being expose e substantial ambunts of water which typically

cone into contact (B t hthdimeghed prefbesily dhoulddd e ﬂiﬂttchﬂgaeﬁ‘éﬂﬂﬂ%; grindi ng
process; (&4) .the coating preferably should protect th_e.gﬂl ass sheet from
scrat chi ng ddPFHgorRiad it fhe ovenallglags foxming papcese spasificelly, afctheiend of

scratching i : [.Qn) - ) ' J sybst ant i alJ

conpl etely rg%g%ﬁlg%%rgl?nésgt %Oeﬂ{g ass g??%?&‘? gﬂ}s?gég}'ql%?%{iguhgi@qt@ﬁor
exanpl e, pr odumnerjately 'afrei: it isrgt?dad:ed; glinﬁﬁig&)theﬁﬂﬂné@,)totﬂgéem&éf fgrihoul d
preserve the pristine glass, sur e without changing the surface's
cheni stry or "BRGoARE t%t’éla]assli%’égﬁ’@ (81 ablgdo yghhstagd tge'ﬁngnenmtené (gEass

during handl ifygh t&hbhoR rfaﬂﬁinT i t addr esses and
satisfies thi sgl1 oeﬁgb%?g%s%gpﬁeg?dg In t eﬂg? ?583?&]&!%&%&(93“@2&1??
SUMVARY @F Tie mavenal ol demaés fortuseriuesnch am quvirontgentfret hods f or
temporarily protegiin %l.rface of a%qq;@ss sheet from él) anbient dirt,

a S
(2) chip adhesi on¥) ante(eprtimg mpskprpiedtdie glassisemickimadhesion sesstiing. | n

For temporar Ly o B oY o O Y Bl o™ O
other contaminants, e.g., particles, that the glass may come into contact
with during storage and shipment prior to use;

15 3y the coating must be sufficiently robust to continue to provide -
protection after being exposed to the substantial amounts of water which
typically come into contact with the glass sheet during the cutfing"andfor
grinding process;

(4)  the coating preferably should protect the glass sheet from

20  scratching during handling, shipping, and storage (as used herein,
scratching includes abrasion);

()  the coating must be substantially completely removable from
the glass prior to its ultimate use in, for example, producing a liguid crystal
display; and | )

25 (6)  the coating should presexve the pristine glass surface without
changing the surface's chemistry or smoothness as a result of the coating
being on the glass during handling, shipping, and storage.

The present iﬁvention addresses and satisfies this long standing need

in the art.



said gl ass having at |east one substantially flat surface, said nethod
conprising: (A) protecting the surface by: (i) applying an aqueous sol ution
conprising at |east one polysaccharide (e.g., a starch) to the surface,
said surface having a caontact angle |less than or equal 'to &3 Aprp20@F to

t he application of said aqueous solution;gqand (ii) renmoving water fromthe
aqueous solution to | eave a pol ysacchari de-contai ning coat-Lug on the
surface having a thickness of at least 0.01 mcrons (typically, the coated
surface will Hive QUdAVMIARY OFhGHE BXVENTIOMt 25'. e.g., around 300); and
(B) subsequently r ving' the pol ysacg}gri de -gont aining coating from
surface using an ati@BIRSERbIRNENEION RYgRIdes qtheds ior tampormalyprotastiagta angl e
after step ( LCLF 4 tfpﬁﬂ 3 N anc ith this
aspect of thgg ?ﬁégnﬁdoé{agtgﬁgeeéet oé?fc%ﬁgiégclgrcrﬁﬁl?i ng CPJnga%g%?({ngo%& (w m

St eps. bet weenits pegbrifed)erabmlifBnhtxfscizphingt t i ng the gl ass; and (b) grinding
and/ or polzlgshi ng | easy one ., d%e of"%ihe cut glass; wherein; water or a
wat er - conti ni ng ACPEIICE Vﬁg‘b ifagt phits aepechnthel iayantivapromdesag at | east
one of steps ; QaLlng.: i cont act
angl e prior t%@isl%cgfgfgr?%po%ﬁﬁy?&?ﬁ%ﬁ?g}ﬁg&g}g% c@%énstcg% 3%%%@ S(ér %%hrlgg’t eps
(a) and (b); suid gkissAmvibg a0Bast 8n¢ bebdtantisllpfdt sacfary saihinR€liodngl es
differ by less than 5. In accordance with a second of its aspects, the

i nvention prdPMEESMEE article of manufacture conprising: (a) a gl ass sheet
having at |east on@ysubsi@piihalhy shifke fyrface; and (b) a coating
conprising at | east onée polysaccharide on the surface, said coating having
a thickneds of at |east)0. Oépplyingas;aqueous solution comprising at least one

i, polysaccharide (e.g., a starch) to the surface, said
surface having a contact angle less than or equal to 8°
prior to the application of said aqueous solution; and

(i) removing water from the aqueous solution to leave a

15 . ) polysaccharide-containing coating on the surface having
a thickness of at least 0.01 microns (typically, the coated
surface will have a contact angle of at least 25°, e.g.,
around 30°); and

(B)  subsequently removing the polysaccharide-containing coating

20 from surface using an agueous solution; A

wherein the surface has a contact angle after step (B) which is 1esé

than or equal to 8°.

.\Hf.‘

In accordance with this aspect of the invention, the method can
comprise the additional steps between steps (A) and (B) of:
25 (a) cutting the glass; and
(b)  grinding and/or polishing at least one edge of the cut glass;
“wherein: ‘
water or a water-containing solution is applied to the coated surface
during at least one of steps (a) and (b);
30 the surface of the coating has a first contact angle prior to steps (a)

and (b) and a second contact angle after steps (a) and (b); and



whérein:it (i) the coating protects the surface fromglass chips and/or
scratching; and (ii) the coating is renovable fromthe surface through the
application of an aqueous sol ution, and wherein: prior to application of
the coating, the surface has a contact angle |less than or ejusil 200B . -
and the coating is sufficiently renovabl esso that the contact angle of the
surface after renoval of the coating is less than or equal to 8. I n
certain preferred enbodi nents of the invention, the

pol ysacchar i de- corthaifhish @udosecong costakt nnglbsediffeably 10és then BRNUf act uri ng

process for the glass erein,.the manuyf ggcturing process produces newy
forned gl ass at agnégr(@{?\’ﬁse‘&et‘@ﬁ&ieﬁ sacgpd Oghfif agpeciHebhe Invemiden gravides smt a
tenperature abg¥R HOAGHRER Uik cgﬁabﬁts mes into contact with the

pol ysacchari de-cont al ni ng aqueous soi‘If ‘ion. Although integration into a

gl ass manufacturi €@ pr ecgless ishestr Rdvinged leddtodd WSNth RH AN TR s?ﬂﬁ&@e' and
practi cegl.hoff-l ing if desired. In other preferred enbodi nénts, the doatlng
is appli by spr%)i ng 2 6AiBngsomprtrg atleast oapmadesarebatide captleyi ng t he

coating can e 8. : | kRl Ng, ni scu ater wick coaters, etc.,
but are |ess pre?%%%gc\%ﬁ%%gcﬂaﬁgng%\wh%ﬁsp aﬁi%ﬁﬁéﬁ%ww:a gl ass
manuf act uri ng proedmsesd:nce hot glass can often exhibit substantial
back-and-forth noyenent  at the end of such a process, especially, when a
over f | ow downdr awdhr octbe coating protectihe busfadel fraf0dlake chipet hed/opr ef er r ed

enbodi nent s, E&Iﬁﬁ gy I's renmoved using an aqueous detergent sol ution,
e.g,, a comTSé:Frrm a %’e%lgagent package, preferably in conbination with brush

washi ng18nd/ ox ul @i)as Oﬂ’i@cddtﬁ?é'iMmovE%P’é g%&ﬁ Yhe &01£ra28 lﬂﬁi)&{fg]ij%eer gent

solution used to renove the coating w
application of an aqueous solution,

and wherein:
prior to application of the coating, the surface has a contact angle less
than or equal to 8°; and
15 the coating is sufficiently removable so that the contact angle of the

surface after removal of the coating is less than or equal to §°.

" In certain preferred emhodiments of the invention, the
polysaccharide-containing coating is formed aa part of the manufacturing
20 process for the glass, wherein the manufacturing process produces newly
formed glass at an elevatad temperature and the newly formed glassis at a
temperature above 150°C when it first comes into contact with the
po]ysacc-haride-containing aqueous solution. Although integration into a
glags manufacturing process is preferred, the invention can also be
25  practiced off-line if desired.
_ In other preferred embodiments, the coating is applied by spraying
onto hot glass. Other approaches for applying the coating can be used, e.g.,
dipping, meniscus coaters, wick coaters, ete.; but are less preferrad when
the invention is used as part of a glass manufacturing process since hot
30  glass can often exhibit substantial back-and-forth movement at the end of

guch a process, especially, when a overflow downdraw process is used.



"heated to a tenperature in the range from40C to 75C. O her aspects of the
invention are described in detail below 21 April 2004 -6 |IV. BRI EF
DESCRI PTI ON OF THE DRAWNGS Figure 1 illustrates the neasurenent of contact
angl es (al so known as sessile contact angles) of water drod Ami 20@d ass
substrate. Figures 2 and 3 are PROFI LOMEFER traces illustrating the scratch
resi stance of the coatings of the invention. V. DETAILED DESCRI PTI ON OF THE

provi des a metnod PolCXBHHBrarey %?3@%%%“@ B R R el O

by  provi di ngyudoiEicab@R it Rhitieh, @, BRontibsiagleddakr éiﬁ:pmgge I n terms of
liquid crystal display glass, partl ‘e-free sheets @ésubstrates) are of

critical inp(pﬂe&maéhs mcenmbmo,hm mthhbr@thawashglq)@n r fdfrasguicelapping t he

quality of t n filmtransist or e .

di scusted ab todufBs BEe Rl B Ree b i Fare 56 Loariak grill be
standi rgy pr Olﬂ%&@otah&m%@f‘éﬂmqfﬂlg%%a@c i ticul ar, scoring at
the bottomof draw (BOD) 1s a main source of adherent particles during
subst rat e nmanuf act@therpspeets aitheinveitiom ang dasctirdibhdetaghbelogr. can renove
sone particles that have been deposited on the glass for a short tine.
However, cleaning processes are not effective for particles deposited on a
substrate for nore than a few days, especially if the storage environnent
is hot and hum d. Therefore, it is highly desirable to have a protective
coating that can prevent particles fromadhering to the LCD gl ass surface
at the bottomof draw. Additionally, it is also desirable for the particle
protective coating to provide abrasion resistance. Besides protecting
substrates .fromglass particle contam nati on and abrasi on, the coating nust
be renmovable with reasonable cleaning kinetics using mld cleaning
procedures, e.g., a cleaning procedure that includes an ultrasonic
detergent wash at 40C conbined with some brushing (e.g., a wash with 2%
SEM CLEAN KG. Oganic solvent cleaning is not preferred due to health,
envi ronnment al and ,



safety concerns. 21 April 2004 -7 Many conmercial products are

wat er-sol ubl e but they are not necessarily washable fromthe gl ass surface
usi ng the above cl eaning conditions due to strong interactions with the

gl ass surface. For exanple, there are many organi c coati ngs Zigprihg0dood

wat er solubility at higher tenperatures.g.However, the cleaning tenperature
of 40Cis too low for many of themto be conpletely renoved fromthe gl ass
surface. Moreover, although good aqueous solubility is a nust, a coating’
shoul d not belVhi gl BRIERYDESSRIPTION R TEH DRAWSNGSe able to survive in a
hot and hum d env]l_jﬁrgonm&*g:lﬁl wi t hout decreasing its coating effectiveness.
Al'so, in order to Jgurehabiuerates the messurempesth of coytast anglesdnlse &nowme

coating shoul & QakibEonGRLEARRL of iibt Ufs/on o Bdd SARLAAIRI DE COATINGS As

di scussed above, e coat1ng nt1oncare-conposed of at | east

one pol ysacchari deFigivbss2 pad Biard PROFILOMETRER tidegs ilbistidiend theesirhh
pref erabl y consj st esseBt i al |y of polysaccharides. As used herein, the
phrase " cohsiZegstancedithg coatings o FREREEIO%: her conponents that may

material |y affrect ﬂﬁ?AEBEmZQSCﬁhPTIOF?ﬁ?@P? eastﬁéﬁj ng essentially of

at | east one pol ysacchar contain one pol ysacchari de and
may al so conpri seAsdhbediedmpdibrosdlytdesdrilstd atinyshe préleny infdtin t he
coating, such a%égi nders, solvents, and the_ like. A w de variety of

pol ysacchar i dd8Vides angiiod; far terperarlveripeing theswusadeda gnss sheet by

0l har i L4 found in the foll ow
pol ysacchar! dasande RaksRSERR0l R YR ShitcedtyBSabaund I, the fol | oni no

references, the re are i1 ncorporated herein by
ref erencdl G eenwdyp,tefims M ligtiMatrpstabdisphiyegl@ed, Ipakiicle-fRer shwatd ves and Their

Gommerci al - Use,," Cel | ul osi,c Polyners, Blends, and Conposites, R D
GTbert, edi towbstiplselrresfsrivcRbinaporianee\iinee theggae the startise mointrfor R B,

and Wir zbur g,derifining BiOGMAL U 18980 SuRiRIS! @06 dfiS o Y 2" Ch:
Chemi stry and eTerChnoIgo_ , Vol uﬂrS;e 2, R L. Wi st‘?ergiglf:ﬁég : Olbglgéchal I,
editors, Acadbeeis. RPrediscusiedabord adhegion ofslace pertidles tnaulmtrades id'St ar ch

Polymers, - Nabiyr Ale dth SYRLISH S the RORIRLLS. SALED' dLSs. In particular,
15 scoring at the bottom of draw (BOD) is a main source of adherent particles
~ during substrate manufacturing. Ultrasonic cleaning and brush cleaning
can remove some particles that have been deposited on the glass for a short
time. However, cleaning processes are not effective for particles deposited
on a substrate for more than a few days, especially if the storage
.20 environment is hot and humid.

Therefore, it is highly desirable to have a protective coating that can
prevent particles from adhering to the LCD glass surface at the bottom of
draw. Additionally, it is also desirable for the particle protective coating to

' i)rovide abrasion resistance. Besides protecting substrates from glass
25 particle contamination and abrasion, the coating must be removable with
reasonable cleaning kinetics ué'mg mild cleaning procedures, e.g., 2
cleaning brocedure that includes an ultrasonic detergent wash at 40°C
combined with some brushing (e.g., a wash with 2% SEMICLEAN KG).
Organic solvent cleaning is not preferred due to health, environmental and

30 safety concerns.



Encycl opedia, J. C. Sal anbne, editor, CRC Press, Boca Raton, Florida, 21
April 2004 -8 1996, 7915-7922; and "Pol ysaccharides |I: Structure and
Function"” and "Polysaccharides Il: Chem cal Mbdifications and Their
Applications,” Essentials of Carbohydrate Chem stry, J. F. 2Raipyit200ddi t or,
Springer, New York 1998, 157-227 and 228-244. Water solubility is low for
nost of-the raw natural polysaccharides, but manufacturers degrade and
nodi fy natural products, e.g., by acid or enzymatic hydrolysis, to fit

di fferent industriMinpgihinesdihDpodusticiveabatet @6Fible BaPeiey ABaHoFRCEUt i cal s,
personal care, and paint. Depending on the nodification, polysaccharides
havi ng a var inecgssafiynaashakle|femn the iglasssvaface usgsthe ahovacleavorgrer ci al | y

cihere. e o Shfiiotidn bt uthacSR] Rl il dRRardlpica: ot he.
nost  common theeiste mahy 9@@@@6@&%@{@%&@%&%@&%@%1@ gbhighepduct s have

excel l'ent water solubility. They tend to formglossy, tough and flexible
coati ngs. 9Si temperatssesrdleweears the deaning tempesalige 9 d07Ghig toe low for

phar maceutic ' tr TR he manuf.acture .of pillds, atings made
fromthese ma f’lel!rg!pgtI s‘eg&r/te0 lﬁeo%’-l?%lfpecﬁ' f%ﬂl&"ﬁ}ﬁ%ﬂ& e AR FVf%‘fe'p FeAthar i des
i ncl udes t wo abi®inghteypd s queduscidbilion & £hhetsa céﬁﬁ%/é}ﬁﬁﬁé{ﬁb%@h@gtﬁy -
hydroxyl propyl nethylcellulgse. Like starch, cellulose is conposed of
chains of D éwaw%mehp@aélssut must hgfble H surieenin yhotard Humid nkage
configuratio ' . i C. 0 i scan. all |j.near,

p-1, 4-gl ucos?gﬂgbgﬁg%ﬁt@:&g ﬁcg;gl%ﬁ glél ﬁg{gooaﬁ%rgee:flfﬁc £ GP?FS\‘/A*IF%L}B orderterty

di fferenads het vlaigeoiblelsukfiee chadigipofiRsglabgithe ¥eamhEshold et Bb1 Y
octurring cel]ulose is water insoluble with high nolecular weights up to

. 2,000, 000. DEpeRIEHY aSHYBow the cel lulose is nodified, cellul ose ether
products cap_ havpod W tEeia bl Rggproperties, such as, water
solubility, surface activity a?(]}'d%)gc em%g. The METHOCEL products are
naned accordi ng Ahdiscubsedraboyt, thelottingt obthalimyertiof abe cdmpsded Ftater) and

Vi scosi t t he punber, fol | ow.n he first_ letter). Tables 1 and 2
i 11 ust ra%/e( t Pﬁagp gygpglwgqchandeg l\}Iore part1cularf , t ez:oat};lgs of the invention

15 preferably consist essentially of polysaccharides. As used herein, the

phrase “consists essentially of” excludes other components that may

materially affect the coating. Thus, “a coating consisting essentially of at

least one polysaccharide” contains the at least one polysaccharide and may

also comprise other components that do not materially affect the coating,
20 such as binders, solvents, énd the Iﬂce.

A wide variety of polysaccharides are known in nature. General
discussions of polysaccharides and polysaccharide chemistry can be found
in the following references, the relevant portions of which are incorporated:
herein by reference: Greenway, T. M., "Water-Soluble Cellulose Derivatives

25 and The_ir Commercial Use," Cellulosic Polymers, Blends, and Composifes,
R. D. Gilbert, editor, Hanser Publishe;s, New York, 1994, 173-188; Evans,
R. B. and Wurzburg, O. B., "Production and Use of Starch Dextrins,"
Starch: Chemistry and Technology, Volume 2, R. L. Whistler and E. F.
Paschall, editors, Academic Press, New York, 1967, 254-278; Kitamura, S.,

30  "Starch Polymers, Natural and Synthetic," Polymeric Materials

Encyclopedia, J. C. Salamone, edii;or, CRC Press, Boca Raton, Florida,




codi ng of the METHOCEL grades, where the viscosities of Table 2 are for 21
April 2004 -9 METHOCEL A. Since there are only three hydroxyl groups in one
gl ucopyranosi c ring, the nmaxi num degree of substitution is 3. The METHOCEL
cellul ose ethers are water sol uble, but when a solution of 2Hipsil 2804er i al
Is heated above a predeterm.ned tenperatyre, a 5 gel fornms. METHOCEL fil ns
can be nmade by evaporating water froma THOCEL solution and the resulting
filnms.are clear, tough, flexible and non-toxic. In a | ow terrperature
aqueous_ sol Utyignp, 7614.7828amdP AR AR 1: t@uh@ﬁﬂb%]naeﬁu@c@ﬁ LQgR go back
into solution. In addition to the starches and cel ose pro ucts di scussed
above, 10 ofHehfspmhpsEieerhr Chemmdi&ﬁocbﬁnahenmandi’Ilhmltmmnlmaamhsc‘e of the

i nvention include ¢ Y se tives, exudate quns and
their derivates Tates i 3 'ge%c#‘a‘éﬁc%ﬁ%ﬂr BriBgeL YWt ure of
pol ysacchari %kq@ggb%rpggﬂaha gtz@ez,ﬂr actice of the invention, e.g., the
coating can conprise one polysaccharide or a m xture of two, three, or nore

15 pol ysaBchari de¥Vatar s shtweﬂqw fox Ipbslmﬂulm;ramnma] prggsae:ahdmdwprl sing
a. different sacchari de e ti lied to.the gl ass

surf ace. B%Pi‘ﬂ]‘ﬁé% “éi?ﬁf/dcﬁgl%ﬁ] E@%ﬁﬁ' 'ﬁf’g‘%"‘%]a?i‘poﬁ ci% 8481 by ‘98’( ass of
pol ysacchan dRgymhatid hyd?ol?hétﬂérfﬁ: @Heféxﬁr1ﬁﬁﬁ§ﬁrlélrap%ﬁ@aﬁ@nsa%ﬁ9§ 85, o8 S €S
(e-g., a mxture of a cellulose ether and a starch nmost pref’erred
20. pol ysaccnam!d@batmacmtecada pengoniath gare, iapd paint. stEemﬂmhngéatheed herein,
the terns "starge and "st arghes, kLncludes l.upl.e starches and
wat er sol ubl 8% ?acthorhgpf\?gﬁ%\%’sdes av%ﬁ(‘fﬁ”@é&#\%@% g'}bdﬁL‘ESQP natural |y
occurri ngopomﬁ@glﬁesaeée&ﬁmemwyab@am@a 25 wheat and many ot her plants
ar)a commerci al sources of starches. Sone of _the basic r(iﬁgrtles of
starches are wat ePtareh dsrivetiyes §eE-tosasgarchalsrivatives; a gresrthetsn by
mcroorganls 0 COS Ilnk dvia
a-1, 4- or éf@{%ﬁ%‘%%@%L?&ﬁgﬁge ekﬁ%%rsgﬂagwﬁow ék?lﬁg:éﬁl 3}13,113;% pol yner

structures, caﬁm&ﬁnaustrmwomc&ta&uwsurhsw&ameaﬂm ReERY proghiiddavees.

Anyl oses are .
excellent water solubility. They tend to form glossy, tough and flexible

.15 coatings. Since these materials are used in foods and in the
pharmaceutical industry, e.g., in the manufacture of pills, coatings made
from these materials are non-toxic.

The METHOCEL family of polysaccharides includes two basic types
of cellulose ethers: methylceHlulose and hydroxylpropyl methylcellulose.

20  Like starch, cellulose is composed of chains of D-glucose units but it has a
different glycoside linkage configuration, i.e., its polymeric backbone is an
all linear, B-1,4-glucosidic chain. This configuration results in various
property differences between celiulose and starches. For example,
naturally occurring cellulose is water insoluble with hi.gh molecular

25  weights up to 2,000,000, h

’ - Depending on how the cellulose is modified, cellulose ether products
can have a variety of different properties, such as, water solubility, surface
activity and thickening. The METHOCEL products are named according
their hydroxyl substitution degree (the first letter) and viscosity (the

30  number following the first letter). Tables 1 and 2 illustrate this system of
coding of the METHOCEL grades, where the viscosities of Table 2 are for



| i near starch nol ecules fornmed via a-1, 4-glucosidic binding. Anyl opectins
21 April 2004 -10 are branched starch nol ecules in which several short

| i near amyl ose chains wth 20 to 25 D-glucose units each are |inked via
a--1,6-glucosidic bindings. Native starches exist as cold watlekpri B8®1 ubl e
granul es. The granules are conposed of gyl ose and anyl opectin nolecul es
associ ated by hydrogen 5 bonding either directly or via water hydrates to
formoriented mcelles or crystalline areas. ' Wen water is added, starch
granul es absOMETROESEIAAJ SissetHere Whé bnlythireaBy iGxyEFRRPAIHLEe the granul es
swell further and the viscosity of the solution increases. At the point of
mexi mum vi scogliregpyranesic sings the maximim degree viswbst¥utientis 8yed. Thereafter,

the viscosity decrga dugl l,y and a clear, solution fornms after the
t enper at ur e passes’le}iwgg ﬁb?eﬁhgé?en{}%em %r@ovg?tteﬁ..so&:lr%%”_édv ReP Rati ve
starches, st agoliieén sLEHiRIRFial islsitbd abbR PPRSRIIminBY eBiipRP fhay & | over
nol ecul ar wei ghts and | ower viscosities as a result of acid or enzyne

degr adat i ¢h ofel ferens MEFTIQEELr fikins oan be ntadgrbsnevapovatang webexBogha st ar ch

products deri nag.L.v r.ches. .fhe | ower ., mol ecul a | ghts and
| ower viscositi esﬁ é@% St%thlltﬁg%%Ealﬁit§§§g%ur]igpg§$’§lsﬁﬁg fleaf opng ’Q??\é\'%ifr%ncgasi er
to wash fromidietogiask & W ﬁ&ﬁpéﬂa&ﬁr@ﬁ%@bﬂ@@@ﬁlﬁdﬁ?ﬁﬁhgﬁﬁﬁ beQbH{d:2Red These
acid or enzyne degraded starches al so have excellent solubility in cold

wat er. These ta@dejimactel andthpn gedwgkintogodution sometines cal | ed dextrins.
Wat er - based spray kg 1St h rne t.h or. | yi t hese
coatings to gl ass Ié%ggit?%[ %)st osﬁag%l%%%c ecggﬁf S%g)rg%ésch%a%gggse?@t%fbgﬁ?’ For such
appl i cat ildns othéiepalgemoharided thdtaaniceiddhlilie hasctie\Wf $EO Shian @t ween 0. 1
centipoi se-and 1Q0 cg;lti p&iﬁae. The coatings can_be renoved from protected
25 gl ass sur fEcwde hydrexye B’Pgulqsﬁéﬁﬁvﬁ?ﬁ?%&w?a%‘%%%ﬁ?éth@IIS m nut es,

ina relati tEPAL : ] .g., a
sol ution haﬁ?g"agl %%e’nper agﬁ%é%e%ﬁﬁgi'Bg%gﬁ%g%&%%%ﬁg ng sui tabl e
st arches ar e pelyRadchasiddssan be wedyinrthe peactidearf the piveaifivh, wipi,cthehas been

degraded by an enzyne and .m)difief b 30,doropyl ene oxide, and CRYSTAL TEX
627. an aci d-_cH?,fdP% 38 EPLISE G PP sARarl e or & mixture of two, three, or more

15 polysaccharides. Alternatively, a plurality of coatings each comprising a

different polysaccharide may be sequentially applied to the glass surface.
The mixtures and/or plural coatiﬁgs can Ee within one class of
polysaccharides (e.g., a mixture of starchés) or can be across classes (e.g., a
mixture of a cellulose ether and a starch). The most preferred
20 ’ polysacchan:des for use in the invention are starches. As used herein, the
terms “"starch" ai-ld "starches" includes both water soluble starches and
water soluble starch dérivatives. ' |
B.__ STARCH COATINGS
Starches are naturally occurring polymefs. Pbtato, corn, tapioca,
25  wheat and many othei:-ialants are commercial sources of starches. Some of
the basic properties of starches are water solubility and biodegradability,
" 1.e., degradation by microorganisms.
Chemically, starch is a polymer of D-glucose linked via oc-i,4- or
a-1,6-glucosidic binding. There are two kinds of starch polymer structures,
30 namely, amylose structures and amylopectin structures. Amyloses are

linear starch molecules formed via a-1,4-glucosidic binding. Amylopectins



dextrin. Both of these products are available from National Starch and 21
April 2004 -11 Chem cal Conpany, Bridgewater, New Jersey. They have | ow
solution viscosities, i.e., 1 to 2 cps at 2.5% concentration, they form
gl ossy and*non- hygroscopic tough filnms, and they do not gel21aiprii B@04
tenperatures normally wused for coating _jgnhoval, e.g., tenperatures of
around 40C. C. .~ OPTI ONAL COATI NG COVPONENTS As. di scussed above, starch
coatings are biodegradable, which neans that they are attacked by

mi croor gani srgreiahclesl staedtembolecalud ihudlgich se@Beshaeiteas chalbstechang al so
subject to such attack. Accordingly, the coatings of the invention
preferably i r€ithd® t@ 45 Balueose wnats epichare lisvked viajech eadecosidie bindjags.sm

attack on the coaty duri, r.age d_shi. n Co r chal _biogi des
such as KATHON LX %g%em&ﬁl%zﬁs %gﬁa "E’J@}W’&? 1%@“}3%% gglfe @oarfﬂ'jﬁi/) are
exanpl es of hireGogfpesédial aflosdeandsedyibpsctid hotecRWsRRE6ia BAHChi®ioge s AN
al so be used to control the growh of mcroorganisns. 15 The coatings can

al so i ncl @de honding eifbercdipectin orcyiparatepbivdratan o femaopentedymicellgs evnpound.

Exanpl es of suyj le plastiwel ze i_ngl rhitaol | ycer,ol , . et hyl ene
o] y(r:rgl , pol ye#k%/t?g]ﬁnee %ie;%%'o:viﬁk an%atr;ﬁr% l{jllldggd' @%éc?le%% nghe%t?b@BFPpgﬁﬁ%fsa%%n
reduce the -t enadh cWitlf vk strgeteniigerh turee Cltngranfuldst dwedl Alrthevahighdi ti es.

They can al so i nprove the snoothness, abrasion 20 resistance, and

el ongat i on ofviseqsity ehtherplution spaeagssy Atthe rodnf ofipaxigrumpasdopitenttieon do
not i ncl ude [ I ' est.r- . l.Qn_to gl ass
surfaces and%'lt& %%g gg‘\{?\lgﬁ'}edﬁq %)12&3{{% {e& 0§? %%%gevag%h %h'rs% “ttl%%&bi%gds‘%%a%F ace.
Exanpl es 10f guabualdy endlkededrrolutin foong afesrithe telperatuen passythagbit s
(e)g., nore than 18 25 carbons), silanes, and siloxanes. Typi cal
concentr at i orf THERIUR VEGREHus coating sol utions of the invention are as

fol | ows where the chiliizsq g Hev@k el JilaRRL AR IO AT Ehe iQpbIFol R

final weight of the solution: Polysaccharide conponent Yot 0 % wth
| ower concentinegrition h3@ lowev ewlorilayweigfte mnddowér visenspidéysaaabault dé (e. g.,
starch) pr Od%%? oraelglziy%{]e degradation of the native material or of high molecular
15  weight starch products derived from native starches. These lower

molecular weights and lower viscosities result in coatings that dry much

faster and are easier to wash from the glass surface with an aqueous

-detergent solution. These acid or enzyme degraded starches also have

excellent solubility in cold water. These degraded starch products are
20 sometimes called dextrins.

Water-based spray coating is the preferred method for applying these
coatings to glass substrates-for particle and abrasion protection. For such
applications, the agqueous solution preferably has a viscosity. between 0.1
centipoise and 100 centipoise. The coatings can be removed from protected

25  glass surfaces in reasonable times, typically between 2 to 15 minutes, in a
relatively low temperature aqueous detergent solution, e.g., a solution
‘having a temperature between 36°C and 75°C.

Examples of suitable starches are PURITY GUM 59, a waxy maize

starch product which has been degraded by an enzyme and modified by
30  propylene oxide, and CRYSTAL TEX 627, an acid-hydrolyzed tapioca starch

dextrin. Both of these products are available from National Starch and



viscosity solution. 21 April 2004 -12 Biocide -- 50 ppmto 0.1% dependi ng
on the effectiveness of the biocide. Because biocides nay change the
chem cal and nmechanical properties of the coating, the biocide
concentration shoul d not. exceed 20% of the wei-ght of the poliggriclel4 de
conponent. 5 Plasticizer -- 0%to 30% .fjie above |ist of optional
conponents i s not exhaustive and other conponents-can be included in the
coatings' of the invention if desired. D. APPLI CATI ON OF THE COATI NG The

coatings of tClemitabGbinpangy BrideefetcabNewaluphdye dThey hiee Wwasdutidf surf ace
by spraying a.,solution of the polysaccharide and an aqueous solvent (e.g.,

dei oni zed wat'@$PsBifBol-¢-hé 1@ grapsaé 2018 canepéraiionm theshiormagloswiandvpwent to
o1 nss. sur f acd Ao agle 1BERELs, HIERaAd B o st b bosB Rl b AR
spray gun wi tused@or @abgpemarabssgll emidrafwredof sras@M@E@EODVe, the coating is
preferably applied to a n rimed _sheet of glass immediately after the
form ng process. EWTHQN@YM%\T&I%%GO&@R@N&%% ution is applied to the
glass while its t ) S8RV : oye: 150C, and nost
preferably above %gg%'&\t/s\#ef%tfvﬁé%ghnﬁ%#a Srag%?}&%e%gi’%?bgg’swﬁlgii&%?ﬁ ably
neasur ed W't ithahtlieyfararattholied dytmicrafrg2fishivasuclipe leoernhyd hegd. i n the

gl ass maki ng t. Pol ysaccharides  and, .in parti cul a‘;; starches start to
deconpose ab&fBer BRE c“’g%'g 95%31,50@@%F8¥mt@q shcoordipelyathe e at the
poi Nt Of cOakhfine At Gakérftibn Profiably P hiocRleURGLALY & Whi ch

new y-forned gl ass reaches quite quickly i1 n, for exanple sion draw
gl ass nmaAQf adecareasgniérobegridismyattddhvenidre, coating euainpodtysapechal sidpmsmter

Svhpor ot on bodeRRRS e SRR RS L PR 4 Hhert o ERAWERT)
W thout si gni Pl oanOhbical CoRbardF o BhdiBples O blollao R LML BE P on
i s pref er abl yhismpurheser: dherac afid ¢80 a2@he vsed50, contrel thegwiveth ol ut i ons can be
used. - One-begf} . of gino a
15 The coatings can also include one or more plasticizers which may be
a polyhydroxy compound. Examples of suitable i)lasticizers include
sorbitol, glycerol, ethylene glycol, polyethylene glycol, and mixtures
thereof. Such compounds can reduce the tendency of the coating to become
brittle at low humidities. They can also improve the smoothness, abrasion
20  resistance, and elongation of the coatings.
Preferably, the coatings of the invention do not include organic or
other molecules which have strong adhesion to glass surfaces and thus
~would Be difficult to remove from the glass surface. Examples of such
. molecules include long carbon chain ionic surfactants (e.g., more than 18
.25 carbons), silanes, and siloxanes.
Typical concentrations for the aqueous coating solutions of the
" invention are as follows where the values given are weight percents based
on the total final weight of the solution:
Polysaccharide component -- 0.1% to 30% with lower concentration
30  values being preferred if the polysaccharide (e.g., starch) produces a high

viscosity solution.



heated solution is to help dry the coati ng when the gl ass substrate 21
April 2004 -13 tenperature is |less than 150C. Al so, a heated solution has a
| ower viscosity than a roomtenperature solution which can be benefici al
in achieving atom zation of the solution. The tenperature @&f Aphie2@ueous
solution, of course, should be bel ow thejgel point of the polysaccharide
used 5 for those pol ysaccharides that have a gel point. Application of the
coating as part of the glass manufacturing process is advantageous because

the glass is cleaBioddé--t3epmadolMP%epending arthd éfectilenasss sitheng t he
remai nder of the manufacturi g& process. Apﬁgl- I cation of a coating to gl ass

at el evat ed tkigpdeaBiecauseiigpicies may ehanasdbpichamien] andmedlaniegl need to be

| ativel 5 ' [ ‘h | ' bei f d
ind i ho-dus: rEPeHRrllthatofling heliBhaas bodliubhd iCfd ik Sucedd B | 01
process (see dfaheweiglhef ihlegmdysmyhdredd esmpshdnt. several different

processes, including float processes, slot-draw processes, and fusion draw
processes? See, f&lastizexanBlocdto 39%5. Patent Nos. 3,338,696 and 3, 682, 609,

o1 ot - or ow and 1 usiak et AEbortlodsl <SR gREEGls LM ANAY L oty 'S

oriented in aovgidneatd cali bedidladed id thesdtabingss€ she i@ ndiduaOdssisg]. ut i on
shoul d be applied under. cqonditions that do not result in the formation of

drips since sbch ARFRHCAIAAMNOE TeFCHANNG cutting of the glass, e.g.,
the drips can Ca”ﬁ‘ﬁe%{}ﬁ%ﬂ é‘éisthteqﬂ%x?ﬁ%% aﬁ%%%??‘ﬁ‘%’% SPgﬁéﬁ? tlger gL Ng can be

avoi ded by adjusting pray |eve SS a enperature ,
above 10Q0Q t hmuafghdytsprigingeasilatoniod tlespolydscchheide spidoyn heuedusi S adj ust ed,
e;g_, reduced, .t he concentr.atjon o; pol ysaccharide in the solution al so
needs to be adfREtdes- deypnizedwater gato e surfareandeapgrating tiroquat e anount

of pol ysacchaygdgus ﬁﬁ%@ﬁétotfagmseﬂefc%aﬁngp Ffb?@Bﬁ??é,?ﬁh@%@&tin%%ﬂu@l&gc%ﬁe of

the gl ass. Rather than spraying, the coating can al so be a froma
flexi bl e matheramgiliedripreeglaat edrfacd havingel tempparatiretinehe aahgagf 22601 .

QO her possibilities.include di &gllc%g Qﬁni.scus coating, rollers, brushes,
spin 30 coat iP8 BP BSPEY IR B © QHhPEPIBFTHSs t he coating sol ution

into conggct As discussed above, the coating is preferably applied to 2 newly
formed sheet of glass immediately after the forming process. In particular,
" the aqueous solution is applied to the glass while its temperature is above
100°C, preferably above 150°C, and most preferably above 180°C, where the
temperature of the glass is preferably measured with an infrared detector of
20 the type commonly used in the glass making art.

Polysaccharides and, in particular, stqrches start to decompose above
about 250°C. Thus, the preferred glass temperature at the point of coating
application is less than 250°C, a femperature which newly-formed glass
reaches quite quickly in, for example, a fusion draw glass manufacturing

25 facility. However, since a polysaccharide/water solution is being applied
and since water has a high evaporation heat, the evaporation of water at
‘the glass surface will cool the glass quickly. Thus, the coating solution can
be applied to, for example, 300°C glass without significant decomposition.

The temperature of the aqueous solution is preferably in the range of

30  20°C to 85°C, i.e., heated solutions can be used. One benefit of using a
heated solution is to help dry the coating when the glass substrate



with the glass surface. Spraying is considered nost preferred since it 21
April 2004 -14 readily accomopdat es novenent of the glass introduced by the
gl ass manufacturing process. Typically, both sides of the glass will be
sprayed simultaneously, although sequential coating of indixiiAfuwia0®i des
can be perforned if desired. 5 The coat 'gjg t hickness shoul d be above 0.01
gmand is preferably less than 50 m. st preferably, the coating

t hi ckness is between 0.1 and 20 m Wen the coating is too thin, pin holes
occur easil Y tethpratufe £ABSd fHIQHE50°RY S50 04 hPAMSBRGIAH heSailswapt forned.
When the coating is too thick, it takes too long to renove the coating
from t he gl agiscesity thom ancbm Hempesatalé soliGionselpeh ohn bedtaneficimtierials is

high. E. RE L OF THE.CQOATI A key.to successf ul tective coating is
naving 1t SUPGFGETEAORZRRAmL L THA R GDCbbE LERBC R OlerahsvEs | o whon
desired. Coakilngdn, SABRALSEShohidIY uaa%&a@rgeﬂgém%%mgfﬂgggédcﬁqr @ Jdag 9l ass

before it is scored 15 for the first tine and are r enough to survive
the rest df fdréhosmpelysaichaiidgs phatclesse. a Felgyoistan be renoved by using

vari ous conmercia eterg packages eifher alone or i.n canbination with
brush washi ng an%? Ca&fo_tnr‘gtgﬁ?ﬁicf?aéflgé‘ﬁipr%% Og@eél?iﬁ‘?lﬁEPf%tF’@Pﬁ&rP‘éﬁé?

oxi di zati on pf advi@ita SRRk HRBauR: the glLORIDAS AHd L 484Hi0P wil ProhRt EHP! Oyed
either alone or in 20 conbination W th other techniques for "renoval,

al t hough - r enslaak during the gemaigydartofdbe mimfagtmrpggocessd Adicativardfiacul arl y,
‘wat er - based ul trasoni,c_cl .eanin r _brush cl eanin of, a cqgnbi.nation thereof
are sii tabl TG @Hg0PTE TREE BOsEReER Ay Py oAt Bhat e RRPLCRLOR KA 1 on.

- The use of an@dsimieaqdbe reutividy shhi@depandingich 32 rabd Mt WHiGHhd 8dst @ remove
other contam nation such as oily materials and particles. Typrcally, the
aqueous det ebgjaatioaed and thedpsiregdbminiweumt glass tesmaraturetdtdheendofdhe and

w Il have ap%ﬁllﬁc%lg?g&r?g%sg?eglﬁqu&ﬂg t enperature between 20C and 75C i s

suitable, w ures” normally resulting in nore efficient
renoval of the cdBhd plagss na{ycE@fc@ﬁsed&i}%e@@rzﬂkﬁﬂ@fdﬁt@@ﬁﬁe@ﬁésﬂ@ﬁﬁl&&x@ eani ng

time is normally between_ 2 to 15 m nutes. )
oat processes, slot-draw processes, and fusion draw processes. See, for
15  example, U.S. Patent Nos. 3,338,696 and 3,682,609, which are incorporated
herein by reference in their entirety. In the slot-draw and fusion draw
processes, the newly-formed glass sheet is oriented in a vertical direction.
In such cases, the agueous solution should be applied under conditions that
do not result in the formation of drips since such drips can interfere with

20 cutting of the glass, e.g., the drips can cause the glass to crack. In general

terms, dripping can be avoided by adjusting the spray level to keep the

i i
1 -
p—

glass at a temperature above 100°C throughout the coating process. As the
spray level is adjusted, e.g., reduced, the concentration of polysaccharide in
the solution also needs to be adjusted, e.g., increased, to insure that an

25 adequate amount of polysaccharide reaches the surface to completely coat
the surface of the glass. |

Rather than spraying, the coating can also be applied from a flexible

material impregnated with a solution of the coating material. QOther
possibilities include dipping, meniscus coating, rollers, brushes, spin-

30  coating, or any other process which brings the coating solution into contact

with the glass surface. Spraying is considered most preferred since it



-15 21 April 2004 It shoul d-be noted that the renoval of the coating can be
- done by the manufacturer of the glass or the glass can be shipped to the
ultimate user, e.g., a manufacturer of liquid crystal display devices, and
the user can renove the coating fromthe glass. 5 To verify.2ir/gmb2e04 of a
coating, the wetability of the glass surfigce before and after coating
renoval can be neasured. This can be done easily by- neasuring the contact
angle of a liquid drop on the surface, which can be perfornmed by a variety
of t echni quesrekdidyactommbédatas movensaitarfahe glatisagtmauoéd bhehe ghisact angl e

measurenent is shown iin Figure 1, where Oc | 0. the contact angle, also
referred to iTHAPHRCHIENGBIICRES %&'&?ﬁmgﬁlgrﬂ 4be elargwill bejspnayadeousl vy,
t he cont act S/ t : . g r ter
renmoval of tﬁ%&?gtggl Te%'éf’qi’aéslkg" a %‘Jgugp ﬁ%%@%’%ﬁ%@@gﬁgrgd{egg% gégr ees.

O her net hodperframedafidégraedsed to determ ne- coating rempval include ESCA

and TOF-SIMS. 15 E REPRESE{:\LI,,; TI VE BENEFI TS OF THE | NVENTI ON One of the
benefits & this ivreeReiiBg thickpess shauldbe abgve Pdilowmn andisprefarablysless om

xamp e, st orhaa dony MELpRIE R0 TR EHA0RRY i Corfn(Ranelr (e

i nvention to yredWilsercthierodtingdfesd thif, pliekvlas gtaaseasiigeie.| 8 c6atin@sugr ound.
As di scussed  above, gl as% chip adhesiops _present a significant problemin
t he manuf act JR¥erdi nelsagrharileds met dorpaed. ﬁﬁﬁ*’i@&l@ﬁh}ﬂgilﬁt@m@nﬁhﬂﬁf acture of

LCD gl ass. | ' s, - ' t r 9N of
chip adhesi gﬁ%%{/dogy%éfodﬁ' ng éep"rsht%zcg)?gmk"traﬁ[ nﬁggggg%%g#?ﬁ%e-%ﬁ '{hr%eor@%é]?ace. of
the 25 gliflss wsheedf cobsingamdtermieinbighhe phrase "stabl e renovabl e coati ng”

mreans a coatj ng at _1s.b ed 1 Q. t | ass and that is not renoved or
significantl ﬁ deéﬁﬁ@tﬁﬂﬂ&?ﬁ] aﬁ@ﬁ!ﬁﬁﬁ} storage and shipping, but is _
removabl e during AU o PARAGHN Afeot VA% HRAE B RaIHIL Sl el 0l BSS Via

interactions with the silica on e glass surface, acts as a-barrier
bet ween t he semfufeeturingifrotdss agldastsll hadetbralklleasber Hegised. BEoatisgs t he

coating r Edu%gﬁsapgsr;edo orf%\()?ynstagclgalr? esé C%.]fl B%Darql)llliezdoi%llthe glass before it is scored

15  for the first time and are robust enough to survive the rest of the

manufacturing process. They can be removed by using various commercial
detergent packages either alone or in combination with brush washing
and/or ultrasonic cleaning. As a further alternative, oxidization of the
coating, e.g., ozone-based oxidation, can be employed either alone or in

20 combination with other fechniques for removal, although removal with a
detergent solution is preferred.

More particularly, water-based ultrasonic cleaning or brush cleaning
or a combination thereof are suitable for removing the polysaccharide
coatings of the invention. The use of a detergent, on the other hand, is

25 mainly required to remove other contamination such as oily materials and
~ particles. Typically, the aqueous detergent solution will be used at a
‘concentration of 2-8% and will have an alkaline pH. A cleaning
temperature between 20°C and 75°C is suitable, with higher temperatures
normally resulting in more efficient removal of the coating, particles, and

30  organic contaminants. Cleaning time is normally between 2 to 15 minutes.



-16 chips fromcomng into contact wwth the surface of the glass sheet, the
occurrence of chip adhesion is reduced. A further advantage of the
invention is that the surface of the glass sheet after renoval of the
coating has substantially the sane chem stry and 5 snoot hnedsAmis20@4 had
prior to application of the coating. Forigxanple, the glass surface
preferably has a RVS surface roughness | ess than or- equal to 0.36

nanoneters as nmeasured by atom c force mcroscopy (AFM after renoval of
the coating. G ElnsiruES bemored that thewenyvekefitheavatingeaddedienailyathe

il lTustrati f th ' ti d t. i nfended ljmt th f
the i nvent | ot BEES Bsat i Ak Sube ShiFed t Hir ldmatogmmie 1
Four st ar ches, & PRIt 500f B FACKyorMABNIaG dovad 160 BRYBIAL:TEX 627)

I I ridgewat er, New

were obtained Trom National Starch and Chem cal Conpany (
Jersey) and aemioie lth¢ BEABIRERGMSIB0glaés.om Kal anazeo Paper Chemical s

(Richland,. Mchiggn). These starch products re.produced by hydrol yzi ng
raw starcHes usi nggé’ﬁ?tfﬂ-}%?ﬂ" Of(jfc‘f .tmgA&f%Bﬁ%r]?-ﬂt‘ﬁ'e‘iﬂg‘P@?%?sls & fromraw
starches, ! Neyfdiayaddifd:Rbating2mB0hPei BE nabails TiBoan LatnehamIfal

modi fications. They are also nmade fromdifferent raw materia
descri bes soby méasuringiitef condacteamn glerohy lighiskdroprandihet surfadle| whidhese Ir oduct s

are pol ydi spersed and thus .they. hgve a relative bro nmol ecul ar wei ght
i tFi but | on PeHETRORY Hgray o serirgatebRedts 1Y e ik sdioghatey |ese t han
the natural giaraRest HeCoRRI® s maadRemdalYR Shovkdin FERRAS wWilkee lpl ghest

average nol ecular weight, with PURITY GUM 59 being the next highest. The

| onest avlr agee nuttectuinglenplisgmefepredctodn dhepet afvSmabila @ropo@ntactd NADEX
LB s, VAT A ) P B U PR 8, oo
glass surface after removal of the coating has a value of less than or equal
to 8 degrees. Other methods that can be used to determine coating removal
include ESCA and TOF-SIMS.
15 F. REPRESENTATIVE BENEFITS OF THE INVENTION
One of thé benefits of this invention is its ability to protect glass
sheets from ambient contaminants which the glass may be exposed to
during, for example, storage or transportation.
Another benefit is the ability of the invention to reduce chip
20 adhesions when a glass sheet is cuf or ground. As discussed above, glass
chip adhesions present a significant problem in the manufacture of cut or
ground glass, particularly in the manufacture of LCD glass.
In particular, the present invention reduces the formation of chip
adhesions by providing a stable removable coating on the surface of the
25 glass sheet. As used herein, the phrase “stable removaf)le coating" means a
coating that is bonded to the glass and that is not removed or significantly
degraded during handling, storage and shipping, but is removable during
the cleaning stage. The coating adheres to the glass via interactions with

the silica on the glass surface, and acts as a barrier between the surface of

30 the glass and the glass chips. Because the coating reduces or prevents glass



The gl ass substrates used in the testing were 1737 LCD gl ass sanples (5" X
5" X 0.7 mm produced by Corning Incorporated (Corning, New York). Each
sheet was covered on one side with a polynmer film attached with an
adhesive, and the other major surface had a film attached 5 23\Amsit 28G4c
charge. Both coatings were renmoved and t{e side covered with the film
attached by static charge was spray-coated. The procedures used in the
experiment were: (1) pre-cleaning of the substrates and determ nation of

the level of cleipgdRimh Be@SnFith GoMice willPthaGirfad @ tBe g{adk Jheaf, thg substrates
and spray coating them (3) neasuring the 10 water contact angle of the

coat ed subst peruaeence of chipradhesipn isgeduead.ngs; and (5) determining the

| evel of cleanlin of the substrates after .r val of . th oaf i ngs,
again usi ng. the cainser BEREAREof BhE TorRst Gt SRL e firipco R RE RLaERY"

wel | as the glesme\idler@bmooal bl cobitiff HaReuboldn@iilyahslaRts cHehlis@¥oa9EM CLEAN
KG was sprayed on the 15 substrates or coati'ngs and hand-scrubbi ng

per f or medS usémgotnebeaniiderd prior ko appicatien efithscealing Ber examplegtharer e

subj ected to ul trasound cl i ( Hz, 2% SEM CLEAN 40C- 50 for 15
ot s andelhss SEREY Brrfublt B S St it hoesiisl B WaAlly,

cl eani ng ando Sgimimdndtees adibleAguRdbyUsdnGt €ae mickdsddpy T EHMPARer

Phot omask/ Substrate Cl eaner). 20 The substrate tenperature at which the

spray coat i nipreened of pheseentingifects the properties of the coating. At higher
tenperaturesg a m terial becones drier and al so has,a greater
tendency to ekxperience chem cal changes such as deconposition or

oxi dati ong These Thefullewinpyxasblangbyidenfdiaed dludieataniagithe force bet ween
the glass surface and the 25 coating material. If the substrate tenperature

i'$ too | ow, WysRtiARsant preaofintendadite lupy thesrepeoibedgventigntathet he
surface. Sl Oé%e?fﬁ%}é]ﬂb%e@l@@&é&gibeﬂrtilgl%iﬁ.r e undesired. As discussed above,
t

t he coatings o e present I nvention can be applied to substrates having
t enper at ur esERAMPDE lexanpl e, 200C-300C. 30 To sinulate these tenperatures

bRt ory e B PR b, SRB R AR R e = on @
15 CRYSTAL TEX 627) were obtained from National Starch and Chemical
-Company (Bridgewater, New Jersey) and a fifth (EMSIZE CMS 60) from
Kalamazoo Paper Chemicals (Richland, Michigan). These starch products
are produced by hydrolyzing raw starches using an enzyme or acid. '
Although they are all made from raw starches, they have different
20 molecular weights, pH's, and chemical modifications. They are also made
from different raw materials. '
Table 3 describes some of the differences among these products. All
_these products are polydispersed and thus théy have a relatively broad
molecular weight distribution, with the weight average molecular weight
25 ‘being less than the natural starches and more than 5,000, EMSIZE CMS
60 has the highest average molecular weight, with PURITY GUM 59 being
the next highest. The lowest average molecular weight products are
CRYSTAL TEX 627 and NADEX 772.
Seven METHOCEL brand cellulose ethers acquired from Dow
30 Chemical (Midland, Michigan) were also tested.



for spraying. Tenperatures-of substrates just before renoving fromthe hot
plate (Ti) and just before spraying (T2) as neasured using a thernocouple
are shown in Table 4. The data indicated that the spraying tenperature was
| ower than 190C if the substrate tenperature was 300C on th&1kgriiZ04 at e,
and the spraying tenperature was a littl g7higher than 200C if the
substrate tenperature was slightly higher than 350C. There was sone

devi ation due to manual operation, and therefore, substrates were renoved

from the hot pl at eThehglass hebdtentpe ustdiiethestingwige 3487 LOE Afys coating
experiments so that the starting coati ng tegperature woul d be around 10
200C. Cont act® e (e Sy Sy 7/ amy prodiged by Grrnieg Erdorparated (CGonidgyr coat i ng

ey 3! Do ANl Yo "l e Bt 38R b TN Ll SRl OheS and

METHOCELs are organi ¢ pol ynmers and have | ower —sur ffan a gl ass

surface so t hdtadhiediveith watethesivel and thegtlrs radjor SbREV/REd b FHInt HREEHD
coatings. _If aa%I ass surface is very clean wthout polyner residues, the
wat er conPactbya7ghe charge- feoth,copbingt yerevemored end Hee sidglsovared avith éher gy of

gl ass. Thus, ﬁlglea&%ﬁeqic%, %g{c%étag%gﬁggsﬁ%%%%wen a clean glass surface

and a polyner coating a ange in water contact angle
upon renoval of tHhequatédiges asedin tivagkpepintiaitardfenl ReLOssaRbGRhy i a
20 coating has, been re ed. Mcroscopi ¢ nethods can be used to suppl enent
t he cont act éﬁbﬁféa?%%t?%m%l%?féﬁmlﬁ‘éﬂl iof cleapbimessiping wasapoadact

conpletely w ' : ]@é,awg Tahl SUMRILi zes wat er

cont act. angl ghgﬁg%%%&?%}éﬁgﬁhﬁgﬁ éﬁ‘ggpa d k@?ﬁé&@u@fﬁ%&%‘% %sted. The

snal | est 10at evatenndreatt amgle of thatos2ed sohdtdates; (@ sauoeitghilic chetiggy)iapaent

used was 8.degrees and, thus thi val. ue s, used as an _.indicator of.a

c I”gan surfac 28 ‘%’%ﬁ’fm’r”é?g ﬁﬂ‘? f?rvep BFCIS%%I“?"@&P e sbsirates pftayremavaylofss

surface had gheesytacds, ﬁ?ﬁﬂn@uéiﬁé%hé@é}ﬂa&r n@84dinb@ 8. All five of the |ow
f

viscosity starch products were found to be” 30 renovabl e using the above
cl eani ng process. Thagréicleagiag obsubstratesas welldeithe reimanal dfeoatings coat i ngs,

which is gen%rsé';l& l:ﬁ/e %Tl%%?.lilgr' gPelp%:' (BUBLATE\;(EI%IJIC%.%{AJ\I I@gvis_s%gayed on the
15  substrates or coatings and hand-scrubbing performed using a cleanroom
cloth; (2) the substrates ‘or coatings were subjected to ultrasound cleaning
(40kHz, 2% SEMICLEAN KG, 40°C-50°C) for 15 minutes; and (3) the
substrates or coatings were subjected to brush cleaning and spin-drying
using a brush cleaner (ULTRATECH 605 Photomask/Substrate Cleaner).
20 The substrate temperature at which the spray coating takes- place
affects the properties of the coating. At higher temperatures, a coating
material becomes drier and also hz.ls‘a greater tendency to experience
chemical changes such as decomposition or oxidation. These changes may
strongly influence the adhesion force between the glass surface and the
25  coating material. If the substrate temperature is too low, coatings dry very
slowly and leave coating drips on the surface. Slow drying and coating
“drips are undesired. |
. Asdiscussed above, the coatings of the present invention can be
applied to substrates having temperatures of, for example, 200°C-300°C.
30 To simulate these températures in a laboratory setting, pre-cléeaned cold

substrates were pre-heated on a hot plate and removed from the hot plate



GUM 59 and N-TACK have a pH nore close to neutral. PURITY GUM59 is an
anyl opectin-only polyner. Conpared with the |linear anylose structure, the
branched anyl opectin has better solubility. EMSIZE CMS 60 has a high pH
val ue because it is a sodiumsalt of a methyl carboxyl ate. 5 2%ughil 2004 gh pH
may be undesirable since it may cause sygg_ace etching during long term
storage and transportation. The data in Table 5 indicate that none of the

METHOCEL coatings was conpletely renoved even though the nol ecul ar wei ghts

of these prqgughayiie TRIPALRRIR Jf%gBm%%s?{lsttmo {3 : éoé 9%%?&1% h&sted.

Al t hough 10 not 'wi Shing to be bound by any particul ar operati on,
it is believedatet(@d) andhguivibERdEEpradagi(Tgsasmeeswed wing hehetryodozmby ed

because of inteyr-nol.e r ./ 1 ntra-ool.ecul.ar hydrogen. bondi ng of the
VETHOGEL . ot Gheth idabl & The dols Tbirard hrttieThar pRempkagecan
Chem cal SOG4l lhwed Bisdth NOOQNf the _s&str&%&%mﬂegatl%é wid 300P¢ c@t eﬁlgtﬁs tested

contai ned nore than 70% anyl opectin. In the nyl opectin ba 0

struct urep t pbate, anéd thaspragirg tensperhtudesvis a $ittle bigherthatsl00aC i theet her s,
on the other hand, ‘only have a linear backbgne. The branched structure
di srupts theSh W%@éﬁ%ﬁ%l‘i%@“@éﬁ%é%ﬁly WighPR HharPed Gl o d PaFRIWRE REBCS UCh

products nor | £t TI@{E&- anE ar
wei ght. The ?Fﬁ%gggsﬁeuﬂg?%?%@l 0 | ﬁ%goag{J&géeillsé %‘?f%%&le)%ﬂ%%r ogéa :?%E(f;o&g%ing
bet ween the fein thobet Hatewhembhe tethperadack whe aphasd 340£f10c€ forbdatizfg t hese

ef-fects are believed to cgnﬁri bute to VETHOCEL nol ecul es. bei ng nore
di fficult tofFREFOPENtSRathehLhe ptartingcoabng iprmRetRsIre Warldbaatowndded to

METHOCEL 150! gphans, all of the METHOCEL coatings were conpletely renpved
fromthe glass surface. It is believed that adding boric acid reduces the
i nteraction sit esCofitachengle W0kednad theuheprwhatadészaiastood forf@atingl n

orcer o et oo i PuSE e kil bemshe iy o dle 38 coelTnoe,
made by _ROh MMBREHGOBL.s Wes Brdaid S6ymbRs adaAvk loWabhG ik ARbY (RAP4 - 20
glass surface so that higher water contact angles are observed for these |
15  coatings. If a glass surface is very clean without polymer residues, the
water contact angle will be extremely low due to the high surface energy of
glass. Thus, the.surféce energy difference between a clean glass surface
and a polymer coating as indicated by the cHange in water contact angle
upon removal of the coating can be used to determine macroscopically if a
20 coating has been removed. Microscopic methods can be used to supplement

the contact angle information to determine if a coating is removed

k“\_.—‘l

completely without trace residues (see Example 2).
Table 5 summarizes water contact angle results for the starches and
_ METHOCELS_ that were tested. The émallest water contact angle that
25  could be measured by the equipment used was 8 degrees and. thus this
value was used as an indicator of a clean surface. That is, prior to
| application of a coating the glass surface had a contact angle less than or
equal to 8°. |
All five of the low viscosity starch produets were found to be
80  removable using the above cleaning process. The N-TACK coating was

stickier than the other coatings, which is generally undesirable. PURITY



6 show that coatings with biocides are still easily renoved by the cleaning
processed di scussed above. Therefore, biocides can be used w thout
adversely affecting coating renoval. The effect of an "activated" gl ass
surface was exam ned by subjecting 5 pre-cleaned gl ass substirstrieg0@d a
heat treatnment before application of sthg_h coatings. Specifically, the
substrates were pre-heated to 600C in a [aboratory furnace for 20-30

m nutes and allowed to cool to 350-380C before renoval fromthe furnace.
The substrat eI 3D 47@N-FPATIEHa 02 pH EHore Blodt € 2BELALAPERITY @ERRzdance

wi th the procedures described above. The 10 coating took place within 30 to
90 mi nutes af isan amlwﬁm@llmpbmmnﬁ@@alfeldmthhgeﬂimeaaamylfmbl e 6 lists

th t tact f trat . ted i b
| this o abl oS BRHEE TR Al MR vin a8 R BlemisBniify [ FsIER Gl a” "
surface. The ghaue o IEisH!IE vahRbdchade 1the aRelMsRGsHHTad8 st cdiBExf1BvENt | ON

15 and, in particular, the starches of the invention have ‘excel I'ent water-
sol ubi | i t Y an8utlkeadghpH mayrhesuntesitahlaginesitonay aaese suEfaeRitehidgThr ee of
the starch co ti.ngﬁ of Exanq%l e 1 d e., P %T..Y GUM 59, . CRYSTAL TEX 627,

and ENVSI ZE CVEUBES 0% b aiordes 4pd tiamspotiabion.c o 20 protection ability.

I'n outline, the expgrddfanihalabls Heedids® heedohdef HECHETROCHT, adthks St eps:
(1) pre-clean glass substrates 'and neasure initial particle count; (2)

di p- coat subswearcemplatelyaiemared evee thozgh the mpeRrulasaveightssofithees for 2

: ; . . |  es b ! q
35 ot two. pl oLl fAiEpiebi b TRodt orlnd sBRER RO I Ge FEstpd ALERERY, o2
(5) age 1ohe peywishiny tOBé Boambbe dn$ wastitdae $heid ofbpe @i, & & Helieded

hupm dity chanber with 85% humidity 185C for 7 days; (6) clean the
substrates; aft the METHQCBEcosldngswere votceomuletalpsemayed bepsase kinge in

particle cou 1 . } ' FP@E ' rticle
count befor eraarﬁ%ng@e}wﬁlfeﬁ%fao%@gesc%aP{alﬁgg‘%’aﬁ&ﬁisgg %ﬁg?%pﬂr'%t ection
ef f ect i venessmolecalaso decerljEvEhase sWatedSeluble Bolvprirs Ampaichh Clmical

. Society, Washington, D. C., 1986, 14.

15 All the starches tested contained more than 70% amylopectin. In the
amjrlopectin backbone structure, there are numerous branched sub-
structures. Cellulose ethers, on the other hand, only have a linear
backbone. The branched structure disrupts the hydrogen bonding between
starch molecules and makes such products more soluble than METHOCEL

20  products for the same molecular weight. The linear structure also
introduces stronger hydrogen bonding between the celliulose ether
molecules and the glass surface. All of these effects are believed to
contribupe to METHOCEL molecules being more difficult to remove than
the starches. - _

25 When boric acid was added to METHOCEL solutions, all of the
METHOCEL coatings were completely removed from the glass surface. It

is believed that adding boric acid reduces the interaction sites of the
METHOCEL molecules with the glass surface.
In order to determine if biocides affect the washability of the

30 coatings, two common biocides, i.e., DOWICIL 75 made by Dow Chemical

and KATHON LX made by Rohm and Haas, were tested. The data in Table



density changes on coated and uncoated substrates. Particle contam nation
and aging were perforned in a normal chem cal |aboratory. C eaning,
coating and particle inspection were done in 5 a cleanroom The purpose of
doing the coating in a cleanroomwas to keep the gl ass substXaii2eiay from
unknown cont am nati on sources. Spray- c%gti ng has a great potential to
contam nate a cl eanroom and thus dip- cddfiing was perforned in the

cl eanroom for these experinments. The substrates were 5" X 5" square pieces

of 1737 LCD cl eaned
usi ng hand ser ugﬁrthgt &%ﬂ 1v91t11'ﬂ1&§11? r%&s&%ﬁé@%n@ﬂ%ﬁ\o&%?%@ﬁ@ﬁ Qé%ﬁf%:LEAN KG
sol ution. Thprdca$§etlahscxmsé‘d)&bm@° ’ﬂmbfo@b dsiocided tvn bé asnbwithelst rat es was

nmeasured after they had  been dried in air. The cl eaned substrates were
i mersed in & Wé?lb’r?éf%ﬂpﬁtcp%ﬂn%@w&% seconds) piece by piece, and taken

out for air drylng, OufletHrdRtactbiet: &g@%&r&@&%@%@@ﬁfsaﬁj&gﬁ? For

m nutes to si mul € spray- coatin enperat ur e

control s &eppréd-¢lepict glaeapebkicaee o ailivat vraimmlehyhéﬁe@applh@)mn éflstarch
particl e-contani nated sanples _on a first open _PYREX rack and all

uncont am natwt%%plsé’@c@ﬁaﬂy»s@@ stgbes wemredpated o GR0°C W aced in an

oven set to e g@ﬂto avoi d
wat er condenl;ag)s %)tﬁp%ﬁgco %fb;ru s %g?{snar{rfﬁ#?&%t g’lrr%)eisr’tfﬁq)é i gh

hum dity chabdfefe wh@ial G dhmmElawaThs @ﬁbst@ite’ts Reore ¢héw ph@ed bhe Botost r at es
wer e i nmedi ately transferred tqQ TEFLON racks and placed_in a humdity

chanmber wi t hPlgtesn W@ﬁeﬂyn@pc@é@cw&hz@eﬁsngﬁ%éewbedta&n% bhe of the
huni di ty; &haﬁ%‘i{nﬁBgﬁ)l ce%ﬁ.ﬁ}% to §0 'uﬂu,% afiﬁ}%‘é (igﬂig;' reD€edr Med by:

(1} rinsing r 0ot rrpera ure wat er, after
whi ch t he sufesinridiedarivoee Tibde 8dists thejﬁamrrcnﬁthcn/ahgrestoﬁsﬂbmmts dryr ng out;
(2) hand-scrubbing with 2% 30 SEM CLEAN KG at 4OCEl (3) ultrasonication
(72kHz) in 2PSBERIBIRINFAKGASCARAE Je6P 12 5bisi tahles She ptaych poptingsi Widteng wi t h

dei oni zed wWalLlsvabR ﬁgﬁl mrégtw%@gflsuggceul trasoni cation (40 kHz) in
6)

dei oni zed water at 40C for 3 m nutes;
The above results show that the polysaccharides of the invention

15 and, in particular, the starches of the invention have excellent water-
sr)lubility and leave little residue on glass surfaces.
EXAMPLE 2 |
" Three of the starch coatings of Example 1, i.e., PURITY GUM 59,
CRYSTAL TEX 627, and EMSIZE CMS 60, were tested for their particle
20 protection ability. |
B In outline, the experimental procedure used included the following
steps: (1) pre-clean glass substrates and measure initial particle count; (2)
dip-coat substrates and air-dry the coating; (3) heat substrates for 2
minutes; (4) contaminate substrates with glass particles by scraping edges
25 oftwo pier:es of LCD glass on uncoated control and coated substrates; (5)
age the particle-contaminated substrates and all conr:ro}s ina humidity
r:hamber with 85% humidity / 85°C for 7 days; (6) clean the substrates; and
(7) count particles on cleaned substrate.
The change in particle count on a substrate was obtained by

80 comparing the particle count before and after the process. Particle



ul trasonication (72 kHz) in deionized water at 40C for 5 m nutes;
.(7).flood- rinsing with deionized water; and air drying. A variety of
ultrasonication frequencies were used in order.to provide cleaning for a
greater range of 5 particle sizes. Particle nunbers were cowitAguil 2804g a
CCD canera to detect light scattering. Jhe equipnment provided information
regardi-ng particles of all sizes and particles |arger than or equal to 10
m crons. Four different control sanples were used to identify.sources of 10

contam nati 05516’6%@1&1@& eREQHUIREK S 4 €batrRP Wad c3aMRItES b %oﬁ?gn?ir’é‘;qa(ﬁfcﬁe al so

TabI e 7): Control A uncoated and uncontam nated. This was kept in
‘a pre-cl eadedsﬁfﬁhﬂgesamecoaﬁlbandmcmd(spbsm'dtasnI y in cleanroom
Control B: uncoatgd t contam nated wi t.h gl ass rticgles. Thi Sl 15 control

was used to deter ?ﬁ%ﬂf@ﬁlé‘éPPM’Pé’s%glag 4% PEEArPRE In R MHRAldi ng
particle pr OEE%ic%E‘laI:QQQ&J&-%O c;@ealﬁﬁ O&d@th o2l mm& ﬁ@y@?ﬁ@ﬁwe@ﬁoﬂé gﬂ erence
nd

between this control nt r ol IS that t 'S con was exposed to the
exact sandé amhamnmmnt’l‘lmspuﬁpese:oﬁdcadgcthet:aamm@ued claslmzoomtvess tollkdep cont r ol
could 20 thus, de ect‘w})tr);S nt.am nation sources other .than the scraped gl ass

particles. - E¥nersS ELSE &8 s OR OFFR FORTBLRRTIAR SAVEees, Brayl'hl s
control pr 0&5&&%?% had Qrg?@ét' e h BIP{LRATa mAtRE N84k Q0nd 4 2R REdpat | ng

itself. Tables sumari ze the change in particle density for the
di fferent sub@ttn’awssperfnrmedmﬁm bleavowm figr thiesé expdrimentsaf t er the fi nal

25 cl i fi Je | ti
orea” ehows ¢ hat - ThoRPRFERs SR B &0 Fanart Hioe AL L7 TEah Elased M. by oa
With a ppoti gligk PRSigl¥ssDuBSaALSIwer PRALLAGE(HHE hahldes e ing Tl S hows
thé adj usted (corrected) particle density increase, which is calculated

~ based on 't hby uitmasordedieaning ial a g%r $EM iKG selution. hTherinitiali t hout
macro 30 cont ambnat or. _control

triplicate, ARaPet ﬂ}ép%r\; écg%gogn oea&la?]g s‘f %‘#J%E%F Wﬂ‘ﬁ%?%‘i&%‘%%& qﬁ?’ihé&andar d
devi ati on arBesildAed id ag004 -23 listed in the fi nal colum. Negative val ues
'n the tables rrearIr‘lhé (r:]lgafltlac? SILbstrates were immersed in a coating solution (<5 '
.15 sc—_;conds) piece by piece, and taken out for air drying over night. Dried
substrates were heated at 200°C for 2 minutes to simulate the spray-
coating temperature. Except for some controls kept in pre-cleaned cases
individually (see below), all particle-contaminated samples on a first open
PYREX rack and all uncontaminated samples on a second open PYREX
20 ra-ck were placed in an oven set to 100°C for 5 minutes. This pre-heating
was performed to avoid water condensation on cold substrates in the high
temperature/high humidity chamber which qoﬂd wash away some of the
coating. The substrates were immediately transferred to TEFLON racks
and placed in a humidity chamber with 85% humidity at 85°C. The
25 substrates were taken out of the humidity chamber after 7 days for
cleanmg
The cleaning was performed by: (1) rinsing the substrates with
room-temperature deionized water, after which the substrates were placed
in deionized water to prevent drying out; (2) hand-scrubbing with 2%
30 SEMICLEAN KG at 40°C; (3) ultrasonication (72kHz) in 2% SEMICLEAN
KG at 40°C for 15 minutes; (4) flood-rinsing with deionized water; (5)



particle density was lower than the initial density. As indicated above,
the particle counting equi pnment provided information for particles |arger
than or equal to 10 pm (> 10 pn) and for all 5 particles detected (> 0
pm . (Nurmber of particles > 0 pm = Nunber of particles betw2érpdl 2084and 10
pm + Nunber of particles _>.10 pm) All gpcro-contanination data are based
on particles > 0 pm The data of Tables ™8 and 10 are for all detected
particles (>0 pm) and the data of Tables 9 and 11 are for particles
greater than fraeshiddtidP (40 RB) {n’deifniRBd watd MOAPCRIB Ahlted ) .
macr o- contam nation and others did not. Sanples w th macro-contam nation
wer e nuch norédtrasotieaticra(7@dkpam ddienizdd wettedatpéi®Q ok & manges;(7sflggksts. |1t
is difficult to,conpare.a sapple with .macr.o-contani nation to that w thout
mer - Cont anF RO s s igniza) FALeH And A AT e g I ea SR ol
Control A samlogsndpdwakdmsdd # brdeb@o phevidd Blahif0Rt | cept for
one pi ece) di?igelqno?_have macr o cornt a'%oﬁat ilon, eV\/nli I"e aﬁlchr%%{rﬁfgﬁgéggnd C
sanpl es h&d pachide stzent ami nati on. Coat ed sanpl es can thus be conpared with

Control A sanpleg w.thout .concern for CLO-C m nation. Maxj num val ues
of density are UDEHATISRUIRSAMEs OPHOAGRNEALAD FomEIALD deesi ek

relatively 2 \ enRshbviRah ik : . val ues.
RESULTS FOR %Wﬁém%p'gih%ggh@he s?nr%?ﬁedséaof et gmgﬁ%gnfmﬂiﬁrgpﬁlg%?gﬁpgﬁcl ean

envi r onnent , sizesepdparicles pger thawobequdldodiloniveens.sanpl es. In the first
experimental run_(Tabl.es and 9) only one trol A sanple survived to
The end of t he 25FBFoREERent At ShmBlen et BRI ey FORREL T or Cont 1ol
A are |ispedehitaminbli6® ahd a3énbAnfa®ks FiiCoaREANESIXP ]S KRN Alsed Ulko Conpar ed

widh the sanples of Control B, Control A sanples were nuch cleaner at both
the > 0 pm leblelDand the 2?10 pmlevel. Al Control B sanples had nacro-
contam nati on whi ke_n ont r ol S le did At e >0 | evel ,, .the 30
i mal ad et od GarepLAetisRted oRd etntenalia, e FomPr o 8% o
0.49 parti cl pfd-eBnéUTEFION @hsd0Thé ehsBri@spehednty in dRanrdonil

particles/cn2 21 April_ 2004 -24 gsee Tabl.e 10).. Thus, Control A was about
10X cl eaner. At t%entrohB: yngoated but contaminated with glass particles. This

15  control was used to determine the effectiveness of the coating in providing

particle protection.

Control C: uncoated and uncontaminated. The difference betweén
this control and Control A is that this control was exposed to the exact same
environment as the coated/contaminated substrates. This control could

20 thus detect contamination sources other than the scraped glass particles.

N Control I): coated but uncontaminated with particles. This control

et

provided information regarding contamination from the coating itself.
Tables 8 to 11 summarize the change in particle density for the

different substrates from before the coating (initial) to after the final

25 cleaning (final). The column entitled "Tnerease of macro-contamination
area" shows that the increase in heavily contaminated area, i.e., the area
‘with a particle density exceeding 25 particlessmm?2. The next column shows
the adjusted (corrected) particle density increase, which is calculated based
on the final and initial particle densities in the area without macro-

30 contamination. Each coating solution or control was done in triplicate, and

the average of adjusted density increase and its standard deviation are



| evel , the maximal particle density of Control A was 0.00 + 0.06 = 0.06
particles/cn2 but that of Control.B ,was 1.87 + 0.42 = 2.29 particles/cn®
(see Table 11). Control A was thus 30X to 40X cl eaner. Because there was no
5 macro-contam nation for Control A, and the nmcro-cont am natliApml 200@a was
not cal culated for the adjusted particle _density of Control B, Control B
was even nore contam nated than the partiicle density nunbers indicate.
Even though the Control C sanples had not been directly contam nated with

Jhase parL! Ot VK S bl Reh S8 ERENR 1 (RORAANL A0 A 102500 | ©

that there was ho protection for ese ganples an could pick up

cont am nat i opafti€le\dehsite waslonsEtian tHinitialndersity. nacr o- cont ami nati on area,
t hese sanpl es had about 2X nore _particles at, the >0 | evel and 6X nore
particles at the Asdndigtedadove. b pactiglerghniingaqpigent provifedry GUM 59

Statisticall PURL TY I t nt rol
A sarpl es. a THsbASa s par NIRRT AR R IR £ B8, € AP Rrpldtor ol

macr o- consanpagficieddeteeiedr(ald ym).t (Bhenvarof phdtidet o Rimé=MNsmbpaot i cl es on
sanpl es coated with a 2.5% solutjon of this starch conpared toéﬁontrol B 20
sanpl es wi t heartidenbeiseend b and 1hamiNenbenekpatticlason1@pen 84l t he

Control B sa 3 gE[| . ' - SUBSHI AL egy.s y increased
at the >0 p%ﬁ%}%‘ﬁ u &1%1@11”%:3?]%%}%%%%{1 %t%ﬁ%&glacﬁ% a? Lﬁ'eq‘;%od ag%%kevel as the
coating sol Tabke Sant thbraforaill deteciedqraetisied (F0 qum )2 iPAHeod diQ%f TRblds cl e

density on 25 contam nated and uncont am nated sanples coated at the 5%
level were &langdskl ﬂeefogaﬁ%}cq%wt%m rﬂ%@iﬁﬂﬂ@%?@ﬂbwt icle density
i ncreaseqi th hig t ' [yv@ca1 inSaNS r g

parti cl e%&”, Thi s, g‘?’%elggirﬁ %S%AS‘%%“%?E t aiﬁta%e parﬁgflg?{% e‘ﬁ#s??%t/ F%c elg%e W th

coati ng sol uwithhmacmreatimidation waye michanseccobyamoattedghamtkei al resi dues

at higher 30 c¢oncentratjons. .Since the part.i.cl ensity did not change at
the >10 um F‘&H@Fe pHEcledansily shgeesEalt 1l tgqgggp ﬁ?mpi?wg@e been

smal | er thanylydethmdRon £Pthed WitholtHnbBRY-coth SR AP 8GR HH 8Stede: J-
brush-cl eani ng, could be used to
particle density values. However, all Control A samples and almost all the

15 starch-coated samples {except for one piece) did not have macro-
contamination, while all Control B and C samples had macro-
contamination. Coated samples can thus be compared with Control A
‘samples without concern for macro-contamination. Maximum v.alues of
density are used for comparison in some cases to take account of relatively

20 large particle density deviations compared to average values.

RESULTS FOR CONTROLS |

Since the samples of Control A were kept in a clean environment,
they were expected to be the cleanest samples. In the first experimental
run (Tables 8 and 9), only one Control A sample survived to the end of the

25 process. The more stétistically accurate data for Control A are listed in
Tables 10 and 11 for the second experimental run. Compared with the

.samples of Control B, Control A samples were much cleaner at both the >0
pm level and the 210 pm level. All Control B samples had macro-
contamination while no Control A sample did. At the >0 pm level, the

30 maximal adjusted particle density increase of Control A was 0.24 + 0.25 =
0.49 particles/cm? but that of Control B was 3.76 + 1.35 = 5.11 particlesfcm?



renove these residues, although in general residues <10 pmare not a
serious concern. As shown in Tables 10 and 11, -addition of
cetyltrinethylamonium 5 brom de, a cationic surfactant with a single Cl6
carbon chain, to a 5% PURI TY GUM solution resulted in an i ridrAgsis2004
particle density conpared .to the sane ?4 arch used at the sane
concentration but without the surfactan The AFM-and ESCA data of Tabl es
12 and 13, respectively, indicate 10 that after final cleaning, the

surfaces of RLER FahiEdh) cTRUSICSATII £ WwadeitRud 0t r 2AtthOS20¢m Control A
sanples if not snoot-her, and there.were no obvious chemi cal” conposi tion

changes to t Hevejl ﬂE@M@d}WCE&@mmqu@mwAwas 019 06106 | n t hese

e ARM dat a BERHFESERY D BT CLc e Baas i B FE 5 A M Bttt Fbar e ot
two differentr 04$).) C&AHON vildlthus i30XNQLUOXGbASEd Bdeatadblifrd Jrhissquse al |

sanpl es were not neasured on the sane da However, all PURITY GUM and
CRYSTAL TBX mmb@snmmatmégnﬂeutmbéeah thevnaerac@damivatisn szemvas and t he

car bon concentr at for al | e _sa

CRveTaL Yo dh Bdedliiag b SFpthegsjus SR PaR AR R o 0%%%:56?’9“91;%9 SR Ty
GUM 59, gaV%véﬂQﬁirb%BﬁtaQﬁirnfalté‘d fhail $HeSsdrtiolR &nsA9HANbIAihRALL! 5% and 10%
(see Tables 10 and ' 11) th no nmacro-contam nati on observed at either

concentrati on. ThEveuéhoméj;theeGm&rehcusnnmdﬁsrh@bgofd@eemlthaectbzs the Control A

2 | d h | h b
Gontrol D, papemmateL AR bariel podb SrPlielieet " coul t 1h a

hi gher papti ebgtansi®Rsiohy ThBh@amistt(aat thereReastiad prdtédtidn®r h&
copcentration is _beljeved to be _due to the ultra |ow viscosity of this

sol ution, MSéhlPé‘tﬂﬁléd than they icauldoviek agsontrapivetion fravithe énEsoamenbued t hat
(e oot 19 il Bl Sk N G BRI A
t he nost vi spatidclss at chie a1ddogeltdielseX mest @drticles at the >10 pm level than
| Control A samples.
15 PURITY GUM 59
Statistically, the PURITY GUM coated samples were as clean as the
Control A samples at both particle size levels. None of them exhibited
macro-contamination. Generally, there were 10 X to 20 X less particles on
-samples coated with a 2.5% solution of this starch compared to Control B
20 samples without consideration of the macro-contamination area of the
Control B samples. _
Particle density on coated substrates slightly increased at the > 0 pm
level but remained about the same at the >10 pm level as the coating
solution concentration was increased from 2.5% to 10%. Particle density on
25 contaminated and uncontaminated samples coated at the 5% level were
almost the same, which suggests that the small particle density increase
‘with higher concentration was not caused by scraped glass particles. This, .
in turn, suggests that the particle density increase with coating solution
concentration may be caused by coating material residues at higher
30  concentrations. Since the particle density did not change at the >10 um

level, the coating material residue sizes appear to have been smaller than



although it still qualifies as a |low viscosity starch. As shown in Tabl es
10 and 11,. at a concentration of 2.5% there was 5 no

macr o- cont am nation, indicating that the coating provided good particle
protection. At the ?10 pmlevel, there was no significant paitipgl OMensity
i ncrease but at the > 0 pmlevel, partiﬁle density increased to a |evel

whi ch was only about 3X cl eaner than tT é'unprot ect-ed sanples of Control B.
~ This particle density nay be caused by starch coating residues resulting
from 10 the hj r s el f..this' 1 - Eur gaNi N9
procedur es, ?%%SEFE%%H%?%%%%%%SFHQ ébgég@%%tgné%bgﬁf%eg{sle resi dues,

i f desired. rdioyeviese asciduel, aithedgkbwgeneradsesdass ¥10Qnparane: general |y
not of particular concern. The AFM data of Table 12 shows t hat
EMSI ZE- pr ot e8q¥d1s@B&#at es 15 were as snooth as Control A, while the ESCA

data of Table 13 ; I Lumr.esi due
whi ch i s ‘general I@p%dégfl??gg{eg ’?or agi’l'_%f)ﬁg%so{?age. i?gghgﬁgnﬁq rﬂéﬁlglbove '
data shows theimigdepd eitieniasurfastant avitkh edingledl 1@ edrbopahhig|te ap%t ect i on,

with each of _the tested coatings keeping LCD substrates 20 virtually as '
clean as contMRLTI BEUM selusiopageulted in an increpge 1 pRrigye densikbsamparedaNPLE 3 -

Nano- i ndent af, ‘ r ]&sﬁ ates which
wer e coat eda{vﬁ@%%ﬁfﬁcﬁrﬁ%ﬁiﬁf %ﬁgﬁdg{clagn a?f&g?ing ttg&p"tsée}%hni gues of
Exanpl e 2. Thefsssnt.ts are shown in Figure 2.' Each of these 25 graphs
contains three |ipe es esenti the_surface profile along the
scratch path bef ofke éé‘&gﬁ‘éﬁ@ﬁ* 3&?@ %@P%{f‘gﬁﬁnﬁlgl% ﬁﬂéﬁcfﬂvﬁlé'd}?dj}% after
scrat chi {19 (4o A2 FRNE dloantdk, RAE LUttt of BORITYRIOM Usithd sg?lgPéz%éﬂe%TER

f1hace showi ng the pre-scratch’surface profi t ttom eepest) trace
shows t he pexetmadthos idios¢ hECentrat Alsanipeslifmotgnidothd) andrthexshwexe por ocess,

and e m Al ttace shave e CLnal SobD, gl e 31 oo 20on 2al et
ilﬁgioc . wei S8k cbMifig dALILAN 14164, RRE AFM EXA'R NRhhAGMERAVEHdRBY

ESCA data is in wt.%. Al of the AFM data represents duplicate
15 measurements on the same substrate at two different spots.) Carbon data
| is not included in Table 13 because all samples were not measured on the

same day. However; all PURITY GUM and CRYSTAL TEX samples were

measured together with a Control A sample and the carbon concentrations
| for all these samples were in the same range.
20 CRYSTALTEX 627 .

CRYSTAL TEX 627, which has a lower viscosity than PURITY GUM

59, gave excellent parficle protection at concentrations of 5% and 10% (see

s
e

Tables 10 and 11), with no macro-contamination observed at either
*  concentration. Thé coatings resulted in surfacés as clean as the Control A
25 samples at both the >0 pm level and the 210 nm level. As shown by Control
D, particle contamination on this coating did not result in a higher particle
‘density. The scatter in the data for fhe 2.5% concentration is believed to be
_due to the ultra low viscosity of this solution, which could result in coverage
defects. AFM and ESCA showed that the coating did not alter the surface

30 roughness and chemical composition (see Tables 12 and 13).



of a conplete penetration through the coating to the glass interface. This
5 was true even with load |levels up to a peak | oad of 160mN (16 grans).
Figure 3 shows a corresponding set of traces for a coating that had been
exposed to deionized water for 10 minutes prior to scratch 2&4erng04 Due to
the nature of the instrument used, therggwas a delay of 'a few mnutes
(2-4 mnutes) between the tine the watef was rempoved fromthe 10 coating
and the start of testing. The water exposure changed the visual appearance
of the coatipydZE ¢hgedt elimnated circular drying patterns that coul d
be seen in the original coating. However, as can be seen in Figure 3,
there was no charBESIAE:GMS @bwats@he nwp@meué( storeh smonggheseatestdd,of t he
di cated above, the results of

t d th
‘I(é?gulrgg ZUSn %O%éhzlt\,\%ﬂrne%‘ﬁ%* Sa‘l1 O%Xﬁstc?ﬂbp§%fr ness of.1500 nm Thicker

coatings can be expgedvelid Table@Vi(dnd 8Y,04t DERRbARIrasiohaif U5 % Stest anse and
t hi nner coatings sonewhat |ess resi stance. 20 EXAVPLE 4 The, procedures of

Exanpl e 3 wenemeepesenidmisatign angicaCimeshat ther@@tegipmdﬂd gﬁodanﬁtu: & hr ee

mont h'.hol di n rt)erl od he 5%1 h d|t /850 r@ %g n a 7 day
hol di ng perﬂg’d’ ECHOQ.- r‘@sﬂ} ﬁemgp%g %i asl”%% nﬁﬁ’&r d‘ﬁﬂg} t he

- particle densictdR8 bakat kR >0EmXEel, }&ﬁﬂb'd@ﬁ&'ty inctbfsetFty AnRgeERGAIdat a in
Tabl e 15 aré in nanoneters and . w. %‘erespectlvely ). As can be seen-in

t hese tabl eswas nelysammfc@merrgthapr iwragokegtas| saamplep of Coatrel Br ofldst i on
and anbi ent cont g‘er”h{%g %%tcgﬁ%%&’ﬂﬁﬁ%‘ar%h%% Ees?@@%sm {f'r[?f gee

characteri S'[I?q;rg asSs  Sur ce even a

pr.ol ongem Stts&e&ﬁ?h&e &madcul‘aﬁ)w“ét@mamhﬁ wodupl. eButher élehaingestoasdures,
LIl ustrations only and do not _Tinmit the scope of the invention, It wll 'be

apparent to e.Bobugkelenaine poyldderised pirpmpye thespgregidues if desized.ous
modi {1 cati Oryg, 306k Ak ifie0R1 e PRIIAE 419 1l SR ERAERIR o] _CONPosi ti ons

of this invenfron € appen arns are i‘nten over such
modi fi cati or;sgrtmalarajonm and equi val ents.
The AFM data of Table 12 shows that EMSIZE-protected substrates
15 were as smooth as Control A, while the ESCA data of Table 13 shows the
presence of a small amount of sodium residue which is generally
undesirable for an LCD substrate.
| In sum, the above data shows that starch coatings provided excellent
. particle protection, with each of the tested coatings keeping LCD substrates
20 | virtually as clean as control substrates kept in a particle free environment.
~ EXAMPLE 3
| Nano-indentatien scratch tests were performed on glass substrates
which were coated wifh CRYSTAL TEX 627 (5% solution) using the
¢ techniques of Exafnple 9. The results are shown in Figure 2. Each of these °
25  graphs contains three line traces representing the surface profile along the
scratch path before scratching, during scratching (urtder load), and after
scratchmg (load removed). In particular, the top curve is a
PROFILOMETER trace Showmg the pre-scratch surface profile, the bottom
{deepest) trace shows the penetration of the scratch tip during the

80 scratching process, and the middle trace shows the final depth of the



21 April 2004 -29 TABLE 1 Product Met hoxyl Met hoxyl % Hydroxypropyl

Hydr oxypr opyl % substituti onsubstituti on METHOCEL Al. 830-- METHOCEL

E1l. 9290. 238. 5 METHOCEL F1.8280.135.0 METHOCEL K1.4220.218.1 TABLE 2
Viscosity, Nunmber average Nurmber average nPa.s (2% 20Cdegr &&Apfil 2004

pol ymeri zati onnol ecul ar wei ght 55310, 00 7. 107013, 000 4011020, 000

10014026, 000 400 4M22041, 000 TABLE 3 PURI'TYN- TACKCRYSTALNADEX 772EMSI ZE GUM
59TEX 627CM5 60 Sour ceWax cornWaxy cornTapi ocaCornPotato Starch

t ypeAny| opectiMrdomoiihxEsaMr ééd%ﬁM The'b8tifrate L BN BT he Zo}ﬂxg%% am o
ectin MdificationPropyl eneNoNoNoCar'boxy- oxide ethernethylated p

(109%t. 5- 6. 55was3HHP8NMB- 11. 5
Neither this data nor microscopic examination showed any indication
‘ of a complete penetration through the coating to the glass interface. This
5 was true even with load levels up to a peak load of 160mN (16 grams).
Figure 3 shows a corresponding set of traces for a coating that had
_been exposed to deionized water for 10 minutes prior to scratch testing.
Due to the nature of the instrument used, there was a delay of a few
minutes (2-4 mmutes) between the time the water was removed from the
10  coating and the start of testing.
| The water exposure changed the visual appearance of the coating in
' _tilat it eliminated circular drying patterns that could be seen in the original
coating. However, as can be seen in Figure 3, there was no change in the
scratch response (scratch resistance) of the coating due to this water
16 exposure. | |
- As indicated above, the results of Figures 2 and 3 are for an initial
coating thickness of 1500 nm. Thicker coatings can be expected to provide
even greater scratch resistance and thinner coatings somewhat less
resistance. | | |
20 EXAMPLE 4
The procedures of Example 2 were repeated using a 5% CRYSTAL
TEX 627 solution and a three month holding period in the 85%
humiditj/Sﬁ"C chamBer, rather than a 7 day holding period. The results
¢  are shown in Tables 14 and 15, where the particle densities are for the >10
25 pmlevel. (The AFM and ESCA data in Table 15 are in nanometers and
wt.%, respectively.) As can be seenin these tables, the starch coating
provided excellent particle protection and ambient contamination protection
and did not change the surface characteristics or chemistry of the glass
surface even after this prolonged storage period.
30 The above examples are intended as illustrations only and do not

hmlt the scope of the invention. It will be apparent to those skilled in the



solution) Solution colorC earC earSlightlyLight tanC ear yell ow

Manuf act ur er Nat i onal Nat i onal Nati onal Nati onal Ensl and Starch andSt arch

andSt arch andSt arch andSt arke Chemi cal Cheni cal Cheni cal Co. Cheni cal GvBH

Co. Co. Co. 21 April 2004 -30 TABLE 4 SubstrateTl CT2 C 1300186Apriig®¥ed01

2300186 2355212 3306198 3361207 TABLE 5_2890ati ng sol uti onContact angle

Cont act angl e before cleaningafter cleaning Starches 2.5% PURI TY GUM 5931<8

2.5% N - TACK29<8 2. 5% CRYSTAL TEX 62732<8 2. 5% NADEX 77230<8 2. 5% EMSI ZE

ggfvgggg@ WETHAeRaBioudBh bifieRlidnt A8BvaRLtioRs Sifbé AR thephtteasd 2. 5%
and compositions of this invention. The appended claims are intended to

cover such modifications, variations, and equivalents.

»~



2. 5% E6LV4529 2.5% Al 5LV5416 0.5% AAMb615 2. 5% K35LV4219 2. 5% F504920 0. 5%
FAMb718 WMETHOCEL + boric acid 2.5% E6LV + 0.4% boric aci d40<8 0. 5% AAM +
0.1 %boric acid48<8 0.5% F4AM + 0:1 % boric acid57<8 21 April 2004 -31
TABLE 6 Coating sol utionContact angle Contact angl e before eI éarii20§dft er

cl eani ng Bi ocides 5% PURI TY GUM 59 + 50m KATHON LX46<8 5% PURI TY GUM 59 +
0.1 % DONCIL 7548<8 Substrates treatéffat 600 C 5% PURITY GUM59 + 50 m
KATHON LX45<8 5% CRYSTAL TEX 627 + 50 m KATHON LX54<8 TABLE 7 # of

sanpl esCoati ngParticle Container or copmg®&m nati onhol der Control A3NoNoC ean
case Control- B3NoYesRack | Control C3NoNoRack Il Control D3YesNoRack 11
Coat'ed sanpl es3YesYesRack I
Product Methoxyl Methoxyt % | Hydroxypropyl Hydroxypropy!%
substitution substifution
METHOCEL A 1.8 30 - -
METHOCEL E 1.9 29 0.23 8.5
METHOCEL F 1.8 28 0.13 5.0
METHOCEL K 1.4 22 0.21 8.1
TABLE 2
Viscosity, Number average Number average
mPa.s (2%, 20°C) | degree of polymerization | molecular weight
5 53 10,000
10 70 13,000
40 110 20,000
100 140 26,000
400 (4M) 220 41,000
TABLE 3
PURITY | N-TACK CRYSTAL NADEX 772 { EMSIZE
. *GUM 59 : TEX 627 . CMS 60
Source Waxy com Waxy corn | Tapioca Com Potato
Starch type Amylopectin | Mixture Mixture Mixture Mixture
. (25-27%
amylose;
73-75%
amylopectin)
Madification | Propylene No No No Carboxy-
oxide ether . methylated
pH (10% 4.5-6.5 56 34 3 9.5-11.5
solution)
Solution color | Clear Clear Slightly Light tan Clear
yellow
Manufacturer | National National National | National Emsland
' Starch and Starch and | Starch and Starch and | Starke
Chemical Chemical Chemical Co. | Chemical GMBH
Co. Co. Co.




21 April 2004 -32 TABLE 8 Contam natedParticle density #/ cn2 Sanpl eswi th
particlesinitialfinal Control ANoO.711.25 1.503.53 Control BYesO.75- 5.37
1.08" 4. 60 3.244.24 Control CNo2.823.21 0.652.09 1.121.34 2.5% PURITY GUM
59Yes1.231.29 1.411.83 1.011.56 5% PURI TY GUM 59Yes1. 161. 8720 Aprhz@a
0.931.74 5% PURI TY GUM 59Nol. 882. 10 (Co_%b_rol 0)1.442.10 1.191.36 10% PURI TY
GUM 59Yesl. 162. 17 0. 762. 15 I ncrease of rmacro- Corrected density Average
density Sanpl escontam nation area increase (#/ cnR)increase (#cm) CnR

: TABLE 4

Substrate T1 (°C) T2 {*C)
1 300 186
1 353 201
2 300 186
2 355 212
3 306 198
3 361 207
s TABLES
Coating solution : Contact angle Contact angle
before cleaning | after cleaning
Starches ' -
2.5% PURITY GUM 59 31 <8
2.5% N-TACK : 29 . <8
2.5% CRYSTAL TEX 627 32 <8
2.5% NADEX 772 30 <8

2.5% EMSIZE CMS 60 . 28 <8

METHOCELS {meth)lrlcellufose and
hydroxypropyl methylceliulose)

2.5% E3LV 39 29

2.5% ESLV 45 29

2.5% A15LV 54 16

0.5% A4M . 56 15

2 5% K35LV : 42 19

, 25%F50 49 20

N 0.5% F4M 57 18
o METHOCEL + boric acid .

2.5% EBLV + 0.4% boric acid 40 <8

0.5% A4M + 0.1% boric acid 48 <8

0.5% FAM + 0:1% boric acid 57 <8



. Control A00.540.54 32.19 Control B44.943.65 1.38 33.83 21.19 Control
C10.431.03 10.54 11.47 00.22 2.5% PURI TY GUM 5900. 050. 23 10. 18 00. 42 00. 55
5% PURI TY GUM 5900. 720. 60 10. 10 00.53- 00.82 50/a. PURITY GUM 5900. 220. 57
0.31 (Control D)00.67 00.17 10% PURI TY GUM 5901. 010.85 0. 621 6pril#9021 Apr|I
2004 -33 TABLE 9 ContaminatedParticle densit #/ cm Sanpl eswith
particleslnitialfinal Control ANoO. 210.03 0.171.54 Control BYesO.042. 80
0.061.84 0.721.00 : -
TABLE 6

Coating solution Contact angle Contact angle
before cleaning | afier cleaning
Biocides
5% PURITY GUM 59 + 50ppm KATHON LX 46 ' <8
5% PURITY GUM 59 + 0.1% DOWICIL 75 48 <8
Substrates treated at 600 °C
5% PURITY GUM 59 + 50ppm KATHON LX 45 ' <8
5% CRYSTAL TEX 627 + 50 ppm KATHON LX 54 <8
> . .
7 . . TABLE 7
# of samples | Coating Pariicle Container or
contamination holder
Conirol A 3 No No Clean case
Control B 3 No Yes Rack |
Control C 3 No No Rack ll
Control D 3 Yes No Rack It
Coated samples 3 Yes Yes Rack |



Control CNol. 380.48 0.100.33 0.080.22 2.5% PURI TY GUM 59Yes0. 070. 11
0.210.14 0.070.10 5% PURI TY GUM 59Yes0. 220. 19 0. 110.13 0.110.15 5% PURI TY
GUM 59No0. 660. 66 (Control D)0.190.19 0.080.15 10% PURI TY GUM 59Yes0. 100. 07
0.250.1ra Increase of macro- Corrected density Average dens2t ApriSfepl es
-contanmination area increase (#lcnR)incggase (#/cm) cn2 Control
AO0-0.18-0.18 0.0 31.44 Control B42.922.09 0.76 31.92 20.33 Control
Cl1-0.89-0.11 0.68 10.24 00.14 2.5% PURI TY GUM 5900. 040. 04 0.10 0-0.07

00. 03 - TABLE 8
| Contarninated Particle density (#/cm?)
Samples ' with particles initial final
Control A iNo 0.71 - 1.25
, ' . _ 1.50 353
K Control B Yes 0.75 - 5.37
1.08° 4.60
3.24 4.24
Control C No 2.82 3.21
' 0.65 2.09
_ ) 1.12 1.34
2.5% PURITY:.GUM 59 Yes 1.23 1.29
"‘) ) ) 1.41 "~ 1.83
RS 1.01 1.56
5% PURITY GUM 59 -~ Yes 1.16 1.87
' 0.567 1.09
0.93 1.74
5% PURITY GUM 59 No 1.88 210
(Control D) 1.44 2.10
_ 1.19 1.36
10% PURITY GUM 59 Yes : 1.16 2147
0.76 2.15
.| Increase of macro- Corrected density | Average densily
Samples. - contamination area increase (#fcm?) | increase (#cm?)
(cm®)
Control A X ¢ 0.54 0.54
. 3 2,19
- Control B 4 4.94 3.65%1.38
) 3 3.83 '
2 1.19
Control C 1 0.43 1.03 x0.54
1 1.47 '
) . 0 0.22
¥ 2.5%PURITY GUM 59 0 0.05 0.23+0.18
0 0.42
0 Q.55 '
5% PURITY GUM 59 0 0.72 0.60£0.10
0 0.53 -
. .0 (.82
5% PURITY GUM 59 0 0.22 057 +0.31
(Contro! D} 0 0.67
— 0 0.17 '
10% PURITY GUM 59 . 0 1.01 0.85+0.62
0 1.38




5% PURI TY GUM 590- 0. 030. 00 0.03 00.01 00.04 5% PURI TY GUM 5900. 000. 01
0.02 (Control D)00.00 00.07 10% PURITY GUM 59 -0-0.03-0.02 0.08 0-0.10
TABLE 10 21 April'2004 -34 Contam natedParticle dens! #l cm Sanplesw th
particlesinitialfinal 0.510.58_Control ANol.051.47 0.660.5021Apti62®4
Control BYesl.153.32 1.095.05 0.871.51 Gantrol CNoO.930.94 0.721.70 5%
PURI TY GUM 590. 463. 61 + 0.2%Cetyl tri nethyl - Yes0. 541. 41 anmmoni um

brom del. 140. 79 0. 391. 36 2.5% CRYSTAL TEX 627Yesl. 951. 68 2. 853. 34 0.580. 82
5% CRYSTAL TEX 627Yes0. 610. 69 0. 640. 76rA8L680. 94 5% CRYSTAL TEX

627Nol. 402. 05

Contaminated - | Particle density (#/cm>)
Samples with particles Initial final
Control A No 0.21 0.03
0.17 1.54
s Control B Yes 0.04 2.80
0.06 1.84
0.72 1.00
Control C No 1.38 0.48
' 0.10 .- 0.33
. 0.08 0.22
o 2.5% PURITY-GUM 59 Yes 0.07 0.11
) ) X 0.21 0.14
o 0.07 0.10
5% PURITY GUM 59 " Yes | 0.22 0.19
. 0.11 0.13
0.11 0.15
5% PURITY GUM 59 No 066 0.66
(Control D) ~0.19 0.19
_ 0.08 0.15
10% PURITY GUM 59 Yes 0.10 0.07
' 0.25 0.15
) : Increase of macro- Corrected dénsity Average density
Samples contaminatilqn area increase (#Icmz) increase (#/cm”)
- {em?)
Controi A . 0 . -0.18 -0.18 £ 0.0
‘ 3 1.44
e Control B 4 292 2.09 £0.76
1 ) 3 1.82
- . 2 0.33
Control C 1 -0.89 -0.11 £ 0.68
1 0.24
. ) 0 0.14
: 2.5% PURITY GUM 59 0 0.04 0.04 £0.10
0 -0.07
0 0.03
5% PURITY GUM 59 0 -0.03 0.00 £ 0.03
0 0.01
} 0 0.04
5% PURITY GUM 59 0 0.00 0.01 £ 0.02
(Control D) 0 0.00
0 0.07
10% PURITY GUM 59 ~ 0 -0.03 -0.02 £0.08
0 -0.10

- TABLE 10



(Control D)0.481.00 0.971.27 10% CRYSTAL TEX 627Yesl.431.37 1.321.23
0.571.63 2.5% EMSI ZE CMB60YesO0. 722.49 1.301.83 0.79.1.23 2.5% EMSI ZE
CVS60No1. 321. 47 (Control D).0.830.76 A 4" 21 April 2004 -35 TABLE 10
(continued) Increase of macro- Corrected density Average de@$ifpyil2004

Sanpl escont ami nati on area increase (#l cgg)increase (#/cm) cn2 00.07
Control AO00.420.24 0.25 0-0.17 44.86 Control B12.253.76 1-35 24.16 10.66
Control C20.040.57 0.49 11.02. 5% PURI TY GUM 5993. 67 + O. Z%Zetyltrl m

et hyl -10. 891. 40 _1. 96 amoni-um brom de0-0. 35

Contaminated Particle dens: / (#em®)
Samples with particles initial final
‘ 0.51 0.58
Control A No 1.05 1.47
0.66 0.50
. 1.01 ' 5.34
Confrol 8 , Yes 1.15 3.32
1.09 5.05
' 0.87 1.51
Control C No 0.93 0.94
: 0.72 1.70
5% PURITY GUM 59 . 0.46 3.61
+ 0.2%Cetyltrimethyi- Yes 0.54 1.41
ammonium bromide . 1.14 0.79
N 0.39 1.36
2.5% CRYSTALE TEX 627 Yes 1.95 1.68
e . 2.85 3.34
I - 0.58 0.82
5% CRYSTAL TEX 627 - " Yes 0.61 - 069
0.64 0.76
. 0.62 0.94
5% CRYSTAL TEX 627 No 1.40 2.05
{Control D) 0.48 1.00
o } ) 0.97 1.27 -
10% CRYSTAL TEX 627 Yes. 143 137
1.32 1.23
. ) 0.57 : 1.63
2.5% EMSIZE CMS60 Yes 0.72 2.49
. 1.30 1.83
’ : 0.79 . 1.23
2.5% EMSIZE CMS60 No 1.32 147
{Controt D) .0.83 0.76



21.01 2.5% CRYSTAL TEX 6270-0.280.41 1 0.65 00.51 00.24 5% CRYSTAL TEX
62700. 080.15 0.08 00.12 00.32 5% CRYSTAL TEX 62700.650.49 0.17 (Control
D) 00. 51 00-30 10% CRYSTAL TEX 6270-0.060.06 0.22 0-0.08 01.07 2.5% EMSI ZE
CV56001. 771.11 0.64 -20.49 00.44 2.5% EVMBI ZE CVS6000. 150. 181 Aprib&04Cont r ol
D)0-0.07 21 April 2004 -36 TABLE 11 Contxam natedParticle densi #lcm
Sanpleswith particlesinitialfinal 0.060.06 Control -ANoO. 240. 29 0. 150. 10
'0.032.15 Control BYes0.071.58 0.081.73 0.080.42 Control CNoO.010.21

0. 060. 36 5% PURI TY GUM 590. 071. 19 TABLE 10 (continued)

Increase of macro- | Corrected density | Average density
Samples contami?atig)n area | increase (#/cm?) increase (#/cm’)
cm . :
0 0.07 '
. Control A 0 042 0.24 025
0 -0.17 '
‘ _ 4 4.86
Control B 1 2.25 3.76+1.35
2 4.16
1 0.66
Confrol C 2 0.04 ‘ 0.57 £0.49
. ‘ 1 1.02
‘ 5% PURITY GUM 58 9 3.67
‘j _ + 0.2%Cetyltrimethyl- 1 0.89 1.40 £ 1.96
S ammonium bromide 0 -0.35
R 2 1.01
2.5% CRYSTAL TEX 627 0 -0.28 041+ 065
' 0 0.51
0 0.24
5% CRYSTAL TEX 627 0 0.08 0.15+0.08
0 0.12
0 0.32
5% CRYSTAL TEX 627 0 0.65 049017
{Control D) 0 0.51
0 0.30 ‘
10% CRYSTAL TEX 627 0 -0.06 0.06 + 0,22
' 0 -0.08
0 1.07
2.5% EMSIZE CMS60 0 1.77 1.111£0.64
2 0.49 =
. 0 0.44
2.5% EMSIZE CMSE0 0 0.15 0.18+£0.26
(Control D) 0 -0.07




+ 0. 2%Cetyl trinet hyl - Yes0. 060. 14 amoni um brom de0. 070. 04 0. 040. 35 2. 5%
CRYSTAL TEX 627Yes0.070. 00 0.030.18 0.070.08 5% CRYSTAL TEX 627Yes0. 060. 08
0. 040. 07 0.070. 13 5% CRYSTAL TEX 627No0. 070. 18 (Control D)0.100.25 0.100.06
10% CRYSTAL TEX 627Yes0. 130. 17 0. 040. 01 0. 070. 18 2. 5% EMs| zg1 April 2004
CMVBS60Yes0. 060. 28 0. 030. 13 0. 070. 04 2. 5%gEMSI ZE CMS60N00. 060. 13 ( Contr ol

D) 0.070.10 21 April 2004 -37 TABLE 11 (continued) Increase of macro-
Corrected density Average density Sanplescontami nation area increase
(#lcnR)increase (#/cm) cn2 00.00 Con¥TARIE 1A00. 060.00 0.06 0-0.06 42.35

Contaminated Particle density (#/cm’)

Samples with particles initial final

: : 0.06 : 0.06

Control A No 0.24 0.29

0.15 0.10

: 0.03 2.15

Confrol B ’ Yes 0.07 1.58

0.08 1.73

.08 0.42

Control C No 0.01 0.21

. 0.06 0.36

5% PURITY GUM 59 . 0.07 1.19

- + 0.2%Cetyltrimethyi- Yes 0.06 0.14

‘.,:) _ ammonium bromide 0.07 - 0.04

B 0.04 0.35

2.5% CRYSTAL TEX 627 Yes 0.07 0.00

0.03 0.18

" 0.07 0.08

5% CRYSTAL TEX 827 Yes 0.06 (.08
0.04 0.07 .

’ 0.07 0.13

5% CRYSTAL TEX 627 No ) 0.07 0.18

(Controf D) 0.10 0.25

' 0.10 0.06

10% CRYSTAL TEX 627 Yes 0.13 0.17

0.04 0.01

0.07  0.18

2.5% EMSIZE CMS60 Yes 0.06 .28

0.03 0.13

0.07 0.04

2.5% EMSIZE CMS60 _ No - 0.06 0.13

{(Control D) 0.07 R

s



Control B11.551.87 0.42 21.72 10.34 Control C20.200.29 0.07 10.31 5%
PURI TY GUM 5991.29 + 0.2%Cetyl trinethyi-10.080.45 0.73 anmmoni um

br onmi de0- 0. 03 20.31 2. 5% CRYSTAL TEX 6270-0.070.13 0.19 00.16 00.01 5%
CRYSTAL TEX 62700.030.02 0.01 00.03 0.0.06 5% CRYSTAL TEX 8»700l200d. 11
0.05 (Control D)00.15 0-0.04 10% CRYSTAlg7TEX 62700.04-0.01 t 0.04 0-0.03
00.11 2.5% EMSI ZE CVS6000. 220.14 t 0.07 -20.10 0-0.-03 2. 5% EMSI ZE
CMS6000. 070.02-t 0.05 (Control D)00.03 21 April 2004 -38 TABLE 12

Sanpl esRmsRa Control . AO. 3250. 250 TARRECO(ce#Puedl) 5% PURI TY GUM 590. 3080. 245

Increase of macro- Corrected density | Average density
Samples contami?atign area increase (#Icmz) increase {#/fcm”)
cm’)
0 0.00
Control A 0 0.06 0.00+0.06
0 -0.06
4 2.35
Control B 1 1.55 1.87 £ 0.42
2 1.72 '
1 0.34
Control C 2 0.20 0.29 £ 0.07
1 0.31
5% PURITY GUM 59 g 1.29
- + 0.2%Celyltrimethyi- 1 0.08 0451073
) . ammonium bromide 0 -0.03
. 2 0.31
2.5% CRYSTAL TEX 627 0 -0.07 0.1310.19
0 0.16
0 . 0.01 _
5% CRYSTAL TEX 627 0 0.03 0.02 £0.01
0 0.03
0 0.06
5% CRYSTAL TEX 627 0 0.11 0.11 £ 0.05
{Control D) i) 0.15
0 -0.04 .
10% CRYSTAL TEX 627 0 0.04 -0.01 £ 0.04
0 -0.03
. 0 0.11
2.5% EMSIZE CMS60 0 0.22 0.14 £ 0,07
-2 0.10
0 -0.03
2.5% EMSIZE CMS60- 0 0.07 0.02 £ 0.05
(Control D) 0 0.03




0.2810.222 5.0% PURI TY GUM 590. 2240. 178 0. 2240. 176 5. 0% CRYSTAL TEX

6270. 2780. 222 0. 2600. 206 2. 5% EVMSI ZE CMS 600. 2720. 216 0. 2720. 216 TABLE 13
Sanpl esAl Si BaCaN . 0SrNa Control A6.527.30.60. 70. 664. 20, 3- 2.5% PURI TY GUM
597.127. 70, 60. 90. 962. 50. 3- 5. 0% PURI TY GUM 596. 625. 90. 6. 8 024 Apsl A1943-
0.8-T.-4- 5.0% CRYSTAL TEX 6276.527. 10..6Q9. 80. 364. 40. 3 2.5% EMBI ZE CMVS

605. 924. 50. 60. 70. 867. 10. 20. 2 TABLE 14 Sanpl esAgi ng -peri od

Macro-contam nation (Y Particle density weeksarticles/cn2 .43.20.660.27
Uncoat ed control 838.8-0.12 0.44 1390TABLE.18514. 97 4None0.02 0.02 5%
CRYSTAL TEX 6278None-0.68 10. 17 13None0.05 0.03 21 April 2004 -39 TABLE
15 Al Si BaCaNOSr BAFM Basel i ne6. 226. 10. 60. 80. 961. 70. 33.50. 27-0. 36 4

0 o [akal L0 20 .
weeks6. 026. 30. 30. 61. 2628<0- S Ries? RS Ra
Controf A 0.325 0.250
0.310 0.242
2.5% PURITY GUM 59 0.308 0.245
0.281 0.222
5.0% PURITY GUM 59 0.224 0.178
0.224 0.176
5.0% CRYSTAL TEX 627 0.278 0.222
0.260 0.206
2.5% EMSIZE CMS 60 0.272 0.216
. 0272 0.216
.;‘:'.' )
TABLE 13
Samples Al Si Ba |Ca I[N . JO Sr Na
Control A 6.5 1273 {06 107 |06 |642 |03 |-

2.5% PURITY GUM 59 71 1277 {06 1092 |09 j625 |03 |-

5.0% PURITY GUM 58 66 (259 |06 (08 |04 |654 |03 |-
5.0% CRYSTALTEX 627 {65 (271 |06 {08 |03 |[644 J03 |-

2.5% EMSIZE CMS 60 58 1245 [06 |07 |08 }67.1 |02 02

TABLE 14

- Aging period | Macro-contamination (%) | Particle density
a } Samples (weeks) (particles/cm?}
-4 3.2 0.56 £ 0.27
Uncoated control 8 38.8 012+ 0.44
13 90.6 17.85 1+ 14.97
4 None 0.02 £ 0.02
5% CRYSTAL TEX 627 | 8 None -0.68 £0.17
13 None ‘ 0.05 £ 0.03




8 weeks5. 926. 30. 30. 61. 362. 7<0. 32. 80. 28 13
weeks5. 426. 20. 50. 61. 661. 6<0. 34.10.32 4p_ Wat is clained is: 21 April 2004
1. A nethod for tenporarily protecting glass fromglass chips and/or
scratching, said glass having at |east one substantially fl & Ait4Qte,
said nmethod conprising: (A) protecting i3ge surface by: (i) (ii) applying an
aqueous solution conprising at | east one polysaccharide to the surface,
said surface having a. contact angle | ess Than or equal to 8 prior to the
application of said aqueous sol ution; T4#¢€ tenovi ng water fromthe aqueous
solution to | eave a pol ysacchari de-contai ning coating on the surface having
a thickness of at least 0.01 mcrons; and (B) subsequently renoving the
ol ysacchar fde-contai Mg CaRt g5, T SpTf{jage BST Y S aogreptssptt i on;
\a/he?/ei n thew&gﬁﬂrﬁaanjr%%a fgr <fgn %)SFML;%_L_T;QS_S_ t han
or equal tol-g2sche Je—ﬁ%t notl-ofl @6, I 08 Wh &% 6L7 by 03t dn36RY 0.97WB6dur f ace
has a RVS ph Sdbanpsabihd Dol 8

23

weeks | 1 . 2 A2 - ' i ;
| Pihegee T odehnpey e risneprd-py atoff 5 ok nfr pschil v ch
is less th Sl TR f Bt LS PP 0.4 Qa:o.. | dor 2
wher ei n t he—at—Tteast—ofre—pohysaccharrae—conpr+ses—strarght éhu: ﬂ'32
pol ysacchari de nol ecul es and branched polysaccharide nol ecul es.- 4. The
method of Claim1, 2 or 3 wherein the at |east one pol ysaccharide
conprises at |least one starch. 5. The nethod of Claim4 wherein the at
| east one starch conprises straight chain starch nol ecul es and branched
starch nol ecules. 6. The nethod of any ene of the preceding clainms wherein
step (A is :

»




performed as part. of the manufacturing process for the glass. 7. The nethod
of Claim6 wherein the. manufacturing process produces newy forned gl ass
at an elevated tenperature and steps (A) (i) -41 21 April 2004 an‘daéoﬁ)(ii)
are perforned substantially simultaneously by applying the Z2ddih

solution to the newly forned gl ass at “éopoi nt in the manufacturing process
where the tenperature of the newly forned glass just prior to contact with
t he aqueoys,sol ution iis above 150C. 8. The nethod of C aim 7 wherein the

t enper at ur ?%1’1[@1‘??8%1? formed glass just prior to contact with the
agueous solution is below 300C. 9. The nethod of Caim7 wherein the
tenperature of the newy fornmed glass just prior to contact with the

aqueous sol utian i s Adalethod FOtemporardlye roeidiit ShsSainm Yass&:l:ﬁ?s9 wherein
the glass is vertical in step (A) and the tenperature ofgthe gl ass renuai ns

suf fi ci entang/on gmatdhinggrddiglassehaying atdeastoneisilptadtiatlyt fldtosunface, t he
surface. 11, Tré& ngt hod of. any one of the - preceding clains, wherein the
tenperiatwsglddEn he GPRPLISBE St | east 100C at the end of step (A). 12. The

~method: of any qag OE)rbié%ti&g%%dédIQa(g@.ns wherein in step (A) (i), the

aqueous solution is applied to the surface by spraying. 13. The nethod of

any one of the precédi ngapplyimg athaqecdus solation coMprising altNeastasiseous
solution is heated before being applied to the surface. 14. The method of

any one of the precedi ngPeSéﬁ&%gh%%m!ah%gurfﬁ@e,S@é@lswf@naﬂlayimg. bet ween

steps (A) and (B) of: (a tLinag,the ass; and. (b).qgrindi and/ or

pol i shing at |east one eéﬁé&‘_‘o atn%ée g%f?%?ﬂé@;e%h%}ngrmﬁ&f’g €or a |

wat er - cont ai ni ng sol utioap“Pﬁcaﬁehiorgaf@aqﬁ&@%wm%&ce during at |east
Q’_@Q of steps (a) and (b); the surface of "the coating has a first contact
angl e prior to step§i) a) remodinhyvabedfrans deoagueantbttion gb temfd £r st eps
(a) and (b); and the first, and .second coentact angles differ: by_|less. than
5. 15. The method of anypewéaS?h%&--s?%f@émwoer%w theperface having

a thickness of at least 0.01 microns; and
(B) subsequently reﬁoﬁng the polysaccharide-containing coating
from surface using an Aqueous solution;
wherein the surface has a contact _a-ngle after step (B) which is less
than or equal to 8°:
2. The method of Claim 1 wherein after step (B), the surface has
- a RMS surface j:oughness as measured by atomic force microscopy which s
less than or equal to 0.36 nanometers.
\ 3. The method of Claim.1 or 2 wherein tﬁe at least one polysaccharide
" comprises straight chain polyéaccharide molecules and branched
polysaccharide molecules. | ,
4, The method of Claim 1, 2 or 3 wherein the at least one polysaccharide
comprises at least one starch.‘ ‘
5. The _m-ethod of Claim 4 wherein the at least one starch
comprises straight chain starch molegulgé and branched starch-molecules.
6. The method of any one of the preceding claims wherein step (A) is
perf?rmed as part of the manufactq{mg process for the glass.
— 7. The method of Claim 6 wherei_n the manufacturing process

produces newly formed glass at an elevated temperature and steps (A)() -



concentration of .the polysaccharide in the aqueous solution of step (A) (i)
I's between 0.1 weight percent and 30 wei ght percent. .21 April 2004 . -42
16. The method of any one of the preceding clainms wherein the viscosity of
'the aqueous sol ution of step (A (i) is between 0.1 centi poi $&ARA
centipoise. 17. The nethod of any. one -81-the preceding claims wherein the
aqueous solution of step (A (i) conprises a biocide. 18. The nethod of any
one of the preceding clains erein the aqueous solution_of step (A) (i) -
conpri ses a&%@d@i%ﬁ@z@f?ﬂl‘m snbstanitidly W!&ﬁ@newiﬁgﬁfamwfé@edi ng

oo™ han Sa5e it PR A RO AP SRLPLALD S, SRR0 y BRS pEl HhERERE,
wher ei n poly&as GhAdkdde t@ﬁiﬁéhﬂﬁf&om@tﬁ&ﬂlﬂ%ﬁéd@h%ﬂgﬁ rir fpet veen 0.1

m crons and 20 mcrons. 21. The nethod of any one of t recedi ng cl ai nms
wher ei n t bentagtedtls the ahueous safutsirels giRvecdi3l ses a detergent. 22. The

or more of - helt | ng TH4InEHRbECRIRLY VEROED SRS BpTAESRI0f tho NI T asoni o
' . | : ° hod of
any. one. ofortieet BPisedflet pARF KPRt RE NAMTER: BGub 8, BUABRGy el JRTELOCT OF

gl ass chi ps, adper ed The mbthdllsf @LANDY vihered the ¥mperARRE of §REPRGHAY to the
nunber of glass chi ps adhered to an uncoated surface under conparable

condi t i onfornzed glpise just pradr &9 cartactrwith the pgirporheolntionds below | 2898Cchi ps
adhered to the surfgce is r ed by, at,least 95 percent. 25. The .nethod of
oy o of 1 he By ecdaemtidEaHEEn Y8 o HRER B8 PRAE Pl Bt BT al 1y
flat surf td [ : 251 ). 26.
The et ooy rerempREa e dtie da BRI bR Aty bR T 0enddeReEY - The
gl ass i s (&esbtlmtrdrips do niod fioxin onyiHeadurdaspl ay. 27. An article of :
manuf acture conprising: (a) a %I ass sheet “having at |east one substantially
o)

flat surface; dhd by method: iohgamsoramei of nigeapreceding daimsporheseinctiwri de on

the temperature of the glass is at least 100°C at the end of step (A).
12,  The method of any one of the preceding claims wherein in step (A)(i),
the aqueous solution is applied to the surface by spraying.
13.  The method of any one of the preceding claims wherein in step (A)(i), '
the .aqueous solution is heated before being applied to the surface.
14.  The method of any one of the preceding claims comprising the
- additional steps between steps (A) and (B) of:‘
_ (a) cutting the glass; and _
\ (b)  grinding and/or pqlishing at least one edge of the cut glass; |

wherein:
3 water or a w_atér-cqntaining solution is applied to the coated surface
] during at least one of steps (a) a{;d (b); |
| the surface of the coating has a first contact angle prior to steps (a)
and (b) and a second contact angle after sfeps (a) and fb); and
the first and second contact angles differ by less than 5°.
15. The method of any one of the preceding claims wherein the
congentration of the polysaccharide in the aqueous solution of step (A)(i) is between

0.1 weight percent and 30 weight percent.



surface, said coating having a thickness of at |east 0.01 mcrons; wherein:
1J 21 April 2004 -43 (i) the coating protects the surface fromglass chips
and/or scratching; and (ii) the coating is renmovable fromthe surface
through the application of an aqueous solution, 5 a rid whél&pit2@i-or to
application of the coating, the surfacethas a contact angle less than or
equal to 8; and the coating is sufficiently renovable so that the contact”
angle of the surface after renoval of the coating is less than or equal to
8. 10 28. The articlg of Claim27 wherein after renoval of the coating, the
surface has a sut ke Esthod efranysaneef the presedia gb%almsovhememtth&:mscmtyroscopy

whi.ch is | EolRGMALE t eofCIa|m27
or 28 Mergtlst% taﬂ'%g%) ?east ogrtl% &b)ﬁ?ysacc (ﬁjge c%% Ci sggﬁé 'pQHSF chai n
pol ysacchari de Wbl ecThemetind of dmybsmneiihe ppedemczgiﬁmsl Wherbhl 186 WhBsous 30. The

article of any one of ains. 27 to, 29 wherein the at | east one
pol ysacchéF’Fl no ﬁ’ﬁ?i(ég%) %ﬂr@%%%g’(ﬁ‘ﬁl@t arch. 31. The article of daim 30

wherein the at i@aStTﬁ‘ﬁwﬁfoﬁr&% OJHé):réT éprécteaﬁ %.Ffé%é}elﬁttﬁé n%%;ecul s

and branched starch nol ecul es. _ e artlc any one o ns 27
to 31 mher%llﬂﬂmstﬂpé@(mbcommmpsapw@zﬁl oci de. 33 The article of any one

of Clains 27 to 2 er ej e"coatin ri ses sticizer, 34. The
article of any ne o edrﬁ?rlmyz"/ftai}yﬁgwgoﬁ% HfFf‘é"dElgatC?éH@Sh&f crgin Ahe

t hi ckness milysaeciaritb-aontbDinh GalAS has¥pthickABssfliéss ifancfo AlYoRne of Cainms 27
"to 34 wherein the coating has a thickness of between 0.1 mcrons and 20

mcrons. 21 AprdQ- 20the method of any one of the preceding claims wherein polysacchandc—
containing coating has a thickness of between 0.1 microns and 20 microns.

21.  The method of any one of the preceding claims wherein the agueous
solution of step (B) comprises a detergent. .
22.  The method of any one of- the preceding claims wherein step (B)
comprises one or more of: heating the agueous solution of step (Bj, applying
ultras_onic energy to the coating, and/or brush Washing the surface

23.  The method of any one of the preceding claims wherein the coating
reduces the number of glass chips adhered to the surface by at least 90 percent |
compared to the number of glass chips adhered to an uncoated surface under
: comparable conditions.
24. The method of Claim 23 wherein the number of glass chips
. adhered to the surface is reduced by at least 95 percent.

25, Themethod of any one of the preceding claims wherein the glass has two
substantially flat surfaces and the coating is formed on both surfaces in
step (A). |

26.  The method of any one of the preceding claims wherein afier step (B),
the glass is used to make a liquid crystal display.

2Y.  An article of manufacture ccmprising:

(@)  a glass sheet having at least one substantially flat surface; and

. (b}  acoating comprising at least one polysaccharide on the
surface, said coating havihg a thickness of at least 0.01 microns;

wherein:



-44 36. The article of any one of Clains 27 to 35 wherein the coating
reduces the nunber of glass chips adhered to the surface by at |east 90
percent conpared to the nunber of glass chips adhered to an, "*B@'é%\t?ﬁd
surface wunder conparable conditions. 37. The article of daim erein
the nunber of glass chips adhered to thg surface is reduced by at |east 95
percent 38. - The article of any one of Caim27 to 37 wherein the gl ass
conprises two syhstantially flat, surface bpot h r a coating
conpri sing at IZﬁst %‘8‘:88 REQHREP %?@ﬁ?%&%%ﬁggﬁ%%c%%ﬁgs has a

t hi ckness of gatatbigast 8401 mcrons. 39. The article of any one of Cains 27
to 38 wherein the glfass is suitable for use as a substrate for a tiquid
crystal display(iif0. thelcogung iscreysivablafropl the surtdaedhnougin tixr application
according to ?ny one of Clains 27 to 39 or produced according to the

met hod of any Bheasecrs gelptiony 1o 26. 21 April 2004 -45- WATER=REMOVABLE
COATI NGS F }Tg_:la ABSTRACT OF THE DI SCLOSURE Renovabl e coatings for

pr ot ec%nggg?ass %@?s and, in particular, for protecting LCD gl ass
sheets during ciridr8 applicREbRof dieddaBingOthedi At HusH QRE& dHgle RiGVi ded.
The coatings coiipri se one or nore polysaccharides, wth the preferred

pol ysacchar i than peequalsod’cémd conposed of a mixture of amyl ose and

anyl opectin nol ecul es, The atings can e repoved fromthe Ss sheets
T hg vt r Sl 68 GraingRputigeniy ReRlreRt shibet i comatt apeie Abfa ; on
wth, for exgy | ' %aﬁr ing. 10 After
renoval , the@g%@@%ﬁ%ﬁ&%%ﬂéﬁ%@%ﬁ#y t g&ls% Ir%%igﬁgﬁface

charact@ri sti cs28nd dihenirtitlelof d3ainh DY vticadircdfeat enadieh] aff $he beating, the

particle/contam nation |evels equivalent to those of control sheets held in
a clean enviwdaemhas a RMS sinfatst xoughgeseas measured by atomic force

microscopy which is less than or equal to 0.36 nanometers.
29.  The article of Claim 27 or 28 wherein the at least one
polysaccharide comprises straight chain polysaccharide molecules and
15 branched polysaccharide molecules.
30.  The article of any one of Claims 27 to 29 wherein the at least one
polysaccharide compriges at least on starch.
31.  The article of Claim 30 wherein the at least one starch comprises
straight chain starch molecules and branched starch molecules.
20 32.  The article of any one of Claims 27 to 31 wherein the coating
comprises a biocide.
33.  The article of any one of Claims 27 to 32 whetein the coating
comprises a plasticizer.
34.  The article of any one of Claims 27 to 33 wherein the coating has a
25 thickniess of less than 50 microns.
35, Thearticle of any one of Claims 27 to 834 wherein the coating has a

thickness of between (.1 microns and 20 microns.
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36.  The article of any one of Claims 27 to 35 wherein the coating
reduces the number of glass chips adhered to the surface by at least 90 percent
compared to the number of glass cﬁips adhered to an uncoated surface

under comparable conditions.

37.  The article of Claim 36 wherein the number of glass chips
adhered to the surface is reduced by at least 95 percent.

38.  The article of any one of Claims 27 to 37 wherein the glass
comprises two substantially flat surfaces, both surfaces have a coating
comprising at least one pblysacchaﬁde, and each of the coatings has a
thickness of at least 0.01 microns.

39.  The article of any one of Claims 27 to 38 wherein the glass is
suitable for use as a substrate for a liquid crystal display.

40.  Aliquid crystal display including an article according to any one
of Claims 27 to 39 or produced according to the method of any one of Claims
1to 26.





