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 thg)g‘g,r@girﬁ%?@ﬁﬁ@é?@&saﬂ@g&ecpﬁmgscl 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 beInadeFEE:LQ(SEsTHEIMNE\IGNESS, which yields flat, .snooth

gl ass surfaces whingh _can be. cut.or. gf.ound,to, the desired size. Sone of the

gl ass chi ps genérg\gsgl?sre ‘E‘FFé‘tb‘{ﬂF%@%‘F%&%@%ﬂ%@%ﬁﬁﬁ@mﬂ%mgﬂaﬁé surface

of the gl assshilighuid)en phabiow RAuRIork B AN BUBRANLQEEPALAC W h
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 ﬂogﬁ%t%s%(gb@l‘:teﬁ%%%’%@Q’rbd?fltcﬁonttﬁ@”gﬁ%s chi ps

to the and for preventing glass chip adhesions 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



surface becones irreversible. One known nmethod of protecting glass sheets,
specifically, sheets of LCD glass, is to apply a polyner filmon both

maj or surfaces of the glass to protect the glass during the scoring,

breaki ng and beveling processes. In a typical nethod, one ri# Al 8004 ace
has a polymer filmattached with an adhesjve, and the other major surface
has a filmattached by static charge. The first fiimis renoved after the
edge finishing (cutting or grinding) of the sheet is conpleted, while the
second is renmaweatepfilorcondenses Hatweshithese twmleﬁa%es AerhRu@hi ERSmical

adhesi ve- backg ‘5}?6 &rrot ects the.surface from scratchi ng by the handling
equi prent, it °gaGLEMm ﬁ‘écrmpmow CaSFGheésié%@%Ofthﬁ’eglp@SMSWﬂye entrap
gl ass chips pg&%%%cgmesqgmg,g efjni shing process, leading to a build up
of glass chips an rat ching of 1the gl ass surface, particularly near the

edges of the surf a@re kéinemheethudodfipeotasting gléd%ls$1eéﬂs| BpdcSfiddIBL shéetdBY | €ave
an adhesi v, ﬁépgu]g on the ass surface. further problemw th the film
approach i$ g g18FS 4R LY BPRIY 3 H@lyﬁé‘élﬁ]ﬁgo%bowtlﬁ&oﬂ‘lsluﬁfabewnf tH@eglgksaims

surface. _espofibdiinh Padsarama il lortll DAL W Bl ing JHeLe L S8, need,

therefore, for a of protecting si ons

t hat does nottypézal enethed durel mmtsmc@mabf&q)cgjrﬁaﬁﬁﬁﬂratmed wige afor a
gl ass_surfaces [

met hod of te aril rotectin whereby a glass article

with a clean, ‘@W&f"eﬂ nﬁrtg ‘gé‘@r@&ﬁfaﬁé ﬁ‘é&cﬁlﬁa@@@fwdﬁadsifa@c dhargaer

use. Acriti f r|I te | ass
Cﬂle fsi190n B re%eﬂ%ﬁérrfﬂelé ﬁ%&h&rﬁ | S|:L gg*glé@ %ﬂfé 9

I's renovability. Manufacturers of [iqui 8ss as
t he startlithg Pheehis dompletmﬂphéulerﬁlmsbmﬁdﬂslmmo}ﬂé@pmse@twﬁﬁﬁhﬁﬁ@l cally

|n§/olveform sem candugt devi ce thin filmtransistors, on the
gl ass subst raﬁrg Aﬁ@f '%%\fgﬁe?éﬁ’s?sﬁ’ﬁf eigﬁélﬁ prctsdesuricg frgmt i ng used
to protect b@ﬂiﬁbﬁ&%ﬁtﬁéh%@gﬁ@d& ¥loREDY 80 GoREAGY piloBidfie g0l nni ng of

the LCD production process. 200’ f0r egoi ng,
t here has- be@&¥ampie eumlxrhermawernctramglamllmpd pretuced dhueirig tig fhiaEfgsheet s,

specifically 'prﬁ&%g,tliaaingl't%% BLAES Tp o\f'%iass chips and scratching of the glass
15  surface, particularly near the edges of the surface. Another problem with

this film is that it may leave an adhesive residue on 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 surface,
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 pr101 to the beginning of the
30 LCD production process.



has the follow ng characteristics: (1) the method preferably should be one
that can be readily incorporated in the overall glass form ng process,
specifically, at the end of the form ng process, so that newy forned
glass is protected substantially imediately after it is praddywi@0anong
other things, to neet thi's criterion, thg coating material should be (a)
able to withstand the environnent (e.g., high tenperatures) of a gl ass
formng line and (b) the method of applying the material should be safe for
use in such an endnroewwfithe (Rpgding, tloatinag beusta el idChetdie fall #ss from
chip adhesion resulting fromcutting and/or grinding of the glass sheet,
as well as th‘l@egﬂﬁe‘éF BFPtS‘th5gff’éﬁ shepksapperafieally, sheets of hAD elass, whicht t he

gl ass may Corﬁlas‘;tme%ﬁtgo@fn%c%}%ar%fe?its {dE:i ng storage and shipnent prior to use;
e su

(3) the coating nust Icrently robust to continue to provide
protection after W& ngtieapeshdd peefetubly shotldlid ale BMWAhDedkandyer which

typically conme into contact with the glass sheet during the cutting and/or
grindi ng pr odBE@PO{@F)"SE% %SE%H%IBF%?@P&B&W%%&IWepﬂﬁg@ﬂma&ﬂ’m.%@l ofss

sheet from ‘iﬂ'ﬂn.% Jee N i.Ag, L DA . an t Qr.age S .used
herein, scr :ﬂﬁ %g(it’lng | C@%ﬁé&aﬂfégﬁéﬁ ;foz?%@gk%g%%E{Oﬂﬁgteﬁﬁélﬁs@é&alg’

subst ant :c al | ymooed l’amlxehﬁtgr ﬂ;ﬁs\mbafzge‘& ‘@.gﬁorlgf'tﬂ;?gil' ﬂﬁd&g@rqo%gétqhgg @rétélr%dﬁ,r,mt e
boating shouthe fhaitis Ratenel Dfeduibedalnbie st Sithiatd dhe Rbsonzieah t.6g t he
surface's chem o f ti.n bei.ng on t he
gl ass duri ngqﬁ%l?]g{l?{?]%rat%gg?ﬁg%asﬁr st o%e' ag‘l_é.gmq‘k{be)t %%e@gﬁbf()di %\?@Rﬁﬂ%g

addr essed0andhs atatefinbshaild delsafigfatumednngcheeknvivoninbentar t . 21 April 2004
=43111. SUMVARY | NVENTI ON The pres i nvention provides nethods for

tenporarily protet? Trg he co?ﬁ'r“ﬁafegs‘b?mgeﬁlt gél%ﬁ‘?efé‘?quh&?rﬁ@hﬁmwseﬂﬁﬂéi rt,

(2) chip adhgsneBsttidNshd/8 gtiding of the glass sheet, as well as the adhesion of
‘other contaminants, e.g., particles, that the glass may come into contact
with during storage and shipment prior to use;

15 (3) 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);

(B)  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 invention addresses and satisfies this long standing need

in the art.



its preferred enbodi nents, scratching. In accordance with a first of its
aspects, the invention provides a nethod for tenporarily protecting gl ass
from gl ass chips and/or scratching, said glass having at |east one
substantially flat surface, said nethod conprising: (A) prdiekdril 8g04 he
surface by: (i) applying an aqueous sol utjon conprising at |east one

pol ysaccharide (e.g., a starch) to the surface, said surface having a
contact angle |ess than or equal to 80. prior to the application of said
aqueous sol utlidn; SUMNARY O BHEENVENTION om t he aqueous solution to

| eave a pol ysaccha,[;éde cont ai ni ng coat - Lu éh surface having a

thi ckness of at | ehRe PEESERt FRVERGHQ RIoyide qtgo § }oz tewaerarilyquetestiasd | |

have a contack,gngl (ﬁ'a‘)%]h@g sh Sf{'m:a?l) axﬁbﬁnt dﬁ?r @z%ﬂl Coae[smﬁlr})d 1(;1&6{#] 0 f ace

subsequent |y renoving e poly sacchar| e -Cco
using an aquemamcsfei-neﬂlembodmmn&s mcidtehingr f ace has a contact angle after
0 8. In accordance with this aspect

step (B) ich is Jes han ar al

of the invention, ljtnr%c H’EC{"}%'B “(:‘Qhao%@ﬁﬁﬁ’it%ésﬁ%és ABelnvestion progisies idet ween
steps (A) andy I Q

pol i shing at ggiot&)%ﬁgé% giég%? rt%mté&gi& gq?%s%&ﬁ%\#ycg# QHJ]}?Q 513 géhmg’

wat er - cont ai mm@ ghaods Havimg aslaippbnedulbsxaﬁhellyﬂat edrﬁw,fsaﬁﬁmedwd ng at | east
one of steps cgan@ and (b); the surface of the coating has a first contact

angle prior t *PJ88(a) and (b) and.a second contact angle after steps

(a) and (b); and ?(A)Ap&,lrbtegggéthgsh{:fgcéb .st and second contact angl es

differ by less than 5. accordance wth a second of its aspects, the

i nyent i orllOpr ovi des an (1) applying an agueous solution comprising at least_ one

. polysaccharide (¢.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



article'tof manufacture conprising: (a) a glass sheet having at |east one
substantially flat surface; and (b) a coating conprising at |east one

pol ysaccharide on the surface, said coating having a thickness of at |east
0.01 mcrons; wherein: (i) the coating protects the surfaceifApiregdass
chips and/or scratching; and (ii) the cog.ing is renovable fromthe
surface through the application of an aqueous solution, and wherein: prior
to application of the coating, the surface has a contact angle |l ess than
or equal to B' .- dhe fitsé acdatdcogd icsntmet hngleandiffer berieyathen 50 t hat t he
contact angle of the surface atter removal of the coating is |ess than or
equal to 8. | n BT Wit epcang o Lisckapects, thhanvewiden poayidehan

pol ysacchari detielR B Rintg S03L E@% hﬁiﬂrﬁ(jrned as part of the manufacturing
process for the gl ass, erern BEREIf act uri ng process produces newy

formed glass at adael ewngleds chepehaing tadekiidie ABNHANTHL L ETSd; 2uf
t enperat yre above 150C when it first comes into contact wth the
pol ysaccHar i de- cofai ni h§oalduesompswing nbleashionk@edysacoberidatimthd nt o a

gl ass manuf agl AL | referced, the invent] can al so be
practiced off-I i%%q%a?&%ggﬁggﬁaﬁﬂgaﬁﬁ%ﬁﬁpg#E%Pﬂgrdoﬁﬂ%m%ﬁ; t he coating
is applied by sprestergin:onto hot glass. O her approaches for applying the
coating can be us&d, e.&#], di ppi ng, neniscus coaters, w ¢k coaters, etc.,
but are |ess pref@ redthheeatingprotacisitbieauriaeufren gaspahipsindlogl ass

manuf act uri QG635 lknce hot glass can often exhibit substanti al
back-and-fo;‘#ﬁgﬁovegb%ﬁdat the end of such a process, especially, when a

overf| odgdowndr avwi)r OCElsSodatintS RrenicVAble from the surface through the

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.



21 April 2004 In further preferred enbodi nents, the coating is renoved
using an aqueous det-ergent solution, e.g,, a commercial detergent package,
preferably in conbination with brush washing and/ ox ultrasonic cl eani ng.
Typi cal |y, the agueous detergent solution used to renpve the1oal 2ot W | |
be heated to a tenperature in the rangeddrom 40C to 75C. Cther aspects of
the invention are described in detail below 21 April 2004 -6 |IV. BRI EF

A ML A Al
substrate. Figfensdletbfehtaohutiitil ¢ Wod ik éFagledetokgaisd paikiae, t he scratch

resi stance of the coatings of the invention. V., DETAI LED DESCRI PTI ON OF THE
| NVENTI ON As nefexdibdyl imnombinatdory witsbrishewanhing andfonaliasenin cleanad-i on
provi des a had for .t enporari rotecti.ng the, surface -ass et
by br ovi di ngLeireligy i EDERa drge bRt Aotelth R B PoRREe She B RiBE lRE o
liqui d Bryst 3e k8 Rb 3Vt PSS tuRtAhd iHel Bt FRomNEP(Sto T5ulistrates) are of
critical inportance since they are the starting point for determning the
quality of the LCHthdmadpecia ¢fitheshsemion five deecrdved inedetdibbelow.As

di scussed above, adhesion of glass particles to substrates is a |ong
standi ng problemin the manufacture of LCD glass. In particular, scoring at
the bottom of draw (BOD) is a nmain source of adherent particles during
substrate manufacturing. Utrasonic cleaning and brush cleaning 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



provi de abrasion resistance. Besides protecting substrates from gl ass
particle contam nati on and abrasion, the coating nust be renovable with
reasonabl e cl eaning kinetics using mld cleaning procedures, e.g., a

cl eani ng procedure that includes an ultrasonic detergent was Agprii 2008

conbi ned with some brushing (e.g., a waslzg.with 2% SEM CLEAN KG. Organic
solvent cleaning is not preferred due to health, environnental and safety
concerns. 21 April 2004 -7 Many conmercial products are water-soluble but
t hey are not IVieceBRHLF DES@RIEDIGN OB THRDRAWENGSur f ace using the above
cl eani ng’conditioE_ due_t, strong i nteractions with the gl ass surface. For
exanpl e, there ar d'igHrs 1 skigstantes tbemeasgurementnf copisgt aaeles (alsp kiowinx y at

hi gher tenpe t Al t r.e of 40C is too | ow
for many of t SgérﬁétggéB%A_%}(%\Frr%?@fgsé?l%@%ﬁ@&g%%aﬁ%ég‘éﬁ%% ‘%SUrface. Mor eover,
al t hough good aqueiigaresdl abd Bidry ARORIIOKETER ceebs i1ushaindimoicrierhi ghl y
hygr oscopi c because it st be able to survive in a hot and hum d

envi ronmert iegisbamceid %Q%Wﬁqfsﬁi@é%‘ﬁfﬁbmeffectiveness. Alsg, in order to

not change t surgk ; ' I ,Ngme& i ng shoul d not be
chenically a?f"l veﬁ%?m%@%%%g?mm As ?gaégssed above, the
coatings of the i Assehbodiednaddropdiyedsaibeal herbitnshe phesepoivcaginar i de.
More particularly, the ﬁ%%tfj ngs of the inventign preferably consi st
essentially d%m‘ps:éieﬁédee i igetemperagidy grofesténg the sieianerof seslnsnphges iy

essentially %by?%%ﬁ%ﬁm%ﬁ@%oﬁ@ﬁﬁ%ﬂ%ﬂ& §““3§§ ?{;‘ﬁ%fsh erially affect the

coating. Thus, ating consisting essenti a | east one
pol ysacchdki de" cdntteims of heuidtcristabtisphey glaby pactitiarfiratestaats ey  al so

comprise other ¢ onents .that dpo not materially affect the coating, such
'a"s"DTEi nders, 56‘?'?/53{%?? %ﬁ?c?ffﬁglcpf Japorgange fincptheg age the piarting pommirfolies ar e

known in nat \eerriifes Bhe q@AISGWT$he LEIPIhAHIMSGEE AT S ?&ﬁafoﬁ)% sacchari de
chem stry can be found in the follow ng references, the rel evant portions
of ‘whi ch ar e shaeisr pur disewbssed above, adhesion of glass particles to substrates is a
long standing problem in the manufacture of LCD glass. In p-articular,
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.



herein by reference: Geenway, T. M, "Wter-Sol uble Cellul ose Derivatives
and Their Comrercial Use," Cellulosic Polyners, Blends, and Conposites, R
D. Glbert, editor, Hanser Publishers, New York, 1994, 173-188; Evans, R
B. and Wirzburg, O B., "Production and Use of Starch Dextri2zdg\ptil 28idar ch:
Chem stry and TeChnolo , Volune 2, R L. -\Wistler and E. F. Paschall,
editors; Academ c Press, New York, 1967, 254-278; Kitanura, S., "Starch
Pol ymers, Natural and Synthetic,"” Polyneric Materials Encyclopedia, J. C

Sal anone, editor, M EemerciBog@duetave WhtRkisoRibl@bufiidyl 24404 -8 1996,

7915-7922; and "Pol ysaccharides I: Structure and Function" and
" Pol ysacchar ingessserily weshalklafrom dhe iglessisumtaca wginpHdierabayp cleaainons, "

Essential s of boh te, Chemi strVe J. E. Robyt i.tor .. Spri ., Ne
Corkioob’ SlomBUAATh SR lblods i BRSS! BT RN 2"
natural polyshefd e Hey orddiic st AAANRE BostEohasiesohnsitpai hipraat ur al

products, e.g., by acid or enzymatic hydrolysis, to fit different
i ndustri aP aggmmemmmﬁs,ngewraéhe ¢tleaaing temmeratyyh of 48Y2ix fooddw foper sonal
care, and pai

, ndj n_ih difieatio ol ysaccharigdes having a
variety of wa éel}y @gﬁﬁgg} hn@‘i gosm élﬁgelygg?%gﬁf '°&%r@aé%f‘r‘ﬁé‘?‘éq'a QFeXAi | abl e.
Starch deri valihéagh geod aquedisbobillieNife el 4 ¥atingddbuighbtboses1ay hers, -
e.g., the METHOCEL cellul ose ethers sold by Dow Chemi cal, are the nost
common i ndus tYEEISCoRIE Peeasral must beable toswwiNeain aboigtnd brnoddct s have
excel I'ent water-: | LJ: . formdgl t ough .and.fl exi bl e
coatings. Si tﬁgglr? ﬁ%‘g gt %‘%}é}l nggr)ég%%%&géegoaithngf %fge gﬁ‘gﬁ%ssr fyd0 oxder 0

phar maceoi calbt chatygt the, suefage chémidthe ofeuflasd, whe codtimi bhsuld @@abbngs nmade
fromthese maferials are non-toxic. The METHOCEL family of polysaccharides
i'ncl udes twochemicallyastye. of cellul ose ethers: methylcel |l ul ose and

hydr oxyl propw ne ' ch, cellulose is conposed of
chai ns of Dé"ucoggllﬁ% ut PtE ﬁ?ggmd(??ferent gl ycosi de | i nkage
configuration, i.Asdiscussedodbowesthe doatingenéthesinventiah laré caiepsdsed of at

-1,4-glucosidi ¢ chain. This..configuratio esults in various
P 9 ieas one pol?rsaccﬁande. %}Ior% part1cupar{ , the coatings 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,



property differences between cellul ose and starches. For exanple,

naturally occurring cellulose is water insoluble with high nolecul ar

wei ghts up to 2,000, 000. Depending on how the cellulose is nodified,

cellul ose ether products can have a variety of different p2dpgert2&s such
as, water solubility, surface activity apd thickening. The METHOCEL
products are named according their hydroxyl substi-tution degree (the
first.letter) and viscosity (the nunber following the first letter). Tables
1 and 2 illugoogt e91Mi7925VsidePd sacsmﬁﬁa& pfsﬁh@uﬁ%ﬁﬂ@ﬁﬁh&@d% g Where the
viscosities of Table 2 are for 21 April 2004 -9 METHOCEL A Since there are
only three hyBOb%ytcl@nmpsﬂl Ghemeca@![ubﬁpymammand‘ %engﬁpplhmtm;"rmm degr ee
of substituti e OC ceI I ul o ers ter sqQl ubl e, but
when a sol ubFESH SRS hirs Hate T‘%d PERAPheFW

t enper at ur e, Y%rkiQQS' 15rpgmanaf§§U%L f| I ms can be made by evaporating
water froma METHOCEL sol ution and the resulting filns are clear, tough,

fl exi bl e &nd nonWatf:r solubility is dww flerpestxofithe. rammmlsabpﬁlmaoohauﬂed ms can
be rehydrate

' th back t o0 .,solutio In,addition to
t he starchesggﬁ Eﬁ“ﬂi%’% d&%ﬂ‘?ﬁc?@‘?m s‘%"’etHrJ‘?:ti;QﬁPéﬁc Sliiﬁlgo{iﬁ'e"‘l‘cl dor
pol ysacchar i @ggyrhhait hgarolpes ot diffetdift ﬁﬁﬁgﬁﬂ:ﬂ%p%cm@né RYERLE UHog, Nl ude

hydroxyet hyl cellul ose derivatives, exudate guns and their deri'vat’i ves,
and al gi nat epapex, @hﬁgmcm%&whmadleam agdmaintr eDe;bendmtyaaheharl des can

b d th t t t
one pol ysaccharag e gofeatrall TAmRE s nhedey of Wi aidibies Sadchar i doc.

Al t er nat 1y el viscasigbtbd b&;ﬂn@i-(;1gﬂﬁhbm§b1@a0h conprising a different
po}ysaccharl de maé be sequentlally applied to the glass surface. The

mxtures and/ or pPtargh devaetifes echrcopn shitchi dﬁrml‘@s,aayl ofihgedeyathershar i des

(5.5 F SR GCER ke 1ok e RELRY TGRS, c%oﬂ?fﬁé&%@h%“ﬁxégéef or

use in the Iﬁnt&ﬂiomqndaéiﬁwﬂtpah@he&arﬁ‘&suSEdWhﬁbl@bﬂl,arh@gﬁt%ﬁﬁuct%ﬂ?arvﬁh and

"starches" incl ﬁdes bot h r sol ubl e starches and
excellent water solubihity. 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



wat er sol uble starch derivatives. B. STARCH COATINGS Starches are naturally
occurring polyners. Potato, corn, tapioca, 25 wheat and many ot her plants
are comrerci al sources of starches. Sone of the basic properties of
starches are water solubility and bi odegradability, i.e., dedrgoho@h by

m croorgani sms. Chemically, starch. is agqolymer of D-glucose |inked via
a-1,4- or a-1,Gglucosidic binding. There are two kinds of starch pol yner
structures, 30 nanely, anylose structures and anyl opectin structures.

Anyl oses are METROCHIAACISIA® et age bANIRed hididxF] drotpYsRShEI C bi ndi ng.
Anyl opectins 21 April 2004 -10 are branched starch nolecules in which
several shor tglorenyananesiy riogeththaiaximuw degree of sulmsittighie8se units each are

linked via a--1, 6-g| idisechi ndings. Nati t i st | d

wator i nsol ubi e or i HGRER Pl F e h 48 B SIS B i &

anyl opectin ralesed 65t BRGEARELE M4 t6Y dbOGLN pr&icbanslingd t8inpRRItudé r£ct % or
en

via water hydrates to formoriented mcelles or crystalline areas.
wat er is dudegfl fameg. IMEFHQGEIsfikins eamboaasie bynevaponeling watehfromea easi ng

t enper at ur e, I Ll Jfurthen..and.the viscosit f the solution
in(r:rP eases. At g%?)gf@;lseég‘f&%%l%# Seiyag fmsare degf’aﬁsf’é‘ﬁﬁgﬂﬁ’ﬂbreea’% ructure
i's destroyed.nobr#xeal Ined lovt benpéseard Ayudds s6RIR%, Edngcadbalthydnded cl ear
solution forns after the tenperature passes the point of maxinum
viscosity. Corparea@ ged andithon sethackinty sodttigmshes suitable for use in the
resent inventio .10 |ar Laht.s. and lL.ower viscqosities as a
Iroesult of acid orﬁlé%?yﬁhea%{é%{rhf a |Cgllr¢8%fld¥é§ielg%§ '\%% 1}?3? gfslcgfse 2% i gh
mol ecul ari0 1othet polysmchadfeptioduabbeiasidit@hé pemtiatdf (Re shvghes. These

liower ol ecul. ar ights and | ower viscosities result in coatings that dry
mich faster %ﬂ&\aglhé(d’é‘ﬁﬁ’ieﬁhylt"éﬂ%ﬂ depigativere egndate gurs aed theirh an aqueous

det er gent SOldé%i;v?ﬁve; .tmealg.gi’ﬂeg_r Aﬁﬁg?ggﬁ%&g%e (?sgraa[ ch =surglo§o have

excel l ent solu Ity in colfd water egra starch products are 20
sonet i nes calpobadehdridessan be used in the practice of the invention, e.g., the

-coating can comprise one polyéaccharide or a mixture of two, three, or more
15 polysaccharides. Alternatively, a plurality of coatings each comprising a
different polysaccharide may be sequelif_:ially applied to the glass surface.
The mixtures and/or plural coatings 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



Wat er - based spray coating is the preferred nethod for applying these
coatings to glass substrates for particle and abrasion protection. For such
applications, the agueous solution preferably has a viscosity between 0.1
centi poi se+and 100 centi poi se. The coatings can be renoved fXomrpedidect ed
25 glass surfaces in reasonable tines, tygically between 2 to 15 mi nutes,
ina relatively | ow tenperature aqueous detergent solution, e.g., a
solution having a tenperature between 30C and 75C. Exanpl es of suitable

starches are fdWraNckadbtatch molwaxlesinivkich sbasial she@ b Wilylbsddtmikeen
degraded by an enzyne and nodi fied by 30 propyl ene oxide, and CRYSTAL TEX

627, an aci d-Withr28l tpZAfoDtelpsase andtspach argdinkelvia gok. brebcositie bingtinguct s are
avai | abl e from Naty.onal .St ar 21 ril. .2004,+11 Chenm cal Co ny,
Bri dgewat er, New }\Zﬁ&%‘éﬁﬁ’t e)%r‘l‘ﬁ%\@%sl%ﬁgtedflp %u%el %135’???%' gﬁ},‘e Bt _u?}e%/ to 2

cps at 2.5% Gaeceniposéd oMamiloey aharmEbpsain @otbcalR-asby@aRAa3PhFdlogeah
films, and they do not gel at the tenperatures normally wused for coating
removal , . g.hondingeithendisectly oravigurien brdrates trironmiemed TniellGOMPONENTS
As. discusse c ' [ i r awhi,ch peans, that
they are att %Egégﬁ%e %}e%%'o%eglﬁi&épﬁ%%% %((:i ﬁega)'s&%g%t %%lggiegnaé) SPERgater #,er

pol ysacchar i deseliarwitl sersish] einperatuetied hadhlesAed! flirfyand i coatings
of the invention preferably in¢lude a bjocide to elinnate or 10 decrease
mi cr oor gani s HSROSKE lf Bhe saltien trarasesu i tridie podntgfanayisumiisaesity, the

Commer ci al bi_ggci THN 0 S I'S)C%V | 75 (Dow
Chem cal Com:?g%y e@?éﬂg} zgr?rép tgjgé of S%;%ég fggez@te Eézf?% 23%93‘89%035 (‘):{rreasfe %i )
pur pose. 1Bor igtadeally and aalea sobutiefbrins aftsrtthelteinpergnosphs®t the point

m gr oor_ganirsmg. 15 The, coatings can al so include one or nore plasticizers
whi ch may be %A BRI F 5895 1Bonpound. Exanpl es of suitabl e plasticizers

| nclude —sor bi t ol coBlkied 8 nafthOKt:E0Fed) LiBhes ARLAL A EAGNTE Gbserft

m xtures thereof Su conmpounds can reduce the tendency coating to
becone brit iheertior bavenlomedmdlesilaifveyghtaandllsoer viscatided hea yomdt bfiess,
abrasi on acid or enzyme 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



20 resistance, and elongation of the coatings. Preferably, the coatings of
the invention do not include organic or other nol ecul es which have strong
adhesion to glass surfaces and thus would be difficult to remove fromthe
gl ass surface. .Exanpl es .of such nol ecul es include | ong carb@i Aphia2@04 oni c
surfactants (e.g., nore than 18 25 carbpns), silanes, and sil oxanes.

Typi cal concentrations for the aqueous coating solutions of the invention
are as follows where the val ues given are weight percents based on the -
total final whghicabCotpangoBrideenatdrpNgsakabayr. i Teyxhapol@niolntio. 1% to 30%
with lower concentratjon. 30 values being preferred if the pol ysaccharide

(e.g., starcl}Seopliescks: 4 thdgRs afiZlls spripnévation, ey formpglessy ambnon-1 2

Biocide -- 5 : 9 | | yeness.of the | oci de.
Because bi oc%&%gggﬁ%@cgﬁé‘f{%gﬁtﬂ%g&%%rﬁ%# Qgcr%fl%gg%éaﬁe%%é?rat‘fﬁegﬁ‘&ma Y of the
coati ng, the Wseddbd@®atmpaentaval,ieon, sopdrdtwet ofxared /4P, of the wei ght of
t he pol ysaccharide co nen Plasticizer -- 0%to 30% The above |i st
of opti()nél mo%&rﬁﬁﬁéfmAgiﬂ%pM%OMﬁ her conponents can be
included in the caqaty; ' e.{ | i j I D. LI CATI ON OF
THE COATI NG The c%‘%{iﬁ%%?s%fg*t’i‘%fF*ﬁ?é‘??‘?%ﬁ{kﬁr%eg’?‘i e&?%%?byle’a‘ﬁ%%?éae%s t he
glass 10 surthacthdyyarspittacked bg skotrganisais sueh apMHayeatchad fgegiand an
aqueous sol vent dej.oni.zed, wat gr) onto th%%urface and evaporati ng

the aqueous P(Bgﬂ-ﬂ’g-?‘é?hfi&dﬁf'taﬁ%al%éﬂl_ 165t trBrcheaatiany ebccopdingbathag sol ution
can be appl i edatifedoidhSaventidpRAAN AR ABREAL S Hulnb il ange of

20-250C wusing an"alr spray gun wt O psi pressure. 15 As di scussed
above, tRE cdatieage micppedaeristlattankuin € doatiagdeming stbrugeathdildpineat. gl ass

oot '« Soie bR ioG S SRR QR 1S e Rma BOGIRL by "
above 150C, aB8qDERSChHRREECRBI g AVEedBRHes WB0Bidel €hat can be used for
* this purpose. Boric acid can also be used to control the growth of
microorganisms.

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.



tenperature of the glass is preferably neasured with an infrared detector
of 20 the type commonly used in the glass making art. Pol ysacchari des and,
in particular, starches start to deconpose above about 250C. Thus, the
preferred glass tenperature at the point of coating applicatliApmil2G04 ess
than 250C, a tenperature which new y-forgged gl ass reaches quite quickly
in, for exanple, a fusion draw glass manufacturing 25 facility. However,
since a pol ysacchari de/water solution is being applied and since water has

a hi gh evapor ati oBik8aé ,- BhgpRVRNI Bidepanding@i the effective@edd fxhesur f ace

w Il cool the glass_quickly. Thus, the coating solution can be applied to,
for exanpl e, BocidegBesausd bineides mahehangsibe skemviedAind wechamiealt enper at ur e
of the aqueo Ut i i A -V ] e. af Q 20C t oC i.e.,
neat ed ool ut | DigBeElts ik 2eBife RN bUBHANRS Soudotiad B9, L%

hel p dry the sfaakivdghheithehnlglaackanddedmpiendl April 2004 -13 tenperature
I s less than 150C. so, a heated solution has a | ower viscosity than a
room t enpér at ur e FdALicGwsa -wBc® %h be beneficial in achieving atom zation

Of e sol ut on.  THie §BUPRLALGRAlI LIAAUERYS nopal i AR. Bl SGHESS

shoul d be bel ow t he ge ysacchari use bse

pol ysacchar i desnpdi@htdemtbaigdhdqabinthe dapinigs af tlhirdientide i€0aditdily as part
of the gl ass manufacturi rrlll%pprocess i s advant ageous because the glass is

clean, and tHe codEFAdCATION (It T8E CRATIHGss "during the remainder of the
oLl 15 e L0l BB o B

t enperat ures neans tha applica relatively
short depéndiswgfarn byhwraging sasolutibn bf thepglyasshaside aidwn hgueme and t he

dé§i red mninmum gl ass tepperafure at the end_of the application process
(see bel ow). S?E‘]«'é"’néﬁ%rgs dﬁﬁ?“{f‘zf?"é Snw‘i‘?e?}’éfaé’le addr §vaPSFALting Brsses,

I ncluding fl = r fUSd: r cesses.
See, o 15 cumeale PR e e B RIC s clRy AR AR T

i ncor por at ed behmpdied toya glaferserfaes havingei tengrdratwete)in tha rahge sf 20-280%Cv and

fusion draw processes, the new{%-é Pl ”&9 gl ass sheet is oriented in a
vertical dir AR air spray gun with 20 to 6U psi pressure.

15 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



In such cases, the aqueous 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 terns, dripping can be avoi ded by adjusting the spreaydrie2@d4 t o
keep the glass at a tenperature above }EQC t hroughout the coating process.
As the spray level is adjusted, e.g., reduced, the concentration of

pol ysaccharide in the solution also needs to be adjusted, e.g., increased,

to insure t hadmpéraRBreRaasitR BB Afso POh¥SRABAIHHFHAEAINGS: L he surface
to conpletely coat the surface of the glass. Rather than spraying, the

coating can sissositiethapph rewn flemperatiire solution winichchn beibynefgizdted with a
solution of the coating.material,. her ssibilities jnclude dipping,
meni scus coaff Ymrgoa}t_fjg’ﬂga?t“m ﬁéﬂ’@ss_,%)hétb?% 'gge 3%%??5?5}11'%# BIREF pr ocess
whi ch bri ngs s§10€ioR 08t doBseS Bhhidbk halb® 168 "ge?ﬁBint\ﬁTEAlEbr #@95%&6@3?13%%3%_

Spraying is considered nost preferred since 1t 21 readily
accommodab esfaordhesepelysfcchhnidgs blsat haveragelgednby t he gl ass manufacturing

rocess. Typicall oth sides of .the glass.w ||. be sprayed.
D i tanconel oo LoRBRATbEOlITE eBrtibd as Tarhat the B4k BRI IS BESTER be
performed ifjdasiane eo‘asmga@&aﬂﬂe@ams%manafzaelcéaé@ﬁg%J_@H ofbcPthgm and

is preferably less than 50 m. Mst preferably, the coating thickness is
bet ween 0.1 glags doring theemaindercdahe mpniwactogngprocessi rpdicasionodur

iy, i.e. . ' | f |. hari | .formed. W h
conti by 1 o1t QAT ey R8s Rno bR SO REARR BT B e Rg R Rk (he

gl ass suif acmagibeling hRMelAlely dRo FRPEn Ping@RAfHNAtERE RhicH fhd Slabl - E.
REMOVAL OF THE COATING A key to a sucgessful protective coati n%lai s havi ng

it survive theingfere¢handihedesiret minimwa glass tentreratume\atithe emtdeof thesi r ed.
Coatings co sc%g.ogf%rggés)é%%cec@e%&ges can be applied to the glass before it
e BPrS |

is scored 15 ne and are robust enough to survive the rest
of the manufact Urhdglaps anesie fofhiry IBasbveealrdiffored ppycodséd)inaladinus

commer ci al ]
float 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



det ergent packages either alone or in conbination with brush washing
~and/or ultrasonic cleaning. As a further alternative, oxidization of the
coating, e.g., ozone-based oxidation, can be enployed either alone or in 20
conbi nation with other-techniques for renoval, although remiaipringddd a
detergent solution is preferred. Mre paffjcularly, water-based ultrasonic
cl eaning or brush cleaning or a conbination thereof are suitable for
renovi ng the pol ysaccharide coatings of the invention. The use of a

det ergent, ornreaidyatdtenmbdaids meve2benteifithy glegunteduted bethy glasher

contam nation such as.oily materials_and _particles. Typically, the aqueous
det er gent solTEPBRCGIPE Bé’cﬁﬁsed 1%1137’[@1?5’&13@ qsa{-‘tfitgﬁ glassovsbbaderaxed| have
an al kal i ne | 200 BC. | i tabl e,

W th hgher amsRaelly A GIPRIGHEHiR) BideOr 2lRld) fobs kin B L2l ot

t he coating, peafdariedafdesiredl. 30 or gani ¢ contaminants. Cleaning tine is
normal | y bhetween to 15 m ,ui?es. -15 21 April 2004 It shoul d-be noted that
the renmova of thdDeFRRIRG tg‘é. nggs ghsndd Be abree Oftiwpaand ispretrablyclegt ass or

the gl ass ca We]o) t] zeﬂz- oF n r of
liquid cryst ;nggi@g‘}rg'y g%ggéeégfa@k’dﬂ{%%ﬁl{sh r c(fatkr{férS gﬁ%e%v{r%gﬁggaﬁaﬁn%jf rom
the gl ass. 5 phn Wiidd she doatingds taf tlincpnt helgs obtdie aseilai d.| & YoRfinhbes gl ass
surface bef gre ac{%d fter cpating renoval can he measured. This can be done
easi |y by neddtRyofgpotysacchanideds nohdoranest. Whendiheroahiag istoq tHck.it f ace,

whi ch can be § i . | i e A
schematic di z%?‘ggngogfl %%ﬁe%ﬁéﬁ{he%F%&%@%&%%ﬁ% élﬁg%s oa‘vIvlrQ]i %h% qi’l%{é%]%e 1,
where Oc 10s ukBgé hfcoabdumpanbteaizds és highso referred to in the art as the.

se$sile drop . cont |.e n |y, the contact angle of sessile
wat er drops ¢ thgﬁ%ﬁggsl‘ggﬁjé@ebégﬁﬁﬁs enoval of the coating has a val ue
of less than or equalyt tgp‘ﬁ:ggs?,g%ﬁ%t R&ha AL A vidlal sed to
determ ne coating rerjrro\c/)alS icnc ude EechA ar?g T&Q%I%NB 1§@V%EB ESENTATI VE

BENEFI TS OF THEmufAMENRZONoGse aofd stibbbemmbiveBlecfhémdesired.e@batdngd s its

ability to prcgzgne)gst;edgéﬁa%fysaccharides can be applied to the 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

7 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.



sheets from anbi ent contam nants which the glass may be exposed to during,
for exanple, storage or transportation. Another benefit is the ability of
the invention to reduce chip 20 adhesi ons when a gl ass sheet is cut or
ground. As discussed above, glass chip adhesions present a XiAmi i®ant
problemin the manufacture of cut or grpsnd glass, particularly in the
manuf acture of LCD glass. In particular, the present invention reduces the

formati on of chip adhesions by providing a stable renovabl e coating -on
t he surface. of thdtgsowddesmatedthat the reswirahefi thercpating cphbesient dtyathlee

bl ti . ti t t i ed h [ d that i
oY abved anaRineRERN e fhe SOZL MG OBL: tn BOPERTR] %o therlingte artr, o
" shi ppi ng, bute.g'.,samm@du@efiwmﬁc&fﬁgpgﬁ?mmﬁ&ég&dfﬁ@uga i,ng adher es

to the glass via interactions wt I Ca on the glass surface, and
acts as a bamremeve lth¢ werding fronsthefgless.of 30 the glass and the gl ass chips.

Because the coati reguces or events gl ass April 2004 -16 chips from
corming info cont aggv\f? TEIHAVY, (LA coatine, %%wﬁTa@éég?ﬁéﬁ,g?%ﬁéurg’_&@urrence of
chi p adhesi O%ef&e%%@%-coétihgrrbﬂﬁ‘/apéﬁﬁﬁé algs@fed! "hik LYRBEIRRe Bl the

surface of the glass sheet arter renoval of the coating has substantially
t he sanme chebysnesswing i1s compactrangde oba liguidhdippmi the swfmppwhickt ¢caanbeof t he

coating. F I th I f. f | RVGS face
¢ oughnass | cPERORERL Ly CORAPS D eheg rmhRen £ I arh SRR ot o c
force m cros ﬁ‘ﬂ{%ﬁaﬁfﬁ%eafoh%ct an@D¥Rhs @lenldif i;§§ﬁ<w'vﬂf9n Fiaue Y Wildze ol The

foll ow ng exanpl es provide detailed illustrations of the invention, and
are not HAt efbedontact angle, alse refeorsd tofintthe arhaethe sessilodtdyeconsaeci fi c

N TACK NADEXSBR, Atreaskiloly A Chten, 37 el eSisRe ST iRn oA R onal
Starch and CgRi¥s&akfacafied ymoPil fF3hwabing Neya Janseo)lesghad & ddual (EVSI ZE
CME 60) fr Omto 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



Kal amazoo Paper Chenicals (Richland, M chigan). These starch products are
produced by hydrolyzing raw starches using an enzynme or acid.

Al t hough-they are all made fromraw starches, they have different 20

nol ecul ar weights, pH s, and chem cal nodifications. They ar2d Agris200#ade
fromdifferent- raw materials. Table 3 dggcribes some of the differences
anong these products. Al these products are polydi spersed and thus they
have a rel atively broad nolecular weight distribution, with the wei ght

average nol e@%@@'ﬁdﬁ@b@ﬁﬁn@ﬁﬁb%ﬂ&ch%ﬁ& thnswifhe ¢fahbeddssshasg ik and nore
than 5,000. EMSI ZE CM5 60 has the highest average nol ecul ar weight, with

PUR TY GUM 59cdyerenge of pbipradhesinngisasducethe | onest average nol ecul ar wei ght
products are CRYSTAL,TEX.627, and DEX 772. .Seyen,,NET L .byand cel |l ul ose
ethers acquired fggﬁ*l-"l_ki%/a%%nt@%rﬁf% lq\ﬁe&lzlé’ﬁgf?%ﬁ/?tcme ?a%fgﬁ%g St est ed.
21 April 2004heet aftbh@eftloraBofthlTohfihf had $RUstahtiNEy theSakltOcheesistry ahd LCD
glass sanples (5" X 5" X 0.7 mm) produced by Corning |l.ncorporated

(Corni ng,5 Nemodtdmieps agitchrdpeer tavapplacas tha confengi Her ekarhple, phst yrrer
film. attached with. an adhesive, a he ot her | or ysurface had a film

Lt achad o petey stataCtRRRIEbY Bas A M R TbulBhas 18 a5 Sridtafy,
covered w t hg8BearonldtbAt 49mB sy bt Aohfic €diet AeicMRSoBNABNME aRbed. The
procedures used in the experinent were: (1) pre-cleaning of the substrates

and det er mi neeheralof thereoatinge| of cl eanl i ness using water contact angle;

(2) heating (s]ubst]?ﬁgﬁfp g spray coating them (3) neasuring the 10 water
contact angl e’ of e coated substrates; (4) renoving the coatings; and (5)

det er mi ni;g t he |'Byefoliviag erninbhagiotidetdigaied dlusttfionfdfehe r enoval of
t'h‘p coatings, again using the contact angﬁl e nmethod, The pre-cleaning of
it

Stibstrat es advgBlipngand pge pefnigbendedstodyntt thgscoppseltheaverfiomtg g st eps:
(1) 2% SEM :15 substrates or coatings and
%ﬁr o 'i:é)i@&rﬂ)@fittﬂgrelﬁ.

hand- scr ubb using a cleanroomcloth; (2) the substrates or
coati ngs werBX4MFBEtled to ul trasound cl eani ng :

Four starches (PURITY GUM 59, N-TACK, NADEX 772 and
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.



(40kHz, 2% SEM CLEAN KG 40C-50C) for 15 mnutes; and (3) the substrates
or coatings were subjected to brush cleaning and spin-drying using a brush
cl eaner (ULTRATECH 605 Phot omask/ Substrate C eaner). 20 The substrate
tenperature at which the spray coating takes place affectsZ2tiigrip2derti es
of the coating. At higher tenperatures, gycoating material beconmes drier
and al so has,a greater tendency to experience chem cal changes such as
deconposition or oxidation. These changes may strongly influence the
adhesi on force betPeeglatheulgitrses swed b thetrdtinhave?d 190D emdseri al . | f
the substrate ter’ipera},tsjgrg j s too |l ow, coati ngs_dri/ very slowy and |eave
coating dri pSegplentd hpr acd’ r@%\ﬂ%ﬁ‘}ﬁeﬂ@.’%@ﬂfn@@ﬁ noggporatepeCaningindesi r ed.
As di scussed 14 h ' f | nventign can..be “applied
o substrat e mavcr) BeERTkL00Ra8 bovciEs BRERE Al IS pARGRTIRS ) 70

si mul at e t hesstdchrrevish unesitiesive, hadehabttey &bt bitdacdhad §lAansdasdd
substrate re pr.e-heat e%ﬂo?’l a hot plate and renpved fromthe hot plate 21
April 2002 - PF staficsprigp dpthreapogaere sempvesiprd tha sidejcovaredatith she
removing fro (T ] : e spraying (T2) as neasured
using a ther%&%&P%eda%g%ﬁgéa}%@%ggﬁgﬁ PQGT%‘%%{'data I ndi cated that the
sprayi ng tenper at The proeaiuresvesed itethel@Perinterithieerst fs) Hiat GedSRRRF LI € WS
300C on the hoi1 5 qufate and the spraying tenperature was a little higher
than 200C i f SPheratsand dgterpinationef fhe 1oval of legnlingssising watbmepdBeiC.

There was so i 124 : ad i a her ef or
substrates m@giggﬁo%dé% %t{a&g%#@ﬁa&f@ra% ﬂ;ﬂ{a ﬁé@e‘hﬁ%% ghei/\as ar ound
340 10Cl0or veder corgackexpgle iofithd eoated stibdtrates; (@) asrhbviggahalcbagniEBRAr at ur e
weoul d be aroynd, 10 20QC. tact .qngl.e was .used as the najor
ch’gr acteri zak@oq‘f’ ?HBW?%F%&XF?HE;&S $10f Ehen gubstratps afgerefupvaladt and
casi est et Nede bt afhl GlRE (RO hndFTiIIE R aba. OT gani ¢ pol yners and

I

have | ower surface energy than a glass surface so that higher water
contact angl es ar €hepsec pof sitstmtdbacwalliasghe réfmonalpfasatiags f ace is

very clean Wutsere]cf) ng B)?llo '{E‘gﬁ s %%I ?ﬂeﬁ% éﬁf/HCLEAN KG wés sprayed 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



wat er contact angle will be extrenely |ow due to the high surface energy of
gl ass. Thus, the surface energy difference between a clean gl ass surface
and a pol yner coating as indicated by the change in water contact angle
upon renoval of the coating can be used to determ ne nacr os@A@pcib2d04 i f a
20 coating has been renoved. M croscopi C, gret hods can be used to suppl enent
the contact angle infornation to determne if a coating is renoved
conpletely without trace residues (see Exanple 2). Table 5 sunmari zes water
contact angl gof §3ubiny MMUmphiarHha FRE5s13 R0 IR HIEELS @@ﬁ d. The
smal | est water conﬁf‘& angl e that 25 c%ul d l%e rreasureg{ y %E@&ga%ﬁe%értgnt
used was 8 dedated¥ 1hand judtdefirhispragial (E2nesmessdredsusing artHenad@updd . a

cl ean surface. That i.s lor, to | j.cati.on of. a coating-the glass
surface had e shouein abiedi 2b8 defl ndifated Hiaf thesmasnd tommagne he | ow
viscosity staffloRePial 300%RT & the Yibst-QtiR &8 ] bove

cl eani ng process.0 The N-TACK coati ngS was gﬁ%é ler t a%qjﬁe&gﬁfg‘?o%oati ngs,
whi ch is §enelaie] gndithiespragingtenfidRhfretasplitile Agher-than QPSS gied N- TACK

have a pH nore close to neutral. PURITY GUM 59 s an anyl opectin-only

pol ymer. Conpibegats temperatyre ﬁ%aa?rsﬁf'&%ﬂyc@gﬁ%gh%ﬁﬂ g Dheromancnme

anyl opectin . t L1l I tg]}@e i V. e
because it i?eglagﬁgi(ﬁ{ﬁ]@%?&%%l @%ﬁ%%l%gr oxnyg%ggﬂgtr%fj%h&%eﬁjiéa}l&%gl may be
undesi r abl e fiiont ¢he hotnglgtecwhse the témperatticswag adoumd §40 engeCavresitiigage and
transportation. The data.in Table 5 indjcate that none of the METHOCEL

coat i ngs -was *XREFbRERts sp thatdbe stagting cortingtepRreratBrewarld beareds of t hese
product s1greqggéparabl e to those of the starch products tested. Although 10

no} wi shing to be bound by any particul ar theory of operation, it is
bel i eved that th€ohiEtHatElk woatsetgss thermajuoticharagpésiaion teifiradatiegause of

e ecu g kel S SR GcuL At DYt pacn, bonding of L1 MR
Soci ety " Vas MBRIHOCEDs ate orgh38Epol¥thers and have lower surface energy than a
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



15 All the starches tested contained nore than 70% anyl opectin. In the

anyl opecti n backbone structure, there are nunerous branched sub-
structures. Cellulose ethers, on the other hand, only have a linear
backbone. The branched structure di srupts the hydrogen bondiXAdicdeen
starch nol ecul es and nmakes such products;gore sol ubl e than METHOCEL 20
products for the sane nol ecul ar wei ght. e linear structure al so

i ntroduces stronger hydrogen bondi ng between the cellul ose ether nolecul es
and the gl ass I 58 8ad N-TATK hhesg pef fet sl0ds € Rehi:aY ePURITYCQTM isout e to
METHOCEL nol ecul es being nore difficult to renove than the starches. 25
Wien boric acislamamydertstintanlypolsoga. CGahpatedrmithghe liglear heaylogeTHOCEL

coatings were_conpletely rempved fromt.he gl.ass surface. | | eved
Chat | addi ng. bBFRERIE theruaREReT PmelRRekp et ety RBLER: i i

nol ecul es wi t BotHag a%i%ﬁ?ﬁ vafi@GRcahée R1i§8 soblfurs @.&R@I‘a&ﬁetl{yl@dﬁ%il%%\'ﬁe. af f ect
the washability of the 30 coatings, two commbn biocides, i.e., ClL 75
made by Déw Chugh ediigh phlimaxtiecrndexinahliesiboe ohay sadseHamdacemdckingest ed. The
data in Tabl e,21 ril 20043;20 G‘iEQM/tg%t.coatings Wi th biocides are

still easily POHBEINGIFIPLEORRRRART HansPYLBUERy (i scussed above. Therefore,

bi oci des can be uss@ ddthiaTablasvedissicthat heht bNthPEETHORIMBYRingsThe
effect of an "activated" glass surface was exam ned by subjecting 5

pre-cl eaned gwassomphyelyaesoved exenéhough Bt meoleculsatweiehtagfithese i on of

starch coatings, ecifically su rat.es, wer re- heat to 600Cin a
| abor atory fu?ﬁ)zlgg%oagre i agr%er%"?g Sea?%f}i‘8|siao’i‘k£a’r?§“‘@8§?§?§- gg‘éwé‘ggc

bef ore rawovahof winkihdeo beboaskby Ahe parhictlaatReoryRIf OptRtibmDitEadliefed hot
pl@te and coated in_accordance with the procedures descri bed above. The 10

coating t ook Hiakdbe MERHOGBL coatdoesvats Bet ecommletelnzemaygs becanse of r enpved
fromthe fur zﬂg!g L LSt . : ates
treated in t %g&wga} alg!a]%h%eﬁlgieeteaﬁlaﬁﬂ{ t Péeq{]%%f&el?gp ggﬁ%y@%’%ﬁ% i ngs were
renmovabl e fr amoldealaactSeeak EAGHssf Water-Soluble Polymers, American Chemical

. 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



The above results show that the polysaccharides of the invention 15 and,
In particular, the starches of the invention have excellent water-
solubility and leave little residue on glass surfaces. EXAVPLE 2 Three of
the starch coatings of Exanple 1, i.e., PURITY GUM 59, CRYZTAprTENH27,
and EMSI ZE CVS 60, were tested for their particle 20 protection ability.
In outline, the experinental procedure @2d incl uded t he follow ng steps:
(1) pre-clean glass substrates and neasure initial particle count; (2)

di p-coat sub | J.- ‘he Ngi r for 2

m nut es; (4)3%%ﬁ%ﬁ%?ﬁQﬁgﬁgﬁyg#ﬁgﬁéﬁdﬁf?%”gﬁggéﬁ%gr??%?@Egﬁéeg%gﬁgﬁﬁg edges
25 of two pi pressell difdusgédabovan Tiviefrethiocidés cdn boadsebwidhdusubst r at es;
(5) age the particle-contam nated substrates and all controls in a

humi dity chagtaselyiatfecngcastingresovd®sc for 7 days: (6) clean the
substrates; and a, 1.4 " I : ein
particle count(mﬁgggﬁ%gggg e%&%&&% tgpﬁg 8@§a9§§H?gé%gég%EJPﬁggggﬁgic|e
count bef®r epancleabddglabheulptestas so aRrat tedatm2ht Beford apflikhtiodloftatehct i on
effectiveness of a coating was estimted by conparin &Srticle density

changes on cestBgsampeaiicably dbesmbstrateseuerempetheated bopRlF Mt i on and aging
were perfornpel, ‘.RS%' AR for(‘éh?f%'@ ﬁ@.hu{:e%ba(}fda&]%vé{ed %]c%%f‘top%ﬁo-gg ng and

particl e inspec were done a cleanroom ep ose of doing the

coating in abé&brorvnoeml fiven the Re®acé NThekabstraiebsdratthon phryd bhemhetnknown
contam nati on sources. Spray- coating_has a great potential to contam nate
a cl eanr oom Rigée and sozfed in ageardagesithdbemspeadurendessaibed abayeohbe or t hese

experi meyd s. : y . ' VA gl ass,
o Frm b i sehEpe W DLRESHARL B & odulanBR AL B SERRIA wrlcVaniirge
scrubbi ng f ofrbovide fublyacsl tTade Bilists tleawhtey dontaet 2%gBEME bbb €S sol ution..
T e at G s Pag A5 o boon fn ShEREEL, SHESEA! SSualis WB3Sr

removable from the activated surface.

The above results show that the polysaccharides of the invention
15 and, in particular, the starches of the invention have excellent water-
scﬁubility 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 pieées of LCD glass on uncoated control and coated substrates; (5)
age the particle-contaminated substrates and all conj:ro}s ina humidity
ﬁhamber 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



The cl eaned substrates were inmmersed in a coating solution (<5 .15
seconds) piece by piece, and taken out for air drying over night. Dried
substrates were heated at 200C for 2 mnutes to sinulate the spray- coating
tenperature. Except for sone controls kept in pre-cleaned cadeipril 2004

I ndividual ly (see below), all particle- (_:‘pﬂt am nated sanples on a first open
PYREX r.ack and all uncontam nated sanpl €s  on a second open PYREX 20 rack
were placed in an oven set to 100C for 5 mnutes. This pre-heating was

performed to ﬁ%&t%hﬁoﬂ‘@if@étiﬁé%gﬁgﬁﬁ%ﬁ'i‘n%Rra%%ﬁn?d%@& by RbEDakihg %frt{&}]egh

tenperature/ high humdity chanber which could wash away sone

coati ng. Thedsndisy chameeswar@atethend anedated sabstretased t o TEFLON racks and
placed in a hum dity.chanmber with 85% hum dity at,85C, The 25 substrates
Wero taken out  of PAHECIRGHF @I aERR AL SEPEory PREYERERin A9 Ing. The

cl eani ng was cp&h{QN MfbrRibry ( Bleddifg! é&ﬁ%@&lpﬁﬁ@é £%pBkdifh were done jn
roomtenperature deioni zed water, arter I ch the subgtrat es were placed

i n dei oni 2edawddaawotm. Freventpose of danguhe céRing and-clamnrbimngasid keep% 30

SEM CLEAN KG at A40C ﬁ%& ul trasoni cati,on’ 72kHZé1'i n.2% SEM CLEAN KG at 40C
for 15 m nut 8¢ elasy Sybeigaer aNEy5oR WHERAI Y Frntaminatian sowses BPREHi | 2004
_22 ult rasonb&a&m%aeﬁ éz%)ré‘d'ﬂzﬁ otéﬂiapﬂo%h%&ﬂiﬂﬁh%rc1g%1¢gﬁ 304 ,tﬁut utes; (6)

ul trasonication ( In deionized water at 4 or 5 mnutes,
(7). flood- eoatsigyaspetfodeedmi thelclwansrom frdthese expporimgntsA vari ety of

oreater range.of ‘ShEAERENES nGkE 8 vt ricen P L PRE L el el i g &
CCD canej@ t¢higk! T8k dladubstaddd ﬁéfegﬂre-éﬁl@@n&puéiﬁmd%%mg foll§wsdat i on

' yﬁartlcles | arger than or equal to 10

‘eharding particles of all_ sizes an :
- m'crons. Fouby sitrasomdaclegning gl a 8%nPEM CldiAN Js@ gohdidnde Mbiefipittdur ces of 10

tam nati d b h f t I f ol | I
Tani o 7). coteper A pafRid Bk ootnEC R SRR BuS B B e G Eedent 11

a been dried in air.

The cleaned substrates were immersed in a coating solution (<5
.16 seconds) 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
cleaning.
| The cleaning was performed by: (1) rinsing the s.ubstrates 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)



pre-cl eaned TEFLON case. The case was opened only in cleanroom Control B:
uncoated but contam nated with glass particles. This 15 control was used to
determ ne the effectiveness of the coating in providing particle
protection. Control C. uncoated and uncontam nated. The dif 2érA@nt200det ween
this control and Control Ais that this g&pntrol was exposed to the exact
same environment as the coated/contani ndted substrates. This control could
20 thus detect contam nation sources other than the scraped gl ass
particles.  GohElicdYionr QLM ddingiRRY WHtERLEL°W o saﬁiﬁdt@]%ﬁé) Thi's
control provided information regarding contam nation fromthe coating

i tsel f. Tabl edtr8sdmicatiors(Wenchlz)zim ddienizhdmypeer at 4090 for banitaries;t(§) flosd-t he

di fferent substrates.fraombefore the caating (initial after the final
25 Gl ean ng. ERISHE T IROREES RFCeT And a0 STe! A GfiaseurRUR nat | on

area" shows biehbi8s Wees RasPid Hrd2ey La«u&@efea £d ALLRY rhnfe of L e area
W 2 ik

with a particle density exceeding 25 particles/ next cOl um shows
t he adj usﬁedp(aclmleetﬁeed) particle density i ncrease which is cal cul ated

based on the fingl and initial particle densit |nthe rea w.thout
macro 30 cont ami ngﬁ‘?tﬂ)‘ﬁe ngmherg a?g? ﬁau%f@ﬁw%agjﬁis ategihight n
triplicate, aagtedifie a4E Bgﬁﬁm?énﬁ%vf&eﬁqlaﬂﬁﬁx%ﬁoﬁ ﬂegﬁﬁglﬂg%ﬁﬁ&eg‘ bfafit andard

deviation are 21 April 4°-23 l'isted in the fina Negative val ues
i n the tabl esizepandphaetitlenldrgepshan of equidrteilymigasnd.oner than the initial

densit As indicated ove, t he part cI e count.i.n ment pr.ovi ded
i nformgtlon f or E §el? &EJFOILS %Srwglffu‘éﬁedt%qﬁ%?qbéhps(@r%%ﬁm and for
all 5 papti G&xﬁt&nﬂﬁ&ﬁsﬁ%ﬁd(ﬁ HenRhnark NeF@heed sapaplbs gk %ﬁlo%vso(seér:)hﬁoNu"ber of

pabtlcl es between 0 gmand 10 pm + Nunber of particles >.1
macr o- cont arrﬂ‘ﬂhla'an data are based on partlcl es >0 pm The data of Tabl es
8 and 10 are for

ected rtlcles FQ dt ata f Tables 9
and 11 are for palPrErCA” G EReaf e dneiriannar St Ra AR 0° some
sanpl es had mca_@aﬁam‘mmm icafe. aTHe ehdtew 8s Bpshadinly SadRkASoon t h
macr o- contam nati gn were nuch npre contam nated than the .

Control B: uncoated 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 between
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

Ceet

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



adjusted particle density suggests. It is difficult to conpare a sanple
with macro-contam nation to that w thout macro-contam nation using
adjusted particle density values. However, all Control A sanples and

al nost all the 15 starch-coated sanples (except for one pi @idpridlk@4not
have macro contam nation, while all Contyol B and C sanples had nacro-
contam nation. Codted sanples can thus ﬁ@’corrpar ed with Control A sanples
wi t hout concern for macro-contam hation. Maxi mum val ues of density are

used for co i i e : : i el 0 large
parti cle donSepy ke g W EEE oNeERibE VRS IRERG 1 Rited St fofion

CONTROLS Si neartile deasipy @asdbwéottamotheAnisladdeeftly. i n a cl ean environnent,
they were expected to be the cleanest sanples. In the first experinmental

run (Tabl es 8 andAsjndiggied abgre.dbstnesticls couapng eqrmovtprayidate end of the

' "Tables 1P rARG H il &t es WM AR uAPLPIO il CRID BED ARk Al £
sanpl es of Cepaitidbs BeteRAt(>a pA).s AMunsierpartitiel >0 paneNwahbbooh the > 0
pmlevel and the ?10 pm | evel. Control B sampl es, had_macro-

Al |
cont ami nat i oRawipglesbetaveen & g and 1Q s & Nimbenet patdicles 30 paveAll t he 30

000 o o1 b1 Bt B el i B ded DELARADHrichM DU iRl * 025 =
particl es/ cniTaBlesApind 1@aeefor2d] deteetedahirticib)>0 Ri)sndiint dath of Taddesabout

10X cleaner. At the 2110 um _level, the maxi mal particle_density of Control
A was 0.00 +9@ndelLaxs fopparfisles @f%%a@ntﬂfte‘l to 69%&#&%-,%5 1.87 +

0.42 = 2149 parl | %ﬁé@&%ﬁ%ﬁ%ﬁwcmmmsa ahd%tg\%? %g'ﬁ%t.:g?v%np\hﬁeéox

cleaner. "Because there macr o- cont am nat i on ntro and the
Macr o- cont amimitl inaoradondamirsatiorotwerahochahed doatamheatadjthahéble particl e

IR IO R S TE N RN A W TN
not been di r gl d cotQRRMINRAESEh M W ALSLERAcRAE I fingSatidd B¥in! ddjhst@8hi bi ted
macro 10 contam nation. The reason is that there was no protection for
t hese 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?



sanpl es and thus they could pick up contam nation fromthe environnent.
Ontting the macro-contam nation area, these sanples had about 2X nore -
particles at the >0 |l evel and 6X nore particles at the >10 pm | evel than
Control A samples. 15 PURITY GUM 59 Statistically, the PUR BY Apdvee®at ed
sanpl es were as clean as the Control A ganples at both particle size

| evel s. None of them exhibited macro-contam nation. Cenerally, there were
10 X to 20 X less particles on sanples coated with a 2.5% solution of this

starch conpargsh Tab1eanh.r Thul CohisdBhaSs aloub QUK kel dakakt 810Ymt he
macr o- cont:am nation -area of the Control B sanples. Particle dénsity on
coat ed subst devesthel inghimal partickeadaasitatof toatrel & was 0108veD.06F Or6mai ned

about the sane at. the >1 | eyel the ¢ [ olutign.cgncentration
was increasedd ﬁﬁlﬁﬁg’]’g%‘g 5ﬁ%’9}f &%t?&s% W@Sd]eﬁﬁzﬁtd}g%ﬁweﬁ’&f%?ﬁ%ﬁ?@&eand o
uncont am nat egh3ATP). ESoHPEl £ W atthub B0X %ol KEtle¥Edre BRLIBSthdrBwazdige. Whi ch
suggests that the small particle density increase with higher concentration

was not céusesadry-contapiadtigndos Control 4 end thhmscro-contaminatiougyeswast hat

the particle densjty . inecrease w th,coating solutian cantration may be
caused by coé’togﬁﬁ CHE"[%&%%&F@@W&@ pﬁ’tahﬂ? ﬁg?lt%ﬁfg%t(’fﬁrg?‘i‘%ﬁtb hee the
particle dengbby nflird cBREarkidABEE RN EH%%ai-ﬁi@léﬂanit?\&ﬁimbérQQn&i‘éﬁﬁé.ng materi al
resi due sizes appear to have been snaller than 21 April 2004 -25 10 pm

Further cleaning BivesdbergstheControbC sempleschad nef; besouditedtly used to renove
t hese residues,, although.hn.general .residu <10, pm;are not a serious
‘concern. As gﬂ%wlinﬁl?efgm@sgl%ﬁs DA fc %,’ - ea'.cﬁ%m Sﬁg&éﬁ%r?'ri met hyl ammoni um
S brom dgo acemfanditiaCionl ThaGleasdn i thht thére M LndBRLERTINO0:r Ehaden. t0 a 5%
PURITY GUM solution resulted in an increase in particle density conpared

.to the sanesamplesrand thpshey wauldpick upcentamination finm the envirpnmeat.

sur fact ant . Be; EY Al bAoA Andlioh L5 Tndd Al nal SHARELIELE
particles at the >0 level and 6X more particles at the 210 pum 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



10 that after final cleaning, the surfaces of PURITY GUM coated sanpl es
were as snooth as those of Control A sanples if not snoother, and there
were no obvious chem cal conposition changes to the glass caused by the
application of the coating. (In these tables, the AFM dat a2l &prih2004
nanoneters and the ESCA data is in wt.‘é/ All of the AFM data represents
duplicate 15 nmeasurenents on the sanme s qt?'strate at two different spots.)
- Carbon data is not included in Table 13 because all sanpl es were not

measured on S Eﬂﬁf I L Ri 24 1r Ficsanpl es
were measur %@if%gggﬁggﬁﬁeta %{ﬁ)ﬁ%c}%esﬁggﬁ% & an&ﬁﬁhﬂ%%?gﬁoﬁéﬁu
concent r at i ofEmoveOthedé kedihess althopgk ¢n weneral resilaes an® pneagenoct2d CRYSTAL

TEX 627 CRYSTAL TEX 627, which has A |ower viscosity than PURITY GUM 59,
gave excel | ePRTIGHEQONEFIE. pr ot ecti on at concentrations of 5% and 10% (see

Lo 10,0 At I TR AR A

concentration. THe cCoatlngs resu aces a ean-'as

25 sanpl e5 abrdaoidb, 4 betiowic pmrfaeteait vaitkl atdieg X0 Pearberahaito aHE%n by
Controt D, garticl e_contam nati on (ﬁn this coating diid not result in a

hi gher * par t i EP&ITIATM yolutiea resultedn ap ingreageimbayicle dansityggmpared
concentrati op, § : ' ity of this

sol ution, V\h{'bc%%c%&}éd& \rég(glu{l?edr)% .tgg\%%ﬁ%ﬂggwgg{og.ﬂﬁm\%n §CA showed t hat
t he coati ng strdadtent.al ter the surface 30 roughness and chenical conposition

(see Tables 12 and 1 21 |] ,2004 - ENBI Z 60 EMS] ZE CMS 60 was
t he nost vi scous rlg]ieag)gpﬂ aaéﬁ@%é@@ ?férg"ﬁg% %ﬁqﬁh%ﬁsl?%"t’é? % InGeatei fi es as
a_l ow vigsosj eGh) . ' | ation
1) 5 534 °F nebtat et il cRanBlig e LikfAees AP DRIPE GOM coltbd BabNERLES | no

provi ded gooss gmotthcissthosobfContornl Asantles fi®tpmdoshed, antifibere were mo
significant Lncrease b level ,..particle

article densit t at the >0
densi ty | nor SRRt HEmoR ABRoRHITh b aes dhithe Elpacaased Pe i reRlitomne
unpr ot ect ed syamBlcBstiRE. GRaNHesd tdbles] Rhe ARMIddis i€ i8RSO I¥BYnREheaused by
starch coating residues resulting from : _
EgCA data is in wt.%. All 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).



10 the hi gher nol ecul ar weight of this'product. Further cleaning
procedures, e.g., brush-cleaning, could be used to renove these residues,
if desired. However, .as indicated above, residues "<10 pmare generally
not of particular concern. The AFM data of Table 12 shows g2haApri2004

EMSI ZE-protected substrates 15 were asqggmooth as Control A, while the ESCA
data of Table 13 shows the presence of a small anmpunt of sodi um residue
which is generally wundesirable for an LCD substrate. In sum. the above
data shows thRtSIZRACMS €@at i ngs provided excellent ~particle protection,

wi th each of the tested coatings keeping LCD substrates 20 virtually as

cl ean as control EMSSZELMS Gwasithe moshrviscohestardeamonigribosretasted, EXAVPLE 3

Nano- i ndent at.ion scra test s wer erfor.ned on gl ass substrates which
“were coated %tﬁwaéifq@eéﬁ?&yfgbﬁcﬂﬁlﬁgﬁal%&i ng the techniques of
Exampl e 2. The resylhcwRie TEBRYNO dnd it YUt doncelBi@bioflof 1265 ethede GFaRPOS
contains three line traces representing the surface profile-along the

scrat ch pat mbefarecsdantivhtiog, indicatimg et dhe kvatetpg pravided good)pardicle af t er
scratching (load,.renmoyed) .. rti.cul ar, the fop.curve is a . PROFI LOVETER
Crace Shovi yCEFRY e cines P Ber s b araq e SERisfof BakficR d5BBMEs ) (1 ace -
. shows the peRgidaakibal a@khé B 6 RYEN phiticld dehsigy int@eS4dStor AlevBl Whidl OCessS,
and the mddle trace shows the final depth of the 21 April 2004 -27-scratch

fol l owi ng elwas pulyawaddXycleanar than; thatwwroteictadregaples of hentrohB: nbhiswas
1500 Nei t her; thi s .dat i ' i natkon. sh
o cat on Bl Saas Bl S 67 SPRLE AT BAAGEL SRS, At

interfacyw TiNeshiBh¥@ndlesidarweigividfithisondduel eferther tleaninpemiccédiadsof 160mN
(;1f6 granms). Figure 3 shows a caorresponding set of traces faor a coating that
had been expgsbmustoclganing saddhe esedtigremyvaithesedssisiiesyif dgsized.at ch

testing. Dl’ﬁ?g_gﬁé#ss E&gaeig@ggbow,emis@eg;&n@rﬁlﬁlem entliflyha i @ delay of ' a

few m nutes m nu ween t ter renmoved fromthe
particular concern.

The AFM data of Table 12 shows that EMSIZE-protectea substrates
15 were as smooth as Control A, while thé 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-indentation 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 gcratching (urtder load), and after
-scratching (load removed). In particular, the top curve is a _
PROFILOMETER trace Showing 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



10 coating and the start of testing. The water exposure changed the visual
appearance of the coating in that it elimnated 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 (scrat&hrir29dst ance)
of the coating due to this water 15 exposure. As indicated above, the
results of Figures 2 and 3 are for an ini'tial coating thickness of. 1500
nm Thi cker coatings can be expected to provide even greater scratch

resistance aggabd flRwikOelakie2eRERPhe befhatéLBLISkANES S (RO cgmgLE 4
The, procedures of Exanple 2 were repeated using a 5% CRYSTAL EX 627

sol uti on andwastlipf8exmont h hol ding period in the 85% hum dity/85C chanber,

ther th 7 day. hol di. iod.. The r. | t . h i n Tabl 14
and 15, wher o { nelpitPet 8 dafhapt PieoRiapis Yo R o LY VSR he AFM

and ESCA dat §f 4 Bork B8 pémet@ioh PhitRRATEER62tIAR 0 tNY gfdes LERRRGE TRiy ) As

can be séen in these tables, the starch coating dtprow ded excel | ent
particl e prowestiwnewmowithiloahlevelanmbo apeakiogt of HAmNn(16grdmd).d not

change: t he surfacg. chagacteristics or.chem stry of .the gl ass rf.ace even
Sfter this prol orbiEe PORAYE o GRoPABEARL SR e dpshbdetbet ifended oo
i |1 ustrati ONBed{¥ipoaddltd@eiBRlzed wdtht MR BERRRs PridehB skAMERti@he It Wi ll be

apparent. to'those skilled in the 21 April 2004 -28 art that various
nodi f i cat i onBuartd thenature of $he tnsthunentivsady thewe waoe delaysof afedv conposi ti ons

IR e T T R SN T
Pr.oduct Mey hososhinedrtdendl stiivtdedespingr opy!
) | 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

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



Hydr oxypr opyl % substi tuti onsubstitution METHOCEL Al. 830-- METHOCEL

El. 9290. 238. 5 METHOCEL F1.8280.135.0 METHOCEL K1.4220.218.1 TABLE 2

Vi scosity, Nunber average Nunmber average nPa.s (2% 20Cdegree of

pol ymeri zati onnol ecul ar wei ght 55310, 000 . 107013, 000 4011020A90i2004
10014026, 000 400 4M22041, 000 TABLE 3 PURJgI'YN- TACKCRYSTALNADEX 772EMSI ZE GUM
59TEX 627CM5 60 Sour ceVax cor nWaxy cor nTapi ocaCornPotato Starch

typeAnyl opecti nM xt ureM xtureM xtureM xture (25-27% anyl ose; 73-75% am o
ectin Mdifi @@ﬁtuytﬁ’faems%&ﬂﬁwmﬂwymﬂmﬂ@a@b@ﬁ{d&%tthxhatp@&be@

(109%t. 5-6. 55-6. 3-439. 5-11.5 solution) Solution colord eard earSIlghtIyLl ght
tanC ear vyel hanMaSﬁmmamétthWMt The apiendedncifidiat axenialt&ndeldaiod

cover such modifications, variations, and equivalents.

»~



Starch andStarch andStarch andStarch andSt arke Chem cal Chem cal Chem cal

Co. Chemi cal GvBH Co. Co. Co. 21 April 2004 -30 TABLE 4 SubstrateTl CT2 C
1300186 1' 353201 2300186 2355212 3306198 3361207 TABLE 5 Coating

sol uti onCont act angl e Contact angl e before cleaningafter cl @uApriggBear ches
2.5% PURITY GUM 5931<8 2.5% N - TACK29<8,2. 5% CRYSTAL TEX 62732<8 2. 5% NADEX
77230<8 2.5% EMSI ZE CM5 6028<8" I\/ETHCI:E% (nmethylcellulose and h dra ra
meth cel |l ul ose 2. 5% E3LV3929 2. 5% E6LV4529 2.5% Al 5LV5416 0.5% A4Mb615

TABLE 1
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 5-6 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.




2. 5% K35LV4219 2.5% F504920 0.5% F4Mb718 METHOCEL + boric acid 2.5% E6LV +
0.4% boric acid40<8 0.5% AMAM + 0.1 % boric aci d48<8 0.5% FAM + 0:1 % boric
2004 -31 TABLE 6 Coating sol utionContact angle Contact
angl e before cl eaningafter cleaning Biocides 5% PURI TY GUM 29 ApribZIdKATHON
LX46<8 5% PURITY GUM 59 + 0.1 % DOW Cl L_§6_548<8. Substrates treated at 600 C
5% PURI TY GUM 59 + 50 m KATHON LX45<8 5% CRYSTAL TEX 627 + 50 m KATHON
LX54<8 TABLE 7 # of sanpl esCoatingParticle Container or contam nationhol der

Control A3NoNod ean case Contr ol

aci d57<8 21 April

B3NoYasitagk | Contr

Control D3YesNoRack Il Coated sanpl es3YesYesRack |

oy

Y
R

ol C3NoNoRack I |
21 April 2004

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 3 <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 {methyicellulose and
hydroxypropyl methylceliulose)
2.5% E3LV 39 29
2.5% EBLV 45 29
2.5% A15LV 54 16
0.5% A4M 56 15
2.5% K35LV 42 19
2.5% F50 49 20
0.5% F4M 57 18
METHOCEL + boric acid
2.5% EBLV + 0.4% boric acid 40 <8
0.5% A4M + 0.1% boric acid 48 <8
0.5% F4M + 0:1% boric acid 57 <8

L 4



. -32 TABLE 8 Contam natedParticle density #/ cn2 Sanplesw 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. 8720A8M12009

0.931. 74 5% PURI TY GUM 59Nol. 882. 10 (Cogfrol 0)1.442.10 1.191.36 10% PURITY
GUM 59Yesl. 162. 17 0. 762. 15 I ncrease of macro- Corrected density Average
density Sanpl escontam nation area increase (#/ cn2)increase (#cm) CnR

TABLE 6 o
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 AO00.540.54 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. PURI TY GUM 5900. 220. 57
0.31 (Control D)00.67 00.17 10% PURI TY GUM 5901. 010. 85 0. 621 84ril2®021 Apri |
2004 -33 TABLE 9 Contami natedParticle dgasit #/ cm Sanplesw th
particleslnitialfinal Control ANo0.210.03 0.171.54 Control BYesO0.042.80

0.061.84 0.721.00

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




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 59No00. 660. 66 (Control D)0.190.19 0.080.15 10% PURI TY GUM 59Yes0. 100. 07
0.250.1ra I ncrease of macro- Corrected density Average densid Apri2098l es
-contam nation area increase_(#l cn?)incrgase (#/cm) cn2 Control
AO-0.18-0.18 0.0 31.44 Control B42.922°09 0.76 31.92 20.33 Control
Cl-0.89-0.11 0.68 10.24 00.14 2. 5% PURI TY GUM 5900. 040. 04 0.10 0-0. 07

TABLE 9
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 densdy Average dens:ty
Samples contaminatilqn area increase (#fcm?® } | increase (#cm®)
: {cm”)
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
Controf 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



00. 03 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! #lcm

Sanpl eswith particlesinitialfinal 0.510.58 Control ‘ANol. 05124 Ap0l 8%d. 50

1. 015. 34 Control BYesl.153.32 1.095.05 §4871.51 Control CNoO.930.94
0.721.70 5% PURI TY GUM 590. 463. 61 + 0.2% etyl trinmet-hyl - Yes0. 541. 41 amoni um
brom del. 140: 79 0. 391. 36 2. 5% CRYSTAL TEX 627Yesl. 951. 68 2. 853. 34 0 580. 82
5% CRYSTAL TEX 627YesO 610.69 0.640.76

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



0. 620. 94 5% CRYSTAL TEX 627Nol. 402.05 (Control D)0.481.00 0.971.27 10%
CRYSTAL TEX 627Yesl.431.37 1.321.23 0.571.63 2. 5% EMSI ZE CVS60Yes0. 722. 49
1.301.83 0.79.1.23 2.5% EMSI ZE CVS60Nol. 321.47 (Control D).0.830.76 A 4" 21
April 2004 -35 TABLE 10 (continued) Increase of macro- Corr@dtdl d¥Msity
Aver age density Sanpl escontam nation ar ??_I ncrease (#lcnR)increase (#/cm)
cm2 00.07 Control A00.420.24 0.25 0-0. 44.86 Control B12.253.76 1-35

'24.16 10.66 Control C20.040. 57 0.49 11.02.
. TABLE 10 (continued)

Increase of macro- Corrected densnty Average dens:y
Samples contami?atig)n area | increase (#/cm?) increase (#lcm }
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
‘) _ + 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




5% PURI TY GUM 5993. 67 + 0.2%etyltrimethyl-10.891.40 1.96 ammoni um

br om de0-0.35 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 &12¢riR0940s
01.07 2.5% EMSI ZE CV56001. 771.11 0. 64 3520.49 00.44 2. 5% EMst ZE

CVs56000. 150. 18 0.26 (Control D)0-0.07 21 April 2004 -36 TABLE 11

Cont ami nat edParticle densi #l cm Sanpl eswith particlesinitialfinal 0.060.06
Control ANoO.240.29 0.150.10 0.032. 15TAM ol BYes0. 071.58 0.081.73

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



0. 080. 42 Control CNo0O.010.21 0.060.36 5% PURI TY GUM 590. 071. 19 +

0. 2%Cetyl tri nmet hyl - Yes0. 060. 14 anmoni 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) 02160004 100. 06
10% CRYSTAL TEX 627Yes0. 130. 17 0. 040. 01.49.070. 18 2. 5% EMSI ZE

CMS60Yes0. 060. 28 0. 030. 13 0.070. 04 2. 5% EMSI ZE CMS60No0. 060. 13 (Contr ol
D)0.070. 10 21 April 2004 -37 TABLE 11 (continued) Increase of nmacro-
Corrected density Average density B’sﬁkﬁhé@@tﬁmu@m nation area increase

(#l cn2)increase (#/ cm)

Increase of macro- Corrected densuy Average densit y
Samples contami?atign area increase (#fcm? ) | increase {#/cm”)
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




cn?2 00. 00 Control
21.72 10.34 Control

A00. 060.00 0.06 0-0.06 42.35 Control
C20. 200.29 0.07 10.31

B11.551.87 0.42

5% PURI TY GUM 5991. 29 +

0. 2%Cetyl trimethyi-10.080.45 0.73 ammoni um brom de0-0.03 20.31 2. 5%
CRYSTAL TEX 6270-0.070.13 0.19 00.16 00.01 5% CRYSTAL TEX 827¢0! 4%4. 02

0.01 00.03 0.0.06 5% CRYSTAL TEX 62700..330.11 0.05 (Control

10% CRYSTAL TEX 62700.04-0.01 t 0.04 0-0.03 00.11 2. 5% EMSI ZE
CMS6000. 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. TABLE 12
Samples Rms Ra
Control 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 (08 |09 |625 103 |-
5.0% PURITY GUM 59 66 12590 |06 |08 (04 |654 |03 |-
5.0% CRYSTALTEX 627 {65 |[271 |06 |08 103 |644 (03 |-
2.5% EMSIZE CMS 60 59 1245 |06 |07 |08 }67.1 |02 j02
TABLE 14
Aging period | Macro-contamination (%) | Particle density
Samples (weeks) (particles/cm?}
-4 3.2 0.56 £ 0.27
Uncoated control 8 38.8 012+ 0.44
13 90.6 1785+ 14.97
4 None 0.02 £ 0.02
5% CRYSTAL TEX 627 8 None -0.68 £ 0.17
13 None 0.05 £ 0.03

D) 00. 15 0- 0. 04



-38 TABLE 12 Sanpl esRnsRa Control. AO.3250.250 0.3100.242 2.5% PURI TY GUM
590. 3080. 245 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% EMSI ZE CMS 600. 2720. 216
0.2720.216 TABLE 13 Sanpl esAl Si BaCaN . 0SrNa Cont r ol 21 April 2004

A6. 527. 30. 60. 70. 664. 20, 3- 2. 5% PURI TY Gg®L597. 127. 70, 60. 90. 962. 50.3- 5. 0%
PURI TY GUM 596. 625.90.6.8 0.4 65.40.3- 0.8-T.-4- 5.0% CRYSTAL TEX

6276. 527. 10. 60. 80. 364. 403 2. 5% EMSI ZE CMS 605. 924. 50. 60. 70. 867. 10. 20. 2.
TABLE 14 Sanpl esAgi ng period Macro- cohf8kf tation (% Particle density
weeksarticles/cn2 .43.20.660.27 Uncoated control 838.8-0.12 0.44

1390. 617. 8514. 97 4None0.02 0.02 5% CRYSTAL TEX 6278None-0.68 10. 17

_ Al Si Ba Ca N o Sr B AFM
Baseline 6.2 .1 264 0.6 0.8 0.9 81.7 0.3 3.5 027036
4 weeks 6.0 26.3 0.3 0.6 1.2 62.8 | <03 26 0.30
8 weeks 59 26.3 0.3 0.6 1.3 62.7 <0.3 2.8 0.28
13 weeks 5.4 28.2 0.5 0.6 1.6 61.6 <0.3 4.1 0.32




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 :

weeks6. 026. 30. 30. 61. 262. 8<0. 32. 60. 30 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 i s clai me@!iAprii2804npr i |
2004 1. A nethod for tenporarily prot edbi ng glass fromglass chips and/or
scratching, said glass having at | east one substantially flat surface, -

said nmeth C rising. (A protecting the surface by: (i) (ii) applying an
agueous sgﬁbﬁgg"[@b‘ﬂﬁai@'i ng at | east one- pol ysaccharide to the surface,

said surface having a. contact angle l.ess Than or equal to 8 prior to the
appli cation of said aqueous solution; and renoving water fromthe aqueous -

solution to | eave aAeaiathaddoatddpooilya otadi k5o glihe @ipbace having,
a thickness of at least 0.01 mcrons; and (B) subsequently renoving the

pol ysacchandde sssatchiing ngpid glasmbavingmh least enesubstagtiallydiatenusass! ut i on;
wher €i n t”‘he.%urf c&_ has a.contact angle after step (B) which is less than
or .equal g*EMEINOGLAMPUSIG ot ' aim 1 wherein after step (B), the surface

_has a RMVE sur fage @ng;& HRScUPased by atom c force mcroscopy which
is less than or equal to 0.36 nanonet’ers.

' : (i) applying an aqueous solution comprising at least one
polysaccharide to the surface, said surface havinga.
contact angle le.ss 'thén or eq_ﬁal to 8° ﬁrior to the
ap})lication of said aqueous solution; and

(i) .' removing water from the aqueous solution to leave a
polysaccharide.—contéjning coating on the surface 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 polyéapcharide 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)() -



3. The method of . Cdaim | or 2 wherein the at |east one pol ysacchari de
conprises straight chain polysaccharide nol ecul es and branched

pol ysaccharide nol ecules. 4. The nethod of Claiml, 2 or 3 wherein the at
‘| east one pol ysacchari-de conprises at |east one starch. 5. 2TH@ihedMod of
Claim4 wherein the at |east one starcBl-conprises straight chain starch
nol ecul es and branched starch nol ecules. 6. The nethod of any one of the

Pt cess. T 8nd HOGYI e PerImINb S WhARaNiAly GRS By A RERERE AN Aot ur | ng.
f | { t.ed.t tL ad st

(Ao - a R0 ottEtinley dieCul e efis B & FE v PAY HirbplbpRine ' °P°.

si mul tane?&'te‘ééés %él@&'h)éit@&ﬂé&ﬁtu%ﬁ%ésne%ﬂy%o&ﬁﬁﬁtélaéé‘ﬁxéﬁgﬂ’wf foor med gl ass

at a point in the manufacturing process where the tenperature of the newy
for med gl asstdgctstithpthenqgtieous soludom is dhovelB8Gueous sol ution is above

150C. 8. The nethod _of Claim7 _wherein the tepperature of the newly forned
glh ass j lﬁst pri & toT%@rﬁls@ermf &%1%7%@@6% tgglt%@ipsmﬁe@éwbwm@dri 9.

= . Lo . .

Lust i1 ootk bt PERF I obaach SRR LAc Hhifedle LRARRAhel Ry A6, 2o

The. method of @l ai NThe BethoPofMORIif T vwhsreth 856 té1mp¥itire 3f the nstdp (A
and the tenperature of the glass remains sufficiently high throughout step

(A) so thfrmed gbalsaciumriob orcantachwith theeguequs solhbionss helow258C. one of
t he - precedi ng,cl al efeln the ,te rature of the glass is at |east
100C af the endOof - The el St Gtz s hETRERRI S ehiss heuftal Rsed i ma

cl.ai ms whgrgiin,.i )dfl LERUS 5 <O oS ' t he'
suf f-ace bgﬁgggg;?ﬁ%@%?}&é 'Idhfet)1 ﬁe%li%%r%? any Qngiegl?l}fﬁ[gﬁgtr%ggglﬁﬁgt gc'% I ms
wher ei n i ApscethatAripsy do nichdorm@ueihesswadaed.i on i s heated before being

applied to the surface. 14. The net hod ‘of “any one of the precedi ng}'cl ai s
conpri si ng t he lladdithe omethodt efsamsetanee of sthe pprecadingnelaigs) vdferein 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.



(a) cutting the glass; and (b) grinding and/or polishing at |east one edge
of the cut glass; wherein:. water or a water-containing solution is applied
to the coated surface during at | east one of steps (a) and gb); the surface
of the coating has a first confact angle prior to steps (a)214md ¢ and a
second contact angle after steps (a) amt®-(b); and the first and second

contact angles differ by less. than 5. 15. The nmethod of any one of. the
precedi ng clains wherein the concentration of the polysaccharide in the
aqueous sol ution_ of ep (A (i) is between 0.1 weight percent and 30 wei ght
percent. .21 Aptl 28bamethodrofiany onecofibe praeding clajms vdhepdin theviseasitydi ng

cl ai mrs whegge ' ' : tion of. step. (A) (i) is |
betweon 0. 1 BeaiNBu SRGEL Am ANy B AR SRR 200 PRt of < ne
precedi ng cl ai nt7.wheThé metiod afpayonr ofsthk Yréceding claihBPwhdiin the GaiYESES a
bi oci de. 18 The rretlz g,of any onge, of the preceding clains wherein the
aqueous  S8Tutien&f stsp g@p?"f‘ﬁ’f’(s?g)a BRI9e ses a plasticizer. 19. The method of

any . one of -t hgg.pr epgdinRehod! G ' ] %pﬁ” aj ni ng
coating has _a thickness of 0I ess hdgr%e%fgmﬁlp%%g%%g Cg%ﬁl% he r&ngﬁh(gga%?ougny one
of the prewdiongpfsteni(Aidommises polagcizarhar i de- cont ai ni ng coating has a
t hi ckness of be en-0.1 mcrons and 20 mcrons. 21. The nethod, of any one
of the precedi nf(ﬁ\ﬁl anp?% %f%?ii%staﬂg -ARfuPudre %?‘if’f?iﬂgn cg”#‘métﬁfbe‘(eB) tBonpri ses
a_det er.gerpolysdechafile-comhinity @atiafHasPBidkhedsHT 163 ERHI WicFd A M5 Wherein step
"(B) conprises one or nmore of. heating the aqueous solution of step (B),

applying ul tra&bni cTherdaetyod ebanyraneaf shd progedingradions vihrensih polysarichaideh e

surface. taﬂ?ﬁ'g g%hﬂ recedin | ai ms_wherein, the -
coating r%éauces fhe %E{%ﬁ%ﬁh&%ﬁeﬁp’g'ﬁ”éﬁﬁégﬁﬁﬁﬁ gﬁg%@n??{gn%urface by at
least 90 percerl. cdftpanetiiod oftahg onerdfahe pfecadiag ek Rehepslh ThebgileBudn

" uncoated sujf.ace.und conpar abl e condi ti ons.
_ Solution of step ?]_5,) comprises a detergent.

1]

22.  The method of any one of the preceding claims wherein step (B)
comprises one or more of: heating the agueous solution of step (B), applying

ultras_onic energy to the coating, and/or brush washing the surface.

23. The mt?thod 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 cdmprising:

(@)  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:



24. The nethod of C aim 23 wherein the nunber of glass chips adhered to
the surface is reduced by at |east 95 percent. 25. The nethod of any one of
the preceding clainms wherein the glass has two substanti al b;{%hpﬁ 0gfurfaces
and the coating is fornmed on both surfaces in step (A). 26. e r?ethod of
any one of the preceding clains whereingfter step (B), the glass is used
to make a liquid crystal display. 27. An article of manufacture conprising:

(a) a glass she havjng at | east o suhst anti al fiat ce; and (b)
a coating corrprie@i ng %F%Pa'i@% P5%tgcfgﬁ?/§%%§ﬁea$'ﬂf§5§és f#ﬁ%ﬁ aéiulg/ffogce, sai d
coating havi ggradeiilckng@ss of at least 0.01 microns; wherein: |J 21 April
2004 -43 (i) the codting protects the surface fromglass chi ps and/or
scratching; and({i)i) thheoaing iswgmavabimirenbthe furtanettheosgh tlecapplivasiogh t he
application qf an aqueous solution, 5 a rid wherein: prior to application
of the coati Hg?nﬁ%leQH-?F 9fas a contact angle less than or equal to 8;
and the5coat5f;@w'r§ x%fﬁ:fid ently renovable so that the contact angle of the
surfaceafter reHov of the coating is less than or equal to 8. 10 28. The
article of dai PBriok Wp@i‘c&ﬁ@ﬁbﬁ&é Qg el sdrﬂﬁ:e%@@ﬁﬁaét%glélﬂs&ace_ has
a RMVS surface roughnesS"as neasured by atomc force mcroscopy which is

| ess than or thajuet eqaaldo36; amdhonet ers. 29. The article of Caim27 or 28

wh in th t | t . . V. hari d [ trai ght _ chai
ol yeacchar i de it coriue s AiORaIE FneherS S0 et antes EISOLIGs. 30, The
article of agygnealy Aby of Ind CodtthgBI6E hah 02 cifual . O

pol ysacchari de conprises at
10 28.  The article of Claim 27 wherein after removal of the coating, the

surface has a RMS surface roughness as 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.



- 37. The article of daim3

31. The article of Claim30 wherein the at- | east one starch conpri ses
straight chain starch nol ecul es and branched starch nol ecul es. 20 32. The
article of any one of Clainms 27 to 31 wherein the coating gng\p tn%]%

bi oci.de. 33. The article of any one of Cains 27 to 32 wher Rt coating
conprises a plasticizer. 34. The article of any one of Cainms 27 to 33
wherein the coating has a 25 thickness of |less than 50 mcrons. 35. The
article of any one of Clains 27 to 34g4wherein the coating has a thickness
of between 0.1 microns and 20 m crons. 21 April 2004 -44 36 The article of

i ps. adner ot o (e LRt She of CRAGY QLIRS df aﬁrtﬁi uner

of gl ass Q&ﬂﬁes&ﬂb&hﬁ%ér%f?]a%ﬁ B5 8dheid RG%e st)ig@ﬁfeass 3 ps a@%agh i ons.

wher el n t he nunber ed to
t he surf aceoinpareddodlie mumbet efiglasgZhiyey ad¢héredio d’xh&n%bhté& auFhcany one of

S Caim27 to 37 wherein conprises two substantially flat

surf aces, b’ﬁ’%ﬁ' E'i%%f?}g&l&(‘é’éatl ng conprising at |east one
pol ysacchari de, and each of the coatings has a thickness of at |east 0.01
mcrons. 39. 3gfhe AHd &hR1Obf EIMBPwhieréhdhhublbdrQf3Basth@igd N the glass is

suitable for use as a substrate for a liquid crystal display. 40. Aliquid
cryst al dﬁsibbsgdtmﬂielmhrfvg:eamrtaiuaedllgrmm&]gpmmiany one of Claims 27 to
39 or produc accqording, to the nmethod . of any one of 1to 26. 21
April 2004 2’% FesINER G ARE S R G CT OF THE

DI SCL OSUR'EoB&iHBéQ% s%%@idxﬂ&ilyf 4e IRLEE WM s@h%éés ﬁ&l?eeé okt 1N

particul ar
comprising at least one polysacchande 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
1 to 26.



protecting LCD gl ass sheets during cutting,.grinding, shipping, and/or 5
storage are provided. The coatings conprise one or nore polysacchari des,
"with the preferred pol ysaccharides being starches conposed qf .a nxture of
anyl ose -:and anyl opectin nol ecul es. The coatings can be renngéﬁ@Pﬂ% Ythe
gl ass sheets using water solutions, e.g., a mld detergent solution, in
conbination with, for exanple, uLtrasonié cl eani ng and/ or brush cl eaning.
10 After renoval, the glass sheets have - abstantially t he sane surface
characteristics and .chem stry as untreated sheets and al so have
particle/contam nation | evels equivalent to those of control sheets held in

a cledn’envi ronnent . WHrERIRBMGEVABIY E0OATINGS FOR LCD GLASS

ABSTRACT OF THE DISCLOSURE

Removable coatings for protecting glass sheets and, in particular, for -
protecting L.CD glass sheets during cutting, grinding, shipping, and/or
5 storage are providéd. The coatings comprise one or more polysaccharides,

with the preferred polysaccharides being starches composed of a mixture of

RN

(A amylose and amylopectin molecules. The coatings can be removed from the
. glass sheets using water solutions, e.g., a mild detergent solution, in
: cbmbix_lation with, for example, ultrasonic cleaning and/or brush cleaning.
| 10  After removal, the glass sheets have substantially the same surface
characteristics and chemistry as untreated sheets and also have .
particle/contamination levels equivalent to those of control sheets held in a

clean environment.

' No suitable fiqure



