; RSTUW3e \ "6T 5 WATER- REMOVABLE COATI NGS FOR LCD GLASS |I. FIELD OF THE
| N\VENTI ON The present invention is directed to tenporarily protecting gl ass
sheets, and, in particular, to temporarily protecting Egm gl ass
10 sheets used in producing liquid crystal displays (L wmm mﬂmmmm tion
is useful, for exanple, in protecting sueh sheets,fron1anbiem%m§pntaninants
and for- preventing glass chip adhesions to the sheets during cutting or
grinding. In addition, the invention can protect the sheets from
scratching. 1. BACKGROUND OF THE | NVENTI ON 15 Many useﬁuuﬂﬂuﬂmmmﬁmmln
including LCD glass) require a very clean glass surface

substantially free of dust and organi c contam nants. \Wen exj®eed to the
envi ronnment, gl ass can quickly becone contam nated with organic

contam nants, with contam nation being observed within a few m nutes. 20
Current procedures used to cut and grind glass surfaces and edges often

and 1 6555 han abour BT BESEy AR OR B PR EPDERSS, cveraibly
adhere to the clean glass surface) rendering the glass usel ess for nany

applications. This is éarti cul ar | Klﬁ‘a serious problemin the case of 25 LCD
gl ass surfades. FIBLY QFSTHEANCENAIONY a fusion draw process, which

yoe o 1) Sroat ol s SALgEeR aOL AR R O S B LS e
originate fgpRihengUhfipeticefart Me%ﬁﬁrily\h%eét@f%ghfg%uﬁﬂéé(s%%lﬁs these

chips cones into contact 30 with the surface of ass plate) there can
be a | alfe shertassedieareduoneshquitbcryhigdglismays deChphIhesnréniden whi ch

pr onot es stro%%ﬁgﬁhgsioneli of2ﬁa wat.er g&% Hﬁgn%@ﬁseﬁapgtmgent%hese t wo
surfaces, p&P ¥ SEBRIe AR PEYSETAG SREY Shegts Lo Arghipnt contaipants, hesi on
of the gl asgndifbPprdventing gdasd dip adBe NGRS té thHeMedess BusingQuetikpown net hod of
protecting gl ass sheets, specifically) sheets of 5 LCE%PIass, is to apply a
pol yner fil rigdimstlp additden dhefiprertion camprejeelsiher degiofram scralchipass
during the ori fag, [ Wghh? esses. In a typical nethod,
one mgj or sEﬁfacg cggﬁg%ggﬂghg?d¥$?n1a ggﬁggfmﬁth an adhesive, and the

ot her mapor surfMmyhassafkldss) alclwdihgd.C) gdd«a] rayuifes gery dbenkiasst filmis
removed after the edge fjnishing (cutting or grinding) of the sheet is
conpl et ed, WATIRee thad 1§ ét‘{%ﬁ&n?’@“ﬁ’efﬁ‘iﬁ/%é‘i‘&%ia&d Ctrgaf%:op%ﬁpmwfg- \%Igée%s.

Al though t he, adlash ys BAGHEAmERL BIREOLAEL Sicki}EbauhleAG i fghi ng by

t he handl i ngxg%ugpnen%, ilt cause’rsE otfer rggp’gbnsg Igor gxaﬁr&g‘}%gﬁq&le pol yrer
may entrap gtgessc chitpmipantiseth contangnatien beigstlisegvak withesa fewadi ng to a
buil d up of Iag% chi ps and scratching of the glass 15 surface,
particularl?gﬁ "the edges of the surface. Another problemw th this film
is thatgpt may | eayRndprocddeséy/tsdde® G Aeiie gBlsasurmued A6€ edded Urt her
problemw th the filmapproach is gl ass breakage during peeling of the film
from the gl affen ganerade smadhelaparhips (., chingehanag ersizhgreatgadansheet s.

There is a peed, th fore t.ho foapRrotecti ng a,.gl ass surface from
20 chi p- adnBaronhiEs B ablie FodFiOBHsR SEPELEMRP RS o1 acs
surface, anftrévdrsiblyatihet toftheelqor glass yuifhes, eehdaingtivsglasyukeless, wher eby
a glass article with a clean, coating-free surface can be readily obtained
for further faygeannappliegtions. sByeas Partiadgrly saterinpspreblenbin Brayensa of | y

pr ot ect i novability. Manufacturers of |iquid crystal
display%$55%@ﬁ%§ﬁ§%§ggﬁg%§the starting point for conplex manufacturing
processes whi ch L¢P glakd yan hy alade Hyoa fusiog dsewi procshscivhichdgeidsdiat, e. g.
thin filmtransistor s, on the,glas substrate. _To no& advenselé af f ect
such proces&§88othyglase surfpces wlich ey hsrgitarerpens & taadogizad see.r Sope) y
removabl e pgi @l H18sd BRpbEFRROD AR LRERS i s. -3 1n
vi ew of the fofé%o?ng,pt%ere haslbeen a?neé%ﬁgha%ﬁgHgé?ﬁgépﬁg%ﬁgthod for
prot ecti ng shdse cithetgdasss p¥behithalflay pusfeedbbtleke khipsyloass, inthéanitadtas t he

fol |l ow characteristics:, (1) the nethod preferably should be one that can
be. r oaciy Bty acedl th, Elass Paidr Hore ghad & Bt epigebeisds,

speci fical | ¥otvalontthe BIYSE Md tRELIHOE BLAEPHAESSons el ngonggwsmr fed gl ass
is protected substantially imediately after 1t is producéd; anong other
things, to neet this criterion) the coating material should be (a) able to
wi thstand the environment (e.g.) high tenperatures) of a glass formng line
and (b) the nethod of applying 10 the material should be safe for use in
such an environnent; (2) the coating nust protect the glass fromchip
adhesion resulting fromcutting and/ or grinding of the glass sheet, as well
as the adhesion of other contam nants, e.g., particles, that the glass may
cone into contact with during storage and shipnment prior to use; 15 (3) the
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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); (5) the coating nust be substantially
conpletely renovable fromthe glass prior to its ultimate use in, for

exanpl e, producing a liquid crystal disppay; and 25 (6) the coating should
preserve the pristine glass surface without changi'ng the surface's

chem stry or snoothness as a result of the coating being on the glass

duri ng handl & mgtesfilprondensesdesweemtjeese Tive spripsenpeimueanhi dremitdt esses and

satisfies this |.ong standing need in the art. 1 111, SUM1ZAR |I' OF

THE | NVENTI CROTIHBE BRas 846 Hﬁ\/‘éﬁ’f‘?‘d&‘isﬁFg%f‘@]é‘?l%?fr@&sglﬁ%%chlﬁﬁﬁ%fﬂ ily

protecting asxé‘f%%)e\?e%oﬂfe{s%'ﬂb@lfss?blﬁheet from (1) anbient dirt, (2) chip
N

adhesi ons, an S preferred enbodi nents, scratching. 5 In

accordance W th a0hé kabwalfmetlndasfpectesding lytass sheets| specpficallydehedts et hod f or
tenporarily protecting glass fromglass chjps and/or scratching, said glass
havi ng atd | ekSD &lass, 466 apply; mpoly mrar msen bethamajogisyrisseselt $SW ng: (A

protecting t r AT i alyi . LOA.C rising
at | east on pg)?é;;ggggﬁ%%d e&x?%%‘%?éagﬁgt gr cflﬂ g%@ﬁg@b %btg{;&égi l3“rgé)urface
havi ng a contypidal anghed) @ssmiafjmrsueface hiasla pody@epfilmrattarhieiavishphni cati on of
sai d aqueous solution; and (ii) renoving water fromthe aqueous solution to
| eave a 15 ly%sa‘f,e@ﬁ&éitge-oﬁm@amrﬁaré@ahaﬁs R pttachad buagiaticahiange a

t hi ckness of . 1 Qr ' . ; Ll | have
a cont act anple o T2im 5 ARG GokERmoins (RUBRRLERBUINENA B |
renovi ndl @ heshepet ysamaplatdd) evlobntle seeogd oetiovgd poick toths finisddagusi ng an

aqueous sol uti on; erein the surface ha contact angle after step (B)
which is | esOFeiEn rth%‘tﬁr]h?het .S“lehbarfg‘égﬁg%ﬂfétwst e Frdaceiemn of |t ho

i nvention, t i i ddi.t | steps (A
and (B) of: %ga‘%gﬁgﬁﬁmhggﬁﬂlgﬁ%?%@%ﬁﬁﬂ C%‘g&g%ﬂﬂﬁélﬁ’gﬁén % '\(I)?&gol i shing at
| east one edgannfle} tie palymgk ass; emtirtepgiass chimsqiroduced dvatieg thofinahmag
solution is applied to the coat.ed surface.duri at ,l.east. .one of steps (a)
and (b); 30 R’ﬁgesasuferag(‘:%gE‘?aE’Hgdc‘{i’a‘ffl{lﬂﬁs%‘g’épsaa‘?‘;'g"srf‘%%ﬁg Qtfheagllﬁﬁ% prior to
steps (a)s andirfRk, padicul$es dRdr eRNEBEds ANEE SurdhdeCTASHARS ptebleANWithb) ; and

-5 the first and second contact angles differ by less than 5. In accordance
wi th a secorfdinfilmis thafpéaray leaie anndhesiverepdue podbe glassrsurfice. &

manuf act ur e f%?%'i"psrloﬁ%:m with the film approach is glass breakage during peeling of

the film from the glass surface, especially for large and/or 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., thin film transistors, on the
glass substrate. To not adversely affect such processes, any coating used to
protect LCD glass must be readily removable prior to the beginning of the
30 LCD production process.



(a) a glass sheet having at |east one substantially flat surface; and 5 (b)
a coating conprising at |east one polysaccharide on the surface) said
coating having a thickness of at |east 0.01 microns; wherein: (i) the
coating protects the surface fromglass chips and/or scratching; and 10
(i1) the coating is renovable fromthe surface through the application of
an aqueous solution. In certain preferred enbodi nents of the invention, the
pol ysacchari de-containing coating is forned as part of the manufacturing

process for the dhadey ofible firageing, thenathastbeen mgngadometde gt detuzes newl y 15

formed gl ass_a el evat ed t erature and the pewy |l ass,is at a
t enper at ur e 8h gr}%ﬁ’é’tﬁﬂéﬂg gfa%?isﬁg?tscwéﬁiqﬂgo sﬁ%‘%’#é’éﬁ"%f?sgh‘gﬁwh

pol ysacchar i gg- @b BéwinpkRghaewstieel ution. Al though integration into a

gl ass manufacturing process is preferred, the invention can al so be

practiced off |if®) if thesiethed ppeferablpshenldihecsny that canthedreadilys, t he

ti i | i ed by. i t t .gl . Ot her. f
2ppl yi g & haobunpragd i3 b bvedutelags it B55eess shieritbBly. b tRcend ¥y ci
coaters, el Gho fithirdStobASSsPHIRINAAY HARBA blisli0 pRiNobRR dubstisfithis par L of

a glass manufacturing process since hot glass can often exhibit substantial
back- and- f orindmediatale afteait istprodnced fankmgselblar shimgecsweeepecritdion, when a

coating | 5 romoRIRGSrigrah St Foehablr R SE R B Cmror o1

det ergent pagkReEmpFRhfds3or ¥ gl)l&bs%miﬁgalih@ And (bR 2 PhoBsHi gy mad/ or
ul trasonic cleaning. Typically) the aqueous detergent solution used to

remove tife dbampatgrial showd teosafie farcesetin suchawperdremeenty t he range from 40C

to 75C. O her aspgcts,.,of the inventiqn ane scribed.in detail bel ow. _(;
" 1V. BRIEF DESCRIPTI HYS ?ﬂf‘nﬁﬂénbﬁgwﬁl%aﬁeq%gis froph ‘ﬂﬂgt""l‘i sign pRUlting
measur ement fafm CARE hnd/delgeindivg sOtHeEMBs 8BedtEas wel dxotMeattheaival ifs) of

wat er drops on a glass substrate. Figures 2 and 3 are PROFI LOVETER traces

i |1 ustrati n@therecongamingnts, ¢.gsipsraples datthe elassinaysome inteecontaant i on. V.
DETAI LED DE I =N jed and broadly described

her ein, the%ﬁégg#\&isngglg;%pﬁgr?%e% ‘%gbrﬁgﬁﬁg,d for tenposarily protecting
t he surfisce of a(@) asshestvacinghyiupt by sdifivferaly soisalbd eortbdaid tigpRidehe
surface of the sheet. 18 In ternms_of liquid crystal display gl %ﬁs,

particl e- f r dEOCREER aftes e Gnossd & thesubstantiabamonpty efaFRleT SYHER they are
the startin I : el t gqéggl' ; - b o.M

transi stor SQ?'@?%E%C&%E#@(??E%@(%SW%H% scuséshté%t g%g&g,%hggﬁgté%ﬁn{%&gl ass
particl es t @reulisg pedcess;is a | ong standing problemin the manufacture of
LCD gl ass. In part.icul.ar 5 scoting, at, t bottom of draw (BOD) is a main
source of adherefft pa{lﬁ ‘éﬂailélg(ﬂff?eﬁagg'uﬂéot“:}‘gf’éoﬁ‘?‘%mea@f‘ﬁ gli’lege.(t%lﬁl‘%rasoni c

cl eani ngoand@chitbisih @R A Ran Mk, [SBIFDiAg SONE stRhté CLsseinftrefiave been
deposited on the glass for a short tine. However, cleaning processes are
not ef f ecti eeratehingapelndpesbrpsiidi t ed on a substrate for nore than a few
days) especially if the stora eny. r.on t t,and hum,d. Therefore,
115 highly des@abl Q‘etcgtaﬁlé‘\gg‘gggtg?%f‘}éﬂéﬁtgﬁlggg é’?}%ﬁ’g&?%{e“é%"r?%%‘? fromh
particles frhephdberiongo it ulbitndiCisgliasthrenabiie Podhibiaghol§@id @Fstdl aw.
Additionally, it is also desirable for the particle protective coating to
provi de abr dasrdaysradsdi st ance. Besi des protecting substrates from gl ass 25
parti ¢l gscontam gt i otheARd AR ASLANprdsAfy BRL )G f1 Blach Rl EUPYAAG W ¢ N
reasonabl e cl eaning ki netics using Cl ea ng proécedures, e.g., a

cl eani ng pr chenging thbatrfanes vhenisany ol smastiniess detaeregalitof vhs boaingd 0C

conbi ned w t h sane bruyshi (e.g.,.a sh with SEM CLEAN KG. O ganic
sol vent cl edfFHLH Ehenéfas‘bagpégr}%d‘dél‘@gy\g}b‘pﬁé%ﬁ’taﬁél%ﬂ%%eonnent al and 30

saf ety concer ns. mhe plosclfivGABIPAd) ks AHHNEkTuRqniBh A RlHRL GeBHT they
are not necessarily washable fromthe glass surface using the abBove

cl eani ng comdithé arts due to strong interactions with the glass surface. For
exanpl e, there are many organi c coatings havi ng good water solubility at

hi gher 5 tenperatures. However, the cleaning tenperature of 40Cis too | ow
for many of themto be conpletely renoved fromthe gl ass surface. Moreover,
al t hough good aqueous solubility is a nust, a coating should not be highly
hygr oscopi ¢ because it nust be able to survive in a hot and hum d

envi ronment w t hout decreasing its coating effectiveness. Also) in order to
10 not change the surface chem stry of the glass, the coating should not be
chemcally active. A POLYSACCHARI DE COATI NGS As di scussed above, the
coatings of the invention are conposed of at |east one pol ysaccharide. Mre
particularly, the coatings of the invention 15 preferably consi st
essentially of polysaccharides. As used herein, the phrase "consists

S " e b1 e B Y Y M




30 "Starch Polyners, Natural and Synthetic," Polyneric Materials

Encycl opedia, J. C. Salanpbne, editor, CRC Press, Boca Raton, Florida, g
1996, 7915-7922; and "Pol ysaccharides |: Structure and Function" and
"Pol ysaccharides I1: Chem cal Mdifications and Their Applications,"”

Essential s of Carbohydrate Chem stry, J-4F. Robyt) editor, Springer, New
York 1998, 157-227 and 228-244. 5 ~~Water solubility is low for nost of the
raw nat ur al but manuf act urers degrade and nodify natural

ol ysacchari d’e(s))@‘
product s, e.g}l-, bYUNEVAFor OdnPHRRINYENAI Y ysis, to fit different

i ndustrial appli i Qns, [ [ r {.j.cal er sonal
care, and paint. @%ghecﬁe H‘S%lﬁg Jr%g)g?%eisglg i 89\? Pc%(éjtﬁy g’?%ﬂg'rﬁé’z%aﬁﬁﬁng a
variety of vah@sceSst aifliabs bhést fosid (1PambseRHiF €8 chia8ROGIBES laal! (8) in

avail able. Starch derivatives, e.g., corn starch derivatives, and cellul ose
ethers, e.g.its phefenetiiogrdinents|seedckinger s sol d by Dow Chemical, are the
nost conmpn indusItri al cPol Sa gatilj ﬁef&t Iaow rggl Felcul\z,ar tvvei ht .(ﬁroducts have
excel | ent® wat er sd #5PT W. My ey end" 18 2P0 Ségye;n t‘o(fhg‘r?vé Y§ %1 exi bl e 15
coatings. SimechddRseeMpbLirild Frotdctingsitlsd fom0gdss éliigs andlorecRitahimceut i cal
industry, e.g., in the manufacture of pills, coatings nade fromthese
materi al s ars@ifglassdidving Thicastrposebstpatially st sposfageaadd mdthed i ncl udes
two basic ty(%es r(;f. %_el | ul ose ethers: nethylcellul ose and hydroxyl propyl

met hyl cel | ul 6s¢€. P88Li ke starch, cellulose is conposed of chains of
D-glucose units huy i tprbastiagdhbfsarfoé bgl ycosi de |inkage configuration,
i.e.) its polyneric backbone is an all linear, ~3-1,4-glucosidic chain.
This confQ guration redil t s aPRIN}AE pHAIVEPBHSelLYiOB PP SR 8t lPasheRM

cellul ose and starches. For I turall G, rin el lulose is water
i nsoluble wth high nol ecunggégg&\ﬁg}dge%g’u%&t%c@,tégb,eﬁﬁgf.a%‘besﬁg‘indi ng on how

the cellulose is nodified, sagthtehasieget baitagy fitkle lessGhanbavqual 4284 ety of
di fferent properties, such as, water solubility, surface activity and

t hi ckeni ng. The METHOCEL pP&WH¢e §heypepheatian ofsiadt annepusriofution; gmsky |
substitution degree ( f LESbvinetivSfer £ L S6AS er
followng the first | g?ferl)ré T‘ég%gsgﬁe}aﬁgg?{% ?ﬁu%%&rsésiog&?ﬁ? g&lggg?gm of
codi ng df5 t he METHOCEL gr agelysavdharsletdoatainsmpeiatiresomthelaibifaceZharieg f or

gl uCopyr anost ¢ 11 NG, he nEHICCRG Seica CUBSEFTUM Gy (BeRestobrhoce.
cel lul ose ethers are water sgahtdiel HAVE sMBH @ a%%lél&fiﬁrlegét depi s material is
gel” f THOCE

heat ed above a predeterm ned tenperature, a 5 ge orms. ME I films can
be made by evaporating wat erodndddd; MTHOCEL sol ution and the resulting

filnms are clear) ugh),flexible and.nopn-toxic. |n.g | ow tenperat.ure
aqueous sol uti on,(bgi I r?\z;‘btq:eé*’i‘eﬁ YIEMPAA P Bbe ?(gy ?%‘ich?ﬂﬁ&@f’n%’amtg%’ﬁhﬁg back
into solag i Opem!durBddidsimnah aqhbeusianghbes and cel | ul ose products di scussed
above, 10 other polysaccharides that can be used in the practice of the

i nvention i ncl udevhareinibreshyacedeas araracioargl aftey step @iunhick igless and
their derivatives, ginates. A single polysaccharide or a m xture of
pol ysacchar ?t%xgg ngﬁ%%gtoﬁééd in the practice of the invention) e.g.) the
coating can conprlhsecorianpe witiatiibaspete of thainvextiohetldf method dalr ee, or nore
15 pol ysaccharides. Alternatively, a plurality of coatings each conprising
a different qe8mrascihgaddidonalstops betgicentstens (M) a3d B3aft o the gl ass
surface.ggThe m xtw escg&%né){heoél%glancdoati ngs can be within one class of

pol ysacc2hari des ((e.g., a mxture of starches) or can be across cl asses
(e.g., a mxture (bf agemding asd/oephbhshiagchtdesdtanel)dge thehamstglpsef erred 20
pol ysacchari‘%](fs for use in the invention are starches. As used herein, the
terns "starCh*4HY "starches" includes both water soluble starches and
vater sol ubl e st ayghy gehiWabl-¥eStaifing SHARH, 1iFR0 Thatodted sarfcpatural ly
occurring polymers. Potato, corn, tagl oca, 25 wheat and nany other plants
are commer cidairiispat least ofie of sephém.anSofmz of t he basic properties of

starches,are wat sol ubi |l .,y and bi.odegradability, |.e., degradation by
mcr oorgignisms. %h%ﬁi" (¢ 9{”!%95’? gihas éb?tfHBFacéia“éeglP‘i&%@eg%FP% d via
a-1,4- or a-ghd$9hHaesiddbad RbidcNangliRgS s MankipHsngf starch polymer
structures, 30 nanely, anylose structures and anyl opectin structures.
Anyl oses are linear starch nol ecules formed via a-1, 4-gl ucosi di ¢ binding.
Anyl opecti ns -10 are branched starch nol ecul es in which several short

| i near amyl ose chains with 20 to 25 D-glucose units each are |linked via
a-1, 6-glucosidic bindings. Native starches exist as cold water-insol uble
granul es. The granul es are conposed of anyl ose and anyl opectin nol ecul es
associ ated by hydrogen 5 bonding either directly or via water hydrates to
for mor Tented mcelles or



crystalline areas. Wien water is added, starch granul es absorb water and
swell. Wth increasing tenperature, the granules swell fur they and the
viscosity of the solution increases. At the point of maxi mumviscosity) the
starch granul e structure is destroyed. Thereafter, the viscosity decreases
10 gradually and a clear solution forns-fafter the tenperature passes the
poi nt of maxi mum vi scosity. Conpared to native starches, starches suitable

for use in the present invention have |ower nol ecul ar wei ghts and | ower
viscosities as athediutand segond contagi apglesqlifferbisdessrtbon 8he native

mat eri al or of hi,gh nolecul ar,,15 wei ght..starc tpduc derived, fromnative
starches. These Ilg\ﬁézﬁorr(ri%f‘g%mm g\fl%‘fodgljtosflgsn Heg%?rtﬁgll%‘%:%%}oﬁ %lso(%%deessu in

coatings thartRle/offHeRufarblR coritiding: easier to wash fromthe glass surface
wi th an aqueous detergent solution. These acid or enzyne degraded starches

al so have excel | dax selglasd shept having & leasteone sthssentiely dassusfage;smd
products ,are 20 metinmes .called dextrins. \ter baseg _sgrag floati ng i s the
preferred nmet hod ‘flor aﬁ)ﬁqaﬂ%c%’éﬁmgoa&t ?shsésor}ecpoy%g B PPAPEs for
particle andsaRcasiNl cPAphe Rk a ERickaesbfARNbAR T 0 PRSicrdrde aqueous
solution preferably has a viscosity between 0.1 centipoise and 100

centi poi se. The odwrgimgs can be renoved from protected 25 gl ass surfaces in

reasonabl e tines,. typically.betwee to }nut in.a relatively | ow
tenperat ur e aquedtls” QEEFptine LR Shé SufFod bR e b Al &

t enper at ur e peiteeRE; 3AE and 75C. Exanpl es of suitable starches are PURITI'
GUM 59, a waxy nmjze starch product which has been degraded by an enzyne
and nodi¥d ed by %@ pr thyeaatinmisirgmovahle fopmaha surfacedhroughntheci d- hydr ol yzed
t api oca starch,.d [ip, h of th products are avail abl e from Nati onal
Starch and appllfgél‘%réPnp%%:gakg?rlgsasno}fﬁég’l dgewat er, New Jersey. They have | ow
sol uti on vi scosi The@srtain preferretl @mbodiments ¢ th¥iaoaetesi, taki on) they form

gl ossy and nonhygroscopic tough films, and they do not gel at the

tenper at ur @ohrfeecharidecandaining coaldng igrmednsaart ef the magwqtyrigges of

around 40C. : T CQ\%) MQE‘E{}SE ' tarch
coatings ar é)‘l}gcl%g gag%rég%{x%s? -%Ir%i nmeans t a?“”t%ﬁ%@ic%gg??‘?da‘gﬁg%‘gw

m cr oor déani dommedighsaat hacievratad andpératgre afnll ke npely faacddogladess #tree al so
subj ect to such attack, Accordjngly. h% coati.ngs of the, 'hn ention
preferably i‘REOPGERUEE Bbovs ﬁ‘gd Wngﬂﬁﬁ’éﬁ SOBIes 1ptoontagwy nt}(‘Er oor gani sm
attack on t%lﬁ%&ﬂd}ﬂledéﬂ’ntkﬂﬂn bQle AR Ao NARHERB inftYTABLA iRo 1 OCI des
such as KAT LX (Rohm & Haas? and DONCIL ' 75 (Dow Chem cal Conpany) are
exanpl es of ghssohdesfachating prodess isgadidroed, tthe snyentposean Blspibe aci d can al so
be used to conttr ol tf{n)‘e ‘grﬁotgth af m croorgani sns. 15 The coatings can al so
i ncl ude one P&R° F‘%Fleo SPASH CPZEFs whi ch may be a pol yhydroxy conpound.
Exanpl egoof sui t apbehedl preidred Z@mnbodinsditd ethRaioltingliy aghue@b9lsprofify! ene

gl ycol , polyethylene glycol, and m xtures thereof. Such conpounds can
reduce the p@ﬁmgwcgla@sr éhléerc%mrpﬁ@wtscf%e%h‘engﬁhq ¢daging carohe Herd. @idi es.
They can al :qpr . [We! resi

el ongati on ??pélﬁg’ @%gfs%ﬁggéﬁg’?éé&grggg?@t%p{ %gé'tggfgrﬁglgg%é}eﬁﬁéggrﬁg%i on do
not i ncl ude the gardntionris visbé his pakecld ghswim ohufaetieind paegssosiheshoen to gl ass

surfaces and_thus would be difficult to rempve fromthe gl ass surface.
Exanpl es of g&ﬁéwamﬂ@@m’g’éblﬁﬁebﬁr@@tnaéﬁiad&-apécfﬁrtéwapﬁem% at e endeelant s (e.

g., nor o3 thap, g@raéess,aés?eaang, FhbANCSvorAN Rl R ARAR0cddlk Gk
concentrations r the aqueous coating solutions o he 1 nvention are as
fol | ows wher e thén falthasppfaead anbodenghts, plee cexting Basacved ushez 4wt al fi nal
wei ght of the SOl%%;ﬂi on: Pol ysacchari de con‘go.n?at -- 0.1%to 30%with | ower
concent r at | GAVSHSCALEEEENE SPGBy e o CHmBFrRIal feter t%"’ffi‘éﬁ%tr ide (e. g.,
star ch) pr hi i } b O a2 BQGl P pmto
0.1% depend?ggﬁgﬁol?ﬁgbﬁfb gta??d\?iﬁ;e%sﬁ%% Hﬁl%gﬁtl)?%g Pé@l %égggﬁgg ¢ eiag%?%es may
change t he Jdlypmiatlz| thenal ueeckhaletagbnpsdptontused totemhee tloatdating whebbdi oci de
concentr, ation shoul d not exceed,20% of .t he weight _of the pol ysaccharide
conponefiP. g’e?’?ezish'f’iac?ei’é?m?-g“‘(ﬁ%nt e 3guge fiom éﬁﬁoégo Itlﬁsé of optional
conponents is noptRahadpebisie tABGn AIMAL £RTRALADES it aBtdiFhdlae! uded in the
coatings of the invention if desired. D. APPLI CATI ON OF THE COATI NG The
coatings of the invention are preferably applied to the glass 10 surface by
spr aying a solution of the polysacchar ide and an aqueous solvent (e.g.,
dei oni zed water) onto the surface and evaporating the agueous solvent to
formthe coating. For exanple, the coating solution can be applied to a

gl ass surface having a tenperature in the range of 20-250C using an air
spray gun with 20 to 60 psi pressure. 15 As di scussed above, the coating is
preferably applied to a newy fornmed sheet of glass inmmediately after the
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-14 readily accommpdat es novenent of the glass introduced by the gl ass
manuf acturing process. Typically, both sides of the glass will be spr ayed
si mul t aneousl y, al t hough sequential coating of individual sides can be
performed if desired. 5 The coating thickness should be above 0.01 pm and
is preferably less than 50 pm Mbst pref@rably, the coating thickness is
between 0.1 and 20 pm When the coating is too thin, pin holes occur

ﬁ;é‘t e | ;m@""t SRR SR of ORI SHARINS he Cont i ﬁ;,”??;)mwgﬁz the
PevovAL - OF TrE- CRE N ATRables the HOREGheiO8 Lt BB Seted o). =
it survive thesemilolcastadt anglepy doesterdnchssén hlglds subgvabl e when desired.

Coati ngs conposed_of pol ysaccharides can be applied to the glass before it
is scored 15 for Figures 2 apdid ane RRQFELQMIBLERtraqesaustrating the seratele r est
of the uf ] gﬁg . enoved by using various

comerci a d%%ieslréégn Of%glg%gggrslggé-l gﬁﬂg?%g%ﬂ'or in conbination with brush
washi ng andl¥r ulDETAGHED DESORIPFION OF THE INVCENAION nat i ve, oxi di zation
of the coating, e, g.)_ ozone-based oxidatjon, ‘can he enpl oyed either alone
or in 20 conbi nathoamppdisdanddroadinggsgribed hB\?elFetrhﬁ\HlefeI&ImM%@Wrennval
with a deter ' ' g : ' ter- ed ultr
asoni c cl eanﬁg'ﬁ)gi%e?qb}rﬁtﬁggﬁc Ozgﬁlﬁlﬁéle%ﬂrﬂ?g’rgongﬁ g??%{ﬁ%h%ye%gléa@?és gﬁmbl e for
renovi ng t hepeeldiagaakaidvdbleaatinggm e duréace ¥ €ld slgset. The use of a

det er ge on the other ?@nd) i's 2‘;‘i mainly required to renove ot her

nt )
contam ndl i on sudi tgEmsiof lamid ewstal disnlay glasei kardicle-fropishestsy . t he aqueous
detergent s i A : . j f 2289 i have an
o kal P pri AR to Aritne iBboRaGRPERRE LAY A3 o falRERSplion, "UV T
hi gher tenpatatunasnpaohe qublity ofadie [LCD ghimfilm tramsedtbircfoemied oantheal of the

coating, par titles, ,and 3 r ganj.c contam nants.. Cleanjng time is
nor mal Iy bep%@FP'ng E5phosttl hoxE, adtopom af A CloS 16 CHB RRER e e  emoval
of the coatipgsctihdifg JeOeRYin the rHRH%‘ffagﬁIrEro?L(ﬁj Efa@@. %?agtrj@@awe gl ass

can be shipped'to the ultinmte user, a nmanuracture Iquid crystal

di spl ay ldeviscesingatdhe bettosref draw (BPDy® 4 maix saticagf dberemh@agticlss. 5 To
verify renoval .of oatin he wetability. of the gl gss surface before and
after coati rfg“‘rr“égrﬁgléﬁ ratﬁrpggutf?ﬁg‘gm% . trﬁ’?f’élcccl‘??lﬂgg%b‘ﬁ}ré}ﬁg FIe{?‘an/g measuri ng
the contact camGlegndve RBnld ittt tBAL BAvd BeeSBEfRARd oW the k18P JBgkf or ned
by a variety of techniques known in the art. A schematic diagram of the
cont act angltémgedtoweesntleaninggosespes Requteffectivihfargagticles depositasl cont act
angl e, also f ' r h Sl l.e.dr contact angl e.
Advant ageous nyz?sﬁﬁsé&%%nf%gg%&gtﬁg %got%wsegéi Sé)%g\%?l rlFt reo%gra § the gl ass

sur f ace 28f t emvimmnvalt iothot hed boaiidng has a val ue of |ess than or equal to 8
degrees. O her neﬁll%(;d t hat can. be us to, determ ne coating renoval

i ncl ude ESCA and ‘-@F‘NB? 1sigply feraaye e PEERERYereoatm et CRVENTI ON
One of the BERELidsablclds/Tiom AMBRREGD the LODS Bk khbMed 8 B GEAm BeaSS
sheets from anbi ent contam nants ich the gFass may be exposedmto duri ng,
f or exanpl e,drawor Agditdonallyansisalscadésirabledfortthe pabielefpirotective beatadd td ty of
the invention t rfg%uc.e chi.p 20 a%he i ons when a gl ass ?rheet is cut or
ground. As digUifeciiasifn FEsibintes Berdss RANESH B SuRHERERErOR E1agi 11 cant

probl emgisn thetTRWheLhRid akdhbRisidH, BHE oA A5 RusPBE bhabl A1k Yvit) the

manuf acture of LCD glass. In particular, the present 1nvention reduces the
f ormati on ofressinableltlesningskingtips vsinginmidd elesnaty proceduresd.g., aoati ng on t he
surface of the 25 gl ass. sheget... used herein, .the phrase "st e renovabl e
coati ng" negﬂ%argnggéyqeﬁ&rq ﬁ?ﬁt 1p@?188§]agaﬂftrasqr}.}gda{}egggnta\ms ﬂta#&?i not
renoved or shibihéd ¥l sonsieBratess U h Wehshardh i SEMIUIIARENRE). Shi ppi ng,
but is renovable dur ing the cleaning stage. The coating adheres to the

gl ass via i Mrganaesdilesy dgaming henef wue&ar@gdumo bealtk, enwronamsitahaod act s as
a bar r3'ber Sggetween the sur face of 30 the glass and the gl ass chi ps.
Because tThe ?’icﬂﬁceﬁga'uces or prevents gl ass -16 chips fromcomng into
contact with the surface of the glass sheet, the occurrence of chip
adhesion is reduced. A further advantage of the invention is that the
surface of the glass sheet after renoval of the coating has substantially
the sanme chemists y and 5 snoothness as it had pr for to application of the
coating. For exanple, the glass surface preferably has a RVMS surface
roughness |l ess than or equal to 0.36 nanoneters as neasured by atom c force
m croscopy (AFM after renoval of the coating. G EXAMPLES 10 The foll ow ng
exanpl es provide detailed illustrations of the invention, and are not
intended to Iimt the scope of the invention to the specific enbodi nents
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25 being less than the natural starches and nore than 5,000. EMSI ZE CV5 60
has the hi ghest average nol ecul ar weight, with PURITY GUM 59 bei ng the next
hi ghest. The | owest average nol ecul ar wei ght products are CRYSTAL TEX 627
and NADEX 772. Seven METHOCEL brand cellul ose ethers acquired from Dow 30
Chem cal (M dland) M chigan) ware al so t&sted. -17 The gl ass substr ates
used in the testing were 173'|l LCD glass sanples (5" X 5" X 0.7 nm
produced by Corning I ncorporated (Corning, New_York). Each sheet was
covered on one siManycemmerpisl preguats pre weteicsadablaibuy they areeli ve, and t he

ot her major sur face hag firlmatt ed ! i c_gharge. .Both coatings
wer e rermveaneé:ﬁﬁsatlﬁ V%%Sgkg%(l:eo e evﬁq ?Es ?‘Hga‘%y‘ll%ﬁg%%% %‘% (g?/a%lp gti c charge
was spray- Cco@indehiond Wudfooteshl Ritetfitidnk Wit eh&¥Res sliFAte. WESCsxandple,

pre-cleaning of the substrates and determ nation of the |evel of
cl eanl i ness thermgravmasy ozsarigcratings Baving)gaed watey selubdity atdiegherd spr ay

coating the 3 asufd ng the, 10, water . contact a of .the cpated
substratéi; r{]ﬁ%(p%@ﬁﬁﬁ'n{g‘fot 8853 icp‘led’%l,m%lﬁ%fn?%l)a%ﬁ]eet%?W%lﬁéootﬁ)év fg’ével of
cl eanl i ness xﬁanfr e t1sdh 36 baleempddteBY rdnedRdAro fthk hea 2QRkfakeS . Magaver, Usi ng
the contact angle nethod. The pre-cleaning of substrates as well as the

removal of cdthiuslsgaedadiuehus selubditiyrig asmaepis a qajingghemd mittbeNigllnas
sprayed on the 15 sulystrates or atings and hand-,scrubhi ng. perforned using
2P el vanr com et eR i Bafbot B RhBIP MG AL HE AN ABRE et o

ul trasound cdR@FingetARiBut b &EvhLidsAVatifeg efoetiGtebs.f Alsol n dRdewites; and
(3) the substrates or coatings were subjhect ed to brush cleaning and
spi n- dr yithg netichgnge bhaispriagechemistuy of tha s, ﬁ%cqaﬁ’@igcﬂhﬁgldl‘mgyi rate
Cl eaner). 20c 'gheicagpgétg‘%te tenperature at which the spray coating takes
pl ace affecté1 € properties of the coating. At higher tenperatures, a
coating nat e al FBPLVSRSCHARIDECOAING®S a greater tendency to
experience chem cal _changes_  such as deconposition or oxidation, These

changes may st r od¥ discusspdi@heee, the coathegs ofthednventinn arecemuasedphak surface
and the 25 i rJ <l f et e K ow,

coati ngs drgg%rdggsl{%ﬁ% §k}g%1%d+elz\a@)2g8§g¢??‘%%ﬁgf ?%ségéﬁfngﬁgf&ér é’%gao | ow

dryi ng aid quoafdrablydionpist assentiadlysifrpetysadshatidsuYeedseddmrein, the coati ngs of
t he present invengion can be appli,ed to, substr ates having tenperatur es
of, for exarRji@se Sasptsotesnaaly ot ot deset FRCERIAREs tBAIPAES | n

| aboratory sgh{dri@ly Afectthé 6RGEL CPLAs SURDLEIIAL RSn MBI By BELnABRAYRE 20N a hot
plate and renoved fromthe hot plate -18 for spraying. Tenpeéeratures of
substrat es jlesst drefrolysacemrideigontains the ahdtaspbae polysadcharide jamdtmbyf or e
spraying (T2), as rreasurt%d usi nﬁ a ttlr}glr Fgcouglme (ar.e sh? tin Taple 4. The
dat a i ndi cat’teP FHRPTIPHADEE CAmPRBCRis Lhat 4P POk malerially aftect the cpHRE; ¢ { e
substr atgp t eRRLabIAdervasl vEMES, and theliket 5 plate, and the spraying
tenperature was a little higher than 200C if the substrate tenperature was
slightly higher #hwilessoetyd@plyspeeharides ate kingwinom rature. oGeaenah

oper ati on, f I r dfr t te when

t he terrpera’?ﬂ vvgcu%/glfs%gro ggﬁlgsi%gﬁbd%%ﬁfi g@ﬁ)gsgg méfeeg(}%él?]lmﬁ%%? gti%ofo{?hgt t he
starting coahithg féllowiapgatfarencssytict ledevamspodtids 0OkichGratin@ipaagéd was

used as the major characterization toql far coatjing renoval since it is the
qui ckest andHeEe®; ‘@’S’Ee??r‘@flﬁ?idc‘t‘%e%@.’ ; ’lgﬁ\gr’c eralubiter(Getydose Pepivatiyssi c

pol ymmer $5and, Jyap.l @ﬁﬁ{meﬁ"bﬁlﬂg&,e@gflg%sym;{ﬁlg%ga]?lﬁn&é'j rakaqr%%lﬁﬁoﬁ&@} hi gher
wat er contact angles are observed Tor S : s surface
is very cledh IliGilbert, gbtornEransess PdbbshershNewaY ek, 4694, dG3- B8y Eeans)| | be
extremely | ue the high_surface ener f glass, Thus, the surface
energy di ffﬁ#@é‘%&%@éﬁga%cl ’gr rﬁﬁ‘é‘étéo%ﬁggég‘é Ogﬁﬂa’ifhd%q"}ﬁ@?} coating as

i ndi cated bygihhg. m&qgtrwan\ﬁar@dhn%mw%hﬁg@b,eRunowmgmv%ld Bfpthe coating

can be used to determ ne nacroscopically if a 20 coating has been renoved.
M cr oscopi ¢ Reethaldsedetams, bicadeade Poessy pleiveiverk, . 196Re25bAT & ditangka S.,

i nf or matg.on ko d mne if a coatij I, S .re,gt(ed cogl e'g.el W t hout trace

r esi due?o( se%gaéfgf%ﬂi%m%sf N?ﬁﬁfag ag %ﬁ;‘nﬁf’fe 1¢ E‘yangl e results
for the staZ_rE}S_hgﬁloP@@ha!\/ETmla&drﬁabdM@ﬂ@RG%@@, BbE& RaEH, IMstidyat er cont act
angl e t hat cou e neasured by the equi pnent 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. Al five of the Iow viscosity starch products were found to
be 30 renovabl e using the above cl eani ng process. The N-TACK coating was
stickier than the other coatings, which is genes ally undesir able. PURITY
-19 GUM 59 and N-TACK have a pH nore close to neutral. PURIT-T GUM 59 is an
anyl opectin-only polyner. Conpared with the |inear anylose structur e, the
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The effect of an "activated"” glass surface was exam ned by subjecting 5
pre-cl eaned gl ass substrates to a heat treatnent before application of
starch coatings. Specifically, the substrates were pre-heated to 600C in a
| aboratory furnace for 20-30 m nutes and allowed to cool to 350-380C before
renoval fromthe furnace. The substrates-were then placed on a hot plate
and coated in accordance with the procedures described above. The 10
coating took place within 30 to 90 m nutes after the sanples were renoved
from the furl986e79T&GP22,0a11d Hddysdeehaades I: cOtuatureangl Benaiord uhsl r at es

emovabl o {1 BANERE R 0§ emrdod kAt aRs a0 FLhel SRDUTIOTaL he.

pol ysacchar iﬂ%énﬁalstdrscalwﬁglaﬂa@@ C:lﬁénﬁ@g%, IR PRéby Eakey s}nﬁ@@r%@wches of
the inventi on have excellent water solubility and |eave li1ttle residue on
gl ass surfadesk 1098MPEE227 Bmde?P8:244.he starch coatings of Exanple 1, i.e.)
PURI TY M 59, STAL TEX.627) and ENMS CM5 60, were tested for their
particle®20 prot ﬁeﬁﬁ‘)]é‘gfﬁllﬁyt’ﬁ?lo‘f’&oﬁﬁ’toﬁ% %gt,hetw B%‘}EFF H%lh'ﬁ%ﬁcgﬁpé@%dure used
i ncl uded th%uft%éx%@ﬁlr'éfvsgd)l’é"ggaﬁéhnﬂrrﬁddihﬁﬁé!tlﬁlaﬁﬁﬁocﬁfé%?te.rga.‘,tl?}saaﬂ%r”easUr e

initial particle count; I p-coat substrates and air-dry the coating;

(3) heat sulesgymnés Hydrol@swi trufiedifferdnt pohistmalnapicatibes,ratchsasyfdod, gl ass
particles by scrapi ng edges .25 of t ieces of L | as.s on yncoat ed
control and¥’@B§’E’é’_§‘a§gﬁ§?gg‘E?el§’;pe(rgﬁngaig’é?‘f’ﬁé‘ ?W'clcgf’g%‘i&ﬁi% d substrates
and all contfgyificdtlos ﬂ%@f@a@éﬁ%i&éﬁ%ﬁfg‘ﬁ‘d&ié?%fWé'ﬂéxdéélﬂbi/litﬁégnfdor 7 days;

(6) clean the substrates; and_ail;) count particles on cleaned substrate. The
change 18 paiscpsitieseoenommeraladlyizstailable.was obt ai ned by 30 conparing the
particle count befor nd after the process, Particle . —). otection
ef f ecti veness of gﬁarc?ga‘ﬁﬁrhvﬁ%vﬁg’ et f % ! d%réYr?JtéYeisn nﬁé?ﬁf'éﬁgﬁb%@ﬁ ty
changes on g@at METHOCE @dluisHsdthatsold BRTdw OheaRbdI2RT e MBs2Nd agi ng
were performed in a normal chemi cal Iaboratori%. C eani ng, coating and
particl e i nspamdmomdpstrakpmiesdcahsridess| damt woacultrevpighppealusts bavaeng t he
coating in a_clkganrogm Kk t.he,qgl ass bstrates a f,r,om unknown
contam nati Sﬁcegge&t(%%er \é@?lgélggaﬁﬁ%é’ tﬁﬁgq?i (g)grrné Os%ttgﬁgﬁgp\&%’%lgﬁt am nate a
cl eanr ops apehtings GiReokiekd thAtes aReire Alsed dn iffodshehdcineer oom for these
experinments. The substrates were 5" X 5" square pieces of 1737 LCD gl ass,
0. 7nm 10 t hPBrrmypeutigad dadustps e Gt Bsthfomanyfact urecefirals.poptigenamsiescr ubbi ng
fol | owed by }?,55,% I £29L 04 2/ SEM CLEAN KG solution. The initial
nunber of pglréH(E: esr%%te%egc ea%%goéa'bstrat es was neasured after they had
been dried i n ai The METH@GHEdasulysifrpalyes colerred ésnimelhusled two basieagpesng

solution (<5 .15 seconds) pie jece, .and taken out for. ajr drying over
o gnt . Dr| et SeERRapHImE rir RetPURIoRE SoadR bR Bron] ek oRleloRt at & the
spraycogdi g ikepeichl tdlRulodeie@Binph9Ed OIS BE DS cdBRInits bR/ i€ hak ganed
cases individually (see below, all particle-contam nated sanples on a

first open RyEEdentadycoais lankiagerronficurdticn, d@. dtampilpmenic hackbownis apen PYREX
20 rack were,pl.aced . in, an oven set. te,100C for m nutes. This pr e-heating
was per for ,?é_ﬁilp%ara%ﬂé-%%ésfogfd}ggﬁ@@n_ 25 %‘W#’;ﬁ\lr@ PR TETHIES YA OYS, t he hi gh

t enper at ur e/grbgérth diffelichYeshatiiken cailie aad Hamdsh FoRyxaAPR, Of the
coating. The substrates were imediately transferred to TEFLON racks and

pl aced in anawrally gccameinssellnose issatarimseliuble withggeh molecydsr subst r at es
were t n Qut. t h (H{O?gl chanber after 7 days for cleaning. The

cl eani ﬁ%§m§ved§$;so??rg%9bw§b’ rinsing the substrates with roomtenperature
dei oni zed wat er, DapégdingtoinCibvi bige sdllifibdetisafodiied, flRdad dthedpiddticeed wat er

to prevent drying out;il_éZ) hand-scrubbing with 2% 30 SEM CLE AN KG at 40C,
(3) ultr aseri bave arvaresk of fiffese pbproprrtag EANCIKas av aten sokubilitys swifac es;  (4)

flood-rinsipg.w L ORI 3 {r | ion (40 kHz)
in deioni zegé;c\}\‘\{/aY{t gérg ngt% h%%ﬁﬁ%f mgﬁﬁmr%’lfé?;c%%fl(t)ﬂz%crt%élden?%ggéll %ﬁéo(r g’élg(kHz) in
dei oni zed weliedr hatlred@Cshbstitutivnrdegess (the firkt oth) asd Rgcwditsh(tdei oni zed

wat er ; f(?d air drying.. A yar] eti‘/3 of ultrasoni cation fregu,enci es were used
in orde?0 t onprder dellewingdivg Jirpbletteryy Eablep lranthe ibwstratsdhis pisteniohgs. Par
title nunbe KA ' -4 aleyi [ .
scattering. £Qfﬁggggltj}?epnent %?g\ﬁggbgiel nfor n%atl onlséjoesggers I zlga%tpl)%rbtalqgﬁ%ls of all
sizes and particles larger than or equal to 10 microns. Four different
control sanples were used to identify sources of 10 contam nation and as
benchmarks for coated sanples as follows (see also Table 7): Control A
uncoat ed and uncontam nated. This control was kept in a pre-cleaned 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

o . o,



25 cleaning (final). The colum entitled "Increase of macro-contam nation
area" shows that the increase in heavily contam nated area, i.e., the area
with a particle density exceeding 25 particlesJm®. The next colum shows
the adjusted (corrected) particle density increase) which is cal cul ated
based on the final and initial par titleS-densities in the area wi thout mace
o0 30 contam nation. Each coating solution or control was done in tr
iplicate) and the average of adjusted density increase and its standard
devi ati on ar METHOSEL A einghthase ape galy dupe indroyd §teuRrs Manfes in t he
tabl es nmean {he final .narti¢le 1S] I han the, initial density.
As i ndi cated %B%WE?“?%E?Bgi?#%PgS@%%H¥9§§§8éﬁﬁgﬁ%ﬁﬁﬁﬁ¥ﬁﬁﬁ%ed i nfor mation
for particles |arTigeMRTEHOORL esludbsd thbPs 88 waterldluiB) b@@hégk all 5
particles detected §>‘0 gm .. (Nunber of particles > 0 |zm = Nunber of
particl es betoladen of thimnzatgriadiy beated mhavrep poedeiarminddetemperatune) a1l

- ' ' ' ) h f bl
5 and 10 by ceign e METOIEP RRY AR pRRAACH TRy it BB I T o5 o

and 11 are fMETHOUEL &5ugbs andrtheesulengefilual afealdd), dondly; flekdblomhd 10 Sone
sanpl es had macro-contam nation and others did not., Sanples wth

macr o- cont aneiateen I downlemparatare saueoustelwion Hlms ¢ea beirahydsatedar ti cl e
density suggestds.. L 4 hifi t.o.C a sanple with

macr o- cont a?n&)n%flfloané?loa%}dgdall‘tekvﬁ% &%&t&ﬁ%g&r@ﬁéght am nation using adjusted
particle density Ivadddton oYY starcliekladdesllidbseprddupisalisandedbb®ed, all the
15 starch-coated sanpl es (except for one piece) did not have macro

cont ami nkt i orthenmplysacecharidsstha can bgused withs rackegiohiderisrentiani nat i on.
Coat ed sanpl QUM k5. I i: £ hout concern
for macro- co%t%%ugnﬁnmé{i}gﬁy&ﬁéﬁl rrurﬁ]'; S\%a e\gﬁe‘}sarhovf‘gg’};e{r}%att é\ggr?ngpal u@csatcw or conparison
in sonme casederiwtiveispand alpinitesf A sihgld podysaceRatids geapaidtiued € density

devi ations conpared t 9 average val ues. RESULTS FOR CONTROLS Since the
sanpl es of cxeﬁra?whwaﬁ@m%mﬁmaﬂa RARtEH 4 theipEeRtion g, {9 e expect ed
to be the cl t acrmi Lhsthid r'-?;g‘g% n b and 9),
only one Conc??lgﬁ%%&asarrp pg%seudrd\%ié/dggs%cgﬁﬁegéﬁ nl(ljl t deztg}é blrd(()r-cgg’séfﬁlloﬁ% nor e
st at i st ildal | polpsacohat desd adldefroativEdntar plurdligr & doatings each dahpesingta and 11

for the second. experinmental .run. ared w.th the sanpl es of ntrol B)
Control A selirEsaa et Biwde waugounty Rebbcs EEFRs et surfictne > Lo
pm | evel . All CompyeohniBusédWh@&er PRE-alBAtRIRTaABd WitheR ol clagsp Control A
sanple did. At the >0 um|level, the 30 maxi mal adjusted particle density

i ncrease of mdysacoharidewm(s. 0, 2mixtwre2d starghay) opganibel avzpssraladses (¢.Ba@ of
Control B was.3.76 1. = 5,11 rticles/ -29 (see Table 10). Thus,
Control A Wa%uxablb%?ﬂiﬁ%ﬁgf)%ea%%lﬁ ! a%? %%té“‘glilg“%n%“ Psétv%lie;fertr%% maxi mal particle
density 2 Gaydaethdyidesfod ugd irt the HventidnQle Redrichesd. eas wg€d huteihNgie Of
Control B was 1.87 +0.42 = 2.29 particles/cm- (see Table 11). Control A
was thus 30Xermsierreh’anbrstarsbesineludes bothwaterosdublectarchspeagi nation for

Control A, a‘pgteﬁteggld{efﬁglgﬁ;&g?g%o%ﬁ%%'on area was not calculated for the

adj usted partic ntrol B, Control B was even nore

cont am nat edBt harSTARCHaCOAJNI NG Nnsi ty nunbers indicate. Even though the
Control C sanpl ess,t haqwgot beenr@g]:é{rectly contam nated wth glass particles,
they still exhi bitt@EFReEAre NEBIASKIOSATITLING BHY™FRE FRLAIBNCATE: 1aRieC™® here was
no prot e i ApLiAladd'®SGy SRARY SN Srd QiFmbREN LAt IisthrcHBs SR ABE Nat i on
fromthe environment. Oritting the macro-contam nation area, these sanples
had about 2Xhedrasiqaopextiesofatanches afe weterl sohurtdliggXand béodegradadlibty, at t he
>10 pm | evel. than ntrol A sanples. 15 PURITY GUM59 Statistically, the
PURI TY GUM ddfat EBTadipon By RUFEPOLRAISEIS, as the Control A sanples at both
particle size | e\@emichpaiafch ReayRicb bl pAtBGLAr O ATIR BF.
Generally, there were 10 X to 20 | ess particles on sanples coated with a
2. 5% sol ut i onldFghiesdithandinge ditpar ede two Gomds afl st B R0pd pmel et unitiiesut

consi deration af the macro-contanination area of the Control B sanples.
par ¢ 1 ol B rUBSIY ORISR SH NSRS AR LB eSS AP HPSEHEES 0 ~m
l'evel but reamdhada@RaHblebilgs %‘ﬁ?ecﬁ‘;iatoh?,@%thc&Hﬂiﬂc%‘{ﬁﬁi@ Aﬁ?loﬁ)@@ttihélg_

sol ution concentration was increased from?2.5%to 10% Particle density on
25 contam nated and uncontam nated sanpl es coated at the 5% | evel were

al nost the sanme, which suggests that the small particle density increase
wi th higher concentration was not caused by scraped glass particles. This,
in tur n) suggests that the par title density increase with coating

sol ution concentration nay be caused by coating material residues at higher
30 concentrations. Since the par title density did not change at the >10 ~m
| evel ) the coating material residue sizes appear to have been smaller than

~ - A~



-26 EMSI ZE CV5 60 EMSI ZE CMS 60 was the nobst viscous starch anong those
tested, although it still qualifies as a | ow viscosity starch. As shown in
Tables 10 and 11, at a concentration of 2.5% there was 5 no

macr o- cont ari nati on, indicating that the coating provided good particle
protection. At the >10 umlevel, there-Mas no significant particle density
increase but at the > 0 gmlevel, par title density increased to a | evel

whi ch was only about 3X cl eaner than the unprotected sanples of Control B.

Thi s parti cl arejerssiched gearch mdeqdesiny highhsevsralodorhlineasaaytosecbaing i ng

from 10 the high Ul .aht_gf 1h. duct.. Furt her .cl eani ng
procedures, &' % Bﬁé?é@%ﬁﬁ%@s %:%(8} %leotéﬁlﬁ%{aglat%ﬁr%ﬁﬁ\?gs ?felélélgf%gse"r dues)
if desired. HowevNhtivestdroBéLatifida BN 6y ate Lhbliisle 1nalds2Mh g8 R 0RI Y Not
of particular concern. The AFM data of Table 12 shows that EMSI ZE- protected

substrat es 18ragsmepcsed shpBryinsgandormylipestinupeleeules aswsmned ydyolrogabl e 13
shows the. pregsepnce of a.smahl anount  of, sodium residue which i.s generally
undesi rabf e ?)I?J}ﬁﬁe%ﬁrgtfgawgf é’faWﬁt%lJ‘rﬁ(ﬁfah?es té)bfgv_g ogignte Hﬁﬁ%lfetshqét starch
coatings promiydedlifg aeddsc'Wheakidter & Mdddegtdreh grihiles aBshbokathandest ed
coatings keeping LCD substrates 20 virtually as clean as control substrates
kept in a paswé¢ldl With encreqsing demperatupxAkplsragulhs svellfaetheatandrithecr at ch
tests were perforne n SS .substrat ich re coated. wt. YSTAL TEX
527 (5% sol LTECT L G THERRBIER S AT R B PSRt iskhiite B e shown
in Figure 2. sthgdhgindldesaciive 3¢ dpdtsored)t Phateattbf, @he Wiit8sity A68%ases
representing the surface profile along the scratch path before scratching,
during st agxadually anddeelepnsaiytionderms alier she texpperiatigre pasaes thepeind) . | n
parti cul ar, . S a PROFI LOVETER trace showi ng the pre-scratch
surface pr oféq}g#ﬁqﬁ%ﬁ%%/cggiﬁ'(deepest) trace shows the penetration of the

scratch tip duri nGormperedGosttbiecharohep) staestes saitdbldfor Risd dh €hé pagenshows
the final depth of the -27 scratch foll ow n% el astic recovery. The
estimat ed t MRYRAESR bgve dovgerapalernlpreeichtoand fawensilsqqeitiasrassa meaudt efor

m croscopi c 1 i : alell i e tration

t hrough the %%gtgl} Egk’l(‘ggtdﬁg‘q‘\ga]?‘g‘é’g@fﬁ%’g?’?g%%.”9{1}}??53” gr \((;\j/gs hr%lgleggga% with | oad
| evel s ukb t oweigheéakarchadodictd 8&rided frongnatied stdrclyes. ETRessHowsr a
correspondin et  of traces r a coatjng that had been exposed to

dei oni zed \Aﬂ‘%@ cplar wWeshisfn ’g’wﬁfivbsr‘coﬁ’él (- H“P%%tf?%ﬁh%ﬁéyt%“‘ihje nat ur e
of the instrygRitaddSad cablte s wiRE o Ghe ¥l s QLY WitRUhSteguéd M nutes)
between the tine the water was renoved fromthe 10 coating and the star t
of testing. ddtergeatepludioposiihese ehishgeenzyinee dégraded appebesalse havet he coati ng

inthat it elimnated circul an.dryving-patterns . that coul d,be seen in the
ori gi nal coa‘i’icgid?natl—%)a%l?}g% ma(g(’h(i: %Blé' Z@Sﬁe &“rﬁrﬁfiaﬂﬁéﬂﬁ‘? ptr?}%‘fcgs &% no change
in the S atmdipapoedted(datansh resi stance) of the coating due to this

wat er 15 exposure, As indicated above, the results of Figures 2 and 3 are
for an initial co¥etesdasad srrayseoapimeisdhe prefemedrethoddar ppplyinmthease

expected to provi i t.hi nper. _cpatings
compuhat | esaeller % BAED ABTRHEh RTbA R, ARY B AREE pEEe A MRS R87 1
repeat ed usiapplratibn$REShfluediDEcdbztion preferably dad aavibévs@ts eawksn 00l di ng
period in the 85/ hum di t0>1'({§85.0 g:haq[‘ﬁer, rather than a 7 day hol di ng peri od.
The resul t s SPEPeKSARY HOTcentipgise optinggicap bergmoyad dram grofepiedt | es are
for the 1 j e} [

nanomnet ezs% %§§~%£§Af%§é§§?@ﬁe gg&&ﬁg@gﬁg tlggeéslggrllggiqr?e[{l estgg’tEi gb%]es, t he
st ar ch coat imeiptpredy lake tereperabierd quraus idetergpnbsdationne. gna sehiti@nt

contam natign protection and, did no an e sur face char acter istics
or cheni st ramé‘gng ﬁeteﬁllpﬁgﬂstugﬁp?%“é%%ﬁ]%‘f‘?&;&hi s prol onged storage period.
30 The above examplgsplas 8fétﬁfaftﬂ€m§%r@%eé éxleUPUm*i‘W@@%\ﬁBb,ya WHPrﬁg%iQQt limt

the scope of the invention. e apparent to ose ski In the
-28 art t hatstgmhi puductodhichdwitsibers degdadek hath ensymanndemodifiedtby t he

7t endedtt o IEBREER deenB FIRt T Sha B B ot ad b ERRae toapehpasch

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



-2J TABLE 7 Product Met hoxyl substitutionMethoxyl %ydroxypropyl

substi tuti onHydr oxypropyl AVETHOCEL Al. 830- METHOCEL E1. 9290. 238. 5METHOCEL
F1.8280. 135. OMETHOCEL K1.4220.218.1 TABLE 2 Viscosity, nPa.s 2% 20CNunber
aver age degree of polymnerizati onNunber average nol ecul ar

wei ght 55310, 000107013, 0004011020, 00010014026, 000400 4M22041, 000 TABLE 3
PURI TYN- TACKCRYSTALNADEX 772EMSI ZEGUM 59TEX 627CMS 60Sour ceVax cor nWax
cornTa i ocaCaor nPot at oSt arch

t ypeAny| opecthemmcai Goamanyy BeidsematenNaw Jerseys Theydaye dew sphitioram t o

ectinhMdifi i opyl O%Y.= Q1. t t
(3004 oo, 5eTRRIGORY, JNE O R A oS Ao BB T G BBl ey g1
t anCl ear el | odrosdopid tetgh Miliviso nat Nhey doaloiNgel atrthk Nainperaurss heraSlyar ch

andSt arch andSt ar ch andSt arch andSt ar keChem cal Cheni cal Chenmi cal
Co. Chemi cal GvBHder ceptmg remevzd, qaptemperniNEes oftasgund6°C.

C1300186135 012?6)@#&9% 5 %{b(% (ﬁ@% 207 TABLE 5 Coati ng
sol uti ongnf{g‘ct angle g?‘oéé%?gﬁi n %t ac Ngﬁgl e after cleaninStarches2. 5%

PURI TY GUM 5931<&k &ikewdst AcKaPe;82a i doRWMD AL rel b d6gradabtsy) wAticNAldX s
77230<82. 5% EMSI ZE CV5 6028<8VETHOCELS (net hyl cel | ul ose and h drox ro |
met h cel | ul dhap they are aacies by pigioougsomsms siioly 35 hadtere avh maRE6152. 5%

e
aci d57<8  -cdatihABbEtHe inwahting prefensblyriftdndaatbiadidé eo bkndneteadreani nCont act

angl e after cleaninBi oci des5% PURITY GUM 59 + 30 .m KATHON LX46<85% PURI TY
cUM 59 A& 1decreafe apicropsganisny piiack padhe ceatingduring gtoregempdipmeny 59 +

50 m KATHON dstdniefadt (isdabelsudiss %qg%o?@wa @%ﬁhpﬁlo#{ggsﬁ%&@gvﬁ&% of

sanpl esCoati ngParti cl e contam nati onCont al ner or NoCl ean
caseCont r ol B3(love CRankicdlCorhpahy)CikieMNaRypdés ofl Toeideothdb¥adNoRedkot | Coat ed

sam | es3YesYesRack | - 32 TABLE 8 nt am. nat edParticl e densit

#1 cm Sanpl edhis RUResei BrESiagid ¢an Hsﬂczﬂed?ﬁfigﬁf’mﬁﬂ@o? 1@9‘5%11.0 03. 53Cont r ol
BYesO. 755. 374;08t«8R3ned4. 24Control CNo2. 823. 210. 652. Q01. 121. 342. 5% PURI TY
GUM 59Yes1. 231. 291g.. 411.831.011. 565% PURI TY GUM

59Yes1. 1&i . 870. 5The0®0ti988 c71 BlgoRURIURY dBgVr38kepl882cii@EQamch ahay be

D) 1.442.101. 191, 3610! PURITY 59Yesl. 162..170. 762.15 Sanpl.esl ncrease of
rr?acr o- cont aﬁipﬂg'ﬁﬁyéﬁo’ﬁ'r%ogl%%%%’é%?g Sd’iﬁg}t?k}]%i&&%téﬁgegs(ly}%ﬂ@) Aver age
densi t ~r | ncagagal, Ghi ) Ganen) 00, 5ABeB412nI 00N 5l rttanadd 65

1.3833.8321. 19Control Cl10.431.03°t 0.5411.4700. . 5% PURI TY GUM
5900. 050. 23 theyeafg Fnchxommmmas parrFdue edsndercymfdhe toating bob&RO® 825%

Cor T S S0P 80103 phinai COTREP baiLA R iR 63!t St Sorhdst, Tlsion

5901. 010. 85
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.



-33 TABLE 9 Contam natedParticle densit #lcnBanpl eswith
particleslnitialfinal Control ANoO.210.030.171. 54Contr ol

BYes0. 042. 800. 061. 840. 721. 00Control CNol. 380. 480. 100. 330. 080. 222. 5% PURI TY
GUM 59Yes0. 07_ 0.110. 210. 140. 070. 105% PURI TY GUM

59Yes0. 220. 190. 110. 130. 110. 155% PURI TY -&2M 59No0. 66Q 66( Cont r ol

D) 0. 190. 190. 080. 1510% PURI TY GUM 59Yes0. 100. 070. 250. 15 Sanpl esl ncrease of

Gonei T~ I ner anoe Bionaar SR RROI O Tofnending of the GHECRIRAsA? Poites 035 09
0. 7631. 9220. : -0 . a4 00 142 59 TY GUM
5900. 040. 04 ?‘%gﬁ%rfécf%‘f gm%%g[ﬁo%’ék/?%'ﬁ #% %J%ﬁlgg}o%bgggeghggﬁtm

0. 0300. 0100. Prfpr FEIRHToheQ@dt BYYEhOBDeEE donber24Gonshotldd@ cQADLOB710%

PURI TY GUM 590-0.03-0.02 t 0.080-0.1Q .(ABLE 10 -34 Contam natedParticle
densit #l cnehihecesighho %P@V@%ﬁcgap 8IcPMPPR&NG. 510. 58Cont r ol

o0 9307040, 721 TS5 PR 1 BLRDRO0. 463 61+ o o L Pieontre)

0. 2%Cet yl t ri met hyithe\@sRe 3%t of dptiomali com foment dizIndt4xha26ti80 And62h&% CRYSTAL
TEX 627Yesl. 951. 682. 853. 340. 588. 25% CRYSTAL T 627Yes0. 61~ .

0. 690. 640. 76EPTRRINCGAS GATRYSFAN ?‘%@ sber Pt 016 £ eBRentHn tdesired.
~0.481.00_p.H71. 7%1&}%@ 31. 371. 321. 230. 571. 632. 5% EMSI ZE
CMsS60YesO. 72%.' 49%. 01. Oﬁ;lgllog‘_B %g(é%%ﬁ\gé CVB60Nol. 321. 47(Control D)
~~0.830.76 .y Tie cbABEs 00t drvenbivedire pBefephldylapplirdse thé ghasr o-

contam nation area cnRCorrected densj i ncrease. (#/ c Aver age densit~
increasg%(#l%fﬁ%}‘iﬁ*&“b%ﬁﬁm%?s !0412‘6].*3% POBV.S?% -%’.“%ﬁﬂgggcﬁ%‘ﬁ’ § Bl12.253.76
t 1.3524. 1610y %’ %i&?ﬁe@%téé ontd tﬂ@é&rfﬁ@é&(ﬁfg&%&aﬁﬁnﬁ thd93. 67+
0.2%Cetyl trimethyl-1T0.891.40 t 1.96anmoni um brom de0-0. 352F. 012. 5% CRYSTAL
TEX 6270- 0. 28fuebusfsolyedd 00 f&bo Che 48 r@RYISIAtx ahiEpl e 6 0@ a0B R sbbutidn 6800. 1200
325% CRYSTAL, TEX .62700. 650. 49 ,0.17(Control D)Q0.510Q. 3010% TAL TEX
6270- 0. 060. 0¥ 2RPIESHt? §EGs SHTECB AL S BIE i teysptge of 30-260°C

0. 64- 20. 490%&6%.&%@@%&@@@5}9@0 1580131 prddsafd Control 0)0-0.07  -3G
TABLE 11 ContanmnatedParticle densit #l cnSanpleswith

particl 8i niti al Bisrbseed abeGothe opativg s Pepferadly, agliad® ©82wiysCont r ol
BYes0. 071. 580, 081.,730. Q80. 42Cant r.Q 0.010.210. 060. 365% PURI TY CUM
500.071 10+ NSNSl B S ST AE FEAT i prosie i flelitufay

brom de0. 07@h&4Qubdkes stdadtibio CRYSITAL tolthé @adY@hile QtcRRibraBle1i8aboeVE. 085%
CRYSTAL TEX 627Yes0. 060. 080. 040. 070. 070. 135% CRYSTAL TEX

627No0. 070. 180Uarmreérablnahene. YHC1 and meashwrefryaix abpes 180°C, where the

627Yes0. 130 7 % . .

nEsoveso. oLBrBstiRre ohul Bt ke Elincasyrad with an pdred fetsdoral oy
0. 070. 1@0 +tRe typaBtdmrhbnlycostd imuidad)glaSamplkesd atr ease of nacro-

contam nation area, cnRCorrected density .increase (#lcnR)Average densit~

i ncrease (#/ cm )ge!Y@eesg%ﬂfﬁqs SR 1B BOTOER G UOBRE0 S 50 ST REI BT 551 87
t 0.4221. 72,1180@1?4]%% OTh&L4néWeferdd Ha 5%@&%%/&%% thé f%M A eohtifg
0.2%Cetyl trinethyl-i0.080.45 t 0. 73anmoni um br om de0- 0. 0320. 312. 5% CRYSTAL

TEX 6270- 0. @pplicBioDisllesdtHa00501% % teRMBSTALurEExhiBR 1M 19Ierma] glass

0. 0100. 0300. 0s5% CRYSTAL TEX 62700.110.11.t .0.Q5(Control D)00. 150-0. 0410%
CRYSTAL TEXY82°H66 Ity kly 1, 5(5’3‘6?‘6’3%}03 i\&%ﬂsgﬁaews?afe r@@%@ew?z@. 14 t

'(I)'ABZ-E 28 gﬁoof&iﬁé’ﬁ.- HYWEME, 4l deBHAP0a 2R Aridé/w AP 261601 e AR - 38

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



Sam | esRnsRaCont rol A0. 3250. 2500. 3100. 2422. 5% PURI TY GUM

590. 3080. 2450. 2810. 2225. 0% PURI TY GUM 59Q 2240. 1780. 2240. 1765. 0% CRYSTAL
TEX 6270. 2780. 2220. 2600. 2062. 5% EMSI ZE CVS 600. 2720. 2160. 272~ 0. 216 TABLE
13 Sam | esAl Si BaCaNGOSr NaControl A6.527. 30. 60. 70. 664. 20. 32. 5% PURI TY GUM
597.127. 70. 60. 90. 962 50. 35. 0% PURI TY GJMB-596. 625. 90. 60. 80. 465. 40. 3-5. 0%
CRYSTAL TEX 6276.527.10. 60. 80. 364. 40. 32. 5% EMSI ZE CMVS

605. 924. 50. 60. 70. 867.10. 2 ~0.2 TABLE 14 Sam | esAgi ng peri od

weeksMacr o- ¢emu)amtruae Loless %\aaarlfiﬂ"c@ eAMnguhe}t@isqlutI%I}mMWm 56 t

0. 27Uncoat ed.con: | 838. 8-0 t12 t 0,441390.617 l%g elg 02 t 0.025%
CRYSTAL TEX V&%% anp aggompeperpigye FofEiqn U dar ﬁ*l%t%a k)

Al Si BaCaNCS: BAFNERS £lori91i2R &f 10e 601uBn Ao @nibar g bt tn3Rdueous

weeks6. 026. 30. 30 262. 8<0. 32. 60

weeks5. 926. 361130)r169f 88as7,<<hozdd 8o bEBthheegdder’thEf the polysatciotideouged34. 10. 32

-~0 What _i s cI for t arlly protecting glass from
gl ass ch?ps f%l‘n 5? pglé'rsaﬁcgt@ﬂ%r?mthgggav%?ﬁ ing at |east one
substantial l'y fl ahphusdiés 8f tiedédhtimit J&oga&mné glake ma(xﬁifa&ru%rfgc}wo@gsst he
surface by: (i) applying an agueous ution conprising at |east one

pol ysacchar iisl edvfmtageomef@a@ee tlsfaghss is ¢lage, atad/thﬁgloatm@mébplcae@l tbel ess
than or equ to 8 or to t | icati sai d aqueous sol ut and
G Pemovi Apsedutifg Pisependgs B0fhe SahhTitsfrind Brisede &Pbhcdon of 8"

pol ysacchar icggtif 984 glak A efdtéd triPerabreahéAteHag thodpplitftiGkaass of at
| east 0.01 mcrons; and (B) subsequently renoving the

pol ysacdRBar ity veed toi b rejativelyi short denanding e sheixateqtanhish tbegdassdb ut i on:

P S R AR P B Re LB e o 87 Lo

has a RVB Slabi)ﬂgﬁldrpyﬁ:té@%@e@%emsured by atomic force microscopy which is
| ess than or equal to 0.36 nanoneters. 3. The nethod of Claiml or 2

wherein the at |'é’agthWemms|b9§%ewbbyéeve,r@hﬂtffe§@§t RIocessght incHding

pol ysacchar l.e l3y4 Se 4. The

nmet hod of O&fél‘eiﬁ\gg&%g% glggwg Q&Q 95% dlfggﬁy}%%gvdﬁo &l's‘?ggc %I’Ifdé conpri ses
at | eastisonexaindie; U.SSPaldie Ned. mo@BmQ(Chﬁﬁ mGBMﬁH eﬂnclﬁ hee Bicokpaatedne
starch conprises str aight_ chain starch rm E)ées and branch d starch

nol ecul es. élerqrﬁéYn%tf%a%%n ERRIT BRETY- tIHé “HpFAnd ein step

(A) is per o&x&&%ggs mﬁl?@ﬁ&wﬂ{ f]orrﬁfed@ 8 afdelitid meI%HQE%SVJr rcam%e& vﬁ fo7 The

met hod of alm ereln e manufacturing process produces ne r med
gl ass at anlIelsevlateskst ﬁtq)eqummrselua;udl shoepd be Applipd unddd cantitipAy @]ixat) are

perfornmed s bst nti neo the a us solution to
the newy f Pr?é’ rfﬁ“jgé‘}/ rd{ff‘?eg[ﬂ‘é‘ﬁ%%’c‘f ’5&8’&‘0593“’ re the

t enper abgr e cQfiidH6f HRVEINsS, @rmegdlmcaw@éus@rm@ fglfls@ t6 Qﬂéé@thﬂ\géx{br&he
aqueous solution is above C. The nethod of Claim7 wherein the

t enper at ur e tefms, [deipping pan bﬂ r%’dldjlddﬁ'sathuﬁﬁtlg ﬁhe spraytleveldntkeep thét h t he

aqueous sol ution,is, bel ow 300 ak.m 7 wherein the
t enper at ur e 53 taﬁ & tﬁmvaeryture a%ovg 10-61;6 tfxmoug?xoug EheQOaltmg process. 1{15 th@

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. Other
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



formed gl ass just prior to contact with the aqueous solution is bel ow 250C.
10. The nmethod of Caim7, 8 or 9 wherein the glass is vertical in step (A
and the tenperature of the glass remains sufficiently high throughout step
(A) so that drips do not formon the swface. 11. The net hod of any one of
t he preceding clainms, wherein the tenperldture of the glass is at |east 100C
at the end of step (A . 12. The nethod of any one of the preceding clains
wherein in step (A (i), the aqueous solution is applied to the surface by
sprayi ng. 13reapply acgenawdatesamgvenentbe! theeglpscadmediped bxithe et ein in step
(A (i), the ) [ dy.bef | I . surf ace.
1 "The et i tor iRy frbaRs, TyBRAUT LA 35 PRGBS BN 511 00
st eps bet weeginfileffeotdly, altlo(8) seqientidlWwohting of hedigidasd sidRdahhe gri ndi ng
and/ or polishing at | east one edge of the cut glass; wherein: water or a
wat er - cont ai peuiermesl tdesiwed.s applied to the coated surface during at |east

f st d (b): th f f th ing h fd t act
angle pridr oo st Berdine s s e b CBh el e Pectarally ' epc (o)
and (b); andtahesd junS tMasdneeGaBY, ¢REtastin @ biicR e Y it hREwbon baSd ban 5. 15.

The nethod of any one of the preceding clalns wherein the concentration of
t he pol ysacchuay i¥iben the peatingisdes thul, pin dolesfocsurpagily) de), a onbimussen 0. 1
wei ght percent an 0 wej gh er cent . 1 16, The.net hod pof ;any one of
the precedi ﬁ%ygf 8{1 ;}éy %ﬁ?&#’%ﬁlﬁe F%%Ot\/ﬁ%g%’(?gi t‘gﬁ%? ??%goagcmfeﬁgg%gic&t ?Con of step
(A) (i) is betanestodlohgdtRbinBot $ke aittid@fosttHd laks Surfade addehdBidial of any
one of the preceding clainms wherein the aqueous solution of step (A) (i)
conpri sek) a wjageiof eoatigg mpteripistiaddglof any one of the preceding clains
wherein the aque [ (i) conprises a plasticizer. 19.
The net hod o?‘ anﬁm&t@qﬁ%m%ﬁégl ai ns wherein the

pol ysacchari de- conkay 66 Agucseasful grotRstive toitekdRsSBaihg ie&Svivathe50 mi crons.
20. The nmethod of any one of the gir ecedi ng cl ai n8 wherein pol ysacchari de
cont ai ni ng coannfagtwase Rrecspe R séilldre ranqladle whenrdesirgds nES i crons.
21. The net f . [ LAl reen t us
soi uti on of EruseBlpoEachaliife BLFEELRReR AR INCTENRS R GBS
t he precHEdi nigr thafing tiwhemadrars trepugtBnonghpbissesivertbe eestrafrtke of © heat i ng t he
aqueous solution,of step (B), | ying ultraspnic energy to the caqating,
and/ or brus rfnwagfﬁcrn\g%er%ﬁ%% a‘@ﬁé’y o g?ﬁ%mﬁﬁ?‘ﬁgﬁ ‘ﬁfn%ﬁ%“%‘ﬁec%’ﬂmﬁﬁ‘égf

precedi ng cl @B Whph&k eEQ&h%?%iddé%ﬂi%%?xﬁﬁn&ﬂ@n'%HBI‘PgEué}T wﬁéﬁ&% chi ps

adhered to the suﬁ?aoe y at least 90 percent conpared to the nunber of
gl ass chi ps adler eldrasonwrlemuoat é¢ s intheralteativepoxdizaltion afdhdi ti ons. 24.

The net hod of aim 23 V\heéeie{a th&\ tr.lurrber bof l%%ﬁd(:ht{hﬁs ?dher ed to the
surface is redttEu®By *AP"TRAEL Y PEKESALT PABTPIRE RETHEA U Uy one of the
precedi ) cl@nBindeN Qiith dihr badssqhésior WomsuRE taaﬂlioughlrmolvar wiih' { aces and
the coating is formed on both surfaces in step (A). 26. The nmethod of any

one of the plderggnhgolutignigpugferedn after step (B), the glass is used to
make a |iquid Cr%f\ﬁé}x%i}aa%iﬁgita??&é a-é:%er-ﬁ‘gseq{ %féf%sg)tnli’g ?l%ﬂﬁg:%tbgﬁgk%%%ﬂﬁhn?b

(a) a glass shee I'ng one su a urface,

coati ng conriscongbiattibrakéreoharqoliystde dhardmmieviap thbpoBhécagidesai d coati ng
having a thickness of at least 0.QL mcrons; wherein: -43 (i). the coating
protects theodtipgaekthergrenionsThgiyse of adeserasat-Arcthagihenhand,is) the

coating dss Iy &Ry 3 frdd QPedtieVthef AiRabllhaQHIRubN G B3RP SR RE 2N

aqueous sol ution.
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.



28. The article of Claim27 wherein: prior to application of the coating,
the surface has a contact angle less than or equal to 8;, and the coating is
sufficiently renovabl e so that the contact angle of the surface after
removal of the coating is less than or equal to 8. 29. The article of Caim
27 or 28 wherein after renoval of the céating, the surface has a RVB
surface roughness as neasured by atom c force mcroscopy which is |less than

or equal to 0.36 napongeters. 30, The article,qof Caim27, 28 or, 29 wherein
the at |east one Iﬁéﬂ?ﬁﬁc@n’%‘?@é@%ﬂﬁﬁ%&”&?#‘j\eg‘}?ﬁt@lgéiaﬁ Qresehe i de

nol ecul es a j - : 1 f any one
of o i m o7 pRUAREIRS PRy BRSCBRERE PR LERHL Shippdd p IRE W RiksFL Bl 20

| east one steg.ch.ma3Rufatheeanf lighil afstal displadldeMiesseand the usér ¢anst one

starch conprises straight c;‘hai n starch nol ecul es_ and branched starch
mol ecul es. Fgmopgdhgcpating Iypm the elsse of clains 27 to 32 wherein the

coating nprise LQC] : i 1F e ' 27 to 33
wherein t%ﬁe coat ?rn"g"%:‘) Clre Iﬂf;trggﬁgf%Fﬁ%ﬁﬁggﬁt%&@lﬁgﬁfeﬁféﬁl% %hg%&;ny one of

clains 27 t dhebsrevdinl gfter ¢dinpomimaval bas ba nidaisakgte SBhisfcahdmsddrieadnsie
mcrons. 36. The article of any one of clajns 27 to 35 wherein the coating
has a thi ckrismeas ULRE HheROTACE WREIEGh3 LN StPRRR Hhsurtare, witigh 6#d Pel o of

any one of } Y/ RANE i e er of gl ass
chi ps adherg{??{oo eﬁeb}égrvggigg@{/t%gftfm}qggglgﬁg‘ghggrtféggggc%rsr%lg%égapg t he nunber
of gl ass chidiagaaher etk ¢antact angle aicadusamémde shogarindigusr dbkkereandst i ons.

-44 38. The article of Claim 37 wherejn.the nunper of gl ass chi ps adhered
to the d0rfdbe CPgtaCéaaskdaiﬁ? I8 err@cggqmg@eﬁéfﬂ eéﬁe S%E@!le%ﬁ%p sontagt e of any

one of clai A7 hiyARABLal N \EnBA 3R RUMELRSWHHA BHbstaghb al |y 11 at

surfaces, botlh sur S have  a coating conprising at |eas
pol ysacchar igless sannfhceadterafentdval abidteicogbinpdasa tdiue kfiless thdn at efpesdlst 0. 01

m crons. 40. The artic of any .one of cl ai 27.to 39 wherein the glass is
Sui table foitoddeerecs, QEdipatiods shatean by et letam e dortips MoVl | | qui o
crystal di sp,avdeeadispd POFEME! e according to any one of claims 27 to
40 or produced according to the nethod of any one of clains 1 to 26.
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10\ +S1096& (spedifit 2OADEIH Il IRUEEbE] tIRIBEBE () -, YUWL0IBE () -#1096& () - 0ZaB: /
10\ S5 10%&';%@{(0 & ()-S@10%& ()-!/ @ 10%58& ()-/ @
109 ()-S - "B IR =" 10\1a3"100mu& ()-!3"1096$& ()-, 10% & ()- 105 105

105S810%& () - 7 phQvedirthes (gﬁﬁﬁ"’&f@@ﬁs‘g,%@h@m NADEX 772 and
P109%AN T\ & ()-2Z3"10% & ()-!63"10%J& ()-!13"10% Ul] U&' (})\- 'S3"10%gg& ()-!'r3"10
N\ & () 15##SEIBAJ FEX 627) were obtained from National Starch and Chemical

200 & () - 2k e s Ry 254 Gofeh PNEIAOME T o )
10% & () - 1@HThmazoo 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 they 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.
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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 has 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.

As discussed 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 temperatures in a laboratory setting, pre-cleaned cold

substrates were pre-heated on a hot plate and removed from the hot plate
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S51000 & ). S0 e IR BNV P ) SIS,
10: 10: 10: TMIPBOCELSGHR%r& filc-Pslymers 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 surface 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
completely without trace residues (see Example 2).
Table 5 summarizes water contact angle results for the starches and
METHOCELSs that were tested. The smallest 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 products were found to be
30  removable using the above cleaning process. The N-TACK coating was

stickier than the other coatings, which is generally undesirable. PURITY
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) amylopectin 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 cellulose ether
molecules and the glass surface. All of these effects are believed to
contribute 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
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laboratory furnace for 20-30 minutes and allowed to cool to 350-380°C
before removal from the furnace. The substrates were then placed on a hot
plate and coated in accordance with the procedures described above. The
10 coating took place within 30 to 90 minutes after the samples were removed
from the furnace. Table 6 lists the water contact angles of substrates
treated in this way. As can be seen in this table, the starch coatings were
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-
solubility 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.
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  of two pieces of LCD glass on uncoated control and coated substrates; (5)
age the particle-contaminated substrates and all controls in a humidity
chamber 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

30 comparing the particle count before and after the process. Particle
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Particle contamination and aging were performed in a normal
chemical laboratory. Cleaning, coating and particle inspection were done in
a cleanroom. The purpose of doing the coating in a cleanroom was to keep
the glass substrates away from unknown contamination sources. Spray-
coating has a great potential to contaminate a cleanroom and thus dip-
coating was performed in the cleanroom for these experiments.

The substrates were 5” X 5” square pieces of 1737 LCD glass, 0.7mm
thick. The glass substrates were pre-cleaned using hand scrubbing followed
by ultrasonic cleaning in a 2% SEMICLEAN KG solution. The initial
number of particles on the cleaned substrates was measured after they had
been dried in air.

The cleaned substrates were immersed in a coating solution (<5
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
rack 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 could 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
substrates were taken out of the humidity chamber after 7 days for
cleaning.

The cleaning was performed by: (1) rinsing the substrates with
room-temperature deionized water, after which the substrates were placed
in deionized water to prevent drying out; (2) hand-scrubbing with 2%
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)
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Particle numbers were counted using a CCD camera to detect light
scattering. The equipment provided information regarding particles of all
sizes and particles larger than or equal to 10 microns.

Four different control samples were used to identify sources of

10 contamination and as benchmarks for coated samples as follows (see also
Table 7):

Control A: uncoated and uncontaminated. This control was kept in a
pre-cleaned TEFLON case. The case was opened only in cleanroom.

Control B: uncoated but contaminated with gléss 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.

Control D: coated but uncontaminated with particles. This control
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 "Increase of macro-contamination
area" shows that the increase in heavily contaminated area, i.e., the area
with a particle density exceeding 25 particlessrmm2. 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
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As indicated above, the particle counting equipment provided
information for particles larger than or equal to 10 pm (= 10 pm) and for all
5 particles detected > 0 pm). (Number of particles > 0 pm = Number of
particles between 0 pm and 10 pm + Number of particles > 10 pm) All
macro-contamination data are based on particles > 0 pm. The data of
Tables 8 and 10 are for all detected particles (>0 pm) and the data of Tables
9 and 11 are for particles greater than or equal to 10 pm (> 10 pm).
10 Some samples had macro-contamination and others did not. Samples
with macro-contamination were much more contaminated than the
adjusted particle density suggests. It is difficult to compare a sample with
macro-contamination to that without macro-contamination using adjusted
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 values 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 statistically 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 >10 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 particles/cm?
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contaminated with glass particles, they still exhibited macro-

10 contamination. The reason is that there was no protection for these
samples and thus they could pick up contamination from the environment.
Omitting the macro-contamination area, these samples had about 2X more
particles at the >0 level and 6X more particles at the >10 pm level than
Control A samples.

15 PURITY GUM 59

Statistically, the PURITY GUM coated samples were as clean as the
Control A samples at both particle size levels. None of them exhibited
macro-contamination. Generally, there were 10 X to 20 X less particles on
samples coated with a 2.5% solution of this starch compared to Control B

20 samples without consideration of the macro-contamination area of the
Control B samples.

Particle density on coated substrates slightly increased at the > 0 pm
level but remained about the same at the 210 pym 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 pm

level, the coating material residue sizes appear to have been smaller than
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10 pm. Further cleaning procedures, e.g., brush-cleaning, could be used to
remove these residues, although in general residues <10 pm are not a
serious concern.
As shown in Tables 10 and 11, addition of cetyltrimethylammonium
5 bromide, a cationic surfactant with a single C16 carbon chain, to a 5%
PURITY GUM solution resulted in an increase in particle density compared
to the same starch used at the same concentration but without the
surfactant.
The AFM and ESCA data of Tables 12 and 13, respectively, indicate
10 that after final cleaning, the surfaces of PURITY GUM coated samples were
as smooth as those of Control A samples if not smoother, and there were no
obvious chemical composition changes to the glass caused by the application
of the coating. (In these tables, the AFM data is in nanometers and the
ESCA 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 CRYSTAL TEX 627
CRYSTAL TEX 627, which has a lower viscosity than PURITY GUM
59, gave excellent particle protection at concentrations of 5% and 10% (see
Tables 10 and 11), with no macro-contamination observed at either
concentration. The coatings resulted in surfaces as clean as the Control A
256  samples at both the >0 pm level and the >10 pm 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 the 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).
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EMSIZE CMS 60
EMSIZE CMS 60 was the most viscous starch among those tested,
although it still qualifies as a low viscosity starch.
As shown in Tables 10 and 11, at a concentration of 2.5%, there was
5 no macro-contamination, indicating that the coating provided good particle
protection. At the >10 pm level, there was no significant particle density
increase but at the > 0 pm level, particle density increased to a level which
was only about 3X cleaner than the unprotected samples of Control B. This
particle density may be caused by starch coating residues resulting from
10 the higher molecular weight of this product. Further cleaning procedures,
e.g., brush-cleaning, could be used to remove these residues, if desired.
However, as indicated above, residues <10 pm are generally not of
particular concern.
The AFM data of Table 12 shows that EMSIZE-protected substrates
15 were as smooth as Control A, while the ESCA data of Table 13 shows the
presence of a small amount of sodium residue which is generally
undesirable for an LCD substrate.
In sum, the above data shows that starch coatings provided excellent
particle protection, with each of the tested coatings keeping LCD substrates
20 virtually as clean as control substrates kept in a particle free environment.
EXAMPLE 3
Nano-indentation scratch tests were performed on glass substrates
which were coated with CRYSTAL TEX 627 (5% solution) using the
techniques of Example 2. The results are shown in Figure 2. Each of these
25 graphs contains three line traces representing the surface profile along the
scratch path before scratching, during scratching (under 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

30 scratching process, and the middle trace shows the final depth of the
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10998& (1%- } @ym(uex 10986 109&' () -+ v10%& ()-' vS10%& ()-1099409%40%w "X
L099G&! () - #3W _2yXsv "X 10086 109& () -+ 109& () - +#3 10%! () -+ 10% () -+
109& () - +cG+< 108@ipgicated 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%
humidity/85°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 um level. (The AFM and ESCA data in Table 15 are in nanometers and
wt.%, respectively.) As can be seen in 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



1098 ()-+ 109& ()-+ 109& ()-+#3 109& ()-+ 109& ()-+|\8+< 109%+3 109& ()-+
109& ()-+ 109& ()-+ 109& ()-+#31 PA< 109& ()-+ 109& ()-+#3 109& ()-+

109& ()-+ 109%& ()-+ 109& ()-+ _?4< 10 109 ()-+ 109%& ()-+ 109%& ()- +0#3

109 ()-+ 109& ()-+ "#$).cCA< 10 109 ()-+ 109%&' ()-+ 109& ()-+ 109& ()-+#3
109 ()-+./016; <d@< 10#3 109& ()-+ 1Q9@ ()-+ 10%&' ()-+

1098 () - +#3<FI NSTU D4< 10# 109& ()-+#3 109& ()-+ 109& ()-+ 109%& ()-+

109%&' () - +UV[ " abcdHd< 10# 109%& ()-+ 109& ()- +#3 109& ()-+ 109& ()- +

10%& () - +chrmt THat various modifications and variations can be made to the processes

and compositions of this invention. The appended claims are intended to

cover such modifications, variations, and equivalents.



10 109& ()-+ 109& ()-+ 109& ()-+#3 109& ()-+ 109 ()-+cCA< 10 109& ()-+
109& ()-+ 109& ()-+#3 109& ()-+ 109& ()-+cCA< 10 109& ()-+ 109& ()-+
1098 ()-+ 109& ()-+#3 100& ()-+ <4< #3) 109& ()-+ 109%& ()-+ 109%& ()-+
109& () - +#3dH, < 109& ()-+ 100& ()-+#3 10%& ()-+ 109%&' ()-+ 109%& ()-+
109&' ()-+ ?2,< 10% 109%&' ()-+ 109& ()-+ QY& ()- +#3 109%& ()-+ 10%& ()- +cC, <
10% 10%&' () -+ 109& ()-+ 109& ()-+ 10%& ()-+#3 10%& ()-+$)*d@< 1093
109&' () -+ 10%& ()-+ 109 ()-+ 109%& ()- +#§*<@J KL D, < 109%¢

TABLE 1

Product Methoxyl Methoxyl % | Hydroxypropyl Hydroxypropyl%
substitution substitution
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 corn Waxy corn | Tapioca Corn 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 3-4 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.




109& ()-+#3 109& ()-+ 109& ()-+ 109%& ()-+ 109%& ()- +LMRWKYZbel )!6 109%& ()-!6
109 ()- 109& ()-+#3 109& ()-+ 109%& ()-+ 109%& ()-+bu_?)!6 10% 6 10%& ()-!6
109& ()-16 109 ()-!6 109& ()-!6 109 ()-!6 109& ()-gK)!6 109%!6 109%& ()-!6
109& ()-16 109%& ()-!6 109& ()-#34 !6 109& ()-|\8)!6 1#34 16 109%& ()-!6

109 ()-16 109 ()-!6 109& ()-#34 |1 PO! QL0 ()-!6 109& ()-#34 !6

109 ()-16 109%& ()-!!6 109 ()-!6 109%& ()-_20'6 1!'6 109& ()-!6 109%& ()-!6
109 ()-#34 (16 109 ()-('6 109 ()-!"#%+ CO!'6 116 109 ()-!6 109%& ()-!6 .
109& ()-16 109& ()-#34 (16 109& ()-+TABUBGOI@! 6 1#34 !6 109& ()-!6

109 ()-16 100& ()-!6 10%& ()-#34 6@HUVW 2016 116 10%& ()-#34 16

109%: ()-16 10% ()-16 10% ()-16 10% ()-W"_"aecC0!6 116 10% ()-!6

109%& ()-#34 16 10%& ()-!6 16100 (yeitd—20! 6 116 10%& ()-!6
109%&' ()-16 109& ()-#34 16 “"(a“’ﬂ slahhkel il 2 ‘;33 16 109& ()_I(G)
100& ()-16 10%& ()-16 109 —#ba—t6 1650t arBee—1 6 109 ()-!6
109 ()-16 10%& ()-!6 10Y&HI—#34—+6110 - | 816 1098 ()-16

109& ()-16 109& ()-!6 109&
109& ()-16 109& ()-!6 109&

D#345e 6 |T0%K5( T #34 116 109&' ()-!6
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109 ()-STUN"_d@##34 16 109%& ()-!6 10%& ()-!6 10%& ()-!6 109%& ()-#34
ijklgr|® @) 10%& ()-S) 10%& ()-S_@LO0%E& ()-)101010 F7&10%& ()-!6

10%& ()-_?| @) 10%& ()-9S) 100/@&'() -T8PLE Bop& () - S#3) 10%& () - S)

10%8& ()-ScC " @) 10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& () - S#3)

10%& ()-S <|° @¢#3)) 10%0&'() S) 10%0&'() S) 10%0&'() S) 10%0&'() S#3dH, @

10%& ()-S) 10%g& ' TNt %

10%& ()-S_?, @ () S) 10%0&'( 2¢ (a)fte%)"undo P& ()-S)

10%& ()-S'cC Q@ 10%& ()-S) 10%&[()-S) 10%& ()-S) 10%& () - S#3)
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igg«pggg-;ﬁ%/ FORITOEPMIP 10%& () - $B110%& () -[3B 10%& (]-9)
P& () - ::EG-Q%ID,T@KIOO/@#) 10% & () -|883) 10%&' (% S)
2.5% CRYSTAL TEX 627 32 <8
2.5% NADEX 772 30 <8
2.5% EMSIZE CMS 60 28 <8

METHOCELS (methylcellulose and
hydroxypropyl methyicellulose)

2.5% E3LV 39 29
2.5% E6LV 45 29
2.5% A15LV 54 16
0.5% A4M 56 15
2.5% K35LV 42 19
2.5% F50 49 20
0.5% F4AM 57 18
METHOCEL + boric acid

2.5% E6LV + 0.4% boric acid 40 <8
0.5% A4M + 0.1% boric acid 48 <8

0.5% F4M + 0.1% boric acid 57 <8




10%& ()-S) 10%& ()-S) 10%& ()-SIJOTUf gdH, @ 10%#) 10%& ()-S)

10%p& ()-S#3) 10%& ()-S) 10%& ()-S) 10%& ()-Sglqr_?, @ 10%) 10%& ()-9S)
10%& ()-S) 10%& ()-S#3) 10%& ()-S) 10%& ()-ScC, @ 10%) 10%& ()-9S)
10%& ()-S) 10%& ()-S) 10%& ()-S#3) 10%& ()-Sd@ @ 10%#3) 10%& ()-S)
10%& ()-S) 10%& ()-S) 10%& ()-S#3 DB3@ 10%#) 10%& ()- S#3) 10%& ()-9S)
10%& ()-S) 10%& ()-S) 10%& ()-SdH @ 10%#) 10%& ()-S) 10%pé& () - S#3)
10%p) 10%& ()-S) 10%& ()-9)
§cC. @ 10%) 10%& ()-9)
10%& ()-S) 10%& ()-S) 10%& ()-S#3) 10%& ()-S/0127<=d@ @ 10%p#3)

109%& ()-S) 10%& ()-S) 10%& ()-S_?

10%8& ()- S#3) 10%& ()-S) 10%& ()-S

Coating solution Contact angle Contact angle
before cleaning | after 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
TABLE 7
# of samples | Coating Particle Container or
contamination holder
Control A 3 No No Clean case
Control B 3 No Yes Rack |
Control C 3 No No Rack l!
Control D 3 Yes No Rack !l
Coated samples 3 Yes Yes Rack |




10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& ()-S#3=PSX] "] D, @ 10%#)

10%& ()-S#3) 10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& ()-Sj knmrwxy' D, @
10%#) 10%& ()-S#3) 10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& ()-Sy{{_?, @
10%) 10%& ()-S) 10%& ()-S#3) 10%& ()-S) 10%& ()-S) 10%& ()-ScC @
10%) 10%& ()-S) 10%p& ()-S) 10%& ()35#3) 10%p& ()-S) 10%& ()-ScC, @
10%) 10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& ()-S#3) 10%& ()-S' <, @
10%#3)) 10%& ()-S) 10%& ()-S) 10%& ()-S) 10%& ()-S#3dH, @ 10%& ()-S)
10%& ()-S#3) 10%& ()-S) 10%& () - SJAEERBE ()-S) 10%& ()-S 2?2, @ 10%)
10%& ()-S) 10%& ()-S) 10%& ()-S#3) 10%& ()-S) 10%& ()-S,.38 27, @

Contaminated Particle density (#/cm?)
Samples with particles initial final
Controf A No 0.71 1.25
1.50 3.53
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
1.01 1.56
5% PURITY GUM 59 Yes 1.16 1.87
0.57 1.09
0.93 1.74
5% PURITY GUM 59 No 1.88 2.10
(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 density
Samples contamination area increase (#/cm?) | increase (#/cm®)
(cm?)
Control A 0 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 £ 0.54
1 1.47
0 0.22
2.5% PURITY GUM 59 0 0.05 0.2310.18
0 0.42
0 0.55
5% PURITY GUM 59 0 0.72 0.60 £ 0.10
0 0.53
0 0.82
5% PURITY GUM 59 0 0.22 0.57 +0.31
(Control D) 0 0.67
0 0.17
10% PURITY GUM 59 Q 1.01 0.85+0.62
0 1.38




10%) 10%é& ()-S) 10%& ()-S) 10%& ()-S) 10%& () - S#3)

10%& ()-S89: =>?@ZyX7) 10 ) ,ml0% & ()- ) , @O0% & ()-' 101010 : 10%& ()-t)
10%& () - S#3Z[ cvdDyX7) 10 ) , Nz 109 & ()-Nz 10% & ()-Nz 10% & () - Nz
10% & ()-Nz 109 & ()-Nz 10% & ()-{_?yX7) 10 ) Nz 10% & ()-Nz 10% & ()- #3 x
Nz 1096 & ()-Nz 10% & ()-Nz 1096 & ()- 73887) 10 ) Nz 10% & ()-Nz 10% & ()- Nz
10% & ()-#3 x Nz 109% & ()-Nz 10% & ()-_CyX7) 10 ) Nz 10% & ()- Nz

10% & ()-Nz 1096 & ()-Nz 10% & () - #3 x&% 10% & ()- d@Xx7) 10) #3 x Ne
10% & ()-Nz 109% & ()-Nz 10% & ()-Nz 10B ()-#3 x ,-.[?yX7) 10 ) Nz
10% & ()-#3 x Nz 10% & ()-Nz 10% & ()-Nz 10% & ()-Nz 10% & () - . 05678: cCyX7)
10 ) Nz 109% & ()-Nz 10% & ()-#3 x Nz 109% & ()-Nz 10% & () -

10% & () - 2@KVR_? U8 Sechimata [0 BaRicle iehVly HORFE. ()} #3 X Nz
10% & ()-Nz 109 & () - RampRgh_Cy X7) withQanicitdz 1075 &infidi- N4 _T0¥Aak () |- Nz
10% & ()-Nz 10%& ()-#3 X Nz I0% R ()-hiz]| QuX7) 10 A3 x Nz 10% & ()-) Nz
10% & ()-Nz 10% & () - Monttdd®6 & () -#3 x NeyX7) [10 #Br 10% &0.03-#3 x Nz
10% & ()-Nz 109 & ()-Nz 10%8 & ()-Nz 10% & () -lcCyX7) 1d #Nz 10%I& () - Nz
109% & ()-#3 Xx T0% & ()-Nz 10% & ()- Nz 109%|& (PA72yX7) 164#N7 10% & () -
10% & ()-Nz 1094 & () -3kl Rz 10% R ()-X&s 109 (904 Cyl7) 2804N7| 10% & () -
10% & ()-Nz 109 = W& ()-#3 x Nz 10%I& %ggi@ 7\ 1%8:&:& X Nz
o &' - g &' - ' s R .
10% & ()-Nz 1094 & () Iézontro?ég& () 2 10!630& (0)- 'T:'L1.38 0.48
0.10 0.33
0.08 0.22
2.5% PURITY GUM 59 Yes 0.07 0.11
0.21 0.14
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 0.66 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 densuty Average densnX
Samples contamination area increase (#/cm®) | increase (#/cm”)
(cm?)
Contral A 0 -0.18 -0.18+0.0
3 1.44
Control B 4 2.92 2.09+0.76
3 1.92
2 0.33
Control C 1 -0.89 -0.11+£0.68
1 0.24
0 0.14
2.5% PURITY GUM 59 0 0.04 0.04 £ 0.10
0 -0.07
0 0.03
5% PURITY GUM 59 0 -0.03 0.00 £ 0.03
0 0.01
0 0.04
5% PURITY GUM 58 0 0.00 0.01 £ 0.02
(Control D) 0 0.00
0 0.07
10% PURITY GUM 69 0 -0.03 -0.02 £+ 0.08
0 -0.10

TABLE 10



X #Y¥678[ 2yX7) 10 #Nz 10% & ()-#3 x Nz 10% & ()-Nz 10% & ()-Nz 10% & ()- Nz
109 & ()- 8> ?2@BDcCyX7) 10 #Nz 109% & ()-Nz 109% & ()-#3 x Nz 10% & () -
109% & ()-Nz 109% & ()-DI JKM e_?yX7) 10 #Nz 10% & ()-Nz 10% & () - Nz
109% & ()-#3 x Nz 10% & ()-Nz 10% & ()-eqr~_CyX7) 10 #Nz 10% & ()- Nz
10% & ()-Nz 10% & ()-Nz 109% & ()-#3 x.Dz 10% & ()-d@X7) 10 ##3 x Nz

1096 & ()-Nz 10% & ()-Nz 10% & ()-Nz 10% & ()-#3 x [?2yX7) 10 #Nz 10% & ()-#3
x Nz 10% & ()-Nz 10%&' ()-Nz 109 & ()-Nz 10% & ()-cCyX7) 10 #Nz 10% & () - Nz
1096 & ()-#3 X - W& ()-Nz 10%& ()=_2yX7) 10 #Nz 10% & ()- Nz
10% & ()-Nz 10% & ()-#3 x Nz 109 gontami edloo Rertigle TenshyA#cnd snd 1096 & () - Nz
10% & ()-Nz 10%.& ()- ! 'gfr g 3 x Nz
1094 & ()-Nz 10% & () - 0% & (){Nz 1Q% & () +#3 #-G<2A—40 #Nz
10% & ()-#3 X Nz 1096 (rSJ“’Nz 1004 & ()-N 1008 'fqng 147
109% & () - <>DEF o dPoid () - Nz
1094 & ()-Nz 10% & () - é@g fd|bFV\A~) 10#J0f T 15 —G3 6l:& ()-@
S10% 1 : & ()-@ [S10% | : )-@ 10%1: & () - @O0%Tige (JIITagy0=) 10 #3T
S10% | : & () - @ [STo9% &)@ SI% & (- O [ SIWa7 - &[() - g3dAN =) 10 #3T
S10% 1 : & () - @3T S10%dntrdid ) - @ $10% INK () - @ BEFAT | & (.04
S10%1: & ()-@_|CW=) 10 #3T S10%|:& ()-@T $I0%.72 & () - @A S10% | : & ()-@
S10% | : & () - @ [SIG%RURKY pu@seW §) 0.46 3.61
+ 0.2%Cetyltrimethyl- Yes 0.54 1.41
ammonium bromide 1.14 0.79
0.39 1.36
2.5% CRYSTAL TEX 627 Yes 195 168
2.85 3.34
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
0.97 1.27
10% CRYSTAL TEX 627 Yes 1.43 1.37
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
(Control D) 0.83 0.76




10 #3T S10% 1 :& ()-@ S10% 1 :& ()-@ S10%|:& ()-@3T S10% | : & ()-@a
S10% | : & ()-@?W=) 10 #T S10%|:& ()-@ S10% | : & ()-@ S10%1:& ()-
S10% | : & ()-@3T S10% | : & ()-@@\V=) 10 ##3T S10%|:& ()-@ S10%|:& ()-@
S10% 1 : & ()-@ S10%1:& ()- @3 dHW=) 10 ##3T S10% | : & ()- @3T
S10% 1 : & ()-@ S10%1:& ()-@ S10% |1 :&g86)-@ S10%1:& ()-@',-./{_CW=) 10
#H#T SlO%I & ()-Ad@T S10% | : & ()-@3T S10% | : & () @ S10%1:& ()-@a
S10%1: & ()-@49: KLQCW=) 10 ##T S10%|:& ()-@ S10%|:& ()-@
S10% | : & ()- @3T S10% | : & ()- @ SP6bE N0 gogtiugdnvwigyv{ ?W=) 10 #T
S10% 1 :& ()-@ S10% | :& ()-@ S10%1:& ()-@ S10% 1 : & ()- @3T
S10% 1 :& ()-@| daN ) 10 ##3T SlO%I &'() @ S10%1:& ()- @Slo%l & ()-@ar
0 ! DALMA — A0 b AT fate oY W aYa Y,
S & E *‘@@om'vw = O3 R g S @Eﬁécte?ﬂaéﬁg.fy AldrsgSiaensiy
. ) Samples contammatlg)n area | increase (#/cm?) increase (#/cm®)
{cm
0 0.07
Control A 0 0.42 0.24 £0.25
0 -0.17
4 4.86
Control B 1 2.25 3.76+1.35
2 4.16
1 0.66
Control C 2 0.04 0.57 £0.49
1 1.02
5% PURITY GUM 59 9 3.67
+ 0.2%Cetyitrimethyl- 1 0.89 1.40 £ 1.96
ammonium bromide 0 -0.35
2 1.01
2.5% CRYSTAL TEX 627 0 -0.28 0.41£0.65
0 0.51
0 0.24
5% CRYSTAL TEX 627 Q 0.08 0.15+0.08
0 0.12
0 Q32
5% CRYSTAL TEX 627 0 0.65 0.49 £ 0.17
(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 1.11+0.64
-2 0.49
0 0.44
2.5% EMSIZE CMS60 0 0.15 0.18 £ 0.26
(Contro! D) 0 -0.07




S10% | : & ()-@ S10%1:& ()-@_CW=) 10 ##T S10%|:& ()-@T S10% | : & () - @3T
S10% | :& ()-@ S10%1:& ()-@ S10%1:& ()-@CW=) 10 ##T S10%|:& ()-@r
S10% 1 : & ()-@ S10%1:& ()-@3T S10% | : & ()-@ S10%|:& ()-@°?W=) 10 #T
S10%1:& ()-@ S10%1:& ()-@ S10%1:& ()-@ S10%1:& ()-@3T S10%|:& ()-@
d@\=) 10 ##3T S10%|:& ()-@ S10%|:&ge) - @ S10%|:& ()-@ S10% | : & ()- @3
3dHWI=) 10 ##3T S10% 1 : & ()-@3T S10% | : & ()-@ S10%1:& ()-@r
S10% 1 : & ()-@ S10%1: & ()- @6; G\WWN{_CWI=) 10 ##T S10%I1:& ()-@T
S10% | : & ()- @3T S10% | : & ()-@ S10%ABE 1) - @ S10% | : & () - @NSXYZ[  cCWI=)
10 ##T S10%1:& ()-@ S10%|:& ()-@ S10%|:& ()-@3T S10% | :& ()-@
S10% | : & () - @efz~_?W=) 10 #T S10%|: & ()- @I S10% | : & ()-@ S10%1:& ()-@
S10% 1 : & () - @3 -Sto% & (@ Mhckiha Particle density (#/om’)
Samples with particles initial final
0.06 0.06
Control A No 0.24 0.29
0.15 0.10
0.03 215
Control B Yes 0.07 1.58
0.08 1.73
0.08 0.42
Control C No 0.01 0.21
0.06 0.36
5% PURITY GUM 59 0.07 1.19
+ 0.2%Cetyltrimethyl- Yes 0.06 0.14
ammonium bromide 0.07 0.04
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 627 Yes 0.06 0.08
0.04 0.07
0.07 0.13
5% CRYSTAL TEX 627 No 0.07 0.18
(Control 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 0.28
0.03 0.13
0.07 0.04
2.5% EMSIZE CMS60 No 0.06 0.13
(Control D) 0.07 0.10




S10% 1 : & ()-@ S10%1:& ()-@ S10%1:& ()-@ S10% 1 : & ()- @3dHW=) 10 ##3T
S10% | : & ()-@3T S10% | : & ()-@ S10% | : & ()-@ S10% | : & ()-@
S10%1:& ()-@_CW=) 10 ##T S10%1:& ()-@T S10%1: & ()-@3T S10% | : & ()-@
S10%1:& ()-@ S10% | : & ()-@CW=) 10 ##T S10% | :& ()-@ S10%1:& ()-
S10% | : & ()-@3T S10% 1 :& ()-@ S10% | -:&-()-@?W=) 10 #T S10%|:& ()-@
S10% 1 : & ()-@ SlO%I:&'() @ S10%1: & ()-@3T S10% 1 :& ()-@_?W=) 10 #T
S10% | :&'()-@ S10% | : & () @ S10% | : & ()- @ S10% 1 : & ()- @3T S10%|1:& ()-@
% yX7) T @10%& ()- 109 &TABLE T goptinped)] - - 10:1: T S10% 1 : & () - @3T
S10% | : &' ()-@; Cvi rmlDyX?) 10 T @k 10%& () - Dk 10%/&' ()- Dk 10%& ()- Dk
10% & ()- Dk 10%& ()- Dk 10%& () - {_?yX?) 10 T Dk 10%& ()- Dk 10%& ()
Increase of macro- Corrected densuty Average densit X
Samples contaminatig)n area increase (#/cm?) | increase (#/cm?)
{cm
0 0.00
Control A 0 0.06 0.00 + 0.06
0 -0.06
4 2.35
Control B 1 1.65 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 9 1.29
+ 0.2%Cetyltrimethyl- 1 0.08 045+0.73
ammonium bromide 0 -0.03
2 0.31
2.5% CRYSTAL TEX 627 0 -0.07 0.13+£0.19
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) 0 0.15
0 -0.04
10% CRYSTAL TEX 627 0 0.04 -0.01 £ 0.04
0 -0.03
(4] 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




#3i Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- _?yX7) 10 T Dk 10%& ()- Dk
10%& ()- Dk 10%& ()- #3i Dk 10%& ()- Dk 10%& ()- _Cyx7) 10 T Dk

10%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- d@X7) 10
T #3i Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i [?yX7) 10 T
Dk 10%& ()- #3i Dk 10%& ()- Dk 10%&38)- Dk 10%& ()- Dk 10%& ()- cCyX7)
10 T Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- Dk 10%& ()- Dk 10%y& ()-
l+-2_?yX7) 10 T Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- Dk
182@&' 8 2>?@BGH CyX7) 10 T Dk 10%WEF12Dk 10%y& ()- Dk 10%& ()- Dk

10% &' () -

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
0.272 0.216
TABLE 13
Samples Al Si Ba [Ca [N o Sr Na
Control A 65 | 273 106 |07 |06 (642 j03 |-

2.5% PURITY GUM 59 74 1277 (06 |09 [09 (625 |03 |-
5.0% PURITY GUM 59 66 1259 106 108 104 1654 103 |-
5.0% CRYSTALTEX627 |65 {271 [06 |08 |03 644 {03 |-
2.5% EMSIZE CMS 60 59 12456 |06 |07 (08 (671 102 102

TABLE 14

Aging period | Macro-contamination (%) | Particle density

Samples (weeks) (particles/cm?)
4 3.2 0.56 £ 0.27
Uncoated control 8 38.8 -0.12 £ 0.44

13 90.6 17.85 £ 14,97
4 None 0.02 £ 0.02
5% CRYSTAL TEX 627 8 None -0.68 + 0.17
13 None 0.05+0.03




#3i Dk 10%& ()- H Z\abc| <yX7) 10 #3i Dk 10%& ()- )Dk 10%& ()- Dk

10%& ()- Dk 109%& ()- #3i cy{[?yX7) 10 #Dk 10%& ()- #3i Dk 10%& ()- Dk
10%& ()- Dk 10%& ()- Dk 10%& ()- cCyX7) 10 #Dk 10%& ()- Dk 10%& ()-
#3i Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- _?yX7) 10 #Dk 10%& ()- DK
10%& ()- Dk 109%& ()- #3i Dk 10%& ()-89Bk 10%& ()- _CyX7) 10 #Dk

109%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- d@X7) 10
##3i Dk 10%& ()- Dk 10%& ()- Dk 109 éi“(o?ﬁ Dk 10%& ()- #3i [?yX7) 10 #Dk
10%& ()- #3i Dk 10%& ()- Dk 10%& f% 10%& ()- Dk 10%& () -

| "$cCOyX7) 10 #Dk 10%é& ()- Dk 10%é& ()- #3i Dk 10%& ()- Dk 10%é& ()- DK
109%& ()- $)*+>@_?yX7) 10 #Dk 10%& ()- Dk 10%& () -

Al Si Ba Ca N O Sr B AFM
Baseline 6.2 26.1 0.6 0.8 0.9 61.7 0.3 3.5 | 0.27-0.36
4 weeks 6.0 26.3 0.3 0.6 1.2 62.8 <0.3 2.6 0.30
8 weeks 5.9 26.3 0.3 0.6 1.3 62.7 <0.3 2.8 0.28
13 weeks 5.4 26.2 0.5 0.6 1.6 61.6 <0.3 4.1 0.32




Dk 10%& ()- #3i Dk 10%& ()- Dk 10%& ()- EQRM ef CyX7) 10 #Dk 10%& ()-
Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- fghjpgrd@X7) 10
##3i Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i r[?yX7) 10 #Dk
10%& ()- #3i Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- cCyX7) 10
#Dk 10%& ()- Dk 10%& ()- #3i Dk 109%& ()- Dk 10%& ()- Dk 10%& ()-
_2yX7) 10 #Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- #3i Dk 10%& ()- DK
10%& () - X7), 10 #Dk 10%& ()- Dk 10%& ()- Dk 10%& ()- Dk 10%& ()-
#3i/§/Dk()10‘6/’§1§O:{(§ Ela&‘@aﬁ 10/%#3i()ok 10%& ()- Dk 10%& ()- Dk 10%& ()- Dk
10%& ()- #3i [?yX7) 10 #Dk 10%& ()- #3i Dk 10%& ()- Dk 10%& ()- Dk
10%& ()- Dk 10%& ()- 9& ()*+dW=) 10 #10y010y10yDk 10%& ()-

1. A method for temporarily protecting glass from glass chips

and/or scratching, said glass having at least one substantially flat surface,
said method comprising:

(A) protecting the surface by:

@) applying an aqueous solution comprising at least one
polysaccharide to the surface, said surface having a
contact angle less than or equal to 8° prior to the
application of said aqueous solution; and

(1) removing water from the aqueous solution to leave a
polysaccharide-contéining coating on the surface having
a thickness of at least 0.01 microns; and

(B) subsequently removing the polysaccharide-containing coating
from surface using an aqueous solution;

wherein the surface has a contact angle 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 roughness as measured by atomic force microscopy which is
less than or equal to 0.36 nanometers.

3. The method of Claim 1 or 2 wherein the at least one polysaccharide
comprises straight chain polysaccharide 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 method of Claim 4 wherein the at least one starch
comprises straight chain starch molecules and branched starch molecules.

6. The method of any one of the preceding claims wherein step (A) is
performed as part of the manufacturing process for the glass.

7. The method of Claim 6 wherein the manufacturing process

produces newly formed glass at an elevated temperature and steps (A)(1)
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process where the temperature of the newly formed glass just prior to
contact with the aqueous solution is above 150°C.
8. The method of Claim 7 wherein the temperature of the newly
formed glass just prior to contact with the aqueous solution is below 300°C.
9. The method of Claim 7 wherein the temperature of the newly
formed glass just prior to contact with the aqueous solution is below 250°C.
10.  The method of Claim 7, 8 or 9 wherein the glass is vertical in step (A)
and the temperature of the glass remains sufficiently high throughout step
(A) so that drips do not form on the surface.
11. The method of any one of the preceding claims, wherein 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 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);

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

the first and second contact angles differ by less than 5°.

15.  The method of any one of the preceding claims wherein the
concentration of the polysaccharide in the aqueous solution of step (A)(i) is between

0.1 weight percent and 30 weight percent.
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22.  The method of any one of the preceding claims wherein step (B)
comprises one or more of: heating the aqueous solution of step (B), applying

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

23.  The method of any one of the preceding claims wherein the coating
reduces the number of glass chips adhered to the surface by at least 90 percent |
compared to the number of glass chips adhered to an uncoated surface under

comparable conditions.

24. The method of Claim 23 wherein the number of glass chips
adhered to the surface is reduced by at least 95 percent.

25.  The method of any one of the preceding claims wherein the glass has two

substantially flat surfaces and ﬁhe coating is formed on both surfaces in
step (A).

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

27.  An article of manufacture comprising:

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

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

wherein:
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31. The article of any one of claims 27 to 30 wherein the at least one
polysaccharide comprises at least one starch.

32.  The article of Claim 31 wherein the at least one starch
comprises straight chain starch molecules and branched starch molecules.

33.  The article of any one of claims 27 to 32 wherein the coating

comprises a biocide.

34.  The article of any one of claims 27 to 33 wherein the coating

comprises a plasticizer.

35.  The article of any one of claims 27 to 34 wherein the coating has a

thickness of less than 50 microns.

36.  The article of any one of claims 27 to 35 wherein the coating has a
thickness of between 0.1 microns and 20 microns.

37.  The article of any one of claims 27 to 36 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.
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40.  The article of any one of claims 27 to 39 wherein the glass is suitable

for use as a substrate for a liquid crystal display.

41. A liquid crystal display including an article according to any one of

claims 27 to 40 or produced according to the method of any one of claims 1 to 26.



