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§6 Summary of the Invention

The present invention is directed to a process for forming a coated article comprising coating a
substrate with a solution containing 0.2 to 15 weight percent colloidal silica particles having an average
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(200 A). Sf trQﬁFnEslgn electron micrograph of a coating 1-useful in the -invention-at a magnification of
300, 000X shows that the coating is continuous, i.e., covers the surface of the substrate with virtually no
discontinuities or gaps, and provides a substantially smooth surface which has only minor surface
imperfections. Fig. 1 further shows that the coating 1 is substantially uniform in thickness.

50 The coating useful in the invention is substantially permanently adhered to substrates to which |t is
applied, i.e., it can provide a 180° peelback value of at least about 500 g/cm when tested ‘according to a
modification. of ASTM Test Method D3330, generally with failure at the adhesive layer and.no coating
removal from the substrate. In the modified test method, a 1.9 cm wide strip of Scotch Brand Magic
transparent tape, available from 3M Company, is adhered o the test sample by rolling a 2 kg roller back

55 and forth twice across the tape. The tape is then peeled from the test sample at 180° at a rate of 2 cm/min.

The excellent adhesion of the coating to the substrate and the adhesive of the test tape also
demonstrates the utility of the coating as a primer for adhering adhesives to substrates, such as polymeric
substrates, e.g, polyester films.
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The colloidal silica solution, finely divided solid silica particles of ultramicroscopic size in a liquid,
utilized in the present invention, may be acid stabilized, sodium stabilized, or ammonia_stabilized. I is
generally helpful to acidify sodium stabilized silica sols to a pH of 3.5 to 4.0, e.g., ‘with glacial acetic acid, to
prevent particle agglomeration prior to preparation of the coating solution when alcohol is used as a diluent.
55 Examples of commercially available colloidal silicas useful in the invention include Nalco 2326 and Nalco
1034A, available from Nalco Chemical Co., and Ludox LS, available from E. I. duPont de Nemours Co., Inc.
The colloidal coating solution should contain 0.2 to 15 weight percent, preferably about 0.5 to 6 weight
percent, colloidal silica particies. At particle concentrations above 15 weight percent, the resulting coating
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I s suf fhe @patent filt cbub exhibited adhesivecplitio the tadhedivey lagey rigalieg adhysive Trbstdud roy ithegeoating

t enper &rtar deryensirting He strengsbondh ginthe pethesivet to el cobted film. Mo bdesiva %)lldtagroaﬁm@d The

resul tl"PRgt_ ngsaé dsravedtionm theyncoaecsemalsl e of absor b| ng and/ or rehydrating
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acet i Cm%héiussfoﬂoﬂfgﬁt"p%%e@éf&be #ing@dg! omeration prior to pr epar at | on of t he
- coating solution when alcohol is used as a diluent. Exanpl es of

conmer ekanpleyz avai | abl e col l oidal silicas useful in the i nvention include
Nal @@ 2326 and Nal co 1034A, available from Nal co Chem cal Co., and Ludox
LS, avai lsadobiingfsbiotion bvas prepaletRgyndiluthg chilbivelLsilisa Bialco 2328 withTdieandl@d b 6ondétratpat i Ng
sol ut i offR.5% selidsl amxbarkding 10.00% 2T stgitol TMNAR i Toé bolytien aexndoates oo D3 rmarb thick polyethyldde S t 0 6
wei ght terpphtbalate filmasing e irakegravere Icoating PiThe coabsl. filnAaspdried Atcd32C foothme mtinutesi Tha s

above ﬂ_eEU"WGIOg#TFQ p'a pases, coptinwoyseand| abpyt 40 wa thiokgThé coating was substantially similar to
s5 the coating shown in Fig. 1. The dried coating was observed to have good antireflection properties.

Samples of the coated film as well as samples of uncoated film were tested for adhesion using the
modified ASTM Test Method D3330 described hersinabove. The uncoated film had an adhesion value of
189 g/cm tape width with no adhesive split from the tape. The coated sample had an adhesion value of 559
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" EP'0193 269 B1 may have reduced unifornity and exhibit reduced adhesion to
the substrate surface. Difficulties in obtaining a sufficiently thin
coating to achieve increased gp ghbzbéspdpn ssivity and reduced reflection
may. al so be encountered at concentrations above 15 wei ght percent. At
concentrations below 0.2 weight percent, process inefficiencies result due
t 0 t blemltapegedth.nTheriapeodid soll rereove tlm&:uatmmtmt thb dilr, dnoabitlitesiredihasive ispktfof et i on 5
pr opedhesiedayen podiedenedstatig. theTreellbitiadhesies of taef coating taihp bubsthtevetd teontalien

- =sal uidhesion of thecadensiletotthegpatiiie concentration of silica particles in the
“goating solution and the desired thickness of the dried coating. The

t i cExpeRes 3115t he wet coating solution is preferabl y such that the resul t| ng
drled coatln t hi ckness is from 20 to 500 nmt ick. The coatln sol uti

may al S, t ?IP"‘%"?’B‘H’G%F’}’?*’%“%%}:F% ?r&'f' HTﬁ?:fz e’ﬁéf’ F“P ey he

sol uf"f’ 'F‘F"s 'n% alingy Zolu ‘E’Y"i s %ai °% "8%'%?}5‘8% 0P of
surfg% §H?° ?/Shig%tcﬂféeé ?ﬁ‘i%’gfa%e p? 8spr8 £ déy"?ﬂ‘t?f‘ﬂ? §3%ﬁ“??‘|g Exanpl es of
sultabl e surfactants |ncI ude Ter gid %gé TMN-6 (Union Carbide Corp.) and
Triton X-100 (Rohm and Haas Co.). nerally, the surfactant can be used in
anount s of eut-—%%—g-ht—pmﬁ—ef—t—he—se#u;he-n—The coating -

i ngredi ent s |m¥@edBtli onal | y cont af¥®®a pol yneri c i Hiekpess ek il pol yneric

. bizpders incliudea 15 | sméiyiméthactyif® (FRhm afDHasy colyl| acebgre, ppl yesters,

pol yami des, |polgvi Hyd;omayr'bérfaiei(d%@PPemaml yesters| copehgners]|of acrylic acid
and/ or met hgcryti c |agdlydarbanat (Gag)Gyrerl Bleadic Got)yr ¢ne. TBe coafing sol ution
can contain jup o gbhailtiosb@cene ginratper cent of the pol gneric pi nder based on
‘the wei ght of—The srTita partiTres, Usefur—anpunts of —porymeri c binder are
gemer aldy fo'ﬂ&w&gh:%atfn&@?&-oﬁg wete M%%Qt -t \)Qﬁ&uggﬁeeprﬁétfrﬁﬁt Addi tion of various
adj uvants, such as's agents and processing oils, to the substrate
material may 20 reduce the—adhesen—ef—the—eeating to the substrate. The
foll ow ng specific, exangles Wlllsg'étp(}é to illbustrate the invention. In

t hese exanpl es, all percdnétagels and parft $3585 € by wei ght unl ess ot herw se

i fi cated. Exanple 1 25 Si nalg@rasessiieh soNgl c5 2326 (anmoni a stabilized
colloidal silica; 14.5% BonrgitoumN-m | ida @sisfgefr]; particle size 5 nm (50
A); available form Nal co ThemrTar_Conpany)- was added to 100 g ethanol to
" provide a very clear coating solution. A 0.2 mmbiaxially oriented

pghyet hyl ene terephthal at e—H—l—m—eem-a-b-m-nq—anaul travi ol et absorber was

di pped in the coating sol ution, aftuligR¥ed dried at [err] for two

m nutes. The resulting 30| ¢aat i Ng was ppresig, |continuous, and simlar to

t he coating shown in Fig.| Naco2aepgimarsanfge1s ghg coating thi ckness was about
120 nm The coating adher ederaigzgrrdls-si vel y t@3ghe substrate. A 1.9 cm (3/4
ingh) wide strip of Scotch Brand WvagrCc (Tansparent tape was applied to

coat ed Pangau Ehel dubRBARLES cbind AR 55 Sutof e 4, 180
o/ CMdaRE Wil %‘Bﬁﬂﬂﬁ;ﬁ Tbr 881 ORI e eaf %ﬁééﬁ&%@?ﬁﬁ&%’h@ﬁ sanpl e,

whi | e,a@nef.@ﬁm 0'iin, a6 Yot Gorh i TR, WhiH ttlinsHRsSion BSikIoF Gidodsd hadraNe t he
eaéra@%gtmhmeéfmbamvdmgrat| ng a remarkabl e increase in the
adhesi on of the tape. The adhesive of the tape did not renove the coating

fromthe coated film but exhibited adhesive split of the adhesive |ayer

| eavi ng adhesi ve residue on the coating further denonstrating the strong
bond of the adhesive to the coated film No adhesive split was observed
when the tape was renoved fromthe uncoated sanple. 40 The
antireflection and transm ssion properties of the filmwere nmeasured using
an. | BM W/-VI S 9432 Spectrophotoneter at wavel engths of from 350 to 800 nm
An uncoated sanple of the filmwas al so

50
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-rreaéured for conparative purposes: The results of these tests are shown in
"Figs. 2 and 3. As can be seen fromFig. 2, the reflectance of the uncoated
sanpl e, curve 2, was 12% at 600gpmpl1g¥Bid 81t he refl ectance of the coated
. sanpl e, curve 3, was about 2% at 600 nm As can be seen fromFig. 3, the
l'i ght transm ssion of 45 the uncoated film curve 4, was about 88% at 600
nm while the light transm ssion of the coated sanple, curve 5 was about
98% at 600 nm This @nongtrates the excellent reduction of reflectance and
éncrease in transnis$ &h §f |ight provided by the coating. Exanple 2 50 A
" Cedting solution was gref#red by diluting colloidal silica (Nalco 2326)
Wit ethanol to a cofitahtdfati on of 2.5% solids and addi ng 0.01% Tergi t ol
TM\-6. The sol ution \#asi dilat ed on 0.1 mm thi ¢k _pol yet hyl ene terephthal ate
. . s 0 1, e o 1 «~ @ O I 3) .
filmusing a rotogragure L‘Ofat‘!;ng; r;olj .”;'I%e";cq_a;;e fgldp was dried at [err]
for three mnutes. Tile regulting coating was porous, continuous, and about
100 ,am t hi ck. The coating was substantially simlar to 55 the ctoating shown
in Fig. 1. The dried coatj,ny wag shsemyed ®o~haver gpod antireflection
properties. Sanples of _t lg’.gogt rdgf id g3 Fedll Sag Pl es of uncoated film
were tested for adhesi & using the nodified ASTM Test Met hod D3330 -
descri bed herei nabove. ~Thg Wn¢o%t &d < it i h@d~an afimgsPon val ue of 189 g/cm
“tapeswidth with no aghdsiieq sl it of SR theRt Gp® STM® Foated sanpl e had an
adhesi on val ue of 55¢ & EP O 193 269 Bl g/cmtape width. The tape did not
renmove the coating fiforg thet fhI M bt TXNiNi Bedd Mestve split of the
adhesi ve |ayer, agai § @G@IBtRaki BgQ & Rl F& KIBsion of the coating

to,the substrate andft @ excel |l ent adhesion of the adhesive to the coating.

5 Banpl es 3- 15 Var ods dir'angplr Snt? ﬁblczn'ﬁrﬁc"’.sl‘fbé‘i Yaterials, as
identified iii Tabl ewl s RIr@ Sodt &by dh pPhi Hgot & Se®erials in a coating
solution containing 1.5% cocl,l‘gi gal Si I__i‘ ca 4Na co 2326) or by w ping the
sol ution on each side of gh‘g ghﬁeﬂ r?atﬂeﬁa'_; Em Eh:a:fiwsue-wapped gl ass rod
_and,drying the cepted samile.ol B & I \MRtor oD B Type
Thi ckness (mm) 1 - A pol ymet hyl et hacryl ate (Rohm and
Haas Co.) 0. B oq:lol ycarbonate (CR-39, PPG Inc.) 3.12
. C pol ycarbonlte (lZxgn, General Electrig¢ Co.) 1.94 D cel | ul ose
acetate butyrate 78! 828! WgNTRelfgl llowy gy coating sol utions
wer® used to coat the \garﬁ ous sheet materials: Solution | 25
et hanol 135 g Nal co 2326 silica sol 15 g Tergitol TM\-6
0.15 g 30 Solution Il yatgr 135 g Nal co 2326 silica sol 15
g Tergitol TM\-6 s5Q@3 9 ' . ' e
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As can be seen from the data in Table 2, the coatings provide an excellent ifcrease in light

56 ftransmission for each of the materials which were coated. Each coated sample'e)(h'ibited at least two

percent average increase in light transmission. The greatest increass in transmission was achieved on the
CR-39 polycarbonate with the average percent increase in transmission for Example 7 being 6.8 percent.
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'35 For’ each exanple, the substrate material, coating nmethod, coati nj

~'sol ution, and drying tenperature, together with the resuum Ij““ llm”“‘
.transmssion determ ned using 16847 VI S 9432 Spectro il

d
%aa . c . M
wavel engt hs of from 400 to 800 nm are set forth in Table 2. "Li ght

transm ssion data for uncoated materials are also set forth in Table 2 for

- conp&iahs ve purposes. 45 55 6 EP 0 193 269 Bl [ERR] As can be seen from

the data in Table 2, the coatings provide an excellent increase in |ight 55
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-cont 1 nuou .1 ca par I's transparent,

Pr OVigdefhethretbidsdr @M prédeliMg SIERGHBrofbaitid6&ling Isrephhdd Férh lalcailolddl SofdtidnQabhblen
itwee’i\(tb%ﬁﬁfb geftomal d substrate
provi ding a 130 péel back val ue of at least 500 g/cm 10 2. The process of

cl ai 8 ltnatppicedsivr arlyQraeeding diin wherélii baificoafing@otangaprta bisoie20i weighiwrdemtwaer.0of 80 C
to 120 C. 3. The process of any preceding claimwherein said coating is 20
10,560 Therprdebsslof any. probadingaatatre eb@rein saidsupstateds eaispagent | ai m wher ei n sai d coati ng
o prepared froma colloidal solution capable is of providing a dried
pr oddct THeapydcpas of plaimyfowhepsin thes rangmiggionlikaratiereugh bnogmal ingideny light ia the, wagelengihe

pr ocessrauge ohAY 19,88 b iisacredsed erpuhe fransmissien Hroughoan; urepated sukelrae ofibe $aeabout 20
wei ght §oEwesiers-water. 6. The process of any preceding clai mwherein said
substrate is transparent, 7. The process of claim®6 wherein the

-t rAndni YEPHTOEREPRITH YR B ARsIetdrsMREris icrerteg it 1o3sh? PHiE*havel engt h range

L o8 8 RS R 360 e e R Bl A o0 o
-sai d 4gVRLH&eld &}Qﬁhgbgééaﬂg ckﬁn W\qﬁ&&r?@a?c?goa g a8 &8 fnaéx Pf"r%ffa‘é{%- BotwadhCy 48/ OCESS
cl ai an

of yei thep 1Q erein sairdcodting Is fromabout /0 to 250 nm

~ thick. 10. The process of any preceding clai mwherein said coating has an

T ndeX4,0fheldcbsa Gk by brédbaildiaiR @erdin ddid Sistrate is fdhfnelie.40. 11. The proocess of any
precedi ng clai mwherein said substrate is polynmeric. 12. A coated article

- Ppr epag.eal cataartidis ptbphred hdadrding tolthiméthodaoh §ny[preediny dimcl ai m 36
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Patentanspriiche
. 1. Verfahren zur Erzeugung eines beschichteten Gegenstands, umfassend Beschichten eines Substrats
N mit einer L&sung, die 0,2 bis 15 Gewichisprozent kolloidale Silicateilchen mit einer mittieren Primérteil-
40 chengrBe von weniger als 20 nm (200 A) enthidlt, und Trocknen der Beschichtung bei einer

Temperatur von weniger als 200 ° C, um ein Substrat mit einer Beschichtung sines zusammenhingen-

den, durch Gelbildung erstarrten Netzwerks von Silicateilchen zu erzeugen, die transparent ist, eine im

wesentlichen glatte Oberfltiche schafft, eine im wesentlichen gleichférmige Dicke aufweist und im

wesentlichen dauerhaft auf dem Substrat haftet und einen 180° -Abl8sewert von mindestens 500 g/cm
. 45 gewihrt.

2. Verfahren nach Anspruch 1, bei welchem die Beschichtung bei siner Temperatur im Bereich von 80 °C
bis 120 °C getrocknet wird.

so 3. Verfahren nach einem der vorstehenden Anspriiche, bei welchem die Beschichtung 20 bis 500 nm dick
- st

4. Verfahren nach einem der vorstehenden Anspriiche, bei welchem die Beschichtung aus einer kolloida-
len L&sung hergestellt wird, mit der ein getrocknetes Produkt mit siner offenen Porositét zwischen 25
55 . und 70 Prozent geschaffen werden kann.

6. Verfahren nach einem vorstehenden Anspriiche, bei welchem dis Beschichtung bis zu etwa 20
Gewichtsprozent Wasser enthélt.
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5. Verfa nonach eI hem vor st ehenden Anspr~che be! wel chem di e

- Besghig hmagrebha%h %He,ﬁhmo%@hééexn A‘«J@&ﬁ&@%ﬁ%m%%ﬁ@&bam BAPbymé ist, | 111011
111111 HEJlI JlIj2 HL liii EP0O193269B1 6. Verfahren nach ei nem der

vor st abeBskeRichivis DEddemttand,Dadr yurise NRA Uarfanidhl aél Bhnerh IR YHraBIIAben Adspriche

Ver f ahr energeawit whaspr uch 6, bei wel chem di e Durchl assi gkeit be! sehkrecht
einfallendem Licht imWellenlangenbereich zw schen 400 und 800 nm gegenl ber
‘de't 20DiReednidicebiongkei t  durch gi n unbeschich- 5 totes Substrat der gleichen
Zusanmenset zungen erhoht !st. 8. Verfahron nach Anspruch 7, bei welchemdie
i tt | dr ePOEAdS [t Sermglicn) d'unjarials revRi; tcomareanpyapplisation en leobrhe jsurt un substgt d'yaer f ahr en
nach Ansm*tlyemcmt%ﬁéto 282 19 & eQuepidh derpatiqulepesle sfire HQ"B'HQ!S 2% @ﬁ%ﬁ""‘?(?”ﬂ?ﬁ'ff 250 nm

partiulon deaRping idp 2 v7p (A0l fH & 5% Pfo TovElem ’P?em di e
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Ver fahr efi 7 ur ra iére enf perman
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‘20 Revendl catlons 1.
Prog-dd pRcdi's mg.& ew;naieanm u sqe uaweetevete,ﬁam SARD the BARLEEA! de0GeR)
strat une so on contenant 0,2 a 15 %en poids de
particules de silica coIIonaIe ayant une taille primire -noyenne des
parti cul pRcsd8 shbdnd Bund Queltbnii® ded Wsvericatichb phéBsdentss) AR 16HICICE romiHioRE ke D UNE
25 t esparsat ds 20 4 sUofnid. eure a 200 C pour former un substrat conportant un
revst ement d'un reseau g6lifi6 continu de particules de siico, qui est
t r ans@ar Biotédé chomant I'umee qesicofiqiie alee Sevemtidatidng qrdesdentes,sdres leged! lal ravBtemep aissseur
pr at i quepéperé awn démrt rdune tsolativh callvitiald c8pahidhder donned an ppeadbib séshé pynt Ypeanvmsité
pernanenowemommtenmwé@%t en donnant une val eur de pel age A18 00

¥¥au noi ns 500 g/cm
40 5. Procédé suivant I'une quelconque des revendications précédentes, dans lequel le revétement susdit

contient jusqu'a environ 20 % en poids d'eau. -

6. Procédé suivant I'une queiconque des revendications précédentes, dans leque! le substrat précité est
transparent.

7. Procédé suivant la revendication 8, dans lequel Ia fransmission, & travers ce substrat, d'une lumigre
incidente normale dans I'intervalle de longusurs d'onde de 400 4 800 nm est accrue par rapport 2 la
transmission & travers un substrat non revétu, de la méme composition. :

60 8. Procédé suivant la revendication 7, dans lequel la transmission moyenne susdite est augmentée d'au
moins 2 %.

9. Procédé suivant la revendication 7 ou la revanducatlon 8, dans lequel le revétement préc;lté ost d'une
' épaisseur d'environ 70 & 250 nm.

10.. Procédé suivant I'une quelconque des revendications précédentes, dans lequel le revétement précité a
un indice de réfraction comptris entre 1,15 et 1,40.



30° 2 Proc"d4 sulvant |a revendication 1, dans |equel {
s~chd a une tenperature de | Vordre de 80 a 120 C. 3. Pr oc*ﬁ!ﬂﬂﬁﬂﬁ“‘ mm“I
quel conque des revendi cati ongpy TFskRB£LS. dans quuel ce
epai sseur de 20 & 500 nm 35 4. Procedd suivant une quel conque des '
revendi cations precedentes, dans |equel le revaterrerlt est pr6pare au

dépatt Rﬁc&dﬁ&s@ﬁtﬂhﬂmeb@iqh@&@&b&nm@ﬂ&bI.;ﬁcddbntdarda&r lequel iprsasitatipréeicéd ayant

une porpsulisBatpolymérigee.conpri se entre 25 at 70 % 40 5. Procdd4 suivant |'une
~quel conque des revendi catlons prdcddentes, dane |oquel |e rev8tenent susdit
~¢ont 12 dyticleyegty. prérard suiven legochgicds. lyod absiconquedes reyendmations afcédeMesant | * une

quéel conque des revendi cations pr~cédentes, dans |equel le substrat pr~cit6

est transparent. 45 7. Proc~d6 suivant |a revendication 6, dans |lequel |a
© .transm ssion, A travers ce substrat, d une lum bre incidente normal e dans

| "intervalle de longueurs d onde de 400 & 800 nm est accrue par rapport a

Ia transm ssion a travers un substrat non rev8tu, de |a m-nme conposition.

58 8 Proced6 suivant |a revendi cation 7, dans quuel | a transm ssion

.noyenne susdite est augnentge d au noins 2 % 9. Proced4 suivant |la

revendi cation 7 ou la revendication 8, dans lequel |le revetenent prdcit6 ..
est d' une epaisseur d environ 70 & 250 nm 55 10. Proc6d6 suivant |'une |
-~ g@el conque des revendi cations pr~cedentes, dans |equel |e revotenent ‘
précit4 a un indice de refraction conpris entre 1,15 et 1, 40. EP 0 193

269 B1 L 11. Procddd suivant rune

quel conque des revendi cations pr6c6dentes, dans |ecuel |e substrat prdcite

est un substrat polym-rique. 12. Article revQtu, prdpar6 suivant |e proc~dd
ve? rune quel conque des revendi cations precedentes. 10 25 30 35 40 46 50 55
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