;e3ei ai MBBTTAPVWWET "' """"~" Lead-free and preferably arsenic-free
I ant hanum heavy flint glasses DESCRIPTION The present invention relates to
I ead m‘mmmmef erably al so arsenic-free | anthanum heavy flint gl asses
vvith e index nd of 1.84_<, nd <_ 1.96 10 and an Abbe nunber vd

of 27 < vd~S 36, and tpeddlersse of dhwese qiﬁesﬁ@csabl@nveratﬁéaﬁalc—%é:al
gl asses in the Ianthanuinh a fl.int ra | ow Abbe nunber for the
PR

application 15 areas of }b?%Y% Jorht SE ‘T‘%%%"f‘munl cations, optical

conmuni cati on technol ogy and | aser technol ogy generally contain PbQO, in
order to achieve the “ \\‘m\ ptical properties, i.e. a refractive index nd

of 1.84 < na <_ \\Ew @ﬁ‘ particular, the high 20 dispersion, i.e. a
| ow Abby runmber v vd <_ QeSHGWéPn Pb0O reduces the chem cal

resi stance of these type¥®of glass. Furthermore, materials wth high

chem cal resistances are becqm ng increasingly inportant for use in high
added val ue pFB8uctRreS2Phpr dBYERLIRB20F L2 ERT en t¥sedl 8@aL¥R® i niaff agent .
Since in recepteyeaablyheaglsassaﬁre&nmnemtr&ePan@ltchamﬁOSHmw be‘ie.rixﬂfgarded

as envi ronrren II N arrggkf gyygctﬂlﬁ%rs dfs oPt ic§4 Lnst r)':,te\s3 and
0

products tend re erab 0 us reé an enic-free g sses

Known | eak f réedgaasé\bbérrp@mbﬁrom oF t 27 S INglF Béfir aodi @ ithgexasandf | ow
Abby number gengkal byageskain extremely large quantities of Ti02 in a
silicate matrix, which | eads to glasses which are very 35 highly
susceptible to crystal lization and are extrenely difficult to process. In
addition, in Cenﬂf&ne‘ioﬁant i agtieahnodgl@'séélerm hau&ﬁerasmrﬁliamiﬁeeiéaﬁ@ports
of increased ggma d a%r

t" | ass f r asses Whose
vi scosity varies Iy sghr ong ZNE ° ﬁm%ﬁgﬁpéffexart u?‘e gﬁlﬁ?ﬁl n
manuf act u¥3 ngapraaéessoft hllma@halgact eprel e@thas t hetealeﬁmmgathatonsme

hot - shapi ng t cge$ call- eaoxmﬁuraadl%ns eéeﬁﬁslbwesandtamaberrec@&%

firstly increases tg t ,and econdl rotects b lh& erla vvlth
the'r esul § ¢ RAROEERALT ORICE RO Dac i (S, FoaREEA S ondtife SRR

the nore rapi dptdmcbilngpmpehtmesthexeby naderpbsachieeal sndek| ong giﬂsses
with 10 a rel gt bgekyngt{ ogngd endﬁg&‘y toaﬁrysbgg:lthéﬁtlhgn to e Prag

i.e. correspon I N onger gI asses, neans t hat pre I m nary nuc eatl on,
whi ch couwt® c§&§é’e§F68F‘errsl € bdeYueRREs REMRRE yVhoPE f SnitnYd st &fs: i s
avoi ded. 15 Thewefrete, zaoocormsd:és ogheangrnfidyalshpesiopsheal ogl a:&we\/\hi ch

all ows the desired opt roperties wth regardto nd_and
achi eved even%%pfaﬁo f a%lea}osnsg ne%:uers%érflm?o Usemﬁﬁﬁr g As?ﬁ& dlgr-‘i'l

furthernore 2ghﬁmuhaé redqmtﬁn@'gscont@m mb@b@mb@gadvalmcag@cmsngmhe

gl asses wit h S.inﬁb'r@&n@pt 'f%%' R tigQs Qigﬁorraaaaal e velRME CyhrLRMAsi tions
whi ch hav B{herto eR sc.l 0S in the prior art, have serious_ dr awbacks,
s i |€od%ﬁ<‘%

25 howevet® FOPTERYRPI e T EER IR (AFRE siF iR e- f r e
| ant hanum bor ane r@lczwxeszefams atle iy acwohart®pPbCabngosdsitdorhavanely a

very high refgaghivereqgarded as environmentally harmful, most

manufacturers of optical instruments and products tend
preferably to use lead-free and arsenic-free glasses.

30
Known lead-free glass compositions with a Thigh
refractive index and a low Abbé number generally
contain extremely large quantities of TiO, in a
silicate matrix, which leads to glasses which are very

35  highly susceptible to crystallization and are extremely
difficult to process.

In addition, in terms of melting technology there have

recently been reports of increased demand for "short”



30 index with an extrenely | ow dispersion (i.e. a high Abby nunber) , but
these gl asses are at very great risk of crystallizing. Mdreover, to
stabil’ize these glasses it is preferable to introduce very expensive

tantal um oxide (or optionally highly toxic thorium oxide or 35 expensive
tungsten oxide) as crystallization inhibi“tor. Furthernore, when Si02 is
used wi thout ghesadditi dneof afdwmal i ghasaés oxiwlese opaesichisd&li orvashisssnena
have been desgri nd e t S LLi,cate ¢ i rily
|l i nked to theggggggie%% Q?Egﬁgw %Jf%‘q s@leu-egﬁﬁﬁhghggf r,el'bslgron |ngﬁ{v\é/a)1y to
the docunent BRBE{ESEHTABEVePrPLerS-004888 AChORRCEHLTAISSd Cdedtds bddiq)i asses
wi th an extregBvintageditaRal sStne aod-wdbYyihgghinefd,acii¥e Thendidiegsi- The
gl asses de,éscri ed aiff.er fromthﬁ%?ql asses ges i bed_in 691 356 t hrough
the obligat or F*PEGHi retfiii- ¢ FEE nFEIEEusedtD ELABEY zeMHEASHT hanum
borate matri xthiowghent cemdcemuminddfy tbeoteftsculltey mbupdr ifatiewialbw
material s, thj o] e S re e | Me. r r, ) a
very high nel %’J?ﬁg B%’ll‘?%t r%em'e t%nt?%zt)-‘l n@g%%ogkedg(ﬁ;‘{n%tglroergbtcgg}é S cr:r%l)lrrle_t}ﬁe:uaI
honol ogs Ti 02r€ﬁ§F?ﬁngCSBFh@e¥§géﬁ) ahdsgr 02thee|no¥Ry prprd 17000 1ing th
conpar abl e phygkef- ReMheMeihHRTd Ydsdile al® rAS8ws Y1ddyes iwidhat the
mel ting (1)32 process i.s, made considerably nore diffi culi b% gddltl ons of

haf ni um o%f de@® Fisld4 485‘Ar'f”&ﬂatt§fld?‘%ﬂ§t* 7| GEESER T LAREIORNER Mg (>
8% by wei ght) plrantbaerdm bdr at e gbasespondibhbut Rngékalglawdied, oxamds
necessarily bej a i . | yoL4 LL Y I : u jade, i
borosilicate ﬁn'laetgrglsxdt:'jlggté| ?ﬁ?‘ﬁé&%@%\gﬁggé?%énﬁi n@%ﬁ?e%gﬁgt ?én%%é?i X,
the maxi num aRBORLeEP |iahtSibReauenthseapnderyisbatir-fornése @iterses is
limted. Thergfeugedt.he result is 25 either glasses whose refractive

i ndi ces aéi | ower on account of |ower La203 contents or whose
crystallization resistance is adversely affected by the effect of further
oxi des i ncr eaFhegeffbeer, ef mact compositiekon 30rd&g8l 28r13 ENBEHOP G o)
relates to gl g%%r@%]g‘g' {In2Bn X4 { &R Y W icSReEs OBpE??glne&;o riigs Sane

time, with high ractive indices, The stabilizing e ct Wth respect to
the tendency Watd y&9amG A0 dauseW e the @Y eyad SR WITRARE atkal |

metal s is achbevad 3Iedyssidr ngol aige PvOUALS s NR20and SChlbsrmerght ) .

hi di f.f f 3 h h f sili i h
TOLS P2 (LR S LAl B34 S0, Lhroudl e asuBlaglhisale, I (e

WeVer, since iS arelatively
expensi ve conponent, such high | evels of Nb205 are not econom cal. - 4

DE 10 47 994 fhaum anksel alwitWealsigiidt | avphhaoum bopaketgbassesom th

particularly high borate contents (> 20% by wei ght,) t hough, t.hese have a
Posi tfve 5 | nfPUDACEPI t FECREFAY | ST T IR adtHERunTaRE CRETAPEre
reduce the teheencyitsclosest dln itde wsipsidritt diave ssesktousit drdwbacks, ti ne,
they reduge theg apximum refractive indices which can be reached to bel ow
1.87. Therefore, the gl asses described in this 10 docunent tend to be
designed for noderate optical positions with good chem cal resistance, high
gri ndi ng har dpessessxdmle JOOOSENBSNI BEBY [EeRehanesS Kaldk) OVdescribes
crystallization,.ra her‘f t ha totrachi eve high refractive indi Ges, conbi ned
with a | ow di §pErSPET- f§eTE)eaPé um Baraks « 9L28P P hd Ofr ABMEYHERT i on
was to provi deimgdexf opdiaed prosfidriain y reinszlyars erexy fhigh opefra¢tgrasses

for the appli Galeh GIERS Al LIROLABLYDIRIPCHIABerbEbACOMMA! CAl IRih
optical comunication_ 20 technology and/or |aser technology with a,
refractive i nébPénauger)gs kut nphése glagREsaArALBF WAMBErIXRRHITHFK < va
<_ 36 whi ch ha¥fe Ggaftdmliding andoPeocessi 88 Frapantiizes. tHald hglaws@s t hese
gl asses are tq have a ggod gtfen‘i cal ,resistance and sufficient ral
Crystallizati&ﬁ is preferable to i1introduce very expensive tantalum

oxide (or optionally highly toxic thorium oxide or

35 expensive tungsten oxide) as crystallization inhibitor.
Furthermore, when SiO; is used without the addition of
alkali metal oxides, opacification phenomena have been
described, and consequently the use of silicate is
obligatorily linked to the addition of alkali metals.



25 resistance, so that they can be produced in continuously operated
installations. The above object is achieved by the enbodi nents of the
present invention which are described in the clains. 30 In particular, the
present invention relates to glasses with, a refractive index na of 1.84 S
nd S 1. 96 and an Abbe nunber va of 27 <_ ¥d™< 36 which are characterized by
the followi ng conposition (in % by weight, based on 35 oxide): Si02 1 - 8

B2GB 13 - 19 .1p d. @orfcésponaﬂngz way5to'\/EQQ aoé&%@{%t d@@éggsedfiéﬁ%@e 9 E
MOL - 10Ti 024 - 157 0 Accord the present

i nvention, the?Bef&i?e4973eh \XPPﬁrﬁégailJcFCt odtaﬁﬁri‘t@?ﬁhtg stel?e ‘ﬁb%oﬁ@nt s
are in each Caéﬁtb@fﬁ@ﬂyonlwl d@mpéf@ﬁoﬁtaaﬁd obbgyvm Be@ghThe eFhrasseve

according to the.invent ve the p ta as, knog tical
o asses o % i YER TBE. BAFERE R o b e JFLgn GFug ! RiGeSRE by
good chemi cal desi¢sibede aurml p R essli riigiﬁor o;témm@l | dbey pobdaghitomycost s
on. account of - SedleEeh AW (LT ifle Mith PHAECSB ARSI 1 stBiMS4a | 28Kl on

resi st ance, mhlc s’ 20 sufficient on account of the glasses bein ort,

and by good enﬁﬁmﬁt‘al E&Hsat PBEFiKy. HOWeYRBssOF ageePHRRg Ao gﬁ@

i nvention Satléiﬁ’fb@hi\tj/ he £r asiis il Ay traw g@aﬁﬁalts ngtnﬁﬂ l&bﬁ@)@&%h&g
properti eéo 25, wth a reﬁr active | ndex
<

¢ g + g n@r eLerabI y
1.85 < is §x PEFEL LI RS HrE 8F§°Ye§e dtRas” ""1 ‘é
pref erably 1 818e&:mig 5pbias, mneﬂfaing\bbelnarrbmswﬁbbf c@ilparedd t 36ts

preferably 2 Igergduéaf%org@i(%‘éguffé;! y(nwleéﬁtgflﬂovu?@ 155é’c?°c<)—a3f§ 2B 30

preferably e requirenent havl n ood em c4l
resi stance and(Pekfsgneeinp 33799?‘5? | vi5hi ﬁmpﬁﬁﬁpéeatphﬁ’ﬁé@aﬁ@efﬁlﬁélnot

Clont ai ni ng Pbocﬁé‘f’al @E@:ﬁlﬁéam% apise ﬁ'@t:,uwnbﬂl egm aaygﬁa&oﬁhe%leﬂ&anl@as; c
gl ass sys is_a_ lanthanum borate gl a orate bei nsi bl e for
t he sol ubi %ltyprc-)?c??t% | &t haltd (gﬁfsl%eére% Youn§°tRat @%{) 'Pgﬁas ds are
formed at La20®dd32t)®1$a@fd$aﬁilmn3©mdé'he range which is - 6 preferred
according to the invention starts at La203: B203 ratios of around

imtely 2.6, A t [ I th dtoth
bl ot ance t b €7,84 230088 M (O8res P\ btins” iBGIRE &GRS CRRLPy PRPGher
absol ut e bor at & caht any s,weni dght )t hél arahdriuni hatoﬁatte/\olg‘ldamé ongdrhaat
possi bl e i | niipdusensull pliaRbod sl 1Y) Ghling eladgal Ve RommaRent
e a i ve

whi ch do not prorm Crys on to achi ractlve I ndex
posi ti on whi chSQ%u}éFb%Jr‘F)édOfnlﬁﬁéhEBuB\r @xdfle cont axborosilicate matrix

is significantly worse than in a pure borate matrix,
the maximum amount of lanthanum which can be used in
these glasses is limited. Therefore, the result is

25 either glasses whose refractive indices are lower on
account of lower La;03; contents or whose crystallization
resistance is adversely affected by the effect of
further oxides increasing the refractive index.

30 DE 31 38 137 (SCHOTT GLAS) relates to glasses with an
extremely low dispersion combined, at the same time,
with high refractive indices. The stabilizing effect
with respect to the tendency to crystallize caused by
the use of silicate without alkali metals is achieved

35 by adding large amounts of Nb,Os (2 15% by weight). This
patent differs from DE 691 356 through the use of
silicate in the absence of alkali metals and tantalum.
However, since Nb2Os is a relatively expensive
component, such high levels of Nb;Os are not economical.



To achi eve the desired optical position, the glass according to the
inventi on contains an La203 content of at |east 34% by weight, preferably
‘least 37%by 15 . weight, nore preferably at |east 39% by wei ght, nost
pref erably at |east 40% by weight. The La203 content is at nobst 50% by
wei gh, preferably at nost 47% by wei ght’ 4partr cularly preferably at nost
45% by wei ght nost preferably at nost 44% by wei ght. 20 According to the

i nvention, nt abl.y %
preferably at%ﬁ eagrtg 4(1;7(5)/0 (téuﬁigéﬁ%r gét g? qféal]g? %Qégﬁ%&%?nﬁner ght,
most pref er ablprate ea%@saer% ytheumthqil@r@rmshlqls Horetd eprente

I nvention Cont(a' n9at PYPSweldhe )by WetHBLghPr ehesabl ¥avé MRSty dSPE Dye Wei ght
of B203. The ?L sses accor di nrg}éo trh1 i nvention are restrlcted to Si 02
a

contents o e by hei Wi bidYup oo ttdrsouanthanryghe ¥pd

| ant hanum oxi ctelerx@ﬂwarsexdaduﬁeer eftay e, tdritareey S i nesgs il btk f wihéer
conmponent s whi c cttrease the ef ractl ve | ndex but prqnote C%iﬁSt all.ization

in order to aé:'h e Ri dhs fF‘actllr’/ee iSRdex lr:) Oort i onsY 35° gfef%lr’% t he
gl ass accor di m@xmwme riefiventive chndbtes omichsnalan abeunreaohedhetgl ass

former Si02, ihe.oul B! %e@éf‘éﬁ‘eghtth@r ghekakky @ésé@?}&e& 3% b&’hi!\é" ght,
nor e preferablg% at nost 7% by preferably at nost 6%b

wei ght ULy | §§§da058rdgﬁg flﬁsf‘ﬂﬁeiinvgﬁr eAPTRYe cHREEFHS smal |
quantities of poisitidns aﬁntaﬂogr@rbdoéhamlbaastrek%slnymwer ghi:,gl-pr@fm@i&gr at
least 3% by wei ght, pasdd cu&arl y % b5 € rr?af&xtir}'mgé R%% ter‘tl:%)e%y we%g Jhi s

[§ i'es

| ow Si 02 cont éfit s used to t he" proce roper y i nc‘?easr ng
t he mechani caICIMSrt@idterétﬁlotnhe rmm@rrl diharFdgro eacivigws kol vefwvatbive

har dnesses and ffiQM8Lalcdn®InT @A &N RE B3&hkeusdnas a function of the 10
quantrty sed. However, the anount of Si02 added nust be restricted to the

upper ? descri bed above since otherwi se the solubility of the
| ant hanum in mm:iﬁdnes i tthe edudedt BHfi sthen pm@eheadavbﬁtgbasm whb ch

| ack resi stan yst 03 te en
reduced in fa our Sléa&lé é:aef:on{kerﬂ% ;%ﬂfe# ower refarfa% |v%£?%7g|€2§r§nd to
shifts of theqarercar @bﬁ%%ﬁ 56%i thhsh. agmbi eesion mpseaanto Hpineging.
conponent of. ﬁﬂ@dﬂtﬁ.ﬁ:ﬁl ZotéQ.@detnﬁgﬂ;‘@t&bﬁsl nveptieal icémmbhecgOIpOnent
whi ch has §1 f | uenc dgn | evi ng %EE ggsi red, gptical osr #\bon W th
a high re? activ d’@)?’ an “bve nanber, °r¥ Nb .aFu’r?

stabilizes thensielx cad eebntlaitdi ﬁgnhaﬁthafhﬁrmabdr @re gbhés nrmlﬂqalx varho§ 25

conponent is prESERl £Man ANt iyt gopRst meYahy Weaﬂat,p%@éegi%y at
| east 8% by wei ght, partr cularly preferably at | eas%J

preferably at QrORGT HEER hyF WEFRRFIOT S ¢ r?é’eg'ﬂeas% agHeS é&ﬁ"poﬁ%n?‘aﬁ’? p?esent
in the gl ass aweal dimgnitaalt heed imterideoommd swifidlenth anyavalbizatidd. 5 by

el aht. pef crallde oy Webant cuapd. PgLy CUIAH Y. ST CLaBGLAY DYy

wei ght . ncreasi ng t € anount thisc onent to abo by wei ght
woul d | ead t o qomdricBats Iyaopienetashdasted 186408s -Fur t hernore, on account of
the glass belng 35 short, there is no need to explort the further

LA 209 Slhect i S, ocorseaonletusl 19 e | Sislaslotiy S ofipgnent
such an extempresent invention which are descrlbed in the claims.
30
In particular, the present invention relates to glasses
with a refractive index ng of 1.84 < ng <£1.96 and an
Abbé number vq4 of 27 £ vg £ 36 which are characterized
by the following composition (in % by weight, based on

35 oxide):
Si0; 1 - 8
B,0; 13 - 19.5

Lias0s 34 - 50




g _that it would only be possible to obtain a glass with consi derable
difficulty. The glass according to the invention is what is known 5 as a
"short glass"; this expression is understood as neaning that the viscosity
of the glass drops relatively quickly as the tenperature falls or increases
relatively quickly as the tenperature rises. 10 This "shortness" of the

gl ass accordi Mga o the invention is abhieved by the cdbi nation of a

defi ned quantié% of Ti02 with a defingd quantity of ork%e or nore

al kal i ne-earth netal oxides. 15 The anmount of Ti02 in the glass according
to' the inventBash is at nost 15% by w€ight, preferablydat nost 13% by

wei ght, particfgrly preferably at nogt 12% by wei ght,gnost preferably 11%
by wei ght. Incise}&si ng the .  ~ Ti02 content to over 15% by wei ght woul d
firstly | ead to the viscosity-temperature profi 19 hej ng nade
undesirably exgigne, i.e. the glass waul d becone so "short" that it woul d
be difficult to process under standarg conditions. Fﬁ%herm)re, such a high
Ti 02 cont ent 2d detrinentally |l ead“to a considera 25 increase in the
tendency of thé.@bass to crystallize. 6Therefore, acktdrsling to preferred
enbodi nents, Ti02 may if appropriate be partially replaced by Zr02 (0 - 11%
by weight, preferably 1 - 9% by weight, particularly preferably 2 - 9% by
wei ght, nB8t pregesdbly 8- the [preapentkei §AVERLEOR: héhsordetafilyy gévieent s of
over 15% by weiiH r&sditd 4 Qe ARDYgIEINGET thbi €8mbsnéees | &¥ef Dl bAen

desired application areas, i.e..in _excessively high di.spersion. The gl ass
contains at | &Hf{® %?)snﬁf?vgé} Shtids,, %Eqsasolss}:agttélq Sy wei ght
particularly 35 preferably at |east 7% by wei ght, nost preferably 8% by

wei ght, of thi ogpeRreak. a@(-io%ﬂtr{ Sto "tHIUC]{ NGk s ORLEAL t D
conponent to b%f%,wg?lgﬁ) gy wel ght V\ouglad ?ea? to l‘tpﬁeere ei ﬂg ?_nsue%i (,:lfuéﬁt
anount s oftSt higpticaly dabapsfeina® oPPhiFeh ghpFeEsemy yhithoPPrigpass,
and the Abbe myelediSorouliclvdeet pothbgh ardceiist nili didde sHeb ey goganti on,
t he gl ass accof, di niqiaﬁlet Q tshestian\éenti on al so.gont ai ns %I kal iine- ea (t)herret al
oxi des. The us&'t APRAPERECEar RO TG dEE P OBSH T8 i onWPh t he
addi tion of Timddertien teprsilidy adeowntcoli reduenderavumaterdtl| and
_Thg_refgrei | It eSo ASS ]{Qid’sés??%"xy%%l@'i@t‘i%%r _earetshs@t%hl@b,?xlwﬂ@cﬁg s
i ndi vi duallly or mxture of two or nore al kali ne-ear nme oxi des within
2"\ e 1 afge. FeiRAeY haf) sekPuBiodth he PHAPERE. BELIY HUAE oxFlgs must
not exceed an ynmuond cinviGCorierviss g dompe teffleirlaldy. 9% by wei ght. To achi eve
t he purpose of the invention, the glass 15 according to the invention
contains at |east 1% by weight, preferably at |east 2% by wei ght, of

al kal i neeart h The F1338WMACTRNRRG  taj ke iREsBtERpEAEREEY nBgtRI §Behave
i’in 20 }nfl uenc;ee@{jﬁﬁéiﬁezﬂptf&fal g@@@iIhéDﬂin@v’gﬁndnlﬂrﬁa@ss&ﬁgi@ﬁ‘ﬁﬁéeﬁﬁ.éswth a
ow refragti ve index, are on resent in the gl ass ing to,t

i nventi onafjn avﬁléea}lnouﬁt o?elgﬁa%%]g‘ﬁecas}gda most 6%§byalcv\iecél)4{gh't ,r%pf’e?'épgbl y in
each case at roeefemalply wel gBb. STherseflordd, 25ppakitelantyy preferabdy

variants of the ¢4 ass, accerdung s herbpYeRbIPN 1a%¢ subgtani igd | yahyee of
t hese conponents. Therefore, according to the present _inventi on,

t he
al kal i ne- ear t et fPR%i dE¥RGH ai Yed | ALt he?§l asY §cd6rdi n§rederaRly
LnVﬁnti on are 78 ef aizakl 354 hga&(ai@qmaaagnt;&&&aqu @8 ZQy whagh ?aze a
I gnher re ractlve.ln . | I er.anl vy resent. L n an a unt_. o at nost
Boe by wei ORt. Braeany 28 Sk 2350 eI PSR e OB Brubhant, "o,
by weight, in gdmd gl asheadecaldi ngresishenceventand. Thesjistssiceccor tieng 35
to the inventian freferahliooniming 8t l1#85tedie Dyidg! 46t 8bnBathithe

gl ass according to the 1nvention contains Ih an anount of preferably at
nmost 9~ by V\ei‘g?ﬁ,arf%rpﬁﬁ'%@r@dé@]eﬁorﬂ%‘% CRBYAA G HRDY Ff5P3pref erabl y at
nost 6% by wei ght, and preferably in an

35 The basic glass system is a lanthanum borate glass, the
borate being responsible for the solubility of the
lanthanum. It has been found that stable glasses are
formed at Laj03: By03; ratios of £ 3.0. The range which is



- 10 amount of at least 1% by weight. It has been found that in particular
Zn0 appears to act as a crystallization inhibitor. It is therefore
particularly preferred to add at |east one of these alkaline-earth nmetal 5
conponents. The glass according to the ipvention nmay al so contain an
addition of alkali netal oxides which, however, do not produce any
stabilizati onpnéfemeegl agsdardimg snbd| thequasbtivehesonhi cdtaarts t hetmaxi num

permi tted. HOWENSY.. 23001 A0 1 &t 6F AFBURK SadpLbdihepd1y 0ol 0URLEABAGHN N

refractive in However al k metal oxides of  this type

necessary for %‘é‘??al FadplS catfons desirgPdes grbfer t Fegazdch t&% FB‘?
exanpl et ?n l@estegeaﬁage Lla Cdjiii@tf(?lll?.rzaﬂllt;)@ht Vﬁ{éyﬂtlfaﬁ%}ao Ecaqtulre
viscosity errpera u | war exi bl e, pear ape or m ng
are desire ’rh%%?b?%ngi}ﬁ ﬁéﬁﬁ?’fi %ﬁs?iugﬁei)%f“rgi?ngﬁ?g Pfgﬁfl Uﬁgg ’Z%‘ €above,
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agents my al4bigh Hessat, Wm¢’%e|§r|yr5éiaér1&tﬂaé11°§r the a@tigliegtigent s

used not to beegféeawecom@ébedspoéﬂﬂﬁ[tlmcg{, itdhe dedlilv@d nancompenents,
i ndi vi du%@oy or as m xture, nmay be present as refining agents (in % by

wei ght ) sB’z'B%eB _CenEe¥¥or SN0 0 - 1 Nad O - 1 SO42 0 - 135 F 0 - 1
According to a preferred enbodi nent, the glasses according to the i nvention

are preferably,al s0, 5405t qatd a'dleﬁﬂ:'éﬁe 8 t§5§9n|§% @r[r‘seq:u gﬁ %ténds.
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optical posit®eROWALATIr Egathet ént"l‘?é‘téloélpé’t%jit@ﬁnsaraé'l ail*%a%s&f’fliiepentolfy

resi f\t ;vmt tﬁ §itEySE@Aé% é@?%orbﬁV%l\g"h?D spfefefgbw w&edléatstrr?ﬁi? 8?%{5 by .
wei g ou a ion o [ al s s .,assune a isis
the case eca\'ﬁe&gf\! 't 5S¢ %ﬂ%%?rh%l%k@ EE ]Iesasptt)sé?% &% e ens TR h
expensi ve (orprefecabaudati deastf 405420y, waliyhdnd/The thayOsurrokedE; is
potential ly i gexpghstVves@nd lﬁpolw%gpgsl I ypggggggghlo 2l kabdihe-Layt I@,ynet al

oxi des are used,to stabilize th ses according to the | nvention.
Therefore, theeighte &é‘EBF&PH@rﬂ-X preferebdd &t imogk ef'é%aBVywﬁlJ-g@tfree of
Ta205, W3 anflbst phefevabbyi de.mddt Thes dbeseatightivention al so relates to

t he use cgothe gl asses according to the invention for the application areas
of imaging, projection, telecomunications, optical comrmunications

t echnol ogy anBfeerasgr tt@chri?é'}%gylnwmlﬁherﬁfbﬁe B:Qe pEeBEARL nvénti on

rel at tes to opf;teaérailawea:;s walsgeﬂ 1caemmy S@eegﬂta5§raeeeam gai;g 1te:a%t g
i nvention el ements I n 1S C n € nses an
T ome: Chi bR ey et o M i Y | ResboRart LESI B st
Furt hernore) most preferably at least 17% by weight. The glass
25 according to the invention contains at most 19.5% by
weight, preferably at most 19% by weight of B;0;.

The glasses according to the invention are restricted
to S8i0, contents of at most 8% by weight, allowing up
30 to 50% by weight of lanthanum oxide to be wused.
Therefore, there is no need to add further components
which increase the refractive index but promote
crystallization in order to achieve the high refractive
index positions.
35
Therefore, the glass according ¢to the’ invention
contains only small amounts of the glass former SiO,,
i.e. at most 8% by weight, preferably at most 7.5% by
weight, more preferably at most 7% by weight, most



25 the term"optical elenments" al so enconpasses what are known as conpact
conponents. Exanpl es 30 The gl asses according to the invention are produced
in"'the followi ng way: The raw materials for the oxides, preferably
carbonates, nitrates and/or fluorides, are weighed out, 3 5 one or nore ref
fining agents , such as f or exanple Sb203 7 s/are added and the material s
are then inti Paedioyaflyedat THOSH a8% Bat cWeighhe! tHaVeepptbR. IBVVL in a

conti nuous rrelarddaﬁdimgt tdentref i 1adeht36AC) aandyRomeagizets Tdgaml ass is
cast at a castin nperat - 12 of ag rOX|nateI 1?5?0 ang ocessed
e 8 Ba)P

re
into the desi (%§ |oﬂg Nzr i OFHE 16§
glass 5 (Tabl &re]l)gh@(,l depe Hyrakél ghbaRal ezetter 3 fal Byro el gl gﬂmﬂtlsularly

(kg) 51023 8S 8%%5%%%2 at ﬂo%l%’@ozgé By, weigh@20Mi 0 108287 %cbheedt

4Ba03. 8BaC034. 389 Tiwesl 0TT-@281@BNBY%lghGmeS@‘GSEZOMOPMO by 3

OTotal ~100. Oa%ré@sm@ Rﬂ{éo%éd&ﬁnclfaﬂ heeahitih A dednd et WS, VY are
given in Table 2, anpl e 10 Table 2 ingcludes Exanples_ 1 tg 7 according

to the invent iSF# 'optBPQ@ pr@éé??ﬁ@? me38H ﬁsﬁﬁsthea@@ass%gemﬁﬁﬁﬁhe
gl asses accorweaidhaddmsl eent ben pehientdd 8y Exanphmstiono Jf ( Telke 2)

set the cfystalligalion Les! stanceeand yicscaal iy t AP UG I pTyLe. I 0

such a manner er hea r eat (‘extrusion or epre55|ng of the
gl asses is redd ngpmgﬂﬁde t@Che wpprarkinite dosgmpileed akgveh $Ieot

covered by thetRIRAT itHe IRINGRAGAGF BMNGHO ﬁé}ﬁzﬂd}ﬁﬁﬁ‘ti&nﬁhé hgageskred
optical position can onby eacheved by addng o considerable,amputy of
registance to crystallization or, 1if the La;0; content
15 has been reduced in favour of the 8i0; content, to
lower refractive indices and to shifts of the overall
optical position.

The most important optical component of the glass
20 according to the invention, i.e. the component which
has a major influence on achieving the desired optical
position with a high refractive index and a low Abbé
number, is Nby;0s. Further Nb;0Os stabilizes the silicate-
containing lanthanum borate (glass matrix. This
25 component is present in an amount of at least 6% by
weight, preferably at least 8% by weight, particularly
preferably at least 9% by weight, most preferably at
least 10% by weight, in the glass. This component is
present in the glass according to the invention at most
30 in an amount of 14.5% by weight, preferably 14% by
weight, and particularly preferably 13% by weight.
Increasing the amount of this component to above 14.5%
by weight would lead to increased batch preparation
costs. Furthermore, on account of the glass being
35 short, there 1is no need to exploit the further
stabilizing effect in the processes. Reducing the level
of this component to below 6% by weight would increase
the likelihood of crystallization to such an extent
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optical glass vmth refractlve I ndex nd of 1.84 < nd and an Abbe

number vd of FF aizl\)’(? Yo 3@U1CRLY acEs i 2ERS) n G9RSTRL ll:’fﬁrprlf&:'slslo Phe

fol | owi ng confesirdamed irel¥tiyclsi aitickayedsonhexicdabeSabate 3B2@31L3- 19 .
515La20334- 50My00- 6Ca00- 6Ba00- 6Zn00- 92, 0E MO (MgO, CaO, BaO Zn0)1-
10Ti Oz4- 15Zr Oz0- 11Nb20Cb6- 14.525 2. Lead-free optical gl assaccordi ngto

d aim 1, hiQi nGhi s ef t sketTtreshiexnl ofthe 8xykngrl <actog8iang artAbbthe

nunbervd o f2 i8venthbm 13!35acﬁhé{ré§t% 54k '@o&]@fﬁa&i&ﬂ%‘f' S88Einea
fol | owi ngconpositian (i ased onoxi de):30Si 023- 7.5Bz0315- 19

5La~0337- 47%@5‘6—1 35{%&}%4&}@ ayfefdned quantity of one or more
alkaline-earth metal oxides.

15 The amount of TiO; in the glass according to - the
invention is at most 15% by weight, preferably at most
13% by weight, particularly preferably at most 12% by
weight, most preferably 11% by weight. Increasing the
TiO, content to over 15% by weight would firstly lead
20 to the viscosity-temperature ©profile being made
undesirably extreme, i.e. the glass would become so
*short" that it would be difficult to process under
standard conditions. Furthermore, such a high TiO;
content would detrimentally lead to a considerable
25 increase in the tendency of the glass to crystallize.
Therefore, according to preferred embodiments, TiO; may
if appropriate be partially replaced by 2r0O, (0 - 11%
by weight, preferably 1 - 9% by weight, particularly
preferably 2 - 9% by weight, most preferably 3 - 8% by
30 weight). Furthermore, TiO, contents of over 15% by
weight result in an Abbé number which is too low for
the desired application areas, i.e. in excessively high
dispersion. The glass contains at least 4% by weight,
preferably at least 6% by weight, particularly
35 preferably at least 7% by weight, most preferably 8% by
weight, of this component. By contrast, reducing the
content of this component to below 4% by weight would
lead to there being insufficient amounts of this



- 15 TiOz 6 - 13 Zr02 1 - 9 Nbz05 8 - 14 5 3. Lead-free optical glass
according to Caiml or 2, having a refractive index of 1.86 < nd S 1.94
and an Abbe nunber of 28 < vd S 34, characterized in that it conprises the
foll owi ng conposition (in ~ by weight, based an oxide): 10 Si02 4 - 7 Bz03
16 - 19 . 5 La203 39 - 45 w0 O - 4 15C0= 0- 4Ba0 1 - 4200 1-7E M
(MO, Ca0O BaQom@dherdt -t& obikbR 4 - sxlﬂfﬂ@lérwﬂyZ"shBrNbZGia%s, 13nd.

Lead-free optical as cordin one of ime 1 to 3, having a
refractive'in&&f ﬁ%&’ 9ﬁ§% %1ﬁﬁb§ %f 9? 8ffd an Abbe nunmber va of 29 <_
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by wei ght, ba QX X | -2 7 1.9 ﬁg%Q3 4 Ba0 1
-3 Zn0 1 - 65%%0%%3?8.7@ H’o‘%‘glz&%erﬁ slrﬁﬁ%ebfé Rt dadeoigfifly
according 8o d&ee &hed anwentien 4alQQEMFQRﬁﬂ¥ﬂSniﬁékélﬁbﬁaﬁaﬁthajmeﬁ®%al

oxi de content LNFHY. L4KHE, uKQ0ofCstd QllkalinestatOfo Retwel PHidesd Hn G ass

according to one al ns O cont ai_ni as reflnln one
or nore of th&FH qgﬂ%ﬂ@'éﬁﬁﬂbngﬁ?sae ﬁthByoﬁqugP)se§Hfﬁ? géﬁ%/o 10
Sn0 O -1 NaClth& - vissosadtyl tempekFatare 1p¥bfileTheTheerebbra, gIHSS is
according to %%SQ%ig ai 1486 Lg th&u@é’i’iﬂ&%&ﬂh ar s .9f 'g@gaglor

pr Oj ection, ecomruni cati ons, opti communi cati on technol o
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of daim 1 teefral oxides within a wide range. However, the total
amount of alkaline-earth metal oxides must not exceed
an amount of 10% by weight, preferably 9% by weight. To
achieve the purpose of the invention, the glass
15 according to the invention contains at least 1% by
weight, preferably at least 2% by weight, of alkaline-
earth metal oxides.

However, since these components may also have an

20 influence on the optical position, Mg0 and CaO, as
components with a low refractive index, are only
present in the glass according to the invention in an
amount of in each case at most 6% by weight, preferably

in each case at most 4% by weight. Therefore,

25 particularly preferred variants of the glass according
to the invention are substantially free of these
components. Therefore, according to the present
invention, the alkaline-earth metal oxides contained in

the glass according to the invention are preferably the

30 components BaO and/or 2ZnO, which have a higher
refractive index. Ba0O is preferably present in an
amount of at most 6% by weight, preferably at most 4%

by weight, most preferably at most 3% by weight, in the
glass according to the invention. The glass according

35 to the invention preferably contains at least 1% by
- weight of BaO. The glass according to the invention
contains 2Zn0 in an amount of preferably at most 9% by
weight, for preference at most 7% by weight, most
preferably at most 6% by weight, and preferably in an
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According to a preferred embodiment, the glasses
according to the invention are preferably also
substantially free of arsenic and arsenic compounds.
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glass according to the invention is preferably also
free of Tas0s, WO; and/or thorium oxide.

15 The present invention also relates to the use of the
glasses according to the invention for the application
areas of imaging, projection, telecommunications, optical

communications technology and/or laser technology.

20 Furthermore, the present invention relates to optical
elements which comprise a glass according to the
invention. Optical elements in this context may in
particular be lenses and prisms, although they are not
restricted to these particular examples. Furthermore,

25 the term "optical elements" also encompasses what are
known as compact components.

Examples

30 The glasses according to the invention are produced in
the following way:

The raw materials for the oxides, preferably
carbonates, nitrates and/or fluorides, are weighed out,
35 one or more refining agents, such as for example Sb,0s,
ig/are added and the materials are then intimately
mixed. The glass batch is melted at approx. 1300°C in a
continuous melting wunit, then refined (1350°C) and
homogenized. The glass is cast at a casting temperature
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30
Si0; 3 - 7.5
B303 15 - 19.5
La;03 37 - 47
MgO 0 - 4

35 Cao 0 - 4
BaO 0 - 4
Zn0 0 - 7
X MO (MgO, CaO, BaO, ZnO) 2 - 10
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6 for the application areas of imaging,
projection, telecommunications, optical
communication technology and/ox laser technology.

20 8. Optical element comprising a glass according to
one of Claims 1 to 6.



