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conposi tion. The invention al so Tel at es to a fluorescent |anp

conpri S@igssaco\é%gi‘ﬁ%tslilggﬁle for use in electric lamps, stem manufactured from this glass
_ : : P

composition and fluorescent lamp having a lamp envelope of this glass composition.

The invention relates to a glass composition for use in electric lamps.
The invention further relates to a stem f(I)r' an electric lamp manufactured
from such a glass composition. _ _ |
The invention also relates to a fluorescent lamp combrising a vacuum-t_ighf
5 glass lamp envelope manufactured from such a glass composition.
In electric lamps, such as incandescent lamps and fluorescent lamps, the
? lamp envelope generally consists of a cheap glass of the soda-lime type. However, the
| electric resistance of soda-lime glass is insufficient for use in the part of the lamp where
the current supply conductors enter the lamp envelope, so that leakage currents may
10 occur in said part. Said part of the lamp is termed "stem” and comprises a glass flare, a
glass exhaust tube, a glass support rod, current supply conductors, support wires and a
coiled filament. Usually lead-containing glass comprising, for exa;ﬁiﬁte,,_. 20% by weight
of PbO is used for making stems. PbO causes an increase of the electric resistance of -
glass and it softens glass, which has a favourable effect on the workability of glass.
15 A disadvantage of the use of PbO is its toxicity. In the preparation of lead
glass, PbO is l:éleased into the atmosphere by dusting and evaporation, which is harmful
‘ to the environment and the operators. Also when lead glass is subjected to a hot
working operation such as bending, moulding and fusing, PbO is released.
Consequently, in order to avoid exposure to PbO the working environment has to be
20 adapted drastically. Another disadvantage of PbO is the high cost of the raw material. A
further disadvantage of PbO is the reduced light output in compact fluorescent lamps,
which is caused by evaporation followed by condensation of PbO on the fluorescent
powder during hot working the lead-containing tube glasS and/or fusing the lead-
containing stems. Therefore, the search for a low lead or rather lead-tree glass which
25 can be used for the manufacture of stems and which nevertheless has the desired
physical properties as regards meltability, softening, expansion, electric resistance,
transparency, strength and chemical resistance, has been going on for a considerable
length of time.

United States Patent Specitication US-A-3,723,790 discloses low lead and

"THIS SHEET HAS BEcN

l.’-. '

AR

. o)
.A..,f; \; -wﬁ'i g-\& ,g"

;:. T “REBLA?ED’ f




- gl asds | anp envel ope manufactured from such—a—g1—as-s—conpos-rh—on

In electric |anps, such as incandescent Ianp . nd _ ores ent | anps, the
| anp envel ope general ly consists of a cheap B -1 ne type.

However, the electric resistance of soda-]i fficient for use
in the plaHN pf.314e | anp where the current: sy ent!ér02. k393 anp
envel ope, so that |eakage currents may occur in said part Said part of the
lamp is fegd-fiRd glaskesforand nﬁelmfricslﬁmp& Theghisé camposidog! deseritedhiesdin t ube, a

gl ass support rod, current supply conductors ort wires and.a c0|Ied
fi | amentcontain 8% byweighoef é’bEl rl'zp"giﬂvéé,sthé d\ﬁﬁwpslﬁ?fgfre? a}aseﬁawBP%tw% A5y

wei ght of Pb e of the

el ectric? ng’%\{ §%H‘§§&a§1%§g§% %'0 {s%? ttgé%s%l&{gg%g%% E@Lg@lﬁgs favourabl e
ef f ect onipeeatitver (TaL off 888°0€C. Thasiguidus temperature is thé tethnperduaenbge whichhe use
of PbOis its tOXICIt In the preparation of |ead glass PbOl reI ased

i nto t5heth&t§hﬁ§pwe1|°ég§ycmﬁéﬂllzﬂfg OpigR B P éﬁmematumtgﬁ small ﬁ'aﬁhﬁfr

wor ki ng. s GopahaEs ARSAE A ARl pER, KPS e FeiR Bt se‘?fef Ea‘;‘eﬁ‘“

Consequeaatakmég gmsptu.cw 1To Mrdhenqmaug eenhperitofe tdmmockurmemwexgnnaﬁt has
to be adapte rastically. Another disadvantage of PbO is the high, cost of

the raw Hz@ﬂﬂ added Ao fthe knewn dad-freaginssg gfsaqb{y@tqgg qfithe uaiat BeOs iyHE out put
'n Corrpaﬁlghfplryc an%ctﬁgtagleggpéness relative to the refractory material of the glass furnace.

10 Other disadvantages of the known lead-free glass are the high content of Li,O (> 1.5%
. by weight) and K,O (> 9% by weight), as a result of which the raw materials are
expensive, and the high content of BaO (> 12% by weight) which leads to a substantial
increase of the crystallization tendency of the glass. To the known lead-free glasses is
also added an antimony-containing or arsenic-containing compound as the refining
15 agent. However, these substances are very toxic and remain in the glass predominantly
as Sb,0; or As,04, respectively. |
It is an object of the invention to provide, inter alia, a glass composition
for components of glass lamps, which glass composition is lead-free and, in addition,
does not comprise the toxic components F, As,05 and Sb203; which glass composition
ﬁO does not have the above-mentioned disadvantages and the physical pfoperties of which
‘ are comparable to those of the known lead-containing glasses.
‘ The invention further aims to provide a lead-free stem glass and a
fluorescent lamp having a lamp envelope manufactured from such a glass composition.
According to the invention this object is achieved by a glass composition

25 which comprises the following essential constituents, expressed in percentages by

weight:
Si0, 60-72
AlL,O; I-5
Li,O 0.5-1.5
30 Na,O 59
K,0 3-7
MgO 12
CaO I3
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; whi th is caused by evaporation followed by condensati on of PbO on the
fluorescent powder during hot working the |ead-containing tube glass and/or
fusing the | ead- containing stens. Therefore, the search for a low | ead or
rat her | ead-free gl ass which can be used f-or—themanufactureof stens and

whi ch ne\RHNH4L3ds has the desired physidcal properties as re ar d6.02.1993
mel tability, softening, expansion, electric ‘%ﬁgﬁﬁ Em]jﬂﬁrjl par ency,
al i

strength Sa@d chém cal resistance, has been g onsi der abl e
| ength of_tine United States Pa ‘i on
US- A- 3, 7?3‘,07907dilscl oses | ow | ead and -

2 This glass composition does not contain the above-mentioned disadvantageous
constituents PbO, B,0,, F, Aszd3 and Sb,0;. In addition to a high electric resistance,
5 a glass of this composition has other tfavourable properties which will be mentioned
hereinafter and is very suitable for use as stem glass in electric lamps. The SiO, content
of the glass according to the invention is limited to 60-72% by weight. These contents,
in combination with the other constituents, lead to a readily meltable glass. SiO, serves
as a network former. If the content is below 60% by weight, the cohesion of the glass
10 and the chemical resistance are reduced. If the content is above 72% by weight the glass
@ formation is impeded and the risk of surface crystallization increases. Al,O5 improves
the chemical resistance and the corrosion resistance of the glass. Below 1% by 'vi/eight
the effect is too small and the crystallization tendency of the glass increases. Above 5%
by weight the viscosity and the softening temperature (T,,;) of the glass increase too
15 much, which adversely affects the workability of the glass. The alkaline metal oxides
Li;O, Na,0 and K5O are used as melting agent and reduce the viscosity of the glass. If
only one of said alkaline mét_al oxides is added the electric resistance is too low for the
intended application. If all three alkaline metal oxides are used in the given
composition, the electric resistance is sufficiently high (mixed-alkali effect). Below the
20 indicated limits, T,y increases too much and above the indicated limits the electric
‘ resistance decreases too much. The alkaline metal oxides. are also used to adapt the
" coefficient of expansion (a) of the glass to that of the glass of the lamp envelope (bulb)
and to that of the current supply conductors. The current supply conductors generally
consist of copper-coated iron-nickel wires (copper-clad wire). BaO has the favourable
25 property that it increases the electric resistance of the glass and reduces T,,;. Below

7% by weight the melting temperature (T, ;). Ty, and the wdrking temperature

suft
(Twork) increase too much. Above 11% by weight the liquidus temperature (Tj;q) and
hence the crystallization tendency increase too much. The alkaline earth metal oxides

SrO, MgO and CaO have the favourable property that they reduce Tiiq and T Below

melt*
30 the indicated limits, T}, increases too much. Above the indicated limits, T,y increases

too much.

The lead-tree glass composition in accordance with the invention can be

refined with Na,SQy,, so that the glass may contain up to 0.1% by weight of SO;. The
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. leat-free glasses for use in electric |lanps. The gl ass conpositions

descri bed therein contain 0-8% by wei ght of m_@heéﬂ@i\é@f}’e%ﬁkepia&% known

| ead-free gl ass conpositions have a nunber’ of The known

| ead-free glass has too high a |iquidus terrpe ml "of 888[err] C
The |iquiRHN I4eBperature is the tenperatdre a gI aslé.@ﬁ),l*DQihger
crystallizes. The lower this tenperature, the smaller the risk that 't he

gl ass cr yglasl hay eddicdonallygedniein apulodd. 0%pb Y et of ¢e,@x asrah émpbrtyel | o
process of ,drawi n lg gl ass tubing. To lower the liquidus tenperature to
837[err] QE“’“.’La‘Q% M iBE JRY 'B#‘eBQIGB‘SF% added to the known | ead-free gI ass. A

di sad f th f
eadvantaoe of |y BoRheNpLECAL Aagbic OB HEOUBBR b

agr ess| veness rel ati’ve ur nace.

Q her di gadperiengesglads ¢dmpdsitivminl ®adrdaneewithahe imveatidmés verglsuttabie dot thef
L|[err%0(> 1. 5%by wei ght) and Klerr]O_ (> 9% by wei ght) % a result of
whi ch Phemanifaciitec?f glass carapenepts afi sians Mdnsmemeghlmmf@ﬁre@am (> 12 %

by wei ght I i zation
t endency I%P\y?hzn%kgﬁ énéf]?s ?‘h@%ﬁ%’\?ﬁ% ff\ecﬂ%} ngtslgés Qﬁqs 84 gs%té?{éd ded an
ant i nony- cont ai ni ng:d?rce&ﬁ"ﬁ\eipmrcﬁl%ﬁsadxmﬂan&vcﬁﬁbﬁdﬁd @ td hAeoneht of OLDJGQBW
However, these substances are very toxic and remain _in the gl ass

pr edoni naweight. IE negessary | ase GePads aAgffbHP]t@ﬁém}ent pégpe"ethy\/wpgzht Such
It Is an &%&ﬁ'ﬁge? enlvg‘%o aﬂyc?rﬂtllr%@sﬂ?j Br\PYz{quin g’lz&g §6r ﬁﬂlﬂ@enél&ie@%? compact

conposi tion
10 fluorescent lamps. These lamp envelopes are tubular and are usually bent so that they

, are U-shaped. By virtue of the absence of PbO in the glass, no evaporation and
condensation of PbO on the fluorescent powder occurs during the bending of the tube
glass at an increased temperature and/or during fusing the stems, so that the light
efficiency of the lamp is not reduced.

15 It is noted that United States Patent Specification US-A-4,089,694 states
glasses containing either PbO or the environmentally harmful and corrosive F. The
known glass also contains toxic As,O;. Owing to the high Na,O content the electric
resistance of the known glass without PbO is too low.

The invention will be explained in greater detail by means of an
20 exemplary embodiment and with reference to the accompanying drawings, in which
. Fig. | diagrammatically shows a perspective elevational view of a stem
. for an electric lamp, and

Fig. 2 diagrammatically shows a cross-section ot a fluorescent lamp.

25

Exemplary embodiment
A glass composition is melted having a composition in accordance with

the invention, as is indicated under "glass 1" in the following Table. The glass is melted
in a platinum crucible in a gas-heated furnace. The starting materials used are quartz

30 sand, spodumene, dolomite and the carbonates of Li, Na, K, Sr and Ba. Na,SO, is used
as the refining agent. During melting and further processing no particular problems
occur.

By way ot comparative example, a customary lead-containing glass composition (glass
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. for*conponents of glass |anps, which glass conposition is |lead-free and, in
addi tion, does not conprise the toxic conponents F, As[err](err] and
Sb[err]derr]; which glass conposition does not have the above-nenti oned

di sadvant ages and the physical properties of which are conparable to those
of the kn®HN |ldat4cont ai ni ng gl asses. h The inventi oh6f0Zr 1993r
ainms to provide a |l ead-free stemglass and a fluorescent |anp having a | anp
envel ope Ahiushastruirethef Taphe: STichTablglkbesnclodpos itiddie and B,0;-free glass
According to the invention this object_i hi eved hy a gl ass conposition
whi oh comgPreadfion LB 0 s ik ld i Bl pifinle o ordng ABR ¥ oned

per cent agesmitey e PhienSsbificAton tsAlbern]oerr]  1-5 Liferr]O  0.5-1.5
Na[err]O 5-9 Kl[err]O 3-7 MO 1-2 CaO 1-3
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.SrO* 1-5 BaO 7-11 This gl ass conposition does not contain the

above-menti oned di sadvant ageous constituents—PbS—B263—F—Asferr]Jerr]
and Sb[err]Jerr]. In addition to a high electric resistance, .a glass of

this conposition has other favourable propertiTgsh eepReplagsd it i oped
her ei naf tB{Nalfd314 very suitable for usé as st | u' Héc&_ ri6c02-4%9% .
The SiJerr] content of the glass according to : Al is lin'ted to

60- 72% byTABLEht . These contents,

composition in wt. %
constituents glass | according glass 2 glass 3
to invention
5 || sio, 68.0 62.8 67.6
AL O, 3.4 2.1 3.5
Li,0 1.2 - 2.1
-NaZO 7.4 6.8 2.2
o K,0 5.0 7.3 11.4
10 || BaO 8.7 - 13.3
Sr0 2.9 . -
MgO 1.3 - -
Cao 1.9 - -
| SO, 0.1 - -
15 {| PbO . 20.5 -
MnO - 0.2 -
Sb,04 - 0.4 yes |
|| 108,055 300 9.25 9.30 9.20
Tarain  (TC) 450 410 445
4 20 T, (O 485 445 :
I T €O 675 635 -
Twork (O 1020 1000 -
“ Tper O 1490 1505 -
Teioo (CC) 290 285 -
25 [ Ty (O 380 375 -
log(rhO)zso' 8.85 8.6 - 10.0
log(rho)ssg 7.00 6.8 -
Tyq (O 840 800 838
s.w.  (kg/dm?) | 2.62 2.84 -
30 e (mNim) 300 250 :

‘_____——v-—
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.in conmbination with the other constituents, lead to a readily neltable
glass. Si2 serves as a network forner. |f thdhisSmetdias Béeg Replicaly 60% b

_ ) y
wei ght, the cohesion of the glass and the chemglﬂw m,’(m”l” .dre reduced.
If the content is above 72% by wei ght theg gl as | i np
the risk SANJIA3HEe crystall'ization i nchases. err err [ rrgéri'ggfe@gshe
chem cal resistance and the'_-_c_,orroz‘i on resistance of: ';.he gl ass. Below | % by
vei ght the ef f bt thisTablg tagaymbels ai’?l@‘ecﬂoyg‘t"éﬂgl MY t endency of the
gl ass increases. Above 5% by wei ght i Bgo¥i-s&Beicht of8bahbien Wetwem I8 C
terrperaturaés?ﬁp[err]) of the gl ass ir?c?e%sg t oo rruch,gfbv\hi ch adversely
affects the workability of the gl asandT¥8°dl.kal i ne nmetal oxides Li[err]Q

Na[err]O and Klerr] O are used as nelting agent and reduce t. igscpsity of
the gl ass.Tskdin ofl $Ione of said al kaItF‘HBgrﬁB'?%F“ HB}Cge"s—l ¥‘558%§’§ l2()he Pebtric
resi st agce is too low for the intendednaPR Gals Péief! tentleratufe.ee al kal i ne
met al oxides are used in the given conposition, the elect rd C resistance is
suf ficientty hi ghQym xed-al kal i ef f eemperaBet awwhivh 4 mrelil 85t %Pals, mermed T[err]
I ncreases too nuch and above the indi.cated Iilm'ls the electric resistance
decreases too nuch. The al kal i ne met™8h S¥FdE Sl EMRF@Y sed to adapt the
coefficie of expansi on (a). of the of 1 he?6lips. Jam
envel ope ( b) ag to that ‘of the ctg}rn?g%{&rglﬁ)Bﬂfhcond[}?t o??gTﬁgrngﬁfrent

supply conductors generally consi st sftesingpemperatired i ron-ni ckel w res

copper-clad wire). BaO has the f r abl )
(copp woﬂ:M °)) : © avotlém%gra?ure at which 9 = 104'°dPa.s, termed

9 ' working temperature.
Tper (CC) : temperature at which n = 102%dPa.s, termed

melting temperature.

rho (ohm.cm) . : electric resistivity.

15 Ty (CO) . : temperature at which rho = 10%hm.cm.
The (¢ O) : temperature at which rho = 105->20hm.cm.
log(rho),5 : logarithm to the base 10 of rho at 250°C.
log(rho);50 : logarithm to the base 10 of rho at 250°C.
Tyg (O : temperature above which the glass no longer

20 crystallizes.
s.w.  (kg/em®) : ~ specific mass.

’ o (mN/m) : surface tension.

The transmission of the glass (including reflection losses at the surface) in the range

25 between 400 and 700 nm, measured on a 10 mm thick glass plate which is polished on
both sides ranges between 87% and 91%. The glass composition in accordance with the
invention (glass 1) is free of lead and has physical properties 'whig:h are comparable to
those of a customary lead-containing glass (glass 2). A known lead-free glass (glass 3)
has an 48° C higher liquidus temperature, as a result of which this glass has a stronger

30 crystallization tendency. The Li,O content and, particularly, the K,O content of the
known lead-free glass are relatively high. Owing to the high cost price of these
constituents, the price of the known glass is increased considerably. By virtue of the
high resistivity and other favourable physical properties the glass composition in
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.property that it increases the electric resistance of the gl ass'and reduces
T[err]. Below 7% by weight the nelting tenperqa,klgﬁé@tlﬁ;[ﬁ;egnrﬂe lma' err] and the

wor ki ng tenperature (T[err]) increase too rmch y wei ght the
l'iquidus tenperature (T[err]) and hence the cr .m ehd
i ncrease PHN 44 The al kaline earth nedal ox Sﬁ@éh]ag\?é

the favourable property that they reduce T[err] and T[err] . BeI
i ndi cat ed ab¢aridance Wl[tleme] mwﬁumasersrx switable: For tAb(b‘W“fﬂﬁ’é"Pﬁ’@lsf?&iseg’rlq SRS

] |
T eor anc darins rsuch 39 iffaGkscern tamps gad fup G AR B SRR CHMESIAR | "
the gl ass ggay1ifRBIAds o e 14D envelGpNbUdsPaid fHe mekRrdt]the Eafrent supply

conductors. The glass can also very suitably be used for the manufacture of lamp

5 envelopes (bulbs) of compact fluorescent lamps because PbO, which would reduce the
light output, is absent.

Fig. | diagrammatically shows a perspective elevational view of a stem 1 for an
electric lamp. Said stem comprises a flare 3, current supply conductors 5 of copper-clad
wire, an exhaust tube 7 and a filament 9. Flare 3 and exhaust tube 7 consist of glass

10 having the composition in accordance with the invention. When the lamp envelope
‘e_ (bulb), not shown, is provided the edge of the aperture of the lamp envelope and the
edge of the flare 3 are fused together. The lamp envelope is vacuum exhausted via the
exhaust tube 7 and, next, inert gas is introduced into said envelope. The exhaust tube is
heated and sealed up at the location of reference numeral 11, thereby forming a
15 vacuum-tight pinch.

Fig. 2 diagrammatically shows a cross-section of a fluorescent lamp having a
lamp envelope 10. Through the wall of the lamp envelope 10 there are provided current
supply wires 12 which are connected to coiled filaments 13. A layer of a fluorescent
powder 14 is present on the inner wall of the lamp envelope 10. Inside the lamp

20 envelope 10 there is metallic mercury 5 which evaporates after switching on the lamp.
‘ Prior to sealing off, such a lamp is filled with, for example, a gas mixture of 9% by
 volume of Ne and 1% by volume of Ar, the overall pressure being 730 Pa. The glass of
the lamp envelope 10 also contains 0.05% by weight of Fe,0; for the absorption of UV
light. Both coiled filaments at the ends of the lamp envelope can also be provided by
25 means of stems as shown in Fig. 1. In compact fluorescent lamps the lamp envelopé 10
'is bent once or several times so as to be, for example, U-shaped. By virtue of the
absence of PbO, no evaporation and, hence, no condensaiion of PbO on the fluorescent
powder layer 14 takes 'place during hot working, such as the bending of the lamp

envelope and the fusing of the stems, so that the light output of the lamp is not reduced.

THIS SHEET HAS BEEN 1
REPLACED




.4 ¢glass may additionally contain up to 0.01% by weight of Fe[err]Jerr] aL.)
an inpurity originating fromthe raw materi ars—usetb——— By
virtue of the hi gh el ectric resistance and ot .avourabl e physi cal
properties_the S conposition in accordance pedon is ve
suitabl e fRAN H‘g i’ﬁnuf acture of glass con"bonent mﬁ |hclaﬁ19%§@8%t

| anps and fl uorescent |anps. The conponents in. he flare,
exhaust tuBRIB&d support rod. [For certain applications extra
Fe[err](err] is ad f 0.05% by weight. |If necessary,
also CeJerr] is added-u of 0.2% by wei ght. Such percent ages
serve to absorb undesi ﬂlmmiﬁmﬁ ass for |anp envel opes of conpact
fluorescent | anps. The are tubul ar and are usually bent so
that they are U shaped. By virtue of the absence of PbOin the glass, no
evaporation and condensati on of PbO on the fluorescent powder occurs during
the bending of the tube glass at an increased tenperature and/or during
fusing the stens, so that the light efficiency of the lanmp is not reduced.

1. A glass composition for components of glass lamps, in which the glass

comprises the following essential constituents, expressed in percent by weight:

Si0, 60-72
AlL,O; 1-5
Q 5 Li,O 0.5-15

Na,O 5-9
K,0 3-7
MgO 1-2
CaO 13

10 SrO 15
BaO 7-11. _
2. A stem for an electric lamp, the glass components of which are

manufactured from a glass having a composition in accordance with Claim 1.
3. A fluorescent lamp comprising a vacuum-tight lamp envelope which is
15 manufactured from a glass having a composition in accordance with Claim 1, said glass
. additionally containing 0.02-0.05% by weight of Fe,0,.
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It ’'s noted that United States Patent Specif ; —694 states ‘ S
gl asses containing either PbO or the environnental ly harnful and corrosive

F. The known gl ass al so contains toxic AS[err]'®s Kas ‘Gdthe hi gh
i t hout PbO is
Bl er 160%i199Dy

Na[err] O content the electric resistance of ‘the

too | ow. PHN 14.314 The invention wll 1Be exp

means of an exenplary enbodi nent and with reference to the acconpanying
drawi ngs, Abstmagt:ch Fig. | diagrammatically shows a perspective
el evational,, view of .a stemfor an electric. |anp, _and X El g,

di agr anmat | {3t FOmBRgH émabg"séofs"gstlpﬁ G g"quuﬁﬁﬁg‘sg’gﬂ?faftaﬁ%q from th& ﬁf)sl_zar y
enbodi Ment composition and fludtestedt RnfPARARE hI1AAD chvelBpé BFl tHINEIRY cOmPESIHOS! L1 On
in accordance with the invention, as Ts indicated under "glass I" in the

following Table. The glass is nelted

A novel type of lead-free glass for use in glass components of electric
lamps, such as stems (1) for incandescent lamps and fluorescent lamps and lamp
envelopes for compact fluorescent lamps. The glass does not contain PbO, F and B,0s.
The glass has favourable physical proberties as regards meltability, softening, '

5 expansion, electric resistance, transparency. strength and chemical resistance.

Fig. 1.
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:i'n” & platinumcrucible in a gas-heated furnace. The starting materials usedés
are quartz sand, spodunene, dolomite and the carbonates of Li, Na, K, Sr"’___,
and Ba. Na[err]SOerr] is used as the refining agegf sndtiids BeenRplhdedy and

further processing no particular problens occur. Bymemﬁmmmttlve
T e L

exanpl e, a customary | ead-contai ni ng dlﬁ S conposit
5 2) is showmn in the Table. The Tabl e al so include

Blerr]Jerr] free glass conposition (glass 3), as is known from Table I
exanpl e 5 of the above-nentioned '
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United-States Patent Specification US-A-3.723, 790. REPLACEMENT SHEET
6" TABLE . conpositignfin w. %
constituents gl ass 2 Q3aMAR 31997

1

Glass composition suitable for use in electric lamps, stem manufactured from this glass

composition and fluorescent lamp having a lamp envelope of this glass composition.

The invention relates to a glass composition for use in electric lamps.

The invention further relates to a stem for an electric lamp manufactured
from such a glass composition. _

The invention also relates to a ﬂuorescent lamp comprising a vacuum-tight
glass lamp envelope manufactured from such a glass composmon

In electric lamps, such as incandescent lamps and fluorescent lamps, the
lamp envelope generally consists of a cheap glass of the soda-lime type. However, the
electric resistance of soda-lime glass is insufficient for use in the part of the lamp where
the current supply conductors enter the lamp envelope, so that leakage currents may
occur in said part. Said part of the lamp is termed "stem" and compnses 2 OIass flare, a
glass exhaust tube, a glass support rod, current supply conductors, support wires and a
coiled filament. Usually lead-containing glaSs comprising, for example, 20% by weight
of PbO is used for making stems. PbO causes an increase of the electric resistance of
glass and it softens glass, which has a favourable effect on the workability of glass.

- A disadvantage of the use of PbO is its toxicity. In the preparation of lead
glass, PbO is released into the atmosphere by dusting and evaporation, which is harmful
to the environment and the operators. Also when lead glass is subjected to a hot
working operation such as bending, moulding and fusing, PbO is released.
Consequently, in order to avoid exposure to PbO the working environment has to be
adapted drastically. Another disadvantage of PbO is the high cost of the raw material. A
further disadvantage of PbO is the reduced light output in compact ﬂudrescent.lamps,
which is caused by evaporation followed by condensation of PbO on the fluorescent
powder during hot working the lead-containing tube glass and/or fusing the lead-
containing stems. Therefore, the search for a low lead or rather lead-free glass which
can be used for the manufacture of stems and which nevertheless has the desired
physical properties as regards meltability, softening, expansion, electric resistance,
fransparency. strength and chemical resistance, has been going on for a considerable
length of time.

United States Patent Specntlcauon US-A-3,723,790 discloses low lead and



< : RtPLACE'\!‘ENT SHEET
to invention Sigerr] 68. 0 64.

67.6 A1203 3.4 2.1 5
Liferr]O 1.2 OSZMQLR 199’)7
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Klerr]O 5.0 7.3 114 BaO
8.7 lead-free glasses for use in electric lamps3- The §la§3 compositions described therein 2.9
MO 1.3 CaO 1.9 SQerr]

0.1 PbO contain 0-8% by weight of PbO. However, the known leadofreg glagpepmpositions have
20[2er rS]b Lert ]n%neber of dlsjd%ntages The known leg(- gse glass ha? too high agh%dus BRA

temperature (T};o) of 888° C. The liquidus temperature is the temperature above which
the glass no longer crystallizes. The lower this temperature, the smaller the risk that the
glass crystallizes during the moulding process, for example the Vello process of
drawing glass tubing. To lower the liquidus temperature to 837° C,' 1.2% by weight of
B,0; is added to the known lead-free glass. A disadvantage of the use of B,O; is its
high price and the agressiveness relative to the refractory material of the glass furnace.
Other disadvantages of the known lead-free glass are the high content of Li,O0 (> 1.5%
by weight) and K,O (> 9% by weight), as a result of which the raw materials are
expensive, and the high content of BaO (> 12% by weight) which leads to a substantial
increase of the crystallization tendency of the glass. To the known lead-free glasses is
also added an antimony-containing or arsenic-containing compound as the refining
agent. However, these substances are very toxic and remain in the glass predominantly
as Sb,0; or As,Oj3, respectively. '

It is an object of the invention to provide, inter alia, a glass composition
for components of glass lamps, which glass composition is lead-free and, in addition,
does not comprise the toxic components F, AsyO5 and Sb,05; which glass composition
does not have the above-mentioned disadvantages and the physical properties of which
are comparable to those of the known lead-containing glasses. |

The invention further aims to provide a lead-free stem glass and a
fluorescent lamp having a lamp envelope manufactured from such a glass composition.

According to the invention this object is achieved by a glass composition

which comprises the following essential constituents, expressed in percentages by

weight:

Si0, 60-72
ALO; 15
Li,0O 0.5-1.5
Na,0 5-9
K,0 3.7
MgO [-2

CaO 1-3
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([err] O 485 445 Tlerr] ([err]

675 635 T[err] ([err]O _ 1020 1000 TJerr
([err] O 1490 1505 T[err] ([efr}C03 MAR 199

290 285 T[err] ([err]C 3 380 375

| og(rho)[err] 8. 85 8.6 10.0 ;
log(rhO[esfd 1-5 7.00 6.8 Tlerr] t..llerrlQ =
840 800 888 s.w. (kg/dnferr]) 2.62
2.84 BaO (nfilly 300 250 - :

This glass composition does not contain the above-mentioned disadvantageous
constituents PbO, B,0;, F, As,O; and Sb,O5. In addition to a high electric resistance,
a glass of this composition has other favourable properties which will be mentioned
hereinafter and is very suitable for use as stem glass in electric lamps. The Si0, content
of the glass according to the invention is limited to 60-72% by weight. These contents,
in combination with the other constituents, lead to a readily meltable glass. SiO, serves
as a network former. If the content is below 60% by weight, the cohesion of the glass
and the chemical resistance are reduced. If the content is above 72% by weight the glass
formation is impeded and the risk of surface crystallization increases. Al,O; improves
the chemical resistance and the corrosion resistance of the glass. Below 1% by weight
the effect is too small and the crystallization tendency of the glass increases. Above 5%
by weight the viscosity and the softening temperature (T,,;) of the glass increase too
much, which adversely affects the workability of the glass. The alkaline metal oxides
Li,O, Na,0 and K,O are used as melting agent and reduce the viscosity of the glass. If
only one of said alkaline metal oxides is added the electric resistance is too low for the
intended application. If all three alkaline metal oxides are used in the given
composition, the electric resistance is sufficiently high (mixed-alkali effect). Below the
indicated limits, T, increases too much and above the indicated limits the electric
resistance decreases too much. The alkaline metal oxides are also used to adapt the
coefficient of expansion (@) of the glass to that of the glass of the lamp envelope (bulb)
and to that of the current supply conductors. The current supply conductors generally
consist of copper-coated iron-nicke! wires (copper-clad wire). BaO has the favourable

property that it increases the electric resistance of the glass and reduces T,;. Below

soft*

7% by weight the melting temperature (T ;). T, and the working temperature

soft
(Twor) increase too much. Above 11% by weight the liquidus temperature (T);¢) and
hence the crystallization tendency increase too much. The alkaline earth metal oxides

SrO, MgO and CaQ have the favourable property that they reduce Ty, and T Below

melt
the indicated limits, T);, increases too much. Above the indicated limits, T, increases
too much.

The lead-free glass composition in accordance with the invention can be

refined with Na,SO,, so that the glass may contain up to 0.1% by weight of SO;. The
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average coefficient of expansion between 25[err]C _
and 300[err]C. T[err] ([err]C t enper L%reog’tMﬁﬁﬂg??
[err] =(viscosity) 10[err]dPa.s, 4 i

termed | ow stress relief tenperature. Tann ([err] ©

t enper at ur glas mdy addifamally cand® € td 0.9P% By weRihTRd Fe,0, as an impurity
high stress relief tenmperature. T[err] ([err]C)
t enper at ur ETENARRE JFPM the rayy gafsEials usedy ned

sof teni ng tenperatur 8y virtue of the high electric resistance and other favourable physical
properties the glass composition in accordance with the invention is very suitable for the
manufacture of glass components of stems for incandescent lamps and fluorescent
lamps. The components in question are the flare, exhaust tube and support rod.

For certain applications extra Fe,0O; is added up to a content of 0.05% by
weight. If necessary, also CeO, is added up to a content of 0.2% by weight. Such
percentages serve to absorb undesired UV rays in glass for lamp envelopes of compact
fluorescent lamps. These lamp envelopes are tubular and are usually bent so that they
are U-shaped. By virtue of the absence of PbO in the glass, no evaporation and
condensation of PbO on the fluorescent powder occurs during the bending of the tube
glass at an increased temperature and/or during fusing the stems, so that the light
efficiency of the lamp is not reduced.

It is noted that United States Patent Specification US-A-4,089,694 states
glasses containing either PbO or the environmentally harmful and corrosive F. The
known glass also contains toxic As,0;. Owing to the high Na,O content the electric
resistance of the known glass without PbQ is too low. '

The invention will be explained in greater detail by means of an
exemplary embodiment and with reference to the accompanying drawings, in which

Fig. | diagrammatically shows a perspective elevational view of a stem
for an electric lamp, and

Fig. 2 diagrammatically shows a cross-section of a fluorescent lamp.

Exemplary embodiment

A glass composition is melted having a composition in accordance with
the invention, as is indicated under "glass 1" in the following Table. The glass is melted
in a platinum crucible in a gas-heated furnace. The starting.materials used are quarfz
sand, spodumene, dolomite and the carbonates of Li, Na, K, Sr and Ba. Na,SO, is used
as the refining agent. During melting and further processing no particular problems
occur.

By way of comparative example, a customary lead-containing glass composition (glass
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Sio, 68.0 62.8 67.6
Al,Oy 3.4 2.1 35
Li,O 1.2 - 2.1
Na,O 7.4 6.8 2.2
K,0 5.0 7.3 11.4
BaO 8.7 - 13.3
SrO 29 - -
MgO 1.3 - -
Ca0 1.9 - -
SO, 0.1 - -
PbO - 20.5 -
MnO - 0.2 -

HSbQ!D_e, - 0.4 yes
108. 55300 9.25 9.30 9.20 |
Tgrain  (TC) 450 410 445
Tian (C) 485 445 -
Teorn (TC) 675 635 -
Toox  ("C) 1020 1000 -
Tt (O 1490 1505 -
Teioo O 290 285 -
Too (O 380 375 -
log(rho),so 8.85 8.6 10.0
log(rho);54 7.00 6.8 -
Tiiq ("0 840 800 888
s.w.  (kg/dm?) 2.62 2.84 -
o (mN/m) 300 250 -




8, accordance with the invention is very suitable for the mgngepCidihanel sueeT
stens for electric |anps, such as incandescent |anps and fl dor,e&s

The glass is conpatible with soda-linme glass of the | anp eneliopes (bul bs
and the nmetals of the current supply conductors. The gl ass dar] d)3dMARMYI
suitably be used for the manufacture of Ierrp envel opes (bul gs); of conpact
fluorescent |anmps because PbQ which woul d reduce the |ight joutput, 1s

absent . Hn ghis Tableaye anmaels have PiesioBawing Petdlfect i ve lelevatianal

view of a sfem 1 for an electric | amy.qat dostiSBhCHdXphsESn Bethledd €58.C
current sup%ﬁ/”%onductors 5 of coppery‘éﬁid W rle, an eghaust tube 7 and a -

filament 9. Flare 3 and exhaust tube and@A%iGt of gl ass having the
conposi tion_in acgordance with the invention Wen, the |l.am. ko
(bul b), not Lshaiowd, s provi ded the edfBPEAUIHY %ﬁg‘ltﬂuré"lg{;@pﬁe}ﬁﬁan@ﬁa's‘
envel ope and the edge of the flare 3 iafhed vaegretpagicheempdfatureanp envel ope
I s vacuum exhausted via the exhaust tube 7 and, next, i&ﬁgbﬁgaas IS

SR,

i ntroduced Tgho J3i@ envel gps. The expapeRee pewhish fegt Sed8¥dup at
t he Iocation of reference nuneral 11’hié@?ﬁ&?%l‘e‘?ﬁ%ﬂ&a@lr& -

T (¢ O : temperature at which: = 107-6dPa.s, termed -
_ softening temperatﬁre. -

Twork (¢ ©) : temperature at which n = 10*%dPa.s, termed
working temperature.

Ty (°C) : temperature at which 7 = 10%%dPa.s, termed
melﬁing temperature.

rho (ohm.cm) : electric resistivity.

Txieo ¢ O : temperature at which rho = 10%chm.cm.

The (O D temperature at which rho = 108-32ohm.cm.

log(rho),sg : logarithm to the base 10 of rho at 250°C.

log(tho)ssg : logarithm to the base 10 of rho at 250°C.

Tiiq CcCO : temperature above which the glass no longer
crystallizes.

S.W. (kg/cm:’). : ' specific mass.

o (mN/m) : surface tension.

The transmission of the glass (including reflection losses at the surface) in the range
between 400 and 700 nm, measured on a 10 mm thick glass plate which is polished on
both sides ranges between 87% and 91 %. The glass composition in 'flccordance with the
invention (glass 1) is free of lead and has physical properties which are comparable to
those of a customary lead-containing glass (glass 2). A known lead-free glass (glass 3)
has an 48° C higher liquidus temperature, as a result of which this glass has a stronger
crystallization tendency. The Li,O content and, particularly, the K,O content of the
known lead-free glass are relatively high. Owing to the high cost price of thes_e
constituents, the price of the known glass is increased considerably. By virtue of the

high resistivity and other favourable physical properties the glass composition in
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electric lamp. Said stem comprises a flare 3, current supply conductors 5 of copper-clad

wire, an exhaust tube 7 and a filament 9. Flare 3 and exhaust tube 7 consist of glass
having the composition in accordance with the invention. When the lamp envelope
(bulb), not shown, is provided the edge of the aperture of the lamp envelope and the
edge of the flare 3 are fused together. The lamp envelope is vacuum exhausted via the
exhaust tube 7 and, next, inert gas is introduced into said envelope. The exhaust tube is
heated and sealed up at the location of reference numeral 11, thereby forming a
vacuum-tight pinch.

Fig. 2 diagrammatically shows a cross-section of a fluorescent lamp having a
lamp envelope 10. Through the wall of the lamp envelope 10 there are provided current
supply wires 12 which are connected to coiled filaments 13. A layer of a fluorescent
powder 14 is present on the inner wall of the lamp envelope 10. Inside the lamp
envelope 10 there is metallic mercury 15 which evaporates after switching on the lamp.
Prior to sealing off, such a lamp is filled with, for example, a gas mixture of 99% by
volume of Ne and 1% by volume of Ar, the overall pressure being 730 Pa. The glass of
the lamp envelope 10 also contains 0.05% by weight of Fe,0; for the absorption of UV
light. Both coiled filaments at the ends of the lamp envelope can also be provided by

" means of stems as shown in Fig. 1. In compact fluorescent lamps the lamp envelope 10
is bent once or several times so as 1o be, for example, U-shaped. By virtue of the
absence of PbO, no evaporation and, hence, no condensation of PbO on the fluorescent
powder layer 14 takes place during hot working, such as the bending of the lamp

envelope and the fusing of the stems, so that the light output of the lamp is not reduced.
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1. A glass composition for components of glass lamps, in which the glass
comprises the following essential constituents, expressed in percent by weight:
Si0, 60-72

AlLO; I-5

Li,O 0.5-1.5

Na,0 359

K,0 3-7

MgO - 1-2

CaO 13

SrtO 15

‘BaO  7-11.

2. A stem for an electric lamp, the glass components of which are

manufactured from a glass having a composition in accordance with Claim 1.

3. A fluorescent lamp comprising a vacuum-tight lamp envelope which is
manufactured from a glass having écomposition in accordance with Claim 1, said glass
additionally containing 0.02-0.05% by weight of Fe,0j,.
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composition and fluorescent lamp having a lamp envelope of this glass composition.
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A novel type of lead-free glass for use in glass components of electric
lamps, such as stems (1) for incandescent lamps and fluorescent lamps and lamp
envelopes for compact fluorescent lamps. The glass does not contain PbO, F and B,0;.
The glass has favourable physical proberties as regards meltability, softening,

expansion, electric resistance, transparency, strength and chemical resistance.

Fig. 1.



REPLACEMENT SHEET

03 MAR 1997

et st et A

13 1% 10

MNEAYAY AN A YR N [ WU N T W WU LT WA K Y
| PITITTIITIIGITNIITIIIIIIIIIIAIIIIN]

200000
111111)
~

12




