2142775 1- -
I nvent i or relates to an inprovenent i:n a fluorescent Ianp A t'hr ee- peak

em ssion systém,is known as one nethod 5 of i-nprovi nﬁdgmrenderl ng .
t

09 " FLUORESCENT LAMP" The present

property Wi t hout’ sacrificing the efficacy of the fluore

According to thi's system three types of phoiphors w th - peak wavel engths
of aboug~450 nm

540 nm and 610 nm are usSe The hal f val ue w dt hs of

the 1ight- em ssion 10 spectra of these phosphors are rel atively narrow.
A bl ue~enitting phosphor having the | i ght - emi ssi on- spectrum peak
wavel engt h -of about 450 nm conpri sesg gughFngne Epﬁpplun1act|vated

halobdhophosphate phosphor such.as a

15

green em tting phosphor

Iva

. magnesi um cal ci U'Th%eblreié”eh@' eROEARNBAPPALELESOBPNS - imfrovement in

‘of "about 540 nm canfliubeeszendr Llampt.er bi um activated silicophosphate
phosphor (e.qg.

20

act.ivated | an
em ssion spe

. @

10

15

20

25

ceriumterbium acti vat ed

roplum
ﬁﬁﬂe ef%icacy of tﬁnO%Tuorescentpf amp.

According to this system, three types of phosphors with .

~ peak wavelengths of about 450 nm, 540-nm, and 610 nm are

used. The half value w1dths of the light-em1351on

spectra of these phosphors are relatively narrow. A
blue-emitting phosphor hav1ng.the lightaemlssionf o
speotrum5peak wavelength“ot about'aso"ﬁm-comprises a

divalent europium activated haloborophosphate phosphor

-suoh as a’ divalent europium activated-strontium- S

having the |ight-emn ssion- spectrum peak wavel ength

| ant hanum si | i cophosphate) or a *-

cerlun}terb|un1a@t¢@§?6dpphbspmaselphosphbem(ésgknomnces|antmﬁthQﬂn
hanum phosphate). . A red-em.tting phosphor having the |ight.

runﬂﬁeéwpﬁ&Vépéthﬁ°éPraBSUFeBi09nH¥EBﬁﬁFYsﬁs %Pgﬁ

activated yttrium oxid

enissi on- type qu5F§§3§

09

ent europlum activated-stronti um _

magne31um-calc1um-cerium haloborophosphate phosphor. A_;f'

green-emitting phosphor hav1ng the light-em1551on-

| .spectrum peak wavelength of about 540 nm comprises a
B cerium-terbium activated silicophosphate phosphor (e. g.,

oerium-terbium aotivated lanthanum silicophosphate) or a

cerium-terbium activated phosphate phosphor (e.g., a

_-cerium-terbium activated lanthanum phosphate) A

red-emitting phosphor having the light emi331on spectrumf

peak wavelength of about 610 nm comprlses a europium o

h activated yttrium ox1de phosphor..

Another three-peak emission—type fluorescent lamp '

is described in 'Japanese Patent Disclosure (Kokai)

No. 57-128778. - Thistfonresoent lamp uses.agoombination



+ is descrihed in Japanese Patent Disclosure (Kokai) No. 57-128778. This
" fluoresc | anp uses a conbi nati-on 10 -2- . of (Ba, My, Eu)O bA[err] as a
- blue-emtting phosphor, [err] : [err] as a green-enitting phosphor, and
[err] as a red-emtting phosphor. The |anp dianeter has recently been
"decreased to 5 inprove the |um nogs_efficacy at a |ower cost. In
/general when the | anp dianmeter i's decreased, the |anp tube wall load is -
increased. The end portions of the quorescent | anp are bl ackened, thus
.resulting in a so-called bl-ackeni ng phenonenon. Wen the bl ackeni ng 10
phenonenonfoéBanMgbEUﬂBebﬂw B?eQSeatblaapemihblbglpﬁmsﬁhsrpf t he Ianp i s,
decreased. In the conventional three-peak em ssion type fluorescent
- havi ng bl Mg0+B pgeﬁ Cgndbr 8§- anpgreengephbiphagrehospmer bl arteni ng phenoﬁ%hon

typlcally ur.s havi n a dianeter of 26 mmor less is
used, thué E§Jh93n§slﬁ 585reﬁp%ggB3nEE°§ﬂﬁ°¥omer | anp bri-ghtness. The

present | nvent iR haRoDRtAnIRIR hasCYSLERUEy | Bee" AUBREkSdops I bed above.

and has as its
5 improve the luminous efficacy at a lower cost. In

| general, when the lamp diameter 1s decreased, the lamp
tube wall load is increased. The end portions of the
-fluorescent lamp are’ blackened, thus resulting in a
so-called blackening phenomenon.' When:the blackening - _a_'F?)
10 phenomenon occurs  in the fluorescentllamp, the o :
brightness_of'the-lamp-is.decreased,

In the conventional.three-peak emissionitypef
fluorescent lamp_having blue-,'green-fandrredfemitting
phosphors, the:blackening phenomenOn.typically ‘QCCUTS.

15 when a lamp having a diameter of 26 mm or less is used,
.'thus resulting in poor appearance and lower lamp
. brightness..ﬁ ' -. L |
| The present invention has been made to overcome the
| drawbacks described above and has as its object to
20;J. prov1de a fluorescent lamp with a high product value by
greatly decreasing blackening at the end portions of the
1amp. e
-The present inventors have ‘made various types of -*
_experiments to achieve the above obJect and found that
25 .the blackening phenomenon was greatly 'decreased even
when a tube diameter was 26 mm. ‘or less in a three peak

emissron.type-fluorescent lamp, wherein at least one of



20 . provide a fluorescent lanp with a high product val ue by,greatly
decreasing bl ackening at the end portions of the |anp. The present: _
i nventors have nade vari ous types of experinments to achieve the above B i o
obj ect and found that 25 the bl ackeni ng phenonenon was - greatly decreaseL
even when a tubeé dianeter was 26 nmor. l'ess Bn-a three peak en155|on type
fl.uorescent |anp, wherein at |east one of - -3- a .

di val ent - eur opi-um acti vated al um nate phosphor - and a manganese- actlvated

al unm nate phosphor was used instead of a convent i onal

di val efit - eur opi un® agivedeatr eurepbummrtivated mmrpﬂnﬂteasahq@lmru@ndmattlng

phosphsw 5 and was conbi ned,with the conventional green- and

red-emtting phosEﬁBQ%”eSQﬁ%°B$%%Eﬁﬁ ?tH@4ﬁ§Qﬁ1ﬁn9§RﬂﬂﬁjWﬁ§tQﬁQQ ﬁPﬁGFﬁ&
The phosphors used.in the ent ion are all hose skilled
in the art and ar%fsﬁbf%EYgﬁgf%nﬁb df&{i\ SRRy n when they
are. used separ at P%ﬁ-?u %

decrease the bIacﬁ%%?Rgp eﬁ%&%%g%qy% n ex?git co&ﬁgﬁ ?PﬁgggéBgéted
in_the case §f' UshBOwiHeERmEDREal ¢l th tﬁ@%&ﬂfe’r@@f&udlﬂ R aggeni ng
phenomenon is based on an-15 ef fect obtained by a conbination of the

different types red-emitting phosphors. The present invention is based
) | on this finding. | | _ | g
. The phosphors used. 1n the present 1nvention are all
\yJ, known to those skilled in the art and are subjected to |
10 N the blackenlng phenomenon when they are used separately{ 3
'-However, when these phosphors are combined they decrease
the blackening phenomenon to an extent wthh could not
‘be expected 1n the case of usrng them separately._ The
~ decrease in the blackenlng phenomenon is based on an
15 .l'effect cbtained by a combination of the dlfferent types
. of phosphors. - '. '."'. y o j _" _
The blue-emittlng phosphor used in. the present
L ‘invention essentially consists of at least one of a'
| | divalent-europ1um-act1vated aluminate phosphor and a

20 divalent-europium- and manganese coactlvated aluminate

- phosphor, said divalent-europium-activated alumlnate-'

A

-phosphor hav1ng a general formula a(M EuJG bA1203 B
[where M is at. 1east -one of zlnc (Zn), magne31um [Mg),
calcrum-(Cal,.strontium-(Sr], barium-(BaJ, Lithlum o
25 . (Li),'rubidiumf(hbjland cesium,tcs); and neither _L
. a nor b is zero], and.said'divalent-europium;and

'manganese—coactivated aluminate phosphor_having a



. of phosphors. The blue-em tting phosphor used in the. present. invention
essentially consists.of at |east one of a. divalent- europlun}actlvated

al urni ﬁzﬁ.e phosphor and a. 20 di val ent - europ| um and . .

manganese- coacti vat ed al um nate phosphor,' said di val ent - europfun}actlvated
al um nate phosphor having a general_fgprmula [err] [where Mis at |east one
qu zinc (Zn), magnesjum (M), caIC|un1(Ca);.stronriun1(Sr)“ bari um (Ba),
dithium?25 - (Li), rubidium(Rb) and cesium (Cs), ‘and neither a nor b is
zero], and said dival ent-europi umand nanganese-coactivated ‘al um nate

phosphor h@anemhriforﬁula‘h(M;Eu#Mnﬂ0¢bﬂdggfiEwthEUMNth.aAh[err][mhere,Nl

-a, and b have the sane neanings as defi above] Thi s bl ue enlttlngd
phosphor itsavesthe bsame rmeJamﬁmsseasPatteaﬁtndﬂ dboyverls NIHis56- 152882 and
56- 152883 and Japanese 5 . Patent Publication No. 56-52072. The

gr een- eni tRluRrembkbing Rhpsphamiis desenibed dn Jepessse Baseot a ceri um

~2nd teroi e N (B ESH e gggﬁgggggggsgndsgl & cer um
and t§’rb' %fé)r?ft#dt?ffcda{f‘orr? N tdb-52072. .
. The green-emitting phosphor essentially consists
of at least one of_a cerium- and terbium-coactivated
:rareeearthhsilicophosphate phdSporﬁand:arcerium- and :
terbium;coactiVated:rare-earthrphosphate-phosphor,"
10 said cerium- and terbiUm-coactivated'rare;earth:
silicophosphate phospor having a general formula
pd[LnI Ce,nb) - e5102-fP 0 Cwhere LnI is at- least one
of yttrium (Y), lanthanum (La), gadolinium (Gd),
'lutetium (Lu) and samarium (Sm), and none of d, e, and f
15 is zero], and said cer1um~ and terbium~coactivated o
. '“rare earth phosphate phosphor having a general formula -
l_ (LnI,Ce,Tb)PO [where Lnl_has.the same_meanings as |
-:defined above] ’rfﬂhfj:t;*{bf_~ff_tfli:ffj ,::'-j-_ NG
= A red-emitting phosphor essentially consists of a “
_29'~ 'europium-activated rare-earth oxide phosphor having a
general formula (LnII Eu) [where LnII 1s at least one “;g Cm
of yttrium (YJ, lanthanum (La), gadolinium (Gd), ‘cerium ,h .
g-(Ce), terbium (Tb) and samarium (Sm)] ' B
o According to the present invention, there is
- 25 provided a fluorescent lamp having a phOSphor film which
comprlses- ' ' ' '

a blue- emitting phosphor essentially consrsting of



si | i-cophosphat e phospor having 'a general fornula d(LnI Ce, b. )[err] [mhere _
Lnl is at-least one of yttrium(Y), |anthanum (La), gadollnlun1(Gﬁ) 13
Iutetlun1(Lu) and. -samarium (Sm, and none of d; e,. and f .15 is zero]
“and-sai d ceriun¥ and terbi umcoactivated rare- earth phosphat e phosphor
having a generak formula (Lnl, Ce, Tb) P04 [ whers Lnl has the sane neani ngs as
defi ned-above]. A red-enitting phosphor essentially consists of a.20
europi Um activated rare-earth oxi de phosphor having a general formula .
(Lnll, Eu)203 [where Lnll 'is at |east one of yttrium(Y); |anthanum (La),
gadol i ™ um (Gd), =merlems{ e afrdidinglENt-evt apdm-ahivateld. - According

to the_present invention, there is 25 provided a fl uorescent | anp havi ng
a phosphor f||h1hhﬁk¢ﬂ%ﬁﬁﬁﬁ EﬂﬂﬁphﬂnﬂaﬂﬁeﬁanW&quﬂuﬁHﬂ@@rU@sséﬁﬁlaIIy
consi sting of 1 - _at | east, one of dlvalent eur opi um act.i vat ed
‘al uni nat e phosphorm%ﬂﬂﬁ%ﬁ§ﬁ1%9%9ﬁ1¥ﬁﬁ%ﬂ) SPE9Esc 5844 vat ed

ﬁasrhgageSphosggﬁ; %fgi%b %égéﬁinrﬁgéﬁ%re Q§%£§gé%§h%rpn3§RHBfa
. .5 ‘general formu1a a(M,Eu)C- bA£2 3 [where M is at least one
of zinc (Zh),’magnesium (Mg), calciUm (Ca), strontium
(sr), barium (Ba), lithium. (Li), rubidium (Rb) and
'cesium [Cs), and nelther a nor b is zero], and sald
divalent- europium- and manganese coactivated aluminate
10 .phosphor having a general formula a(M, Eu, MnJO bA1203
[where M, a, and b have the same- meanings.as defined
;aboVe]; o : : .- _ .. : - |
a- green-emittlng phosphor essentially consistlng ofV
~ at least one of a cerium- and terblum-coactivated
15 'rare-earth s1licophosphate phospor and a- cerium- and
| .terbium-coactivated rare-earth phosphate phosphor, said
silicophosphate phospor having a general formula-7~

d(LnI,Ce, Tb) 0 <eSi0,+fP.0 [where LnI is at least one

2
of yttr1um (Y], lanthanui ?La), gadolinium (Gd),

':20 -+ lutetium (Lu) and. samarlum (Sm), and none of d, e, and f

o | | is zero], and said phosphate phosphor having a general
_formula (LnI, Ce Tb)PO [where LnI has the same meanings _
as defined above], and | |

a8 red-emittlng phosphor essentially consisfing of a
25 = europium-activated rare-earth_oxide phosphor having a =~

general formula (LnII Eu),0, [vwhere LnII is at -least one

of yttrium (Y), lanthanum (La), gadollnlum (Gd), cerium



2.3 of zi nc (Zn) nagne5|un1(wg) ~calcium (Ca), strontium(Sr), barium -

- {Ba), I]ﬂhlun1(L|) rubi di um (Rb) and cesium (Cs), and neither a nor b is.
-Zéro] and sai d dival ent eur opi um and nmanganeseé- coacti vat ed, al umi.nate-10
phosphor having a general fornuta-a(M Eu, Mh)[err] [where M a, and b have
the same neanings as defined above]. @ green-enitting phosphor .essentially
'eon5|st|ng of at |east one of a cerium and:-terbiumcoactivated 15

~rare-earth silicophosphate phospor and a-cerium and terbi umcoactivat ed

_ rare-earth phosphate phosphor, said silicophosphate phospor having a -

-gener al fotmm]a.t&ibﬂdﬁﬂ&mﬁlyrdddMnymadiUm|&5mm]I east one of yttrium CY),

* l'anthanum (La), gadolinium (CGd), 20 ~ lutetium (Lu) and sanarlunl(Sn)&‘Qnd
" none of o] e, eﬂuﬁérﬂchianﬂy QﬂﬂfeaahiEpmmmﬂh@melpnosﬁhohOBahong a general

formula (LnlCe,Th)[err] [where Lnl has the same neanings as defined above];

and a red- i givery thdapim. bl uesanittding, P&'@r$§|h§t1‘| ng of a 25

(Lni 1 B )5 E?mﬁ&iﬁ i & Gisrc e ting, ehos n%ng)%@e{ZLtLSLm ?La)
'gadOLﬁn'L”Héfﬁ@,céf¥d}gﬁ ~esfb fP20, and a. red-emitting phosphor -
' as (LniII, Eu)- By this combination, the blackening
phenomenon becomes minimized and a bright fluorescent'
lamp is obtained: g | '_ ST . __“
' The phosphor~film_preferablwthas-aicomposition
10 consisting of 0.1 to 40% by w'e-i-gh:-t'o'-f- the blue-emitting
| phosphor, 20 to- 73% by weight of the green-emitting
phosphor, and 5 to 65% by weight of the red-emitting |
phosphor, where 100% by weight corresponds to the totali
'content of the phosphors.' T ”. c
15 - The fluorescent lamp of the present invention
decreases the blackening at the end portions of the
three peak emission-type fluorescent lamp described
above.g o j"ff. -5L:"_:fa-ni'_f:fi*f”rvt-; f '~f. . T,
_ This invention can be more fully understood from'
-20'_"the following detailed description when taken in |
'conjunction with the accompanying drawing, in whichs | . Ce
_ The drawing is a graph showing the lightoemission
| spectrum at ‘the initial 0N state of a fluorescent lamp
according to an embodiment of the present invention.
25 . _ Tube-end-blackening_represents-a-sofcalled;.
' blackening-phenomenon at end portions of a fluorescent

lamp while the lamp is-turned-on; thereby degrading the



(Ce) terblun1(Tb) and sanarlun1(Sn)] A partlcularly preferable
conbi nati.on of phosphors is given to be a blue-emtting phosphor as a(M
,Eu, Mh)[err] a green-enitting phosphor as 5 d(Lnl, Ce, Tb)[err] and a
red em tting phosphor as [err] By this conbination, the bl ackeni ng
phenomenon becones mi'nimzed, and a bright fluorescent . lanp is obtained
The phosphor filmpreferably has a conposition 10 - consisting of 0.1 to.
40% by weight of the blue-emitting phosphor, 20 to-73% by wei ght of the
green-enitting phosphor, and 5 to 65% by wei ght of the red-emitting

phosphet’, where 109048y 4Epeltakes  &FPENEISLdmp LI tdride QWeTngPftHehe
phosphqrs. 15 . T e fluorescent |anp of the present invention

decreases the bl aCbeOdOgtaValhe.end portions of the three peak - :
em ssion-type fluorescent |anp described above. Thi's invention can be nor e
ful 'y understood. from 20ube-ehd bbatienbng deteut dies @ igad dm ithen tudieen:
in conjunction with the acconpanying drawi ng, in which: The drawing is a
gr aph shomnng the ﬁﬁgﬁ@téhﬁﬁgﬂoﬁ°sﬁeﬁ?¥%h$a§ @%ﬁ?h¢ﬁ§3fﬂ Rﬁ@%ﬂ%HQB of a

fl nb f th
Tuggrgﬁgeglt acReni nﬁ gﬁpgggnfigpgeﬁ)o %r?e‘gélo%ﬁj%{i%gn"f r}r\%fm I Onend

Lo T ha T UOLRSEERl PROR RE! ShblfndflMadd dnd nceadth%e PR type

of gaS'sealed.in the tube. However, the blackened
_ portions always occdr*ln_the-yicinity of'the electrodes.
k_{ In order to‘evaluate tube end blackening, a.
10 predetermined blackened.portion.is cut'so.as'to include
- tube glass.snd'a phosphor screen, and a.VisiEIe light
~ transmittance of'theiblackened'portion is'measured.
IWhen blackenlng'iS'increased, the visible lignt -
o transmittance 1s decreased.'- | e
-15f'5f_ A blackened portron of a 40-W fluorescent Yamp -
,l(tube diameter-of 25 mm)-havrng the phosphcr film as p
tprevrously described is subjected to visible llght _
| \_’ . transmittance measurement. -The visrble light

transmlttance of the fluorescent 1amp according to the

20 f‘present inventlon is. compared wrth that of a comparative_

fe‘ _ | . fluorescent lamp having a divalent europium-actlvated
- strontium—calcium-magnesrum-cerium haloborophosphate

R phosphor. L o |
ﬁ In this case, when the visible light transmittance

25'?,_of the fluorescent lamp is given to be 100%, the visible
light transmittance of_the comparative fluorescent lamp

of the present invention is given to be 115%. The



-7- outer appearance of the |lanp and hence - lowering the. product value.
nIdbiEFnd bl ackeni ng occurs when a-gas in the tube is actlvated to generate
d-Scharge.. Tube-end 5 bl ackening differs in accordange with the
-mat eri al enitted fromthe phosphors. and the cathode or the type of gas
sealed in the tube. However, the blagkened portions always occur in the
~~vicinity of the electrodes. In ordéer“to eval uate tube end bl ackening, a 10
. predeterm ned bl ackened portion is cut.so as to include tube glass a.nd a
phosphor screen, and a visible li-ght transmttance of the bl ackened portion

s rreasureégrweafbbﬁateahm?Iéflﬂ%eﬂm&neéd@uﬂﬂﬁd»ﬁl @f iy transmttance

i s decrease ackened portion of a Wl uorescent |a

. (tube dipresentofnvéntidn heviegrédsedopping. fithe autyddus!y descr’f’bed
I's subjected to visible light transmttance neasurenent. The visible |ight

‘transm t t hheekeningenéa sureserttmistrbagrer timed afiter Zhe lampesent
invention is conpared with that of- a conparative fl uorescent Ianp haV|ng a
di val ent - & opeef: eRerIteddrar rarntelat beaky Lﬂrﬁfrﬁaglﬁ;'silqmﬂfertlim

halogoroppgspbst pO?Puorescent lamp of the present 1nvention
and the conventional_fluorescent lamp were turned on for
1,500 hours at a 130% rated load...Blackened-portions
(i.e., portion between a position spaced by 30 mm- from '
the lamp end and a position spaced by 45 mm from the
10 same lamp-end along the-longitudinal direction-of the
lamp) having a length of 15 mm and a width of 15 mm each.
are cut off from the lamps. These 15 x 15 (mm)
- blackened portions are given as samples. . The visrble
light transmittances of these samples were measured by a
15 . Beckmann transmittance measuring 1nstrument.,*-
When the three—peak emission type fluorescent lamp
'is used as a fluorescent lamp of high color rendering
_property in practice, an average color rendering index '_;l _ \;)
(Ra) is 80. or more and a lamp efficacy is 80. 1m/w or
20 more. In order to provide these characteristics, the
blue-, green- and red-emitting phosphors preferably have N ',_,
-_contents of 0.1 to 40% by weight, 20 to 73% by weight,
and 5 to 65% by welght, respectively, when a total
.content of thSphors 1s given to be 100% by weight.-
25 -An alkali metal boren oxide, gallium oxide or the
- 1like can be added to the respectiveublue-, green- and |

red-emitting phosphors in small amounts. The phosphors



In.this case, when the visible light transmttance 25 - of the fluorescent
Ianp is-given to be 100% the visible light transmittance of .the Sy
conpar ative fluorescent |anp of the present invention is given to be 115%
The = -8- degree of blackening of the fluorescent |anp: of the present

i nvention is decreased by 15%  The tube-end bl ackeni ng neasurenent nust be
performed after the |anp has been operated for a relatively |ong period of:
tinme. 5 The 40-watt fluorescent |anp of the present invention and the
conventional .. fluorescent |anp were turned on for 1,500 hours at a 130%
rat ed@oad.. . Bl ackthesuglvraddisives ean he tysed e witain b€ sSABR spaced
by 30\ﬁn1fron1the Ianp end and a position spaced by 45 mmfromthe 10 ,
sane | anp end al dhffetle 39nk? tkhe RROYR IR HPERt -t he | anp) . haV|ng a length

of- 15 mm and a width 15 mm each.  are cut qff fro t he .l anp These 15 x -
15 (mm) bl-ackened porﬁrb P T3 \fé'h"%{b q!—:]‘sl s\?lrgk) Be lI“l Sﬁtal? o

‘transm ttances of hﬁ%e Ve e neasured by a 15 Beckmann .
‘transmttance neas% g |ng%ﬁéﬁawn When the three-peak em ssion type
fl uorescent  §anp Examisrs ps a fluor escent. lamp of hi.gh col or rendering

property. in practice, an average col or rendering index (Ra) is 80 or nor e
.and a. |anp eff|cacy |’ dﬁhaléﬂﬁNeuropium activated barium-magnesium

L]

' aluminate phosphor having a formula 3(Ba,Mg,Eu)0- 8A2203

o is used as the blue-emitting phosphor. This phosphor is
~ : referred to as phosphor (A) hereafter. The phosphor CA)
.10 " has a narrow light-emission spectrum having a peak
) wavelength of 452 nm and is su1table as a three-peak- :
emissron-type blue-emitting phosphor. }. |
o For a. comparative fluorescent lamp, a divalent-
_europium-activated strontium-magnesium-oerium o
15 -rhaloborophosphate phosphor having the formula )
~'3(St,Mg,Eu,Ce)0+0.92¢ 0,0, 310a012-0 098,05 1s used as
_ '_the blue emitting phosphor. This phosphor is referred
L g to as phosphor (B) hereafter. . o o
| SR N 8 T 1 by’ weight ‘of the: phosphor (AJ as the |
520".“b1ue-emitting phosphor, 67%: by weight of a cerium- and
- e - : ""f'.terbium-coactivated lanthanum silicophosphate phoSphor
. -having-the formula [La,pe,Tb)z 330.25i02 0.9P205 as_the'
'=green;emitting'phosphor; and-22%-by weight of a
_ 'f'europium-actlvated yttrium oxide phosphor as the .f'
25“f .red-emitting phosphor were used to prepare a- 40-W 5000-K

: white fluorescent lamp having a tube diameter of 25 mm

~of Example-liby-a-conventional method. This lamp was



' more.- In order to provide these characteristics, the blue-, green-
and re®- en1tt|ng phosphors preferably have contents of 0.1 to 40@6by S
i weight, 20 to. 73%by weight, and 5 to 65@6by wei ght, respectively, when a

total content of phosphors is given to be 100% by weight. 25 ° An
~al kali nmetal, boron oxide, galliumsoxpde-or the |ike can be added to the
-t-espective blue-, green- and r ed- em tting phosphors in small amounts. The -
s phosphors -9- with such additives can be used to obtain the same effect

as in the above enbodi nent. The present invention will be described in-
“detai| by tapned emafiptel,560 hodxaie was them|suhjesnteshitom acti vat ed ...

bari um magnesi um al umi nat e phosphor having a formula 3(BaMyEu) 0. 8A[ err [is
used as theisibkechight ntrpnembhbance MeasytrRYHor is referred to as

h h A). h t Th 0 | ht -
Doecrrum havi ngba Hhgke m@amﬁgﬁipﬁfeﬁaﬂmo@‘fam e asta omeson
th k- 1 1
S uor cocanpLBRERE EPLhY BN bR ET 4 14 L B0 S e d i, ﬁ%”pnzgﬁe;.vﬁm ceri um
- 15 ghal 098589§9§t)£‘étfaﬁﬂ?éﬁ@ﬁfsfﬁi’é&%c‘jé}ﬂwépé BHdsphor as the

-green-emitting phOSphor, and a eurOpium-activated

_yttrium oxide phosphor as the red—emitting phosphor were
used to prepare as the comparative example a 40-watt
'5000-K fluorescent lamp hav1ng a tube diameter of 25 mm.
lu o The light emission spectrum distribution of the .
fluorescent lamp of Example 1 in the initial ON period
. is shown in the drawing._ The visible light ;
transmittance of the comparative example was 100%, and
"~ that of Example 1 was 115%, thus decreasing the |
15 blackening effect by 15%._. :
Furthermore, the . above phosphors were . 51ngly used :f'
‘to prepare similar fluorescent lamps, and these ‘lamps
were turned on for- 1 500 hours. Visible light ;\;)
_transmlttances of these lamps hav1ng the phosphor (A),_ :
26' : the_phosphor (B),.the (La,;e,fh)20390.25102_0 9P205 |
phosphor, and the (Y, EuJ-Gj phosphor'uere 92%, 9u%;-104%_ L
f”and 101%,_respectively._' ;. i PR
| | Furthermore, as another comparative example, the
same-blue- and redaemitting-phosphorSsas 1n Example 1,
.,25 " and]MQU 8203 .'Cei_Th_as-a.green-emitting phosphor,were

used to prepare a fluorescent lamp. This lamp was

turned on for 1,500 hours, and its visible light



[err]-is used as the blue-enitting phosphor.. This phosphor is referred- to
_.as,phosphor. (B) hereafter. 11% by weight of t he phosphor (A) as the 201
bl ue- emtting phosphor, 67% by wei ght of- a cerium :and terblun}coactlvated
I 'ant hanum si Ii cophosphat e phosphor having the formila (La, Ce, Tb)[err] as
~the green-enitting phosphor, and 22% by wei ght ~of a europi umacti vated

yttriumoxide phosphor as the 25 - red-emtting phosphor were used to
prepar'e ‘a 40- W 5000- K white fluorescent Ianp having a tube di ameter of 25
mm of Exanple'l by a conventional imethod. ~This lanp was = 10- turned on

'ifor 500 hours amdnwmittbenesubpembeduredvts|bee99%ght transm ttance
‘meassEenent. On the other hand, the phosphor (B) as the. bl ue-eni tting
phosphor; a cerium aflbeosesbigalls, a Méaéblealéﬂhtahth%%mh$§$m¢%dbhdgﬁhate

phosphor as the green phosphor, - and a, euro |un}act|vated ttrlum
oxi de. phosphor a hFﬁ@‘P@éheﬁﬂgﬁﬁﬁﬁnpﬁdﬁﬁhoﬁmﬂeﬁ§ ﬁégﬂct% dpte kg el .

Compar a1 cxamig e i, 0085y LASLESEER) kBB N eSS . o
.tpei_fluoreapentrggggcq vEXﬁHHEEhbrb”mEQQUrQHtaﬁovg“angrtﬁg contents of
the phosphors. However, in practice, the v1sible light
_ transmittance in Example R is obtained to be 115%. This
“is caused by a combined effect of the phosphors.
| ' The average color rendering 1ndex (Ra) in ‘the -
10 .'Zinitial ON period is 84, and the lamp efficacy is
.90 zm/w. - : SR i | i R
| The above results are summarized in the following
_Itable. T |
o ; Examples 2 -_7 _” _ S ) _
blﬁ;.ltf' The combination of phosphors was changed within ther
' r ranges of phosphor contents according to the present
'Hinvention, and fluorescent lamps of Examples 2 to 7 were
'.va' | 3 N f: prepared 1n accordance with the same method as in “
2d ' 'g - In the fluorescent lamps as comparative examples, a

' 3(sr, Mg,Eu Ce)G .0; 92P Q. 31CaCL2-0 09320 was. used as

2 5 3
':_the blue-emitting phoSphor.: Other conditions were the _
- same as those in the respective examples.' The v1srble_'
hlight transmittances, the average color rendering '
'25' g‘indices, and lamp efficacies of Examples 2 to 7 arel
| - shown in the table. It should be noted that the visible

light transmittances are given with respect to 100%



. 1s shown in the draw ng. The visible light transmttance of the -
.conpar ati veexanpl e-was 100% and .that of Exanple 1 was 115% thus
decred®ing the 15 bl ackeni ng effect by 15% Furthernore, the adbove
phosphors were singly used to prepare simlar fluorescent |anps, and these
| anps were turned on for 1,500 hours.jpVisible light transnittances of
these | anps having the phosphor (A), 20 t he phosphor (B), the =
(La, Ce, Tb)[err] phosphor, and the (Y, Eu)[err] phosphor were 92% 90% 104%
cand 101% respectively. Furthernore, as another conparative exanple, the:
same bl ue- y3gdpied1eEhtt tBEnpaspanCE af the EompARaliveEXampfRy [err] :~
Ce, Tb as-a green-emtting phosphor were used to prepare a fluorescent 3w
lanp.  This lanmp was turned on -for 1,500 hours, and its visible |ight
~transmittance was neasured to be 99% Theoretically, a visible light -
~transmittance of the three-peak em ssion-type lanp is expected to be 102% -
“at best fromthe visible light transmttances of the 5 respective
“phosphors neasured above and the contents of ‘the phosphors. However, in
practice, the visible light:transmttance in Exanple 1 is obtained to be
115% This is caused by a conbi.ned effect of the phosphors. '



“The-average color renderis~g index (Ra) in the 10 - initial ON period is
84, and the lanp efficacy is 90 | W The above results are sunmari zed |21
the following tabke. Examples 2 - 7 15 " The conbi nationtion of '
phosphors was changed within the ranges of phosphor contents according to-
‘the present invention, and fluorescent " Iarrpf of Exanples/2 to 7 were _

pr epar ed |n_accordance with the sane nethod as i n Exanpl’ e 1. 20 ' In-
‘the fluorescent |anps as conparative exanples, a [err] was used as the

bl ue-enmitting phosphor. Oher conditions were the sane as those in the

_respéctive exanples. The-visi-ble' light transmittances, the average color ..
-rendenlng 25 indices, and lanp efficacies of Exanples.2 to :7 are shown
in the table. |t ShCuId e Ilut.éﬁl tret—the—v+st |C4|lu="_ ——+afrstt.t ances .are
‘given with respect. tq 1@% 1 12 - visible light tranpnmittanc¢ of the
-conparative exanpl e. 8> : : . - _
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22.

1.

A f| uorescent .
a bl ue- em t'ti ng phosphor essentially.consisting 5
a dival ent - europlun}actlvated al umi nat e phosphor and a

| anp having a phosphor filnlmh{ch

_of- at | east

di val'ent - eur opi um and nmenganese- coachisvat ed .al um nate phesphor s said
diwal ent - eur opi um act i vat ed

a(M Eu)[err] (where Mis at
strontium ('Sr),-
and neither-a nor b is zero],
haV|ng a general

cal ci um (Ca),
cesium (GCs.),

manganese- coact i vat ed al unmi nat e phosphor

al uni.nat & phosphor.

| east one 10
barium (Ba),

having a general
~of zinc (Zn),
lithium (Li),

fornmul a

" magnesi um (M),

rubi di um (Rb) and

and. sai-d di val ent - europi um and

a(MEu, M) [err] Eb

Lamp

[Whe

GAES

"N
- a0

uy
o]

T Teast

one OT

~
- @

Ai nc (Zn),

|efficacy
(em/w)

AVeragé
color

rendering

85

84

light
{trans-

‘|mittance |index (Ra)|

(%)

113

_112_:.. €

106

(wt.%) -

'16 ;;::
60

-24-'.f

4

26
23

23

{content |visible

‘Phosphor composition - -

3(Ba,Mg,Ca,L1,EU)08AL,0,

(Y,Euslal)y0y ..o 0
|3(ea,ug,20,R0,E0,u020 BAL05 .

(La,Ce,Tb,Sn),05+0.26510,°0.87P,05 | * 5

3B g or ce B0 A0,

(Lq,Ce;Tp)Poé'

Examp;e;f f;f-

{(La,Ce,Tb,¥),0520.24510,°0.88P,0,

.5:

6

1 (Y,Eu,Ce),0; -

7

formul a \;;
nagne5|un1(Ng)



calcium (Ca), strontium (Sr), barium (Ba), lithium (Li), rubidium (Rb) and
cesium(GCs), and neither a nor b is zero]; a.green-emtting phosphor% 25{.
essentially consisting of 20 . at |east one of a cerium and: '

terbi um coactivated rare-earth silicophosphate phosphor and a cerium and
terbi um coactivated rare-earth phosphate ph hor, said cerium and

terbi um.coactivated rare-earth S|I|cophospha e phospor havi ng a gener al
formul'a 25 [err] [where Lnl is at |east one of yttrium(Y), |anthanum
(La), gadolinium (Gd), lutetium (Lu) and samarium (Sn, and none of d, e,
and > 24 16 i $1z2@mwal;, and said cerium- and terbium coactivated
rarefefrt h phosphat e phosphor havi ng a general formula (Lgnl,

Ce, To)[err][where Lnl-lI.s & fleaseseeatollapbt hauimgYa, phasphanunilhaghich -
gadolinium (G&d), luteti-um (Lu). and samarium (Sm] ; and a red-emtting
phosphor essenti gdmprdeesissti ng of a. europlun}actlvated rare-earth oxide
phosphor having a general formula [ err%pémhere Lnll is at |east .one of

yttrium (Y), |anthanu® Olae-e§ddsing aprsehpr espeOkiatly, corsbstbng Th) and -

S%”ﬁr'“”‘(S@ of at least one of a divalent-europium-activated o
aluminate phoschor and a.divalent-europium- and'
~manganese-coactivated aluminate phosphor;'said
divalent-europium-activated aluminate phcsphor haVing a
general formula a(M, Eu)D bA220 [where M is at least one

10 of zinc (Zn), magnesium (Mg), calcium (Ca), ‘strontium

| (Sr), barium (Ba), lithium (Li),: rubidium (Rb) and

cesium (Cs), and ne‘ther a'nor b is zero], and said
divalent europium- and manganese ccactivated aluminate
phosphor hav1ng a general formula a(M Eu, MnJO bAz2 3

15 . [where M-is at. least one of zinc [Zn), magnesium (Mg),’
calcium (Ca), strontium [Sr), barium (Ba), lithium (Li),

L ,rubidium (Rb) and cesrum (Cs), and neither a nor b is

| = . | .zero],. | ' e | |

o ' ‘a green-emitting phosphor essentially consrsting of

20 at least one of a cerium- and terbium-coactivated
rare-earth silicophosphate phosphor and a cerium- and
terbium-coactivated rare earth phosphate phosphor,:said
cerium- and terbium ccactivated rare-earth '
'51licophosphate phospor having a general formula

25 d(LnI—,Ce,Tb)_2 3‘eSiO «fP,.0. [where LnI is at least one

2 275
of yttrium (Y), lanthanum (La),'gadolinium5[Gd),

lutetium (Lu) and samarium (Sm), and none of d, e, and f

* c L M S *



. 2. A lkag accord| ng to claiml. wherei n said phosphor filmcontains 0.1 to
40% by ht - of said blue-emtting phosphor, 20 to 73%.by weight of said

- green: emttl ng phosphor. and 5 to 65% by wei ght of said red- emtting -
phosphor wherein 100% by wei ght- corresponds. to the total wei ght” of said
phosphors. 3. A fluorescent |anp according to claim1 and subst@antially as
her ei nbef ore described wth referencieto Examples 1-7. * . C L ‘M

.S * : i . ) : i . .

is zero], and sa‘id cerium-.end te:rbium;coactivated
rare-ea_r't_li bhospha_te phosphor ha_ving_ a general fo-rinula |
(LnI.Ce.Tb)PO, [where LnI is _.al_: least one of yttrium |
(Y), lanthanum (L‘a)'.' gadoli_niuni '(Gd_) . lutetium (Lu) and
samarium (Sm)] : and “ | _

a red-emitting phosphor essentially consisting of a |
eu-ropium—act_ivated ra_re-ear;h oxide phos_p_hor having__a . .
general formula ('LnII..Eu)éo-a_ [wliere LnIi ig at least .'
one of yi;tr.'_iun_l (Y). lanthanum (La), gadolinium (Gd).
cerium (Ce). terbium (Tb) and samarium (Smﬂ . -

2. A lamp according to claim 1, wherein _said phosphor - -

film contains 0.1 to 40% 'by weight_ of said blue-emitting

phosphor, 20 to 73% by weight of saiad green-emi-ttir_x_g-

. pho_sphor. and 5 to 65% by weight of said rec_l_-.emitting '

'phosphor wherein 100% by weight correspcnds to the total

weight .of said phosphors. ' _ W,
3. A fluorescent lamp according to claim 1 and |
substantially as hereinbefore described with reference

to Examples 1-7. o o T - _ s
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