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The currently used blue-emitting luminophore was proved not to contain- the
(Ba, Eu)Mg,A1,6027 aluminate as is often stated in the literature. An initial
mixture, corresponding by its composition to the formula given above, yields
a mizture of «-Al;03 and the aluminate Bao.12(1-z)Euo. 72200 2aMg1.44Al10.08
017(Ba1-,,-EuzMngluOu) with a structure of 3-Al;03. The striicture was found
to contain arranged Ops atoms and was compared -to- thexstructure of similar
aluminates. The luminophore 18 conveniently prepared by heating the. co-
precipitated hydroxides or hydrated oxides at 800—1000°C and subsequent
igniting in a mildly reducing atmosphere (N2 4+ Hz) at high temperatures.
In access of atmospherical oxygen, the But containing aluminate being formed
18 stabilized by additional O atoms built into its structure. The luminophore
-exhibits maximum emission in the blue region at an Eu?t content
of x = 0.11.

INTRODUCTION

Luminophores emitting white light consist of three coloured components (red,
green and blue) transforming radiation of 253.7 nm wavelength, generated by
electric discharge in mercury- vapours, to light within very narrew bands of visible
light wavelengths [1]. The component emitting in the blue region and containing
Eu2+ is an aluminate whose composition is mostly given as (Ba, Eu)Mg,Al;6027
[2—5]. The advantages of the substance include & suitable wavelength of exvifa-
tion, emission at 452 nm and attainment of up to 100 %, theoretical efficiency [3].
The emission stability of Eu2* also allows small-diameter fluerescence tubes to be
manufactured.

However, according to Stevels [6—8], an aluminate of the given composition
with a hexagonal magnetoplumbite structure [9] and with a coordination of
12 oxygen atoms around the larger atom in position 2d cannot exist owing to the
size of Ba?*, and all barium aluminates from the composition region considered
therefore crystallize in the deformed structure of f3-Al,03;. The author sets forth
BaMgAl 0,7 as an ideal representative of this structure of barium aluminates.
In the case of non-stoichiometry, the structures of the 8-Al,0; type with coordina-
tion of 10 oxygen atoms around the larger atom in position 2 d can be-achieved
8o that some of the Op, oxygen atoms take up the position of barium at 2d while
another oxygen atom is placed in position 2¢c. These layers are separated by spinel
blocks which are identical with those of the magnetoplumbite structure [9]. The
maximum content of Op, corresponds to the formula Bag.7200.28Mg;1.44Al10.08017
(BaMg,Al14024), which is in agreement with the data given in [3, 4], namely
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that diffrections of a-Al,0; were found in diffraction patterns of products obtained
in the preparation of aluminates with the assumed composition BaMg;Al;6027.

According to Stevels [8], however, the presence of a-Al,O; in the products does
not reduce the intensity of Eu2+ emission, which is made use of in some procedures
[2, 3, 10, 11] for the preparation of luminophores containing the aluminate in
question. The process involved is mostly a dry one [2—14], based on heating a me-
chanical mixture of the starting components at 1200—1600 °C in a mildly reducing
atmosphere.

Several practical values of the Eu2t+ content in the host lattice of this aluminate
are given, for example Bag oEuo.1Mg2Al16027 [2, 4] and Bao.ssEuo.14Mg2Ali6027 [3]-

The above survey indicates that some data on this luminophore, which is used
extensively in practice, are rather ambiguous, and this is why the present authors
undertook to deal with the preparation of the aluminate and the composition and
structure of the products obtained. In the preparation, use was made of the pro-
cedure described quantitatively for the aluminate Ceg,67Tho.33sMgAl;101e [3],
according to which the co-precipitated hydroxides are first heated at 700 °C and
only then at higher temperatures. Since also the information on the optimum
content of Eu2* in the host lattice of the aluminate is not explicit with respect
to the maximum blue emission, the problem was also dealt with.

EXPERIMENTAL

BaCl, . 2 H,0, Mg(NOs); . 6 H,0, AI(NO3); . 9 H,O and Eu,03; were the initial
substances used in the preparation. The reagents of AR purity were additionally
repurified electrolytically. The hydrated oxides or hydroxides of the composition
required were coprecipitated from the mixture of solutions by an ammonia solu-
tion. The specimens were heated in Marsh’s tubular furnace (Elektrodruistvo
Prague).

The diffraction patterns were made by the Geigerflex diffractometer (Rigaku
Denki, Japan), Cu anode, Ni filter, GM detector. The Powder program implemented
by the authors was used to precision the lattice parameters.

The brightness was measured in the laboratory of Concern Corporation Tesla
Holesovice with the use of the PR 1980 detector (Photo Research, USA). Com-
parisons were made with commercial luminophores Silvania 246 Blue and Sylvania
2340 Red. No details about their manufacturing process could be obtained: the
same applies to the L. 47 luminophore of Soviet make.

DISCUSSION

Preparation of (Ba, Eu)—Mg aluminate specimens

The precipitate of hydroxides or hydrated oxides, whose composition corres-
1
0.72
. Aly0.08017 + ALLO;, was always amorphous in character after heating at
800—1000 °C, as shown by the diffraction patterns. Heating at 1200—1500 °C in
a mildly reducing atmosphere (N, 4+ H,) yielded substances with identical diffrac-
tion patterns, and contained diffractions of aluminate with the structure of f-Al,Os,

and diffractions of «-Al,03.

ponded to the formula for BagosEuo 1 Mg;Ali6027 = Bay sEu0.0700.28Mg1 .44 -
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This method allows the product which, according to [4], was prepared by igniting
a mechanical mixture at 1400 °C for 2 hours, to be produced within 15 minutes
by igniting at only 1200 °C. According to [2], heating of the mechanical mixture
at 1200 °C yielded products which showed diffractions of MgAlQOj.

Determination of the relative intensities of Eu2+ emission in the structure of the
aluminate prepared showed, in terms of increasing temperature and time of
heating, first an increase and later on a decrease, which can be explained by
structural changes in the host lattice of the aluminate having the structure of
B-AlL0s, as no patterns of any possible products of subsequent reactions were
found (Table I).

Table 1

Relative emission intensity of Eu2+* in the host lattice of Bao.csEu0.0700.26Mg1.44Al10.080,7 vs. the
time and temperature of ignition, compared to the Sylvania 246 Blue luminophore

Tomperature Time of ignition [h)

(°Cl

1/4 2/4 3/4 4/4 5/4 6/4
1250 71.8 79.2 82.3 82.0 83.0 82.0
1300 80.3 85.0 85.3 88.0 90.8 86.0
1350 80.1 85.3 85.0 86.2 88.9 90.0
1400 79.0 90.9 98.2 88.0 81.0 84.7
1450 77.5 94.2 88.7 77.7 77.0 76.2

The effect of reaction temperature on the aluminate structure

The samples prepared in the same way but by ignition at 1200—1400 °C in air
(Table II) exhibited a faintly pink emission of Eu3t. The diffraction pattern of
a sample heated at 1300 °C was identical with that of samples obtained by igni-
tion in a mildly reducing atmosphere, and included diffractions of aluminate with
a structure of 3-Al,0s, as well as diffractions of a-Al,O;.

Table 11
Relative pink emission intensity of Eud+ in the host lattice of Bao.ssE0,0900.28Mg;.44A110.08017 V.
the temperature and time of ignition, compared to the Sylvania 2340 Red luminophore. The.
sample were prepared in access of air

Temperature Time of ignition [h]

(Y ‘

7 | 34 4/4 5/4
1000 — 39.4 — 42.1 —
1100 39.8 39.8 — — -
1200 41.8 40.3 - — —
1200 43.2 423 41.5 42.1 40.7
1300 39.6 37.6 38.5 37.6 -
1300 38.7 37.1 36.5 35.9 —
1400 35.8 — — — -
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For the sake of comparison, luminophore L 47 was heated in air at 1500 °C,
a pink-emitting product was also obtained. The diffraction patterns indicated to
changes in the structure due to the heating.

In the case of products prepared by heating in air, reheating in a mildly reducing
atmosphere failed the Eu3*+ to be reduced back to Euz+.

The effect of the reducing atmosphere on the quality of europium emission
in the host lattice of the aluminate is determined by its strfucture in which the Baz+
atom is surrounded by ten oxygen atoms. According to [6], this coordination is due
to the large diameter of Ba2+, 0.152 A [16). The smaller value of the ionic radius
of Eu, 0.135 A, [16] therefore allows for a change in coordination to take place
in its neighbourhood, together with the building of additional 0 atoms into the
structure of this aluminate, similarly to the case of the magnetoplumbite-type
structure. Similar changes have already been described [14, 15]. During the prepara-
tion of the aluminate in question in access of air oxygen, additional oxygen atoms
must therefore be built into the structure of 3-Al;0; and stabilized by the change
in the oxidation number of Eu?+ to Eu3+,

- - Table I1I
z In:’;en.s ity Oquu Relative emission intensity of Eu3* in the
mission [%] host lattice of aluminate vs. the content
of Eu?t+ activator, compared to the Syl-
0.07 74.0 vania 246 Blue luminophore. The samples
0.08 75.3 of Bay.7(1-2)E0.72200,28Mg1.44Al10.08017
0.09 76.5 were prepeared by ignition at 1350 °C for
0.10 78.1 15 minutes
0.11 81.7
0.12 78.1
0.13 74.0
0.15 71.0
0.17 66.7

Emission intensity of Eu?* in the host lattice of the aluminate
in terms of Eu?t content

Table III indicates that the maximum emission of Eu?+ takes place at the ratio
Ba : Eu = 8 : 1, which corresponds to the composition Bag csEug.0500.28Mg1.44 -
. Aly0.08017. This ratio is in agreement with the hexagonal symmetry ef this
aluminate, and with the published [8] maximum content of Opa Ba : Ops = 72 : 28.

Structure of the aluminate samples prepared

The diffraction patterns of all the reaction products were identical and contained
only the diffraction of aluminate with the structure of (-Al;03 and diffractions
of 2-AlbO3;. Table IV shows that the diffractions of this aluminate respect the
systematic extinctions in space group P6s/mmec : hhl, 1 = 2» + 1. The diffrac-
tion at 9.60 6 remained unindexed, but using the lattice parameters a’ = a and
¢’ = 2¢, can be furnished with diffraction indices 1 0 3 with ¢4 = 9.59°, which
to indicative of an arrangement of Op, atoms in the structure. A similar diffraction
was observed in the pattern of luminophore L 47 where, however, the 1 1 3 and
11 7 diffractions of the aluminate do not respect the systematic extinctions in
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Table IV

Precisioned values of lattice parameters of our sample of (Ba, Eu)Mg aluminate with a structure
of B-Al;0;. Use was made of the Powder program (written at the Institute of Chemical Technology
Prague). Hexagonal system, a = 0.5612 + 0.0008, ¢ = 2.264 2 F 0.0032 nm, radiation Cuge, =
= 0.154051 nm. The samples also exhibited diffractions of «-Al;0;. The diffraction at 9.60° can
be indexed with diffraction indices 103 with 6 = 9.58° using lattice parameters a’ = a, ¢’ = 2¢

Btructure of f-Al;04 Btructure of «-Al,O0;
Ocont. [°] 11, d[A) hkl Ocare. [°] diff hkl Osan [°] 1)1,
9.10 20 4.870 100 9.12 —0.02
9.30 26 4.766 101 9.33 —0.03
9.60 25 4.619 103 9.68 | ¢ 0.02 o’ =a ¢ = 2¢
9.93 56 4.467 102 9.94 —0.01
10.85 10 4.092 103 10.88 —0.03
12.06 10 3.690 104 12.08 —0.03
12.80 70 3.477 102 12.79 76
13.45 10 3.312 106 13.48 —0.03
15.87 60 2.817 110 15.93 —0.06
16.456 10 2.720 112 16.43 " 0.02
16.70 b5 2.680 107 16.67 0.03 .
17.60 100 2.647 104 17.67 90
17.83 45 2.616 114 17.86 —0.03
18.55 60 2.421 201 18.59 —0.04
18.90 45 2.274 110 18.89 40
19.45 156 2.313 203 19.46 —0.01
204 20.19 0.01
20.20 5 2231 | {jog 20.24 | L —0.04
21.10 20 2.140 2056 21.11 —0.01
21.70 100 2.083 113 21.68 100
22.17 26 2.041 206 22.18 —0.01
l .

space group P6s/mmec (Table V), which implies a different arrangement of Oga
atoms and an influence of the preparation procedure on the structure in the
proximity of the mirror plane determining the quality of Eu?* emission in the
host lattice of this aluminate.

Table VI gives a survey of the lattice parameters of Ba—Mg aluminates having
the structure of $-Al,0s. These aluminates constitute two groups differing in the
values of lattice parameters and the cell volumes.

The first group comprises aluminates prepared by the dry method, whose lattice
parameters and cell volumes are larger than those of the representative of the
structural type BaMgAl;00;4 [6]. The other group includes aluminates with lattice
parameters and cell volumes smaller than those of the B-Al,0; structural repre-
sentative BaMgAl;00;,, which is in agreement with the arrangement of Opa
atoms, proved on the aluminates contained in the L 47 luminophore and in the
samples prepared within the framework of the present study. This arrangement
can be compared with that in the structure of the BaAl;;,0,9 aluminate, established
by diffraction on monocrystals [6], where the basic cell has a three-fold volume,
two of the subcells have the ideal structure of $-Al,;03, and substitution of Ba
atoms by Og, atoms takes place in the third layer.
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Table V
Precisioned values of lattice parameters of (Ba, Eu) Mg aluminate in the L 47 luminophore,
obtained with the use of the Powder program. Hexagonal system, a = 0.5604 + 0.0005, ¢ =
= 2.2597 4 0.0018 nm, a’ = 1.1209 4- 0.0011, ¢’ = 4.5218 4 0.0037 nm. Cug,, radiation

0(:01" [“] I’Io d [A] hkl 00.[0 [ol diﬁ hkl acllc [c] diff
3.90 15 | 11.32 002 391 | —o0.01 004 391 | —0.01
7.85 5 | 5.640 004 7.84 0.01 008 7.83 0.02
9.13 25 | 4.854 100 913 | —0.00 200 9.13 | —0.00
9.35 % 60 | 4.741 101 9.34 0.01 202 9.34 0.01
9.60 156 | 4619 203 9.60 0.00
9.95 | 100 | 4.458 102 9.95 0.00 204 9.94 0.01

10.90 2 | 4073 103 10.88 0.02 206 | 10.88 0.02
1180 | <5 | 3.776 006 1180 | —0.03 0012 | 1179 | —0.02
12.07 25 | 3.684 104 1208 | —0.01 208 | 1207 | —0.00
~ 214 | 1275 0.05
1280 | <5 | 3477 20e | o oo
13.45 20 | 3.312 105 1347 | —0.02 2010 | 13.46 | —0.01
1500 | <5 | 2976 106 1500 | —0.00 2012 | 15.00 0.00
1585 | <5 | 2820 008 15.82 0.03 0016 | 15.82 0.03
15.95 70 | 2.803 110 1596 | —0.01 220 | 1595 | —0.00
1645 |- 25 | 2720 112 1645 | —0.00 224 | 1645 | —0.00
16.65 95 | 2688 107 1665 | —0.00 2014 | 16.65 0.00
17.10 25 | 2620 113 17.06 0.04 226 | 17.06 0.05
17.85 80 | 2513 114 17.87 | —0.02 228 | 1787 | —0.02
18.10 25 | 2201 317 | 18.06 0.04
18.60 35 | 2415 201 1862 | —0.02 402 | 1861 | —0.01
19.45 20 | 2313 203 1948 | —0.03 406 | 19.48 | —0.03
1118 | 19.63 0.02
19.65 10 | 2201 3014 | 19.69 | —0.04
19.90 10 | 2263 0010 | 19.93 | —0.03 0020 | 19.92 | —0.02
109 2021 | —001 2018 | 20.20 0.00
20.20 15 | 2.231 204 2021 | —0.01 408 | 2021 | —o0.01
21.10 0 | 2140 205 2112 | —0.02 4010 | 2111 | —0.01
21.40 15 | 2111 117 21.35 0.05 2214 | 21.34 0.06
22.20 40 | 2039 206 22,19 0.01 4012 | 2218 0.02

|

CONCLUSION

In agreement with the conclusion reached by Stevels, it has been proved that
the aluminate BaMgAl;60,; cannot exist, and that the reaction product prepared
from an initial co-precipitate of hydrated oxides and hydroxides corresponding
to this composition, is in fact a mixture of a-Al,03 and the aluminate Bag.72(1-2) .
- Eu.72;00.28Mg1.44Al10.08017(Ba1-z) EuzMg; Al;140,4), in the structure of which
the Opa atoms were found to be arranged.

It was shown that the aluminate cannot be prepared in access of atmospherical
oxygen. The use of a mildly reducing atmosphere has structural reasons, because
treatment in access of air brings about irreversible building of oxygen atoms into
the structure, which is stabilized by the change of the oxidation state of Eu2*+
to Eudt.

The optimum content of the Eu2+ ion in the host lattice of the aluminate from
the standpoint of emission intensity was precisioned at Bao.c4F:10.06M81.44Al10.08017-
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Table V1
Lattice parameters of the BaMg aluminates under discussion, having the f-Al,0, structure
a [nm] ¢ [nm] V [nm]
0.562 24 4+ 2.262 68 + 0.619 44 4 BaMgAl,;00;4, ref. [6], a, ¢ values
4+ 0.000 01 4+ 0.000 06 4+ 0.000 02
0.562 6 4 2.266 3 4 0.621 22 + ref. [2], values of d, I/I, containing
+ 0.0003 4+ 0.0011 4 0.000 56 diffractions of MgAl;O4, prepara-
tion from mechanical mixture, ar-
rangement of atoms not found
1 0.562 8 4 2.268 0 4 0.622 13 4+ ref. [4], values of a, ¢, contains
4 0.000 5 4 0.000 5 4 0.000 79 diffractions of a-Al;0;, preparation
from mechanical mixture, arrange-
ment of Op,s atoms not found
0.560 6 4 2.261 7 + 0.6156 4 our measurements of commercial
+ 0.0011 4 0.003 6 4+ 0.0020 Sylvania 246 Blue, contains diffrac-
tions of «-Al;0;, arrangement of
Oga not found
2 0.560 4 4 2.259 7 4+ 0.614 6 4 our measurements of commercial
4 0.000 5 4+ 0.0018 2X | 4+ 0.0009 2X | L 47 luminophore, arrangement of
Opa atoms
0.561 2 4 2.254 2 4 0.614 8 4 our samples, arrangement of Op,
4+ 0.000 8 4+ 00032 2x |4+ 0.0015 2X | atoms, contains diffractions of
«-Al,O3, preparation from co-
precipitated hydrated oxides
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NEKTERE POZNATKY O MODRE EMITUJICIM LUMINOFORU
*-"NA BAZI (Ba, Eu?*)-Mg-HLINITANU

Jan Ondré¢ek, Bohumil Héjek

Katedra anorganické chemiie, Vysokd §kola chemicko-technologickd,
Technicka 5, 166 28 Praha 6

.

Bylo studovéno slozenf produktu vzniklého Zihdnim vy§chozi smé&si hydratovanych hydroxidi
a oxidi, jejiz slozeni odpovidalo vzorci Ba,-;EuzMg:Al;60;7 & ktery nalézé uplatnéni jako modre
emitujici sloik‘a.’liixﬁixio(oru pro nizkotlaké rtufové lampy. Bylo prokézéno, Ze v souhlase s pra-
cemi Stevelse, podle nichz neexistuje hlinitan o slozeni BaMg;Al;6027, je reakéni produkt smési
«-Al;O; a hlinitanu Beo.n(i1~2)E00.72200.28Mg1.44Al10.08017(Bay -z EuzMg:A114024). Ve struktufe
tohoto hlinitanu byla rentgenograficky prokézéna uspofddanost téch atomu kysliku, které
ve struktuie zastupuji atomy“Haria. Tento hlinitan nelze ptipravovat za pifstupu vzduiného
kysliku. Pouziti slab& redukéni-atmosféry pii piipravé m4 strukturni diuvody, nebof pii priprave
za piistupu vzduchu dochdzi k nevratnému zabudovani dalSich atomu kysliku do struktury,
které je umoznéno mensim iontovym polomérem Eu3+ zastupujicim barium ve struktuie a které
je stabilizovadno zménou oxidaéniho stavu Eu*+ na Eu3*. Byl upfesndn optimélni obsah iontu
Ei2* ¥ hostitelské miizce tohoto hlinitanu z hlediska maximalni intenzity emise jako
Bay.c4Eu0.0sMg1.44A110.08017.

HE}{O’IV‘“(I)PbIE.I[AHHbIE O‘Tf‘lOCI(ITEJIbHO JIOMUHOO®OPA
. - - HABABE (Ba, Euzt) — Mg-AJIOMUHATA,
HCIIYCRAIONIETO CUHAE JIVUH

fin Onppader, Borymua Taex

Xumuro-meznoaoeuneckull uncmumym, xagedpa Heopzaruveckoll TUMUU,
Texnuyra 5, 166 28 Ilpaea 6

«

HcceirenoBany cocTaB IPOJYKTa, MMOIy4eHBOro OOMMIOM MCXOHONR cMecH rMApAaTHPOBAaH-
HBIX FHAPOOKCH(0B M OKCH/(OB, COCTaB KOTOpod orBeuan gopmyie Bai_zEuzMg2AlisOzr.
JaHALIA MPOJYKT HaXOAHT IMHPOKOEe NPHMEHeHHe B KauecTBe COCTABHOH 4acTH JIOMHHO-
¢opa, mcmyckawmero cuHue Jyun.’ Takod momuHO(Op npenHasHayeH JJIA NPOU3BOACTBA
PTYTARIX JIaMII H1U3KOr0 JaB.IeHNA. Buno fokasaHo, 4To B cooTBeTCcTBHH ¢ paboramu CreBelib-
ca, cOIVIacHO KOTOPhIM He ¢ yIIeCTBYeT aMOMHHAT cocTaBoM BaMg;Al 6027, NPOAVKT peakiinu
apasgerca  cMechlo  «-Al,Os . m aJioMMHaTa Bao,72(1-z) EU0,72200,28Mg1,4¢Al10,06017
(Bai_zEu;Mg;A11402)... B cTpykType paHHOro ajioMHHaTa ORUIO peHTreHoOrpagHIecKH
JOKa3aHO YNOpA/\0YeHNe TeX aTOMOB KHCJIOPO/a, KOTOpLIe B CTPYKTYpe 3aMelllaloT aTOMAI
Oapusi. YHOMAHYTLIT aJIOMHHAT Helh3A MOJYYaTh HpH JOCTYIE KHCJIOpoja BO3jyXa.
Hcnons3oBanie ¢;1a00 BOCCTAHOBMTE/NBHOH cpellbl IDH MOJyUYeHHH HMeeT CTPYKTYDHhIe
NPHYMHKIL, TAK K4K NPH [OJYyYeHHM @pH JOCTyIe BO3JyXa IpOMc¢XOJMT HeoOpaTumoe
BCTpaHBRHHMe [[IbHEMIIIMX aTOMOB KHC.I0pOJa B cTPYKTYpY. BoaMomHOCTh BeTpauBaHHA
obecreunBaeTcs MCHLIIMM HOHHHIM pajkycoM Lu3d+, 3amempionttm Gapuit B CTpyKType
M cTaOHIMBHPYeTe A H3MeHeHHeM cTeleHH okuclienna Eu2+ B Ku3+. Kpome Toro yrounserca
ouTHMaNbHOe cojlepKauie 110HOB Fu2t B pemmeTke HPHBOJAMMOFO AaJIIOMHHATA ¢ TOYKH
3peHMA MaKcuMaJLHOR HHTEHCHBHOCTH 3MHCCHH KAK Bao,ceEuo,08Mg1,44Al10,08017.
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