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PROVISIONAL SPECIFICATION

IMPROVEMENTS IN OR RELATING TO THE PREPARATION OF CALCIUM TUNGSTATE BLUE PHOSPHOR
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INCORPORATED UNDER THE RegisTRATION oF SocteTies AcT (Acr XXIor 1800).

The following Specification describes the nature of this invention:—

This is an invention by CHITTARI VENKATA SURYANARAYANA Scientist, MOHAMMED IFTIKHAR AHMED SIDDIQ
SaEesTisT, RAMAYYAR LAKSHMINARAYANAN Senior SCIENTIFIC AssisTANT, NAGAMONY RAJARAM SeNIOR SCIENTIFIC ASSISTANT
SABAPATHY BALACHANDRAN Sznior ScianTiFic AssisTaNt, RAMIAH KALYANA SUNDARAM JuniorR SCIENTIFIC ASSISTANT,
ALL or Czutral ELnorrocHsMICAL RESEARCH INsTITUTE, KARAI RUDI-3, MaDrAs, INDIA

NattonaLiry Inprans

This invention relates to improvements in or
relasing to the preparation of luminescent calcium
tungstate blue phosphor,

Luminescent phosphors in  general are charac-
terised by methods of preparation which are rather
critical if efficient luminescence is to be obtained.
The purity of starting materials, the optimisation of
compo-itions and control of parameters like tempera-
ture in conducting the associated solid state reactions
are all not openly availblae either in publications or
patents. The present invention is a process evolved to
get the best luminescent calcium tungstate phosphor
particularly useful in fluroesceni lamps wherein the

o

exciting radiation is mainly the 2537 A line of mercury
and in general useful in other situations where the
exciting source may be electrons or X-rays. The blue
calcium tungstate phosphor, for example, being used
in fluorescent tubes, is at present imported [rom
abroad. The exact method of processing the phos-
phor useful in tubelights is not clearly given in
published literature either in journals or in patents.
Fo: example, an important parameter like the tem-
perature of firing to bring about the solid state reac-
tions has been given as between 300-1100°C, In this
background, the object of this invention is to work out
oplimumn conditions in preparing caleium tung.tate
phosphor capable of giving luminosity comparable
with that of the calcium tungsiate phosphor being so
far imported,

To these ends, the invention broadly consists in
taking a mixtwe of calcium carbonate and 1ungstic
acid or oxide in near stoichiomelric proportions,
making a slurry and subsequently heating and firing
the same in the range of iemperature between
800-1100°C for a time depending upon the quantity of
materials started with.

The following typical examples are given to illust-
rate the invention:

Example 1

100g. of purified calcium carbonate (starting mate-~
rial being B. D. H., A, R. quality) and 250 g. of exira
pure (E. Merck) tung-tic acid were mixed and made
into a slurry by grinding with a suitable quantity of
water and dried at 110°C in an air oven unil the
mixture became white.  The thoroughly ground
powder was taken in a silica dish and fired ata
temperature in the range of 800-1100°C for an hour.
The product was quenched in air.  When the product
attained the room temperature, it was pulvericed and
passed through a sieve of 300 mesh.

The 1elative spectral enerrg{ distribution of the
phosphor powder was measu in the visible after

excitation with a monochromatic 2537 A obtained from
“HB020{)"" high pressure mercury discharge lamp (250
watts} using a Unicam SP 500 monochromator.

The fluorescence emission was measured in the
visible with a Beckman Quartz spectrophotometer
from 350 mu to 600 mp.  The special distribution was
compared with that of standard imported calcium
tungstate phosphors,

The maximum intensity in the visible occurred at
440 my for all the phosphors. Our phesphor com-
pared favourably with the imported ones in the
intensity distribution.

A comparative study of the chromaticity of out
phosphor with the imported ones g.ve the following
results:

Phosphor Dominant Colour  purity
wavelengih
{1} Our Phosphor 479 my n.77%
(2) Imported (Japanese) 478.6 my 69.49%
(3) Imported (Derby)  483.5 mu 56.3%

A comparison of the eleciron diffraction patierns
showed that the crystal struciures of the phosphors
were idendical.

Example I

Batch composition: Calcium carbonate: 80 g.
Tungstic acid: 200 g,
The phosphor was prepared as in example I

The resulrs of measurements were identical with those
of Example [.

Example T

Batch composition:  Calcium carbonate: 3 g.

Tungstic acid : 7.5¢g.
The phosphor was prepared as in Example T, ex-
cepting that the time of firing was about £ hour. The
results of measurements made were identical with those
of Example I.

The following are among the main advantages of
the invention:

{1) The blue phosphor which is entirely imported
now can be produced indigenously.

Dated this 27th day of December, 1967.

Patents Officer,
Council of Scientific & Indusirial Research.
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COMPLETE SPECIFICATION

COUNCIL OF SGIENTIFIC AND INDUSTRIAL RESEARCH, Raw Marc, New DeLui-1, INpia, an INDIAN REGISTERED BODY
INCORPORATED UNDER THE REGISTRATION or Socmirics Act

{Act XX1 of 1860)

The following specification particularly describes and asceriains the noture of this invention and the mannsr in which it is to be performed:—

This is an invention by CHITTARI VENKATA SURYA NARAYANA, Scientist, MOHAMMED IFTIKHAR AMMED SIDDIQI,
Scientist, RAMAYYAR LAKSHMI NARAYANAN, Scnior Scientific Assistant, NAGAMONY RAJARAM, Senior Scientific Assistant
SABAPATHI BALACHANDRAN, Senior Scientific Assistant and RAMIAH KALYANASUNDARAM, Junior Scientific Assistant, alf ot
the Central Electrochemical Research Institute, Karaikudi-3, Madras, Indja, all Indian citizens,

This invention relazes to improvements in or relat-
ing to the preparation of calcium tungstaie blue phos-
phor mainly used in fluorescent tube light industry.

Louminescent phosphers consist in general of a major
proportion of a so-called base material or matrix and
a minor proportion of another material calied an
activator or ‘impurity’. Activators may act singly or
in combination; in the latler case they may produce
effects which are not obtainable when they are used
singly in a given matrix matevial. A few materials
both naturally occurring and synthctic are also known
to give luminescence in purc state without requiring
the use of any activator. In ihese cases ‘defects’ in
the solid state naturally occurring or intioduced during
thermal treatment may activators. A substance which
acts in a manncr detrimental to luminescence in a
given matrix is called ‘a killer* and may be considered
a nagative activator. Bince .some activators may be
cffective in trace amounts, purity of materials ysed
1s of great significance.

The spectral energy distribution of emission of a
phosphor when excited by a particular radiation
depends on ithe matrix-activator composition. The
intensity of emission depends on ihe processing condi-
tions such as particle size, thermal treatment etc, A
iaminescent substance suitable for a particular use
such as in the fluorescent tube tights should possess
such desirable properties as high quanium efliciency
i.e , high absorption of the ultraviolet radiation of 2537

A and a high emission in the visible, stability during
the tube manufacturing process and in subsequent
performance when it is subjected to the presence of
mercury discharge in the tube.

It has hitherto been known to prepare fluorescent
maiterial comprising calcium oxide and tungstatic
oxide, ihe calcium oxide being in excess of the amount
requited by the chemical formula Ca WO,,

Another hitherto known process for the prepara-
tion of luminescent tungstate materials comprizer the
step of prefiring a mixturc of the oxide of the cation
{or of each of the cations in the caze of a mixed tung-
state material) and tungstate oxide, or compounds
yielding these oxides, ata temperature just sufficient
for the formation of the desired tungsiate and there-
after firing the prefired tungstaie material in the usual
“Va-y.

Exact detailed information on the method of
making a luminescent material such as calcium tung-
state is generally not available in the technical or
patent literature. Even in the case of insufficiently
reported methods of making the calcium tungstate
blue phosphor, it has been considered necessary io do
pre-heating and repeated heatings at higher tempera-
ture, which process is atiended with unceriainties.
Most of the luminescent phosphor including the blie
calcium tungstate phosphor are, at present time almost
completely imported from abroad.

The object of the present invention is to develope
the know-how indigenously of the manufacture of
luminescent calcium tungstate blue phosphor, parti-
cularly for use in fluorescent lamps or tubelights
wherein the exciting radiation is the uitra-violet 2537

A Yine of mercury, by a more strajightforward method

which could be practised with precision and to charac-
terize the luminescent calcium tungsiate thus deve-
loped.

According to the present invention, the proccss
for the production of Iuminestent calcium tungstate
blue phosphor consists in making a slurry of 2 calcium
oxide containing substance and a tungtic oxide-con-
taining substance, the two oxides being in stoichio-
metric ratio, drying the slurry to and subsequently
heating in the range of £00-1100°C to bring about a
solid state reaction characterised in that the drying of
the slurry is done by air drying to whiteness at 110°C
whereby cfficient calcium tungstaie blue phosphor i
obtained and the steps hitherto consideied necessary
of pre-heating and repeated heating at the high tempe-
raiure  are climinated.

The process of making luminescent calcium tung-
state biue phosphor thus comprises a step of pulveris-
ing together of a calcium oxide-containing material
and a tungstic oxide-containing naterial and making
a slurry of the mix with the additon of water, a second
step of air-drying the slurry to whiteness at 110°C and
a third step of subsequently heating the powdered
substance in the air at a sufficiently high iemperature
for the formation of calcium tungstate, followed by
quenching in air.

The luminescent calcium iugstate blue phosphor

is churecterized by the fact that when excited by 2537 A
it gives its emission in the visible range, the peak being
at the blue wave-lengths.

The air-drying is done at about 110°C. The air-
dried mas is white,

The high temperature used is in the range of
800-1100°C, but preferably about 1000°C.

The calcium oxide containing material and the
tungsiic oxide-containing material are used in such a
proportion as 1o give the stoichiometric ratio of CaQ:
WO, :1:

The calcium oxide-containing material and the
mmngstic oxide-coitaining material underge decomposi-
tion on heating to high temperature fo as to give the
respective oxides namely calcium oxide (CaQ), and
tungsiic oxide (WQ;) in a highly reactive form, and
volatile products.

The calcium oxide-containing material may be
calcium carhonate and the iungstic oxide-containing
material  may be tungstic actd,

The invention includes within its scope a fluores-
cent tube light incorporating a luminescent calcivm
tungsiate blue phosphor made according (o the
invented method and composition,

Thus a solid siatc reaction 's brought about bet-
ween calcium oxide and |, rungstic oxide. A mixture
is taken of a calcium oxide-containing substance such
as calcium carbenate and a tungstic  oxide-containing
substance such as tungstic acid, both of a high
degree of purity (given under examples) and in a
finely divided siate, in near stoichiomeiric ratio, a
slurry is made with the addition of a suitable quantity
of water, is dried at about 110°C, so that the resuliant
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ably with that of standard imported calcium tungstate
blue phosphors. The maximum intensity in the visible
that is the 4 peak emission in the visible, occured at
4000 my for all the phosphors, The characteristics of

the luminescent phosphors could be more fully and
accurately described in terms of the following values
resulting from a study of the chromaticity of our phos-
phor, as also the imported phosphors:

Table 1
Phosphor Domtinane Colour co- Colour
wave-length ordinaies
X Y
1. CECRI Blue calcium 479.0my 0.1645 0.1845 71.77
tungstate phosphor
2. Imporied Japanese 478 6 my. 0.172 0.186 69.4
3. Imported Derby (UK)) 483.5 mp. 0. 189 0.26 56.3

The colour point of our phosphor is indicaied by
point and white point by W in the chromaticity dia-
gram (Fig. 4).

Based on the above measurements, it could be
said that the efficiency of the luminescent calcium
tungstate of this invention is quite high, comparable

with that of the imported ones, for in tubelights.
Electron diffraction study has shown that the lumines-
cent calcium tungstate of this inveniion has the cry-
stallic structure of CaWQ,. Table2 compares the
electron diffraction data on our phosphoi with x-ray
diffraction powder pattern for CaWQ,,

Table 2

Elecuion diffraction patiern of
calcium tungstate blue phosphor

X-ray diffraction powder pattern
of CaWQ,(Swanson Eg. Al. NBS

o circular No. 539, vol. 63(1956).
d(A) I/To a(A) I/To
4£.731 w 4.76 53
3.119 8 3.10 100
2.834 s {3 072 31
2.598 w 2.844 14
2.268 m+ 2.622 23
1.920 m+ 2.296 19
1.836 m 2.256 3
1.692 w 2.08604 5
1.587 w 1.9951 13
1.443 m 1.9278 28
1.8538 12
s = strong ; m=medium ; 1.7278 5
1.6382 16
w = weak 1.6332 10
1.5921 530
1.5532 14
1.4427 6

The main advantages of the invention:

These characteristics of the luminescent calcium
tungstate  blue phosphor resuliing from this inven-
tion make it suitable for use in the low pressure mer-
cury discharge fluorescent lamps.  This phosphor
when incorporated, in the manufacture of the com-
mercial fluorescent tubelights of 2’ and 4 length, has
given satisfactory performance. It is stable in the
manufacturing process and subsequent performance
in actual use. It has a high efficiency. The lumine-
scent calcium tungstate, in addition to its particular
use in the flumescent iubelights and other similar
lamps based on the same principle, could have other
uses such as in applications where the excitation is by
electrons or x-rays. As a result of this invention, the
Juminescent calcium tungstate could thus be made indi-
g nously. The invention relates to a straight forward
process comprising of three main steps of pulverizing
the raw materials and making a slurry awr-drying at
110°C and heating at a high temperature in the range
of 800-1100°C. Ix this invenuon the steps of pre-heat-
ing and re-heating av higher teperatures as reportediy
used in the known methods, are not constdered necess-
ary. It could easily be practised ona commerical

scale requiring only simple and easily available equip-
meit. In addition to making the know-how available
indigenously, the inmediate effect of this invention in
practice would be a cofisiderable saving in foreign ex-
change, as most of the phosphors are at present import-
ed from aboard. The invention may also be helpful in
earning foreign exchange by exporting the phosphor
made indigenously or the fluorescent tubelights made
from the same.

The invention thus makes available the know-how
of making 2 luminescent calcivm tungstate blue phos-
phor by a very much simplified and straightforward
procedure. The invention consists essentially in making
a slurry of a calcium oxide-containing substance and a
tung tic oxide-containing substance, the two oxides
being in stoichiometric ratio, air-drying the siurry at
about 110°C to whiteness and subsequentiy heating at
a high temperature in the range of 300°-1100°C but
preferably at about 1000°C, to brine apout a solid state
reaction between calcuim oxide and tungstic oxide. It
has been found that air-drying to whiteness at about
110°C is very vital to obtaining a good phosphor, The
process does away with the steps of pre-heating and
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repeated heatings at the higher temperature. The role
of purity of the raw maierials has been described. The
fineness of particles used in the reacdon heing very im-
portant for getting efficient phosphors, this condition
was ensured by taking the raw materials in a form
which on decomposition at a high temperature leave:
behind finely divided reactants. The luminescent cal-
cium tungstate blue phosphor resulting from this inven-
tion has been characterised in terms of its crystal
structure and chromaticity-

We Claim

1. A process for the production of luminescent cal-
cuim tungstate biue phosphor which consists in making
a slurry of a calcuim oxide-containing substance and a
tungstic oside containing substance, the two oxides
being in stoichiometric ratio, drying the slurry and sub-
sequently heating in the range of 800-1100°C to bring
about a solid-state reaction characterised in that the
drying of the sturry is done by air drying to whi.eness
at 110°C whereby efficient calcium tungstate blue
phosphor is obtained and the steps hitherto considered
necessary of pre-heating and repeated heating at the
high temperature are ¢liminated.

2. A process as claimed in claim 1 which comptises
a step of pulverizing together of a calcuim oxide-cont-
aining material and a tungstic oxide-containing mater-
ial and making a slurry of the mix with the addition of
water, a second step of alr-drying the slurry to white-
ness and a third step of subsequently heating the powd-
ered substance in air at a sufficiently high temperature
for the formation of calcium tungstate, followed by
quenching in air.

3. A process as claimed in claim 1 or 2 wherein the
luminescent ecalcium tungstaie blue phosphor is char,
acierized by the fact that when excited by 25373, it
gives its emission in the visible range, the peak being a
the blue wavelengths.

4. A process as claimed in any of the preceding
claims wherein the air-drying is done at about 110°C.

5. A process as claimed in any of the preceding

claims wherein the air-dried mass is as nearly white as
possible.

MGIPCBE —87--863 DCP & DjCal{?4—8-8-77—-150.

6. A process as claimed in any of the preceding
claims wherein the high temperature used 1s in the
tange of 800-1100°C, but preferably about 1000°C.

7. A processas claimed in any of the preceding
claims wherein the calciuvm oxide-containing material
and the tungstic oside-containing material are used in
such a proportion as to give the stoichiometric ratio of
CaO:WO,:1:1.

8. A process as claimed in any of the preceding
claims wherein the calcium oxide-containing material
and the tungstic oxide-containing material undergo de-
composition on heating to high temperature so as to
give the respective oxides namely calcivm oxide (Ca0),
and sungstic oxide (WQy) in a highly reactive form,
and volatile products,

9. A process as claimed in any of the preceding
claims wherein the calcium oxide containing material
«s calcium carbonate and the tungstic oxide-containing
material is tungstic acid.

10. A process of making calcium tungsiate blue phos-
phor substantially as hereinbefore described.

1. A process of making calcium tungstate biue
phosphor substantially as described in the examples.

12. A luminescent calcium tungsiate blue phosphor
whenever made by a method and of composition as
claimed in claims 1~11.

13. A fluorescent tube light incorporating a lumin-
escent caleium rungsiate blue phosphor whenever made

according to the method and of composition as claimed
in claims ! —12.

Dated this 19th day of October, 1968.

PATENTS OFFICER
Council of 8cientific & Industrial Research
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