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This invention relates to improvements in or relating o
photoluminescent ocopper activated zinc sulphide (zine sulphide:
ccpper) more particularly the green-emitting photcluminsascent zine
sulphide, axcitadble by the ultraviclet radiation of wavelength

[ ]
HeSN A of meroury.

Hitherto it has been the practice to make sulphide phosphors,
inoluding sine sulphides, whether ocathodoluminescent, elesctiviumi-~
resoent, tridoluminescent or photoluminescent snd other types mw

ueing inert end special atmospheres including H_ 3, HCL and others.

2
Noreover, the more essential details suth as coamposition and proces-
sing oondit2ons of making such phosphors are not given either in the
technical or patent literature, zlthough, beceuse of their very
great importance, consideradly wvast literature does exist on the
subject of ocathodo-, electro~ and photoluminescenoe and others
vhich have very wide civil and defence applications rsnging from
¢soilloscope and raday soreens to electroluminescent panels and
ssreury laaps, All these phosphors are at present largely imported

iz our couatry.

‘ The objeot of this invention is to obviate tl;oeo di;aadm-
tages by firstly eliminating the need of inert and special atmos-
pheres and secondly working out the fullest possible details of
the process so as to make the know-how on the manufacture of these
yhosphors availadble indigencusly.

To these ends, we have developed a method of making & photo-
Imm sins sulphide phosphor uming ordinary air atmosphere
snd worked out the more essential details and our invention broadly
consists in teking a raw material batch comprising X sinc sulphide,
8. copper compound such as oopper chloride copper sulphate, copper
soetate in the range of comcentration ‘IO"5 to 10-‘ & mole pexr mole
of sino sulphide, a flux such as sodium chlaride or sny halide of

_the alkali metals in the comoentration ranse 2 - 5€ and sine _snlnhata .



_ . - 5019
tuents intimately 4c a elurry with the addition of suitedble quentity

of di1etill:zd water until the mass becones almost dry, drying again
iv an air oven st 1209C, trznaferring %o a silica crucible, and
heating %o a temperature in the range of 80G°C to 1300°C for a
duretion depending on the quantity of the material, to bring about.
thy sol1d state reacticn. After heating, the sample is tsken out
from the hot furnace, and,whiis the crucible is kept closed,quenched
{2 a medium such as ailr, The thus treated mass on cooling to room
teomperature is ground, washed with dilute acetic acid solution
tollowed by washing with dietilled vafer, kept at about 120°C %o
complete dryness and finally ground to the required fineness, for

sxsmple, upto 300 mesh,

The spectrel energy distribution of luminescence emission of
such a resulting phosphor on excitation by monochronatised 3650 3.
radiation of mercury (obtained from HBO 210 high pressure meroury
lamp of 250 watts using a SP 500 monochrow:icr) as measured by a
Beckman DU Spectrophotometer is in the visible green region of
wavelengths from about 4200 A to 5950 A with a peak at about 5000 A.
The intensity of luminescence emission is comparable with uimilar
imported smuples.while strongly luminescsnt to 3650 1 of aercury
the resulting ZnS:Cu phoephor is also weakly luminesceat to 2537 i

of mercury.

In our vast experimentation, we have found that the raw
material zinc sulphide must dbe very pure within very low tolexance
limite of tha specific deleterious metallic impurities. All the

chemicals except zinc sulphide must de analytically pure.

Zinc sulphide used was of & very high grade of purity pre-~
pared by a process developed earlier in this Institute patented
under Indian Patent N°, 126439. By suitably modifying the compo=
sition and processing, it is posaible to make photoimin.s«nt

sine sulphide (green) of long phosphorescence which makes it
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suitabdle in certain applicstions like wateh and clook dials,

instrument dials etc.,

Beving broadly desoribed our imvention, the following

examples are given to illustmate the invention:
EXANPLE X

A rew material batch comprising t!» following is takems

Zino sulphide t S gms
Oopper sulphate t 20 mg
Sodium chloride t 100 mg
2ino sulphate s 50mg

A typical phosphor may be prepared as follows:s Added 20 mg
of oepper sulphate to pure sinc sulphide, the copper ocompound being
hﬁofopofuummnluumofmohaotmcthu%ubc
paste with sino sulphide, along with sodium chloride and sino sul-
phate solutions, dried the product by miring in s mortar and thew
in aa air oven at adbout 120°C until ocompletely dary, aoudﬂ
’M in @ silios orucidle covered with a 1id, inside another
larger erwcidle. The outer omii:lo was also covered with a 144
and the oxucidles with the sample wes kept in & furnace bheated to
1050°2 for 15 minutes. The tempersture of firing can be in the
mol”-"OO‘OnndhnﬁonmbofrmiSMto@'
hour. hobam.qplowtm:outoftbbtm«.d
quenched in air, keeping the crucidles still closed, to room tempe-
seture.  Ground the heated mass in a mortar, weshed with a ¥
solution of acetic acid followed by nlhina with distilled water,
Dried the filtered phosphor powder at 120%C in an air oven and
gremd %0 300 mesh particle sise in a grinding mill. The relative

speotrel energy stritution of lumine as, exoited by 3650 i
anm St e @l r":;f":i: " : .

is given 1a PFig. 1 Curve
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AP 1

A 7sw nateriale dateh consisted of the fblluh..

%inc sulphide
Copper ascetabe
Sodium ohleride
Zins acetate

Precesded My.u in example I.

2 ;o
22 ng
400 ng
220 wg

The produst gave a spestand

snergy 4distritution sixtlar $o ourve 1 in figurvel.

EUWIA 11T

A typical lomg phosphoresesnt phosphor was prepared as fellouwse
4 raw material batoh ocomsisted of the follewing -~

Binc sulphide
Copper chlozride
Sinc sulphatde
Sodium ohloride

2 gms
2 g
200 =g
400 ng

Processed as in the nammer of ezample I exoept that the tempere~
sure of sating was 1150°C end duretion was Y0 aimubes. mm
tnre between 1100 and 1300°C can bs chosen nd the dupation osm deo fyem

S0 nimmtes to one snd & half bour, The speotral ensrgy distridutias

of luminesoence emission is given in figure I Ourve 2. The smmple -

s2ows good phosphorescence of green oolour,

EUMPIR IV

Started with the following cemposition of the rew mtexials,

Zino sulphide

Copper nitrate

Soddum ohloride
. Zinc ohloride

10 san
20.5 ng
200 ug
500 ng

Prepared the phosphor as descrided in exssple III. The produst

wes found to give & speotrel energy distridution similar to the cwrwe 2

“ﬁm I.
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The following are among the main advantages of the invention:

1 The invention makes availsable indigenously the kmow-how on wncking
photoliminescent sinc sulphide s copper by a simple, elegent pro-
cess, requring raw materials and equipment availadble indigencusly.

2 The invention does not rdquire sny special heating atmosphere.

3 Suitable modification in the conposition and proceasing givees a

long vhosphorescent product.

wu MM day of O‘W}aw(/ 1575.
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THE PATENTS ACT. 1970

COMPLETE SPECIFICATION
( Section—10)

IMPROVEMENTS IN OR RELATING TO THE PREPARATION
OF GREEN PHOTOLUMINESCENT COPPER ACTIVATED ZINC
STLPRIDE PHOSPHOR (ZnS : Cu )

Council of Scientific and Inddstrial Research,
Rafi Marg, New Delhi - 1, India, an Indian
Registered body incorporsted under the
Registration of Societies Act ( Act XXI
of 1860)

The foliowing specification particularly describes and ascertains the nature of this invention
a1} the maunner in which it is to be performed : —

This is an invention by Chittari Venkata Suryanarayana,
Scientist, Mohammed Iftikhar Ahmed Siddiqe, Scientist and
Alice Kurian, Senior Scientific Assistant, Central
$lectrochemical Research Institute, Karaikudi, Tamil Nadu,
India, all Indian eiticens, vy



I 4 5017 .
This inventien relates te hpron-oafa in er relating te the

preparstien of copper activated simo sulphide phespher which will
emit greea light when excited dy ultravielet radiation eof wave-
lmt)l at and belew 365mm and is useful im eptical and epto-
olectrenic imdustries.

Bitherte sinc sulphide phespheors have been prepared by
hpgting a mixture of lumimescent grade szinc sulphide with small
quantities of activaters, co-activaters anc fluxes im suitable
prepertions at high temperatures imside a furmace in imert atmes-
phores like N, gas er reducing uﬁosphoru like H,S. Soutinop,

2 2
the mizture is heated in HCl gas or a mixture of HCl gas and N,.

2
The activaters are usually metallic impurities er ocations amd the
luminessont spectrum depends on the metallic impurity iom. TYer
exsmple, when cepper is used s aotivater, the re-ﬁl:tiu phospher
€ives a green lumimescence, while with meagamese, the simc ml.-"-
phide phospmllmuson in the oruao'rogion. The co-activater
is used te majntain the charge meutrality in the orystal amd to
‘faoilitate th.o disselutien of the aotivater iems im the zime
sulphide lattioce. The fluxes lewer the melting poimt ef the

s0lid mixture and facilitete the diffusion ef activater ieas,

Green light eaitting sinc mlphiéo phospher is usually
ebtained by deping the lunimescent grade simc sulphide with cepper
and chlerine, This is done by heating a iixturo of the sine
sulphide, a cepper salt and an alkali halide, partioularly sedium
ohleride, ia ¥, atmesphere at about 1000 te 1200°C, The xine
sulphide is mixed intimately with the ether twe cempounds ia
suitatls prepertieas amd placed ia silica er quarts tubes eor
siliocs o quarts orucidles and imtreduced inte the furnace main-
tained at the temperature required. ' The hoated mass is takem eut
after the required tise, cooled and greund te proper partiole
sise. 4
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The ebject of this imvention is to obviate the meed of inmert
and special atmosphere amd secendly to werk out the fullest pos~
sible details ef the precess so as to make the kncw—ﬁow on the

assufacturs of these phosphers available imdigenously.

Te these ends, we have developed a method of making a phote~
luminesceat zinc sulphide phosphor usimg erdimary air atmesphere
and worked ocut the mere essemtial umavailable deteils. Our
iaventien breadly comsists im taking' a raw material batch com-
prising zinc sulphide, a cepper cempound such as cepper cb.léruo.
oepper-sulphate, cepper acetate in the ramge of comcemtratien 10'5

te 10"

nele, per mele ef rinc sulphide, & flux such as sedium
chleride er any halide of the alkali metals in the cemcestratiea
zupz-siw-uatmaunsﬂﬁﬁouoﬂuﬁoht&on—
centration range { - 2£ by weight, mixing the censtitueats imti-
mately te & slurry with the addition ef a suitable quantity ef
distilled water, and further miximg umtil the mass bLecewes zlmest
dry, drying again i3 an air evem at 120°C, tramsferring to.a
silica orucidle, smd heating te a temperature in the range eof
800°C te 1300°C for & duratiem depemdimg om the quantity of the
material, te bLrimg about the selid state reactien., After heating,
the smple is takea eut frem the het furmace amd, while the oru-
cible is kept clesed, quemched im a medium such as air. The
ﬁu treated mass on ceelinmg te reom temperature is md\.
washed with dilute acetic acid selutiem fellewed by washing with
distilled water, kept at about 120°C te cemplete drymess and |
finally greund te the required finamess, fer example, dewn te

"300 mesh.

The spectral emergy distributien eof lumimescemce emissien
of such a réaultiug phosphor on excitation by 365mm radiation of
merocury {ebtaimed frem HBC 200 high pressure mercury lawp ef
250 watts using & SP 500 menechremater) as measured by a Beclman

DU Spectrephotemeter is in the vieible greem regiem of wave-

1
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lengths frem about 420nm te 595um with & peak at abeut 500mm.

The intemsity eof luminescemce emisnsien is cempareble with similar
imperted samples. While stremgly lumimescent te 365mm of mer-
oury radiation, the resultimg ZaS:Cu phespher is alse weakly

luninesceat te 253.7am of mercury.

In eur vast experimentatien, we have feund that the raw
materisl simc sulphide must be very pure withiam very lew teleraunce
limite of the specific deleterisus metallic impurities. All the

other chemicals must be amalytically pure.

In eur expesriments we have used the lumineseoat grade sinme
sulphide ebtained frem 'Derdby lumimescemts' and alse that prepared
by a precess patented under Imdiam Patent Ne. 126439. The pre-
eesssd preducts, that is, beth the phesphers, exhidit similar

luminescence characteristics.

By suitably medifying the cempesitien amd precessing, it is
pessible te make phetelumimescent siic sulphide phespher emitting
- greey light of leag phoqhmsemo which makes it suitadle fer
certsin applicatiens such as watch and cleck dials, imstrument
diale ete.,

The present invemtien cemsiets ¢f & precess°fer the prepa-
ratien of oepper activated simo sulphide phespher emittimg gz;oou
1ight when excited by mear ultravielet radiatiem amd cemprises a
selid state resctiem eof zimc sulphide und & cepper compeund such
as chleride, mitrate, sulphate, acetate ia presemce of a flux
such as alkali halides at high temperature im a furmace wherein

me special atmesphere is required.

Having breadly descrided eur imvemtion, the fellewing

exsmples are gives te illustrate the imvemtionm:

EXAMPLE I

A raw material batoh oemprisimg the fellewimg is takem:
1c
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Zine sulphide st S5 ¢g

Cepper sulphate t 20 mg
Sedium chleride : 100 mg
Zimc sulphate 1 50 ng

A typical phespher may bde prepared as folews:  Added
20 =y of cepper sulp;ato te pure zimc sulphide, the cepper com-
pount being in the ferm of am aqueeus selutiom of such a stremgth
a8 to make a paste with zinc sulphide, alomg with sedium ohleride
ané rinc sulphate selutiens, dried the preduct by mixing in a
sertar and ther in am air evem at abeut 120°C until cempletely
dry, greund amd placed im a silica crucidle cevered with a 114,
innide smether larger crucible. The euter crucible was alse
cevered with a 1id and the erucidbles with the sample were kept ia
& furasce heated te 1050°C fer 15 mimutes. The heated sample
was takem eut ef the het furmace amd quemched im air te reem tem-
perature kmeping the orucibles atill clesed. freusd the heated
mass im a mertar, washed with a 3% selutiem of acetic acid
fellewed by washimg with distilled water. Dried the filtered
phespher péwder at 120°C im am air even amd greumd te 300 mesh
particle size in a grimding mill. The relative spectral emergy
distributien of luminescence as excited by 365mn is given {m

e 1 4&17.. A U A/.uma .t ,mewa‘v? U (.Weu{s&nwl 3{"«‘%
»>

EXAMPLE 11

A raw materials batch cemsisted ef the fellewing:

Zimc sulphide H 20 g
Cepper acetate t 22 mg
Sedium chleride t 400 mg

L4

Zimo acetate 220 nmg

Preceeded exactly as im example 1. The preduct gave i

spestral emergy distributiea similar to ourve 1 im figure I.
i
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. EXAWPLE IIX

A typical lemg phespherescent phespher was prepared as
fellews: A raw material batch cemsisted ef the follorlux'

Zino sulphide t 20 g
Cepper chleride ] 32 mg
Zino sulphate 1 200 ng
Sedium chleride t 400 mg

Precessed as in the mamner ¢f exasple I exoept that the
temperature of heating was 1150°C amd duration was 30 aimutes,
The spectral emergy distributien of luminescence emissien is
givea in figure 1 curve II. The sample shews geed phospheres,
osnoe with greea celeur.

EXAMPIE IV

Started with the fellewing cempesitiea of the raw

aaterialss
Zinc sulphide ] 10 ¢
" Oepper mitrate : 20.5 ng
Sedium ohleride ] 200 mng
Zino chleride 1. 500 mg

Prepared the phespher as desorided im example IlI.
The preduct was foumd te give a spectral smergy dictrib\;tton *
uniiu- te the curve II im figure 1. The sanmple shews geed

phespherescence with green celewr.

The follewing are ameng the main advantages of the

{iaveatien:

1 The imventien makes available imdigemously the kmew-hew en
lakn“mon Proteluninmesceat zimc sulphide:cepper (ZaSiCu) by e

simple, elegant precess, requiring raw materials amd eoquipment

evailable indigemeeusly. 2
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2. The invention does not require any speciﬁijEQat;ng.
atmosphere,
3. Suitable modification in the composition and processing

zives & long phosphorescent product,

The present invention concerns the preparation of copper
sctivated sinc sulphide phosphor which will emit green light when
'exoited by near ultraviolet radiation. The process involves & solid
\ ltdto reaction of sino sulphide and a copper compound in presence ('} 4
fluxes such as alimli halides at high temperature. Hitherto the
high temperature and the details of the component parts were not
clesr in literature. MNurther the s0lid state reaction was, hith-
erto, brought about in an atmosphere of inert geses. In the present
invention, the proportions of component parts are clearly delineated
~apd the inert atmosphere 1is d;épennod with,

Ve Claimi
1. A process, for the preparation of copper activated sino

sulphide phosphor emitting green light when exoited by ﬁéa? ultre-
viglet rediations, oompriaggﬂ %

‘Phosphor grade sinc sulphide and a copper ocompound in the presence
of & flux like sn alkali halide, characterised in that the reaction
is oarried out in & temperature range of 800 to 1300°C in the prese-
nce of ordinary air atmosphere followed by quonohing the. resultant
reaction mess in air and grindina the same %o dogirod particle sise,

26 A process &s claimed in claim 1, wherein ths reaction is
carried out at preferred temperature of 1050°C in & ocontainer 1like

a silica orucibdble,
Dated this 218t day of October, 1976.
( I.M.8., MAMAK )

SCIENTIST *B°* ( PATENTS )
 COUNCIL OP SCIENTIFIC AND INDUSTRIAL REJEARCH.
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