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Thie 45 aa invention by Chittari Venkata Suryanarayana and Alice
Kurlan, Scientists of Ceatral Zlectrochemical Research Institute,
Karaikudi, Tamil Nadu, India, all indians.

. : "
- Thie invention relates to an improved process for the preparaiion

‘of zinc au:ph‘dewsllver phosphor blue photoluminescent maferials.
‘Whese are highly useful.in optoelectronic induatxies.v The galid
yhoaphor iz a polycrystalline powdex o! zinc sulphide containing
£ilver as activator and emits & blue light when 1rradiated by
: ultraviolet radition of wave 1ength 365 nm of the mercury line.
.This phosphor is particularly usefui in c;ating the scinﬁil}ating'
~_.>:screens for use in :#diat_!,én detéétqgs to detect &= ana F-

"particles, neutrons, Xwrays and.vc;ays.

ot

:xnfthe priox art the blue liqht eﬁi#tinq phoﬁoluminbscent
‘phoaphor of zine suiphide actiﬁateé with silver is known for its
‘best acintillating properties and hence ité use in séintillating
Jscéeans uged in raﬁiation detectors and counters. Thus, the
.luminescent ﬁawaar in suitable medium is coated on sbreans’for
‘uge as sciﬁtiliating screens which ie a éomponeng of the
radiation detectoxs and écunters manufacﬁnred in the‘elqctroniq‘

indusitry. H&ncé} tha above said luminescent powde:r is useful in

‘the,alectropic induécrywh : o ~

¥

4 eH€FES6 zince sulphide phosphors have been prapared by heating a‘;
T"mj.xt:ur«a of luminescent gride zinc sulphide with small quantities:
of activators. coaactivatora_aﬁd‘fluxes in suitable proportions

:at high temperature in inert étmosphares or,spacial atmospheres

like Nz, HZS #Cl and the like,

..;a__
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Bluéiligﬁt emitting zince sulpiide phosphide';phusphar: ié‘ aléo A
'cbnventignagly'ptgp&:pd hy'doging_the-lumiﬁesqent qréde zih;
.éuiphide with.silvex and chloggég. This is done by heating al
mlxtﬁre?oﬂ zih§ sulphide, a siiver.gait and an'alkhliihalide“
gartiﬁhihrly.Qédiug'chloride in N, atﬁcsphere at about 360°'£0A
1000°C. The zinc sulphide is mixed intimately with the other two
éompounds in éuitable progortionsjand pl&éed in silica or ceramic’
%rﬁcibles and inﬁroduced'into the furnace at the.téﬁéerature'
required. The heated mass is taken out after the réquireﬂ tlme,b
coolga and-gro&n&vto thﬁ.pfppér pafticle gsize and sabssquently <o

the chemical treatment,

Tha,m;in object of this invention is to eliminate the need of .
iheuSpegialvatmosphere and thus to save the véxpenditure_ on

maintenance and‘éont:olfof the same.

?hé'ﬁaiﬁ ;dvantﬁges of the érocess of ihis inventiuu are thaﬁ:

itléives ouﬁ mreci£e1§-a néwly worked out proceddre to get”
ihtense blue luminescénce based on zinc sulphide raw maierialf
épeqial atmospheres which involve higheyr cost of production in

the exleting practice are totally avoided, the'phosphof obtained

Ey this method is very fine in_comgarison'with the commercially

availablé blue ﬁhosphor.

fhis has certain advantages 1s .processing optoelactronic
screens, one such being that of obtaining high resolutions in

imaging. The importance becomes accentuated by the fact that

grinding for further fineness of a zinc sulphide phosgphor often

"reduced the luminescence output
’ e,

Sl
3 '

of the same., This 1is now
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avoided.
The main prinyiple underlying the inQention is that the

ingredients of the rew mix inside the crucibles, form in the
‘furnace, an athSphara of gases most favourable for the growth of
the polycryetalline 1um1nescent phosphor from the amorphour-like
zinc aulph;da powder,

The oxidioabla sulphur containing compound used on heating
decomposes .and combinee with the oxygen present in the furnacu
to foru oxides of sulphur to provide an atmosphere, ‘

Accordingly thia invention provides an improved process foxr the
preparation of zinc sulphide~-silver blue photoluminesscent

phosphor comprises heating a mixture of zinc sulphide, a silver
salt and en alkeli halide a flux in an inert atmosphere at 800°-
1000°C characterised in that the zinc sulphide admixture is placed
in i_euranic crucible and heeted to a temperature in the rangs of
. 800-1000°C thereafter heating the ceramic crucible in another
bigger crucible containing an oxidisable sulphur compound and
closed to provide an atmpsphars whih exclude oxygen.

- According to a faaturé of the invention the phbsphor forming
admixture contains 5 x 105 to 5 x 1074 mole of silver per mole
of zinc sulphide, 2 to 10% by weight of the alkali chioride and
1-2$'of the sulphur containing compound byAueight of zinc )

;éulbhldl.

' ﬂccurd1ng to a still another feature of the invention the
sulphur conteining compounde used ars oxidisable sulphur

whe
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comaounds like organic or alkali/élkaliné‘earthvmetai oompounds.

-

According to a Stlll further featufe 'of‘ the invention the

firing in a closed furnace is carried out at 800m1000° c.

We have thus developed a method of making a photoluminescent zinc
oulphide phosphor without using any special atmosphere and worked
out‘the‘more essential details and our inventiou broadly conéists
in taking»a raw materlal batoh,comprising tinc sulphide, a silver.
compound in’tho form of its nitrate, sulphate ot chloride, or a\ny.i
‘other water solublo-silver_compound in the ronge of concentration
.5 x 10™5 to 5 x 10"4 mole(of éilvet per mole of zinc sulphido, a
’halidelflux‘preferably sodium ohlotide concentration range 2 to
'15§ and zinc sulphate in thotcopcentration tange of 1 to 5%,
gpixing tho constltuents iut{hutely to a slurry with the addition
:ot'required quantity of distilled water and grinding it until-the
mass becomes dry. The dried mass is collected,washed and mixed
lwith furthr quantity of double distilled water and making a
glurry, mixing and stirring continuously to dryness, if necessary
'tovspeed up the experiment, at temperature a teémperature oround
60°C,—drY1ng}§gain in,an'oir oven at about 120° to 180°cC
tronoferring ihto a-silloa.o:ucible; and heating at a temperature
ln the range o£:§60° to 1600°c'for a duration depending on the
quantity of tue material aud sitq-of‘the particle to bring about
:the solid ‘state reaction. _The silioa'crucible is kept in another
bigger crucible.containlng an oxidisable sulphur compound and
oloaed to providenan‘atmosphero whlcu excludos'oxygen.V Aftot

hooting)Athe sample.ig cooled to room'temperature in a time of

—. -
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| one'to 2 8 20 houra, waahed with water 2allowedAby ‘dilute
acatic acid and distilled watot to renove oxide layer and excase‘
;flux._ The filtered powder 18 aried to complete drynesa nnd
’;aievéd.: The advantage of thia method is that‘the resultant
vphesphar is a fine powder. This phosphor powder qives an intense
 b1uc cclbured light when irradiated by long wavelength
. ulttaviolet 1ight.

.?hé s§é§tra1_energy éispribdtign of luminescence emission of,
f&hua érepared phosphér,fon'éxcitaﬁibg:bymﬁonoéhréﬁat;é'fadiatioa
' ofkwévo;angth 365 nmuerm_a. ﬁercﬁry “lanmp, as measured by a
‘Begkmanninu sbéctrpphoﬁoﬁéter‘is'hhown; 15"the figure of the
‘qcéémpanyihqAdrgwingsxinvthe visi$1e.blke régipn‘ of wave;enéth
 fxém about 400 nm, to 540 nm ﬁithia peak around"460 nm.  The
“.1ntensity of blue emission is 'comparabie t6‘ that of similar
!mportéa phosphor. While Strongly photoluminescent to 'ﬁ65~ nm
‘line of ﬁercu?y‘the‘ reéﬂlting Zné:nq phosphdr‘ is moderatelj
. ’ A .

bright to 253 nm line of mercury also.

_in_oui reseérch‘dnd development inQeéfigatioh, we have found
that the raw matefial'zinc sulphid; must bé very pure withiﬁ
very low tolerénce limits of the ;pecific deleterious metallic
impur;ties like Fe, Co, Ni, Cu, Ag, Pb and the 1like., all the

“other chemicals need be only analytically pure.

. Zinc sulphide used by us is of a high grade of purity and as

prepared by a method described in our prior Indlian Patent no,

-

126439,

4-6}‘--“
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As no sgpecial Qas is used duriné heating in the furnace, thev

expenditure on gas and its maintenance is avoided.

Thé present invention concerns ths prepératqon of.silvég
"nctibated zinc sulphide phosphor which will emit blﬁe iight.ﬁhen
excited by near ultraviolet radiation. The p;oéesé iu?él@ea ﬂr
s80l1id state reaction of zinc sulphide powder and a silvear
compound in presence of fluxe; such as alkali halides at high.‘
temperature, Hithé:to the solid staﬁe reactign was brouéht abéut
in a special‘gas~atmospﬁ%re..»in the present invention, the

prdportions of component parts are clearly deiineated and the

special atmosphere is dispensed with.

The esgential steps of the proceés'aiea o
- a) Thorough mixing of the ingradiénts;in.suitable proportions and
 drying,

'b) Drying to absolute dryness in an air oven at about 120° to

-
*-

180°C. .
c¢) keepin& the sulphur containing compound in the out-ar crucible,

d) Firing the dry powder of (c) in a furnace at around 900°c,

. . ? .
e) Cooling the heated product to atmospheric temperature in a

time of 1 t6‘2 & 1/2 hours,

f) Washing the coolea product with water, acetic aciéAsdlﬁtion
etc.

g) Drying the product in (f) to absbluge dryness inléhrair evég
at about 160°C. ;{‘ | | |

All the basic ¥a; materials‘#re.avaiiaﬁie'indigenously. The -

v

phosphor grade zinc sulphide is prepared from the indigenously

4
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‘uvaileble raw maeerlal by the process of the Indian Peteﬂt No;;
ﬁ26439 developed by ue.: The proceee ‘works. well in the;
;yeuperature range o! the turnace between 800° eud 1000 Ce
LOptimum reaction conditlon ie the tempetetuie of: fixing being
.900°c.7 The product of the proeele is the photoluninescont
fphcaphor emitting blue 1ight when excited by 1ong veve

’nltr-violet light.-

;giéing b?oaely deeerlbed the lnventibn,°eﬁe'telle§£e§>eieqélefle
ﬁlvau #o illuetrete the invention: S |
o .. | Examgle

A 'raw material batch comprialng the folluﬁtwqucvtpoeitlon is

takenx ‘ ‘ '

:;lnq eulphide'(ZQS)l e, S g
.ﬁllieiinitrete-’ | e _i;blmg
3qdium ohloride A 1; ib;sbg'
zinc sulphide , el  50.0 eq“

,iﬁded the ellver nitrate to the ninc -ulphiae; thezeilver,
oompound being in the form of an aqueoue eolution of suoch ar
fitre;gth as to make a paste with zinc eulphide elong with the_
podlum chloride and linc sulphete solutlona, dried the ptoduct by’
mixing in a morter wlth peetle and then adding further quantity
f distilled water to the collection of the cruehed rev-nix just‘
to make a paste, mlxinq egain 1n a mortez with pe:tle until dti
»and dryinq completely for seve:al houre in en eir oven at 160°c,~

'qtound end placed in a silica crucible having a cepecity of 15.

ﬁl; oovering it with its lid end finally placed ahont 0.5 g ot an -

.—8—-
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oxidisable sulphur containing organic ox nlklli or’ alkalina sl:th

_fletnl compound or any oulphur compound which doss not contain -
matallic iuns other than Ag. Zinc. alknli metnll, clkalino uasth
nnutnlc and such othst har-ilaso onoo, inside the outer c:ucible -§
as to be in cnntact with the 'urrounding environment., Whe cuter
fc:uciblo was also covorad with a 1lid and fired in a furnace at
.9oo°c for 30 mits, Tha same. wes cooled to room temporatura.
-Ground the heated mass in s mortar gently with paatla. wcahed “
with a 3% v/v solution of scetic acid followed by water. Dried
the filtered phosphor powder in an air oven at 160°C for 10 to 16
"hrs, The relstive spectral energy distribution of luminescences

vll excited by thc mnrcury line of wuvulangth 3650 A is givsn in :

‘;Figure 1o

WE CLAIN: \ |

¢ An improved process for the praparation of zinc sulphido-
"ltlvar blues photolumznalcent phosphor conpriaing heating a

mixture of zinc gulphido. a silver lalt and an alkali halide as
~flux in an in&rt ;t-uaﬁho:p at 800°-1000°C charectsrised in that
J£ho iiqc sulphide ad-ixturi is plsced in a #ernmic crucible and
lhoathd to a temperature in the range of 800-1000°C thoreaftet tﬁe‘
cexramic crucible 18 heated in another bigger crucible containing an
joxidiaabla oulphur compound and closed to provide and atmosphern

“which excludas oxygan. o

,2. An 1mproved process a8 claimed in clain 1 wherxein the phoepho:
'foruing adnixtsre contains leﬂ's to 5x10 =4 mole of silver per
;nole of zinc sulphide, 2 to 10$ hy uaight of ths slkali chloride
lnd'1-2$ of the gulphur cpnta;niug coqpquad by weight of zdinc

1,9‘f 
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3. An improved process as clained in clniun {1 er2 uhcrain silver
~ compound ueed is 2 water solubla silver coupnund Iike its
nitxate, sulphata or chloride snd the ulkali halide flux usad is
V lodiuu chéride or an admixture of sodium chlnrida and zine
)aulphaﬁa.‘ |
4. An improued process as claimed in any of thes preceding cloiaob
wherein the sulphsr containing compounds used are oxidizable
~ sulphur compounds like orgenic or alkali/aikalina sarth metal
compounds., .
S5 An improved pracasé as claimed in élaiu 4 whezrein the
haating in the ceramic crucible is carriesd out at a temperature of
900°.560°C for at lsast s period of 30 minutee,
6. An improved process for the>préparution of zinc sulphide-
. silver blue phosphor photoluminescement material substantially as

" hersin described and il;ustratad.

Dated this 9th dayaf July, 1984,

Sd/ -
{ . R, JUBBARAH)
JOINT ADVISER (PATENTS)
COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

«i0=
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