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surface of chemically active materials The present invention is concerned
with a method of obtaining protective coatings on the s mcally
active materials conprising a mxture of a chemcally ammlﬂmmwmm’m nd a
fusible stable element. Mst netalli cf_materl als are prone tQ.g; ?,{rom on and

need protection fromthe environmental inpact. This is espeC| A y inportant
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evapor abI e getters [Ferrario B. Yacuum 1996, 47,363] vapors of an active
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i ~ui r ni oVegllglevel memods of profestivencoajings depaxition feom vaper ga linuidahass likd (e. g.

- chromat gsy camrcdneﬁma eépokn% sﬁaﬁﬁg%baﬁéﬁxfg ﬁ&ﬂﬁ@%%@ﬁc&erxn ki BfHonCf

met al A, is a reducin a target .va vanta es of
this ki MiTBing sho PPE“G{ﬁdc‘g iepilﬁ@lﬁygﬁhsgew actiy gtal %ﬁxaﬁt atgerng
during ehighp ohmmaingacewuyh"ﬁhms:whjnatmsm tinke widkovorking wili a¢tmgﬂaalslthete of

chrome d§ %? grolfé?ﬁm rn?éééi‘?zg Wﬁ\;ﬂo BP 'In Bgmétfc shgi’sslb@ r%n%giqueSt ed

. to use t erma t1ron I'nterme
contamers or glass ampoules and in mixtures of active metals w1th other substances.

The first method is reliable at the stage of storage and transportation of an active material but
needs special tools for breaking a shell, thus it does not provide fine dosage of the delivered
metal. The second method is better adjusted to handling the material at the usage stage, when
the main requirement to a source of an active metal becomes the requirement of
controllability of the process of releasing this metal, however, it also has serious drawbacks.

Thus, in Alkali Metal Dispensers [Della Porta P., Rabusin E. Pat. US Ne 3579459, 1971} or
in barium evaporable getters [Ferrario B.Vacuum, 1996, 47,363] vapors of an active metal A
appear as a result of a reaction, which takes place in powders
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.Where ABis an internetallic powder or a nelt of conposition AB, B is the
second conponent. The advantage of the given sources is that they all ow
preci se control over the evaporation flow by changing tinme and the
tenperature of thernolysis [Van Vucht J.H .N., Fransen J.J.B. Pat.US Ns
3945949, 1976; Hellier S.J. Pat. US Ns 95891, 1980]. However, the sources
of the given type did not becone w dely “spread because the chem cal
activity of internmetallics AB, especially in a powder form renains on a

hi gh |l evel. Processes of another kind, but also proceeding with
participation of active netals, take place in many reactions of organic
synt hesi s, which can be presented in a gengral formas AY+R ~ AR+Y or R A ~
AR where AY is a conpoudXdMean—aet MeX A dl A with Y, Ris an organic
substance, solv - a special solution of liquid amonia or tetrahydrofuran
type. Typical problens here consist in maximally separating the products of
reaction and rennving di ssol vent s, keeping in mnd high explosive ri sk and
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especi al ky. suitabl e as sources for netal vapors, which overcone the
di sadvant ages of the state of the art as nentioned above. In one aspect of
the invention, a nethod of obtaining protective coatings on the surface of
cheni cal Fyr protlinviag mt# viapdroofod itpwasslsogsuggested toruse dfe thertind dechpositiontdfve
metal an e elenment is provided which is characterized by
conpri si ﬁ’&gf{ge%h?ﬁm%@g providing at |east one chemcally active netal A
- providing at |east one fusible stable elenent B - m xing netal A and
element Bto forma mxture - treating said mxture at its surface with a
liquid agent L, which is capablie of dissolw ng metal A but not capable of
di ssol vi ng el errent B aABy t-e-n'p'eT-aPureB\'}\'Aﬁ h, i s higher than the melting
poi nt of i Shi ally of
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component. The advantage of the given sources is that they allow precise control over the
evaporation flow by changing time and the temperature of thermolysis [Van Vucht J.H..N.,
Fransen J.J.B. Pat.US Ne 3945949, 1976; Hellier S.J. Pat. US Ne 4195891, 1980]. However,
the sources of the given type did not become widely spread because the chemical activity of
intermetallics AB, especially in a powder form, remains on a high level.

Processes of another kind, but also proceeding with participation of active metals, take place
in many reactions of organic synthesis, which can be presented in a general form as

AY+R ————» AR+Y

or
A, solv

R —— AR

where AY is a compound of an active metal A with Y, R is an organic substance,

solv — a special solution of liquid ammonia or tetrahydrofuran type. Typical problems here
consist in maximally separating the products of reaction and removing dissolvents, keeping
in mind high explosive risk and flammability of reagents.



. - ceasing treatnent when the desired thickness of the coating has been
achieved - renoving the liquid agent and - cleaning and drying the m xture.
The essence of the nethod according to the invention lies in the treatnent
of the surface of the mxture of chemcally active nmetal A and fusible
stable elenent B with a liquid agent L, ich dissolves the chemcally
active netal A but does not react with the other conponents of the
material. As a consequence of this, nmetal Ais extracted fromthe m xture,
thereby creating an excess of stable elenment B on the surface of the

mat er i al It isantohgect of the presenttiheentiond¢ penvide hinsthed of sbtairongyprotettive aoatings
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a st abl e meatalpanda fusible siaple elgment whigh erevddes usefu) seymrces fermstal paposs inchineveed on
the surf agmidt vidyahamh&eiofbre prdposéd.protects the material, and especially
active netal A from atnospheric or other influences. 4 Whilst in the
prior art of methods of obtaining protective coatings the coating nmateri al
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i nvent i ostate ¢f the artrap edntivhed &mivet he t enperature of the treatnent is higher
than the nmelting point (Tf) of elenent B. If the process is carried out at
a tenperature being |ower than the nmelting point of element B, then the
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interlayer B becones dense due to the structural transition, which is

t aki ng pl ] t hhbakag, euses of B nelt appear in the
bul k of t'%g&flérll@%r#g?érqntet ‘é_‘ﬁﬁtqﬂggéeﬂ%u’%%}ées devel op into islands, islands
of B nel t pyvading atleastone fugiplestableglementd . Fig. 4) till all of themat |ast
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al kal i - eathetsurface efsaid mintreal s and actinoids. Especially, netal A may be
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pr aseody mremevisg the liquid ageiied, ytterbi um uranium pl utoni um and thal i um
El enent B cleayingandelrgiap ¢k thixtaeet he group consisting of the elenents in
group I1l, 1V, Vand/or VI of the Periodic Systemand their binary and

ternary conbinations with each other. Especially, element B may be sel ected
f r om t he Thesssneo afthstmethodacegeding torthe invgntion Herdndhe treatmantoofithe surfage ofir y
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t he nel tiofithd @aeeaht ure of the B - coating, then in order to obtain a w de
range of activation tenperatures for many applications, different el enents

B or their conbinations with each . .
As a consequence of this, metal A is extracted from the mixture, thereby creating an excess

of stable element B on the surface of the material. In the course of the treatment this excess

forms into a continuous liquid film (cf. Fig. 3). The film isolates the material from the
further direct contact with liquid agent L. After ceasing the treatment a stable film or coating
consisting essentially of element B is achieved on the surface of the material, which protects
the material, and especially active metal A from atmospheric or other influences.



5 other may be used. Thus, for applications in organic synthesis G -

coati ngs

with nelting tenperature about 30 C are convenient, Sn - coatings

can be recommended for vacuum applications, e.g., in the creation of alkali
nmetal s sources, Pb - coatings are best suitable for working in acid nedia,
etc. Some exanples of netallic materi al sL}with the fixed tenperature of the

transition of solid to liquid are given

n table 1 below. Table 1.
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ternary rpretective eontingtakes place duento-th@inngpmgatenial wsourcs ofithk

granul es
t he sane

jegtendeor maki ng
thahdélg. @ concentration according to the line A--ce , i.e. having
rati o between the conponents Bl and B2 as in ce.

For the method according to the invention, it is important that the temperature of the
treatment is higher than the melting point (Ty) of element B. If the process is carried out at a
temperature being lower than the melting point of element B, then the interlayer of atoms

of B, which is formed by the treatment, remains permeable for molecules of the liquid L and,
therefore, erosion of the mixture AB continues within the material until complete
decomposition.

However, if the temperature of the process is T > T¢(B), then the interlayer B becomes dense
due to the structural transition, which is taking place in it. At the beginning, nucleuses of B
melt appear in the bulk of the interlayer, then these nucleuses develop into islands, islands of
B melt grow, new ones appear, etc. (cf. Fig. 4) till all of them at last merge into a continuous
liquid film of the component B. From this moment the process of extraction of metal A
transfers to the diffusion range and the growth of the film B becomes controllable.

The method of the invention for the first time makes it possible to create protective coatings
on intermetallic compounds containing the most electropositive metals.

Therefore, metal A may be selected from the group consisting of alkali, alkali-earth, rare-
earth metals and actinoids. Especially, metal A may be selected from the group consisting of
lithium, sodium, potassium, rubidium, cesium, magnesium, calcium, strontium, barium,
radium, lanthanum, praseodymium, erbium, europium, ytterbium, uranium, plutonium and
thallium.

Element B may be selected from the group consisting of the elements in group III, IV, V
and/or VI of the Periodic System and their binary and ternary combinations with each other.
Especially, element B may be selected from the group consisting of gallium, indium and/or
tin and their binary and ternary combinations with each other.

The composition of the protective shell is chosen in accordance with the destination of the
material. Due to the fact that the activation temperature of the material is determined by the
melting temperature of the B — coating, then in order to obtain a wide range of activation
temperatures for many applications, different elements B or their combinations with each



~The liquid agent L may be selected fromthe group consisting of (a)

subst ances the boiling point of which is higher and the nelting point of
which is lower than the nelting point of elenent B, (b) m xtures of
substances according to (a) and (c) solutions of substances according to
(a) or their mxtures (b) in solvents whi.ch are neutral to both netal A and
elenment B., i.e. liquid agent L should satisfy a requirenent mp. (L) <
Tf(B) < b.p. (L), where mp. (L) is a nelting point of a substance L, and
b.p. (L) is its boiling point. Liquid agent L may preferably be sel ected
from t he etherupagbeiused: Ths, 66r appliaaticds in atgapicayithesis Galotoatingowith pwlting
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The liquid agent L may be selected from the group consisting of (a) substances the boiling
point of which is higher and the melting point of which is lower than the melting point of
element B, (b) mixtures of substances according to (a) and (c) solutions of substances
according to (a) or their mixtures (b) in solvents which are neutral to both metal A and
element B., i.e. liquid agent L should satisfy a requirement

m.p. (L) <T¢(B) <b.p. (L),
where m.p. (L) is a melting point of a substance L, and b.p. (L) is its boiling point.
Liquid agent L. may preferably be selected from the group consisting of CH-acids, aliphatic
alcohols, polyhydric alcohols, higher carboxylic acids, condensed arenes and/or macrocyclic

polyethers, their mixtures and solutions thereof.

These substances may be divided into two groups, depending on whether gaseous hydrogen
is produced during the process of film growth or not.



The thickness of the coating may be 1 wmor nore, preferably 10 pmor nore.
The thickness of the coating nay be controlled by the adjustnent of the
duration and/or the tenperature of the treatment with liquid agent L. There
are four possible ways to influence the dissolution speed of netal A and
accordingly the thickness of the coatinggB: Changing the tenperature of the
prs~cess, changing the tine of treatnent, changing the liquid L and
changi ng the hydrodynam c situation near the surface of the m xture of A
and B. The tenperature and the extraction tinme allow fine control over the
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the treatggBiing!tB@ @Bgtﬁ{ﬁﬁén fegcﬁ(g}p B coating. Changing fromone liquid L to
another liquidor diluting liquid L with a neutral dilutant D, which does

not react with the conponents of the material AB, also influences the

kinetics of formation andR@ @yt MB(E) t—hRAf(l)Im@)+TQ Hygnhove the uniformty
- of the coating, convection in liquid L is used. In the case of |arge
surfaces of m xture AB streanms of liquid L flowi ng around this surface are
creat ed (where Gisgandsg arelindexes indicatingfliquidy isolidyand gadeons sthte Bspdutivelypart i cl es
are noved, e.g., under the influence of gravitational forces, in the

non- novi \r%@medl umL (cf. Fig. 6). Wien the target thickness of t he coating
i s achi evieludingtosicouibsiances, thesshybgtaneesrarg pgssome high-batlingalkesesBerHase t he
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metal A eid, palmitieacis, elaic 3&143 stCa)cP@dtqthmaubgrar@W,glMt mixthees god dolutions thereof

treat mentin Wghid dilutHtdDL-whithek& iRR tywatdsami xt ure of netal A and el ement B
is formed in essential [y spherical shape before treatment with l'iquid agent

L. In this case, preferably the essentially spherically fornmed m xture is
dr opped iliguid aminéria,aétraliydtofdrangad tother eﬁmmﬂl@mr daiphédw emergteuf)e aﬂi‘mamat al A

bt or et Padiogatpls fneeh BiEnd, i) by Benu, B oecen ik RiRabs o

smal | parexamplego dliis kihdwfidilutantsaver age linear size from1.0 to ~S.Qm may
preferably be carned out in two variants: - dropping the nelt of AB into

liquid L _or
. T%e second group of extractants L reacting with metal A according to addition reaction
L+AB(s)>AL(O)+B ()
comprises condensed arenes (naphthalene, anthracene, etc.), macrocyclic polyethers ([18]-

crown [6], etc.) and others, their mixtures solutions thereof in dilutants D as mentioned
above.

Preferably ceasing treatment with the liquid agent L is accomplished by decreasing the
temperature below the melting point of element B.

The thickness of the coating may be 1 pm or more, preferably 10 um or more.

The thickness of the coating may be controlled by the adjustment of the duration and/or the
temperature of the treatment with liquid agent L.

' There are four possible ways to influence the dissolution speed of metal A and accordingly
the thickness of the coating B: Changing the temperature of the process, changing the time of



8 - throwing solid particles of AB of arbitrary shape or in the form of
cast shot into liquid L, the upper |ayers of which are heated up to the
tenperature T > Tf(B). In the first case the nelt AB is pressed through a
capillary opening into a flight tube with a particle collector, filled with
liquid L (cf. Fig.B). The droplets solidikfy in liquid L and then they are
covered with a coating B during the novenent downwards. A big storage of
thermal energy contained in the nelt droplets of AB nakes heating of the
upper part of the bath to the t erature T > Tf (B) unnecessa However,
t he | ownertrgaipentschangingdhe liguidd yg) ¢hangingdhe bydsedymamig situation nﬂarttK@surface of

t enper at Whenligwfd oflAandB(B) - In the second case the solid particles of AB
are thrown down into a vertically extended bath with liquid L (cf. Fig. 6),
t he upper zone of which is heated to T > Tf (B), and the | ower one has a
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tenperature of this zone T~. While setting the treatnent regi nes the nonent
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appear s drhanginggram jone Hquidihto dnother liguisk orfdiluting Hqeidd) with agfeutraledibtant Dhg i s

exposur e hicle A6 lr@dc?afltﬂrtﬁ@éﬂtﬁﬁodeﬁtsvﬁttﬁ'é maferidl ABRISS fifiteRicel t?e ﬂ_llfglxe&c@of The
absence otj assi durin ‘gféh i xposure indicates continuity of the

coat i ng. ﬂf‘g@fc’nﬁi‘g%ﬂwha gz@l%/atl on the product (big ingots or small

| unp) is thoroughly washed in suitable solvents for renoving agent L, dried
and t hen -us CRI r ectlve urth n fe ures
and neri t@%&?ﬁ &ﬁeq’lt“f?ggng}'gfﬁlg c%% %P%‘f?c BIO‘ 1%ﬁ1§3§)e rT@’ﬂ §r§f"cal
time for shfagesied minere AR sreamsef diquid h@owmgsarbmw thscwnfdee areLdmami(sﬁl ity:

The procgsg r%flnttti@ciéeldpsfrﬁ[lgﬂa}tl%& &oes V%s %QEE'QreQHow;Jaee?urufna&ethé' ze or

shape The t hod can e rangl1u whi ch differ
in the nd’c‘ﬂ\“‘élcﬁf’ he nRR-mQNiRE my é WaPbnents, and their
concentration. In partlcular thls nmet hod for theflrst time nmade it

possi bl e 0 ctl coa rials contal l. k and
al kal i - ea‘{yﬁ %q‘}glggt% ‘%P e[ P4 g?se%cﬁ’he(y n@é@ S eéi ﬁgéé‘“sr@fs need
conpl i cateaduglytei dsnrsase thpamlserpﬂum:d the system tABp &rtatthe waloa @ <Br(B)cTleemrthe ed
out usi ngimiiPfih ANb1iaRsaA8 R diffBS8A transfer of A atoms through the solid continuous B

layer becomes impossible.

Preferably the mixture of metal A and element B is immersed in liquid agent ..

The mixture of metal A and element B may be formed into a desired shape before treatment
with liquid agent L. It is, however, to be understood that the shape of the mixture of metal A
and element B may also additionally slightly change during the treatment with liquid L.

Preferably, the mixture of metal A and element B is formed in essentially spherical shape
before treatment with liquid agent L. In this case, preferably the essentially spherically
formed mixture is dropped into a bath of liquid agent L.

" Furthermore, the mixture of metal A and element B may be formed in cylindrical form or in
form of a plate before treatment with the liquid agent L.

The process of encapsulation of small particles of AB with an average linear size from
~ 1.0 to ~5.0mm may preferably be carried out in two variants:
- dropping the melt of AB into liquid L or



9 Controllability of the process: A full control of the process of the
filmgrowh is possible with only two paraneters - treatnent tinme and
tenperature of liquid agent L. Indifference to the state of the initial
surface: As the upper layer of the material is partially renoved during the
treatment with liquid agent L, and partiglly restructured, it is not
necessary to prepare the surface prelimnarily. This is very inportant
considering the chem cal activity of the material. In a further aspect the
present invention provides a.chemcally active material with a protective
coating on Wﬂﬁ?]ré‘gﬁamﬁﬁ’éﬁf@ g%ﬁﬁ!%ﬁ@%?”ﬁ e pfrcast shohintp nyent i on
as descri] a,pmwppérﬂlaymwfmmrdrahéatampfdihagmﬁpbrath&TBVEfSB).on represent
internetallic conpounds the free surface of which is covered with a film of
stable elenent B. Its nmain advantage is that it can be handl ed, stored and
t r anspor detheifirst dase themeltVAP ia prassed thrdvegh acmpilarsofenirnine a flight sybefwith a
exanpl e, r : trh i-al Q- . i_nyention
nder valansl CRIRERE Mle bt BhGa r Bertb R B AER OhaR i p TR (o1
i s heat edhaypre ceystedwith achatmgB(duying the meveneans downwardss Atbig sioeagerofa very
controll s evad ' § t i
%rﬁ%ﬁ&f%}%rxcgmn%1§é@1lﬂ%@lﬁieﬁrﬂr6ﬁ%??%w&%k&qﬁﬁl 8 oPthelld ex@&f gt

conposi tion. For n the case of nmaterials conprisi L, |
Cs as nebaih tathe empeipiye Tt Lo )mnsesssaryowexer.dhe lawes laveryef the baviddeth t o

700C. Engahouldeataintiimidii i feifpeit@e WwdT B(B).t hei r advant ages have been
descri bed in Vacuum 47, 79-82, 1996: Vacuum 47, 463-466, 1996; Vacuum 55,

101-107, 1999; and in a poster "Internetallic precursors” of K A Chuntonov
and T. B. Iisthersecandrcase thelselid partictes lofi A arztthromal do@oniher & merticaliyor gani ¢

Mat eri al : : in.neither of

t hese pu%ﬁeggﬁ%rt\g@thﬁgfcﬁg ﬁgéf g&%ﬁg‘?g@eﬁ?g{%‘?f t \é\fs?gsetfer?%égﬁ?ret allic,

pr ecur sords> Re@)pandithejlower ope bas g tempriatars b TaBh Ahe particlesiggbcoverachwithn

co {rbi _nels liq@idrsthawmmge@nm{lg ir@e pbt I&Srexﬁ{]thfﬂ thiséHeURolidi€ich irpquewexf %o?&t ive
mat eri a rotection,. nane using a shell and ysing a.m xture o

conpone n??{érsvﬂfﬁc hjhﬁ Ir&i“%%esf 8¥@Fi° th'% B °PH‘E°1Lﬁds‘§g%/§ﬁrh§§%%f‘8‘f° RALARetsHS: thsem and
t o use t hength efithehot zompe\di=sh; Ahs anditieuerapabtussofthisapae Tor Whilg setting ¢he
accordin i i i AIART ~ IR 0 . TH ] - i t

ot or met et ool BRL ntinded of RAMAER ELE Al b s SREC SR ifflng .
10 an acmealligrpurface appeashon tequrticless shel | of a fusible stable el enent B.
Under usual conditions, the solid overlayer B is inperneable for water,

air, and.any. other. substances towards, which the el enent.B is, chenm call

Stabl e, THELESFSE for he dpality.oF thsSoRHnG is FEPOE SRncapslAd SanRles HEWPIRHi% h

are al | ovemipdratore/b <Ki'¢1(B). ilheabsd nerrefi gadsingatuding this exposasdlindivates @bmtinuity of

precautiﬂ&scoa}m?n tenperature is increased to T > Tf(B), where Tf(B) is a
0

mel ti ng poil nt el enent B, the granule is activated. If the granule core
corresponds to conposition ¢ 5 G (cf. Fig.2), then the shell turns into

sen - per D¥eR kiR SHPfabe parSivaaon tHe prodiRe i i tsCofrsmdllethdtpﬁlibtﬁbeiiﬁhBtfwﬁhQ&ﬁﬁ to
the granul e ?urflace. In thi.s case adgr‘fﬁt% |s%ﬁ% cont.tol | abl € Source of
metal A EEaple solygnts for zerpaying agent Ly dfie usgd acPerding (e FespFtiyEnser or
as an evappmoadl e getter, or as a pure supplier of atons A for different
reagents R etc. If the care has a conposition C~ <c¢c <_ 4 (c Fig.2),

then at T > Tf (B) the shell B reacts with the core according to
er main features and merits of the method of the invention are:

o High capacity: The typical time for forming the protective coating is a few seconds.

o Universality: The process of the film formation does not depend on the surface size
or shape. The method can be applied to a wide range of products, which differ in the
nature of active component, the number of such components, and their concentration.
In particular, this method for the first time made it possible to create protective
coatings on materials containing alkali and alkali-earth metals.

¢ Simplicity of technology: The process does not need complicated equipment, takes
place at low temperature and can be carried out using cheap and available reagent.



" Ch+B~Chl1 +Cnz+ .., wheren =2, 3o0or 4. As aresult the protective
fil mdisappears and an extrenely active di sperse |ayer, which opens an
access to the nain active core C', appears on the granule surface. This
kind of material is an excellent chem sorbent and can be used as a non
evaporabl e getter in vacuum seal ed off dgvices or in filters for gas
purification. In a further aspect of the invention there is provided the
use of the chemcally active nmaterial according to the invention as a vapor
source, as a che%kign,ent as a source of active netals in _chem cal

synthesis i toRR igf of:the progess & full canrol efthe pragessrofthe Glmerawidis of t he
produced pr odysbksiBRAYiEH oflptwb Paratikeiers aGiddfrRer? tinfel@idi téhpératuRy 8 ligdig! | mat i on
punps and/or particle accelerators. Preferably the chemcally active
material is u@8tds a vapor source in the production of photoenissive

devi ces ( sueh Indifference aethe statpbthe initihl gurfacs: As the dppeaidyer offi@ansensast er s)

Cher cal |y ac e LTI EPYEP A Hhe e uEaplnd WAF sbiaddlh i iy etBieruee
evapor abl e andt ot necgpranatyl reppse ther sirface prelimiparidyl (Itis srveny inpartantn seal ed
of f devices, gofisidéingShk dherfifehl a°c|ti ¢ tHhcdRatbries i ke CRT's, X-ray tubes,

| anps, Dewar vessels, vacuum i sol atfon panel's and pipes, field em ssion
di spl ays, and the |ike. 11 The chemically active material my,

further lr)thIi 8 ﬁulﬂfed rdsRedt B piesgfiﬁlﬁ\/&ﬁ&ﬁﬂbyﬂ‘d@é 2 Gl@&ni@éal!)j afc:ti‘%'étrﬁéi&ial Qs]{lﬁhl 2 for .
evapor abl e .and non-evapgr abl.e ters.in pla i'S as filters, an
Lhe I ke ProfRiverfERRRESH { Shifacs viish tsiqbiginghls by fheanethod SEtheilhvestinnas
appl i cat idesteibedl abowexanpl e as a, special alloy (using elements |ike Eu, Yb,
Na, Li and the like), in sublimtion punps, in particle accelerators, and
in many nore possible applications. The present invention wll now be
i | I ust r aflbg nepimatedals pegerding do thednyensionaepraseat intsmetallioepmpounda st feee of
preferr ]?Glilﬁw wm&tsﬁ i:‘s,co%é!ea Wwithafilm EPEtatBE e%?ﬁleixt t BURS nfasn &waﬂ&gllelimhfgt it Gar hle
scope o0 e j,nyention:, Figure 1: e structure of an encapsul ated granul e
cooor di nbe Bendint Siredhid barperiedin e Suie il oS iy Sheriwel S GRarE TGS T = T
(B) wher ekampleanatareodssarydo storé theshatétialBacconding to e ioteation nndertvacuwmh at | i C
core; (béftagggéagne enbodi ment of a granule at T > Tf(B), wherein Ib
denot es qqu| Shell with the conposition cl (cf. Fig.2), and 2b denotes
a core having a conposition ¢ = C,; (c): shows a further enbodi nent of a
granul e 9 thd matdrial GBordinB %6 Beinverftiol GO REAS db, Ya5dtS 6B Efkrhi

bical GRordit & e lnerfighSRLRR T, Taps OF R adllve ctal A

conposition C_ +, oy e enotes a core osition C
1 < c < apespet free ina very controlléd manner. The evaporation temperature depends on the

material composition. For example, in the case of materials comprising Na, K and/or Cs as
metal A, the evaporation temperature may be in a range from 400°C to 700°C.

Encapsulated intermetallic precursors and their advantages have been described in Vacuum
47, 79-82, 1996; Vacuum 47, 463-466, 1996; Vacuum 55, 101-107, 1999; and in a poster
“Intermetallic precursors” of K.A. Chuntonov and T.B. Stenitzer at the second International
Conference Inorganic Materials, Santa Barbara, USA, September 2000), however, in neither
of these publications the method of manufacture of these intermetallic precursors has been
disclosed.

The material according to the invention combines both approaches of the prior art to solve
the problem of active materials protection, namely, using a shell and using a mixture of
components, which allows to eliminate the disadvantages of each of them and to use their
strong aspects.

A structure of an encapsulated granule according to the invention is shown in Fig.1: A
chemically active intermetallic core A;By, (in the following referred to as “AB”), where A is



Two cases of a granule's behavior at heating depending on the core
conposition are shown. If a core has a conposition ¢ 5 C1 (Fig.2), then at
T > Tf(B) the core partially nmelts with the formation of a liquid shell of
a conposition cl (Fig.2) and serves as a sem -perneabl e nenbrane for netal
A allowng atons of Ato pass fromthe jgore AB to the outer surface of the
shell cIl . Fromthe surface of the shell c~ atons A can evaporate, like in
vapor sources of alkali nmetals or in evaporable getters, or enter into a

" or gani i Ryt selcls PREIoWRin &kl of R BSHHE SfeefRent T, Blncet pfiatcondiGhr, o4

(Fig.2), thmohd/mlayemB iy impeimeatde foravatet, hip, ahdany bﬂ(eB}uHstlﬁcéd’@Wardﬁ wisiglet s

th t h
M o i ER i Dbl it 11058 ePhgSRE BebybERGESy o Sherinioty *
acti vi t y thqu whichtaee aléandsfoawoelunem@rﬂlemmm sml denot riand any safiety

appl i cat |I§;&§,uhgn§.eal ed-of f devices and for pure gases producti on, e.g. in
corresponding filters. It has a |ow activation tenperature Ta'"_r Tf (B)

ot andar o WG Rrlerds QL MEMASEAS T SProBl SRS HB) 1 e pOT o tepent B,
gener al i zbeigianukeds d¢ta@te&lnifdhe gﬂaaubmtemmsporﬁﬁ tobempositich e <afy (af; tPhg/@) met al
and B - Qhéd’ﬁb Qh@ll ﬁfrﬁ‘pin?o Wg'ﬁblf bggnehl%mg cmpoafn%h%{ qgltt%g a%or%sr of m

conmpounds; cl nposI n-eqai
with crydd 81‘5§ t@iheasra@'élﬁﬁ@‘rf@eu asaaaerfmﬁ etlﬁecelaindl;ahterm@rpfmg&cz - A

means p hQF% 1Y) artiecanese used 6igtie? ad\ah All?dh ®eted DispdRiécR br s arl evaporabl cttef ot
phase boun ﬁ%ust rat es

aries li - egrth netal
by way of* 5@“&%‘%?8?‘8?3’8}‘533?’H§N°EQ§%?@IWF el ect i on of a material for
granules for different applications is carried out. In order to be suitable
as a contlf theicare hasicsomnosition Gupo & G (A Fig. A theniah § >aT<(B) thesholdbteactgatitter s,
or as a emhédrelat&sidimgusce of netal A in chemcal reactions, an active
granul e core shoul d have a conposition ¢ = C~ . In this case at
tenperatures Td < Tf (C where Tf (C1 ) is a nelting tenperature of a
conpound C i, transportcﬁf*'lihe—rreraCnAﬂ@}Lﬂtlgh,the liquid shell cl takes
place in a quasi stationary regime, i.e. with a constant rate. For a use as
a non-evapor abl e %etter internmetal lic conpounds with higher concentration
of an actwhﬁée A&t ord. s a result the proteadive filmidisappedre andaniexteerselyractive al for a

core. Theis® rwlgcﬁ éﬁsamtaa e shel |
B, which at hezﬁ}Y rla (i E{ égsggﬁﬁ%féégﬁ%edggf Foﬁbﬁeﬂggbﬁﬂ%&%—%ﬁlg

di si nt egSUERESn 1his KIp OBWGFE‘ 23 eféan‘it%“bep#eld@é‘}tar@mes t he
initial svageaklé gbttadh veatunnédated ofﬂdtxdc@gﬁnﬁ filters \fregae iparifiBatior. he
internetallic mxture of netal A and elenent B, L - |IC|UId agent L, o -

atomA, atomB, 31 - interlayer of B Fig.3 shows a mechanismof initiation
of an i nfpfaghar aspegt ofthe innention theze is pyevidedbthe sise ofkhaBhemitally getive aterdal

spongy sthktébrlingo e nbéhtiontas ra'vﬁi&r soﬁr&oﬁ‘ssa Eﬁ&m%rﬁé’nﬁnas LIRS Rbive Hl%tals]_ S

materi al .at, t enper atur.es i nGreasj ng the tepperature to
Tf (B) cr dsFhemic %ﬁ\eﬁlﬁén%?o@? E%FW@F‘“&{% OH'P@ ﬂFﬁ’@St‘ttn'EeqtﬁEﬂ&ppear ance

of a contprotnsed ptadgoi ahdédrddd thBmanutietae 4f sgecial dilays) sublifratiof pulips aRd/er St ages
of the f bﬂcﬁ@é&&@fe&aﬁ&spr ocess:

Preferably the chemically active material is used as a vapor source in the production of
photoemissive devices (such as photocells, photomultipliers, vidicons, image converters) and
in organic light emission diodes production, and the like.

The chemically active material may also be used as a chemisorbent (such as evaporable and
non-evaporable getters) in the production of vacuum sealed off devices, e.g. as solar cells,
electron tubes like CRT’s, X-ray tubes, lamps, Dewar vessels, vacuum isolation panels and
pipes, field emission displays, and the like.



.13 (a) shows an initial stage (corresponds to the status in Fig.3), atons
41 of metal A dissolving into liquid agent L; (b): appearance of islands 42
of Bnelt in a spongy interlayer; (c): a devel oped phase 42 of island
structure; (d): a continuous film43 of nmelt B and a change to a diffusion
-reginme of extraction; (e): decreasing of1 tenperature and formation of a
solid protective coating 43 of B. D|fferelnt stages in the process of a
protective coating formation are presented from nucl eation islands 42 of
melt B (b), their growth (c) and nerging of these islands 42 into a

cont i nuouihd dhgmichllyi acnvamawrlal:mamﬁnagemré,obe uspd apa chemisaibenti for gat i on ()

at decr egﬁ%ﬁﬁ alidt e \ﬁg&r Blelald hofi-eVh érgﬂl? é)yﬂgrs ﬁ)éltasxtt\gﬁg a?ﬁ, ega?‘ﬁ@&t In

t he whol rocess’ corre s to the st enper at ur e
of the syaiddhelike.- | can be decreased for stopping the extraction of the A
- nmetal, or can be maintained for further grow ng of the coating thickness.

Earlier oling.of the syste e. fro the stat woul d he prenature
and causglot?u’rhf3 @lldécﬂﬁ?g’at%%PyglsPWE% g’e‘ﬁh"éatﬂp HS(Ghﬁ?FaéQR;E%GI) ar eas
in the shpktial dloyyusing elementsIikeEu)y g Nagkbam the tike), REsublinsitioatpudipsOin

i ngot s, whergl n o5 enot ei a_cont ai ner ﬁgetn%i tﬁ% an ingot of a m xture of
AB, 52 de‘??ﬁc%a%fe 2915, PX tnr{lﬁ‘t?'emogefoﬁg PUEANAMR\y of I|qU| d L and 54
denotes the coating of elenent B forned by this process. is shown, how
the treat et AvBhAdlPwilAdABE iiflsudfid ittPlerdBhatith bhd ﬁgﬂtsdarlg 9&?1g&£1ﬁg“' ng
protective oa ng I'S_carned out rical contarner

i ngot  of Wtﬂsefmf%ed prebodimgnts,which Séqilég@t beconstrygdeas deingdimitigedhe sopni ng
in the | ke P@eatider exit of the liquid L. Liquid agent L 53, heated up to
T>Tf (B), is fed fromabove to the open surface of the ingot, washes this
surface and fl ows down al ong the outside container wall taking away
products of solution. Wien a shining pure film 54 appears on the ingot

surf ace, It%g chienperature of the extractant 53 is decreased to T < Tf (B)
and its f j is stopped. The ingot surface and the whole of the

contai ner are thoroughly washed with a neutral dissolvent, which renoves

wih drst S?“@fm“éét T I A A Ry s QVH"???%YF' r
water is @hs ?ﬁt 'gcétfgﬁbwg‘t’reé‘? t%&%totesmo ldﬁﬁ‘?mg g‘ﬁ@“bﬁi g

bl owi ng with m’termatadlm/me;um are used. 14 Figure 6: Fig.6 shows a

compr1 o 19)a TR SalOBRRLPh PR L b SRYEy Aord fafRRRHF U
apparatus f orWtihﬁ!ﬁ cpmpasiionsustiRigAY aad Bhidenetss aicete hayingta composhiondye G5, a

;:%I i Bdte[] 6F adwsatufthéremBY¥EiméR)of AQFRIES st ST (B WHRARR 18Uk Reds AfsplrSed
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layer of a composition C;+ C;+ ..., and 2¢ denotes a core with the composition C; <c¢
<Cs.

Two cases of a granule’s behavior at heating depending on the core composition are shown.
If a core has a composition ¢ < C (Fig.2), then at T > T¢(B) the core partially melts with the
formation of a liquid shell of a composition c; (Fig.2) and serves as a semi-permeable
membrane for metal A, allowing atoms of A to pass from the core AB to the outer surface of
the shell ¢; . From the surface of the shell c; atoms A can evaporate, like in vapor sources of
alkali metals or in evaporable getters, or enter into a corresponding liquid medium, which
consumes active metal A, as it happens in organic synthesis reactions. If the core has a
composition C1<c<Cq (Fig.2), then when the granule is heated to T > T¢(B) the shell B
reacts with the core creating on the surface a spongy disperse layer C; + C;, + ..., which (as
the experience shows) surpasses pure metal A in chemical activity. This material is an
excellent chemisorbent for vacuum applications in sealed-off devices and for pure gases
production, e.g. in corresponding filters. It has a low activation temperature T, ¢ T¢ (B) and



(d) is a view of bunker 62 and ratchet gear 63 according to line NNNin (a)
Fig.6 presents one of the nethods of realization of the process of solid AB
particles (lunmp or shot) encapsul ation. The nmain parts of the apparatus
are: a dosing apparatus (a), the task of which is to provide that separate
particles of AB roll down one by one to pyvoid their sticking together in
the bath 64 after the liquid shell B appears; a bath 64 with the agent L,
where formation of the liquid shell and its solidification takes place; a
di scharge cylinder 66, which allows to renove a final product as soon as it
is coll ec‘t"@g‘s\ﬂf Qo temperatpresptupagsing dn Hrisrespest the standaxsi nop -benaperabbogettersused
for the s@BG¢urpose. Charging of the bunker 62 and throwi ng AB particles
down froma tube 61 is performed in an atnosphere of flowing Ar. The
particles enter the bath 64 one by one due to adjustnent of a suitable

angl e of BHemee® a and rotational frequency of ratchet gear 63. The granul es
are covered in a hot zone (hl - h2), the shells solidify in a cold zone (ho
- h2) and then the encapsul ated granules along a bridge 65 get into a

cyl i nder 188, 2 shmoysea génsyalizee phaseidoagiramlof yher systeued VBt whdrbia Aelap aofivamead | e
67. Visuglhqgxan ' f &he patd i : ring their
nmovement throu glhmfﬁoglg%?é (z:%ﬂgo%?{gt%f ,?6’ (tgz_é'.s"t i ﬁg&#ﬁ%{eaﬁgiétﬁﬁogﬁd% lr{:bd 3 ct for
cont i nui tSPIgIOstioa of gdiquidiphase.oihich isiateqyilibrivmhwith caistilCoat tempetatire Tgne,

whi ch i n dnldén ghe/sdhceitidionir@ie CoOL pesponds to the change of the process to

diffusion, i.e., controll.ed range.. The gi ven nmejhqd inposes |ess strict
requi rements to vol B PRPSBF’O\"?‘@&eﬂ‘q_?ag?ﬁa‘ﬁaﬁa 1 of encapsul ation of

granul es starting fmemsphasd houndardes ificagr £ 7s aFalRaly - shdwmetalconcent rat i on
triangle for a systemA- Bl- B2, wherein Ais an active netal, B 1 and B2
are fusible elenents, ce is an eutectic conposition in a binary systemB 1-
B2 : and Fig.&illusisatenbyiway of am exeraplgryt binaryisysem, how thei ssleation ef 2 makdrial forea of

conposi t iggilésofor BifferéiftlabBcatidheistarded i Ml Rd&G6 BE Qﬁiﬂgﬂé & d &@doﬂ\é&* ntion.
The range of f) tective shells can be essentially

ot?ntl al corrg si.tions of rq
wi dened  HEFRSTEIR 6T BRAaf A ihcliding Also suandetle getters, qu 2 p capirellcd oot metatant &
B. This eXirectendcaldeasions)tanaotiye granulercord sheuldiave agoimposidbats €5 IR this

i | i b < al ies. Th A
P 1 psedtibiberatis B0 2 T {OIT MRdEICR s DRt ABuatinel SEOBPRC L el |
mat eri al transpashefthe aeetaliA through the hiquid shiel o, okes placeginanuiasi-statidnaey reginge, The
ti f; I -
ratio o leownﬁrafedghmﬁz rlltse‘?FQr Bdsd 43 4 4% é@b&{%me?eﬁg}aﬁgﬁ%@ﬁfﬁdéﬁ%dgﬁnggmsam

as in the,ysed for the shell eutectic ce. ) ion
of the g F SORGSPEalionof ap actiye gietaliees Cadan. cice ghoutd be-ysed ag:a matgrig fonows
an appar &bt These doepaundsifitin Dihefihodhampally ahaeblg pai Wittbthe W& B Whith 2t S an

i ngot of | _ | 1.1 0] rtpent Jis,awre, 84 | s a
gl ass nerl{%?ar‘%&) vu\{ ?rﬁgﬂ )c‘glf)dler%%aer ?,?@agébﬂl?golfév\f%ﬁ)a hc{‘r&?ﬁgr@,%oggﬂf Iﬁﬂ{egﬁi%%@ll-
tube, 87 is a ground conic joint, 88 neans vapors of volatile nmetal A 89
is the ngligyrefi: m xture AB, 810 is a droplet of the nelt of m xture AB, 811
is abath wth liquid L, 812 is a furnace. The apparatus for obtaining
encapsul ated granules directly fromthe nelt as shown in Figure 8 consists

of t hr ee FigB tikustratestthd initip] stagp of treatnienBRith diqhid agbit It ulieer§h Wit h an exhaust

tube 86 a at. C dwthth | ibght, t ube, 85 with the
hel p of aﬂgéﬁ}l%hg%%}fg%h?omﬁ%tt&%%m%ggﬁg?%}eﬂ?t 53 f‘f’ ilﬁf“bddagﬁi“fh’ 13PN *agent
L, whi chatsae Ba3Veintetlager ofBor pressure at roomtenperature. The melting
conpartment 82 is divided into two parts with the help of a glass nenbrane
84, in the ge ter of i.ch her,e_isfa c,a{%illarﬁ/ wth a netallic wire 83
ar r anged &7 showsrf, mechanism of ingtatipnofan iniedayes B 3 en thehouadary between splid | ows.
An i ngot A andsliquit 1o duspeegy Stractileefiind inteiy OB 5t Prevdat érbsion 0Pt er f | ow

of Argon ] f tube 86..Then an u gin art of
t he com%ﬁ%@% Regﬁgggﬁeﬁf@é%% ‘%‘i’f&w{‘%theaeé’ewﬁufeﬁg%ﬁé) CIEF% above,
a f ur nac eoditionssforrstraciuxah chianges: leading toghe appearanoeof a @htmodud liquid shelbB.

starts to be nelted at continuous punping. The ingot nelts and the nelt is

slowy pressed out through the capillary opening due to the forces of its
own hydr ¢ pressure and vapor pressure of the netal A

Fig.4 illustrates the main stages of the film formation process:



As far as the nmelt flows the tenperature of the furnace is slowy increased
‘to mmintain a constant dropping frequency. 16 The droplets fl ow down one
by one along the wire 83, protruding fromthe capillary tube 84, detach
fromit and get into the bath 811 with liquid L, where they are

encapsul ated. When dropping is over the gppar at us is filled wth argon, the
bath 811 is detached fromthe flight tube 85 and washing of the product is
started. The nelting conpartnment 82 is cut off sonewhat above the flight
tube, and a new ne|ting conpartnent is welded on the vacant place, in this
way rest ot Bpwhen it Stage fcarrespenss to thetstaysingFigB), atoras 41 ofingtad Asdissudving e
oper at i oning@f ligkiaaged.;t he ingots, wherein 913 is a cone, 914 is a test

tube, 915 is a plu %\a 6 s, .a hook, 917 is a lid, and 918 is a neck. 81 and
82 denot e(bb:tf"é’PFgFéBe é@%4%ﬂtb‘%h'ﬁérﬁpﬁ§3ﬁ%ntqf@¥ﬁéctively, as in Figure 8.
Char gi ng (che déveliped phase 42f islasd§fddhati Ng apparatus is carried out the
follow ng yay. Ln a b der argon,the ingot j ut into a test tube 914,
the test g(tdgab"yecqnyng?‘bss@%“ \# pﬁmgﬁdf A 9?13&“%20 f ﬁlfﬁﬁﬁ’é rggine; of exfastiqniken out

of the bofe): decteasing ofienfieBatine dnd>ferinitivntdfa sofif @roteaive cotiry 486 BNY
conpartment 82 (see also Fig.B) and from bel ow argon is introduced al ong

the tube 82. A test tube 914 with an ingot 81 is put into the cone 913, the
plug i s opifeeentastages incthe pereessaf 4 protestiveieanting Tormatiog ate [Besentednfiverad down
deep i nt anichatibh Rards 46T nid Bi lfdﬂ”%@ ¥ ok
916, and the %lest .tu§§+ 9144.:11 the(Hgﬁuct; M%‘gﬁgfa{lﬁéegéé\%o%@gsﬁggﬂ ?g{‘gzeﬁn&;\g/vay.

W t hout i SPPERPHs ligwd SimAd of somppanent B (d)up o itpeolidification ()t drorgasingitbek 918
: _sclcr9 i?t eemperature té TheT; (!Bjérhmesgiimpbﬁﬁlﬂ[ﬁhh omant!il tied WEsle Pfdcﬁéﬁ f&ﬂfwﬁ‘qﬁﬂsw F‘ g
i t n. S punped_awa e par t t he e is seale
across t ?\tgg F‘\%Eﬁ(@s"lﬁ;eg g’é’b%‘rtgg g%&ﬂat}"éea%f}ﬁ? WFP%P gbp"l ﬁﬁa% ﬁﬁ d%ﬂﬁ%?ﬁg g?ra"tt‘?l??r‘\n&)f
gr anul es.thepyfracsion bf theoA tometal, lor ban bk swintaiet foe finthenigtdwing ghithd doatifganpl e

7. Bxanplifikness1FakiA00ifg b the system, e.g., from the state (c), would be premature and

cause surface defects, namely, the presence of open (unprotected) areas in the shell.

Figure 5:

Fig.5 shows an example of the passivation of ingots, wherein 51 denotes a container
comprising an ingot of a mixture of AB, 52 denotes a glass test tube, 53 denotes a flow of
liquid L. and 54 denotes the coating of element B formed by this process.

It is shown, how the treatment of a plane surface of an ingot AB with liquid L for obtaining
protective coating B is carried out. A cylindrical container 51 with an ingot of mixture AB is
inserted into a glass test tube 52 having an opening in the lower part for exit of the liquid L.
Liquid agent L 53, heated up to T > T¢ (B), is fed from above to the open surface of the
ingot, washes this surface and flows down along the outside container wall taking away
products of solution.

When a shining pure film 54 appears on the ingot surface, the temperature of the extractant
53 is decreased to T < Tr (B) and its feeding is stopped. The ingot surface and the whole of
the container are thoroughly washed with a neutral dissolvent, which removes the residuals
of liquid L. Then the container is placed into a reservoir with distilled water for testing
continuity of the coating and, finally, water is washed away with acetone or alcohol. For
drying the product blowing with air and vacuum are used.



A thin-walled Ni-cartridge with an ingot of Naglnl 1 is nounted under a
hept ane | ayer into a Pyrex test-tube, as shown in Fig.S. D ethyleneglycol
is fed fromabove onto the ingot surface and its tenperature is increased
to 180 C. As soon as a shining liquid |layer of In appears on the ingot
surface, the tenperature of diethyl enegldtol is decreased to 100 C and
after it is made sure that the In - coating has solidified, feeding with

di et hyl enegl ycol is stopped and the cartridge with the ingot is started to
be washedpiw .warm wat er and acetone. The whol e procedure of passivating

t he surface takes several mnutes. The obtained ingot with In - coating can
be used as a nassive Na vapor source in a MBE chanber or in sublimtion

getter pufigs shossaaechmiqueifor graadleledcapsuldtion wikdéihcal ingot of In - 20at %

K, 14mm i i ter.and 40nmm high, .is jntrodugce described in _regard to
Fig. 8 an@) O%aogé?"%/ pggpa%cgpiqufglgq){u 8:6310%5‘1‘[@‘6{ ﬁi@i?f@tcwes%# ary tube
in the celb) shovefaneapperatusfioe passiviation coprisiag adathi 64nwith dgeanes, @ibridge 65, M and

a length Qf; 8 %nd' 1951k $6- apillary there is a Nichrome-wire of 0.8mmin
di anet er,ég’im%%%h extdelﬁ g%?h?ﬁ})ctﬁghout the capillary and protrudes out of the

capi | | ar y(¢} demorstratesthe tmperature pvefile ofithedfatithe capi |l ary. After evacuation
of the ap@pfsadHewloFBuRkG'6@%ndSatiRétigoer 6'5bcbYi 1. owy rising

t enper at lF}rﬂZ the nelt starts toaflov%%grown vﬂb%ﬁga{oﬁgiee:qugﬁ{:nyé})f dr opl et
forming of 1.0 - 0.25s -1. The droplets get into the bath with glycerol,

e et i i o 8 s
having r (;.S(t)1 ﬂ_%) t% g%%?é"?lg lgrrl'eﬁgl—rﬁ%fp(?&gﬂ ??%iagﬂaria@g raﬁqp 55’9&‘88 GHP‘F% S l@eme task of
encapsu | awvhigly lSFﬂr) Mde, that separaté¢ particles yf ﬁBﬂpH dlowMfane \w@ne ttd avagid Qlﬁéiﬁﬁld{ﬁlg

| et i ; I A t ,
conpl et edogdthé if HRIVHIE 84 3fi&r tﬁ@ﬁﬁgﬁ s‘hE?%t {@gﬁs‘,g% yagﬁ 69 %m&g aﬁ%&t;ﬂ, 8%; t hat

al cohol, and are dried., I\/ﬁ surement, of t. el'l i cK

the gran P’é’%atwnt"rfﬂgﬁﬁq‘&qé ab@%ﬁt&@l@pﬁwyomkpml@ee;@ digphatrgesylind@®6, whidh gm
t hi cknes sllo®s antenesveaf findl proddidt & Yok awkttifl collected GAtHIup tht&Ripte tHS Fﬂ)c@s?s
controll ed and safe-in-handlingsources of pure potassiumin reactions of
organi c Z%nt hesis or as controlled vapor generators of potassiumin the
product i ghchrArgipsbunkeri625s useddfor thessame putbsExanpl e 3: Granul es of Naz2Ga39
of dianmeter 1.2 - 1. Smmare throwmn from a dosing apparatus down into a
bath (Fi g,,6) .of teth Ienerél ycol . The hot zone of the bath has Ti = 120C and
a |ength2¥haig1ﬂ89 s thyaiker i anddhronying A partieles down-froma tubh 61 paiperfarined inf

Na22Ga39 anneapsphertdlowihg Az, Tie parfitled éntémslsatﬁm%éibg_ neQuk A8 aBLAGRALEE
stjlled ter and

descri bed wi regard to Fiqg.,6 re.then washed with Qi

acet one gtsugﬁl%rlgﬁ%éggg sloge ﬁ&ﬂdﬁ%taﬁ%qalhqg“en%o atchst 2¢at 93t Fhe erapualegareed under
vacuum Aaweredin phetizona (lnf- by) shea skellscblidifye irsaond zomps i-th,pandihen sheze i s
thrown d i 1 -E%CB g at s T, =
120C andggﬁﬁp‘gﬂg?ﬁ%r?ﬁ%ﬁ aibﬁg%lrgnnﬂ nci étgﬁggil:. ﬁ%%gtg%‘gg&?gﬂqj;}g&&ﬁ%ﬂ roduct
is washedem?\é"g% ehelpofp ladlefnt with acetone at 20C and dried under

vacuum To avoid that the particles stick together due to the fusible _
Ga- coat i roduct ou stored at.a tenperature not higher than 20
500 Mol EBhRl p£08 fefs HinSLANEl it LTI BiovemancirauEh fasont 1 or
vacuum apphe an dlsmisstingthy obtaimedi produca fist coatimsity afghé coatiagallowup st 400 C,

and at heghinngd 1d r 0,:690 rate. Na-vapor with
the intensity neﬂgg& gﬁrhflqi? g?‘"}cr?ﬁ%’fcggglﬁﬁ %88‘0?&8&@3 é(‘?g’?ﬁ%&ggs. to%ﬁ%fﬁ%gepwel d
of usi ngHERIBEESHEY 1on; ke.; gpatrolled gAnge. cheni cal reactions in organic
synthesis, in which a participation of sodiumis needed.

The given method imposes less strict requirements to volatility of liquid L, than a method of
encapsulation of granules starting from a melt does.

Figure 7.

Fig.7 shows a concentration triangle for a system A— B, — B, wherein A is an active metal,
B, and B are fusible elements, c is an eutectic composition in a binary system B; — B, ; and



Exanmpl e 4: Spherical granules having the conmposition InLi with an average
di aneter of 2.8mmare thrown froma dosing apparatus (Fig.6), heated to
180C with the help of flowing argon, into a bath 64 of diethylene glycol at
TI = 180 and T2 = 25 C. For the first portion of 20 shots the length of the
" hot zone is set equal to 220mm Encapsull® ed granul es are taken out with
the help of a ladle 67 and washed wth water and al cohol. The results of
chem cal and netal |l ographic anal ysis show that the thickness of Inshell is

~ 0.2mm  ROsh-A88 aen Wl cHg 1RO JiRE ACLEUSR préfefaBREAELEN doMipdsitons $GARE alfleldoft Of
I nLi grami.l espcéﬁnm st .ng of, 20 shots at the sane ter‘Pperature paraneters,
R8T ing i, 19

but with % Yohin t it BiHE0Bqual to 340nmm Measurenents of the
t hi ckness of In - shell in this case show t he 19 value of 0.3 Smm For

the thir ortion of Lnli granul es .consisti of 20 shots..the |l ength of the
hot zonedp'@ TAPRS é’é)éﬂlt'tatcofgmloqﬁkﬂf@ﬁ&gét&'&ssg %%?ﬁ?eﬁsmlﬁ“%f“@%sd hUsBEt i ng
t hi cknes dinayy Or temary eutetiicsycansistiag of stable dlemateB| Thisextnsien dekd sittonor ki ng
mat eri al bt o t [ Li-source for organic
oynt heei Sofiertrine mEAR Bl oS AL Bl P B el HERGT ol RN ©
aver age |temmanrsystemeA of B 82 in bigs/ givesamopporimity to shovaehaoiw thenchoiqepeditia shell

(Fig.6) imiteridl iPediihebled WittBE bmpbStioNBF gﬁ gt-rrinufe #4e Core] £he ratid §¢ and the

| ength of the hot_zone_is 30Qmnm " The produ I s, washed 1 n_warm wat er and
acet one. CH@RPENYS Baﬁ%‘i?éi‘%‘i@a% sheuld preferaglyche the same anindbepsnd for the skell 33

at % Ba amtkctibcs Thiymeaahaithé Compoditicikorhs uleh®redhotRBlid HEtHRAMRIA L@, ~
120pm G anules of this type are controll able sources of Ba and can be used

as Ba-evaporable Betters in vacuum seal ed devices or as super pure reagents
for precildgurg8t r oducti on of Bacations into organi c conpounds. Exanple 6:
Pieces of the intermetallic conmpound Cs2In3 with an average |inear size of
1.8 2.0 mmare treated as described in exanple 5 by using a bath with a 15%
sol ution Fés-sﬁhq’%%amw fos the podugtionsaficacapsulated granuleicwherein:8 Bi@ndngott he
} engt Ih qufghﬂixhﬁé AB)1%2 DR neQtiEbrPartridite, 83bi'%| alhvﬁ%i, SPfié)ﬁjg_FaEs hxlﬁnib?a‘-‘dél QeteH & ee
romiiqula,.reagent 5in W A, 1 sopropanal , en Wt LSt 1. wat er an
is dried SARYEY \Q/S&%ﬁ{g@%ﬁuéég aélfebxég'%%ﬁ@’evfi K aagfo\‘“?fp‘é%ﬂ%@t’ ggﬁleﬂ’és further
used as ocepensof veldtibouetabd, 89 isGhe weglicof mixtyyt &) 840 lialdrople dfithei melt obr gani ¢
|ight eniggghel AW, 848 %s Pbathtwith BQLi€ 1) SRIRY fulfhofr 9ani ¢ synthesis of
Cs- cont ai ni ng subst ances.
The apparatus for obtaining encapsulated granules directly from the melt as shown in Figure
8 consists of three parts: a melting compartment 82, a flight tube 85 with an exhaust tube 86
_ and a glass bath 811 connected with the flight tube 85 with the help of a conic ground joint
87. The bath 811 is filled with a liquid agent L, which has a very low vapor pressure at room
temperature. The melting compartment 82 is divided into two parts with the help of a glass
membrane 84, in the center of which there is a capillary with a metallic wire 83 arranged in
it.

The sequence of operations in this apparatus is as follows. An ingot 81 is introduced into the
melting compartment 82 in a counterflow of Argon, stemming from an exhaust tube 86.
Then an upper charging part of the compartment 82 is sealed, as is shown in detail in Fig. 9.
From above, a furnace 812 is moved onto the melting compartment 82 and the charge starts
to be melted at continuous pumping. The ingot melts and the melt is slowly pressed out
through the capillary opening due to the forces of its own hydrostatic pressure and vapor
pressure of the metal A.

As far as the melt flows the temperature of the furnace is slowly increased to maintain a
constant dropping frequency.



- 20 Exanple 7: To denonstrate the filmformation nmechani smduring the
treatnent of the initial solid particles of ABwith liquid L, the results
of electron m croscope analysis of granules Naslnl | are shown in figures
10-19. The nentioned granul es having a dianeter from2.5 to 3. Onm were
exposed for different periods of tinme inga bath wwth a 30% sol uti on of
stearic acid in paraffin at 165C. After exposure for i seconds the granul es
were taken out of the bath, washed several times in hot heptane and then
anal yzed. The received data are listed belowin Table 2. Table 2.

Mor phol ogi cal changes in the process of granule encapsul ation. TestTine

of N~exposTheadropl&isificac dowh aheRp‘bﬂe eloag the whe Ba,rlirbtrﬂdihEﬁ@om the capias tabe 84.eW

of a gra a rfa t heFi t'al
anal ysi s%#a%kl%mng%égggonpo ‘élgflﬁ wﬂﬁ@ﬂgﬁtlﬁé‘f ef% e%%"é’@?ﬁ%“éﬁ l\ﬁhen
t hesur f ackopping isower the alppaatnsllkﬁ edrwithiargan; theatag lalmseiemﬁzﬁetgfroﬂﬁhe Highlot
spots on %qgr?g of I nA devel oped systentig.| 3:

Evi dent |t{r11§:bf8e5:1§{e({§ g@%ﬁ%%@?% n islandssize of light spots on the
surface. Fig. 14: Al nost the whol e surface is light.45PracticallyFig. 15: At

zooni ng mhetrﬁélaﬁgb@n AEHERB2GE QN1 SoALWhat AbdRCBE Mot Mibd, Q.Jncf &Hﬁ%‘f&uﬁgﬂ” be
seen (coati ngof

nde F 16: nment.al anal ysis o
regi onshé’\??}én ny W%&Fé’is‘é}é‘gaﬁ"%f’g"?’lleth‘ﬁ&?ﬁt’?%‘ﬂf&lﬂsthleﬁppa?a%f%b?B‘Q‘} of a
granul e afytler 56hormgeneousencapsu| ation.surface of In.Fig.l 8 At zoom ng
up it can be seen thatthe | acunas of Fig. 15 are heal ed. 21 For
conparison in Fig.19 the norphol ogy of Nagln~ 1 granular wwth a di aneter of
1. 7mm i n Eaguref: - shel | is shown. This granule was obtained by throwing a
solid spherical particle down into a bath with glycerol at T~ = 175 C and
~h = 200mm (Fig.6), which corresponds to approximately 1 second exposure in

t Pe gi verFigpdhows th@%é{ati&h @ﬂ&hafrgm@th@mo@,xwmhﬁx o lk RRofé, 6991? i9h téspfut'is@t ' ?R

of a con uous ctive. c n no ortant, after is
oot BB P B! 916 RN 9 i, ind BT ) el o o o
(see Exanipd mel:t):pmpattulnentt rerspeqmlelyods inFiparet8he appearance of continuous

coating is determned by the tenperature of liquid L and its chem cal

conposi tign.
Charging the ingots into the encapsulating apparatus is carried out the following way. In a

box under argon the ingot is put into a test tube 914, the test tube is closed with a plug 915
and in this way is then taken out of the box. A big cone 913 is fixed to the upper part of a
melting compartment 82 (see also Fig.8) and from below argon is introduced along the tube
82. A test tube 914 with an ingot 81 is put into the cone 913, the plug is opened and the ingot.
81 is released.

The ingot 81 is moved down deep into the tube of the melting compartment 82 with the help
of a hook 916, and the test tube 914, the plug 915 and the cone 913 are taken away. Without
interruption of the argon flow with the help of heating a neck 918 is created on the tube, the
tube is hermetically closed from above with a lid 917 and after argon is pumped away the
upper part of the tube is sealed across the neck. The apparatus is ready for dropping and
encapsulation of granules.

Figures 10 to 19 will be discussed below with regard to Example 7.

Examples:



.22 Clainms: 1. Method of obtaining protective coatings on the surface of
chemcally active materials conprising a mxture of a chemcally active
netal and a fusible stable el enment characterized by conprising the steps
of: - providing at |east one chemcally active netal A - providing at |east
one fusible stable elenent B - mxing nmgtzal A and elenent Bto forma

m xture - treating said mxture at its surface with a liquid agent L, which
i s capabl e of dissolving nmetal A but not capable of dissolving el enent B,

at a tenggégiTr - which is higher than the nelting point of element B

t her eby I%%g'a coating consisting essentially of elenent B at the
surface of said mxture - ceasing treatnent when the desired thickness of

h e ) L ; he Li qui ' .
and dryi iy ifSRURE R SRAUEY e AER GRS kel ARG BN 17cr R o'
that et dlyrex tesi-tube,@s shewn nokig: h Digthylepegdpend isfed frpno abavelauto thedhgotisirfager t h,
] ietipiicp-y ) ;
Lﬁ;?aiﬁéﬁai‘g?%“?ﬁﬁe’mhat HindFasea®, 980, C ALRoN S 3 Nltd gef oPinipgears on
lithi um tBoWBahgurise.dhs femperatuts; ofidisthylereglyee] 15 dggicased im100af @nd gfter it is
St [ onL | Uhadeauietfiat thath Jtal@bgtlr@rﬁalagaltimﬁlela,rieé&ﬁ%wml&tﬂ&ﬁh%ebég%oé Mt@;ltiﬁeu%d
erpliu uranl um, utont um an al |1 A 0od accordiln 0 an one
gf t he p?%%@&&#&eg’}lgf ,m%%éf‘r%feéirtpg’@d"qsﬁéang"@r@ﬁﬁ?’wr@q%‘w@é‘gect ed %lrom
the group consisting of the elenents in group I1l, 1V, V andlor VI of the
Peri odi » LY Cth.each ot her .
5" Mt hod TSP BIACed e bf patsfiAily MY S AEC ALY SOBR Al P InEeblRaThed 01 -
f r om t he VWjHolig- eastiag sen bejussd agA massive Nawanorseured ira MBE elrambener in bi nary

and t er naablia@id getlel pidppYidstea@d¢iriot her. 6. Method according to any one of
the preceding clarns, characterized in that the liquid agent L is selected

fromthe group consisting of (a) substances the boiling point of which is
hi gher atfttamipée 2rel ti ng point of which is |ower than the nelting point of
el ement B, (b) m xtures of substances according to (a) and (c) solutions of
subst ances 23

A cylindrical ingot of In - 20at % K, 14mm in diameter and 40mm high, is introduced (as

described in regard to Fig. 8 and 9 into a Pyrex apparatus for dropping the melt. A capillary
tube in the center of a membrane 84 (Fig. 8) has an inner diameter of ~1mm and a length of
~ 10 mm. Inside a capillary there is a Nichrome-wire of 0.8mm in diameter, which extends
throughout the capillary and protrudes out of the capillary for ~3.0mm from the lower end of
the capillary. After evacuation of the apparatus the charge is melted and in a regime of
slowly rising temperature the melt starts to flow down with a frequency of droplet forming
of 1.0-0.25s .

The droplets get into the bath with glycerol, the upper layer of which is approximately 10 cm
high and is preliminarily heated to ~ 80 — 100° C, the lower layer being approximately 15¢cm
high and having room temperature. Hydrogen, which is released during the encapsulation
process, is continuously pumped off,

When the process is completed, the granules are washed free from glycerol with warm water,
alcohol, and are dried. Measurement of the In — shell thickness shows that the granules with
the average size of ~3.0mm have a coating of 80 - 100 pm thickness.

Granules of In —- 20 at% K with In —- coating can be used as controlled and safe-in-handling-
sources of pure potassium in reactions of organic synthesis or as controlled vapor generators
of potassium in the production of photoemissive devices.



-according to (a) or their mxtures (b) in solvents which are neutral to
both netal A and elenent B. 7. Method according to claim®6, characterized
inthat the liquid agent L is selected fromthe group consisting of

CH aci ds, aliphatic alcohols, polyhydric al cohols, higher carboxylic acids,
" condensed arenes and/or macrocyclic pol yl& hers and m xtures and/ or
solutions thereof. 8. Method according to any one of the preceding clains,
characterized in that ceasing treatnment is acconplished by decreasing the
tenperature below the nelting point of element B. 9. Method according to
any one of the preceding clains, characterized in that the thickness of the
coating ibExam or nore, preferably 10 ~mor nore. 10. Method according to
any one of the preceding clains, characterized in that the thickness of the
coating i s being controlled by the adjustnment of the duration and/or the

t enper at f8nges ofNanCassafdiameter h2 H lgdmm arg dirown from a dpging epparetusdowng 't o
any one ahtotateatl(Rig &Y ofeth§lené BcolC ThE A6t Rirle o8 thebath Hargerl&kg déndd rhithe Of
netal A a gk}l;g nt dI.FI? hﬂw d agg,nt_ f_q.o 1% I\/Et,&gd ccording to any one of
the prec&di 5@?%“,‘ drgeitbtaneibes §2 /W% Gafhe particles of NazGpaomaeapsulatedwith

el ement B Ga—fhelhémaderdcoordinges itheeprostpe dewtibedwith eeiai® iy Figid) lard fhanli d agent

L. 13. el I characterized .in that,. t | X ur,e of
metal A Srng) SRERAANRE fer nd aBirite G RIPER® BFFhiER PLINIE ot el

t r eat men@regned yndgnvecwmgent L. 14. Method according to claim 12,
characterized in that the mxture of netal A and elenent Bis forned in
cylindrical formor in formaof a plate before treatnment with |iquid agent

L. 15. Né“ﬂ%‘%ff&eet&ﬂ*mf]r}ga%escﬂféhww cIppesitianand sige is throwadowmdntonbath cal | y
Eﬁr med mwiﬂw-hgptandifeoﬂ)‘h_eﬁoﬂ 40in® ﬁaﬂhﬁsdﬂ; néstrli ﬁ@t@bcaﬁﬂt | rulehgt_htof% 4 fQsomm and

em cal [ i ve.material, a protective.coati on its surface
obt ai nabl'té cg@ %‘Wg hay, ﬁb'd?é)% ch}gg:cgrfs %qshffgeigggqg@;fwgewﬂb@q% at
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to 6007 C they generate Na-vapor with the intensity necessary for manufacturing of

photocathodes. Another field of using these granules is the field of chemical reactions in
organic synthesis, in which a participation of sodium is needed.

Example 4:

Spherical granules having the composition InLi with an average diameter of 2.8mm are
thrown from a dosing apparatus (Fig.6), heated to ~1 80°C with the help of flowing argon,
into a bath 64 of diethylene glycol at T, =180 and T, = 25°C.

For the first portion of 20 shots the length of the hot zone is set equal to 220mm.
Encapsulated granules are taken out with the help of a ladle 67 and washed with water and
alcohol. The results of chemical and metallographic analysis show that the thickness of In-
shell is ~ 0.2mm. The encapsulation procedure is repeated for the second portion of InLi
granules consisting of 20 shots at the same temperature parameters, but with the length of a
hot zone equal to 340mm. Measurements of the thickness of In — shell in this case show the
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Granules of this type are controllable sources of Ba and can be used as Ba—evaporable

getters in vacuum sealed devices or as super pure reagents for precise introduction of Ba-
cations into organic compounds.

Example 6:

Pieces of the intermetallic compound Cs;,In; with an average linear size of 1.8 —2.0 mm are
treated as described in example 5 by using a bath with a 15% solution of malonic ester in
diphenyl ether at T = 170°C, T = 30°C and the length of the hot zone being 400 mm. The
obtained product is washed free from liquid reagent first with isopropanol, then with distilled
water and is dried under vacuum.

Granules of Cs,In; with an In coating can be further used as controlled sources of Cs vapor
in photocathode production, organic light emission diodes or as a safe reagent in organic
synthesis of Cs-containing substances.
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below in Table 2.

Table 2. Morphological changes in the process of granule encapsulation.

Test Time of

Ne exposure in Surface state Reference
extractant
T(8)
Fig. 10: General view of a granule before
1 0 Homogeneous treatment
surface of the Fig. 11: Elemental analysis of the marked
compound region shows that the composition of the
surface is close to the bulk composition.
Appearance of Fig. 12: Light spots on the surface
2 1 separate islands of
In

A developed system | Fig.13: Evident increase of the number and

3 3 of In islands size of light spots on the surface.
Fig. 14: Almost the whole surface is light.
4 5 Practically Fig. 15: At zooming up triangle lacunas of
continuous surface | the initial surface can be seen (coating
of In defects)

Fig. 16: Elemental analysis of a light region
shows that it consists of metallic In

Continuous Fig.17 Morphology of a granule after
5 6 homogeneous encapsulation.,
surface of In. Fig.18: At zooming up it can be seen that

the lacunas of Fig. 15 are healed.
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3. Method according to claim 2, characterized in that metal A is selected from the group
consisting of lithium, sodium, potassium, rubidium, cesium, magnesium, calcium,
strontium, barium, radium, lanthanum, praseodymium, erbium, europium, ytterbium,
uranium, plutonium and thallium.

4.  Method according to any one of the preceding claims, characterized in that element B
is selected from the group consisting of the elements in group III, IV, V and/or VI of
the Periodic System and their binary and ternary combinations with each other.

5. Method according to claim 4, characterized in that element B is selected from the
group consisting of gallium, indium and/or tin and their binary and ternary
combinations with each other.

6.  Method according to any one of the preceding claims, characterized in that the liquid
agent L is selected from the group consisting of (a) substances the boiling point of
which is higher and the melting point of which is lower than the melting point of
element B, (b) mixtures of substances according to (a) and (c) solutions of substances



WShL, 40ax$10%0$&' () - KOax$10%0$& () - K#33

WS0ax$10%0$&" () - K0ax$10%0$&' () - K0ax$10%0$&' () - K0ax$10%9$&' () - KcC, 40ax$10%0$
0ax$10%0$& () - KOax$10%0$& () - KOax$10%0$& () - K#33

WS0ax$10%0$&' () - KOax$10%0$& () - KGcC, 40ax$10%0$0ax$10%0$& () - KOax$109%0$& () -
KOax$1090$&' () - KOax$1090$&' () - K#33 wWs0ax$10%0$&' () - KGHI JKuvhD, 40ax$10%0$#33
WS0ax$10%0$& () - KOax$10%0$&' () - KOax$10%0$& () - KOax$10%0$& () - K#33

WvwxdH, 40ax$1090$#0ax$1090$&' () - K#33

: : () - " () - K 0
ﬁgg%%%ﬁ&( &ﬁ@g@%ﬁgﬁ%ﬁ%ﬁ@g@%@@(w %@%%ve(r&s m%ﬁ%é) ﬁ/&%r%l t(o) boPt%: %e?aq%%ldo 03
W0ax$10%0$8& yme@dB$10%0$&' () - KOax$1090$& () - KgG, 40ax$1090$#0ax$10%0$& () -
KOax$1090$&' () - KOax$109%0$& () - K#33 ws0ax$10%$& () - KOax$109%0%$&' () - K

D_?, 40ax$1090ax$10%0$& () - K0ax$10%0$& () - K0ax$10%0$& () - K0ax$10%0$&’ () - K#33
w$0ax$10%0$& Mythrorrepndungio s obaragerized in that the liquid agent L is selected from

$10%03$& ' $ | @t d1doha
HGREITC, o AL v ——

WH0ax$109%0$& LFORIUK 8905 SR BreRgs WA amacrogyslic potysthers and mixturanandianna
x$1090$& () - Kdhibh URSES ) - K#33

WE0ax$10%$& () - KOax$10%$& () - KOax$10%$& () - KcG 40ax$10%0ax$10%0$& () - Koa
x$1090$&' () - KOax$1090$&' () - K#33

W$0ax$10%$& NMpthkd argadirgs any ox3dfhe brrceding xhimfbhahit 2RERin( thatRasisd 0%0$&

() - K0ax$1090%&athed QeuSebiiSed By L3R MBURBIPRREG DeldS he @202 PLP 7433

element B.

9.  Method according to any one of the preceding claims, characterized in that the
thickness of the coating is 1 pm or more, preferably 10 pm or more.

10. Method according to any one of the preceding claims, characterized in that the
thickness of the coating is being controlled by the adjustment of the duration and/or
the temperature of the treatment with liquid agent L.

11.  Method according to any one of the preceding claims, characterized by immersing the
mixture of metal A and element B in liquid agent L.

12.  Method according to any one of the preceding claims, characterized in that the mixture
of metal A and element B is formed into a desired shape before treatment with liquid
agent L.

13. Method according to claim 12, characterized in that the mixture of metal A and
element B is formed in essentially spherical shape before treatment with liquid agent
L.

14. Method according to claim 12, characterized in that the mixture of metal A and
element B is formed in cylindrical form or in form of a plate before treatment with
liquid agent L.

15. Method according to claim 13, characterized in that the spherically formed mixture is
~ dropped into a bath of liquid agent L.
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