5 JAN 1006 1 Method of obtaining protective coatings on the surface of
"chemcally active materials The present invention is concerned wt N 2006
nmet hod of obtaining protective coatings on the surface of chem ca IJy
active materials conprising a mxture of a chemcally active netal and a
fusible stable elenment. Mdst netallic materials are prone to corrosion and
need protection fromthe environnental inpact. This is especially
inportant in the case of active nmetals, which are quickly destroyed even
at a short contact with the ordinary atnosphere. The probl em of overcom ng
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stage of storage and transportation of an active material but needs
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vapors of an active netal A appear as a result of a reaction, which takes

place i nW%ﬂ\we\%lgped methods of protective coatings deposition from vapor or liquid phase, like
physical or chemical deposition, spraying, sputtering, plating, enamel covering, oxidation,
nitriding, etc. appeared to be inapplicable in the case of active metals exactly due to their
high chemical reactivity. That is why at present time while working with active metals there
are two methods of protecting material from environment: In hermetic shells like metal
containers or glass ampoules and in mixtures of active metals with 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



5 JAN 2006 2 AX+Me > MeX+Al where AX is an inorganic conpound (e.qg.
“chromates or dichromates) or internetallic conpound (e.g., Al4 Ba) of

nmetal A -Me is a reducing agent, AT - a target vapor. Elsadvantqggm

this kind of vapor sources are the hygroscopic property of AX, gaSS|ng
during evaporation, exotherm c character of reaction, carcinogenicity of
chronme conpounds, etc. For producing neRal vapor of Ait was also
suggested to use the thernmal deconposition of internetallic conpounds AB B
+ At where ABis an internetallic powder or a nmelt of conposition AB, B is
the second conponent. The advantage of the given sources is that they
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high level. Processes of another kind, but also proceeding with
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m nd hi gh pr osive risk and flammability of reagents. 5 JAN 2006 3 It is
an object of the present invention to provide a method of obtaining
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where AB is an intermetallic powder or a melt of composition AB, B is the second
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

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.



metal and a fusible stable el ement which provides useful sources for netal
vapors in a nore efficient way than heretofore proposed. It is a further
obj ect of the present invention to provide chemcally active naterlijANSZUUﬁ
especially suitable as sources for netal vapors, which overcone th
di sadvant ages of the state of the art as nmentioned above. In one aspect of
the invention, a nethod of obtaining pro3ective coatings on the surface of
chemcally active materials conprising a mxture of a chemcally active
nmetal and a fusible stable elenent is provided which is characterized by
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obt ai ni ng protective coatl ngs coati.ng materi al

- mixing metal A and element B to form a mixture

- treating said mixture at its surface with a liquid agent L, which is capable of dissolving
metal A but not capable of dissolving element B, at a temperature which is higher than the
melting point of element B thereby creating a coating consisting essentially of element B at
the surface of said mixture

- ceasing treatment when the desired thickness of the coating has been achieved

- removing the liquid agent and

- cleaning and drying the mixture.

The essence of the method according to the invention lies in the treatment of the surface of
the mixture of chemically active metal A and fusible stable element B with a liquid agent L,
which dissolves the chemically active metal A but does not react with the other components
of the material.

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.



al ways comes fromoutside, in the nethod according to the invention the
formation of the protective coating takes place due to the inner materi al
resource of the object under treatnent. For the nethod according tg N\] 0
invention, it is inportant that the tenperature of the treatnent } %gr
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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 I1I, 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



5 JAN 2006 5 other may be used. Thus, for applications in organic synthesis
Ga - coatings with nelting tenperature about 300 C are convenient, Sn -
coatings can be recommended for vacuum applications, e.g., in the creation
of alkali metals sources, Pb - coatings are best suitable for workilAl2(0h
acid nedia, etc. Sone exanples of netallic materials with the fixed
temperature of the transition of solid $o liquid are given in table 1

bel ow. Table 1. Potential protective coatings. Shell Material,d f~ o0 o At
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solvents which are neutral to both nmetal A and
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gemperature,
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In the cases, when a binary alloy is the most suitable material for building a protective shell,
e.g. having an eutectic composition c. (cf. Fig.7), a ternary mixture of composition A — B —
B, should be synthesized for making granules having a concentration according to the line A
— Ce, 1.€. having the same ratio between the components B; and B, as in c..

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.



element B., i.e. liquid agent L should satisfy a requirement 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
fromthe group consisting of CHacids, aliphatic alcohols, polyhgdaNC006

al cohol s, higher carboxylic acids, condensed arenes and/or macrocyclic

pol yethers, their mxtures and sol uti onsé6thereof. These substances may be
divided into two groups, dependi ng on whet her gaseous hydrogen is produced
during the process of filmgrowh or not. 5 JAN 2006 6 The first group is
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Liquid ammonia, tetrahydrofuran and other ethers (anisole, diphenyl ether, etc.), aromatic
hydrocarbons (benzol, xylene, etc.), paraffins (heptane, hexane, paraffin, etc.) belong for
example to this kind of dilutants.

The second group of extractants L reacting with metal A according to addition reaction
L+AB(s)—>AL()+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 um 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



tenperature below the nelting point of elenment B. The thickness of the
coating may be 1 mor nore, preferably 10 mor nore. The thickness of the
coating may be controlled by the adjustnment of the duration and/ or§tjag 2006
tenperature of the treatment with liquid agent L. There are four possible
ways to influence the dissolution speed of netal A and accordingly the

t hi ckness of the coating B: Changing the7tenperature of the process,
changing the time of 5 JAN 2006 7 treatnment, changing the liquid L and
changi ng the hydrodynam c situation near the surface of the mxture of A
and B. Th r the
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spherically
When the target thickness of the coating is achieved, the process is stopped. For this it is

enough to decrease the temperature of the system AB —L to the value T < T¢ (B). Then the

liquid film B solidifies and the diffusion 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 L.

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



formed m xture is dropped into a bath of liquid agent L. Furthernore, the
m xture of nmetal A and elenent B nay be fornmed in cylindrical formor in
formof a plate before treatnent with the liquid agent L. The process of
encapsul ation of small particles of AB with an average linear sizé }
1.0to -5.0$mm may preferably be carried out in two variants: dropping the
nmelt of ABinto liquid L or 5 JAN 2006 g - throw ng solid particles of AB
of arbitrary shape or in the formof cast shot into liquid L, the upper

| ayers of which are heated up to the tenperature T > Tf(B). In the first
case t he -nethroviRgisslip pasisies of WB ofdrbareRshdpk af ih tBe BrhNef dabt shofidtd | ght  t ube

ith t.i cl | | ect filled with liquid L (cf. FiLg. The d | et
L
(rjmvelrretnt downwards. A big storage of the; mal energy cont gl ned in the nelt
ropl ets . . .

temger at &?gheﬁﬁgp%%fgﬂeqﬁ%{né@gg g)gﬁs%/‘%}fﬁg%ear&%{lhgp {)l%Je\Ellvemrcg g)yée?]‘sgthgp} b’? ﬁ’éltqall qui d
bath L gadiglacadectrnifitediwiduliqudiheltBgssrkedreplttevelidify i livufds). .and thenhe
second caRg dbold WitRALbASLE i A6V RIO0WHRNASI Aty dokRkbrcal | y

h h 1 L (cf. Fjg.. 6), th h heat ed
oL b o e D B ARk B4 RO pbg st
parti cl epathad torempehtort Th> Tt dmuhﬁec@m}{;.l HBvéEler, | thdlovich fdyRes dfithé Hguill ®hth
| ayers, i‘h n {FBS Shfa“ solidtifiesti n t‘(ﬁﬁ? Igfﬁg cold layers of L. The
t hi cknes %‘Pu dir ragiEEmeg 1P D SHPFRtE eV Th Jhel p of two paraneters, the
| ength of the hot zone Ali = hi - ho and the tenperature of this zone TI1.
Wi |l e seft | ' f. {0 . liquid filmB
is fi xed%i‘%&ﬁ@ ca_({eﬁ{gtssﬁﬁﬂkﬁtgﬁ%ne%ﬁﬁ %%tfsﬁlé%e%og% a,%%).e%{r}%lg%&t he particl es.
The firsexieaded badh withdiayichl (efy Figr 0).1tbe wrner ponrg ofsviiflissheptedde encapsul at ed
gr anul es TiATy@)eindahe ﬁ)vsaér%ﬂfﬁbﬁé Wx@pe-fatlﬁ%eﬁ‘ <(T$ZB)h The pmﬁwa%%tA %l{veﬁi&sﬁt g

uring this. e ure. indi.cates,cont] nui of, . c i ng. er
i f ace. PO Bshine i oS B bvtigbertng el g e ¥ sbhgh y
washed i hayessuiftladhe tlsidtne_embﬁthb@oauhgm\cbmgoltegemhihp halp efttwanshrirhetarspihed
accordi ngentgfh 5t RESRAE tA'hv-“-eh1 DY BEP e temperature of this zone T;. While setting the
treatment regimes the moment of formation liquid film B is fixed visually when shining

metallic surface appears on the particles.

The first test for the quality of the coating is exposure of encapsulated granules in water at a
temperature T < T¢ (B). The absence of gassing during this exposure indicates continuity of
~ the coating.

After the surface passivation the product (big ingots or small lump) is thoroughly washed in
suitable solvents for removing agent L, dried and then used according to the respective

purpose.
Further main features and merits of the method of the invention are:

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

e 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.

o 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.
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700C. example, not necessary to store the materials according to the invention under vacuum or
protective gas.

If the material according to the invention is heated up, vapors of chemically active metal A
are set free in a very controlled 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 ApBy, (in the following referred to as “AB”), where A is
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where n =2, 3 or 4. As a result the protective film disappears and an extremely active
disperse layer, which opens an access to the main active core Cy, appears on the granule
surface. This kind of material is an excellent chemisorbent and can be used as a non-

evaporable getter in vacuum sealed off devices or in filters for gas purification.

In a further aspect of the invention there is provided the use of the chemically active material
according to the invention as a vapor source, as a chemisorbent, as a source of active metals
in chemical synthesis in the form of a catalyzer or in the form of a constituent of the
produced product and/or for the manufacture of special alloys, sublimation pumps and/or
particle accelerators.

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.
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scope of the invention: Figure 1: The structure of an encapsul ated granul e
according to the invention is shown, wherein (a): shows a granule at T <
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i nt er net &gure leore; (b): shows one enbodi ment of a granule at T > Tf (B),
wherein 1 b denotes a liquid shel

The structure of an encapsulated granule according to the invention is shown, wherein

(a): shows a granule at T < T¢ (B) wherein 1a denotes a solid shell B, and 2a denotes an
intermetallic core;

(b): shows one embodiment of a granule at T > Ty (B), wherein 1b denotes a liquid shell
with the composition ¢;(cf. Fig.2), and 2b denotes a core having a composition ¢ = Cy;

(c): shows a further embodiment of a granule at T > T¢ (B), wherein 1¢ denotes a dispersed
layer of a composition C; + C2 + ..., and 2¢ denotes a core with the composition C; <c¢
< Cq.

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 ¢; 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 C; < ¢ < C4 (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, 2 T¢ (B) and



with the conposition cl (cf. Fig.2), and 2b denotes a core having a
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case at temperatures Tq < Tt (Cy), where Tt (C,) is a melting temperature of a compound C;,

transport of the metal A through the liquid shell ¢; takes place in a quasi-stationary regime,
i.e. with a constant rate. For a use as a non-evaporable getter intermetallic compounds with
higher concentration of an active metal, e.g., C;, Cs,...etc. should be used as a material for a
core. These compounds form a thermodynamically unstable pair with the shell B, which at
heating to T > T¢(B) undergoes a reaction followed by disintegration of the protective shell.

Figure 3:

Fig.3 illustrates the initial stage of treatment with liquid agent L, wherein
AB - the intermetallic mixture of metal A and element B, L - liquid agent L, o — atom A, e —
atom B, 31 - interlayer of B

Fig.3 shows a mechanism of initiation of an interlayer B 31 on the boundary between solid
AB and liquid L. A spongy structure of the interlayer B does not prevent erosion of the
material at temperatures T < T¢(B), but increasing the temperature to T > T¢(B) creates
conditions for structural changes, leading to the appearance of a continuous liquid shell B.

Figure 4:

Fig.4 illustrates the main stages of the film formation process:
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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 < T¢(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.
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apparatus (a), the task of

A charging bunker 62 is used for the same purpose.

Charging of the bunker 62 and throwing AB particles down from a tube 61 is performed in
an atmosphere of flowing Ar. The particles enter the bath 64 one by one due to adjustment of
a suitable angle of slope a and rotational frequency of ratchet gear 63. The granules are
covered in a hot zone (h; — hy), the shells solidify in a cold zone (hy — hy) and then the
encapsulated granules along a bridge 65 get into a cylinder 66, where they are periodically
removed with the help of a ladle 67.

Visual examination of the state of the particle surface during their movement through the hot
zone and also testing the obtained product for continuity of the coating allow to set a
minimal length of the hot zone, which in the given conditions corresponds to the change of
the process to diffusion, i.e., controlled range.

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



which is to provide that separate particles of AB roll down one by one to
avoid their sticking together in the bath 64 after the liquid shell B
appears; a bath 64 with the agent L, where fornmation of the liquid shell
and its solidification takes place; a discharge cylinder 66, whicl JA§I208ws
to renove a final product as soon as it lj? coll ected without interrupting
the process. A charging bunker 62 is usett for the sanme purpose. Charging of
t he bunker 62 and throwing AB particles down froma tube 61 is performed in
an at nosphere of flowing Ar. The particles enter the bath 64 one by one due
t 0 adj ust treshadefl aree dong thellmeanglcgisaf prefepgide arcanflcompaiticns dbr the acrisenweye of
ratchet g S . covered in a hot zone (hl - h2), the
shel | s soﬁ?ﬁogr?@ulf-rgp%rg{)ngggk%nlg %rﬁlémi h2) and then the encapsul ated
granul es along a bridge 65 get into a cylinder 66, where they are

periodic | ; : Vi ] i.on: of
Phe. ot af oty o REORMAEIY OmpORDR & fbicBiyediefs Bl be b HRlal 7 STy i
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all ow t o Gterd théthiitiR tehpofibite b SrdRhOS sPB Sout WRb @hbid shehli€al PEofRRies. The
condi tions correg;r)nlo_nds toé%he chzn e of the proceﬁs %‘o dj ffusion, i.e.,
cont r ol | ePRAYECTrfe Hi vt bt HETERAB SBROTWUY te shqwk howdhe Fhalrrpfithe shell
vol ati | i tpatefial is qomrebeted witlatheacomgiobitidn@ff theegramyle uttate core. The gatioof es

starting t i e Flg 7 sh a,concentration i gngl e.for
a system %&w §}n@m’§§2 ,angh(}%ﬁg iﬂjlr? lg\HlérsShglrlygla%r Pl s dfe Sampps gha%e gsed fog %Tetgfi’]elél e
el emrent s, eutestic s.. drhitmcaes that the epopositiom of thegrasiuteagoye sywildlie Bi the IBR A —and 5
JAN 2006 15 the shaded area along the line A- Ce is a preferable area of
conpositi gns for the active core of a granule according to the invention.

The range8¥e®st ential conpositions of protective shells can be essentially
w dened by using binary or ternary eutectics, consisting of stable

el enment s Thi t i s.n nl concern, t he el tin eratures
of “pr ot echiB oA aPPERAR AR pRRNCAM de kAR H AR ES Wiefido SR R g
syst em A of aBnixtge Ay 82 ig aingjting sompartpendy 8iisia wire, B4she\gldsomenitearchwitice of
the shel lcapIRHER53Y a fBeIR HME 86 §larV: b - active
core. The ratig OL‘ ,acoglﬁ er’fg 1 a%%ugég_g?%%?ﬁée)éF%P?grcglglﬁ%&l}%@gr e egabl y be
t he sanme ¥@ossplive t%@&ng?gp ?%&gﬁg&p { of mixture AB, 810 is a droplet of the melt of

mixture AB, 811 is a bath with liquid L, 812 is a furnace.

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.



eutectic ce. This nmeans that the conposition of the granule core should lie
on the line A- ce. Figure 8. Fig.8 shows an apparatus for the production
of encapsul ated granul es, wherein 81 is an ingot of a mxture AB, 82 is a
mel ting conpartnent, 83 is a wire, 84 is a glass nenbrane with a EJAQZWE
capillary, 85 is a flight tube, 86 is an exhaust tube, 87 is a ground conic
joint, 88 means vapors of volatile nmetal6 A, 89 is the nelt of mixture AB,
810 is a droplet of the nelt of mxture AB, 811 is a bath with liquid L,
812 is a furnace. The apparatus for obtaining encapsul ated granul es
directly fromthe nmelt as shown in Figure 8 consists of three parts: a

mel ting coggﬁrtnen 82, a flight tube 85 with an exhaust tube 86 and a
gl ass batHP Qpleﬁrﬁfa& WhRRE RY PR akong dhg wirg 83, miryding roputhe sppillary tibedhi ¢
gr ounld j Qefdch o itHnd glaamtkb ﬂébaﬂﬁ%ﬂi ‘lvitE(Iiiﬁ\MdtItl @eké e tdr_e%@éﬁsulaied{\m&lﬁ 228_ a
very | ow yapar pressure at roa rature,. e ng, c ar n is
v ded diPBRES B3 e amPrmhiHS HeS RGHar ey fists s deREneBbRrhe Fibhe on or
of whi ch tuibe8fandwashiagof thapyoduict 13 startedt al | ic wire 83 arranged in it. The
sequence of operations in this apparatus is as follows. An ingot 81 is
introduced into the nelting conpartnment 82 in a counterflow of Argon,
st enmi ng Fhegnelting esmparsment fFdis g8t off Foraewhat abpyethe dhght dilreg apha hewimeltieg
conpart i i ¥ o ode s E , a
U pace Sy AR R o A P B R Mot il e P T ATAORYE, T
to be nel¥&§ at continuous punpi ng. The ingot nelts and the nelt is slowy
pressed out through the capillary opening due to the forces of its own
hydrost ati.c pressure and vapor pressure of the netal A As far as the nelt
fl ows théﬂggggerature of the furnace is slowy increased to naintain a
constant dropping frequency. 5 JAN 2006 16 The droplets fl ow down one by
one along the wire 83, protruding fromthe capillary tube 84, detach from
it and gdiigPshews He apsraiios pf chargingthejingats, whowesr @l 3 heyone.d1dncatestiiubeed.
Wien  dr enBiiog pivg, 9VETs 4 RRDKAPPAIALIUE ahd 91 8 kd £k ﬁlharﬁfﬁodbnoi@jﬁet?ﬁ%di’ afidl 1s
det ached ronhthe flight tube g; andFmas ng of the product is started.
RYMES TP Pt BBSPPLIVEL} apix I8 at above the flight tube, and a

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

The nel ti
new nel ting

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:



compartment is welded on the vacant place, in this way restoring the
~apparatus for the next cycle. Figure 9: Fig.9 shows the operation of
charging the ingots, wherein 913 is a cone, 914 is a test tube, 915 is a
plug, 916 is a hook, 917 is a lid, and 918 is a neck. 81 and 82 depnqtQst he
ingot and the nelt conpartnent, respectlvely, as in Figure 8. Charging the
ingots into the encapsul ating apparatus i%s carried out the foll ow ng 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
bi g cone Bdample 1f i xed to the upper part of a nelting conpartnment 82 (see
also Fig.8) and from bel ow 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
t he i ngotA thifwailkdMl@askde witheni ingaitof$Naslns; isone@htaibwlete bgptantt laydrtiatotaibe

fube 614 L RS AR RERh i FigS. Dickfy08ly ot i et Bovifig Btnb iSubRSt
interr uptandntS@mptr@tlm ironciepssd toil 8% €.hbs snsinms @fshindag hqngd dayeeokingipgedrs on

cr eat et afc ke hisbe, B %emborhrd o dIBhORRAAAL s Blchasth 100! ebgaret iy 2 11

917 and after argon_is punp upper be is se
across t HBadfewKe h@eébgaqoa&ua&hassswéaw feédlnawspdlﬁ@ylﬁﬁ@gly@%@is@meéﬁnén of
gr anul es.thEtgtide with e idgotW SthrtdbtodicSOahse dvildokhaw Whithakdgrtdhel 0 Exanpl e
7. Exanples: 5 JAN 2006 17 Exanple 1: A thin-walled N -cartridge with an
ingot of Na8Inll is nounted under a heptane layer into a Pyrex test-tube,
as shown The wadle procBiletivfipessegking die susfabe thkbs saversdd misutes (The oberinetigagot
surface t shi ni ng
quid 1 oyt SodiERah B dha de ASKAATE o000 MY SRELET B
d|ethyleﬁ@hh@@@@nB@ﬁﬁé@ﬂ6ﬁ§éﬁmﬁwfﬂboo C and after it is nade sure that the
In - coati ng has solidified, feeding with diethyl eneglycol is stopped and
the cartr V\%th the ingot is started to be washed with warm water and
acet one. I#Wg“Wh 1e procedure of passivating the surface takes severa

m nut es. The obt ai ned i ngot

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 ~Imm 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 15cm
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.



with In - coating can be used as a massive Na vapor source in a MBE chanber
or in sublimation getter punps instead of Ti. Exanple 2: A cylindrical
ingot of In - 20at % K, 14mmin diameter and 40mm high, is introduced (as
described in regard to Fig. 8 and 9 into a Pyrex apparatus for drppgy gt he
melt. A capillary tube in the center of a menbrane 84 (Fig. 8) has an

i nner dianeter of -1nmand a length of 8 mMm Inside a capillary there is a
Ni chrome-wire of 0.8mmin dianeter, which extends throughout the capillary
and protrudes out of the capillary for -3.0nmmfromthe | ower end of the
capillary. After evacuation of the apparatus the charge is nelted and in a
regi me of slg?v%y rising tenperature the nelt starts to flow down with a
frequenc plet formng of 1.0 - 0.25s "1. The droplets get into the
bath with glycerol, the upper layer of which is approxi mately 10 cm high
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coating can.be used as controlled and safe-in-handl'ng- sources )
pot assi urfity #t %‘HE%?B?%‘ U8t organic synthesis or as controlled vapor
generators of potassiumin the producti on of phot oem ssive devices. 5 JAN

2006 18 Examnl. : of.. di a ar.e t hrown
froma dos nf (;Bgtlongf?é%dﬁ & E& &%C&b oHitiqn g}zed? a’é?mld&“n’é’ Iﬂ'iofcl?ﬂth The
hot zone voth Z-heptasene. Whghcrtlzangmmm had Blrfgﬂwcwnmengthwmhaawmdol d
Zzone has its2ofd ZAehad *pP(WG 918 préfuchBRALRSP BN HARY
shel | ngﬂ %ﬂﬁi:g %Iér? he pr%f:e&lﬁre descrlfrg g ‘41 regggﬂ&mth%e%ﬁg) are
then wa HeGH ‘ikirlvla‘é‘ﬂl%t er and acetone at a tenperature not higher
than 20 C and, finally, are dried under vacuum
To avoid that the particles stick together due to the fusible Ga-coating the product should be
stored at a temperature not higher than 20 — 22° C.

Nay,Gasg granules with a Ga —shell are good sources of Na-vapor for vacuum applications:
They can withstand degassing in vacuum up to 400° C, and at heating in the range from 450°
to 600° 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



Anot her portion of granules of the sane conposition and size is thrown down
into a bath wth 2-heptanone. The hot zone of the bath has TI = 120C and a
| ength of Ah = 250mm and its cold zone has T2 = 10C. The product is washed
free fromliquid reagent with acetone at 20C and dried under vacubrdANT606
avoid that the particles stick together due to the fusible Ga-coating the
‘product should be stored at a tenperatuf® not higher than 20 - 22 C.
Na22Ga39 granules with a Ga -shell are good sources of Na-vapor for vacuum
applications: They can wi thstand degassing in vacuumup to 400 C, and at
heat i ng ivalidf 0.3618@. Fophe4Bid pérqoﬁ@mr@ltg?ﬁm&%ﬁ&ﬁh% d\f@o‘é‘ﬁgﬁrthé"’le%lgth]tdge f
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synt hesi sy 0.#fmwhi ch a participation of sodiumis needed. Exanple 4:
Spherical granules having the conposition InLi with an average di aneter of
2.8mMm are thrown froma dosing apparatus (Fig-6), heated to -180C with the
hel p of finbigraules iyomm In shall erecantexicbll Gy vatkiok etdtriad fier Igyksaporable Bererd @ad and
T2 = 25 h ks the Il ength of the hot zone is
set equa%ﬁeg@%aql%Oﬁk£§%a%g&h&9ﬂﬁ&%gﬁgu gglare taken out with the help of a
| adl e 67 and washed with water and al cohol. The results of chem cal and
nmet al | ographi ¢ anal ysis show that the thickness of In- shell is - 0.2mm
The enca ulaﬁ n procedure is repeated for the second portion of InLi
granulesi§3ﬂ? ing of 20 shots at the same tenperature paraneters, but
with the length of a hot zone equal to 340mm I\/basurements of 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 CszIn; 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.



froma dosing apparatus (Fig.6) into a bath of glycerol, for which Tl= 245
C, T2 =25 C and the length of the hot zone is 300mm The product is washed
in warmwater and acetone. Chenmi cal analysis shows that the product has a
conposition Sn- 33 at % Ba and this corresponds to a thickness of JANE006
Sn-coating equal to - 120m Ganules of this type are controll able sources
of Ba and can be used as Ba-evaporabl e tters in vacuum seal ed devi ces or
as super pure reagents for precise introduction of Ba- cations into organic
conpounds. Exanple 6: Pieces of the internetallic conpound Cs2In3 with an
aver age | Ermapledize of 1.8 -2.0 nmare treated as described in exanple 5
by using a bath with a 15% solution of malonic ester in diphenyl ether at
T1l= 170C, T2 = 30C and the length of the hot zone being 400 mMmm The

obt ai ned e demonstiage thadHrdfofmateorf mochahisqudwtingethg @ebtnfent of theiiditiali sstipr opanol ,
then w t h,di:st.d e ang | i r . nul-es _of Cs2ln3
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Exanple 7: .To de nstrlgé(ﬁlq_t‘{\f?eéfllmforrmtlon mechani sm during the treatnent
d

of the i nf9{ ) PEYLAHL £xppsusiop secopdy thegranulesiwere dakgnioyt of the

el ect ron itk rwshepsevara ltiyisdsin bt iggpednelags thohaBhRidd. e rsawa dath drk GYeES
10-19. Thgelg@rﬁﬂr%eg granul es having a dianeter from2.5 to 3.0mm were
exposed for di er ent periods of time in a bath with a 30% sol uti on of
stearic acid in paraffin at 165C. After exposure for u seconds the

granul es were taken out of the bath, washed several tinmes in hot heptane
and then anal yzed. The received data are |isted belowin Table 2. Table 2.
Mor phol ogl 2% 2-dMamyelogical changss bribs prasesspfasunde eppspptlation i on. Test Ti me of
Nsexposure i nSurface stateReference extractant

Test Time of

Ne exposure in Surface state Reference
exfractant
T(S)
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.




'r (s) Fig. 10: General view of a granule before 10Honbgeneoustreat nent
surface of theFig. 11: Elenental analysis of the marked conpoundregi on
shows that the conposition of the surface is close to the bul k conposition.
Appear ance of Fig. 12: Light spots on the surface 21separate islands/Adflilin A
devel oped systenFig. 13: Evident increase of the nunber and 33of In
i sl andssi ze of |ight spots on the surfacdl. Fig. 14: Al nost the whole
surface is light. 45PracticallyFig. 15: At zooming up triangle |acunas of
continuous surfacethe initial surface can be seen (coating of Indefects)
Fig. 16: Elenental analysis of a light region shows that it consists of
metal | i Cn‘-lé(g Conti.nuo.ui;l_:i g 17 Morphol o of a granule after )
. 56hompgentd FORWALN I A1ig-& A thesmprniiologyroliNpsiy geranyar with g digmeter ofd .Tmmdan be
seen t hatar Ine-sheltisnhswnf Tk grankfe waeohigiak@dy tRowi 2008 splerical ¥&§_l@19 Aolon

in Fig.19 the r phol, 0 of .Na8lni rapular with a digneter o S7/mmin
an In - shlgfola?égggﬁm i lgkria]lrﬁl il 6?99‘??3}1&6961’ P(Ya[BW ¢rgrespersisitey

spheri calappartiinelely deaennd expasure ingthé giveh mediyngerol at TI = 175 C and Ah =
200mm (Fig.6), which corresponds to approxinmately 1 second exposure in the
gi ven medium Conclusions fromthis exanple: the stage of formation of a
cont i nuousonstusiass fiopethiveampei s t echnol ogical |y inportant, after this
nonent the growth of the thickness of this coating becones controll able

see . . . . . .
( - the stage of formation of a continuous protective coating is technologically important,

after this moment the growth of the thickness of this coating becomes controllable (see
Example 4);

- the time period up to the appearance of continuous coating is determined by the
temperature of liquid L and its chemical composition.




Exanpl e 4); the time period up to the appearance of continuous coating is
deternmined by the tenperature of liquid L and its chem cal ¢dmiisi08s on. !

{5 JAN 2006 PCT/ AT02/ 00195 22 Cains: 1. A method of pro [ r tive
coatings on the surface of chemcally active nmmterials g@%ﬁ?%?ﬁ@iﬁf’

internmetallic mxture of: - at |least one chenically active metal A selected
tfromthe group consisting of alkali, alkali-earth, rare-earth netals
and/ or actinoids, and - at least one fusidle stable elenent B selected from
the group consisting of the elenents in group IIl, IV, V and/or VI of the
Periodic Systemand their binary and ternary conbinations with each other,
character 8in that the nethod conprises the steps of - providi ng at
| east the chemically active metal A - providing at | east the fusible

stable elenent B - mxing netal A and elenment B to forma mxture -

treating Sai dAn‘T‘?@BgIQfH{O PEPIRteete aprtingson thg gidacegd wherhicalhactivei s

capabl e of  difspiaW deenpTRim arfinRitfehPlic HARARIGE: of dissolving el enment B, at

a tenperature ich is  higher than the nelti ng_ppm nt of element B thereby

creating a coati Rt 88‘?1%1??’?‘{% aclive apstpl A solegied Eoaniba ermpsonsistingsfialkadie of

sai d m xture -alkslasartiy rﬁﬂe%ﬁh&ﬂiﬁgalwlaﬁ@’o_fg@timg {nﬁpldt hi clknes_s of thedco?;lgng
hi e - i t Il qui d, a a - cleaning an ry

the mxture. st @t SRRl Ak anend B felie it ook i v Fopiste Al et ot a

A is sel ected dlemants fire grogp dlUpl\; dhandfor WHobHthe Eﬁeﬁbdiubr&ystﬁmcﬁndnheépl@ma@ﬁnum

rubi di u cesi g% [ strontium barium radium

| ant haanm pratlsé{aﬁcg1 ym umﬁher Si%@q?é%h%elrijm ytterbium uranium plutonium

and thallium 3. A nethod according to claim1l or 2, characterized in that

el enent BhaficReilzed irfhaf the Method comprises the steps of

- providing at least the chemically active metal A

- providing at least the fusible stable element B

- mixing metal A and element B to form a mixture

- treating said mixture at its surface with a liquid agent L, which is capable of
dissolving metal A but not capable of dissolving element B, at a temperature which is
higher than the melting point of element B thereby creating a coating consisting
essentially of element B at the surface of said mixture

- - ceasing treatment when the desired thickness of the coating has been achieved
- removing the liquid agent and
- cleaning and drying the mixture.

2. A method according to claim 1, 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.

3. A method according to claim 1 or 2, 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.

4. A method according to any 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
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the group consisting of gallium indiumand/or tin and their binary and
ternary conbinations wth each other. 4. A nethod according to any of the
‘preceding clains, characterized in that the liquid agent L is selsepNedit
fromthe group consisting of (a) substances the boiling point of whichis
hi gher and the nmelting point of which is lower than the nelting point of
-el ement B, (b) m xtures of substances according to (a) and (c) solutions of
subst ances AVENDED SHEET 5 JAN 2006 23 &sording to (a) or their mxtures
(b) in solvents which are neutral to both netal A and elenent B. 5. A

met hod according to claim4, characterized in that the liquid agent L is
sel ected froavddiéingo () czoinsi Siithgs g) lﬁldo%hgsméﬂ hihRhirg t@b&tﬂhﬂéﬁl A and
pol yhydric. algfholﬁ hi gher carboxylic acids, condensed arenes and/ or
macrocyclic po rs and m xtures and/or solutlons thereof. 6. A method
according to any of the preceding clains, characterized in that ceasing

treatnentsis i . er s'n the te rature bel o ting
poi nt of Sel e%e%g {ﬁgh a%@oergln%? %P i&?‘rg‘ftﬁﬂzefddngﬁ% s hcl“ﬁ‘éa%‘?négé eﬁ@“ ai ns,
char act er i zedfiom ﬂlh&roummhtlngnééfﬂ-amds ahphataidohglsi ﬁoljzhy’ﬁrmraldﬁhbl% higher
preferably 10 the cedln

cl ai ms, char ag{fgr&ﬁ z1 53832[0?(%18 t§ Qrgel c ﬁ@é ;ﬁka@g}&&h %%é%{l?rﬁénq feﬁﬁn or
control | ed bySe HBOléﬁﬁlﬁ@Pﬁent of the duration and/or the tenperature of the
treatment with liquid agent L. 9. A nethod according to any of the

pr ecedi ng,cl ai,ns aracterized |p that the m xture of netal A and el enent
Bis i mefsedd ‘Héﬁth APEPTARE A? 2y ohihe Precrding slpimschiaricirgizedinghgt copsinge
precedi ng cl atre@menhiraacéeplished by deérbading Hie tinpérdfuee blbw RS Akl gatht@fenent
Bis forned |9% ﬁt?e5|red shape before treatnent with liquid agent L. 11.
A nmet hod according To claim210, characterized in that the m xture of netal
A and element Bis formed in essentially spherical shape before treatnent

with liquid agghéthod according to any of the preceding claims, characterized in that the thickness
of the coating is 1 pm or more, preferably 10 pm or more.

8. A method according to any 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.

9. A method according to any of the preceding claims, characterized in that the mixture
of metal A and element B is immersed in liquid agent L.

10. A method according to any 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.

11. A method according to claim 10, characterized in that the mixture of metal A and

element B is formed in essentially spherical shape before treatment with liquid agent
L.

12. A method according to claim 10, 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.

13. A method according to claim 11, characterized in that the spherically formed mixture
is dropped into a bath of liquid agent L.
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L. 12. A nethod according to claim 10, characterized in that the m xture of
netal A and elenment Bis fornmed in cylindrical formor in formof a plate
“before treatnment with Iliquid agent L. 13. A nethod according to ch gaN00e,
characterized in that the spherically forned m xture is dropped into a
bath of liquid agent L. AVMENDED SHEET 5 JAN 2006 24 14. A chemcally active
~material with a protective coating on its surface obtainable by the nethod
according to any of clains 1 to 13. 15. PB4e use of the chemically active
material according to claim 14 as a vapour source in the manufacture of
phot oem ssi ve devices and organic |light em ssion diodes production, as a

cheni sor bent iAeHeudidlly RYep AR vanth ﬂ%&cﬁV@@&i’cﬁ%'oﬂ i88ut8EeSobtaiRaBi®By the
manuf act ure of %?Ps filters and vacuum,seal ed-off devices, as a source of

active netal s hpPdacenmdtng toap i clamslfodpe form of a catalyzer or in the
formof a constituent of the produced product and/or for the manufacture

g];-IEE'FI)'eCI al1 S.al LI?IX ISISC ostutgle Ic er;l{c%ﬁy Q&E%Smatgplg{ a%cr:oraﬁlrgttlo %&a?m %Caglaevraggl?rrs%hrc%wr%NDED
: the manufacture of photoemissive devices and organic light emission diodes
production, as a chemisorbent including evaporable and non-evaporable getters, in the
manufacture of gas filters and vacuum sealed-off devices, as a source of active metals
in chemical synthesis in the form of a catalyzer or in the form of a constituent of the
produced product and/or for the manufacture of special alloys, sublimation pumps

and/or particle accelerators.
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