v, 1 -1- "MERCURY DI SPENSI NG COVPOSI TI ONS AND MANUFACTURI NG PROCESS THEREOF"
»The present invention relates to nercury dispensing conpositions, as well as 5
a manufacturing process thereof. The conpositions of the invention, thanks to
their characteristics of stability in air and at'|ow tenperatures, and al so of
mercury release at high tenperatures, are particularly suitable for the use in
dosing nercury inside fluorescent |anps.; As known, fluorescent |anps require
for their operation a gaseous mixture 10 of noble gases at pressures of sone
hundr eds of hectoPascal (hPa) and few mlligrans of nercury vapor. In the past

mercury was introduced into the lanps in_ liquid for ei ther by causing the
Same (o drop diMERCURMDISHENSING COMPOSKHIONS AND MANUEMZIRING, s whi ch

af terwards were opened inside th?ﬁ%g@% due to the toxicity of
mercury, the nost recent interna ns have inposed the 15 use of
the | owest possible quantity of the el enent conpatible with the |anps
functionality; this has rendered the nethods of |iquid dosage obsqgl ete, because
these are not ablldiepsesspignyensionselates ta maryry dSPEGING WSMPOogHeph@s welllaanps of
smal | quantit] . mlligram of nmercury. Another nethod for
the intro uct%%%ﬁxg?&%eé%%rrgg&gtﬁ}feoéﬁanps I's through the 20 use of netal

amal gans. The neritkrcpmpebieaseof the ivehess thaikete thedr chardoryieN@rof sgibdityal , and

starts already at relatively | ow tenperatures, e.aé bet ween 100 and 300 C,
dependi ng on IR ¥ angtagllow dempgratyrase rd also of mergry spHaass it hihclgmperapuyes,

manuf acturin ?ﬂ’% h QF : atively high
terrperaturesqnvx‘ﬁéar{{1 e ¥ga%%?e§8?1g}%q§é g%g%@@ﬁ@#@ﬁggglhﬁfegce%la{n@g | oss of a

fraction of 25 t s xewvayrfluotdsosmttlinaps pspirarfor ihef opetatione gasedusemirurki ng
environment; for exanple the sealing of the | acgpnhi s nornal Ly obtained by

conpr essilln, Hrisbile 1gases; Hoprassugasont somedundreds Anhesirfisserh dhPRepRbACWand in this
operation t h%@ﬁ@?ﬁg@%&&ftﬁ%@m&ﬂe b mePit WS irfirddQledGR thetdg ihraction of

the initiall nerc
liquid form, either by causing the same to drop directly into the lamp, or inside of

small glass vials which afterwards were opened inside the lamp. However, due to
the toxicity of mercury, the most recent international regulations have imposed the
15 use of the lowest possible quantity of the element compatible with the lamps
functionality; this has rendered the methods of liquid dosage obsolete, because
these are not able to provide an exact and reproducible dosing in lamps of small
quantities, up to about one milligram, of mercury.
Another method for the introduction of mercury into lamps is through the
20 use of metal amalgams. The mercury release from these matenals is however
gradual, and starts already at relatively low temperatures, e.g. between 100 and
300 °C, depending on the metal to which mercury is amalgamated. Because the
manufacturing of lamps foresees operations that take place at relatively high
temperatures when the lamp is not yet sealed, this results in the loss of a fraction of
25  the mercury from the lamp and its release to the working environment; for example
the sealing of the lamp is normally obtained by compression, under heating at about
500 °C, of an open end thereof, and in this operation the amalgam can release to the
outside a not negligible fraction of the initially contained mercury.
The applicant has proposed in the past various solid products which allow to
30  overcome the problems seen before.

US Pat. No. 3,657,589 discloses Ti,Zr,Hg, compounds, which do not release



The applicant has proposed in the past various solid products which allowto
+30: overcone the problens seen before. US Pat. No. 3,657,589 discloses TiZryHg,
conpounds, which do not release -2- nercury when heated up to about 500 C, but
can release it when heated to about 800-900 C (so-called activation
treatnment); the preferred conpound of this famly is Ti3Hg, sold under the
trade nane St 505. Conpared to liquid cury this conpound has the advant age
that it can be powdered and dosed into stall weight 5 quantities, for exanple
by rolling the powders on a netallic strip with a known |inear | oading of
mercury, and cutting fromsuch a strip sections of the desired | ength,

cor r espondi ngndroury tvehendwated e tebgint SA9F°Cbut canyrelease Hiaghendwated to Bbe obser ved

that the nmercury release from suc erial .during the ivation treatnent
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that the reasgiHdOsdi¢ ekl talié AanRl St 505 MEopipardd NiqhEl hdeecuty Bl oper ations
of the manufacturing process of the |anps, during which the conmpound is

exposed to oxotippithasatbe edyantage that igeancke pevdéaseband desad inie sglal ¥eigll | s of t he
| anp itself during the heat seal.in treatnent). .conse n for a given
quant ity o PRy PEeurRb Ty ity R RS el o SR RIERAByedr 51 g
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three times, such a characteristic being in contrast to the stringent
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di scl oses Ti - Lu- conposi ti ons .having. better propertie f mercury rel ease
conpared to tt%ggg%xfygﬁ%asg ghes2 %@ﬁﬁ%ﬁgﬁ %‘gltvg?ﬂn %%é%@,e%tﬁ,%’g . In

particul ar, tHERnGENRBANIE 40%ofTheRtAR nidicudy Eortieht 20isiRli@RAUAat BrebsonWhi | e by
heating up to 800-900 C they release quantities of mercury of nore than 80%

or even UP t ds 90%lteratnn\ofrthe trhateréal rdariag ithe dinak eperations aaft the imafasiuriageer t ai n
degree of plasticit i ch makes difficult their mlling.. .Since the
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devi ces, per device in the case of discrete containers) requires the powdering
of the treatment). As a consequence, for a given quantity of mercury required by the lamp

operation, the dosage by TisHg requires the use of a quantity of mercury which is at
15 least double or even three times, such a characteristic being in contrast to the
stringent regulations mentioned above.

British patent application GB-A-2,056,490 discloses Ti-Cu-Hg compositions
having better properties of mercury release compared to those of the compounds
according to patent US 3,657,589. In particular, these compounds are stable in air up

20  to about 500 °C, while by heating up to 800-900 °C they release quantities of
mercury of more than 80%, or even up to 90%. However, these materials are
characterized by a certain degree of plasticity, which makes difficult their milling.
Since the manufacturing of devices containing these compounds, as well as the
control of the uniform loading with mercury (linear in the case of strip or wire

25  devices, per device in the case of discrete containers) requires the powdering of the
compounds, these milling difficulties have in fact hindered the industrial use of these
compounds.

The patents US 5,520,560, US 5,830,026 and US 5,876,205 disclose
combinations of powders of the compound St 505 with a promoter of the mercury

30 yield (respectively, copper-tin alloys with possible additions of small quantities of

other transition elements; copper-silicon alloys; and copper-tin-rare earths alloys);



conpounds, these mlling difficulties have in fact hindered the industrial use
of *these conpounds. The patents US 5,520,560, US 5,830,026 and US 5, 876, 205

di scl ose conbinati ons of powders of the conpound St 505 with a pronoter of the
mercury 30 yield (respectively, copper-tin alloys with possible additions of
smal |l quantities of other transition elenments; copper-silicon alloys; and
copper-tin-rare earths alloys); r , -3-_the addition of the pronoter allows to
increase the mercury yield fromthe conpound St 505 up to val ues of 80-90%
even after its oxidation, thus solving the problemof the need of using a

| arge excess of nercury, as resulting fromthe conpound St 505 used al one. The
use of a ni xtthe eadditioni of dhee promesar ellews dp siasreasen dge srcusy aeldr GBMeE i n t he

et 211 RS 3 e RS TR Rt 18 AR ittt U1
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(e.g. the hoppers), causing thereb% i nhonpgeneities I n the nercury
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represents a problemin the manufacturing Iines of the |anps, O&nect of the
present i nveriiPpaitiess and gnnsequeatlyshesucon sepasetasirony each etberpasidei ehthewnhi ch do
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obt ai ned accaoneicig distribito! BgttimbiRy @nlidstiteh Yoummd 8128, difringoup aistivatidns
conpri si n% mercury, titanium copper and one or nore . el enents chosen anong
tin, chrd¥ unrestaeni deviess containipg bis mpdurg|od pRYYEers ray in3omgcasss givedéseor di ng t o

the fol | ow ngtovﬁl.é %?éctigﬁ rocfeﬂ])r\w?&?sp:arﬁclési 5taﬂ1ieu]5poInro?erE %%utgﬁ tﬁg%}lenomenon
does not occur often and the ejected quantities are limited, this represents a
problem in the manufacturing lines of the lamps.

Object of the present invention is to provide mercury dispensing

15  compositions which do not show the problems set forth above, and at the same
time provide a manufacturing process for these compositions.

This and other objects are obtained according to the present invention by
means of compositions comprising mercury, titanium, copper and one or more
elements chosen among tin, chromium and silicon, in which the elements are

20  present according to the following weight percentages:

- titanium from 10% to 42%,;

- copper from 14% to 50%;

- one or more elements chosen among tin, chromium and silicon from 1% to
20%;

25 - mercury from 20% to 50%.

The invention will be illustrated in the following with reference to the
drawings which show some possible embodiments of mercury dispensing devices
that can be manufactured with the compositions of the invention, wherein:

Fig. 1 shows a mercury dispensing device of the present invention which is

30 formed as a metallic strip;

Fig. 2 shows a mercury dispensing device of the present invention which is



- copper from1l4%to 50% - one or nore el enents chosen anong tin, chrom um and
'gilkiicon from1l %to 20% 25 - nercury from20%to 50% The invention wll be
illustrated in the following with reference to the draw ngs which show sone
possi bl e enbodi ments of mercury di spensing devices that can be nmanufactured
with the conpositions of the invention, wherein: Fig. 1 shows a nercury

di spensing device of the present inventign which is 30 forned as a netallic
strip; Fig. 2 shows a mercury dispensing device of the present invention which
is -4- formed as an annul ar container; and Fig. 3 shows a nercury di spensing
device of the present invention which is fornmed by a wre-shaped contai ner.
The i nvent or sfotmedasfamangulah gontainer; abdve- ment i oned conpositions have a 5

mercury rel ease qf. ctically zero at.tenperatures up.t.o a 5Q0. C, a yield
i hor ¢ han' 0% dUELhgavtich mste:F Bfp s BBTAAE BretB iy BB WS at ' and
are brittle RA.LHPY wik-PBpdd QRisRsH. | nto powders of desired particle size.

Preferred conpositions are those in which the elenments are present in the
fol | owi ng wei ght Theemventvmglese foond thdtttheiaboyd-mentidnth ¢comnBBgons -hagepper from

20% to 45% - one or _nore_.el ements chosen ano tin, chraon nd .sj,licon from
Sont o 1ad PR, oA 05 UEA 5o IPRBTaRNE 1o SRR ONE N viRla: Con by

mul ti-phase syshéMBan &9 WGfind HRfnMireatinéiy of AMQLESTHTEYO °0 41880 ahY aleS, Tt hese
conposi tions include several different conpounds, and distinguishing the
vari ous phasédyittlh enéshsytudbapreduged iintg powdetseol desiredpadicle kieai Begferfedr nul a

r I ver | J . el n f, ti.tani um - . .
esults very Co%s{tl%%g gr% those i which thet elttar(;ilenté:J arecr?rgge%t in the following weight

com
percentages:
10 - titanium from 14% to 35%;
- copper from 20% to 45%;
- one or more elements chosen among tin, chromium and silicon from 2% to
14%;
- mercury from 30% to 45%.
15 The compositions of the invention are multi-phase systems; as verified by

X-ray fluorescence microanalysis, these compositions include several different
compounds, and distinguishing the various phases thereof and attributing to them
an exact chemical formula results very complicated. In case of titanium-copper-
tin-mercury compositions it has however been possible to identify a compound of
20  the approximate composition given in weight percentages:
- titanium 14.5 £ 0.3%;
copper 42.6 £+ 0.6%;
tin 2.9+ 0.1%;
mercury 40.5 £ 4%,

25 The compositions of the invention can easily be milled and subsequently
sieved to obtain powders of the desired particle size fraction; for the applications of
the present invention, the preferred fraction is that of the powders with dimensions
smaller than 125 pum. These powders can be used to manufacture mercury
dispensing devices of various shapes. In a first embodiment, represented in figure 1,

30  the device, 10, is formed by a metallic strip, 11, onto at lcast one face of which is

deposited at least one track, 12, of a powdered composition of the invention, either



tin-nmercury conpositions it has however been possible to identify a conpound of
+ 20 the approxi mate conposition given in weight percentages: - titanium 14.5
0.3% - copper 42.6 0.6% - tin2.90.1% - nmercury 40.5 4% 25 The
conpositions of the invention can easily be mlled and subsequently sieved to
obtain powders of the desired particle size fraction; for the applications of
the present invention, the preferred fr§§§ion Is that of the powders with

di rensions smaller than 125 m These powders can be used to manufacture
mercury dispensing devices of various shapes. In a first enbodi nent,
represented in figure 1, 30 the device, 10, is formed by a netallic strip, 11,
onto at | eastalaeeorf mcmbdfrevivitls lanptber tatsoiel, tsach as 2l geilst nvaal ferckorbing, of a
powder ed conposition of.the. inventiaon, ei.ther.-5-.algne or.ikn mxture wth

anot her nat er§2ioUs URYfIties i, thy ampy as sriow, IEIQE? 8?133%#%@ﬁ%p085§g%8g0‘?%§uri ties in
the lanp; as s&imwemﬁlrgf deeraf irkd of Hiffeteht AlafePialROMS RirBplt OnefrackUsfemerdiiryi ps beari ng
several tracks of different materials, for exanple one track of nercury

di spensi ng nelimensing makriaradohe af g gettes matagiab 25 discloged iapatentddef,10h7dat ent US

6, 107,737 5 A second si bl e .enbodi.ment of a,.nercury.di spensj vice in
whi ch thes_ c SN 8?1%333‘? efrfl?gd'inf’ﬁ?grﬂfi%ﬁn%%\lﬁyb‘gs%egglagidseq}c pﬁe?gn eggi n figure
2: the devi ceopgfpobifions sFtheRvaRiodtad B uballis fprisantd®in Mpee2athe dbdcd ZPis 21, in
whi ch the powders of the nercury conposition, 22, are present. Finally,

anot her possifbimeedeashardanmnar ¢ontainesoper bbthe top, 21,gnrwehich thenpaveders ehthedevi ce 30

Is formed by a w re-shaped nt ai ner 10 inside Lch,t s of the
mercury corrpdg?rf"il%’rf’oglf.ogﬁgn’%nﬁi H{Sﬁhﬁﬁmﬁﬁvﬂ?@w& pogg@apgxbg!ﬁ%ﬁﬁﬁléqﬁzﬁ the form
of a slit, 33holh¥igied) whHeRinBle@evic BBRO Fotmed By @asird-Yhaped 6aginetUsi,ng t he
activation treatnent. Apart fromthe already cited advantages of  zero nercury

rel ease a0 t dnyide whighde prowdsys EUbe wewnty covmpesition 3aasecanipingdanddeyingat i on, these
compost {1 ons gl ML IIRESH U, 1 SRR TP e flgs T T
escape during the activation treatment. Apart from the already cited advantages of
zero mercury release at temperatures below 500°C and total release during
activation, these compositions afford, with respect to the described combinations of

15  matenials with promoters, the advantage of requiring, for the production of the above
described devices, the use of a powder of the single type, which considerably
simplifies the manufacturing steps.

In a second aspect thereof, the invention deals with the manufacturing
processes for the above described mercury dispensing compositions.

20 The compositions may be simply obtained by mixing powders of titanium,
copper and one or more among tin, chromium and silicon with liqud mercury;
placing the mixture in a suitable pressure-resistant container and heating the
container (for example, by introducing it into an oven) to a suitable temperature,
generally in the range of about 600-800 °C for a time comprised between 1 and 10

25 hours; therefore, after the system has cooled down to room temperature, extracting
the reacted mixture from the container, and milling and sieving the resulting mixture
to recover powders of the desired grain-size fraction.

However, it has been noted that better results, and in particular more
homogeneous compositions, can be obtained if the desired elements other than

30  mercury are previously reacted to form a pre-alloy, and powders of this pre-alloy are

then reacted with mercury. Accordingly, a preferred embodiment of the process of



descri bed devices, the use of a powder of the single type, which considerably
simaplifies the manufacturing steps. In a second aspect thereof, the invention
deals with the manufacturing processes for the above described nmercury

di spensi ng conpositions. 20 The conpositions nmay be sinply obtained by m xing
powders of titanium copper and one or nore anmong tin, chromumand silicon
with liquid nmercury; placing the mxturg in a suitable pressure-resistant
contai ner and heating the container (for exanple, by introducing it into an
oven) to a suitable tenperature, generally in the range of about 600-800 C for
a time conprised between 1 and 10 25 hours; therefore, after the system has
cool ed down tthe mvemtidneopgris¢sithefollewingstépsng the reacted mi xture fromthe

container, and m|l| ia.\?ag' and. si eyi n&@@e resulting m xteurre 6[8 re%%vg powder s of
the desired grai RF o af g1 gfoy PO (PP BRI RbIEd” (hat “bett er _
results, and in RAfdrhiGH AndMIRonNOWRABMEAHS 6loMRAG! haté1Sa GRlphberaviot ai ned i f
the desired elenments other than 30 nercury are previously reacted to forma

pre-alloy, and poadespondingttditat gesred forohe finel comgpositioact ed with nercury.
Accordi ngly, a pref rr.ed?gzcg%&c}i,i, ment of the process of -6- the invention

conpri ses 3t he f olPP - preparation of an alloy of titanium copper

and one or nore aHRE HeMpowddis O sdid Alsy With! GQEd MBRUSI h hheeigher®@idt s have a
wei ght ratio corresponding to that desired for the final conposition; 5 -

powder i ng sai d albiebyeen-alloy aidmernchey vaoakle fromofboyed:dtaliloy with 1iquid nercury in
Chormal tr oatmentboia MEARSH ar ot rosesp i cuage 2t pelbBeiie Sebsteen  about
650 and 750C, durgybgk 650tdnde7508C,fdieimeh thfe dOfrHAUN S, 10WicubY, WithirP4 pessire- 10 proof
seal ed container. This preferred process is then optionally followed by a
further slilep of preofsesled obntainer.excess nercury by punping during a thernal
cycle, comprisi ngl‘hajg preferred process is then optionally followed by a further step of
removal of the excess mercury by pumping during a thermal cycle, comprising at
least one treatment at about 500 °C for at least 1 minute.
The various steps of the process allow some variants, as described in the
15  following.
The first step consists in preparing an alloy containing the components of the
final composition, except for mercury. This alloy is produced with a weight ratio
among fitanium, copper and one or more among tin, chromium or silicon,
corresponding to the weight ratio of these elements in the final composition. For the
20  production of this alloy it is possible to use raw metals in form of pieces or powders.
The components can be mixed all together since the beginning, or it is possible to
produce a pre-alloy with only copper and tin and/or chromium and/or silicon, and
subsequently to mix the powders of this pre-alloy with titanium powder. The melting
may be achieved in furnaces of whatever type, for example an arc furnace; however,
25  the use of an induction furmace is preferable, because it allows to obtain the desired
alloy in a homogenous form by a single melting step, while other techniques may
require more melting steps in order to obtain the same result.
The reduction into powder of the alloy may be performed by whatever method
known, e.g. with a jaw crusher. The powders produced in this way can then be
30  sieved to select a desired particle size fraction: for example, for the successive step

of the process it is preferable to use powders of the alloy with a particle size smaller



| east one treatnment at about 500 C for at least 1 mnute. The various steps of
the process allow sone variants, as described in the 15 follow ng. The first
step consists in preparing an alloy containing the conponents of the final
conposition, except for nmercury. This alloy is produced with a weight ratio
anong titanium copper and one or nore anong tin, chromumor silicon,
corresponding to the weight ratio of these elenents in the final conposition.
For the 20 production of this alloy it 1S possible to use raw nmetals in form of
pi eces or powders. The components can be m xed all together since the
beginning, or it is possible to produce a pre-alloy with only copper and tin
and/ or chr omithan abudf 65 psi, bécanse, thesa dimenstvpe quientd the reachonxwithenepwwler s of this
pre-alloy with titani powder. The neltin maybe achi eved in furnaces of
what ever type, 'l}hee SIFPaFWSIStr o the: 8‘1989\9@ Er?fag? F‘?{Ep‘?fét@“o?ggh? i nducti on
furnace is prigi&fiah! gy a@@&ﬁHﬁﬁT hilgh 3rh St ORE FrVidlIR Siedhde@GlIop Wiy 1N a
honogenous form by a ‘single nelti'ng step, while other "techniques  may require
more mel ti ng mtepy, this atteidveinginaatess withhespeainte thedesired cdinpositexhu €of s i nt o

powder of the alloy may be performed by.whatever, nethod known, e.g..with a jaw
crusher . 'ﬁhe_lﬁmﬁfﬁr@ep%ﬁ?ﬂﬁ_ OpERts TS c%cwgﬁ%eln %“??%@e‘iﬂ‘g?oogel ect a
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process it is preferable to use powders ofatﬁe arloy wth a particle size
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mercury. The foll.ow n tep consists in the production of the .co sition of
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alloy W th ngneithints bi ot tCfealfdnd telpSHARS Detideh ab&EHBGTand 956 be, desired
conposition. For this 5 purpose the two conponents are m xed nechanically, in a
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to mill; in analogy to other similar processes, this body will be defined in the
following as “green body”.
15 The green body is preferably submitted to a pumping process at relatively
high temperatures for the removal of the excess mercury. This operation can be
conducted on the green body as such, or it is possible to first subject the green
body to milling and successively remove the excess mercury from the powders;
the first method, in which one operates on the green body as such, is however
20 preferred, because it avoids the risk that the lightest powders might be transported
into the vacuum pumps, causing problems to these latter. The mercury removal
operation can be performed in whatever evacuable and heatable chamber, for
example the same autoclave for producing the composition. The thermal treatment
of mercury removal comprises at least one phase in which the green body or the
25 powders are maintained at 500 °C for at least 1 minute. The heating ramp from
room temperature to 500 °C may be continuous and require, e.g., one hour; or it is
possible to adopt a thermal cycle comprising a first ramp from room temperature
up to a temperature between 300 and 350 °C, a phase in which this temperature is
maintained for a time between 1 and 20 hours, and a second ramp up to 500 °C
30 (the whole cycle taking place under pumping). After cooling the desired

composition is obtained, in the form of a compact body if the last operation has



10 for a tine of from1l to 10 hours; preferred reaction conditions are a
tenperature of about 700 C for a tinme between 3 and 6 hours. Upon cooling
(which can be natural or forced) a nearly sintered conpact body is obtained,
but brittle and easy to mll; in analogy to other simlar processes, this body
will be defined in the following as "green body". 15 The green body is
preferably submtted to a punping procesg at relatively high tenperatures for
t he renoval of the excess nercury. This dperation can be conducted on the
green body as such, or it is possible to first subject the green body to
mlling and successively renove the excess nercury fromthe powders; the first
met hod, in whbedn pedompelr at etheogreethdogyedm windy case she ronmipach bady gherp0

preferred, becayse it avnids the risk that _ the |ightest. powders.m ght be
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chanber, for exahple the sane autoclavé for producing the conposition. The
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green body_or the 25 pawders  a i ntaiped at 500 C for at least 1 mnute. The
heati ng rahp Fl?%mlﬁtagﬁgﬁr&ﬁ’zé?éf(ﬂrrrgs‘f%ﬁ%gﬁq@%ay be continuous and require,
e.g., one hour; Ofht invktioPRAPHORBIELIRERN i thNBRing |gonprising a first
ranp fromroomtenperature up to a tenperature between 300 and 350 C, a phase

in which this tenEXAAMPIEL 1s naintained for a tinme between 1 and 20 hours, and

a second ra u . 500 C 30 (the whole cycle taking. pla under. punpi ng) .
Arrer ool e b s rmple Tkl e AP S AL S oupo iR BF e BYSHR A coupmct

body if the |ast operabf fRnRGS fodd, 1WELD o(f%vaﬁér%déPaﬁd‘ﬂ.Sgé%Pﬁn%%ﬁeri n whi ch

case the conpact body then undergoes a mlling step and réecovery of the useful
particl e &0 zeafer weighoh; Thy threaimetedsiprd plated m of crpobteearsl Hentmeltddait amper at i on

h b f d wd Lt | ihle t. Loyt thi ti
on a1 ni Shed Bohe RaRcE ey e, aizpspare DRt ReS i gliBY skt 5 Tor al co
of other typehowdbSisisRVEMN It eWhs khedFarfillt sDE368% sinkBd thih 13 ufoblsop ng

exanpl es.
of this powder are mechanically mixed with 7.5 g of liquid mercury, and the

mixture is sealed in a quartz vial under argon atmosphere. The vial is introduced
15 into a sealed steel chamber which is airtight closed. This chamber is then inserted
into a furnace, and heated up to 700 °C with the following thermal cycle:
- ramp from room temperature to 500 °C in three hours;
- holding at 500 °C for one hour;
- ramp up to 600 °C in one hour;
20 - holding at 600 °C for one hour;
- ramp up to 700 °C in one hour;
- holding at 700 °C for three hours;

natural cooling to room temperature in about 6 hours.

The vial breaks during the thermal treatment; by opening the chamber a
25  compact green body is recovered. This green body undergoes the operation of
removal of excess mercury, which is carried out through pumping while applying
the following thermal cycle:
- heating from room temperature to 320 °C in 2 hours;
- holding at 320 °C for 20 hours;
30 - heating at 500 °C in one hour;
- holding at 500 °C for 5 minutes;



EXAMPLE | This exanple relates to the preparation of a conposition of the
invention. 24.3 g of titaniumfoam 70.9 g of copper powder and 4.8 g of tin
powder 10 are wei ghed. The three netals are placed in a crucible and then
melted in an induction furnace under inert atnosphere. The produced ingot is
mlled and the powder is sieved, recovering the particle size fraction snaller
than 125 m 7.5 g of this powder are m_e[jr_]anically mxed with 7.5 g of liquid
mercury, and the mxture is sealed in a“quartz vial under argon atnosphere.
The vial is introduced 15 into a seal ed steel chanmber which is airtight closed.
This chanber is then inserted into a furnace, and heated up to 700 Cwith the
fol | owi ng t her mal- cyatirel cooling pprdonptempsiture émpouitihosrss o 500 C in three hours;
- hol ding at 500 for, one hoyr: - r to 600 C,in opne hour. 20 - hol ding
at 600 C for one %Pf’tam-e rB “‘E}plstlaﬁ[)%o%@ ﬁeﬁo‘beﬁ'@gh%’ﬁr?ar{?&ﬁoﬁl%ﬁ H3°44 700 C for
three hours: smilfth Wl 12508h! A6 4 Barkt 9 el SIRREAIS 8] dkf2d b HEmRalgMyEis The Vi al
breaks during the thermal treatnent; by ‘opening the chanber a 25 ‘conpact green
body i s recoviy 8doreddense ¥-mymnhahdis, ravdalimgoe sveight pepentatdmposiafon titemmwmal  of

excess mercur ich i rr.i ut .throu ynping while applying the
fol | owi ng X hei/%%&‘iﬂﬂeéglﬁ %88&%@4%9"6%21‘5 hperature to 320 Cin 2 hours;
- holding at 320 fxagppgsieyrs; 30 - heating at 500 C in one hour; - holding
at 500 C for 5 niTTUTE‘&,—-‘S'-—natural cooling to roomtenperature in about 4
hours. The obt ai nEksprexduplesi mlate ltd ¢bk phaparatioo vt fumdpet lvempasitiond ef gheze fracti on
smal ler than 125 m and a part of the powders is subjected to chem cal analysis
invention.
The procedure of Example 1 is repeated four times, starting with different
10  ratios of the elements in the preparation of the alloy intended for reaction with
mercury. The starting weights in grams of the elements employed in these four

examples are given in Table 1.

15

Table 1
Example Ti Cu Sn Cr Si
2 34.6 46.3 19.1 / /
3 48.2 319 19.9 / /
4 38.9 51.7 / 9.4 /
5 40.7 54.0 / / 53

After reaction with mercury, part of the powders produced in cach example

is analyzed by means of X-ray fluorescence; the measured compositions are

reported in Table 2.




by fluorescence X-ray analysis, revealing a weight percent conposition titanium
5 14.3% copper 41.7% tin 2.8% and nercury 41.2% EXAMPLES 2-5 These exanpl es
relate to the preparation of further conpositions of the invention. The
procedure of Exanple 1 is repeated four tinmes, starting with different 10
ratios of the elements in the preparation of the alloy intended for reaction
with nmercury. The starting weights in gF@nB of the elenents enployed in these
four exanples are given in Table 1. Tab 1 Exanple Ti Cu Sn & Si 2 34.6
46.3 19.1/ / 3 48.2 31.9 19.9/ / 438.951.7/ 9.4/ 5 40.754.0/ / 5.3
15 After reaction with nercury, part of the powders produced in each exanple

i s analyzed by means of X-ray fluoresc@¥abk;2the neasured conpositions are

reported in Table 2. -10- Tabhle 2 Exs nr'hln F—Cy-ShCSi—Hg—222-930.6 12.6
34.0 3 33.7 g&aa,p;g 9 /1i 30. 1 22 4@9 7|/ 5¢céd [ |42.8 5|27.8g36.|2 3.6 33.0
EXAMPLE 6 This exanple relates to a similatigon of the sealing procesy of a
| amp, to 5 erlgy t he pcuty P@keaﬂ,e lllgger these condi tji ong frgmy the
conposi tions|produced 1Tn exanples 1|to 5.

3 33.7 223 13.9 / / 30.1

4 224 29.7 / 54 / 42.5

5 273 36.2 / / 3.6 33.0

EXAMPLE 6

This example relates to a simulation of the sealing process of a lamp, to
verify the mercury release under these conditions from the compositions produced
in examples 1 to 5.

Five devices of the type as shown in figure 2 are manufactured, by loading
in the container 20 mg of the powders produced as the result of the procedure of
examples 1 to 5. Each sample so prepared is introduced into a test chamber, the
10 chamber is evacuated and maintained under pumping during the whole test, and
the sample is inductively heated to 500°C in 10 seconds and held at this
temperature for 1 minute. From the weight difference before and after the test, the
mercury emission from the sample at 500 °C is measured. It is found that for any
of the five tested samples the amount of mercury released is less than 0.3% by
15  weight (lower sensitivity limit of the measurement technique).

EXAMPLE 7

This example relates to a simulation of the activation process of a device
containing a composition of the invention, carried out on five samples prepared
with the compositions produced in examples 1 to 5.

20 The series of tests of example 6 is repeated, heating however any time the
sample under measure to 800 °C in about 10 seconds and holding the same at this
temperature for about 20 seconds. By weight difference, the amount mercury

evaporated in each test is measured. The results of these five tests are reported in

Table 3, as weight percent of metal evaporated of the total amount present in the



Fi ve devices of the type as shown in figure 2 are manufactured, by loading in
the.container 20 ng of the powders produced as the result of the procedure of
exanples 1 to 5. Each sanple so prepared is introduced into a test chanber, the
10 chanber is evacuated and mai ntai ned under punping during the whole test, and
the sanple is inductively heated to 500 Cin 10 seconds and held at this
temperature for 1 mnute. Fromthe weighf, difference before and after the test,
the mercury em ssion fromthe sanple at %00 Cis neasured. It is found that
for any of the five tested sanples the anbunt of nercury released is | ess than
0.3% by 15 weight (lower sensitivity limt of the measurenent technique).
EXAMPLE 7 Thi $aingsphpler el ates to a simul ation of the activation process of a
device containing a conposition of thi Lﬁﬁpntion, carried out on five sanples
prepared wth the conpositions produc A exanples 1 to 5. 20 The series of
tests of exanple 6 is repeate heating however any tipe|the sanple under
measure to 800 C in about| 10 € and ‘i}iaﬂﬂrﬂtﬁ‘é@zﬁa at this tenperature
for about 20 seconds. By [Werght difference, the anount mercury evaporated in
each test is neasured. ThHe resulds of these fiv&.Pests ane reported in Table
3, as wei ght percent of mnetal—evaporatedjof—the—tota—ampunt present in the
-11- starting sanple. Tahle 3 Exanple Hg{evapor&séd w% |1 83.0 2 86.6 3 80.1
4 84.0 5 95.0 -12- CLAINB

3 80.1

4 84.0

5 95.0




1. Mercury dispensing conpositions conprising nercury, titanium copper and one
or nore of tin, chromumand silicon, in which the elenents are 5 present
according to the foll owi ng wei ght percentages: - titaniumfrom10%to 42% - -
copper from14%to 50% - one or nore el enents chosen anong tin, chrom um and
silicon froml%to 20% 10 - mercury from20%to 50% these conpositions being
obt ai ned by form ng a powdered pre-alloy of Ti, Cu and one or nore elenents
chosen anong Sn, O and Si and reacting tlg-.same with Hg. 15 20 2. Conposition
according to claiml in which the elenents are present in the follow ng wei ght
percentages: - titaniumfrom 14%to 35% - copper from20%to 45% - one or
nore el ements chosen anong tin, chromu g@@ési licon from2%to 25 14% -
mercury from30%to 45% 3. Conposition rding to claiml1 in which the
el ements are present in the follow ng weight percentages: - titanium 14.5
0.3% 30 - copper 42.6 0.6% r - ti n2.90_..1% -13- - nercury 40.5:L 4% 4.
Conposi tions of cldi m Ménurhalispenamgfcoppeditioss wamprssigmrmerchey, ghrausnal | er
Egan 125m 5. cg/gge%uagl o%les ?hore ¢ thl?\éhr%eﬁ'ﬁuﬁoa%haslil?éorﬁg i %ﬁ%ﬁrtﬁe %Eé%ﬁen?szgreaccor di ng
5  present according to the following weight percentages: |

-~ titanium from 10% to 42%;

- copper from 14% to 50%; .

- one or more elements chosen among tin, chromium and silicon from 1% to

20%:;
10 - mercury from 20% to 50%,
these compositions being obtained by forming a powdered pre-alloy of Ti, Cu and

one or more elements chosen among Sn, Cr and Si and reacting the same with Hg.

15

20 2. Composition according to claim ! in which the elements are present in
the following weight percentages: -
- titanium from 14% to 35%;
- copper from 20% to 45%;
- one or more elements chosen among tin, chromium and silicon from 2% to
25 14%;
- mercury from 30% to 45%.
3. Compositions according to claim 1 in which the elements are present
in the following weight percentages:
- titanium 14.5 £ 0.3%;
30 - copper 42.6 = 0.6%;
- tin2.9+0.1%;



5 claim4, 6. Device (10) according to claim5,in formof a netallic strip (11)
onto at | east one face of which there is deposited at |east one track (12) of
said powders. 7. Device (20) according to claim5 in formof an annul ar
container open at the top (21) in which said powers (22) are present. 10 8.
Device (30) according .to claim5 in formof a wi re-shaped container (31)

I nsi de which said powders (32) are contained and having a single slit-shaped
opening (33). 9. Process for the manufactumgi-ng of conpositions of claim1l ,
conprising the follow ng steps: 15 - preparation of an alloy of titanium
copper and one or nore of elements anong tin, chromumand silicon, wherein
the three el enents have a Q rati o corresponding to that desired for the
final conposition; - Qﬁﬁ%g ééﬁd all oy, - mxing of the powder of said alloy
with lid4uid mercuryg, i ncamﬁ@dxﬁéﬁs dfadlhih 120 bigt e gomabof pywasd viEH € phitickar i abl e
fromabout 2:1 to 1:1; - rmal treatment of the m xture thus obtained at a

t enperat ure betﬁeemnﬂkb@hMIHEQmand 750 C, during a time of froml to 10 hours,

within a pressure- roo seal ed contajner. 10.. Proces agll(‘zorggig%t claim9 ,
a8 8“@%{%3

further conpri si ng FQUnG ASPENSIng ewcggcgqtgnﬁm(gqu :
mercury by gurrpégﬁ]@lurl ng a thermal cycle conprising at |east one treatnent at
about 500 C for |'east 1 minute. 11. Process according to claim9 , in which

said step of pr epar 61 i cDevite {10paccatding to claima¥ in fotmaufta metaliiostripi(d$)ento pr oduci ng
sty ot Bl e BOREF D S S AR S o o 11
?leld((?c/i ‘r’]“gt Phtel ;fi{‘g;”‘hf Dévice (20P5RERIMEOUidih 3%in'Brmt bPhdarhula? c¥ithifiét opeh & St ep of
the top (21) in which said powders (22) are present.
10 8. Device (30) according to claim 5 in form of a wire-shaped container
(31) inside which said powders (32) are contained and having a single slit-shaped
opening (33).
9. Process for the manufacturing of compositions of claim 1 .,
comprising the following steps:
15 - preparation of an alloy of titanium, copper and one or more of elements
among tin, chromium and silicon, wherein the three elements have a weight
ratio corresponding to that desired for the final composition;
- powdering said alloy;
- mixing of the powder of said alloy with liquid mercury, in a weight ratio
20 between alloy and mercury variable from about 2:1 to 1:1;
'~ thermal treatment of the mixture thus obtained at a temperature between
about 650 and 750 °C, during a time of from 1 to 10 hours, within a
pressure-proof sealed container.
10. Process according to claim 9 , further comprising an additional final
25  step of removal of the excess mercury by pumping during a thermal cycle
comprising at least one treatment at about 500 °C for at least 1 minute.
11. Process according to claim 9, in which said step of preparation of the
alloy is carried out in two phases, producing first a pre-alloy of copper and one or
more elements chosen among tin, chromium and silicon and using then the pre-alloy
30  for the production of the alloy with titanium.

F ]
12. Process according to claim 9 in which said step of reducing the alloy



into powder is followed by step of sieving the powder and recovery of the
particle size fraction smaller than 45 m which is subjected to the successive
operation of mxture with nmercury. 13. Process according to claim9, wherein
said step of thermal treatnent is 5 carried out at about 700 C during a tinme
of from3 to 6 hours. 14. Process according to claim 10 wherein said step of
mercury renoval is carried out wwth a thermal cycle conprising a first
clinmbing ranp fromroom tenperature up td4a tenperature between 300 and 350 C,
a hol ding phase at that tenperature for a tinme froml to 20 hours, and a
second clinbing ranmp fromthat 10 tenperature up to 500 C. 15. Process

according to cl igico[‘i}o]v(;her i folBwEd bggtcgto?gsgat@g\%fthé %g?%{?rmﬁfmﬁ%t@ﬁz?f ntglﬁ“iaﬁﬁfdfe)’ 'S

carried out dir y onto the pr ned sai treat ment.

16. Process acizedfravgion amallen tharl 85 pnn wititlcis sabjeclted te theafuceessive aperationeofces's
mercury is carried out after another step of mlling of the product obtained in
said 15 ther nelRiXuyre Sithgpgroury.

13.  Process according to claim 9 , wherein said step of thermal treatment is
5  carried out at about 700 °C during a time of from 3 to 6 hours.

14. Process according to claim 10, wherein said step of mercury removal is
carried out with a thermal cycle comprising a first climbing ramp from room
temperature up to a temperature between 300 and 350 °C, a holding phase at that
temperature for a time from 1 to 20 hours, and a second climbing ramp from that

10 temperature up to 500 °C.

15.  Process according to claim 10, in which said step of removal of excess
mercury is carried out directly onto the product obtained after said thermal treatment.

16.  Process according to claim 10, in which said step of removal of excess
mercury is carried out after another step of milling of the product obtainéd in said

15  thermal treatment.



