" MERCURY DI SPENSI NG COVPCSI TI ONS AND MANUFACTURI NG

PROCESS THEREOF" The present invention relates to
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Another method for the introduction of mercury into lamps is through the
20  use of metal amalgams. The mercury release from these materials 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 tile 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 TixZr,Hg, compounds, which do not release
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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);
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pr Oeﬁﬁﬁnfsothotshemoﬁg rtm)a:lhtomm 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 dispensiﬁg 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
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1Qct i vat i"on @ o%éq%‘ttolqégést, and are brittle and
easy to._becqpedusadornbaspewders of desired particle
size. Preferred compositions are those in which the
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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 compositioné 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%.

f

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 pm. 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 least one face of which is

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



conpositions of the invention can be used is

represented in figure 2: the device 20 is forned as an
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powders of the mercury conposition, 22, are present.

Final |y, another possible enbodinment is that shown in

figure 3, wherein the device 30 is formed by a

wi re-shaped container, 31, inside which the powders of
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pr ecakrtPYndh€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—alldy 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 furnace 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
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obt adondedied dedhe 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
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quantities of the conposition, or else an autoclave
for | ar@és gobttanivine $oanThd).¢ gmieeeparoarder bndddhg of tin powder

1hr e Blar TRY B Hehe R PR TR Pl ARE 4R ified in an

conghducass fdhecerul AR hidids ﬁére.ahw?r_oaﬁ&doi@gfnors willed and the
time between 3 and 6 hours. Upon cooling (which can be

nat @ealdenis siyed.dgyoveringdng yarti¢lasedcionpaetleribay 125 pm. 7.5 g
obt ai.ned, but britt] and, easy .t 0.7 : ihn.anal o fo

oo h B pobiter 24 blocRa BBty PRI 11 e HE1GRRI REBFubs) and the
t he nhitdr®W B@ledSin’ Ygeety \adynder did6n ARGPhESUIYhE $ial is introduced

preferably submtted to a punping process at . )

1pe| aptoraesopleistasl elamher athighels aprgght; desed e Hggy gharglertip ghen mserted
exc ' bOQ,; t he
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t he gr een rimap frohoroohl feinpgraturd te HACHS Bi thedeyhouesypve t he

excess mercury from/ powders; the first method, in
whi ch onehBEQ%éWé@ooﬁﬂgﬁén ®¥&n body as such, is -
however _prghgubedeo®acass hduravoi ds the risk that the
| i ght est powders m ght be transported

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;



into the vacuum punps, causing problens to these

|atter. The nercury renoval operation can be perforned
wonooshvagever evacuabl e and heat abl e chanber, f®CT/1T2005/000389
exanpl e the sane autoclave for producing the

conposition. The thermal treatnent of mercury renoval
conpri ses at | east one phase i which the green body

or the powders are maintained at 500 C for at least 1
mnute. The heating ranp fromroomtenperature to 500

0C nay bengwml coelgigstoaneim tempdrature ig.agout olmwirhiour ; or

it is pessihle tp ad .a_t.he | cvcle c rising.a .
first r gr%rﬁ cf%rtac%rrlﬁér)%omug {erlfipgflﬂ?{ﬂrr%’ ﬂ%%f'?}nhg ﬁﬁﬁ@ﬁ@u% fraction
bet we@Ner3th apsl 3L An&a RrtUTARE pbRIM LIRS to chemical analysis
tenperature is maintained for a tinme between 1 and 20

houby flugiescencs € oaptanadysps, wevepbing 0 Ov <izlittreecenh odmpesfiddretitanium
aki opl ace i,ng),. After ling the desired
(g:om%gg’i ’icgﬁpefrs%g]g{”atﬁln%égf’alglﬁnﬁ{%ur?'éﬁl%q/g‘f a conpact body

i f the IEaAMEPIES2ison hasbeen perfornmed on the green

body, in which case the conpact body then undergoes a

mi |11 ng T8e¥pexampleetddiarty B nrerarqficss of fgdher jcoptpositipps of the
fragijeAfon O, already in formof powders if the |ast
operation has been perforned on powders; it is also

possi bl &ht pra@duye adifxaniyils 1dpeemhtedfountimes,i strshgdvith different

1?evi ce of O&Qeﬁqx&a%&%ﬂgﬂ&ﬁ&m&&ﬁt e f.igu to. 3

1 .
or r:é‘[}og Oof oY 1pti%n@egls F%rrFfH.‘éJPn with
deseidrffg. THe b@RingOkbighisng RXATRE & IEXAMELmPlo A B these four

exanple relates to the preparation of a conposition of

t he ck#yRles prsrgivepgan Tapledtf. titani um foam 70.9 g of
copper powder and 4.8 g of “I%
three netals are placed in a Clb

er are wei ghed. The
8egill\gl e and then nelted

inla |ndlict on furnace under inert_ atnosphere. The .

pr dddc@P A hgpt i stnillled the pofbler |s sMEved, Si

redovering the particlie size frlaction snallrer than 125

mm| 7.52%g of | t hi’$-%owder nechahPéal | y ni ¥ed wi[t h

7.5 g of TTgprd mercurny, and the mxtureTs—seated TN

a dquart3 vial urdd& angom3la® nosphed®9 The vial is /

I ntroduced—+hto—a—sealetd—steet—ehanber—whiech—+S

ai riti ght cl oped.38Fhi s{chafher ils then ingerted /
'S 40.7 54.0 / / 5.3
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After reaction with mercury, part of the powders produced in each example

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

reported in Table 2.




into a furnace, and heated up to 700 C with the
follow ng thermal cycle: - ranp fromroomtenperature
wWOoQo®mPOsZii n three hours; - holding at 500 C f8CTAT®05/000389

hour; - ranmp up to 600 OC in one hour; - holding at
600 C for one hour; - ranmp up tQ 700 C in one hour; -
hol ding at 700 C for three houf1 - natural cooling to
roomtenperature in about 6 hours. The vial breaks

dur

ing the thermal treatnent; by opening the chanber a

conpact green body is recoverinihle Thi s green body

Aooc ha nnv’fln of v anmmyval nf excess—nercury

UNGer-goee€es an’up t+Hoh—o+—Fehbval V5

whi

t he—following thermal cycle: - heatling fromroom

GExanspledr rief oyt tdwough pswpi g wWoil e |appkyind  Hg

ot

t enper at ur d thggZO C 3p.62 Houns;s - [hol ding lat 320 @ 34

f orl
hol

room t enperlature in
product, i s |m d, by veri gtr rtigle size
fracti gn sl :zg n2§§g 2 % of thé 42.5
powders 1S |su ct e chem C aI yS| S gy

fl yor escenge 217 ég zve

per

20 hourls; - heating at |500 0C iln one hdur: -
di ng at (50 C flor m nut nat ural dool i,ng t|o
: 33d %gl}t 4 hggrgs The /obt ai ne 30.1

¥si < alli ng’a wai ghi-6 33.0
cent conpositi or tltani um 14 3% copper 4179 tin

2.8% and nmercury 41.2% EXAMPLES 2-5 These exanpl es

rel

ate M&par ation of further corrp03| tions of

the inv i on edure Ex .i1s repeated

oo 1)t Sy FoBeors e PlinE e rdinegiror e of & lamp, to
8l eWt@ﬂfySthe E’(%érhélﬁy pEIeR8LAlEQReR cohMiBod Fron thé‘E@rﬂﬁ’@ﬁjtl&ﬁrproduced
reaction wi
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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
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
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.

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



mercury. The starting weights in grans of the elenents
enpl oyed in these four exanples are given in Table 1.
woalle@od77Af t er reaction with nmercury, part of PO®I1T2005/000389
powders produced in each exanple is anal yzed by neans
of X-ray fluorescence; the nE;ibLed conpositions are
reported in Table 2. Table 2 LE 6 This exanpl e
relates to a sinmulation of the sealing process of a
lanp, to verify the mercury rel ease under these
conslattingrssmpleom t he conposi tions produced in exanpl es
1 to 5. Five devices of the Il“%ﬁl%fs shown in figure 2
are manufactured, by | oading tthe container 20 ng of
t he powders produceﬂw?s the resylt of the g{gpedure of
exanples 1 to 5 Ea | e so¥%§@BQPEﬂ‘@ t%4 r oduced
into a test chanmber, the chambér i S evacuated and
mai nt ai ned under punpi dg during the whdPe test,| and
the sanpl e is ipnductirvety heatgd—to 500 C T 10
seconds and hel{d at thi2s tenpefature 8@6 1 mi nite.
From t he wei ght -di-Herence-—befgre—and—after—the test,
the mercury emssion frdomthe sanple 80.1500 OC|i s
nmeasured. It istfound that forlany of the five tested
sanpl es the amount of npercury nel easegqips | ess it han
0.3% by weight ((lower sensitivity |limt of the
measur enent techni que) .5 EXAMPLE 7 Thi g5gxanpl e [rel ates
to a sinulation of the activatiion process of aldevice
contai ning a conposition of the invention, carried out
on five sanples prepared with the conpositions
produced in exanples 1 to 5. The series of tests of
exanple 6 is repeated, heating however any tine the
sanpl e under neasure to 800 C in about 10 seconds and
hol di ng the sanme at this




tenperature for about 20 seconds. By wei ght

di fference, the anobunt nercury evaporated in each test

wo20msmasied. The results of these five tests RC®I1T2005/000389
reported in Table 3, as wei ght percent of netal

evaporated of the total anount . present in thestarting

sanple. Table 3CLAIMS 1. Mer cuﬂg di spensi ng

conmpositions conprising mercury, titanium copper and

one or nore of tin, chromumand silicon, in which the

el enents are present accordi @5AIMSt he fol | owi ng wei ght
percentages: - titaniumfrom 10%to 42% - copper from
14%to 50% - one or nore el enents chosen anong tin,

chrom um anti&tiuyC dixpbiisdng ImipdsiZiold confBisaiy Mnérf:ﬁtm titanium,
20% to 50% 2. Conpositjon according.to claiml in

whi CAPRY; ENE | 0BFOR TA0TS (O tiy é%r@mmra@@érsdm@ towhich the elements are
ol from1l4%to

oo B g B e el et s
chosen anognitimrorn AOBbYAveand silicon from 2% to 14%

- mercury from O% 3. Conposition according to

cl ai m 171 n°RRF ép‘étpgééhts are present in the

foll ow ng wei (Qri'ﬁorg elehfeAls %ﬁ@s%n amoh% LA ilth #hd SQIC%I’{Oﬁ‘OIn 1% to

copper 42.6 - tin - nmercury 4
4% 20%,
10 - mercury from 20% to 50%.

2. Composition according to claim 1 in which the elements are present
according to the following weight percentages:
- titanium from 14% to 35%;
- copper from 20% to 45%;
15 - one or more elements chosen among tin, chromium and silicon from 2% to
14%;
- mercury from 30% to 45%.
3. Composition according to claim 1 in which the elements are present in
the following weight percentages:
20 - titanium 14.5 £ 0.3%;
- copper 42.6 & 0.6%;
- 1in 2.9 +0.1%;
- meréury 40.5 £ 4%.
4. Compositions of claim 1 in the form of powders with a particle size
25  smaller than 125 pm.
5.  Mercury dispensing devices containing powders according to claim 4.
6.  Device (10) according to claim 5 in form of a metallic strip (11) onto at
least one face of which there is deposited at least one track (12) of said powders.
7. Device (20) according to claim 5 in form of an annular container open at
30  thetop (21) in which said powders (22) are present.

8. Device (30) according to claim 5 in form of a wire-shaped container



4. Conpositions of claim1l in the formof powders with

a particle size smaller than 125 mm 5. Mercury
wdi2e@agiTng devi ces cont ai ni ng powder s accor di RGTAD2005/000389

claim4. 6. Device (10) according to claim5 in form

of a netallic strip (11) onto gt | east one face of

which there is deposited at I'elgs't one track (12) of

said powders. 7. Device (20) according to claimb5 in

form of an annul ar container open at the top (21) in

whi@h) swidd ool eaid poRdyrs £33 que eertnined 8nd bexing e si@dy slit-shaped

accor di n? ijo claim5 in formof a w re-shaped

cortPSPHEX$ 1) i nside which said powders (32) are

cont ai ngd aRgcdiaYornle aamuRglueing lof tcosbagiechsagfesiaingl, comprising
(33). 9. Process for the manufacturing of conpositions

of 1k fellewing #enspri sing the fol | owi ng steps: -

prepar at i . an f et i u ran Lo,

5Wher ein tlﬁgp a? t}ozleog}dé%lﬁ Sthﬂg%%mérll’ \/\%P%ﬁ? Ql?a%@ogjh&%ﬁ the three
cor r espongléments havehatwelgtsirniba comespoinding itoalhat desired for the final
conposition; - powlering said alloy; - mxing of the
powder of CBROFUGR} oy with |iquid mercury, in a weight

rati o het ﬂﬁ%ggga@&d mercury variable from about
2:1 to 1:%; - tRermal treatment of the mixture thus

obt ai ned mixisg b&thp gomtdar ef fued wkenwith digtideBercaryd iy s eeght ratio

during a time of from1l to 10. S, W thi 1.

Wressur e- BHBER @@XI%@WBWJWF&% a@r”&)gég%%&cor di ng
to cl ai.m Germhdlrith@fient QFtd SixpGreaRusisthint®aah térhpdhture between
step of renoval of the excess nercury by punpin

during a theat ®aP aagcls® “CoMBFNg iantmgtof %%@tl_ 6‘?16,10gh°um= within a
e sl gbotl S Gl Lot D mpue A
pr epar at®.onPmbkedshecaldinpytoi daima®y ifetheo wbmprisingenpibistemal final
1§) ' ogtléﬁ | on refnilorv%} 0? tgg eéx%!aslso%er%fur}gz %@pglgm&rﬁg IPnengoEl thermal cycle
comprising at least one treatment at about 500 °C for at least 1 minute.

11. Prdcess 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

20  for the production of the alloy with titanium.

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 pm, which is subjected to the successive operation of
mixture with mercury.

25 13. Process according to claim 9, wherein said step of thermal treatment is
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

30  temperature for a time from 1 to 20 hours, and a second climbing ramp from that

temperature up to 500 °C.



nore el ements chosen anong tin, chrom um and silicon
and using then the pre-alloy for the production of the
wabkbwyosd7ih titanium 12. Process accordi ng toPCraATI09000389
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 nm
which is subjected to the successive operation of
m xture with nmercury. 13. Process according tao claim
9, wher én BeqcsssSqC@cgd@g te glepprd 0, ¥ whichssd S?e§ odappp of excess
out i
T L
of mer cl6y Panmmakcmﬁu@aomkmﬂ1@uh1whmhsadmhgnﬁmhneydbé@mew

conprising a first I mbi om r n1te tur
up r%wgwé?a{w b e S50 i 1Be prpdBy otpiged in seid
pha%%ﬁ%ﬂ&gﬁh@henperature for a tine from:Lto 20
hours, and a second clinbing ranp fromthat
tenperature up to 500 C 15. Process according to claim
10, in which said step of renobval of excess nercury is
carried out directly onto the product obtained after
said thermal treatnment. 16. Process according to claim
10, in which said step of renoval of excess nercury is
carried out after another step of mlling of the
product obtained in said thermal treatnent.



