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The rapid increase in vapor pressure of liguid HF with temperature has been used in & ruplure-
disk-ampoule technique for mixing HF with materials under anhydrous conditions. At room 1=mpera-
ture where HF has a vp near 1.4 atm, the disk with a rupture Smit near 10 atm confines the acid. AL
bigher lemperatures, 100 end 150 °C, where the internal pressare of HF in e ampoule is 1 and 30
atm, respectively, the disk is ruptured and the acid s veleased. The construction of the ampouole
from platinum and revseable platinum.ividium parts: (the details of the filling, sealing and weighing:
and its use for anhydroua addition of HF te other materials in a cloged vessel are described.
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1. Introduction

Glass ampoules with break-tips or thin walls have
long been nsed for the two-fold purpose: one, sealing
a volatile substance under its vwn vapot pressure for
weighing, storage, protection of its purity, ete.; and
two, praviding for the transfer of the substance in the
abaence of air or moisture to other veasels and to other
malerials by breaking the tip or thin wall of the am-
poule under controlled eonditions. A metal, rupture-
dizk ampoule of platinum and plabnum-indium parts
was designed to extend this technique to hydrogen
fluoride, wherehy: one, lignid HF is confined in the
ampoule under itz own vapor pressure by sealing the
inlet tube of the ampoule: and two, HF is subsequently
tranaferred to other vessels and to other materials
under anhydrons conditions by rupturing the disk
of the ampoule. Whereas breakage of the tip or thin
wall of the glass ampoule is effected by the mechanical
impact from a magnetic hammer of fused wire, the
marked increase in the vapor pressure of liquid HF
with temperature j5 used to rupture the disk of the
metal ampoule. A disk of 0.025 mm platinum foil was
gelected, because disks of this thickness were found
to ruplore wnder a pressure near 10 aim in expen-
ments in which nitrogen gas pressoresz from a ¢ylinder

were applied. This disk safely confines HF in the
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sealed ampoule at 25 °C where liguid HF has a vapor
pressore of about 1.4 atm. Ruplure of the disk for
anhydrous addition of HF to other materials is effected
by raising the temperature which causes the internal
pressure of HF in the sealed ampoule to increase ta a
value exceeding the rupture limit of the disk; ar 100
and 150 °C, liquid HF has a vapor pressure of 10 and 30

atm, respectively.

2. Construction

Whereas other types of designs of rupture-disk
ampoules based on this principle may be vaed, the
cross-sectional drawing of the ampoule, shown in figore
1, was designed to fit inside a Morey pressure bomb.
The ampoule is composed of four parts: a platinum
inlet tube, A: a platinum-iridium shell, B; a platinum-
iridium protective ring, C: and a ru;l}dure -disk of plati-
num foil, . The ring C is not gold soldered to the
shell and serves only as a protective guard for the thin
platinum disk, ). The shell B iz reused to form anew
ampoule by gold soldering a new section of platinum
tubing, A, at 4 and a new disk, D2 at 5 as deseribed in
the legend to fgure 1.

AMme: In the sealing of the plriinom dink, I, 1w the shell B o goaition 5, 1he proteciire ring
T chould net ba om the shell portlon heayar ul' i allnq.'lu ﬂmmih the Ihdn ol Dm
beith pants 8 and . e rensan for 1hin ion = Lhe gaid
forn vnl.'h the this platianune boll aw aloy of i parcems Py and 10 mm Au which hu. [}
meh} nge of 2503105 °F wnd therefore cannot be woaobdered by besting. from the
Fulr ut]'{pl.rll E noed Ch which hanes w weabing polne ol X200°F, In :Mmufumﬂdam
the plaabnwm ke A of U025 mm chioknens no dilficaly wis superenesd and e uneelderi
hebared an From the meelting poiotn of Au {1945 ), F1 {3290 F) and th= d}wﬁ
W gttt Pr- 0 petrozene Te (3000 F
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A, Platinum tobe 174 Inchoo, d,
0,010 tneh wall

B, Plagnum-iridiom abhell | 905
Pt=10% Ir alloy]

i Platinum-leidium ring [90%
PL-10% T¢ alloy)

D Pletipum disk, fodl 0,085
mm Ehick soldarad (o B
wod ©

. Pasitlon where tube is cul
off after fllling with HF
and closlng tube with pliers,

Frovee 1. Kupture-dish ampoide,

3. Operation

For Gilling, the ampoule is attached at its position 1,
figure 1, through a union fiving of Monel 1o a Monel
manifold as shown in figure 2. This manifold is joined
on one-end to a eylinder of HF gas and on the other end
to i high-vacoum svstem that contains a nickel-Monel
trap. Before flling, the ampoule §s frst evacuated in
this manifold to 107% mm Hg, tested for leaks with a
helinm-leak detector, filled with dry air to atmospheric
pressure, disjoined from  the manifold at the union
coupling a.mi weighed.  After filling and  sealing.
the flled smpoule and inlet tube containing the
attached union coupling are weighed. From this
and the previous weighing, the amount of HF sealed
in the ampoule is determined.

The sequence of operations that iz wsually per
formed in glass systems for sealing 4 volatile substance
under its own vapor pressure inoa glass break-off-tp
ampoule was applied to the metal system of Monel and
nickel parts which was used to seal HF under its own
vapor pressure in a rupture-disk ampoule of platinum
and platinum-iridium  parts.  These metals  were
selected because they offer good chemical resistance
to HF whercas plass is attacked. Hydrogen Buoride
lended itselll well 10 these operations because of its
following properties: boiling point near 194 °C: fp
near — 83 °C where its vapor pressure is about S5mm
Heg: and a vapor pressure at the temperature (— 196 °C)
of a liquid-nitrogen bath near 10*mm He By the
same technigues used with glass svstems, HF gas
wits transferred from a eyvlinder through the evacoated

Frizume 2.
hydrogen ffueride in an ampoade mnder ity own tapor pressire.

Manifoldd and cosfant device usoed in flling and sealing

manifold of Monel, condensed in a Monel-nickel trap,
alternately frozen and melted in a vacunm to remoye
dissolved goses, transferred under {15 own vapor pres-
sure o the ruplure-disk ampoule. and then cooled
in the ampoule by refrigeration in a liquid-nitrogen
bath before sealing the HF in the ampoule under its
own vapor pressure.  Since most of these operations
do not differ from the conventional proctice with
glass systems only the final cooling and sealing, which
is different, will be described,

For the eooling, the ampoule is placed in the cavity
of a solid copper rod that i=s immeérsed in o liguid-
nitrogen bath.  This rod i= shown in figure 2 in an
uperaised  position  for  photographing. A contact
medinm, such as CClL, that was added as a liquid and
vooled g5 a solid o — 196 C, was used w fll the space
between the cavity and the ampoule for the purpose of
improving the heat transter between the ampoule,
rod, and bath.  Alter cooling the blled ampoule in
this manner, the inlet tube A was compressed by pliers
with puaralle] jaws as shown at 2 in hgore 1. This
compressed section had been previously annealed o
soften the platinum, gold coated on its inner surface,
and partially compressed so that a small coil of gold
wire fitted just above position 2 in figure 1. Alter
the compression with the pliers. this gold wire is heated
to fusion as a final precaution in the sealing.  The
ampoule alter this sealing is allowed to warm to room
temperature, tésted through the manifold svstem for
leaks, and then disconnected at the union Atting and
weighed.  After weighing, the ampoule is disjoined
from the inler tube by cutting ar position 3 as shown in
figure L.
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4. Results

In a filling of this ampeule with a 0.429 g amount of
HF, the reweighing of the filled ampoule after a week-
end was constamt o 1 mg This weight was also
checked to within 1 myg from the reweighing of the
empty ampoule after an experiment in which the
ampoule was placed in a bomb and heated to about
125 :}E 1 release the HF e the cavity of the closed
bomb.

5. Conclusion

Thi=z technique for the anhydrows addition of a
weighed amount of HF in a rupture-disk ampoule was
perfected for use in the development of a new hydro-
fluorothermal process whereby crystal growth of BeF.
in a platinum-lined bomb under HF pressure was to he
performed by a method analogouns to that used in the
hydrothermal growth of quartz from 5i0.  In the

_hydrofluorothermal methed, BeF: was to replace Si0.,
HF was 1o replace H:O, and NH.F was 1o be subsii-

. tuted for MaOH as the flux material. Whereas in the
hydrothermal process water is a component and i3
therefore no problem, the mixing of HF, BeF: and
NH,F in the homb under anhydrous conditions was a

“majer problem solved by the rupture-disk ampoule
lechnique.

Although the ampoole discossed was specifically
designed for use in the above process, this technique is
described because of its general utility in other applica-
tions where a weighed amount of HF is 10 be mixed
with other materials or added lo vessels under anhy-
drous conditions. The filled and sealed ampoule
allaws HF 1o he added at room temperature to vessels
under anhydrous conditions along with nonvolatile
aolids; and after closure of the vessel to be mixed with
the contents of the closed vessel.

In cases where heating the HF.Alled and sealed
ampoule is not desirable, the disk may be punctured by
mechanical impact by technigues such as fusing a wire
to release a weight for puncturing the disk.

This wark was part of the research into methods far
the preparation of high-purity, weli-characterized, crys-
talline BeF: which was supporied by the Advanced
Research Projects Agency in the Light-Element Pro-
gram at the National Bureau of Standards.
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