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1
‘More particularly, my invention resides in an
etppar‘atus of the elastic diaphragm type for com-
pressing dangerously reactive gases, especidlly
those that are reactive with lubricating oils. I
Wwill describe my apparatus as used for compres-
sion of elemental fluorine, '
Flourine is the most réactive of all the chemi-
cal-€lefnents. In presence 6f a little moisture or
grease, it will dttack anything that is hot already
filly fluorinateéd. Fortunately, in ahsence of
moistule many #ietals becomie coatéd with a film
" of fluoride whieh protects them from further at-
tack "Among'these is iron, R

. Nevertheless, it is not possible to compress
fluerine in a compressor of the ordinary Piston
type, beeause pistons require lubrication, and
lubricating oils set up with fluorine a violent re-
‘action that will eventually consume the iron.
Elemental fluorine cannot be compressed as
chlorine may be, in apparatus employing a pis-
ton -of sulphuric acid, because under Heat and
pressure it reacts with the acid. Tt is known that
gases can be compressed in apparatus employ-
ing ‘an elastic diaphragm in place of a piston.
‘However, the diaphragm is subject to fatigue,
and rupture of the diaphragm, permitting fiuo-
rine to pass through it and come into contact
with lubricated mechanism, would be disastrous.

‘Thave now found that certain fully or partially
fluorinated or fuorochlorinated reaction prod-
ucts exist which are inert to or of low reactivity
with fluorine, liquid at temperatures developed
during compression to moderate pressures, and
of sufficiently low vapor pressure for use in con-
fined spaces. I Thave successfully interposed
such liquids between an elastic steel diaphragm
in contact with fluorine and another in contact
with a piston of oil, reciprocally actuated by me-
chanical means. In this way, I have been able
to compress fluorine without serious risk to the
operator, even in the event of failure of one or
both of the diaphragms. Among such liquids
are antimony pentafluoride, perfluortoluene
(CeFsCF3), perfiuorxylene (CeFi(CF:)2), per-
fluermesitylene (Ce¢Fs(CF3)3), and certain poly-
merization products of tetrafluorethylene and
trifluoromonochlorethylene.

Antimony pentafiuoride is of course inert to
fluorine. The organic compounds are not com-
pletely ineért to fluorine, as they can under favor-
able ¢ircumstances be fuorinated further to car-
bon' fliorides. Howeveér, under ordinary condi-
tions they are of low reactivity with fuorine.
Antimony pentafluoride is a powerful fluorinating
agent. . The dbove menticiied organic ¢oimpsounds
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are in fact fluorinated in two steps, the second
of which may employ antimony pentafluoride.

In my apparatus, the mechanically reciprocat-
ed diaphragm is preferably actuated by a-liguid
piston of lubricating 6il which in turn is actu-
ated by a ‘metal piston, in known manner.  If
the above organic fluorination products were to
come into contact with the oil they might, under
some circumstances, react therewith, but never
with dangerous violence. At moderate pressures,
they will not react dangerously with fluerine.
They are completely inert to antimony penta-
fluoride, having already been reacted therewith.

For compressing to moderate pressures, e. g.,
40 Ibs. per sq. inch gage, therefore, I preferably
use one of the above organic fluorine compounds
between two diaphragms, one. of which is in con-
tact with the fluorine on its opposite side and
the cther of which is in contact on its opposite
side with the oil. For compressing fluorine to
bressure above 40 1bs. gage, e. g., 100 1bs. per. sq.
in. gage, I prefer to use both antimony penta-
fluoride and oiie of the organic fAuorine com-
bounds, In two compartments separated by an
intermediate elastic diaphragm. )

Referring to the drawing:

Fig. 1 is an-elevation, partly in section, of 4
typical apparatus for compressing highly re-
active gases, employing an intervening column
of relatively inert liquid. o

Fig. 2 is an enlarged detail in section of the

‘valve mechanism of Fig. 1.

In the figures, 1 is an induction pipe for the
gas, 2 an inlet valve, 3 a discharge valve and
4 @ discharge pipe for the gas, 5, 6 and 7 are
elastic diaphragms clamped between flanges 8
and 9, 10 and ti, and 12 and 13 respectively.
Flanges 9 and i@ are connected together by pipe
14 and flanges I and 12 by pipe 15, these pipes
forming with the space between the diaphragms
and their respective flanges pressure tight cham-
bers. Ports 16 and {7 form with the space be-
tween diaphragm 5 and flange 8 a chamber
closed by valves Z and 3, the volume of ports 18
and {7 being very small compared with the dis~
placement of diaphragm 5. Diaphragm 5 is
therefore in contact on one of. its sides with- the
gas to be compressed. Assuming the gas to be
fluorine, the space between diaphragms 5 and 6
I8 completely filled with a liquid of low reac-
tivity with fluorine, preferably antimony penta-
fluoride, and the space between diaphragms: 6
and 7 with one of the organic “fiuorine com-
pounds; preferably perfluorxylene. The other

side-of diaphragm 7 is in contact with lubsi-




cating oil, which fills the space between it and
conventional metal piston 18, and communicates
with the space between diaphragm 7 and flange
{3 through ports 28; piston {8 travels in cylinder
{9 and is actuated by conventional mechanism,
comprising guides 2¢ and 22, connecting rod 23,
wrist pin 24, and motor 23, which may be electric.
26 is a building wall, interposed between flanges
9 and 10 for greater safety, so that the parts
containing fluorine may be completely isolated
from the mechanism containing oil.

Referring to Fig. 2, inlet valve 2 is of a simple
disc type and discharge valve 3 of the poppet
type. Both are gravity closed, as no known
spring will withstand fluorine. - Valve 3 'is pro-
vided with adjustable bolt 21, limiting its travel.

Flanges 9, 10, 11, 12 and 13 are provided with
ports for introducing the hydraulic fluid into the
diaphragm chambers and removing if therefrom.
These ports are closed by plugs 28 and 23 re-
spectively. '

Diaphragms 5, 6 and 7 are shown as plain
sheets. These can have only slight travel in pro-
portion to their diameters, bui the permissable
travel is nevertheless sufficient for my purpose.
The travel can be increased, if desired, by cor-
rugating, in known manner. When pressures
in excess of 100 lbs. gage are desired, these can
be obtained by using two or.more compressors of
similar type, in series.

I claim as.my invention:

i, An apparatus for compressing anhydrous
gaseous fluorine, comprising a compression cham-
ber; an induction conduit for fluorine communi-

eating therewith; a valve inisald conduit adapted i3

to permit inflow to said compression chamber and
prevent outflow therefrom; an exit conduif com-
municating with said compression chamber; a
valve in said exit conduit adapted to permit out-

flow from said compression chamber and prevent

inflow thereto; a diaphragm constituting a wall
of said compression chamber, capable of elastic
displacement of 2 volumetric magnifude approxi-
mating the volume of said compression cham-

ber; a closed chamber, of which said diaphragm .

constitutes one wall;  a second diaphragm, like-
wise constituting a wall of said closed chamber,
capable of elastic displacement of a volumetric
magnitude at least equal to that of said first men-
tioned diaphragm; and mechanical means for
causing reciprocal displacement of said second
diaphragm; said closed chamber being substan-
tially completely filled with a liguid fivorination
product inert with respect to fluorine.

2, An apparatus for compressing anhydrous
gaseous fluorine, comprising & compression cham-
ber; an induction conduit for fiuorine communi-
cating therewith; a valve in said conduit adapted
to permit inflow o said compression chamber and
prevent outflow therefrom; an exit conduit com-
municating with said compression chamber; a
valve in said exit conduit adapted to permit out-
flow from said compression chamber and prevent
inflow thereto; a diaphragm constituting a wall
of said compression chamber, capable of elasiic
displacement of a volumetric magnitude approxi-
mating the volume of said compression cham-
per; a closed chamber, of which said digphragm
constitutes one wall; a second diaphragm, like-
wise constituting a wall of said closed chamber,
capable of elastic displacement of a volumetrie
magnitude at least equal to that of said first men-
tioned diaphragm; and mechanical means for
causing reciprocal displacement of said second
diaphragm; said closed chamber being substan-
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4
tiaily completely filled with a liquid inorganic
fluorination product inert with respect to fluorine.

3. An apparatus for compressing anhydrous
gaseous flucrine, comprising a compression cham-
ber; an induction conduit for fluorine communi-
cating therewith; a valve in said conduit adapted
to permit inflow to said compression chamber and
prevent outflow therefrom; an exit conduit com-
municating with said compression chamber; &
valve in said exit conduit adapted to permit out-
flow from said compression chamber and prevent
inflow thereto; a diaphragm censtituting a wall
of said compression chamber, capable of elastic
displacement of a volumetric magnitude approxi-
mating the volume of said compression chamber;
a closed chamber of which said diaphragm con-
stitutes one wall; a second diaphragm, likewise
constituting 2 wall of said closed chamber, capable
of elastic displacement of a volumetric magnitude
at least equal to that of said first mentioned dia~-
phragm; and mechanical means for causing recip-
rocal displacement of said second diaphragm; said
closed chamber being substantially completely
filled with antimony pentafluoride.

4, An apparatus for compressing anhydrous
gaseous fluorine, comprising a compression cham-
ber; an induction conduit for fluorine communi-
cating therewith; a valve in said conduit adapted
1c permit inflow to said compression chamber and
prevent outflow therefrom; an exit conduit com-
municating with said compression chamber; &

valve in said exit conduit adapted to permit out-

flow from said compression chamber and prevent
inflow thereto; a diaphragm constituting a wall
of said compression chamber, capable of elastic
displacement of a volumetric magnitude approxi-
raating the volume of said compression chamber;
a closed chamber, of which said diaphragm con-
stitutes one wall; a second diaphragm, likewise
constituting a wall of said closed chamber, capable
of elastic displacement of a volumetric magnitude
at least equal to that of said first mentioned dia-
phragm; a second closed chamber, of which
second diaphragm constitutes one wall; a third
diaphragm, likewise constituting a wall of said
second closed chamber, capable of elastic dis-
placement of a volumetric magnitude at least
equal to that of said wefore mentioned dia-
phragms; and mechanical means for causing
reciprocal displacement of said third diaphragm;
said first closed chamber being substantially com-
pletely filled with antimony pentafiuoride and said
second closed chamber being substantially com-
pletely filled with a liquid crganic fluorination
product of antimony pentafiuoride.

5. An apparatus for compressing - anhydrous
gasecus fluorine, comprising a compression cham-
ber; an induction conduit for fuorine communi-
cating therewith; & valve in said conduif adapted
to permit inflow to sald compression chamber
and prevent outflow therefrom; an exit conduit
communicating with said compression chamber;
a valve in said exit conduit adapted to permit
outflow from said compression chamber and
prevent inflow thereto; a diaphragm constitut-
ing a wall of said compression chamber, capahle
of elastic displacement of a wvolumetric magni-
tude approximating the volume of said compres-
sion chamber; a closed chamber, of which said
diaphragm constitutes one wall; a second dia-
phragm, likewise constituting a wall of said closed
chamber, capable of elastic displacement of a
volumetric magnitude at least equal to that of
said first mentioned diaphragm; a second closed
chamber, of which second diaphragm constitutes
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one wall; a third diaphragm, likewise constitut-
ing a wall of said second closed chamber, cap-
able of elastic displacement of a volumetric mag-
nitude at least equal to that of said hefore men-
tioned diaphragms; and mechanical means for
causing reciprocal displacement of said third dia-
phragm; said first closed chamber being substan-
tially completely filled with antimony penta-
fluoride and said second closed chamber being
substantially completely filled with a ligquid
organic fluorination product of the group consist~
ing of perfiluorotoluene, perfluoroxylene, per-
fluoromesitylene, polymerized tetrafiuoroethylene
and polymerized trifluoroethylene.

6. An apparatus for compressing anhydrous
gaseous fluorine, comprising a compression
chamber; an induction conduit for fluorine com-
municating therewith; a valve in said conduit
adapted to permit inflow to said compression
chamber and prevent outflow therefrom; an exit
conduit communicating with said compression
chamber; a valve in said exit conduit adapted to
permit outflow from said compression chamber
and prevent inflow thereto; a diaphragm con-
stituting a wall of said compression chamber,
capable of elastic displacement of a volumetric
magnitude approximating the volume of said
compression chamber; a closed chamber, of which
said diaphragm constitutes one wall; a second
diaphragm, likewise constituting a wall of said
closed chamber, capable of elastic displacement
of a volumetric magnitude at least equal to that
of said first mentioned diaphragm; a second
closed chamber, of which said second diaphragm
constitutes one wall; a third diaphragm likewise
constituting a wall of said second closed cham-
her, capable of elastic displacement of a volu-
metric magnitude at least equal to that of said
before mentioned diaphragms; and mechanical
means for causing reciprocal displacement of said
third diaphragm; said first closed chamber being
substantially completely filled with antimony
pentafiuoride and said second closed chamber
being substantially completely filled with per-
fluoroxylene.

7, An apparatus for compressing anhydrous
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gaseous fluorine, comprising a compression cham-
ber; an induction conduit for fluorine communi-
cating therewith; a valve in said conduit adapted
to permit inflow to said compression chamber and
prevent outflow therefrom; an exit conduit com-~
municating with said compression chamber; a
valve in said exit conduit adapted to permit out-
flow from said compression chamber and prevent
inflow thereto; a diaphragm constituting a wall
of said compression chamber, capable of elastic
displacement of a volumetric magnitude approxi-
mating the volume of said compression chamber;
a closed chamber, of which said diaphragm con-
stitutes one wall; a second diaphragm, likewise
constituting a wall of said closed chamber,
capable of elastic displacement of a volumetric
magnitude at least equal to that of said first
mentioned diaphragm; a second closed chamber,
of which said second diaphragm constitutes one
wall; a third diaphragm, likewise constituting
a wall of said second closed chamber, capable of
elastic displacement of a volumetric magnitude
at least equal to that of said before mentioned
diaphragms; a third closed chamber, of which
said third diaphragm constitutes one wall; a
reciprocally moveable piston constituting a clos-
ure for said third closed chamber, capable of dis-
placement at least equal to that of said before
mentioned diaphragms; and mechanical means
for causing reciprocal displacement of said piston;
said first closed chamber being substantially com-
pletely filled with antimony pentafluoride; said
second closed chamber being substantially com-
pletely filled with perfluoroxylene, and said third
closed chamber being substantially completely
filled with mineral lubricating oil.
SIDNEY G. OSBORNE.
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