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Construction of Precise Pressure Gauge for

Fluorine Gas and Vapers of Reactive Fluorides

Summary

The construction of a precise pressure gauge 1s described that was developed

to measure the pressure of fluorine gas and the vapors of reactive fl worides.

 The pressure of fluorine or fluorides ‘was “transmitted through a phOSphaf';'
bronze bellows electroplated with nickle which was restored to its initial null
extension by the adjustment of the external preSsure of an innert gé.s. The pres-
sure to be measured is equal to the balancing pressure of the innert gas when
the bellows is in its mull extension. The extension of the bellows was deter-
mined with a differential transformer, the core of which was attached to the
bellows through a connecting rod. The balancing pressure of the imnert gas was
read on a U tube manometer. ‘

The accuracy of the gauge was determined to be better than 0.2 mmHg at
pressures up to 1000 mmilg.

The use of the bellows gauge as a deflection type instrument was described
and its usefullness for the measurement of the fast pressure change was also
mentioned.,

The following examples of the uses of the bellows gauge are given and the
results obtained are compared with the reported values.

1) The vapor pressure of uranium hexafluoride at 0°c.

2) The equilibrium decomposition pressure of uranium hexafluoride ior

the reaction : NaF:#* UFg (solid)= x UFg (gas) + NaF (solid)

An account is given of the construction of a pressure gauge that ‘is provided

with a nickle diaphragm as a sensing element. The work, however, was stopped

without much suvccess.
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Table 1 Cheracteristics of bellows

Outer diameter 39 mmn
Inner diameter 28 mm
Effective area 8.8 cm?
Pitch 2.9 mm
Thickness G.12 mm
Extension 3.3 mn/Kg
Max. allowable pressure L.7 Kg/cm2
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Table 2 Accuracy of pressure measurement

Variation of |Variation of output voltage|Accuracy of | Determing

caused by pressure factor of
room temp. change of drift of measurement | accuracy
o room temp. | instrument , .
(¢) (mv) (mv) (mmtig)
0.3 0.9 0.1 0.02 Drift of
or less or less instrument
1.0 0.3 0.1 0.06 Change of
room temp.
3.C 0.9 0.1 0.18 Change of
room temp.
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Table 3 Characteristics of needle valve

Tre values of flow rate are approximate ones when pressure
drop across valve is 1 atm,

No. of turns Flow rate i
of handle N.T.P. c¢/min. =
0 0
1 1
2 3
3 10
L 30
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Table 4 Vapor pressure of uranium hexafluoride at 0°c

Authors Vapor pI‘essure of

UFg at o (mnHg) Reference
A, TURKEVITCH, N,METROPOLIS and
W.F.LIBBY 18.0 8
W.J .SKINNER 17.5 8
B.WEINSTOCK and R,H.CRIST 16.9 2
G.0.0LIVER, H.T.MILTON and 16.9 9
J .W.GRISSARD
D.R.LIEWELLYN 17.7 10
K.KIGOSHI 17.8 11
S.TSUJIMURA et al. 17.7 present work
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Inlet of fluorine or fluorides, monel and brass
Bellows, silver soldered to brass plate
Inlet of innert gas

Cover, acrylite, brass

Coils of differential transformer with bakelite core

Press plate of cover, brass

Nut, sus 27

Bolt, sus 27

Core of aifferential transformer, ferrite

Darts for connection of bellows and core, brass and sus 27

Paclking, perflon

Packing, neoprene

2 Diagram of bellows prescsure gauge
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Measuring
i D.C.
'“:f""c"',’fe"' microvolt
displacement meter
DM- 11 AM- 104

Bellows

Fig. 3 Block diagram of measurement of bellows. extension
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Vac, pump

High pressure
innert gas

Bellows
pressure

gouge % Glass cock

Manometer ‘:Ba: Brass needle valve

Fig. L Connection for adjustment and measurement of balancing innert gas
pressure of bellows pressure gauge

T -
E
{a) £ £
€ {b) -
s e
2 S
» <
w =
i
-600 =400 ~200

! I I} 1. 1

10 20 30 40 50

Prassure differsnce, P-Pp, (mmHg)
Pressurs differsnce, P~Pp, (cm oit)

Fig. 5 E}zftens1 on- of be]_Lows VE.. pressure dlfference,'
Ovtswae precsure of elLows Po. a _ept\ at .atmosp

] in () 0il : high

903




- 16 -

{i} Py =100 mmHg L o.10 (v} Pp=500mmHg
+0.10
-0.05
- 0.05
s A S y s . I
5 0 15 -4 -20 -15 vl ~5
i I i 1 1 1 L L
5 10 5 20
--0.05
~~-0.05
s )
--0.10
ti} P, =200 mmHg
-0.10
I~ 0.05 .
{vi) Pz = 6§00 mmig
-~20 -5 -0 -5 -0.10
L 1 1 1 1 i I i
5 10 15 20
- 0.05
--0.02
-20 -15 -10 -5
| i 1 ) 1 L I 1
/ I-0.10 5 10 15 20
--0.05
{iii} Pz = 300 mmHg
Q10
--0.10
- 005
B S . L
5 10 15 20
L0086 {vili Py = TOOmMmHg
-0.10
-0.10
- 0.05
iv) P =400 mmHg -20 -15 -10 -8
- 0.10 L ' 1 L ) 1 1 1
5 [} 15 20
- 0.05 --0.0%
-20 -5 -10 -8 \ , ’
: : ' : [] 10 15 20 —-0.10
~-0.05
--0.10

Fig. 6 Extension of bellows vs, pressure difference, 2
Outside pressure of bellows P, are kept at several values below
atmospheric pressure. Abscissa : pressure difference in cm oil.
See Fig. 5 for the explanation of oil. Ordinate : output current
of displacement meter in arbitary unit. ’ ‘
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Fig. 7 Characteristics of differential transformer. Output voltage of
displacement meter for large (a) and small (b) displacement of
core of differential {transformer.
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Fig. 8 Block diagram of recording of pressure change. Innert gas
pressure is kept constant and bellows pressure gauge is used as
deflection type gauge.




- 18 -

14.17
8
4 |
S 3t
= (a)
gy
.
| -
o]
Pressure {mmHg)
s | 200
4+
°
g5 ® N
E 2 F \\__
= - e
i+
230
0

Pressure {mmHg}

——: Recordings of changes of pressure

------ : Recordings of changes of input voltages
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Factor of
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from to
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Characteristics of recorder

span voltage 2 mv
time of traveling of recordlng - R
pen for full scale 0.7 sec.
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Fig. 9 Recordings of fast pressure changes of fluorine gas.
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Fig. 10 Equilibrium decomposition pressure of uranium hexafluoride
for the reaction : NaF.xUFg(solid) = xUFg (gas) + NaF (solid)
I present work, I result of G.I.CATHERS et al.l?
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Enlorgement @

®, @ Bolt, sus 27

®,®,®,®,@ Packing, perflon

® Diaphragm, nickle

@, ® Supporting plate of diaphragm, brass

electroplated with nickle
®,0,® Nut, sus 27

® Nipple, monel
® , @ Flectrical contact plate, silver
@ Stopper to limit movement of diaphragm, brass
® Adjuster of position of electrical contact, brass
: @ Supporting block of contact plate, Kel-F
| ® Cu tube
& Clamp ring, brass

Fig. 11 Diagram of diaphragm pressure gauge
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Fig. 12 Outline of connection for adjustment and measurement of
balancing innert gas pressure of diaphragm pressure gauge



