Lawrence Berkeley National Laboratory
Recent Work

Title
A METHOD OF DEGASSING LIQUIDS

Permalink
https://escholarship.org/uc/item/83n2g0xn

Author
Newton, Amos S.

Publication Date
1955-01-13

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/83n2g0xn
https://escholarship.org
http://www.cdlib.org/

& it i,

] L
& ms. kb
. = e

X I epimy

| UCRL o §

UNCLASSIFIED

UNIVERSITY OF
CALIFORNIA

Radiation
Habore

TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



G WY
Y

© Ve,

UCRL~-2837
Unclassified Chemistry

UNIVERSITY OF CALIFORNIA
Radiation Laboratory

Berkeley, California

Contract No, W=7lj05«=eng=1i8

& METHOD OF DEGASSING LIQUIDS

Emos S, Neﬁton -

January 13, 1955

Printed for the U, S. Atomic Energy Commission '



2= ' UCRL-2837

. A METHOD OF DEGASSING LIQUIDS
Kmos S, Newton

Radiation Laboratory
University of California, Berkeley, California

January 13, 1955

ABSTRACT

An apparatus is described for the_complgtg dgga§§ing ofiliquids
which have low vapor pressures at their freering points; A
modification of the apparatus for the complete recovery of traces of
dissolved gases in liquids has been illustrated with Fhe recovery of

M

0.126 millimole of a mixture of propene, propane, isobutene and

isobutane from di-isopropyl ether,
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A Method of Degassing Liquids
Amos S. Newton
Radiation Laboratory
University of California, Berkeley, California =

January 13, 1955

In experiments on the radiolysis of alcohols and ethers using very
low energy input, and therefore very low product yield, it was found
that traces of air in the liquids markedly influenced the results. 1In

addition, the quantitative recovery of very small amounts of gaseous

products, especially the higher Boiling hydrocarbons such as propane

and the butanes, was quite difficult. In order-to simplify both thésé

coperations, a method has been devised whereby the liquid can be refluxed

under vacuum while pumping on'it either with a regular'vacuumApump for
de-aerating, or with a Toepler pump for collecting dissolved gases.

In essence, the apparatus is a'low—temperature reflux condenser
in which the liquid can be refluxed at a temperature at which its vapor
pressure is negligible (<1 mm). The method for de-aerating is limited’
to those materials, which‘have low vapor pressures at temperatures above
their meltiné.points, thereby,excluding'éuCh Cgmy@unds as 'water,  benzene,
andfgiécialtagefié acid. ‘In principle, dissolved gases can be determined
in these high melting liquids byvforming'a low-melting eutectic with a

previbusly degassed liquid of lower boiling point and refluxing this

mixture under vacuum. This has been illustrated with benzene.
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EXPERIMENTAL

Degéssing‘Liquidsc—-The apparaﬁus usedvby this author for refluxing
liquids under vacuum is shown in Fig. 1. It was set up with the receiv-
ing flasks sealed invplace on the line. Tﬁe liquid to be degassed was
introduced into the flask,g_uSing a narrow-necked funnel which passes
through'thé constriction C., Flask F was then cooled with ice, the
sidearm géntly flamed and then sealed off at the contriction. The flask
F was cooled with dry ice and the reflux condenser filled with a dry-ice
and trichlorethylene slurry. The frap T was cooled with liguid nitrogen
and the system evacuated through A and B. The drywice‘bath in F was
~ then removed and the boilihg liqﬁid reflﬁied in the cqndensern It ist
necessary to pre-cool the flask F to prevent violent bumping when the
system ié evacuatedo.'PUmpiﬁg was&cdntiﬂued.until’the‘pressure in the
connecting vacuum system was down to less'than sbout 1 micron (as mea-
sured by & vacuum thermocouple gauéé)? .Further% the pressure in the
vacuum.systemﬂbeyond the nitrogen trap showed no change>when étopcock A
was furned off for 10 or 15 minutes and then Opened,‘ Fgr 250 mi ofl
liquid;, starting at atmospheric pressure, this process required from
one to two hours;

;Stdpcockég'was~thenfturned off , a -dry-ice-trap-was-placed._around = .
Bj.and the dry-ice slurry removed from the reflux condenser Q; The
dry ice removal is readily accomplished b& rémoving the dfy ice with a
lbng—han@led spoon aqd removing the trichlorethylene with a pre-cooled
syringe. Flask F was then warmed and the liquid distilled into R

until_thé'désired amount was transferred. The flask, F, was again
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cooled, and R sealed off. Stopcock B can be opened during the sealing

off if it is desired to remove any gases evolved by the glass during the

sealing operation. The rest of the bulbs are filled in a similar manner,
The system is not limited to dry-ice cooling; any cooling agent which

gives a temperature above the melting point of the solvent, yet low

enough to reduce the vapor pressure to a reasonsble value, may be used.

A fairly high vapor pressure can be tolerated if the size of the liquid

nitrogen trap i1s increased and some loss of material can be tolerated.

A carbon disulfide slush bath (m.p. —llOo C) has beeh used quite

successfully in degassing diethyl ether.

Recovery of Gases from Liguids.--The system for the quantitative

recovery of dissolved gases from liquids is essentially the same, but
if gases as high boiling as butanes are to be recovered an additional
step 1s necessary. The setup is shown in Fig. 2. The gas sample was
sealed to the sidearm of flask Eﬁ(samples used by this author are
contained in flasks ﬁith break-seals) and the system thoroughly
evacuated through stopcocks G, H, E and D. The condenser was then

- filled with dry ice and trichlorethylene slush, the flask F was cooled
with dry ice, stopcock D closed and the samplé was introduced to F, in
this case by use of a magnet to raise the iron hammer against the
break-seal. The glass-wool plug serves as a shock absorber for the
hammer on its return. The system was allowed to come to temperature

equilibrium and the dry-ice bath was removed from flask F. Liquid

nitrogen traps were placed around A and B, stopcock G closed, and the
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Toepler pump started in operation. When stopcock D is opeﬁed, the non-
"condensable gases are collected by the Toepler pump while all condensable
gases, together with a.small amount of solvent are collected in trap A.
When no further gas can be collected with the liguid nitrogen traps on, - 3
any higher bdiling gas can be fractionated from the small amount of
material collected in traﬁ A.

This distillate may be cut into as many fractidns as désired, but
all further steps involve éimple 1- or 2-plate distillations. If only
two cuts are desired; stopcock D is closed, a new collector is put on
the Toepler pump, and traps A andﬂg are surrounded with dry-ice baths.
After closing stopcock E, trap C was cooled with.dry ice and volatile
materials from traps A and B were pumped into trap C with.liquid nitro-
gen., The material collected in trapﬂguwas later pumped into a gés
burette and a collection bottle. The exact procedure is not critical
as long as it leads to the desired separation, The material in trap A
‘is transferred to trap B while pumping, thus achieving a fast one-plate
separation with the more volatile material being collected in trap C.
Stopcock E can then be closed off, the bulk material transferred back
‘from B to A Wiﬁh liquid nitrogen, more volatile material taken oﬁt of
the reflux condenser by opening D for several minutes, and ﬁhe process
may be repeated. After two such cycles almost nothing will be collected

during the transfer of the solvent from A to B, although a trace of

solvent is always collected if its vapor pressure is at all appreciable &{
:
at the trap temperature used. v

As a check on this procedure, 0.126 millimole of a mixture of iso-

butane, isobutene, propane, and propylene (Phillips Petroleum Company,
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Research Grade hydrocarbons) “was added to 50 ml of ‘degassed isopropyl
ether by liquid nitrogen transfer frém & gas burette. It was degassed
by the procedure outlined above (Fig. 2) and the gases from the Toepler
pump were collected over mercury in a gas burette. The added gas and
the final recovered gas were analyzed using a Consolidated Engineering

Corporation model 21-103 mass spectrometer. The recovery is shown in

Table 1.
Table 1
Recovery of Gasesifrqm Di-isopropyl Ether
Component Millimoles added ~Millimoles found% A Millimoles
propene ‘ 0.0482 » 0.0485 +0.0003
propane 0.0320 0.0323 - +0.,0003
isobutene 0.0309 ’ 0.0296 ~ -0,0013

isobutane 0.0149 0.0156 ' +0.0007

total 0.126 0.126

*The recovered gas also contained 0.0114 millimole of di-isopropyl

ether (8.3% of the total gas collected).

~ For comparison with ordinary methods of degassing, 100 ml of di-
isopropyl ether was saturated Witﬁbmethane at room temperatufeo It was
then degassed by cboling'with dfy ice and pumping on it.fof 30 minutes.
The ether was further divided into 2 parts by vacuum disfillatiop‘of 1/2

of it into a second dry-ice cooled trap consisting of a U trap in the

vacuum line with a volume at the bottom of the U for collecting the
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liquid. Pumping was contiﬁued during7the entire transfer process. Both
traps were then cooled with dry'ice and sealed off. Dissolved gas in
each fraction of the isopropyl ether was then determined by the proce-
dure bﬁtlined, In this case, for the Toepler pump to collect the gas,
it was expedient to add a small quantity of air (0.05 millimole) to the
system. From the residual 50 of the ether, 0.0006 millimole of methane
was recovered, and from the distilled 50% ether 0.0003 millimole of
methane was recovered. This shows inéomplete degassing by even a

rigorous application of a "normal" degassing procedure.

Application to High Melting Solvent.--Pure solvents which have high
vapor pressures at their melting points cannot be degassed by this pro-
cedure, but in principle, gaséé may be recovered from such solvents,

e.g., benzene, by adding the solvent to flask F in which there is another
previously degassed solvent of lower boiling point which will form a low-
melting mixture with the high-melting solvent in question. As an example,
benzene was distilled from sodium under an argon atmosphere, then degassed
by repeated freezing and melting under vacuum. It was frozen 5 times and
~after the second time no gés evolution was noted during the freezing pro-
cess. As a final step about 20% of the material was vacuum distilled.
Some 50 ml of the residual benzene was added to 50 ml of degassed n-hexane
in apparatus II and the noncondensable gases were collected. Some benzene
precipitated . in flask F during the 0peration,vbut the precipitated ben-
zene was kepf fairly well washed down from the condenser by the refluxing
liquid. The 0.003 millimole of gas collected Qas Lé&% argon, 39,5% nitro-
gen.and lh,S% oxygen. The high argon content prbved the gaé was dissolved
in thé benzene. No tesfs on recovery of added éases in benzene were made.
This work was performed under the auspices of the U, S, Atomic

Energy Commission.

i
“



UCRL--2837

TO VACUUM
AQ

e ‘ O

B

Y
E\

C 0 2 4
SCALE, INCHES
F
MU-8876

Fig. 1. Apparatus for degassing liquids.
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