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OXYGEN, Sym. O. At.wt, 16.

The first recognition of the rdle of oxygen
in nature would seem to date from the eighth
century. The Chinese philosopher Mao-Khéa
then promulgated a theory based on his ex-
periments, that all matter svas composed of
two fundamental elements, Yang (the strong or
primm&) and Yin (the weak or secondary). In
air both these elements were present combined
with elemental fire. The Yang (or more com-
plete air} could be obtained purer by burning in
air certain of the metals, sulphur or charcoal,
which robbed the air of some of its Yin ; whilst
Yin, never occurring pure in the air, could be
obtained by heating certain minerals (the
identity of which is not clear) and especially
Hho-siad ](Zprobably nitre). Mao-Khéa recognised
that the Yin of the air was algo present in water,
though here it was 30 alogely bound to Yang that
its separation was difficult, The important part
taken by Yin in combustion and respiration was
recognised. Leonarde da Vinci was the first
European to recognise, towards the end of the
fifteonth century, the non-elemental character of
the air and to state that only one part of it was
concerned in' combustion and respiration.
Robert Hooke, in Micrographia, published in
London in 1665, recognised the same fact, and
that the same constituent, or at least a very
similar one, was present in nitre. Mayow in 1674
recognised that the active constituent of air
which supporte combustion forms only part of
the atmosphere, and that the same substance is
present in nitre, and is given off when nitre is
k ited strongly. Mayow termed this gaseous
constituent of air and nitre spirifus vitalis,
spiritus nilro-abreus, and pabulum tgneo-adreum.
Borch (1878) carried the work of Mayow further,
and Hales (1727) obtained oxygen by heating
nitre, and collected the gas over water in nearly
theoretioal q‘nantitﬁg but failed to recognise its
sharacter., Priestley obtained the gas on
August 1, 1774, by heating mercuric oxide in a
glass vessel by the heat of the sun’s rays con-
centrated on the oxide by means of a burning
glass, and gave it the name dephlogisticated air.
The gas was isolated independently, and almost
simultaneously (probably in 1771, though the
publication of this result was only made several
vears later), by the Swedish chemist Scheele,

Vo V.—T.

who applied to it the term empyreal or fire-asr.
Condorcet soon after suggested the name wital
air. Lavoisier regarded it as an essential eon-
stituent of all acids, and henoce gave it its present
name o?gen (from &tvs, acid, and yewwdo, I
form). The later discovery that hydrochloric
and the other halogen acids contained no oxygen
showed that this substance is not necessarily
pregent in acids, but the name has been re-
tained. The discovery of oxygen was the means
of leading Lavoisier to the true theory of com-
bustion (see Jorgensen, Die Entdec des
Saurstoffes, Stuttgart, 1909)..
Occurrence—Oxygen is the most abundant
and the most widely distributed element in
nature. In the free state it occurs, mixed with
nitrogen, in the atmosphere, of which it forms
about 21 p.c. by volume, and more than 23 p.c.
by weight. In the combined state it forms
eight-ninths by weight of all the water on the
globe, and nearly half of the three chief con-
stituents of the earth’s crust, viz. silicious rocks,
ohalk, and alumina. Most minerals—the chief
excoptions being rock salt, fluorspar, blende,
galena, and pyrites—contain oxygen in con-
siderable ?roportions. It is an essential con-
stituent of all animal and vegetable tissues and
fluids. 1t is absorbed in large quantities from
the atmosphere by animals and vegetables
during respiration, but this abstraction is
practically ~counterbalanced by the oxygen
evolved by green foliage under the influence of
sunlight.
" Preparation.—A. On the laboratory scale.
Oxygen may be obtained by the action of heat
on the oxides of mercury, silver, gold, and

platinum ; the peroxides of hydrogen, the
alkalis, barium, d, and manganese; the
chlorates, brometes, iodates, nitrates, and

dichromates of potassium and other bases; it
is evolved during some chemical reactions, and
during the electrolysis of many substances,
notably of water.

Of the modes of preparation most convenient
for use in' the laboratory, or of interest from
historical or theoretical considerations,  the
following are the principal :—

1. By heating red exide of mercury it splite
up into vapour of mercury (which condenses)
and oxygen: 2HgO=2Hg+-O,. This reaction

B
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- After some time the fused mass thi

2 - ‘ OXYGEN.

is of interest as being that by which Priestley
iirat obtained oxygen. .

2. By heating dioxide to a bright-
red heat it gives up one-third of its oxygen:
3Mn0,=Mn,0,+ 0,. The oxide i8 best heated
in an iron bottle placed in a furnace, as glass
vessels will not stand the high temperature
required. 100 parts by weight of the pure
peroxide yield 12-3 parts by weight of oxygen.

Manganese dioxide ocours in large quantities
in nature as the mineral pyrolusite, and thus
forma a cheap source for the preparation of
quantities of a few hundred cubic feet of oxygen,
but the high temperature required makes
the proogss somewhat inconvenient. Pyrolusite

ually contains aboat 70 p.c. of the dioxide,
and therefore gives a lower yield of oxygen than
that indicated by ths equation. .

3. Potassium chlorete is a very convenienb
and economical source for small quantities of
oxygen for lecture and laboratory p
Whea ﬁduﬂy heated in a hard glass retort or
flask, this salt melts at about 360°-370°, and at
about 370°-380° evolution of oxygen commences,

. nass thickens from
the. formation of the perchlorate, which, at &
y .i8 also. decomposed.

- still higher temperature,
Ultimataly, therefore, potassium chloride alone
romains in t.hev%:::ﬁng flasl, the whole of the | O

oxygen having b given off aocording to the
equation : 2KCl0,=2KC(14-30,. :100 parts by
woight of chlorate yield 39-16 parts by weight of
oxygen, or ! oz. of ehlorate gives.1'S gaflons of
the gas. The oxygen obtained is very pure.

e temperature required <
tion is Yoo high for cohvenient use, as the glass
vessels employed in the preparation of -the gas
often soften under the great heat, and yield
to the pressure of the contained gas. Vgixen
metallio .vessels are used the heating must be
very carsfully watohed, since the decomposition
being exothermio (s.e. Beat being evolved daring
the reactien), when on¢e decomposition has set
in, the evolution of gas is linble to:become very
violent, _If the potassiura chlorate be mived

with about one-eighth its weight of some non-

fusible oxide, such as oxide of copper, oxide of
iron, or mangenese dioxide, the evolution -of

" oxygen takes place at about 240°, or oomidembli

ow that at which the salb fuses, and is mue
more reguiar. The addition of a little spengy
platinum answers the same purpose. .

‘fhe gas prepared in this way almost invari-
ably oontains traces of chiorine, which are re-
moved, when nevessary, by passing tlie gas
throngh a solutien of caustic soda.

ial manganese dioxide (pyrolusite)
is sometimes adtulterated with coal-dust. If sach
dioxide ¢ heated with potasgium chlorate the
coal-dust burne—often with explosive violence
~—at the expense of the oxygen of the chlorate,
and this has been the cause of fatal accidents.
It is, therefore, advisable to test the dioxide
before use by heating a small quantity in & test
tubs with some chlorate.

The action of tuese oxides in facilitating the

deoompogition of the pofassiun chlorate is

probably due to the transient formation of |-

higher oxidea of bxtreme instability. The oxides
which show this action most markedly are
those which form unstable higher oxides, The
action of spongy platinum ig less clear, but is

in this decomposi--

probably connected with the tendenay of that
substance to condense oxygen on its .

4. By heating a conoentrated solution of
bleaching powder (or any hypochlorite) to which
a small quantity of-oxide of cobalt bas been
added, it is resolved into calcium chleride and
oxygen: 2Ca0Cl,+4C00=2CaCl,4-2C0,0, and
200,04=4Co0+0,. The decomposition is
shown in two stages to exhibit the action of the
oxide of cobalt. It is not negessary to use pre-
formed exide of cobalt, as any salt of cobalt
will answer the same purpose. The oxides of
copper and nickel are similar in their action.
Instead of a golution a thick paste of bleaching-
powder and water may be used if a small
g‘mﬁty of paraffin o1l is added. The oil,

oating on the surface of the y liquid, pre-
vents the frothing whioh would otherwise take
place. The best temperature for the evolution
of gas. is about 70°-80°, at which a steady
stream may be obtained. For a study of the
conditions dstermining the velocity of evolution
of 'gggen from bleaching powder, see Bell,
Zeitsch. anorg. Chem. 1913, 82, 145,

Another modification of this method is to
E:;as a stream of ehlorine into boiling milk oi

e to which & small quantity of a sult of
copper, cobalt, or nicke] has been added.

xygen gas is given off according to the equation
2Cl, +2Ca(0H),=-2CaCl,+2H,0+ O,.
5. From various peroxides—
(a) When an intimate mizture of 3 mols.
barium peroxide (2 parts by weight) and 1 moal.
potassinm dichromate (1 part by weight) is
treated with dilute snlphuric n.aig. oxygen is
abundantly evolved at ordinary temperatures
(Robbine, Pharm, J. fii.] 5, 436).

b) If 500 c.o. of commeraial h; en per-
oxi«ge {10 p.o. solution) are mt:oglm into a

'suitable genersting flask, and a solutien of

25.grms. of potassinm permanganste tu 500 c.c.
of water, mixed with 26 0.0, conoentrated cul
phuric acid, is allowed to flow gradually iato
the mixture from a dropping funnel, oxygen
will be rapidly evolved m&?nt the application
of heat, the amount of esygen obtained from
these quantities being abont 10 litres.

(c) Baumann recommends (Zeitsch. anorg.
Chem, 1890, 79) charging a Kipp apparatus mﬁx
pieces of pyrolusite of 2-4 mm. diameter and
using . as the activating lignid commercial
hydrogen peroxide to_which, while well cooled,
150 c.c. of stromg suiphurio acid has been: added
per litre. The evolution of the oxygen is steady
and contintous. Neumann recommends the
use-of cubes made from 2 parts barium peroxide,
1 part pyrolusite, and 1 part gypsum with
hydrochlorio acid of sp.gr. 1'12 as activati
liquid, but the o evalved by this meth
contains traoes of chlorine,

{2) If water is dropped on tc broken pieces
of fased potassium, sodium or potassium-
sodium peroxide, a steady stream of oxygen is
evolved. Walter recommends fusing 103 :
sodium peroxide, 100 grms. potaseium nifrate
and 25 grms. magnesia; hydrochloric acid is
then dropped on to the cold broken-up mass.
{e) If a mixture of equal parts of sodium
Koxide and a selt containing water of orystal-
isation, such as sodium sulphate, is gently
heated, oxygen is evolved in a steady stream.

6. On passing a mixtare of steam and
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ohlorine through a red-hot porcelain tube, filled
with fragmentis of porcelain to inerease the
beating surface, the chiorine combines with the
hﬁdrogau of the water and oxygen is liberated :
2

01201, =4H(14-0,. _
Y. alectrolysis of a solution of sodium
hydroxide or of water alightly acidulsted with

sulphuric acid, the water is resolved intc hydro-
gen and oxygen, the latber appearing at the
positive pole: 2H,0==2H,+O,. This forms a
convenient method of obtaining small quasitities
of pure oxygen, such as are required in gas
wssyﬁ(gxyge' be prepared fro h
3 n may be pre m suc
highly oxidised compounds as peroxides of
lead and manganeee, potassinm dichfomate and
ate, &o., by the sotion of snlphurio
‘aeid, aﬁemhowem,neﬁmwdum
of us oxygen, bui are useful as
oxidisi Jenh. Thus hydrochloric acid,
when treated with salphuric acid and potassium
permanganate, is oxidised to hypochlorous
acid, and aloohol treated with sulphurio acid
and ansse dioxide yields aldehyde and
water. - The {following equations. represent
the chang~s which take when manganése
dioxide = d potassium dichromate are respec-
tively treav>d with sulphuric acid :
2H,80,+2Mn0,=2Mn80,+2H,0+-0,
and 8H,80,42KCr. 0.
=2K,;50,+2Cr,(80,);+8H,0 130,

The change istendered visibleint: ‘atter case by
the formation of a dee, . green salt of chromium,

the solution being previously of a red colowr.
91.0 When fresh leu;;a, l;amh a8 fmint l(;;

, are exposed to the influence of sunlig

mnyinverted oylinder filled with water satu-
?ted lfvith on‘l)oxlx1 dit:lx’ide and ltandmgaﬁl: a
asin of the same liquid, oxygen appears after a
time in ntlgute bubl&es on the leaves, and ocollscts
3n the upper part of the jar. This method of
liberating oxygen is of interest as being that
.which occurs in nature, by meaus of which the
.loss 0f atmospheric oxygen continusily taking
. from combustion and respiration is re-

P B!;odo” the imiustnal' scale. 1. The ﬁr]::
met| posed for obtnmmg' ing exygea on t
large aom was the ignition of nitre, and this
method, in various modifications, has formed
the beais of several patents. The first oxygen
patent occurring in the records of our Patent
Office, is No. 125636, S. White, 1848. But the
oxy‘fen so obtained was contaminated with
oxides of nitrogen, and this method has not
. sdvantageous. It deserves mention,
owever, as being the means by which Priesfley
first abtained impure oxygen in 1771. He then
holie?;lth;og;tobe‘ﬁ;;dair’ (;ubon
dioxide), an recognised his mistake 3 years
afborn)r,ds, when he obtsined oxygen from

mercuric oxide.

2. By heating m dioxide. This was
formerly oné of the cheapest methods of pre-

i on the commercial scale.

3. By heating a mixture of potassium chlor-
ate and about one-eighth of its weight of man-
genese dioxide. Though more costly than the
last-named, this method is more easily carried
out,~and was, until within the last
-slimost: exolusively employed in the preparation

3
of the considernble gmantitics of oxygen used
for lime-light purposes.

4. By the decomposition of sulphuric acid
by heat : 2H,80,+-280.+2H,0-0,." The sul-
pKun‘c acid is allowed to drop on red-hot suriaces,
aud is thus deco: the oxygen alone is
wanted, the emergent gaseous mixbure is
over media suitable for the ahsorption of the
;v;ter and sulpht;r dioxide. As h: method :or

e preparation of ox only this process has
not found much favogrg,agut ity bas been used in
the preparation of sulghur trioxide, where, the
water being removed by & desiccating agent, a
mixture of sulphur dioxide and oxygen in the
desired proportions is at once obtained. It ie
the process suggested by Sq:ire in his patent
for the manufacture of sulphur trioxide (Eng.
Pat. 3278, 1875).

5. By the dialysis of air. Many attempts
h;we beenhrmadaghto utilise the hm dxﬁnmm
o] through porous septas, v
Gmm or the property of eaoutchouo whenbiz
thin layers to allow oxygen to m through it
more readily than nitrogen. ersl petents
have been taken out for processes of this kind,
but with no practical suceess, and mhm
' mena do not seem likely to lend themselves to
the production of oxygen on the large soale.

6. Better succeuxlu attended the endeavour
to make use of the greater solubility of oxygen
than of nitrogen in water or other solvents.
Mallet, who took ont a patent for this process
(Eng. Pat. 2137, 1889), com the air over
water. The coefficient of solubility of oxygen ih
water is abhout twice that of nitrogen. The
oxygen was, therefore, dissolved in greater pro-
portion than the nitrogen, and when the excess
of pressure was removed and the dissolved gases
extracted by ihe aid of & vacuum pump, the
amount of oxygen in the gaseous mixture was
greater than in air. This mixture was then
hon, aftor ahont aight absorption, neesly pare
when, after about eight absorptions,
oxygen was obtained. The following table,
given by Mallet (Dingl. poly. J. 109, 112), skows
the composition of the gaseous mixture at each
sucoessive stage of the operation :—

‘ Composition after successive absorptions
12,3 /4|5 )67

N=19 wzxsz-& 752501160

0=21 33‘3’47'5162' ;!'76'0 850

_ This procees was used by Phillips in 1871-7é
to obtain oxygen for his experimental lighting
of part of Cologne by special oxygen-fed oil

e
c
lpw

U

90, 50| 27
910/050/973

lamps, but beyond this does not - ppear to have
been practically applied. '

8]

7. By the alternate oxidation and de-oxide-
tion of cuprous chloride. Cuprous chloride, if
exposed to air, and ially to mnoist air, is
oxidised to cupric oxyehloride, and this, when
heated to dull redness, gives off oxygen, and in
reconverted into cuprous chloride,

(@) 2Cu Cly+0,=2Cu,0C1
] 209:06113 am:‘l“o:
Mallet obtained patents (Eng. Pafs. 2034,

1865, and 3171, 1866) for the practical utilisa-
i tion of thid method -as-s continuoye process for
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obtaining oxygen from the air, but it has not
be:ln found economically available on the large
scale. ,

8. By the altornate formation and decom-

position of alkeline manganates. When an

oxide of manganese is mixed in suitable propor- |

tions with a caustio alkali {potash or soda), and
is subjected to the action of air at a moderagely
high temperature, an alkaline mangsne
formed. this manganate is then heated to 2
bright-red heat, and a current of steam passed
over it, it is resolved into ite original eonstjtuents
with evoluticn of o'xy]%en (C. M. Téssié du Motay
and C. R. Marechal, Eng. Pat. 85, 18686). .

2Mn0,+4NaOH 40, (air)-=2Na,Mn0, +2H,0
2Na,MnO,+2H,0=Mn,0,+4NaOH +30
Mn,0,+4NaOH +-30(air) =2Ne,Mn0,+2H,0

The mixture was introduced into horizontal
retorts, which were heated to & dull red heat
while a current ‘of air was passed through.
After oxidation was complete the supply of air
was cut off, the retorts were heated to & bright
red heat and & ourreat of steam admitted, when
oxygen was ovolved. The retorte were then
allowed to oool .again to a dull red, the passage
of air again comnenced, and so on. The mix-
- ture was said to undergo no deterioration, and a
continuous and very ecomomical method of
cbtaining oxygen seemed attained. Works were
ereoted, and vhe process carried out on the large
oale at Paris, Lille, Broasels, Vienna, and New
York, and large quantities of oxygen were made.
A large of Paris was laid with a double
system of pi%in with the intention of lighting
that city with the oxy-hydrogen light, and the
New York Company carried out by the same
light the lighting of the works during the build-
ing of the Brooklyn bridge. But it was found in
pr:ic(:iticfe that the ?xdlxture did (}eteﬁorste, the
yield of oxygen rapidly diminishing, and finally
almost ceaaing. This was probably due {o the
difficulty of maintaining the intimate mixture of
the easily fusible, hygroscopic and very soluble
aoda with the manganio oxide, the former settling
to the bottom through the combined effect of
the heat and steam used. .

Bowman (Eng. Pat. 7851, 1890) claimed to
have overcome this difficulty by making the
alkaline anate in a granular form and
dusting over the granules, whilst still in a plastic
condition, with oxide of copper. Parki
(Eng. Pat. 14925, 1891) claimed improved
modes of preparation of the material together
with the use of & vacuum in place of steam
tc oause the evolution of the oxygen. The
manganate material, in upright iron retorts, was
heated to about 1200°, and air pemped in under
pressure to effect oxidation; the pumps were
then sutomatically reversed and the oxygen
drawn off under greatly reduced pressure,
Fanta’s claim (Eng. Pat. 3034, 1891) mainly
oconsisted in inoreased stability of the material
by the use of excess of caustic sode, and Webb’s
resembled Bowman’s, except that the pieces
of manganate material were dusted over with
manganese peroxide instead of with oxide of
copper. In Chapman's process (Enii; Pat.
11604, 1892) ¢ oxide of manganese éor o like
in a powdered form is kept suspended in fuse
soda (or the like) 8o that the charge is practically
in the condition of & liquid,’ and the alternate

te is

-

supplies of air.and steam were driven into the
liguid at the bottom, thereby keeping the oxide
in a state of suspension. Butthough these modi-
fications have heen tried on the practival scale,
none of them proved commercially sdecessiul.

9. Kassner (Epg. Pat. 11899, 1888) found
that when an intimate mixture of lead oxide and
chalk is heated to 600° in contact with the air, a
calcium plumbate Ca,PbO, is formed. If this
plumbate is then introduoced into a solution of
potassium or sodium carbonate it is decom; 5
an insoluble precipitate .of calcium carbonate
and lead peroxide is formed, and caustic potash
or soda remains in solution., This is removed by
decantation, and the precimfn washed, The
precipitate, in which the peroxide is, of
oourse, the active ({:nrt, may then either be used
directly. as an oxidant, or it may be introdueed
into a decomposing vessel, dried with super-
heated eteam, and heated to about 560°, vwﬁn
gglgen is evolved, the mixture of lead oxide and

jum carbonate left Leing then ready for re-
generation. The décomposition of the plumbate

‘may also be effected by saspending it in water

and treating with ¢arbonic acid. The following
equations indicate the reactions taking place :
20aC04+ PbO-+O(air)=Ca,Pb0,+2C0
C8,PbO,+5Na,CO. +2H,6 FeOyHI00:
"= 4NaOH +-20aC0,+Pb0,
20&00,+Ph0,=2(h00,+?b0+0

" The complexity of the process and the large
amount of ur enteiled by it, offer listle

- chance of its-being prastically aip'li'nsbla, exceg

possibly in chemical works, where it may
used in conjunetion with the manufacture of
caustic alkali, and even here its economy is very
doubtful, . : ~

The decomposition of the plumbate into lime
and lead xide may alzo be effected % situ by
means of a darrent of moist furnace gases at
°~100° and the oxygen then liberated by
raiging the temperature. The great changes of
tempetature, however, thus involved, render
the method imyiracticable, and in addition the
sulphur impurities in the furnace gases rapidly
deteriorate the mixtare. - :

Salamon (Eng. Pat. 85563, 1890) pro) to
decompose the caloium plumbate without re-
movi:g it from the producer in which it is
for_.ed by allowing the temperature to fall ‘ to
& ¢~—*ain point,’ and then introducing & current
of pare carbon dioxide. The following reaction
then ocours :

Ca,Pb0,+2C0,=2CaC0O4+Pb0+-0O

This necessitates the use of at least four times
the volume of carbon dioxide ss of oxygen
obtained, a condition which at onoe puts the
process out of the question as. a technical and
economioal one. It has been su, that the
quantity of pure carbon dioxide required may be
largely reduced by carrying out the earlior part
of the reaction by means of the earbon dioxide
in furnace and uaing it pure only at the
last. But t.ge drawbacks 50 introduced neutralise
any advantage, - .

10, By the alternate formation and decom
position of barium peroxide. In 1851 Boussin-
goult found that when barium oxide (ba;"y“_)

air

18 heated to a dull red heat in a purrent
it is converted into barium peroxide, and that st
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a higher temperature this peroxide is again o-
solved into barium oxide and oxygen. Buf his
attempts to utilise this reaction as a practical and
economical source of oxygen failed owing to the
fact that after a few oxidations and deoxidations
the baryta lost its power of re-absorbing oxygen.
Many other attempts were made to overcome
thia difficulty, buvt for long without success. In
1879, however, the MM. Brin fréres were wmore
sucoessful, and took out o patent for the process
(Eng. Pat. 1416 of 1880). Further improve-
ments were made under the auspices of the com-
pany formed to develop and work the patents, and
the process was made practical and economical,
and was worked on & la.rfe seale at various places,

The permanence of the ba is mainly
dependent on its physical condition, ‘the use
of reduced pressure during deoxidation, and
consequent avoidance of excessively high tem-
peratures, and the careful purification of the
air used, It was found possible to dispense
with ohange of temperature in. the reaction,
change of pressure being alone trusted to for
determining the respeotive phases of oxidation
and deoxidation. Neither the oxidation nor
the deoxidation is as complete as when two
temperatures are used, and the yield per opera-
tion is much less. But the duration of the
operation was reduced from about 4 hours to
8-15 mins., and the total daily yield therefore
largely increased. At the same time the opera-
tion was much simplified, the wear and tear of
furnace, retorts, &c., greatly reduced, and the
fuel required lessened. Labour was also econo-
nised, the multiplied reversals of cocks, &o.,
necessitated by the single-temperature method of
working being effected automaticaily by revers-
ing gear designed by K. 8. Murray, The labour
required was therefore little more than that
needed for stoking the furnace, and oiling and
supervising the pumps, &6. The oxygen
obtained had a purity of about 93-96 p.c.

For a producer capable of delivering 10,000
cubio feet of oxygen per 24 hours the consump-
tion of ooke in the furnace was about 12-16 cwt.
per day, and for plant of that or smallet gize the
pump power required was about 1 LH.P. per
1000 feet of oxygen produced per day, the ratio
decreasing for larger plants.

It is necessary that the barium oxide should
be a8 hard and as porous as possible, and this
is best obtained by igniting the nitrate. The
nitrate fuses and decomposition soon commences
with evolution of 2 mixture of oxygen and cxides
of nitrogen. This action continues for about
2-3 hours, during which time the contents of the
crucible remain in ebullition. A porcus mass is
then left, which is hested for another hour to
comilmbe, a3 far as possible, the decomposition.
In this way a very hard but also very porous
baryta is obtained.

This process was thoroughly practical and
economical, and large numbers of plants were
erected all over the world and worked suscess-
fully for wany years. It was described in

detail with illustrations of plant in the first: .
edition of this dictionary (see also K. 8. Murray, |

Proc. I. Mech. . 1890, 131; Thorne, J. Soc.
Chem. Ind. 1390, 246). In the last few years
the provess has been largely superseded by the

still cheaper liqfuid air process, which also pro- |

duces oxygen of greater purity (v. infra).

*
b

Cost of {on.—1t is very ditheult to
obtain data of the cost of production of oxygen
under the earlier m%tlﬁds desor;ibed,teb\;g :lﬁe
following figures probably approxima e
cost per 1000 cubic feet :—from chlorate 81.~10L ;
from pyrolusite 41.-6l.; from sulphuric aci¢
2i. 10s.-31. (probably higher when only the oxygen
and not the sulphur dioxide is utilised; by the
Tessié du Motay process 31.—4l. ; by the Brin pro-
oess 7s.—12s. No authensic data of the cost of pro-
ducing oxygen by dialysis or by solution in water
are obtaina%le, but it would probably be at least
as high as that by the Tessié du Motay processs
In the Kassner process the cost depends largely
on the amouxt realised by the sale of the caustic
alkali, but would ocertainly be prohibitive for
technical purposes. For cost by the liquid air
and electrolysis processes, v. infra.

Properties.—The Inteinational Commitiee on
Atomic Weights Las adopted 0=18 as the
standard of comparison for all atomic weights,
and under this scale H==1-008 (1'0076 Morley).
.Oxygen is a colourless, tasteless, and inodorous
gas, of sp.gr. 1°1066 (air==1): at 0°and 760 mm.
pressure a normal litre of gas weighs 142005
~rms. (142893 at 0° and 760 mm., and 0-2907)
gm. at 1087°4° and 760 mm., Jacquerod and
Perrot, Compt. rend. 1905, 140, 1642; 1-42889
at 0° 760 mm., sea-level and latitude 45°,
Moles and Gonzalez, tbid. 1921, 173, 355}, and
at 30 ins. pressure and 15-5° 100 cubic ins. weigh
34-206 1 grm. of oxygen measures 0°6997
litre and 1 1b. 11-84 ft. x{m absolute viscosity
at 23° and 760 mm. pressure is n--107=2042-35
(Kia-Lok Yen, Phil. Mag. 1918, [vi.] 38, 582).
Oxygen also oceurs in an active allotropic form .
called ozome, which is treated of in a separate
article (v. OzoxN®).

Oxygen normally acts as a divalent element,
but in many compounds, especially in certain
organic compounds heving somewhat basic
cheracteristics, acts &g 2 tetrad. When ex-
amined threcugh very thick and rinbly com-

ressed layers, gaseous oxygen has a slight
glue tinge of colour. It is sparingly soluble ir:
water. As with all gases, the quantity of
oxygen dissolved by water depende on the
tension of the oxygen in the atmosphere in
contact with the water. Thus pure water shaken
up in contact with pure oxygen will absorb
nearly five times as much oxygen as it would
when shaken up, at the same temperature
snd under the seme pressure, with air—which
only contains 20'9 p.c. by velume of oxygen.
The following table gives the coefficients of
solubility (i.e. the volume of oxygen absorbed
by one_volume of water when shaken up with
pure oxygen under 760 mm. pressure) at different
temperatures as determined by different ob-
gervers :

" i " Coeffictent of solubility

o

: §3 | 1 } :

| 8% ]‘Bunsen' Ditt- | BO3%08 yyingrer BOAX &) pox

i i(12355}E mar | yoag : (1861) . (1500 ;(1905)
g ! | |

Docclooanr! — | — 00489, 00496 | 00462

£10°7 00325 | 0°0383 | 0°0377 | 00380 | 0-0380 | 0°038¢

120° 00284 | 00312 | 00308 | Y0310 | 0°0317 | 0°0814

igge i — . - | — 00262 00268 ! 00267

fa0° © — | — | — I .— ;00288 00283

(500 L — | — — — | 00207 | 00200

t
i
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These numbers multiplied by 1000 give the
number of eo.e. oxygen absorbed by a litre of
water from pure oxyg:n.

Winkler gives the following formula for
e coefficient of solubility (8) of
oxygen in water at any temperature {f):
B==004890 —0-0013413¢-}-0-0000283:*

—0-00000029534:%

Fox (Trans. Far. 8oc. 1009, [v.] 68-81) gives
the formula :

£=0-04024—0-0013440¢ 4-0-000028752¢*
: —0-0000003024¢42

Rain-water is very nearly saturazted with
oxygen when ite temperatare, as collected, is

ow 15° During summer months the
dissolved oxygen is always less then the saturs-
tion quantity, sometimes by as much as 26 p.o.

The ooefficient of solability of oxygen in
aloohol at 0° is 0:2337; at 20° it is 0-2201
(Timofejeff), so that oxygen is much more
soluble in alcohel than in water.

Nearly all natural waters contain :z%en
i‘;xymlultion ard can only be &?rog’thg 3 ;;1
prolonged #n vacuo. digsolv
oxygen, &oml in amount, is the source
from which fish obtain the ¢xygen necessary to

sustain life,

The solubility of oxygen in sea water at
16° is about 78 p.o. of ita solubilify in pare water
(Clowes and Biggs). All saline solutions dissolve
loss oxygen than pure water. The gas is very

i soluble in a strong solution of am-
moniam ohloride.

For the solubility of oxgen in various organic
solventa see Fischer and Pfleiderer, Z. snorg.
Chem, 1922, 124, 61.

Oxygen, tho lo:

pressure of 320 atmoepheres, and a temperature
of —140° Cailletet had previously ebserved
the formation of & miat due to liquefaction when
oxygen at —29° under a prossure of 300 atmo-
sp was allowed to e saddenty.
Olsgewski in fl&ss showed Cha the critical
temperature of oxygen (i.e. temperature
above which no amount of preesure will liquefy
it) is —143° the preesure uceded to liquefy it
at that Vomperature being 560 atmospheres,
and this was confirmed by Wroblewakd and by
Dewar in 1885. According to Cardosc (Arch.
Soi. phys. nat. 1915, [iv.] 39, 400) the oritical
pressure is 40-30 atmos. and the critical tem-
ture —1I8°. Aoocording to Kamerlingh
nnes the critical data are —118-84 and 49713
atmospheres.
Liguid oxygenisa steel-bine transparent
and very mobile liquid showing a clear meniscus
(Dewar; Olszewski) boiling at —182-5° at 760

mm. pregsure. When the pressure is reduced i

or removed, eyaporation takes place so rapidly
that & part of the oxygen is often frozen.
Solidification tukes place under 9 mm.

at —211-8° (W.), under 172 mm. at —219°
{Dewar, Roy. Soc. Proc. 1911, 85, 589). 'This

l&;,tet tl:m tltmm is thmf&m :l;; - lowest
obtainable ovaporation of liquid o
Travars, Sinter and J. st xyg

{Proun. . .
1902, 70, 484) found the b.p. of oxygen to be
~182-8° a% 760 mm., —185° 2t 600 mm., —1885°
at 40C, and —1938° at 200 mm. The vapour

rogarded ss & per-| Tt
msunent gas, mﬂeﬁ in 1877 by Pictet at a

pressure of oxygen at temperatures in the
aeighbourhood 57°-00° (abs.) may bhe ax.
by the equation log p=m+3 Cl
{p in atm.) with A=-—41031, B=52365,
veygon 8 & hard, doakly refrasting pale bine
OXygea 83 & ubly refracting ue
crystalline masa by oooling liguid oxygen in a
spray of liguid hydrogen. Its m.p. }s —219°
uader a pressure of 112 mm. The density of
liquid oxygen is 1'1181 at —182:6° 1-1700 at
—1955°, 1-2388 at —210-8° and that of solid
oxygen 14266 at —262-6° (Dewar) aomas}il«mdmg
to the general formuls (for liquid and solid) d=.
1-5134-000442T° (where T°=abeoluie b:?em-
ture). 7818 volumes of oxygen at 0° 760
mm, are contained in I volume of liquid oxygen
r -(1182'5% The latent ‘;hem;t otfh vapotisation of
iquid oxygen varies wi e temperature
{Alt), at 760 mm, pressure (i.e. —183'6°) it in
5097 oals, at —205° it is 568 cals. The
specific heat between —200° and —183° is
0:3474:0014. The vapour density at —182° is
normal. The refractive index of li%:id oxygen
is 12236. Liquid oxygen abeorbs n :
readily, diseolving at —100-5° 380 ‘times iis
volume, or 42.p.o. of its weight of gaseous
nitrogen, the b.p. being thereby red to
—188:8°. This :;lu probably the cause & &
diserepancies in obodms" -pointe given
earliar observers. iqnid oxygen is »
pecfoot ingulator, and is also wmﬁ%
inert in its chemical properties. Phosphorus,
potassium, sodjum, &o., may be immersed in it
without any action taking place (Dewar),
When liguid oxygen is subjected to the
action of strong light, and particulasxly of the
ultra-violet rays, some of it is converted into
ozone (Dewar) (¢f. Weigert, Ber. 1013, 48, 815).
is also ozonised by a-raya. It is diather.
manous, a non-conduotor of eleotricity, but is
strongly magnetic, its magnetic momert beimp
1 when iron is taken at 1000. The magnetie
susoeptibility of liguid oxygen at the bew
£ tislﬂﬁmesasmthtoit\he ?
ts susceptibility is diminished or temporarily
suspended by elevation of temperature. Oxygen
is the least refractive of all gases; it gives a
istic though not very strong absorption
but to obtain this it is neosmsary to
view the source of light through great thick-
nesses of liquid or throngh the hig| yoom}nv-ed
ges. The spectrum first appears in the form of
& pumber of fine lines, but as the pressure is

increased or a Iayer of liquid o in emplo;
it shows a num ofu!?medetxy&o:ahdo%m

bends, with almost complete abeorption in the
violet and ultra-violet. Bix absorption bands
have been observed, two in the red corresponding
tothe 4 and B Fraunhofer lines. The absorption

of liquid oxygen is practically identical
with that of gaseous oxygen. Oxygen shows a
luminous spectrum in & Geissler tube containing
& bright band in the red, two in the green, and
ous in the blue, but the spectrum varies ander

gﬁ chemioal aotivity of air depends upon
theoxygenitoontﬁm,drbam imply, ia ite
chemioal relations, oxygen diluted with nitrogen.
¥reo oxygen, whether dilnted with mitrogen or
not, !:H,gﬁlh jests considerable chemioal aplivity,
oven ab i this activi

incroasing with ~rise o temporature. There
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..e only few elements—viz. fluorine, chlorine,

“yromine, jodine, silver, gold, platinum, neon, |{

argon, and helium—whioh do not unite direcily
with oxygen. Most of the non-metaltio elements
unite with oxygen to form anhydrous acids,
Of the exceptions, hy n forms a neutral
oxide {water), whilst no oxides of fluorine, argon,
neon, or helium have yst been obtained.
Phosphorus combines with oxygen &¢ ordi-
tem tures, a8 do also moisb iron, moist
I moist saw-dust, and many metallic com-
unds such ag cuprous chlonide, manganous
ydroxide, ferrous hydroxide, &e. This oxida-
tion at ordinary temperatures ia called oufor:-
dadion, and substances undergoing satoxidation
often induce the oxidation of other substauces
present which otherwise would not oxidise
spontaneously. The alkali metals, especially
rubidium, are especially active in this way. In
many cases ozone is simultsneously produced.
Light, and particulaxly sunlight, greatly assiets
oxidation by gnseous oxygen. Potassiare and
sodium are at cnce by dry oxygen at
ordinary temperatures, beco coated with
their respective oxides. The majority of mstal:
remsin bright under aimilar conditions, bat
meny become oxidised when maisture is present.
In some of the metals oxidised by exposure
to air the first coating of oxide formed acts
as & protective covering and prevents further
oxidation, aa ie the case with lead. In others,
however, the oxide first formed gradually
becomes converted into a higher oxide and msy
then give up part of its oxygen to the metal in
contaot with it, and the oxidation is thns prope-
gated through the mass of the metal. The
rugting of iron is not a eimple cese of oxida-
tion. Some metals which in their ordim
condition are comparatively inert tow
oxygen combine with it readily at orm tem-
peratures when they are in a ﬁne:idi ided atate,
offering & very large surface for chemical action.
Thus lead or antimony when obtained by the
ignition of their tartrates, and iron, nickel, cobalt,
and copper, when reduoed from their precipitated
oxidea in & curreat of hydrogen a$ a low tempera-
ture, all ignite spontancously in contact with
air or oxygen, and when in this finely divided
state are therefore often termed nyrophors.
Silver, ggld, and platinum are not acted on

i y oxygen at suny temperature. Some
metals in a.f mglten awtztieoh;bswb oonsiderable
quantities of oxygen which is given out again
wholly or in part when the mefal solidifies.
10 grms. of molten gilver at 1020° absorb about
20 ¢.0. oxygen (v. Donnan and Shaw, J. Soo.
Chem. Ind. 1910, §87).

- Molten platinum and ;ialkdmm also absorb
oxygen. Heated at 450° mlver gradually absorbs
(owgzinee) about 5 times its volume of oxygen,
gold 3545, platinum 65-75, and palladium
about 800 (7 p.c. by weight). Platinum black
absorba about 100 times its volume of oxygen
and palladium sponge 1000, of which the whole
is nob given up again below a red heat. Wood
charcoal absorbs oxygen at ordinary tempera-
tures—about 18 times its volume (Goldstein)—

7
being reduced to thst of a Geissler tube

The astivity of oxygen is increased greatly by
inerease of temperature, apd with most sub-
stances (except under the conditions already
mentioned} an initial heating is necessary to
start free oxidation, the heat evolved during
oxidation being then sufficient to maintain it.
Thus iron heated to bright redness in an atmo-
gphare or stream of oxygen takes fire and burns

i . A mixture of oxygen snd hydrogen
may-be kept at ordinary temperatures for any
fength of time without change, but if the tem-
Eemture of any part of the mixture be raised to

right redness—either by the eleotrio spark, by
the presentation of a flame or by other means—
i&x;iﬁon at onee takes place with explosive force
ughout the whole mass. Under certain gir-
sumstances, however, this combination may be
efiected at ordinary temperatures. Thus, if &
piese of clesn platinum foil be kung in the mix-.
tuzs, combination tekes place gradually at
crdinary temperatures.” This appears to be due

' to the power possegsed by palladium, platinum,

and some other substances of condensing gases
and especially hydrogen on their surfaces, the
agtivity of the gases 80 vondensed being thereby
tly incressed. If platinum or pallsdium
lack or ﬁ;;lgnge is uaed instead of foil, the aotion
is so moch inorsased that the heat evolved in
the combination scon raises the temperature of
the metal to the iguition-point of the gaseous
mixturs, end ordinary combustion ensues. This
effect has been taken advantage of im the
Dgbereiner lamp (named after the investigator
who first noticed this property of platinum)
wherein s piece of spengy platinum is sus-
gended aver a jet connected with an sutomatio
en-generating vessel. When the tap is

turned on, the jet of hydrogen becoming mixed
with sir and at the same time impiuging on

the spongy platinum, oxidetion takes
rapidly, the platinum soon becomes

hot
and ignites the jet of hydrogen. Similar effects
are produced with oxygen (or air}-and geseous
bydrocarbons. :

Varions substances which expose large sur-
faces to air {or oxygen) become gmdna.ll&;ﬁwated
through slow oxidation or combustion, and, if
the heat ceunot get sway, iguition eventually
oocurs. Thus oily or greasy woollen and cotton
rags and refuss are capable of absorbing oxygen
fairly rapidly, avd if present in any quantity
the heat produced may accumulate and cause
spontanecus combustion, and this action iaa not
infrequent cause of fires in factories. A simiar
generation of heat and eventual ‘spontaneous
combustion’ often arises from the storing of
moist hsy in hayricks, and from the storage of
damp coal in ships or hesps. The tion
that the ignition of coal is dus to the oxidation
of pyrites has been disproved by the work of
Riohters and Lewes, who have shown that the
heat is generated by the absorption of oxygen
and its action on the bitwminous constituents
of the coal.

Dixon, Baker, Traube, and others have

but this absorptive power inoreasss enormously
at very low temperatures. At —185° 1 o.c.
absorbs 230 c.c. of oxygen with the evolution
of 34 cals., and this action msy be employed
to produce an oxygeu vacuum, the pressure

shown that even at high temperatures the
presence of a trace of moisture is necessary
for free oxidation (combustion), and ihat in
absolutely dry oxygen, sulphur and phosphorus
can be distilled, and carbon made red-bot without
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combustion takiug place. A jet of hurning dry
carbon monoxide is even extinguished when in-
troduced into pure and absolutely dr{ oxygen.
The presence of the minutest trace of moisture
is, however, sufficient to. restore to oxygen its
activity. ’

In ordinarily dry oxygen all substances which
burn in air burn with much greater brillianoy,
and many substances which do not burn in air
burn vividly in oxygen. Thus iron, zine, &c., if
the ignition is started by a portion being raised
t0 2 white heat in an atmosphere of oxygen,

continue to burn with great brilliancy and with-

the production of much heat. The actual
amount of heat given out during the com-
plete oxidation of any substance is the sarhe
whether the combustion is slow or rapid, aud is
carried on in air or in oxygen. But it is quite
different in regard to the temperature develo;
this depending on the concentration of the heat,
and so being higher the more rapid the combus-
tion and the less extraneous matter is present
to absorb the heat. Thus, when phosphorus is
burned in oxygen, the temperature produced is
very high, and the combustion takes place with
dazzling brillisney. The temperature of a
hydrogen or a coal-gas flame burning in oxygen
is very much higher than that of a similar flame
urning in air, The temperature of a flame of
hydrogen burning in oxygen is 2800° ; of carbon
monoxide 2600° ; and of acetylene 3000°, These
facts have been utilised in the construction of the
oxy-hydrogen and oxy-acetylene blowpipes for
obteining very high temperatures (v. i'nﬁ)‘; X
ooal-gas is substituted for the hydrogen, a very
hot flame is still obtained, but the temperature
i3 not as great as when hydrogen is employed.
16 grms. of oxygen combining with hydrogen
to form water evolve 68,40(‘%. : '
Oxygen is the ouly gas capable of sapporting
respiration, and forms the h.gamun ining con-
stituent of air: In the pure state it may’ be in-
haled for a time with impunity, and scts as a
mild tonic or exhilarant. But its long-continued
respiration is harmful, feverishness and weak-
ness being trroduoed; and it beoomes poisonous
if ‘breathed under pressure. Dr. Richardeon

kept & rabbit in an atmosphere of pure oxygen | o:

at & temperature of 23-0° for 3 weeks. It
ate voraciously all the time, but became so
emaociated from inability to assimilate new
material fast enough to supply waste that it
was found neo to discontinue the experi-
ment. At 7-2° the rabbit became speedily
narcotised, and would have died had it not been
removed. Richardson found that cold-blooded
animals were very little affected by being intro-
duoed into an atmosphere of oxygen, whilst most
warm-blooded animals (dogs, cats, guinea-pigs,
&o., but not the rabbit) speedily showed strong
fcbrile symptoms (Asclepiad 1887-89). Some
observers had noticed very decided narcotio
effects produced on animals under these condi-
tions, but Richardson ascertained that this is
due to the oxygen becoming vitiated by repeated
inhalations. m&a found dtiat when t&ﬁh samlt:
oxygen was over and over again; altho

purified from carbonic acid, &c., by pass‘;g e
over ocaustic potash, sulphuric acid, &c., the

animals became speedily narcotised, but that
when a continuous stream of fresh oxyger. was

employed this was not the case. This de-

vitalising * of the oxygen appears to be due to
traces in the exhal:x of some compound
which is not removed by the ordinary methods
of purification. The electric discharge veri
quickly re-vitalised the vitiated oxygen. ¥les
was found to decompese more readily in devita-
lised than in pure oxygen. At low temperatures,
and at very high ones, however, oxygen is
decidedly narootic in its effect.

But although in health the continued inhala-
tion of nearly pure oxygen is detrimental, its use
where the action of the lungs and heart is
sﬁleiah, a8 in cases of partial suffocation, of
collapse in cholera, pneumonia, and other ill-
nesses, is very valuable, and has been the
means of saving many lives. Its use in cases of
oyanosis, gox':,l%inbetes, &o., has also been found
advantageous. Wounds and sorc- are said to

ped, | heal more rapidly in an atmosphere of oxygen

than in air, and 1t has been largely used in this
oonnection. .

Methods of testing and estimation.—The
readiest test is the property possessed by oxygen

of moderate purity of re-kindling a glowing splint
of wood, a property only possessed by.one other

viz. nitrous oTide. th;‘n mixture l(;; a.irl and
oxygen containing less 30 p.c. by volume
of oxygen does not ignite a glowing splint. When
mixed with colourless nitric oxide gas, oxygen
produces deep reddish-brown fumes of nitric
peroxide, whilst nitrous oxide does not. Ni-
trous oxide is also much more soluble in water
than oxygen. Ferrons sulphate and ecatedhol
mixed in an alkaline solution rapidly absorb
oxygen and with the production of a deep red
oolour,

White indigo absorbs oxygen rapidly, at the
same time turning blue. ¥or general p .
of estimation, however, one of the three follow-
ing methods is generally used :— o

1. A sclution of cuprous chloride in hydre-
ohloric acid (which is colourless) absorbs oxygen
readily with formation of eupric oxy-chloride.

The mish - brown solution: of this salt
;:ay again reduced by keeping copper foil
it. e )

2. An alkaline solution of pyrogallol absotbe

freely, forming & dark-brown liguid.
Carbon monoxide is evolved from the ‘solution
if the sodium hydroxide solution has & sp.gr. of
less than 1:3; all sodiam p; oxide solu-
tions evolve carbon monoxide if the oxygeh
content is more than 95 p.c. A reagent which
evolves the minimum quantity of carbom
monoxide is made by dissolving sodium hy-
droxide in its own weight of water and adding
5 parts of this soluﬁo? to 2 m of aseoluﬁot;
containing 1 m of p ol in 3 c.c. o
water (Jones agrf; Mei hai,mi Ind. Eng. Chem.
1919, 11, 811). Good results are obtained by
mixing 45 c.c. of a 25 p.o. solution of pyrogallol
(prepared by dissolving 60 grms. in 180 o.0.
water) with 145 c.c. of 60 p.c. solution of
‘cauetic potash (prepared by dissolving 400 grms.
ordinary stick potash in 300 c.o. water). 200
c.0, of this solution will absorb nearly two litres
of oxygen, but it is better not to 'guqh the
absorption beyond about 450 c.c. as then more
or less carbon monoxide may be formed. Carbon

amonoxide i8 also sometimes formed when the °

percentage of oxygen in the gas being tested
exceeds aboat 30 p.c. Clowes (J. Soc, Chem.
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Ind. 16, 170, 742) recommends the l:mf of a
very e exoess of potash to prevent the forma-
tion of oarbon monoxide. He advises 160 grms.
potash dissolved in 130 e.c. water, and 10 grms.
pyrogallol added tothe alkaline liquid. Accord-
ing to Hoffmann (Z. angew. Chem. 1922, 35,
325), the best proportion is 20 parts pyrogallol,
20 parte potash, and 60 parts water, or 10
grms. pyrogallol in 90 c.e. of water with 70
grma. of potash solution of sp.gr. 156. A still
more active absorbent is made by suspending
114 grma. of ruwdered hydroxyquinol triacetate
(prepared %y the action of acetis anhydride on

-bene: yuinone) in 20 c.o. of water, shaken in a
Srimgm astmosphere with a oconoentrated

".ali * hydroxide ocontaining 17-4 of

BOH, or the equivalent (8 mols.) of NaOH, | flam

ditated with 130 c.0. of water (Henrich, Ber.
1015, 48. 2006).

3. Clean moist copper ubsorbs oxygen freely,
but a akin of snb-oxide is u}Jidl formed over
the coppur, which prevents further oxidation.
An ammoni ‘solution_of ammonium car-
bonate, however, readily dissolves this sub-oxide
again, leaving the clean copper. To utilise thir
reaction for analysis s suitable absorption vessel
is packed with oopper wire and thea filled
with s solation composed of equal volumes of
ammonia of sp.gr. 0030, and of a saturated
solation of commercial ammonium oarbonate,
When the gas in which the oxygen is to be
estimatod li: gi:m?,med into the "'?lolm
displaces the liquid, a large surface of clean
oopper is emsed. and the oxygem is rapidl
abworbed. en the residual gas is mmoval
theﬁquidagﬂnﬁﬂnthaveudmddinolmtho
sub-oxide of copper formed, leaving the eopp
clean for the next analysis. 200 o.c. of thi
solution will dissolve the oxide formed by the
absorption of about 4 litres of oxygen, but it is
sdvisable to renew it after the a ion of
about 3 litres, as otherwise a good desl of a
yellowish-brown preeipg;stfe (probably an s.m
monia-copper compound) forms w renders
the renewal more esome. A little fresh
copper wire must be oecasionslly added as that
in the vessel used up. ’

For all tests Hempel’s, Orsat’s, or
Stead’s apparatus (see ANALYSIS) answera well
for all but the most delicate determinations.
With these an oxygen determination can easily
be made in 10 mins.

If the first method is employed, the gas after
absorption must be freed from hydrochlorie
acid by means of potash.

The property of phosphorus of absorbing
oxygen at ordinary temperstures is also some-
times used for amalytical purposes, but this is
not & generally convenient method. A hydro-
chloric acid solution of chromous chloride or an
alkaline solution ef ferrous tartrate may also be
employed.

Sheaff (J. Biol. Chem. 1922, 52, 35) describes
& method in which small amounts of air or other
gas containing oxygen are diluted with hydrogen
and treated with excess of nitric oxide in presenca
of NaHO solution, and the resulting nitrite esti-
mated colorimetrically by sulphsnilic acid and
a-naphthylamine in acetic acid solution, and
somparison with a standard solution of sodium
nitrite. Quantities of oxygen or the order of
0: c.mm., approximatiog to a weight of 1 X 10~7

g;ms. wmay be estimated with & maximum error
of 4 p.c.

Applications of oxygen.—Oxygen has been
used sucoesefully to maintain the air in & respir-
able condition $ plae:: n;het; it cennot lb:
replaced, as in - submarind veese
&o. Its use has :fntegn been 8
nection with the ventilation Jarge halls,
theatres, &c., but the cost has hitherto proved
too Igmst for its adoption.

t is employed in conjunction with hydrogen
or c‘gi—fu to produce the oxy-hydrogen and
oxy-ooal-gas flimes in which platinum can be
melted, silver distilled, &c. One application of
thege flames is in the production of the Drumn-.
mond or lime-light where the intense heat of the
6 is made use of to raise a lime cylinder to
ﬁgv}:hite'll‘theat and Ifh;:ozbm an mmnsdwy vivid

. e oxy-hydrogen and o -gas or
acetylene blowpipe is also used fgths i
of metals, sutogenous soldering, the blowing a
manipvlation of hard- apparatus, and for

many other purposes where very high tempera.

tgm)m local heating are required (v. also
infra). - :
Oxygen in the

is nsed for many purposes
Isboratory, and, as e
medical It has been found that the

admixture of small proportions (up to 6 or 7 p.c.)
of oxygen with nitrous oxide during ansethetis
ing with thet substance prevents or reduces the
tendency to convulsions experienced with pure
nitrous oxide, without reducing appreciably its
angsthetic power. Johnson has shown (J.
pr. Chem. [i.] 48, 148) that anmsthesia may
produced wi nitmﬁn eq
nitrous oxide, and that a mix of nitrogen
with 8-7 p.o. oxygen forms a very satisfactory
anmsthetic, Kﬁducing sliﬁht or no conyulsions.
Oxygen been applied in the purification
of coal-gas from sulphur compounds. It is
found that if from 0-5-1 p.c. of oxygen is added
to the crude coal-gus before it enters the purifiers
gl_x-e reduction ogha ;;xlp?m' o!(mpounds {.‘:
12 8, 100 cubic feet of may
eﬁoctfrdn!!) %m,thamofog;i;!}egﬁ
or lime s-h\ ‘being unneocessary. o
iron i:h t urégn efficiency is ingmmd.is . 3 a&y
case the p ing space neece leasen: °
life of the purifying material is lengthened, and
the luminosity of the purified gas is cousiderably
inoreased. If lime is used for purification the
fouled lime (“blue billy’) has not the objection-
able smell which it usually possesses (Valon,
T boon foauf thatl, during th bleaching
t een foun 4 if; during the i
of paper pulps and other materials with bleaching
powder, oxygen in & fine state of division is
introduoed into the bieaching potcher, a great
saving of bleaching powder is effected, the
bleached fibre also being stronger in texture
{Therne, J. Soc. Chem. Ind. 1889, 83).
Pare oxygen is also advantageously em.
loyed in @he. axidation and thickening of oils
?or varnish  and linoleum .  The
thickened oil is paler in eolour than boiled oil,
the danger is less, as only steam heat is needed,
and the thickening, hesides being much more
rapid, is sccompanied by inerease of weight
instead of by loss of weight as in the ordinary
process of hoiling. The use of driers is also
unnecessary (Eng. Pat. 18628, 1888).

ted in con-

-

already mentioned, for some -

a8 well aa with ..
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Oxygen is now sometimes used to hasten the

ring of spirite, ths same effoot being pro-

dyoed in a few hours or dsys by means of pure

oxygen acting on the spizit in a finely divided

state ag ocours under ordinary method of
starage in casks in 2 or 3 yeats.

posals ha'

of oil gas and a8 sn illuminating ges
(Tatham, Eng. mﬂ&, 16138, and 16142,
1888). It was found that, if 15-30 p.o. of
oxygen is addesd to an il gas retorted at 2 Jow
Sempar:ftnn itogg?l }:nﬁavy and crude peush;umi
» g3 of very high illuminsting power and o
travelling ics is obtained. The gas
: ) aagom a8 shout its own volume
oioxygenmustbeaddedtoahe&vyoﬂﬁ:
before an explosive mixture is formed. e
sams inventor proposed (l.c.} to use carburetted
oxygen as & motive gas for eugines, &c. He
olaims that with propexly congtructed valves,
&o., perfect safuty is secured, and that the grsat
expansive force of ocarburetted oxygen on
ignition gives resnlts far superior to those ob-
tained in the ‘ordinary steam or gas engine.

The uso in the manufacture of vinegar of
small quantities of oxygen to act 83 & stimulant
on the mycoderma has been fouad to consider-
ably ingrease the rate of mﬁﬂcntioi:‘. T

Tar PropuoTioN oF OXYGSN BY THE
Lqueracrion. or Am.

Sinee 1902, the lhg:l air pn for the
g:;incﬁm of oxygen rapidly come to the

¢ and with the single exception of the elec-
trolytic method it is now the oxygen provess
almost exclusively employed for commercial

pur%)m
he soparation of liquid air into its main
soustitnanta, oxygen and nitrogen, was a problem
whick for many years, prior to 1902, oocupicd
tho aiteniion of physicists and chemists wko
have stadied the practical
cold and the liguefastion of gases.
It was, however, not until 1898 that the
first real srt:guof importance was taken in the
igal uotion of liquid air. In that year,
von ?Linde took ont & patent (Eng. Pat.
12528, 1806) for an & '
new era in the pi ucﬁonofl'ni:idairnnd
the separation

It has been proved by Thomson (Lord
Kelvin) aiid Joule that if compressed air were
allowsd to without doing external work
there was o shight fall of temperature due to the
fact that internsl work must be done in such
pnsion. Linde fivst realisod 3 that this
oooling offect inoreased very rapidly as the
temperature fall, and in his patent of 1896 he
1 It is & coincidence in the history of invention that

the Bng. Pat. 10165 of 1805 was applied for ky an
Engishman, Dr. William :m;;gn. a few weeks
befors Prolessor Carl von Linde took ocut his British
Patent, Eumm's patent is held by some to aniici-
bate Linde in this countxy although thero is no question
ag to the priority of Linde elsewhere. The terms of
Hampaon's vislonal spedification are somewhat
g‘; ova snd {t ks diffeult to say how much credit

cld be attached to this pphiication, gdetalls of
Linde's apﬁnmtua were the com-

pletion of aw Jmn'omu“e unfortunately his
elaim o, pri bas to stand on his pr onal

specification alone.

) otion of extreme

tng which marked a

utilised the fact to make s most practical and
offective air-liquefier. He took highly com-
preseed air at crdinsry atmospheric
and caused it {o pass through a copper
pipe coutained in a well-insulated hest inter-
changer, so constructed thet the air which was
allowed to e d through a throttle valve at
the lower of the was then caused to
pass back in a reversed flow through the imter-
changer in intimate contact with external
surface of the pipe, through which the com-
preseed air was passing on its way te the expan-
sion valve. The principle of regenerative cos
wea thus established between the expand
and eompressed air with s gelf-intensive ooo:m
aﬁeetmwhioh oout;ni:ed fo inomseof t;gﬁl theming
e 80 greal that a partion ® inoo
compressed air was liquefied and collected in
the vessel. Linde employed no

uooli:ﬁofthedr,md by this simple sonstruction
of scli-intensive counter-current interchanger,
there is no doubt thst he originated an air
liquefying apparatus -of much scientific value,
a.léhgongh not perhaps of much direct commercial
utility.

- But in his 1895 patent, Linde did not aim
merely at providing a simple method of pro.
ducing liquid air; his real object was by lique.
faction and subsequent fractional evaporation
to seperate ita constituents in order to obtain

oxygen of commercial purity. To do this,
| inde

relied on the fact that nitrogen being
more valatile than oxygen the vapour from a
liquid mixture of the two was richer in nitrogen
theii was the liquid jtsslf. This prooees of
fractjonal evaporation did not, however, prove
suceessful, 1t wes found by experimaent ihat
und(;f the most d::vo*:..ble coxslgiﬁous fm order
%0 obtain a residue containing 50 p.c. of oxygem
70 p.c. of the liquid had to be evaporated, and
that the forther evaporation was carried the
greater became tho proportion of oxygen lost
in the vapoprs. Thus in the end when the
liguid approacked the ordinary commercial
standard of purity in oxyg:n ite quantity bed
}meame’so minute as to be practically value-
o8s. .
The following table, prepared by Linde
from his own experiments, olearly shows how
the composition of the liguid changes even
under the most iavourable oconditions, vis
during slow or quiet svaporation :

Parcent. of | po ouni | Pex tent. of} Per cent. of
o |oloxum |OTET N | ooy
porated | DG coming o | 1o hquid
1000 231 75 1000
500 375 169 809
300 500 230 650
200 60-0 340 5240
160 875 429 439
100 770 520 330

50 880 700 199

Between 1855 and 1902, many petenbs were
taken out for the production of liguid air, and
the separation of ite constituents. N all
appear to derive their inspiration from Linde,




the low temperature for liquefaction of the air

obtained in ically every case by his
m expansion s:l‘f-intmﬁve system, whilst
fractiona] evaporation of the liguid was in-
variably the system employed for obtaining

oxy|

g:" & matter of historical accuracy it must be
admitted that for the seven years following
Linde’s patent of 1895 no substantial progress
was made towards the industrial separation of
oxygen from liguid air. It was not until 1902
,Eng. Pat. 14111, 1902) that Linde himself
took the final step which solved that problem
and lsid the foundation for what is to-day
ndoubtedly the cheapest and best process for
the production of oxygen.

It has already shown that to obtain
exygen from liquid air by fractional evaporation
:h‘%loﬂmentaﬂedoﬂhemmhm?

the process was designed to produce. It

was this difficulty which Linde solved in his
patent of 1802 and he accompli it by
adapting to the treatment of liquid air the
prooess of rectification loguk’nm and employed
in the prodnction of hol (see Avrocomovr).
Linde himself his 1902 invention solely
uannddiﬁontothnmethodofobh&ﬁ
oxygen from liquid air by means of fraeti
evaporation as desoribed in his 1895 patent, and
he only claims it as such. By introducing s
rectification eolumn, however, on the top of hi
evaporation chamber he not only sucoeeded in
arresting the oxygen which was formerly lost
but actaally employed it to form part of a
continuous rectification process for the produc-
tion of oxygen in a state of remarkable purity.

The simplest form of the Linde o )
separator as employed to-day embodies
essential features of his 1902 patent, so that a
bnef description of the actual machine with
special reference to the sccompanying di
may be taken as describing all the importani
characteristics of the apparatus as set forth in
the F?;ciﬁ“ﬁm sad cleim of that patexﬁt. i

ig. 1 represents diagrammatically the

sectional elevation of a Linde separator capable
of prodmcing large T%:mt.iﬁes of oxygen of
98-99 p.c. W:th ciroular upper portion
of the oasing, which is of wood, contains in ite
centre tho ing column A, whilst the base
constructed of wood in the form of a hexagon
ocontains the vaporising, or distilling chamber 3.
All olsarance spsces are packed with sheep’s
order to prevent the pemetration of hez* from
outside sources. e is the counter-currens inter-
changer construotad in the form of a large
copper spiral }’ipe and ocontaining three amall
copper pipes @, one of which is enclosed in a
larger pipe ¢, as indicated more clearly in the
sectional diagram, Fig. 2. c, is an extension of
the main spiral pipe to the top of the rectifying
column A a gas or vapour collecting fannel ¥
projecting within the same. e, is an open funmel-
ended extension of the pipe ¢ at the top of
the vaporising chamber B. The pipe coil dy,
shown in the vaporising chamber, is con
at oue extremity with the small pipes d, con-

tained in the oounter-current interchanger. |

The other extremity of this pipe is comneoted
with the inlet of the valve @, to the outlet ol
which another pipe dy is ~omnected as shown.
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This pipe is carried upwards and enters the

mﬁﬂggm eolumn nel;r the to&when nn:

fitted as shown with a rose end, function of
which will be explained 1ater.

With this inlumnnry description of the

easential parts the working of the apparatus can

HHA

e

i
)

|l|l lll

i

- |

Fre. 1.

nov:h be Mb;yg fol}l;)wed. There are two stages
in the working. First, the prelimi

down and production of lxq3:1‘;1‘::111.;“‘?y mo'ndoo?ht;go
separation of exygen from the liquid.

In commencing to work the muchine, air at
normal atmospheric temperature, or less, and
at a pressure of about 2000 lbs. per sq. in. is
conveyed from g compreasor of suitable
construction th the main pipe D, into the
three small 5
pipes d of the '
connter-current
inter - changer.
It passes down
these pipes and
thropgh the
plilpo coil d, ;u;
the vaporiser
the inlet of the
xvoboxe. ﬁ;

5 int,
the E::mm
of the reg la-
ting valve
spindle =, the
air is caused to expand f
pressure and is discharged at this low pres-
sure through the rose ended p'g;h:, into the
top of the rectification column. is expanded
air fills the column snd then fiows

s

Fro. 2.
from a high to a low

the only twe possible outlets, o; and ¢;, into
the counter-current interchanger, in a reverse
flcw to the incoming high pressure air, leaving



. that state round the coils in the

‘ npali%:r B, and the initial
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the a tue thro the pi ¢ and ® as
hdioalgs.m ogh pipes

It is at the valve ¢ that Linde obtains the
Thomson-Joule offect to which reference has
already been made and regenerative cooling
oocurs in the counter-current In r where
the incoming compressed air perts with some of
its hesat to the outgoing air which has been
rendered colder by this temperature drop on
expansion. The cocling efiect throughout the
whols apparatus on cumulatively until &
temperature is ultimately resched at which the

ded air begins to liquefy and collect in

The quantity of Hquid thus ollecting 'u@"
quan of Hyq us oollsoting is -
tered outside the a means of an

pparatus by
ordinary ooloured liquid whick is contained in a
glass tube b, enclosed in & pressure eqmalising
airouit a8 indicated.

When the whole apparatus has been cooled
down to the temperature of liquid air,
the liquid begins to accumulate rapidly in the

reduced oreasing the:’fr
may in i 3
openi:g of the valve @. Until this stage is
reached, any separation of oxygen and nitrogen,
which may have oocurred, has been dne simply
to fractional evaporation.

As, however, the liguid begins to accumulate
round the ooil in the vaporiser B, the -com-
pressed air tranamits some of its latent heat to
the lignid. The latter is thereby evaporated
whilst the compressed air is iteelf liquefied in
g‘ll'loporﬁon to the amount of heat thus extracted.

e vapours thus produoced begin to flow up-
wards ugh the rectification column in which
the lignid air is flowing downwards. The
temperature ient n for efficient
rectification then rapidly becomes established
in the column and second stage is reached
in whioh the a can be employed for
the uotion of oxygen.

In the geparation of o from liquid air
by rectification, Linde relies for his temperature
gradient on the difference between the boiling-
points of nitrogen and oxygen. The former is
77-5° absolute and the latter 91-5° absolute.
Liquid air is discharged into the top of the
oolnmn at a temperature of about 81° absolute.
N ing the more volatile component it
immediately begine to boil off, and thus auto-
matioally creates the maximum cold at the top
of the column. For the same reason the nitro-
gen preseyt in the
vaporiser is the firs element to be liberated by

. latent heat from the compressed air; so that the

temperature of the liquid in the vaporiser
beoomes higher as its content of ox-ﬁgen increases,
thus the highest temperature is also established
automatically at the bottom of the column.
When sll the nitrogen has been expelled from
the vaporiser, liquid air passing down the
column over various baffle plates comes into
intimate contact with rising vapours of oxygen
and an exchange of material takes place. At
each stage some of the rising oxygen is con-
densed and some of the nitrogen in the down-
coming liquid is evaporated whilst the liquid
gradually gains in temperature until by the time
it reaches the vaporiser its composition is
that of practically pure oxygen. The gas, on
the other hand, which passes off from the top

s

inal liquid collected in the | be:

of the column through the funnel ¥ and the
pipe ¢, to the counter-ourrent interchanger, ¢, is
mainly nitrogen at s temperature about 14
lower than that of the oxygen ab the bottom of
the column. The oxygen which rises in the
column to effect the material exchange with
the nitrogen of the lignid air is carried back to
the vaporiser together with moet of the
oxygen contained in the original ll:allm‘l. The
excess of oxygen which thus continually gathers
at the bottom of the apparatus is drawn off in
a gaseous condition through the pipe e, into the
pipe ¢ of tho counter-ourrent interchanger. It
will thus be seen that the gases drawn from the
top and bottom of the apparatus are made to
abatract heat completely from the incoming
com air which is on ite way to be liguefied.

‘he pressure at which the cold escape
from the apparatus is from 4 to 5 Ibe. per sg. in,,
just enough to cause them to pass freely through
the counter.cutrrent interchanger. L is an
emergency reloase valve on the low pressure
system. J and K are test cocks communi-
cating with the liquid air and liguid oxygen
supplies regpectively.

Xﬁver the regular condition of oxygen pro.
ducing has been reached the apparatus works
mf«?ﬁ{, the air supply from the compressor
being kept at sufficient pressure not only to
ensure its liquefaction aft the temperature of
the liquid oxygen bath (ssy 91° absolute), but
alsn to ensure that the drop to the low pressure
of from 4 to 5 lbs. sq. in. is sufficient tc make
good therraal losses due to leakage of heat from
outeide and to imperfect interchange in the
gounter-current & tus. In praotice, this
pressure iz found to be from 50 to 60 atmo-
spheres.

A separate fore-cooler for the compressed air
(not shown) is usually empioyed with the Linde
appsratus. This fore-cooler is kept cold by
means of a carbonic acid or an 2mmonia machine
and is interposed between the air compressor
and the separator so that the air leaving the
compresgor at normal atwospheric temperature
becomes reduced to a temperature well below
the freezing-point of water before it enters the
separator., By this means, practically sl the
moisture which has not previously Ketm ab-
stracted by compression and chemical absorp-
tion gets frozen out of the air. This is & point
of more importance in actual work than the
slight supplementary cooling which is obtained,
cause unless the air is thoroughly dry before
it enters the coils of the counter-current inter-
changer the working of tle apparatus is liable
to be interrupted by the formation of ice which
has to be thawed out before work can be re-
sumed. This is an operation which involves
considerable delay. It is usual therefore to
make - both fore-coolers and separators in
duplicate to ensure continuous working. In
addition to the elimination of moisture it is
also desirable to remove carbonic acid from the
air. This is vsually done by drawing the air on
its way to the compressor through & purifier
containing slaked lime. In practice, separators
work for a week or longer without freezing up
and fore-coolers for about two days. '

The three essentials of Linde’s process could
not be more coneisely or wcourately desoribed
than in his own patent specification.  They are




