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THE MAKUFACTURE OF OXYGEN FOR H.M. 
DOCKYARDS. 

The extended application of oxy-acetylene welding for con- 
structional and repair work has caused the question of the supply 
of oxygen to be of the greatest importance, and oxygen producing 
plants have been installed at Portsmouth, Devonport ancl Rosyth. 

The two principal methods of producing oxygen commercially. 
are by the electmlytic process and by the liqucfactiorl of air; 
the former has advantages in that the oxygen produced has a 
very high purity, but unless there is a demand for the hydrogen 
produced, it is very costly in comparison with the liquid air 
method. Consequently the latter met hod, Q llich yields oxygen 
c;f about 98 per cent. or even highcr purity as mcasured by the 
Standard commercial testing apparatus, the in~purities corisisting 
almost entirely of nitrogen. is almost iurnriably used. 

The plants installed by thc Admiralty are of the Jaubert type, 
the principlc of which is as follows :- 

Oxgge9z C O ~ U ~ I L ) ~ .  
Air is compressed by an air compressor to an initial pressure 

of 150 kilos. per sq. cm. (equal to about 2,100 lbs. per sq. in.). 
cooled, dried and delivered to the oxygen colnrnn a t  "A," a t  
about atmospheric temperature; thence it pasPes through tubcs 
contained in an interchanger coil " B," thence to a coil contained 
in the lower portion of the rectifying column '- C," which forms 
a bath, und then to an expansion valve " D," through which it i s  
expanded down to a pressure of about . G  Mob per sq. cm. (or 
about 8 - 5  Ibs. per sq. in.), and passes downwards through a rosc 
into the rectifying column. 

Air not being a perfect gas does not follow the law yv = cf., 
though it only differs from it very slightly, this very slight 
dserence however is the principle on which the whole action 
of the column is based and causes the air to cool on elpar~sion. 

The air entering the rectifying column is therefore colder thar~ 
the air before expansion. Tkis cold air passes out of the top of 
the rectifying colunln through n pipe and passes to the bottom 
of the intcrchanger coil and there surrounds the tubes containing 
the high pressure air. I t  then flows out to the atmosphere 
through the coil in the opposite clirection to the itteomirig air, 
thus reducing the tenlpcraturc of the incoining air, which i l l  

turn expands through the expansion valve, nnd a continuous 
lowering of tenlperatrire thus proceeds until the teniperaturc of 
liquefaction of air is reached. Liquid air is then discharged 
through the rose and falls tfirougll a series of perforated diaphragm 
plates in the rectifying column, the nitrogen, which has a point 
of liquefaction about 13' below that of oxygen. rc-evaporating 
during the fall, and Liquid 1% hich is practically pare oxygen formr 
in the bath a t  the base of the coluinn. This liquid oxygen takes 
heat from the coil of high pressure air in tho bath $hereby further 
cooLing the incoming air and a constant stream of practicalIy 



pure gaseous oxygen pabbes up the rectifying colu~un meeting 
the falling liquid air and re-condcnsing, thus supplying t h t  
necessary heat for the re-evaporation of the nitrogen. 

This action maintains the purity of the ox3.gen in the bath 
and a mixture of about 00 pcr cent. of nitrogen anti L0 per cent. 
of oxygen passes out through thc top of the rectifying colnn111 
and  interchanger by way of a pipe led out of the column and 
called the nitrogen pipe, through which the air passed out during 
the earlier stage of the operation when the cooling v-as taking 
place. When sufficient liquid has formed in the bath, liquid 
oxygen is drawn away by means of a pipe leading from the top 
of an inverted bell placed in the oxygen bath, to two pipes passing 
through the intcrchanger where i t  is evaporated, taking its heat 
of evaporation from the incoming air and is led away from the 
column through the oxygen pipe. The process then continues, 
the liquid being mainkained a t  the right level by means of 
adjusting the ratio of expansion by the expansion valve, and the 
adjustment of the oxygen cock as necessary, until the column 
" freezes up " or is shut down purposely. 

As soon as a steady condition is realised, a pressure of about 
L00 kilos. per sq. cm. (or 1,420 lbs, per sq. in.). is found to be 
sufficient on thc high pressure side in order to maintain the 
balance of t.he column. Thc whole column is of course very 
thoroughly lagged with hair felt to prevent passage of heat from 
the surroundings into the column as far as possible. 

Pui.iJication of the , 4 i ~ .  
The purification of the air before entering the column is of 

the greatest importance as any moisture or CO,, which is allowed 
to pass into the column, will a t  once freeze and it takes very little 
to ohokc the passages in the column and thus stop the action. 
The air is drawn by a Roots blower from the atmosphere at a 
point some distance above ground level, where the air should 
be as free as possible from CO,, and is discharged through two 
scrubbers in series: each scrubber contains coke through which 
at btrearn of caustic soda solution of a specific gravity of about 
20" Beaume is kept falling by means of a circulating pump, 
which draws the solution from thc bottom of each scrubber and 
discharges it at the top. The air passing up through the coke 
meets the caustic soda solution which extracts the CO, from it. 
From the scrubbers the air passes through three ordinary 
mechsrlical separators where all traces of the caustic soda solution 
are removed as far as possible and thence t o  the suction side of 
the air compressor, which is a three-stage compressor of the 
ordinary type. 0 1 1  leaving the air compressor, the air passes 
through a separator and t.hen through 8 steel cylinders in series, 
each containing calcium chloride which absorbs the moisturc in 
the air, which is then ready to enter the oxygen column. 

In spite of the greatest care it is impossible to eliminate all 
traces of CO, and moisture from the air, so that if run long enough 
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the column will e\-cntually freeze up. The length of time a 
column will run is clcpendent on the atrnosplleric conditions; 
five days' continnous rnnning appears to be quite a r~ormal period, 
but i t  is st:xtcd that columns have run as much as fourteen days 
continuously. or cvcrl longer, under favuurablt, contlitiorih. 

After lcaving the colutun, ihc oxygen is led through a ~nctcr  
t o  mcasure tlie quantity produced, and then through a pipe to a 
gasorneter, where i t  accumidstcs a t  just above atmospheric 
pressure. I t  is cltaw11 fro111 the gasometer by the oxygen corli- 
pressor which delivers it into tllc storage cylinder.: ;it a I,rc-nrc 
of 1,750 lbs. per sq. in. 

Wlterl oxygen urider high pressure comes into contact with 
the more reaciily combustible subbtailces. spo~ltnneous combustion 
takes plucc, herlee i t  is rkecessary that the greatest care shoultl 
be taken that the compressed oxygen shoirld conic into contact 
with no such substtinces. 

No  oil or grease must he used in the osygell compre5sor 
cylirlders, pare distilled water with :L Little glycerine if ncce5sary 
only being used for i~lt~errial lubrication, and all pipes. bottleb, 
valves, pressure gaugc,s, Ksc., must hc absolutely free fro111 grease 
or oil. Cascs have occurred of 11cw pressure gauges w11e11 used 
for co~npressed oxygcn I~;~\-irlg exploded owing to grease hlavirig 
been left in the prcssnre gaugc tuhe. Occasiol~ally Inen hare 
beer1 injured by thcse explosions. Grease can be effectively 
removetf from pressure gauge tubes by washing them out with 
ether. 

Obvioiisly oxygen cylinders must not be coated illterilally 
with oil or greasc for presemation and grcasc must not be lrsecl 
when dealing with the valves of oxygen cylinders. 

R e i o n  of the Colu~nn. 
Thc rcgulatiorl of the colurn11 requires corlsidcrablc care arid 

experience. The satisfactory working is entirely dependerlt on 
the temperitture tmlance being nlaintained. 

The cooling effect which is governed by the ratio of expansion 
is adjnsted as necessary to nlairltai~l the corrcct liquid level and 
temperature of the bath. The teinperttture of the bath directIy 
effects the purity of the gas. 

The Liclliefactiorl temperatures of a mixture of oxygen arlci 
nitrogen varies accorciing to the proportiorl of each gas. At  
atmospheric pressure the teruperaturc varies from - 182 ' 5" C. for 
pure oxygen to  - 195. G" C. for pure nitroger1 ; i t  will he seen, 
therefore, that  i t  is tlcccss~lry, in order to ensure the purity of 
tho oxygen, that  the tenlpcrat~we should be kept as high 'at, 
possible corlsisterlt with lnairltairlirlg tJic requisite amount of 
Liquid in trhe bath. In actual practice wit11 tile normal expansior~ 
pressure of G00 to 700 grarnrnes per sq. cm., the temperature in 
the bath is kept a t  about -174" C., and the pwity of the gab 



falls if the temperature is dowed to fall appreciably below 
that. The pressures and ratio of expansion are regulated by 
means of the expansion valve, but good results are also obtained 
at times by partially closing the oxygen cock which has the 
effect of causing less oxygen to bc withdrawn from the bath, 
raising the liquid level and thus causing more oxygen to he 
evaporated in the rcctifyirlg column. 

The nitrogen given off from the process contains 8 to 10 per 
cent. of oxygen and is not sufficiently pure to be of 3.113' commercial 
value. The purity cannot be improved without impairing the 
purity of the oxygen. In the Admiralty plants, however, the 
gas issuing from the nitrogen pipe is passed through an economiser 
where its lowered te~nperaturc is made use of to cool the circu- 
lating water for cooling tbe H.P. air in an aftercooler, betwcetl 
the air compressor and tlie drying flasks. 

Before commencing a sun, the column is dried out by pasbing 
air through i t  from the compressor, which is heated by means of 
a blow lamp or gas forge playing on n coil in the air pipe just 
Ixfore its passage into the colnmn. 

This is acconiplished by removing a small screwed plug, 
which is situatcd below the main regulatirtg valve. The latter 
is kept closed until the discharged air is perfectly dry, the time 
taken being usually 14 hours. The purge plug is then re-inserted. 
Dry hot air is then passed tbough thc column and escapes by 
the nitrogen, oxygen and liquid level pipes for a period of about 
1 hour. The blow lamp or gas forge is then extinguished and the 
temperature reduction co~iinlenced. 

Liquid air can bc drawn from the colunln by nleans of a draw 
off valvo placed itnniediately after the expansion valvc, but this 
has to be very carefully done as it disturbs the heat balance of 
the column. I n  order to show the height of liquid in the bath 
small pipes are led from the top and bottom of the bath to two 
air vessels connected together by a gauge glass tube, the lower 
ressel being partially filled with water with a little colouring 
matter. The head of liquid oxygen will cause a difference in 
pressure in the two air vessels,-and this merence in pressure 
causes the liquid to rise to a corresponding height in the gauge 
glass. 

The purity of the oxygen produced is measured by a very 
simple inrtrument. A sample of the gas is drawn off in a bladder, 
and passed into a graduated tube until 100 cc. of gas a t  atmo- 
spheric pressure are contained in the tube. The gas is then 
passed over to another vessel containing coils of very fine copper 
wire, immersed in a solution of ammonia and ammonium 
carbonate. I n  passing the gas into the vessel, the solution is 
displaced, leaving only a thin film on the copper coils. The oxygen 
gag combines with the copper, and the oxide so formed is imme- 
diately dissolved off by the solution, thus exposing a fresh 
surface of the copper to contact with the gas. 



After a few minutes all the oxygen is absorbed out of the gas. 
The remaining gas is then passed back into the graduated tube, 
and the quantity gives the amount of impurity contained in the 
sample. 

The ammonia solution then refills the flask ready for the 
nest, t,est.. 

A high purity of oxygen is more necessary for cutting than 
for welding, but experience has shown that a purity of 97 to 
08 per cent-. gives very good resulk. 
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