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The oxygen is passed through a valve into the gas 
bolder, whence it is drawn by compressors, and com· 
pressed into cylinders. 

Forecoolers generally freeze up after some hours ' con­
tinuous working, and separators after about a week's 
working, and both these are in duplicate, so that when 

·on~ freezes up the other can be put on, and the process 
ihm: kept continuous. 

The follow.ing are f eatures r elating to liquid air :-
It is a nearly colourless liquid, consisting mainly 

of oxygen and nitrogen, boils at - 190° C., and as the 
nitrogen evaporates out of it, it assumes the bluish 
tint of liquid oxygen. 

It o('('upies 1/800 of its volume as a gas, that is, 
it will expand eight hundred times if vapourised 
and restored to normal t emperature. 

It can only be stored in vacuum vessels, and 
evaporates from them at the rate of from 5 per 
cent. to 15 per cent. per twenty-four hours. 

The compressors employed to pump the oxygen from 
the gas-holder into cylinaers for distribution are of the 
following type: -

Belt-driven, Vertical, Three-stage.-A cooling t ank is 
iitted to the top of the columns, and the cylinder barrels 
and pipe coils between the stages of compression are 
thus kept at normal temperature by means of -the cir­
-culating water. 

As no oil or grease can be used as a lubr icant in case 
-of explosion, water is used for this purpose, and is in­
troduced into the fi rst stage suction pipe near the top 
v alve box of the first stage cylinder, and is thus drawn 
in with the oxygen. P art of the water finds its way 
out at the glands, and the r emainder is trapped in a 
special separator befor e the oxygen enters the filling 
pipes leading to the cylinders. This trap is blown f1'e-
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quently, the water escaping and the oxygen r eturned to 
the compressor suction pipe through a special valve. 

There is also a circulating water system, consisting 
()f pumps and a spray cooler, situated away from the 
main building. '-the pumps employed are belt-driven, 
geared double-acting, and are arranged over a sump 
tank inside the main builtling, and are driven from the 
line shafting from which the oxygen compressors are 
driven. 

The circulating water, which has passed round the 
eoils and cylinders of the four-stage air compressor, and 
also the overflow from the CO 2 freezing machine, r e­
turns to the sump tank (which has a division i:q. it), 
and part of this cool water is circulated by another 
pump through the Diesel e:qgine cooling circuit. 

The 'overflow fr om the Diesel engine, together' with 
the surplus water from the 00. ma.chine and four-stage 
compressor, and the overflows from the oxygen com­
pressors, empties into the other compartment of the 
sump tank, whence the water is pumped through the 
nozzles of the . spray cooler by another pump. 

The cooling tank is surrounded by louvres, and is a 
v ery efficient cooler. The tank has a capacity of about 
2000 gallons, and in hot weather between 4000 and 5DOO 
gallons p l' hour are circulated, the only losses being 
evaporation and what little is blown away on windy 
days. 

These losses, however, do not generally exceed 5 I)r 
<6 per cent., and a temperature difference of 14 to 16 de­
grees is obtained under ' favourable conditions. 

There are also two elevated tanks, which automati­
cally deliver water into the main circulating pipe, 
should the <Circulating pumps stop pumping from any 
cause, and thus the various machines are kept cool until 
the pumps are started again. -



Expe'riments with · Liquid Air 0 show the intensity 
of Cold. 

Figure 3 shows the first liquid ai.r plant in England. 

Fig'. 3 
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Having now given a brief description of how oxygen 

is produced, there is another very important question 

to consider, and one ·w}1ich is really of greater import­
ance to the gas-user than the means by which the oxy­

gen is produced, viz., the precautions taken to ensure 
the soundness and reliability of the cylinders or tubes­

into which the oxygen is compressed for distribution. 

Up to the year 1895 there were no regulations in th p.­
United Kingdom r egarding the cylinders used for com­
pressed gases, and, as several fatal explosions had taken 
place, a committee of experts was formed to thoroughly 

investigate the causes of these explosions, and 'to decide· 
what precautions were necessary to safeguard ' the 
public. 

This step was welcomed by the compressed gas 

makers, and the r esult was that Government recommen­

dations were f ramed, and a standard to which cylinders. 
had to be made was decided upon. This, besides pI'/)­
teding the gas compressor, also protected the public in 
general against the danger of unscrupulous cylinder 
makers, who were inclined to sacrifice st r ength for light­
ness, thereby effecting a slight saving in fre ight and 

cost of distribution. 

These Government recommendations became practi­

cally an unwritten law, strictly adhered to by all par­
ties, and the immlmity from accident in the United 
Kingdom since their adoption is the best pr oof of the 

wisdom of ~uch a step_ 

I may say that the British Oxygen Company, Limited, 
of London, alone handles over 50,000 gas cylinders per 

week. The standard type of cylinders employed is the 

solid drawn seamless steel cylinder, of which an actual 
section of a one-hundred cubic f eet cylinder is on view_ 
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These cylinders are made of the following capaci­
ties :-200, 100, 40, 20, and 10 cubic feet, at a pressure 
<of 120 · atmospheres. 

The cylinders owned by the Commonwealth .Oxygen 
000., Ltd., are · of this type, and to the British s~andard, 
.and as there may be some members present who are not 
acquainted with these regulations, they are as follows :-­

.summary of Recommendations of the Committee ap-
pointed by the British GOVernment to inquire into 
the Causes of the Explosion and the Precautions 
Required to Ensure the Safety of Cylinders of 
Compressed Gas. 1903. 

1. Cylinders of Compressed Gas (Oxygen, Hydrogea, 
or Coal Gas). 

(a) Lap-welded Wrought Iron.-Greatest working 
}Jressure, 120 atmospheres, or 1800lbs. per square inch. 

Stress due to working pre~SUl'e not to exceea. 6% 
tons per square mch. 

Proof pressure in hydraulic t est, after annealing, 224 
.atmospheres, or 33601bs. per square inch. 

Permanent stretch in hydraulic test not to exceed 10 
}Jer cent. of the elastic stretch. 

One cylinder in 50 to be subjected to a statical bend­
ing test, and to stand crushing nearly :flat between two 
-rounded knife edges without cracking. 

(b) Lap-welded or Seamless Steel.-Greatest ·working 
-pressure, 120 atmospheres, of 18001bs. per square inch. 

Stress due to working pressure not to exceed 71;2 
tons per square inch.. in lap-welded, or 8 tons per square 
inch in seamless cylinders. 

Carbon in steel not to exceed 0.25 per cent., or iron 
to be less than 99 per c.ent. 

Tenacity of steel not to be less th~n 26, or more than 
:33, tons per square inch. 



MANUFAOTURK OF OXYGEN )- 239 

Ultimate elongation not -less than 1.2 inches in 8 in­
ches. Test bar to be cut from finished annealed cylinder. 

Proof pressure in hydraulic' t est, after annealing, 224 
a tmospheres, or 33601bs. per square inch. 

P ermanent stretch shown by water jacket not to ex­
ceed 10 p er cent. of elastic stretch. 

One cylinder in 50 .to be subjected to a statical bend­
ing test, and to stand crushing nearly flat between round 
jmife edges without cracking. . 

Regulations Applicable to All Cylinders. 
'. Cylinders to be marked with a rotation number, a 
!nanufacturer's or owner's mark, an annealing mark 
with date, a test mark with date. The marks to be per­
manent, and easily visible. 

Testing to ~e r epeated at least every two years, and 
annealing at least, every four years. 

A r ecord to be kept of all tests. 
Cylinders which fail in testing to be destroyed or 

r endered useless. 
Hydrogen and coal gas cylinders to have left-handed 

threads, for attaching -connections, and to be painted 

red. 

The compressing apparatus to have two p.ressure 
gauges, and an automatic arrangement for preventing 
overcharging. 1'he compressing apparatus for oxygen 
to be wholly distinct, and unconnected with the corn­
pressing apparatus for hydrogen and coal gas. 

Cylinders not to be refilled until they have been 

emptied: 
If cylinders are sent out unpacked, the valve fittings 

should be protected by a steel cap. 

A minimum weight to be ;fixed for each size of cylin­
d er, in accordance with its r equired t hickness. Cylinders 
of less weight t o be r ej ect ed. 
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Cylinder Fittings. 
No oil or similar lubricant to be used for cylinder 

valves, pressure gauges, regulators, or other fittings. 

Pressure gauges to have a check to prevent a sudden 
inrush of gas. 

Pressure gauges for hydrogen and coal gas to have 
left"handed screws, and to be painted r ed. 

You will realise from these regulations that great 
care must be exercised in the manufacture of these 
cylinders, and a brief description of how seamless cylin­
ders are made may be of interest. 

A tIat steel slab is raised toa red heat, and subjected 
to three hot drawing-through processes. It is then an­
nealed, and pickled in acid to r emove the scale, .after 
which it is subjected to about six cold drawings to pro­
duce the right shape, length and thickne s. 

The bottom of the cylinder is hemispherical, and the 
open end is swaged down after the end of the tube 
has been upset, to form the neck of the cylinder, which 
is screwed to receive the valve. 

The precision with which these operations are done is 
beautifully illustrated by the samples on view. 

After manufacture the cylinders are annealed by the 
makers, and re-annealed, valved and tested by the com­
pressing firm. One in every fifty made is t est ed to des­
truction, and pieces of the metal analysed. 

Afte r being r ep eat edly pumped to such a high pres­
sure, the metal of the cylinders ha~ a t endency to be­
come crystalline, and to ,counteract this effect, and to 
r elieve the strains set up in the metal, the cylinders are 
annealed in a special f urnace once in every three or four 
years, and are hydraulically tested every second year. 

The year in which a cylinder is put into commission 
is stamped on the neck, and stamps are put on every 
time the cylinder is tested or annealed, and thus the 
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whole history of a cylinder can be tra-ced in its life­
time. The working pressure of the cylinders is 1800lbs. 

I . 

per square inch, and they are t ested to one and three-
quarter times this pressure, or llh tons per square inch. 
The method employed for testing . cylinders by the 
British and other Governments is as follows:-

Figure 6.-The apparatus consists of a cast iron cham­
ber B, in which the cylinder A to be t ested is suspended. 
D is an hydraulic pump, empl()yedfor t esting the ,cyJin-

Fig. 6 

del' A, E a gauge glass communicating with the bottom 
of ,chamber B, anti. C an india-rubber joint ring, which 
closes and forms a perfect joint round the shoulder of 
the ·cylinder . • 

Both chamber B and cylinder A are filled with water 
to the exclusion of all air, and a perfect joint made by 
inflating the india-rubber ring C, which is done inst an­
t aneously by water pressure off the ordinary main. 
When the cylinder is gradually subjected to the test 

p 
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pressure by the pump D, its expansion IS measured by 
the displacement of water from the chamber B, and tills 
d.isplacement is indicated by the rise of thew~ter level 
in the gauge glass,. which continues until the maximum 
test pressure is obtained. The pressure is then r eleased, 
and if no permanent stretch has been given to the 
metal, thE) ' water will return ·to its original l~vel in the 
indicator. I 

If, ho~ever, any permanent stretch has taken plac~, 
this will not be the case, and the cylinder would, there-
fore, -be r ejected as unfit for use. The value of this 
apparatus is obvious, as it ensures that a cylinder is 
never strained beyond the elastic limit of its metal, and 
without this safeguard no hydraulic t est is reliable. 

Cylinders are made to certain weight limits, and any 
falling below the minimum are rejected. 

Gas cOI1l:pressing companies generally reserve the 
right to decline to fill customers' cylinders, and in every 
ease of a strange cylinder being sent to be filled with 
oxygen, it is annealed and tested before such is done. 

I 

The French and German Governments have also cylin-
-del' regulations, but only in recent years, and their 
eylinders are almost without e:x;ception made of a high 
earbon steel, of great strength, which gives a cylinder 
eonsiderably lighter in weight than those made to the 
.English standard. The small section of cylinder on 
-view is one of German make, and of almost equal capa­
eity, at 120 atmospheres pressure, to the English eylin- ­
-der, being slightly longer in diameter, and the stress 
-on the metal is much greater when fully charged. 

- . 
There are in India very stringent regulations relat­, 

ing to compressed gas cylinders, and this was broJlght 
a bout by the flllct that until a few years ago India had 

·~o cylinder regulations at all, and, unfortlinately, like 
Al:lstralia (where at present tbere are no regulations), 
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b ecame the dumping ground where unscrupulous makers 
~ould send those cylinders which failed to. come up to 

'Standard. 

As an example of the rough handling which oxygen 

cylinders r eceive at the hands of some firms' employees, 

Figure 7 is a valuable illustration. 

It is taken from a photograph of two of our Com­
pany's standard type oxygen cylinders of 100 feet ca­
pacity, at 120 atmospheres pressure. These cylinders, 
when in the works of a customer, were crushed into the 
'Shapes shown by a heavy joist falling on them. 

The cylinders were returned ~o our Greenwich works 
'Several days after the occurrence, along with several 

llllinjured ones. On testing the two d~maged cylinders, 
-one wa,s found to be fully charged with oxygen, and the 
·other partially so. No leakage could 'be detected in 
-either. 

This shows, in a very practical manner, the amount 
-of rough treatment which gas cylinders made in ac­
.c orda~ce with the British regulations will stand. 

Oxygen, hydrogen and coal gas, being permanent 
.gases when they are compressed into cylinders, no safety 
device is necessary on the cylinder valve, such as is 
fitted to the valves of cylinders containing ammonia or 
carbon di-oxide. These latter being in a. liquid' state in 

the cylinder, excessive pressure arises if the cyliRder 
~ontaining them is subjected to undue ' heat.. 

The pressure in a full oxygen cylinder, on the otl1'er 
band, does not increase very much, even though ex­
posed to heat, but nevertheless, care sh'ould be taken 
always, and full cylinders should not be expol;led more 
than is absolutely necessary to the direct r ays of the 

sun, or \ aJl,Y other source of heat. 
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Fi g. 7 

In conclusion, it may not be out of place to mentio n 
that enormous quantities of oxygen a:re being used at , 
the p resent time in munition work, shipbuilding, etc. ~ 





246 MANUFAOTURB OF OXYGBN 

and Figure 8 shows how accurat ely the thickest and 
hal'dest armour plate can be cut by means of oxygen. 

Oxygen is also be'ing extensively used . at the fightin g­
front for cutting away wrecked ir onwork in bridges, 

I 

buildings, etc., and for construction and r epair of aero-
plane parts, and also for saving human lives. 

In' fact, the Commonwealth Oxygen Co., Ltd., had ,t o. 
send home to England several hundred oxygen .cylinders. 

_ of ' the sizes used for medical purposes, about the time· 
when we first r ead of the "!lse of poison gas by the Ger­
mans, and I have no doubt that lar ge quantities ' pf 

oxygen were used in endeavouring to alleviate the suf­
ferings of the victims of the -poison gas, as oxygen re­
suscitating apparatus is always at hand in mines and 
places where workmen are liable to . be ovel'come b:}' 
noxIous gases or fumes, and when the history of the 
great ~'Var comes to be . written, we shall find that 111. 

many ways the part played by oxygen was of great 
importance. 
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• 
DISCUSSION. 

MR. D. F. J. H ARRICK , in mo·ving a vote of thanks to the 
author for his excellent paper and demonstrat ions, said he 
had no doubt that it at once proved interesting and inst ruc­
-tive to all of them. When we consider the progress that 
has been made in the Commercial Manufa~ture of Oxygen, 
it is useful to remember that it is only a matter of com­
paratively re~en1i years since this has been successfully done, 
and when one is r eminded that thc fractional distillation 
of liquld air a'ppears to be the method now almost univer -


