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P R E F A C E

In peace and war alike the supply of fixed nitrogen is of
vital importance to the existence of the nation. I n almost
all processes for the fixation of nitrogen the production of
oxides of nitrogen is one of the fundamental intermediate
stages. I t cannot be said at the present time, however, t h a t
the problem of the technical utilization of nitrous gases (which
are usually largely diluted with air) has met with a satisfactory
solution. The enormous number of patents relating to the
process which appear each year would seem to be sufficient
evidence of the truth of this statement. I t is the common
practice at the present time to absorb the nitrous gases in
water with the production of dilute nitric acid, which acid is
either concentrated or converted into solid nitrates. In this
country, where nitrous gases are produced (in the majority of
cases) only as a by-product, the chemical principles underlying
the process have not been studied to a very great extent,
and it is very often the case that the absorption process is
conducted on rule-of-thumb methods. While the loss of fixed
nitrogen in such plants may not be a very serious factor in
the series of industrial operations with which it is connected,
the same view cannot possibly be held when the recovery of
the nitrous gases is one of the main objects of those industrial
operations. Furthermore, it has long been evident tha t wo,
in this country, must ultimately adopt some process for the
fixation of nitrogen, in view of the fact tha t we import nearly
all our fertilizers.

With these points in view, the author has endeavoured to
discuss the absorption of nitrous gases in water, both from a
theoretical and an industrial standpoint. The most important
types of absorption processes, other than water absorption,
which have been developed are also considered, and a n a t t empt
has been made to classify and compare them, in order to



vi P R E F A C E

survey the present position, so far as this particular branch of
the nitrogen-fixation industry is concerned. I t has also been
thought necessary to review briefly the methods available for
the commercial utilization of the dilute nitric acid normally
obtained from the water-absorption process.

Such methods include t h e concentration of the acid, and
also its conversion into solid nitrates. The handling and
measurement of gases have been dealt with in some detail
and the problem of pumping dilute acids has also been dis-
cussed. I t was felt that t he volume would not be complete
without detailed reference to the approximate and accurate
analytical methods which might be necessary in the control
of absorption plant in general.

The author wishes to express his great indebtedness to the
firms mentioned in the text for their help in supplying illustra-
tions of their products, and also to the numerous authors of
papers, etc., for permission t o reproduce curves and diagrams,
and finally to Muriel B. Webb for invaluable assistance in the
preparation of diagrams and the correction of proofs.

H.W.W.
TECHNICAL COLLEGE,

CARDIFF.
March, 1923.
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CHAPTER 1

O X I D E S A N D OXYACIDS OP NITROGEN

As a p re l iminary to a consideration of the absorption of
nitrous gases , i t is necessary to review briefly the more impor-
t a n t propert ies of the substances commonly dealt with in
absorption prac t ice . While the description given does not
aim a t be ing exhaustive, either as regards the chemical pro-
perties of t h e substances mentioned, or in the number of
compounds inc luded for discussion, it is an attempt to indicate
the chief r eac t ions which may have a bearing on modern
absorption p rac t i ce . For this reason, although many of its
compounds a,re dealt with, an account of gaseous nitrogen is
deemed of insufficient direct importance for inclusion in this
chapter. N o r also have substances such as calcium, sodium
and ammonium ni t ra tes and nitrites been included, although
there is some argument in favour of their introduction, since
they are often the ult imate product obtained from an absorp-
tion system. A detailed discussion of the methods of manu-
facture of a m m o n i u m or calcium nitrate from dilute nitric
acid, however, is considered to he rather outside the scope of
this work.

T h e Oxides of Ni t rogen

N I T E O U S OXIDE, N2O

P r e p a r a t i o n • This gas is obtained in. small quantities
when certain substances which are easily oxidized are acted
irpori by n i t r i c oxide [NO],1 for example, potassium sulphite,
moist iron filings, zinc filings, and stannous chloride.

I t is also fo rmed b y the action of sulphur dioxide on nitric
oxide, and b y dissolving metallic zinc in very dilute nitric
acid.2

1 Priestley, 1772. 2 Lunge, tier., 1881, 14, 211M1.
1 I*



2 ABSORPTION OF NITROUS GASES

Nitrous oxide is one of the reduction products of nitrates,
nitrites, and nitrous acid, e.g., platinum black and sodium
amalgam quite readily reduce nitrites and nitrous acid to
nitrous oxide.

The gas has also been detected in the non-condensible gases
obtained in the preparation of nitric acid from sodium nitrate
and sulphuric acid, and in the nitrous gases evolved during
the denitration of waste acid from the manufacture of explo-
sives.

The best methods of preparation are as follows :—
1. By heating ammonium nitrate.

NH 4 NO 3 - N 2 O + 2 H 2 O .

The decomposition begins about 170° C. and the temperature
then requires qareful regulation, and should not rise above
260° C, or the reaction becomes explosive, particularly if
the ammonium nitrate layer is fairly thick. The gas obtained
is liable to contain nitric oxide, nitrogen and chlorine (from
the ammonium chloride commonly present as impurity in
the nitrate). If too high a temperature is used, nitrogen
tetroxide is also present. Organic matter should also be
absent, or carbon dioxide will form an additional impurity
in the gas.

To purify nitrous oxide, it is usual to pass the gas through
a concentrated solution of ferrous sulphate, then through a
dilute solution of caustic soda, and finally through concen-
trated sulphuric acid to dry it.

Lidoffl recommends tha t the gas should be passed through
a solution of ferrous sulphate, and then an emulsion of ferrous
sulphate in concentrated sulphuric acid. He also states that
the preparation of nitrous oxide may be effectively carried out
by heating at 260°~285° C. a mixture of two parts of ammo-
nium nitrate (dried at 105° 0.) with three parts of dry sand.

2. W. Smith 2 recommends the use of an equimolecular
mixture of sodium nitrate and ammonium sulphate (not
chloride) heated at a temperature of 240° C, whereby a regular
evolution of nitrous oxide takes place. The method is also
described and patented by Thilo.3

1 J. Muss. Phys. Ohem. Soc, 1903, 35, 59.2 J. Soc. Chem. Ind., 1892, 11, 867.8 Ghem. ZeiL, 1894, 18, 532.
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3. Quartaroli1 obtains nitrous oxide by warming a nitrate
with anhydrous formic acid. As carbon dioxide is simul-
taneously evolved the gas is collected over 20 per cent, caustic
potash solution.

2KNO3 + 6H-C00H = N2O + 4CO2 + 2H-COOK + 5H2O.

4. Nitrous oxide is also obtained by warming a solution
containing sodium nitrite and hydroxylamine hydrochloride.2

N H 2 0 H + H N 0 2 - N2O + 2H2O.

5. Mixed with carbon dioxide, nitrous oxide is obtained by
treating a solution of potassium nitrate (to which sulphuric
acid is added until the solution contains about 20 per cent.
H0SO4) with oxalic acid.'1

4H.oC204 + 2 K N O 3 +-H2SO4 - 5 H 2 O + K s NO 4 +8CO 8 +N a O.

6. The gas may also be prepared by the reduction of nitrons
acid by means of hydrazine as described by Francke.4

N 2 H 4 + H N 0 2 == NH 8 + N2O + H 8O.

7. Nitrous oxide is evolved on heating a mixture of 5 parts
of stannous chloride/10 parts of concentrated hydrochloric
acid (sp. gr. 1-21), and 0-9 parts of nitric acid (sp. gr. 1-38).
Proportions other than the above are liable to give irregular
and explosive evolution of the gas.

8. Pictet5 and Sodermann 6 state that at a definite point
in the nitrogen-oxygen flame, the chief product is nitrous oxide,
which may be obtained in 25 per cent, yield by rapid cooling.

Properties. The best method of obtaining the gas in a
high degree of purity is to liquefy it and allow any accompany-
ing nitrogen, together with a little of the nitrous oxide, to
boil off.7

Critical temperature and pressure.

36-50° C. and 71-56 atmos.8

36-4° 0. and 73-07 atmos.0

354° C. and 75-0 atmos.10

1 Gazzetta, 1911, 41, ii, 53. 2 Pollak, Annafon, 1875, 175, 141.3 Desbourdeaux, Compt. rend., 1903, 136, 1068.4 Ber., 1905, 38, 4102. 5 Fr. Pat. 415,594, 1910.6 Fr. Pat. 411,785, 1910.7 Villard, Compt. rend., 1894, 118, 1096.8 Cardossi and Ami, / . Chim. Phys., 1912, 10, 504.9 Cailletet and Matthias. 10 Dewar, Phil. Mag., 1884, [V.I, 18, 210.
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Density (air = 1) = 1-5297.1

Weight of one litre = 1-9777.2

Nitrous oxide is an endothermic compound. [N2] [0]
= — 21,700 cal. I t is consequently decomposed by shock,
e.g., the explosion of mercury fulminate.

Solubility. The solubility of nitrous oxide water is as
follows 3 :—

Solubility in e.c. N2O (0° C.
Temp. and 7GO mm.) per c.c. water,

determined at a pressure of
760 mm.

5°C 1-048
10° C 0-8878
15° C 0-7377
20° C 0-6294
25° C 0-5443

Nitrous oxide is more soluble in ethyl alcohol than in water,
the coefficient of absorption in alcohol being approximately
4-178 at 0 ° C , as compared with 1-305 in water at 0°C.4

On heating, nitrous oxide is decomposed into its elements.
Hunter 5 finds the decomposition to be bi-molecular.

2N2O = 2 N a + O2.

At 500° C. about 1-5 per cent, of the gas is decomposed,
but the decomposition is practically complete at 900° C.
Nitrous oxide, in consequence, will support the combustion
of substances which are burning with sufficient vigour to start
its decomposition, e.g., phosphorus, sulphur, carbon, etc.

I t is readily reduced by hydrogen in the presence of plati-
num black, finely divided palladium, or reduced nickel, and
this fact offers a method for its estimation.6

Hempel7 analyses the gas by explosion with hydrogen.
Most metals yield peroxides when gently heated in the gas ;

bu t by further action of the heated peroxide, nitrites and
nitrates are produced, e.g.,

Na2O2 -f 2N2O = 2NaNO2 + Na.

The gas is quantitatively decomposed by passing it over
1 Rayleigh, Proc. Roy. Soc, 1905, 74, 406. 2 Ibid.3 Geffchen, Zeitsch. phydkal. Chem., 1904, 49, 257.4 Carius, Annalen, 1855, 94, 139.6 Zeitsch. physikal Chem., 1905, 53, 441.6 Drehschmidt, Ber., 1888, 21, 3242.
7 Ztitfich. Ehhtrochem., 1906, 12, 600.




