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C H A P T E R I.

HYDROGEN—ITS USES—DISCOVERY, AND OCCUR-
RENCE IN NATURE.

T h e U s e s of Hydrogen.—The commercial pro-
duction of hydrogen has received a great stimulus dur-
ing the last few years owing to its being required for
industrial and war purposes in quantities never previously
anticipated.

T h e discoveries of M. Sabatier with regard to the
conversion of olein and other unsaturated fats and their
corresponding acids into stearin or stearic acid have
created an enormous demand for hydrogen in every in-
dustrial country ; 1 the synthetic production of ammonia
by the H a b e r process has produced another industry
with great hydrogen requirements, while the Great War
has, through the development of the kite balloon and
airship, m a d e requirements for hydrogen in excess of
the two previously mentioned industries combined.

T h e increase in hydrogen production has modified
the older processes by which it was made, and has also
led to the invention of new processes, with the result
that the cost of production has decreased and will prob-
ably continue to decrease, thus allowing of its employ-
ment in yet new industries.

1 The weight of oil hardened by mean&xSBk*. fliQKen in Europe
in 1914 probably exceeded 250,000 tons.

I



2 HYDROGEN

T h e Discovery of H y d r o g e n . — T h e discovery of
hydrogen should be attributed to T u r q u e t d e Mayerne,1

who in 1650 obtained, by the action of dilute sulphuric
acid on iron, a gas, or " inflammable air,", which we now
know to have been hydrogen.

Turquet de Mayerne recognised thergpf he obtained
as a distinct substance. Robert B o y l e 9 made some
experiments with it, bu t many of its more important
properties were not discovered until Cavendish's investi-
gations,8 beginning in 1766; while the actual name
" H y d r o g e n , " meaning " w a t e r former," was given to
the gas by Lavoisier, who may be regarded as the first
philosopher to recognise its elemental nature .

Occurrence in Nature,

Hydrogen occurs in small quantit ies in Nature in
the uncombined state. It is found in a state of con-
densation in many rocks and in some specimens of
meteoric iron. I t is present in the gaseous discharges
from oil and gas wells and volcanoes, and is also a con-
stituent to a very minute extent of t he atmosphere.

Hydrogen in the uncombined s ta te exists in enor-
mous masses upon the sun, and is present in the
"prominences" observed in solar eclipses, while by
optical means it may also be detected in m a n y stars and
nebulae.

1 Paracelsus, in a similar experiment in the sixteenth century,
obtained the same gas, but failed to recognise it as a distinct sub-
stance.

2 " New Experiments touching the Relation between Flame and
Air," by the Hon. Robert Boyle, 1672.

8 James Wat^^discoverer of the steam engine, did many similar
experirffl^^^^^^^game time, but his interpretation of his results
Was r^ j j f f i ^^y^^^ fe l
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In. the combined state hydrogen is extremely abun-
dant. I t is present to the extent of one part in nine (by
weight) in water, and is a constituent of all acids and
most organic compounds.

In R o c k s . — I n a s ta te of "occlusion," or molecular
condensation, hydrogen is to be found in most igneous
rocks in association with other gases, the total volume
of occluded gases being on the average about 4*5 times
the volume of the rock.

T h e following analyses of Sir William T i lden 1 give
the composition of the occluded gases in several rocks
from different parts of the world :—

Granite. Skye . . 23-6 6-45 303 5-13 6r68
Gabbro Lizard . 5 5 2-16 2-03 1-90 88*42
Pyroxene Ceylon . 7 72 8*o6 56 r i 6 12*49

gneiss.
Gneiss . Senngpatam 31*62 5-36 51 -56 6193
Basalt . Antrim . 32*08 2008 10*00 I*6I 36*15

In Meteoric Iron#—An examination of certain
meteoric irons, made by Sir William Ramsay and Dr .
Travers,3 showed that these contained occluded gas, and
that this gas was hydrogen :—

DMetSrite.°f Weight Taken. Hydrogen Evolved.

Toluca . . 1 grm. 2*8 c.c
Charca . . ,, "28 „
Rancho de la Pila „ *57 „

1( 'Proc. Roy. Soc," 1897.
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Observing that meteoric iron contains occluded

hydrogen, it is interesting to note that the examination

of steel shows that it also possesses this property of con-

densing gases. Steel of the following composition—
Per Cent

Combined carbon . . . . *8io
Silicon . . . . . . "o8o
Manganese . 050
Sulphur '028
Phosphorus . . . . -019
Iron (by difference) . 9 9 "013

IOO'OOO

in pieces 6 x i x i cm. was heated (ultimate temperature
9790 C.) for ten days in vacuo and the gases evolved
analysed, with the result that they were found to have
the following composition :—

Per Cent
by Volume.

Hydrogen . . . . 52*00
Carbon monoxide . 45'52

„ dioxide . . 1 68
Methane . . . 72
Nitrogen . 08

IOO'OO

T h e total weight of steel was 69*31 grammes, while
the total volume of gas evolved was 19*86 c c . 1

A n examination of a defective Admiralty bronze
casting showed that there was an appreciable quantity
of occluded gas in it, containing J'6 per cent, of hydro-
gen by volume 2

1 " GasesOccluded in Steel," by T. Baker, Iron and Steel Institute,
"Carnegie Scholarship Memoirs," vol. 1., 1909.

2 " Ast4gyf|»|ff1aon on Unsound Castings of Admiralty Bronze,
by H^&LiimfflHIfcej: and C. F. Elam, Inst. of Metals, 1918.
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In Discharge from Oil and Gas Wel l s ,—The
gas discharged from gas and oil wells contains small
quantities of hydrogen, as will be seen from the follow-
ing analyses of natural gas discharges in Pennsylvania,
West Virginia, Ohio, Indiana, and Kansas.

AVERAGE COMPOSITION By VOLUME1

Pa. & W. Va. Ohio & Ind. Kansas

Hydrogen
Carbon dioxide
Sulphuretted hydrogen .
Oxygen
Carbon monoxide
Methane
Other hydrocarbons
Nitrogen

'10
<05
oo

trace
40

80-85
14 00
4 60

1-50
•20
•15
•15
"5°

93 60
.30

3'60

•00
3°
•00
•00

1'00
93'65

•25
480

In Gases from Volcanoes . 2 —The nature of the
gases discharged from volcanoes has been most care-
fully studied from about the middle of the last century,
with the result that the chemical composition of the gas
discharged has been determined at many different vol-
canoes, and a t different times at the same volcano.
From these investigations it would appear that in the
more violent discharges there are very considerable
amounts of hydrogen, while in the more placid eruptions
there is little gas of any description, except steam,
generally accompanied by water containing mineral
salts.

^ S A . Geological Survey, "Mineral Resources of U S.A.,"
1909, 2, 297.

2 For further information on this subject-^see F. W. Clarke's
" The Data of Geochemistry," U.S G.S.. Bull, tufi
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Below are given analyses of volcanic gas from differ-

ent parts of the world by different authorities :—

From a group of fumaroles at Reykjalidh, Ice-

land1 :—
Hydrogen . 25*14
Oxygen —
Nitrogen • o"72

Carbon dioxide . . . • 5°'°°
Sulphur dioxide . . . . —
Sulphuretted hydrogen . . . 24*12

From afumarole on Mont Pelee, Martinique*:—

Hydrogen 8fi2
Oxygen 13 67
Nitrogen . . . . . 54"94
Carbon dioxide . . . 15 "38
Sulphur dioxide. . . . —
Carbon monoxide . . . . i"6o
Sulphuretted hydrogen . . —
Methane . . . 5'46
Argon . . -71

99-88

From Kilattea%:—

Hydrogen 10*2
Oxygen . —
Nitrogen I I*8
Carbon dioxide 73 9

„ monoxide 4-0
Sulphur dioxide. . . . . . —

99'9

1R. W Bunsen, " Annales Chim. Phys.," 3rd ser., vol. 38, 1853
2 H . Moissan^^Comptes Rend.," vol. 135, 1902.
8A. L. Day*andE. S Shepherd, "Bull. Geol. Soc. America,"

vol. 24,
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From Santonn1:—

Hydrogen . 29 43
Oxygen . -32
Nitrogen 32*97
Carbon dioxide . . . . . . 36 43
Carbon monoxide . . . . . —
Methane . -86
Sulphuretted hydrogen . . . —

100 00

In Clays .—Not only is hydrogen present in most
igneous rocks, but it is to be found to a small extent
in some clays. Sir William Crooks, O.M., F .R.S . ,
was kind enough to investigate for the author the
gases occluded in the celebrated " Blue Ground"—
a clay in which the Kimberley diamonds are found.
This clay was found to contain gas composed of 82
per cent, of carbon dioxide, the bulk of the residue
being oxygen and nitrogen, with detectable traces of
hydrogen.

In Air*—As is not surprising, hydrogen is present
in the atmosphere to a very small extent, as will be
seen from the following analysis of air under average
conditions. It is doubtless derived from the sources
already mentioned, and also from the decay of organic
matter containing hydrogen

T h e following represents the average composition of
normal a i r :—

Volumes per 1000.
Nitrogen . . . . . 769 500
Oxygen . . . . 206*594
Aqueous vapour . . . . i4"ooo

1 F Fouque, " Santonn et ses eruptions," Pans, 1879.
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Volumes per iooo.
Argon 9"358

Carbon dioxide "336
Hydrogen '19
Ammonia . . . . . *oo8
Ozone "0015
Nitric acid . . . . . -0005
Neon "oi
Helium "ooi
Krypton *ooi
Xenon . . . . . 00005



THE CHEMICAL PROPERTIES OF HYDROGEN.

HYDROGEN in the free s tate has a capability of enter-
ing into combination with a large variety of substances,
forming chemical compounds, while hydrogen in the
combined state reacts with m a n y other chemical com-
pounds, forming new compounds.

Reaction of Hydrogen w i th O x y g e n in the Free
State*

By far the most important chemical reaction of hy-

drogen is undoubtedly that which it enters into with

oxygen. W h e n hydrogen is mixed with oxygen and

the temperature of the mixed gases raised, they com-

bine with explosive violence, p roduc ing steam. T h i s

reaction may be expressed by the following equation :—

2H2 + O2 =» 2H2O.

If a stream of hydrogen issues into air and a light is
applied to it, it burns (in accordance with the above
equation) with an almost non-luminous flame. (This
reaction is, of course, reversible, i.e. a stream of air
would burn in the same way in an a tmosphere of hy-
drogen.) It was discovered by F r a n k l a n d 1 that while
at atmospheric pressure the flame of hydrogen burning
in oxygen is almost non-luminous if the pressure is

1 " Proc. Royal Soc ," vol. xvi, p. 419.
(9)
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increased to two atmospheres the flame is strongly
luminous.

T h e combination of oxygen and hydrogen is most
violent if the two gases are present in the relative
quantities given in the equation, viz. two volumes of
hydrogen and one of oxygen. If one or other of the
gases is in excess of these quantities the violence of the
reaction is reduced and the quantity of the gas in excess
of that required by the equation remains as a residue.
When one gas is enormously in excess of the other
a condition may arise in which the dilution is so great
that on sparking the mixture no reaction takes place.1

Mixtures of air and hydrogen in which the air is under
20 per cent. (i.e. under 4 per cent, of oxygen) of the
total volume behave in this way.

This point is of importance in airships, as, providing
the purity of the hydrogen in the envelope is above
80 per cen t by volume, an internal spark in the envelope
will not cause an explosion, but if t he quantity of
hydrogen by volume falls below this amount there is a
risk of explosion ; hence the procedure of deflating
airships when the purity has dropped to 80 per cent,
hydrogen by volume.

T h e Temperature of Ignition of Hydrogen and
Oxygen ,—When the two gases are mixed in the pro-
portion of two volumes of hydrogen and one volume
of oxygen it has been found tha t t h e temperature of
the mixed gases must be raised to about 5800 C.2

1 Schoop states that when either gas contains 6 to 8 per cent,
of the other it is explosive.

a Victor Meyer, "Berichte," No. 16, 1893, gives the temperature
of violent reaction as 612-15° C. Gautier and Helier, "Comptes
Rend.," 125, 271, 1897, gwe about 5500 C
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before explosion takes place. H o w e v e r , Professor
Baker a has shown that, if the two gases a r e not only
perfectly pure but also perfectly d ry (dried by be ing
kept in contact for as long as th ree weeks with anhydrous
phosphoric acid) a t the t empera tu re of iooo 0 C , they
do not combine, but even in this dry condition they
will explode with an electric spark.2 T h i s phenomenon
is of great interest, and opens a wide field of philosophic
speculation, but the conditions of puri ty a n d dryness a re
such that this h igh tempera ture of ignit ion can never
be attained under commercial conditions.

Professor Baker has also shown that, when a mixture
of ordinary hydrogen and oxygen is exposed to t he in-
fluence of s t rong sunlight, t he two gases very slowly
react, with the production of water in minu te quan-
tities.

In the experiment by which Professor B a k e r made
this discovery he placed a mixture of these two gases in
a state of great purity but not of absolute dryness (in
the ratio of two volumes of h y d r o g e n and one of
oxygen) in a hard glass tube closed a t one end and
sealed at the other by mercury. T h i s tube was exposed
outside a south window for four months , from Sep tember
to December, a t the end of which t ime it was found,
after due correction for t empera tu re and pressure, tha t
the mixture of the two gases had contracted by ^ of its
original volume 3 by the formation of water. A similar
experiment with the gases in an exceptionally dry state,

lf 'Jour. Chem Soc.," April, 1902.
2Dixon, "Jour. Chem. Soc," vols. 97 and 98.
3 The volume of the resulting water is almost negligible, as

one volume of hydrogen and oxygen in the ratio stated produces
only "006 volume (approximately) of water.
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but otherwise under exactly similar conditions, showed

no such contraction.

Whe the r the union of hydrogen with the infiltrating

oxygen of the atmosphere takes place in airship envel-

opes, which are comparatively transparent, has not been

determined, bu t since in airship practice there is never

more than 4 per cent, of oxygen in the envelope, it is

1

!>530
I
:525

520

" r s i

60 100 160 200 Z5O 300
Volumes jofOjg to 100 Volumes offy

F I G . I .

350 400

t o b e a n t i c i p a t e d t h a t s u c h a c t i o n , i f it t o o k p l a c e , w o u l d

o f n e c e s s i t y b e r e l a t i v e l y s l o w e r .

T h e t e m p e r a t u r e o f i g n i t i o n of v a r y i n g m i x t u r e s o f

h y d r o g e n a n d o x y g e n h a s b e e n m o s t c a r e f u l l y s t u d i e d

b y P r o f e s s o r H . B . D i x o n , 1 w h o , b e s i d e s m u c h v e r y i n -

g e n i o u s a p p a r a t u s , e m p l o y e d t h e c i n e m a t o g r a p h for o b -

t a i n i n g c o n c l u s i v e e v i d e n c e o f t h e c o n d i t i o n s p r e v a i l i n g

d u r i n g e x p l o s i o n .

1 ( 'Jour. Chem S o c , " vols. 97 and 98, and vols 99 and 100
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By means of adiabat ic compression, the temperature
of ignition of different mixtures of hydrogen and oxygen
was determined, with results which may be seen in
Fig. 1. F rom a s tudy of this curve it will b e noticed
that the most easily ignited mixture is not one in which
the proportion of hydrogen to oxygen is as two to one,
as might perhaps be expected, but when the ratio is
one volume of hydrogen to four of oxygen.

IGNITION TEMPERATURES OF HYDROGEN AND OXYGEN MIXTURES.

(As determined by Prof. H B Dixon, M.A., F R.S.)

[Ignition by Adiabatic Compression)

Composition of Mixture. Ignition
By Volume. Temperature

Oxygen. Hydrogen. ° Centigrade.

33"33
40

5o
100

150
200

250
300

350
400

100 557
542
536
53°
525
520

5i6
512

509
507

T h e temperature of ignition of a mixture fired by
adiabatic compression is lower than when the same
mixture is fired by be ing heated in a glass or silica tube
at atmospheric pressure. Professor H B. Dixon in a
private communication to the author states that he found
the ignition temperature of electrolytic gas under the
latter conditions to be 580" C.
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Besides studying the temperature of ignition of
various gaseous mixtures Professor H . B. Dixon in-
vestigated the nature of explosions1 and found that
Berthelot's conception of an explosion as being an ad-
vancing locus of high pressure and of rapid chemical
change, which he described as " l 'onde explosive," was
fundamentally correct.

Without going into detail with regard to this very
interesting subject, it may be stated that " the velocity of
the explosion wave in a gaseous mixture is nearly equal
to the velocity of sound in the burning gases ".

While this statement does not satisfy all cases of
gaseous explosion, it may be regarded as fundamentally
correct, exceptions to the rule being capable of explana-
tion on the basis of undoubted secondary reactions.

On the basis of this relationship between the velocity
of sound in the burning gases and the velocity of ex-
plosion, Professor H . B. Dixon calculated the velocity
of the explosion wave in certain gaseous mixtures and
also determined it experimentally, with the results given
below:—

Velocity of Explosion Wave in
Metres per sec

Gas Mixture.

8H2 + Oa

H2 + 3O2

Calculated

3554

1740

Found

3535

1712

While it has been said that the temperature of igni-
1 "The Rate of Explosion in Gases," by H. B. Dixon, Bakenan

Lecture, Phil. Trans. Royal Society, 1893
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tion of hydrogen and oxygen in their most readily
ignited proportions mus t be at some point a t least 500°
C. in the mixture of the gases, this s ta tement requires
modification in that, though it is perfectly t rue in the case
of a mixture of the gases contained in glass or non-
porous vessels, in the presence of certain substances of
a porous nature this t empera ture of ignition is greatly
reduced. Th i s is particularly so in t h e case of platinum
in a spongy condition. If a piece of spongy platinum
is introduced at ordinary atmospheric temperature into
an explosive mixture of hydrogen and oxygen, t he
platinum is observed to glow and, an explosion almost
immediately takes place. T h i s proper ty is more marked
if the platinum is in t he spongy condition, bu t it is
equally t rue if it is in the form of wire or foil.

T h e r e is no complete explanation of this phenomenon,
but it has been observed that certain substances possess
the property of absorb ing many t imes their own volume
of different gases, and tha t these absorbed gases possess
a greatly increased chemical activity over their normal
activity a t the same temperature. N e u m a n and Str ientz 1

found that one volume of various metals in a fine state
of division is capable of absorbing the following amounts
of hydrogen :—

Palladium black . . . 502*35 volumes.
Platinum sponge . . . 49*3
Gold . 46-3
Iron . . . 19*17
Nickel i7'57
Copper . . 4-5
Aluminium . 2*72
Lead. . . . -15

1"Zeitschrift fur analytiscbe cheraie," vol. 32.
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T h i s proper ty of certain substances , without them-
selves undergo ing chemical change, 1 of be ing able to
impar t increased chemical activity to the gases they
absorb is not confined to the metals , but is possessed by
charcoal (particularly animal charcoal) , magnes i te brick,
a n d probably to some extent b y all porous substances.
I t is a subject of very grea t interest, and in many cases
of practical impor tance 2 which is now becoming a sub-
division of Physical Chemistry, unde r the n a m e of " Sur-
face E n e r g y ".

T h e Temperature Produced by the Ignition of
H y d r o g e n and O x y g e n . — I n the previous paragraph
t h e t empera tu re a t which the ignit ion of hydrogen and
oxygen begins h a s been given, a n d n o w the temperature
which t h e flame reaches will be considered.

B u n s e n de te rmined t h e t empe ra tu r e of the flame
produced to be :—

Flame of hydrogen burning in air . 20240 C.
„ „ oxygen . . 28440 C.

A later de terminat ion by Fe"ry ( " C o m p t e s R e n d , "

1902, 134, 1201) g ives the values 1900° C. a n d 2420° C.

respect ively, while Bauer (ibid., 1909, 148, 1756) ob-

ta ined figures for hydrogen burn ing in oxygen varying

from 22000 C. to 23000 C , according to the proportion of

o x y g e n present .

T h e reason that the flame of h y d r o g e n burning in

o x y g e n is hot ter than t he flame produced in air is due

1 It is contended by Troost and Hautefeuille that in the case of
palladium the absorption of the hydrogen is chemical and not
physical, palladium hydride (Pd2H) being formed.

2 The Bonecourt flameless boiler depends on the surface energy
of magnesite brick.
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to the fact tha t the speed of burning in oxygen is greater
than in air, because of the absence of any dilution, and
also because the nitrogen and other inert constituents
in the air a r e themselves heated at the expense of the
flame temperature . 1

T h e calculated value for the flame tempera ture of
hydrogen burn ing in air, assuming that the heat of
reaction is distributed among the inert constituents of
the air, is 19700 C. ( L e Chatelier), and this agrees ap-
proximately with the above figures of 202 40 C. and
19000 C.

A comparison between the flame temperature of
hydrogen a n d other gases burning in air is given in the
following table :—

Hydrogen2 . . . i9oo°C.
Acetylene3 . . . 2548°C
Alcohol2 . . . . 1705° C
Carbon Monoxide 4 . . 2ioo°C

T h e Quantity of Heat Produced by Burning
H y d r o g e n . — T h e temperature of ignition and the flame
temperature of hydrogen have already been considered.
It now only remains for the quantity of heat produced
by a given weight of hydrogen to be considered in
comparison with some other gases combustible in air.

1 In the case of Zeppelin airships brought down in flames, it is
not surprising that considerable amounts of molten metal have been
found in the locality, observing that the melting point of aluminium
is 6570 C, copper 10870 C.

2Fery, le
3 Fery, / c. The temperature of acetylene burning in oxygen is

about 40000 C , but this arises from circumstances not present in the
case of hydrogen flames

4 Le Chatelier.
2
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i lb of hydrogen on combustion gives 62,100 B.T U x

„ marsh gas „ „ „ 24,020 „
,, benzene „ ,, ,, 18,090 ,,
„ carbon monoxide „ „ 4,380 „

Reactions of Hydrogen with O x y g e n in the Com*
bined State*

So far the reaction of hydrogen and oxygen has
only been considered when both are in the gaseous
form. However, such is the attraction of hydrogen
for oxygen that when the latter is in combination
with some other element the hydrogen will gener-
ally combine with the oxygen, forming water and
leaving the substance formerly in combination with the
oxygen in a partially or wholly reduced state. Thus,
oxides of such metals as iron, nickel, cobalt, tin, and lead
are reduced to the metallic state by heating in an at-
mosphere of hydrogen.

T h u s : —

(1) FeaOa + 3H2 - 2Fe + 3H2O
(2) NiO + H2 - Ni + HaO
(3) CoO + H2 = Co + H3O
(4) SnOa + 2H2 - Sn + 2HaO
(5) PbO + Ha - Pb + H2O

T h e temperature at which the reduction by the
hydrogen takes place varies with the different oxides
and also with the same oxide, depending on its physical
condition. " Crystalline haematite," as the natural ferric
oxide is called, requires to be at a red heat (about 500°
C.) before reduction begins to take place, while if iron
is precipitated from one of its salts (as ferric hydrate by

1 The latent heat of the steam produced is included in the heat
units of fuels containing hydrogen.



CHEMICAL P R O P E R T I E S 19

ammonia) t he resulting ferric hyd ra t e can b e reduced
to the metallic state at t he tempera ture of boiling water.

W i t h nickel the same variation oi the tempera ture
of reduction is noted, depending on the physical condi-
tion. T h u s Moisson states that the sub-oxide of nickel
(NiO) which has not been calcined, is reduced by hydro-
gen a t 23O°-24O° C. ; Muller, on the o ther hand, states
that the reduction of the oxide at this t empera tu re is not
complete but only partial, but that if the t empera tu re is
raised to 270° C. a complete reduction takes place. If
the oxide of nickel has been strongly hea ted its tempera-
ture of reduction to the metallic s tate is a t least 420° C ,
in which case it is qui te unsuitable for use as the cata-
lytic agen t in the hydrogenation of organic oils.

Such is the affinity of hydrogen for oxygen that
hydrogen will under certain circumstances reduce hydro-
gen peroxide. If an acid solution of hydrogen peroxide
is electrolysed, oxygen will be liberated a t the positive
pole (or anode), but no gas will be l iberated at the
negative (or cathode), for the hydrogen which is set
free there immediately reduces the hydrogen peroxide
in the solution to water, as shown in the following
equat ion:—

H2Od + H2 - 2H2O.

It has been ment ioned that the tempera ture of re-
duction of t he metallic oxides by hydrogen varies with
the different oxides and with the physical condition of
the same oxide. I t might further be added tha t the
physical condition of the hydrogen also modifies the
temperature of reduction. This can be well shown by
taking some artificial binoxide of tin (SnO 3 ) and placing
it in a metal t ray in a solution of slightly acidulated
water. T h e metal t ray is then connected to t he
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negative pole of an electric supply, and another con-
ductor placed in the liquid connected to the positive of
the supply. O n the current b e i n g switched on electrolysis
takes place, that is to say, t he water is decomposed into
hydrogen and oxygen, the hydrfigen being liberated on
the surface of the metal t r a y containing the binoxide of
tin, and the oxygen a t t h e other pole. T h e nascent
hydrogen liberated in the neighbourhood of the white
tin oxide reduces it on t h e surface of the particle to
metallic tin, in accordance wi th the following equation :—

SnOa + 2H2 = Sn + 2H2O,

a fact which can easily b e proved by chemical means,

but which is also detectable by the change of the oxide

from white to the-dark g r e y of metallic tin.

Chemical Combination of Hydrogen with Carbon.

It has been shown tha t if hydrogen is passed over

pure carbon heated to 1150° C , direct chemical union

takes place,1 me thane or m a r s h gas being formed :—

C + 2HS - CH4.

This reaction is of some importance, as formerly in the
production of blue water g a s the presence of methane
was entirely accounted for by the presence of hydro-
carbons in the fuel. H o w e v e r , the experiments of Bone
and Jerdan show tha t even if no hydrogen whatever
were present in the fuel, m e t h a n e would be formed if
the temperature of the fuel b e sufficient.

If the temperature of t h e carbon is somewhat hotter
than 1150° C , direct union continues to take place, but
the product of the reaction is not methane but acetylene.

1 Bone and Jerdan, "Chem Soc Trans.," 71, 41, 1897
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T h u s if a small pure carbon electric a rc is m a d e in an
a tmosphere of hydrogen, small quanti t ies of acetylene
are produced, but no methane .

Chemical Combinat ion of H y d r o g e n w i t h Chlorine,
Bromine, and Iodine.

W i t h Chlor ine .—Hydrogen will combine with
chlorine, in accordance with the following chemical
equation, to make hydrochloric acid :—

Ha + Cl2 = 2HCI.

If the two gases are mixed in equal proportions in a
diffused l ight and are subjected to an electric spark, the
above reaction takes p lace with explosive violence. If
a glass t ube containing a mixture of t h e gases is heated,
the same reaction takes place with violence.

If a mixture of hydrogen and chlorine at a tmospheric
temperature is exposed to s t rong sunlight, hydrochloric
acid is immediately formed, with the characterist ic ex-
plosion. Invest igat ion of this increase in the chemical
activity of hydrogen a n d chlorine in t he presence of
sunlight has shown that it is the actinic rays which pro-
duce the phenomenon ; thus if t he rays which are present
at the blue and violet end of the spect rum a r e prevented
from reaching the mixture of t he gases by protect ing
this by a red glass screen, no reaction be tween them
takes place. W h e n sunlight is not available, the ex-
plosive combination of these two gases can be shown
by exposing a mixture of them in a glass vessel to the
light of burn ing magnesium, such as is frequently used
by photographers .

T h e remarks which have a l ready been m a d e with
regard to the reduction in chemical activity of hydrogen
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and-oxygen when perfectly dry apply also in the case
of hydrogen and chlorine.

Whi le referring to the production of chemical union
between hydrogen and chlorine brought about by the
influence of light, a t tent ion may be drawn to what is
known as the " D r a p e r Effect," which is best demon-
strated in the following apparatus :—

FIG 2.
Insolation Vessel

T h e mixed gases, in the ratio of one volume of
hydrogen to one of chlorine, are contained in a flat glass
bulb A, called the insolation vessel. T h e lower part of
the insolation vessel usually contains some water satu-
rated with the two gases. T h e capillary tube B C con-
tains a thread of liquid ac, to serve as an index. Under
the influence of a flash of light the thread of liquid ac is
pushed outwards, to re turn immediately to its original
position. Thus , a travels to b, and immediately returns
to a. Wi th every flash of light the same phenomenon
takes place. A t the t ime of its discovery (1843, " Ph^-
Mag. ," 1843, "*•> 23» 4°3» 4*5) t n e reason for this
sudden rise in pressure was not understood, but careful
investigation by J. W . Mellor and W. R. Anderson 1

has shown that a t each flash minute quantit ies of hydro-
chloric acid are formed, with the production of a little
heat, thus causing a rise in pressure until it is dispersed

1 "Jour. Chera. Soc," April, 1902.
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—in fact, the Draper effect may be likened to a very
small explosion without sufficient energy to propagate
itself throughout the gas.

Such is t he attraction of chlorine for hydrogen that
even when the latter is in combination with some other
element the chlorine often will combine with the hydro-
gen, l iberat ing tha t element. T h u s , if chlorine is passed
through turpentine, the carbon is liberated, in accordance
with the following equation :—

C10H10 + 8Cla = 10C + 16HCI.

Again, at ordinary temperatures and in ordinary diffused
light, but more rapidly in sunlight or other light of
ictinic value, chlorine will decompose water, liberating
Dxygen, in accordance with the following equation :—

2H2O + 2CI2 = 4HCI + Oa.

T h e combination of hydrogen with chlorine is at-
tended with the evolution of heat. According to Thorn-
sen, the combination of 1 g r a m m e of hydrogen with
35'5 g rammes of chlorine is a t t ended with the evolution
3f 22,000 gramme-calories of heat.

W i t h B r o m i n e . — T h e element bromine will combine
with hydrogen to form hydrobromic acid, in accordance
with the following equation :—

Ha + Br2 - aHBr.

This reaction between hydrogen and bromine is in many
'espects comparable with the combination of hydrogen
with chlorine, but unlike the latter, t he reaction cannot
be brought about by sunlight. However , if the two
^ases are heated, they will combine, but their combina-
tion is a t tended with the evolution of less heat than



24 HYDROGEN

in the case of chlorine. Thomsen states that the com-
bination of i g r a m m e of hydrogen with 80 grammes
of bromine (liquid) is a t tended with the evolution of
8440 gramme-calories of heat.

W i t h Iodine ,—Hydrogen will combine with iodine,
in accordance with the following equation, providing
the iodine is in the form of vapour and the mixture of
the two gases is strongly heated in the presence of
spongy platinum :—

H2 + I2 - 2HI.

Thomsen has shown that this combination, unlike
the two previous ones, is not at tended with evolution of
heat, but by the absorption of it. T h u s when 1 gramme
of hydrogen combines with 127 grammes of iodine (solid),
6040 gramme-calories of heat are absorbed.

Chemical Combination of Hydrogen with Sulphur,

Selenium, and Tel lurium.

With Sulphur.—If a mixture of sulphur vapour and
hydrogen is passed through a tube heated to at least
250° C , a chemical union of the two elements takes
place, in accordance with the equation—

H2 + S «= H<jS.

T h e resulting gas, which is known as " sulphuretted
hydrogen," has a characteristic and extremely unpleasant
odour, and is poisonous when inhaled. According to
The"nard, respiration in an atmosphere containing shs

part of its volume of sulphuretted hydrogen is fatal to
a dog, and smaller animals die when half that quantity
is present.
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Sulphuret ted h y d r o g e n is an inflammable gas, and

burn in air, in accordance with t he following equa-

ion:—
aHaS + 3O2 - 2SO2 + 2H2O,

>roducing sulphur dioxide and water.

If the gas is mixed with oxygen in the proportions
equired by the equat ion, and subjected to an electric
park, it explodes with violence, g iv ing t he same pro-
lucts as when burn t in air.

Sulphure t ted hydrogen is soluble in water at o° C.
0 the extent of 4*3706 par ts by volume per unit volume
>f water.

T h e densi ty of sulphuret ted hydrogen is 17 times
hat of hydrogen .

With S e l e n i u m . — W h e n selenium is heated to 250°
I. with hydrogen , chemical union results, with t he pro-
uction of selenuret ted hydrogen .—

H2 + Se - H2Se

T h e resulting gas is colourless, resembling sul-
huretted hydrogen in smell and in its chemical proper-
es. It is, however, much more poisonous than the
)rmer gas .

Selenure t ted hydrogen is inflammable and burns in
le same way as sulphuret ted hydrogen. If the gas is
:rongly hea ted it b reaks up into its two constituents,
le selenium being deposited in the crystalline form.

Selenuret ted hydrogen is soluble in water at 13*2° C.
) the extent of 3 31 par ts by volume per unit volume of
ater.

T h e density of se lenuret ted hydrogen is 40*5 times
lat of hydrogen.
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W i t h Tel lurium*—When tellurium is heated to 400°

C. in hydrogen, the elements combine, forming hydrogen

telluride :—
H2 + Te - H2Te.

This gas, like sulphuretted and selenuretted hydrogen,
is both offensive smelling and poisonous. Like selenu-
retted hydrogen, on strongly heat ing it is decomposed
into its components, the tellurium being deposited in
the crystalline form.

Tel lure t ted hydrogen is soluble in water to some
extent, but in course of time the telluretted hydrogen is
decomposed and tellurium deposited.

T h e density of telluretted hydrogen is 63*5 times
that of hydrogen.

Chemical Combination of Hydrogen wi th Nitrogen,
Phosphorus , and Arsenic .

W i t h Nitrogen*—Donkin has shown that when a

mixture of hydrogen and nitrogen is subjected to the

silent electric discharge, a partial union of the two gases

takes place, with the formation of ammonia :—

N2 + 3H2 - 2NH3.

However , this reaction could in no way be regarded as
commercial, as the quant i ty of ammonia produced after
the gases have long been subjected to the silent electric
discharge is only jus t sufficient to be identified by the
most delicate means.

Recent investigations have, however, shown that if
the two gases are mixed and subjected to very great
pressure (1800 lb. per sq. inch) in the presence of a
catalytic agent , union to an appreciable extent takes
place. T h i s process, which is now being used on a
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commercial scale in Germany, is k n o w n as the Habe r
process, but few details as to t he method of operation
are available. In the earlier s tages of the working of
this process the catalytic agen t was probably osmium,
but it is considered doubtful if this is still being em-
ployed.

T H E U S E S OF AMMONIA.

Such is the importance of ammonia in the existence
of a modern country that it is desirable t ha t some ac-
count of its use should be given, observing that it is not
improbable that the H a b e r process may be put into
operation in this country in the near future, consequently
enormously increasing the demand for the commercial
production of hydrogen.

Ammonia or its salts are employed in a variety of
ways in many trades. F r o m it nitric acid, the vital
necessity for the manufacture of all h igh explosives, can
b e m a d e ; it is an essential for the Brunner Mond or
Solvay ammonia soda process for the production of
alkali ; in the liquid form it is employed all over the
world in refrigerating machinery, but its enormous and
increasing use is in agriculture, where, in the form of sul-
phate of ammonia, it constitutes one of, if not the most
important chemical manures known to man. During
the year 1916 350,000 tons of ammonium sulphate
were produced in this country, the larger proportion of
which was consumed in agriculture—a proportion likely
to increase and not diminish if the d e m a n d for home
production of food continues.

P R O P E R T I E S OF AMMONIA.

Ammonia is a strongly smelling gas, possessing a

most characteristic odour. I t is lighter than a i r ; taking
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the density of hydrogen as i, air is 14 39, and ammonia
8'5. Ammonia is not in the ordinary sense combustible
in air, but if the air is heated or oxygen is supplied it
will burn with a feeble, almost non-luminous flame, in
accordance with the following equation :—

4NH3 + 3O2 - 2N2 + 6H2O.

Ammonia is strongly basic, i.e. it possesses the
property of combining with acids to make neutral salts.
T h u s with the common acids—sulphuric acid, hydro-
chloric acid and nitric acid—it forms salts, in accordance
with the following equations :—

2NH3 + H2SO4 = (NH4)2SO4,
NH8 + HC1 - (NHJCl,
NH3 + HNOa = (NH4)NO3

Among the physical properties of ammonia the out-
standing features are its solubility in water, its absorp-
tion by charcoal, and its liquefaction.

Solubility of Ammonia in Water. — Ammonia is
very soluble in water. Its solubility decreases with
increase of temperature, and, as is of course natural,
increases with increase of pressure. T h e following
table for the solubility of ammonia in water is
interesting :—

Temperature.

o°C.
8

16
3o
5°

Grammes of NH3
Dissolved in 1 c.c

of Water.

•875
•713
•582
•4O3
•229

C c of Nl
0 \J and 7c

1148
923
764
S29
306
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A feature of the absorpt ion of ammonia by water, is
the reduction of the specific gravity of the solution.
T h u s at 15° C. a sa tura ted solution containing 34*95 per
cent, of the gas by weight has a density of 882, while
pure water at the same tempera ture has a density of
•99909.

Absorption of Ammonia by Charcoal—Reference to
the surface energy of charcoal has already been made.
Its absorption of ammonia is very considerable, but varies
with the physical condition of t he charcoal, as well as
with the mater ia l from which it has been made. Saussure
found that freshly ignited boxwood absorbs about 90
times its own volume of ammonia, while H u n t e r has
shown tha t freshly prepared charcoal made from cocoa-
nut shell absorbs about 171 t imes its own volume of
ammonia.

Liquefaction of Ammonia.—Ammonia is an easily
liquefiable gas , and consequently it is owing to this
property that it is employed in refrigerating plants on
land and in ships, for by the rapid evaporation of the
liquid gas a h igh degree of cold may be obtained. T h e
critical t empera tu re of ammonia, i.e. that temperature
ibove which by mere pressure it cannot be liquefied, is
131 ° C. A t this tempera ture a pressure of approximately
1700 lb. per sq. inch must b e applied to produce lique-
faction ; if, however , t he tempera ture is below the
zxitical one for the gas, t he pressure required for lique-
action is great ly reduced. T h u s , if the ammonia is
:ooled to 15*5° C , a pressure of 101 lb. per sq. inch is
-equired, while if t he gas is cooled to o° C , a pressure
}f only 61 "8 lb. per sq. inch will effect liquefaction.
Liquid ammonia is a colourless, mobile liquid. It boils
lt ~ 337° C-i a n d a * o° C. has a specific gravity of 0*6234.
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A t - 750 C. liquid ammonia solidifies into a white crystal*

line solid.

W i t h Phosphorus .— I f red phosphorus is gently
heated in a stream of hydrogen, direct chemical union

takes place to a small extent, with the production of a gas
termed " Phosphoretted Hydrogen " or " Phosphine " :—

2P + 3 H 2 - 2PH8,

Phosphine is an offensive smelling, poisonous gas
which in the pure s tate is not spontaneously inflammable.
However , its tempera ture of ignition is very low ; thus,
if a stream of phosphine is allowed to impinge in air on
a glass vessel containing boiling water, it will immediately
burst into flame, burn ing with considerable luminosity,
in accordance with t he equation :—

PH3 + 2O2 = HPO3 + H2O.

Phosphine possesses an exceedingly interesting re-
action with oxygen. T h u s , if a mixture of phosphine
and oxygen is subjected to a sudden reduction in pressure
at ordinary atmospheric temperature, chemical combina-
tion immediately takes place with explosive violence, in
accordance with the equation already given.

Phosphine, which is produced in small quantities in
the Silicol process for making hydrogen, 1 has under
certain conditions a deteriorating effect on cotton fabrics,
not as an immediate action but as a secondary reaction.
T h e examination of a balloon envelope which burst at
Mi lan 2 in 1906 showed that a t some spots the material
could be easily torn, while over the grea te r portion it

1 The total volume of phosphine and arsme does not exceed
•025 per cent, and is usually about "oi per cent

2Namias, "L'Ind. Chim," 1907, 7, 257-258; "Chem. Cent.,"
1907, 2, 1460-1461.
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showed a g rea t resistance to tear ing. T h e damaged
spots were found to be impregnated with phosphoric
acid and a rsen ic acid, produced by t he oxidation of the
phosphine a n d arsine contained in the hydrogen with
which the balloon had been inflated.

Phosphine in small quantit ies in hydrogen contain-
ing over 1 per cent, of oxygen a t tacks copper, producing
an acid liquid which has a most corrosive action on
fabric. However , it does not appear unde r these cir-
cumstances to h a v e any action on aluminium or zinc ;
consequently any metal pa r t s inside the envelope of
an airship should b e of aluminium. Phosphine under
the above conditions a t tacks h e m p and o ther textiles
which have been t reated with copper compounds,
but it does not appear to have any action on fabrics
free from copper compounds or copper or brass
fastenings.

Though it has been stated tha t phosphine, is not
spontaneously inflammable, with quite small admixtures
of liquid hydrogen phosphide it immediately bursts into
flame on coming into contact with air.

Phosphine produced by t he reaction of water on
calcium phosphide always contains a quant i ty of the
liquid hydrogen phosphide sufficient to m a k e the gas
spontaneously inflammable. U s e of this property is
made in t h e H o l m e s ' Light used a t sea as a distress
signal, and also as a marke r a t to rpedo practice.

Phosphine is soluble in water to a slight extent.
T h e solution of phosphine in water is not very stable,
particularly in s t rong light, when it b reaks up, deposit-
ing red phosphorus .

T h e densi ty of phosphine is 17*5 t imes that of
hydrogen.
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With Arsenic ,—Hydrogen does not directly com-
bine with arsenic, but if an arsenic compound is in solu-
tion in a liquid in which hydrogen is being generated,
i.e. hydrogen in the nascent state, chemical union takes
place. Thus , if arsenious oxide is dissolved in dilute
hydrochloric acid and a piece of metallic zinc is added,
the hydrogen produced by the action of the acid on the
zinc will combine with the arsenic, in accordance with
the following equation :—

AS4O6 + I2Ha = 4ASH3 + 6H2O.

T h e gas produced, which is called " A r s i n e " or
" Arsenuretted Hydrogen," is unpleasant smelling and
poisonous. It burns in air with a lilac-coloured but not
very luminous flame, thus :—

4ASH3 + 6O2 - As4Ofl + 6H2O.

If the gas is strongly heated it is decomposed and
elemental arsenic deposited.

Arsine is produced to a small extent in the Silicol
process of making hydrogen, and has a deteriorating
effect on fabric (see phosphine), while with many metals
it is decomposed, arsenic being deposited and hydrogen
liberated. It can be liquefied easily (the liquid gas
boiling at - 54*8° C), and it solidifies at - H3 '5° C.
Arsine is soluble in water, one volume of water at o° C.
dissolving 5 volumes of arsine. T h e density of arsine
is 39 times that of hydrogen.

Chemical Combination of Hydrogen with Lithium,
Sodium, Potass ium, Magnesium, Calcium, and
Cerium,

T h e chemical combination of hydrogen has so far

only been considered with regard to a few non-metallic
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elements, bu t now a new series of react ions will be con-
sidered in which hydrogen combines chemically with a
metal. T h e s e metals a re those of the alkaline and
alkaline ear th group.

With Lithium.—If hydrogen is passed over metallic
lithium a t about 200° C , the hydrogen is absorbed, not
as hydrogen is absorbed by platinum, etc., but chemi-
cally absorbed, in accordance with the following equa-
tion :—

4L1 + H2 - LI^HJJ

If the result ing lithium hydride is allowed to cool and
is placed in water it becomes a source of hydrogen, not
only giving up what it has already received, but also a
volume twice as much as this, which it has derived from
the water, as may be seen in the following equation :—

Li4H2 + 4HaO = 4L1OH + 3H3

With S o d i u m . — U n d e r similar circumstances the
neta l sodium absorbs hydrogen with the production of
1 hydride :—

4Na + H2 = Na4H3.

This hydride, like that of lithium, behaves in a similar
nanner with water. It, however, has ano ther interesting
)roperty in that if sodium hydride is heated in vacuo to
-bout 300° C , the whole of the hydrogen is given off
,nd metallic sodium again remains.

With Potass ium.—If the metal potassium is heated
a the presence of hydrogen, a hydride is formed .—

4K. + H2 = K4H2.

"his hydride has the same characteristic reaction with
3



34 HYDROGEN

water, but it has a distinctive reaction, in that on ex-

posure to air it catches fire:—

2K4Ha + 9O3 - 4 K A + 2 H a 0 .

With Magnesium.—If hydrogen is passed over hot

metallic magnesium the hydrogen is absorbed :—

Mg + H2 = MgHjj.

Th i s hydride is decomposed with water, with the pro-

duction of magnesium hydrate and hydrogen :—

MgH2 + 2H2O = Mg(OH)2 + zH2.

With Calcium.—If hydrogen is passed over hot

metallic calcium the hydrogen is absorbed :—

Ca + H2 = CaH2

T h e hydride is decomposed by water, according to the
equat ion—

CaH2 + 2H2O = Ca(OH)a + 2H2.

Calcium hydride, unlike the metallic hydrides already
mentioned, is a commercial possibility, and under the
name of " Hydro l i th" has been used by the French
A r m y in the field for the inflation of observation
balloons. Its use for this purpose is governed by French
patent No. 327878, 1902, in the name of Jaubert.

With Cerium.—If hydrogen is passed over hot
metallic cerium the hydrogen is absorbed :—

Ce + H2 = CeH2.

T h i s hydride is decomposed with water in the same
manner as calcium hydride, but as a source of hydrogen
it is far too rare to be employed.

However, if an alloy of cerium with magnesium and
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iluminium is hea ted below its mel t ing point in a stream
)f hydrogen, t he latter is absorbed, with t he formation
)f cerium hydride within the alloy, which, after cooling,
Dossesses to a remarkab le degree t he p roper ty of emit-
ing sparks when rubbed with a n y r ough surface.
These sparks a re sufficiently hot to ignite coal gas and
)etrol vapour, hence the employmen t of this hydrogen-
ited alloy in the pa t en t lighters which h a v e of recent
rears become so common in this country.

Zhemical Combinat ion of H y d r o g e n w i t h Animal
and Vegetable Oil .

Owing to the discoveries of M. Saba t ie r a new
se has been found for hydrogen, a n d a vas t and ever-
rowing industry created, known as " fat ha rden ing ".

T h e chief uses for animal and vege tab le fats are for
be making of candles, soap, and edible fats such as are
icorporated in bu t t e r substitutes, sold generically under
ie name of " Marga r ine ".

Animal and vegetable fats are genera l ly mixtures of
certain number of complicated organic chemical com-

ounds, amongs t the chief of which m a y b e mentioned
nolein, olein, stearin, and palmitin. T h e physical
roperties of these compounds a re somewha t different.
'hus, those containing considerable proport ions of

earin and palmitin are usually solid at atmospheric
imperature, while those in which the chief consti tuent

either linolein or olein a r e liquids at such temperature .
These chemical compounds—linolein , olein, stearin,

id palmit in—are what a r e known as " glycerides,"
1. they a re compounds of glycerine with an organic
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Now since glycerine is of great value in a variety of
ways, chiefly for the production of nitro-glycerine, it is
customary to split these glycerides up into glycerine and
their organic acid before indulging in any other process
This may be accomplished by the use of superheated
steam. T h u s , when such steam is blown through pal-
mitin the following reaction takes place :—

( W C U H J A ) . + 3H2O - 3H(C16H31O2) + C8H6(HO)8
Falmitin Steam Palmitic acid Glycerine

Or through olein :—

C3HB(C1BH33Oa)3 + 3HaO = aHCQsHsA) + C8H6(HO)3.
Olein Steam Oleic acid Glycerine

T h e physical properties of these organic acids are

very interesting and important. Thei r melting points

a r e : —

Palmitic acid . . Melting point, 62 6° C
Stearic acid . . . ,, „ 69 30 C.
Oleic acid „ „ 14*0° C.

N o w this oleic acid, owing to its low melting point,
is not of great value, as it cannot be used for candles
However, the discoveries of M. Sabatier have shown
that under certain conditions of temperature and in
the presence of nickel or cobalt (which themselves
undergo no permanent change), the low melting linoleic
and oleic acids may be converted into stearic acid by
the introduction of hydrogen into the liquid organic
acid. T h u s : —

C17H38COOH + H2 = CnH
Oleic acid Stearic acid

T h e nickel in this process may be introduced into
the liquid organic acid by merely adding spongy nickel
to the molten oleic acid ; or as a volatile compound
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known as " Nickel Carbonyl " it may be blown in to-
ge the r with t he hydrogen.

In either case, for t h e conversion of the linoleic and
oleic acids into stearic acid, the tempera ture of the acids
should be be tween 200° and 220° C. W h e n the nickel
is introduced, in the form of carbonyl, at the same time
as the hydrogen, the carbonyl is decomposed into metal-
lic nickel and carbon monoxide—the lat ter t ak ing no
par t whatever in the reaction and being available for
the product ion of further nickel carbonyl.

T h e nickel which is used in this process performs
merely a catalytic function and does not of itself under-
g o pe rmanen t change. However , its catalytic property
may be dest royed either by the method by which it is
prepared or by certain impurities in the hydrogen with
which the hydrogenat ion is carried out. Whi le it is not
important that the hydrogen should be very pure—in
fact, it may contain carbon monoxide, nitrogen, carbon
dioxide, and methane—it is absolutely essential that it
should be entirely free from sulphur dioxide, sulphuretted
hydrogen, and other sulphur compounds, bromine,
chlorine, iodine, hydrochloric acid, arsenuret ted hydro-
gen, selenuretted hydrogen, and teluretted hydrogen.

If the nickel is introduced into the fatty acid in the
solid form it is important that it should b e absolutely
free from sulphur, selenium, tellurium, arsenic, chlorine,
iodine, bromine. Fur ther , it is important that the nickel
should have been prepared by the reduction of the oxide
at a t empera ture not exceeding 300° C , a n d should not
have been long exposed to the air prior to its use.

T h e weight of nickel used is about o ' l part to 100
parts of oil or fatty acid ; however, larger quantities do
no harm. After the hydrogenat ion of the fatty acid or
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oil, practically the whole of the nickel is recovered by
merely filtering the hot oil or fatty acid.

In this note the use of hydrogen in the fat harden-
ing industry has been described with particular refer-
ence to the conversion of the unsaturated oleic and
linoleic fatty acids into stearic acid. However , what
has been said in regard to this matter is equally appli-
cable to the conversion of olein and linolein into stearin,
cotton-seed and most fish oils being quite easily con-
verted into solid fats.
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THE MANUFACTURE OF HYDROGEN.
CHEMICAL METHODS.

T H E PRODUCTION OF H Y D R O G E N .

W H I L E all t he processes descr ibed yield hydrogen ,
some are of merely laboratory use, o thers of commercial
use, and yet others of use for the genera t ion of hydro -
gen for war purposes, unde r conditions where rapidity
of production and low weight of reagents a re m o r e im-
portant t han the cost of t he final product.

W h e r e hydrogen is wanted for commercial purposes,
two types of process will general ly b e found most use-
ful . the electrolytic, where not more than i o o o cubic
feet of hydrogen are required per hour a n d conditions
are such t ha t t he oxygen produced can b e e i ther ad-
vantageously used or sold locally ; the I ron Contac t
process, the L i n d e - F rank-Car o process, or the Badische
Anihn Catalytic process, whe re yields of 3000 a n d more
cubic feet a re required per hour. H o w e v e r , local con-
ditions and the requirements of a part icular t rade may
make some of the other processes t he more desirable.

Fo r war hydrogen may be economically produced a t
a base, and used there for the inflation of airships, or
the filling of high-pressure bottles for t ransport to the
Kite Balloon Sections in the field. W h e r e t ransport con-
ditions a re difficult it may be advan tageous to genera te

(39)
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the hydrogen on the field at the place where it will
be u sed ; then, probably, the Silicol, Hydrogen i t e or
Hydroli th processes will have the advantage, but here
again it is not possible to speak with any great precision,
as local conditions, even in war, must have great in-
fluence on the selection of the most suitable process.

T h e production of hydrogen can b e accomplished
by a large variety of methods, which may be divided
into two main classes, viz. chemical and physical, while
there is an intermediate class in which the production
of hydrogen is accomplished in two stages, one being
chemical and the other physical.

CHEMICAL M E T H O D S OF PRODUCING HYDROGEN.

T h e chemical methods of producing hydrogen may
be divided into four classes :—

1. Methods using an acid.
2. Methods using an alkali.

3. Methods in which the hydrogen is derived from
water.

4. Methods in which the hydrogen is produced by
methods other than the above

(1) Methods Us ing an Acid,

Wi th Iron.—If dilute sulphuric acid is brought into
contact with iron, chemical action takes place, with the
production of hydrogen and ferrous sulphate, in accord-
ance with the following equation :—

Fe + H2SO4 « H2 + FeSO4.

Theoretically, to produce 1000 cubic feet of hydrogen
at 30 inches barometric pressure and 40° F . by this pro-
cess, 155 Ib. of iron and 272 lb. of pure sulphuric acid a re



CHEMICAL M E T H O D S 41

equired, or a total weight of pu re reagen ts equal to
27 1b. per 1000 cubic feet of hydrogen produced. F r o m
be figures g iven above, the approx imate cost of material
>er 1000 cubic feet of h y d r o g e n can be calculated if the
revaihng prices of iron and sulphuric acid a r e known.
)f course, pure sulphuric acid is not an essential for the
rocess, bu t al lowance for t he impuri ty of the sulphuric
cid and iron must be m a d e in a n y calculation for cost
r weight.

T h e hydrogen produced by this me thod varies con-
derably in purity. It is liable to contain m e t h a n e to
n extent which depends on the carbon conten t of the
on ; it may also contain phosphine, depend ing on the
hosphorus content of t he iron, sulphuret ted hydrogen,
epending on the sulphur content of the iron, and traces
f silicon hydride, depend ing on the silicon content of
le iron. I t is also liable to contain arsine or arsenu-
itted hydrogen, depending on the arsenic content of
le sulphuric acid, the commercial acid frequently con-
Lining considerable amounts of this impurity. Unless
Decially treated, the hydrogen produced is a lways acid,
id therefore unsuitable for balloon and airship pur-
Dses.

T h e impure gas produced by this method may b e
jrined by be ing passed th rough or scrubbed by water ;
lis will r emove much of t he acid carried by the gas,
jst, and some of the me thane , phosphine , arsine, and
ilphuretted hydrogen. If after this t rea tment t h e gas
passed th rough a solution of a lead salt, the remain-
g acidity and sulphuret ted hydrogen can be removed,
his method of the t rea tment of the impure gas is
»vered by Eng l i sh pa ten t 16277, 1896, in the n a m e s of
ratis and Marengo . Fu r the r pa ten t s in connect ion
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with this method of producing hydrogen have been

taken out by Williams (English pa tent 8895, I 8 8 6 )»

Hawkins (English patent 15379, 1891), Pratis and

Marengo (English patent 15509, 1897), Hawkins

(English patent 25084, 1897), a n d Fielding (English

patent 17516, 1898).

W i t h Zinc*—If dilute sulphuric acid is brought into
contact with zinc, chemical action takes place, with the
production of zinc sulphate~and hydrogen, in accordance
with the following equation :—

Zn + H2SO4 - Ha + ZnSO*.

Theoretically, to produce 1000 cubic feet of hydrogen
at 30 inches barometric pressure and 40° F . by this pro-
cess, 180 lb. of zinc and 27? lb. of pure sulphuric acid
are required, or a total weight of pure reagents equal to
452 lb. per 1000 cubic feet of hydrogen produced.

T h e hydrogen produced by this process is liable to
fewer impurities than -frhen iron is used, but it is always
acid and liable to contain arsine if commercial sulphuric
acid is used.

T h e zinc sulphate produced in this process can be
turned more easily to commercial account than iron
sulphate. If to the solution of the zinc sulphate result-
ing from the process sodium carbonate or sodium
hydrogen carbonate is added, a precipitate of hydrated
zinc basic carbonate or zinc carbonate is obtained, which
on ignition in a furnace yields zinc oxide (commercially
known as "z inc whi te") , water, and carbon dioxide.
Zinc white has a commercial value as a basis or body
*n paints ; it has one grea t advantage over white lead,
which is used for the same purpose, in that it is far less
poisonous. T h i s method of t reatment of the residual
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zinc sulphate is the subject of a pa tent by Bar ton
(Engl ish pa ten t 28534, 1910).

T h e previous list of pa ten ts for t he reaction of iron
and sulphuric acid also cover t he use of zinc and
sulphuric acid for the production of hydrogen.

T h e r e are other metals which will yield hydrogen
with sulphuric acid, such as cadmium and nickel, while
many metals will yield hydrogen with hydrochloric acid,
such as tin, nickel, and aluminium. However , these
reactions cannot b e regarded as commercial means of
producing hydrogen .

(2) Methods U s i n g an Alkali ,

W i t h Zinc*—If a solution of caustic soda in water
is brought into contact with metallic zinc, chemical
reaction t akes place, with the production of sodium
zincate and hydrogen. T h e reaction is expressed in
the following equation :—

Zn + 2NaOH => H2 + Na2ZnC>2.

Theoretically, to produce 1000 cubic feet of hydro-
gen at 30 inches barometr ic pressure and 40° F . , 180 lb.
of zinc and 224 lb. of p u r e caustic soda a re required, or a
total weight of pure reagents equal to 404 lb. per 1000
cubic feet of hydrogen produced.

T h e hydrogen produced by this process is general ly
very pure, but, depending on the purity of the zinc, it is
liable to contain arsine. A s the gas is alkaline, owing
to the caustic soda carried in suspension, it requires to
be scrubbed to m a k e it suitable for balloons and air-
ships.

A modification of this process h a s been the subject
of a patent. Zinc as a fine powder is mixed with dry
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slaked l ime; then when hydrogen is required, the mix-

ture is hea ted in a retort and hydrogen is evolved, the

reaction being expressed :—

Zn + Ca(OH)3 = H2 + CaZnO3.

In this modification of the process to produce iooo
cubic feet of hydrogen at 30 inches barometric pressure
and 40° F . , 180 lb. of zinc and 207 lb of slaked lime
are required, or a total weight of pure reagents equal to
387 lb. per 1000 cubic feet of hydrogen produced.

By the substi tution of magnesium hydroxide instead
of slaked lime a similar reaction takes place, but the
total weight per 1000 cubic feet of hydrogen produced
is reduced to 341 lb.

Th i s process, with its modification, is covered by
a patent by Majert and Richter (Engl i sh patent
4881, 1887), and is primarily intended as a process for
the generation of hydrogen in the field for the inflation
of observation balloons.

T H E H Y D R I K OR ALUMINAL PROCESS.

W i t h Aluminium.—If a solution of caustic soda is
brought into contact with metallic aluminium, chemical
reaction takes place, ' with the production of sodium
aluminate and hydrogen, in accordance with the follow-
ing equation :—

2AI + 6NaOH = 3H2 + 2Al(ONa)3.

Theoretically, to produce 1000 cubic feet of hydrogen
at 30 inches barometric pressure and 40° F . , 50 lb. of
aluminium and 225 lb. of pure caustic soda are required,
or a total weight of pure reagents equal to 275 lb. per
1000 cubic feet of hydrogen.

T h e hydrogen produced by this process is generally
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sry pure, but the gas is frequently alkaline from minute
aces of caustic soda carried in suspension, which mus t
s r e m o v e d by scrubbing with wate r before the hydrogen
sui table for balloons and airships.

T H E S I L I C O L PROCESS.

W i t h Si l icon,—If a solution of caustic soda is b rough t
to contact with elemental silicon, chemical reaction
ikes place, with t h e production of sodium silicate and
ydrogen. T h e following equat ion was supposed to
ipresent the reaction •—

Si + 2NaOH + H2O - NajjSiOa + 2H2.

Theoret ical ly , to p roduce 1000 cubic feet of h y d r o g e n
: 3 0 inches barometric pressure a n d 400 F . , 38*8 lb. of
licon and 111 lb. of p u r e caustic soda a re required, or
to ta l weight of pure reagents equal to 149*8 lb. per

DOO cubic feet of hydrogen .

T h e gas produced by this process is singularly pure,
enerally containing 99'9 per cent, h y d r o g e n by vo lume
f t h e water vapour is removed before analysis), "oi per
snt. of ars ine and phosphine, "005 per cent, acetylene,
le remaining impurity be ing air, which is introduced
1 t h e powdered silicon and also in solution in the
rater .

I n work ing this process practically, p u r e silicon is
ot used, h igh-grade ferro-silicon, conta ining 82-92 per
snt. silicon, be ing employed. As will b e seen from the
b o v e equation, theoretically 2 '86 parts of anhydrous
austic soda by weight should be used for one par t of
licon: However , in work ing in practice, one par t of
u r e silicon and 1 7 par ts of pure caustic soda a re em-
loyed. T h i s discrepancy be tween t h e theoretical
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quantity of soda and that actually used has been investi-
gated by the author, who originally considered tha t the
following reaction might be taking place :—

Si + 2HaO = SiO2 + 2H2.

T h a t is to say, the silicon was being oxidised by the
oxygen of the water, and hydrogen liberated.

T h e first experiment performed was the hea t ing of
the ferro-silicon* (92 per cent Si) in a flask with boiling
water ; the resulting steam was condensed, but there
was no residual gas. Therefore it was concluded that
at the temperature of boiling water no reaction be tween
ferro-silicon and water took place.

Remember ing tha t the temperature of the caustic
soda solution used in the silicol process is above iocf C ,
frequently rising to 1200 C , it was thought that a higher
temperature might perhaps produce the suspected re-
ac t ion; ferro-silicon was accordingly heated in an at-
mosphere of steam in an electric resistance furnace to
a temperature of 300° C , but still no hydrogen was
produced. Consequently it was concluded tha t the ex-
planation of the smaller consumption of caustic soda than
would be anticipated from theoretical considerations must
be explained on some basis other than the reaction of
silicon with water.

T h e next experiment a t tempted was the heat ing of
ferro-silicon with sodium silicate, i.e. with a pure form of
the product of the usual equation. W h e n ferro-silicon
was heated with an aqueous solution of p u r e sodium
mono-silicate, considerable quantities of hydrogen were

1 The ferro-silicon employed was of French manufacture. I have
since found that some high-grade Canadian ferro-sihcons give traces
of hydrogen with water under the conditions cited in the experiments
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evolved, thus warran t ing the conclusion tha t the ordinary
equation—

Si + 2NaOH + H2O - Na2Si03 + 2H2

s not entirely correct, and tha t a silicate richer in silica
Jian that indicated in the equation was formed, a n d tha t
Drobably the following reaction proceeds to some ex-
e n t : —

Si + Na2Si03 + 2H,0 « Na2Si20B + 2H,.

Assuming this second reaction to t a k e place a t t h e

same t ime as the first, the reaction can b e e x p r e s s e d : —

2S1 + 2NaOH + 3H2O = Na«SijO« + 4H2,

which is equivalent to 1000 cubic feet of h y d r o g e n a t
30 inches barometr ic pressure and 40° F . be ing produced
Dy 38*8 lb. of silicon and 55*5 lb. of caustic soda, t he
•atio of pure caustic soda to pure silicon be ing a s 1 "43
s to 1.

Using a plant producing about 30,000 cubic feet of
lydrogen per hour, it was found that 1 "9 par ts of caustic
soda (j6 per cent. N a O H ) to 1 part of Canadian ferro-
jilicon (84 pe r cent. Si) gave very satisfactory results,
;he ratio of t h e pu re reagen t s being as 1 7 2 par ts of
;austic soda by weight to 1 pa r t of silicon.

Theoretically, 22*5 cubic feet of hydrogen should have
seen produced per lb. of the commercial ferro-silicon
ised, but in practice it was found that 2 0 7 cubic feet were
obtained, the discrepancy of 1 *8 cubic feet be ing to some
extent accounted for by the protective action of impurities,
oss through leaks and also by hydrogen be ing mechani -
;ally carried a w a y by t he water used for cooling t he
ssuing hydrogen.

Description of Silicol P l a n t . — T h e essentials of a
iilicol plant a re shown in the diagram (Fig. 3). T h e
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requis i t e q u a n t i t y of caust ic s o d a is p l a c e d in t h e t a n k

on t h e r igh t a n d t h e n e c e s s a r y w a t e r a d d e d t o it t o m a k e

a 25 p e r cent, so lu t ion . T o a s s i s t so lu t ion t h e r e is a

o

s t i r re r in this t a n k , which , in s m a l l p lan t s , is h a n d - o p e r -

a t e d a n d in l a rge o n e s p o w e r - o p e r a t e d . W h e n t h e w h o l e

of t h e caus t ic s o d a h a s g o n e in to so lu t ion , w h i c h it readi ly
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does as a result of the heat of solution and the stirring,
the valve D is opened, allowing the whole of the soda
solution to run via the pipe E into the generator . W h e n
the solution has run from the caustic soda tank into the
genera tor the valve D is closed, then the necessary
quantity of ferro-silicon is placed in the hopper on the
top of t h e genera tor and the lid of the hopper closed,
making a gas-tight joint. In small plants a little mineral
grease is added to the generator, via the grease box.

T h e plant is then ready for operation, and silicol is
cautiously fed into the genera tor by means of the hand-
operated feed worked from F .

D u r i n g the generation the fluid charge in the gene-
rator is kep t stirred by means of the stirring mechanism
worked from G. T h e hydrogen produced passes th rough
the tube condenser (where it is cooled and thus freed
from s team) and then on to the gas holder.

A n excessive pressure, due to rapid generat ion of
hydrogen, is guarded against by means of a water seal
as shown.

W h e n generat ion is complete, the resulting sodium
silicate solution is rapidly run out via the t rapped dis-
charge pipe and the interior of the genera tor washed
with cold water supplied from the tap B. The rmomete r s
at T i , T 2 , T 3 , and T 4 enable the tempera ture at dif-
ferent par ts of the appara tus to be observed and, if
necessary, controlled.

T h e description of the apparatus has, of necessity, to
be somewhat general, as these plants are made in sizes
varying from 1500 to 60,000 cubic feet per hour produc-
tion and consequently differ in de ta i l ; thus, in large
plants, the tube condenser is not employed and the hot
hydrogen passes up a tower packed with coke, down

4
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which water is falling. Fur ther , in large plants, the
generator itself is water-jacketed, as the heat of chemical
reaction would otherwise be excessive.

T h e silicol process has the advan tage of giving a
very grea t hydrogen production per hour from a plant
of small cost—its disadvantage is that at the pre-
vailing cost of the reagents employed the hydrogen is
expensive.

T o sum up, this process is exceedingly useful where
large quantities of hydrogen are from time to time
required, but it is not t he best process to use where
there is a constant hour-to-hour demand for hydrogen.

T h e Sil icon Content of the FerrO'Silicon.—The
grade of ferro-silicon used in this process is very import-
ant, as low-grade material does not yield anything like
the theoretical quanti ty of hydrogen which should be
obtained from the silicol present. T h i s arises to a slight
extent from the protect ive action of the impurities, which
enclose particles of silicon and therefore prevent the
caustic soda from at tacking it.

T h e curve (Fig . 4), obtained experimentally, shows
that to ge t even modera te efficiency ferro-silicon of over
80 per cent, silicon content should be used.

T h e Degree of Fineness of the Ferro'Silicon.—
T h e degree of subdivision of the ferro-silicon is also
important, not so much because of its effect on the total
yield of hydrogen, but because of its influence on the
rapidity of generation.

F ig . 5 indicates the speed of evolution of hydrogen
from two samples of t he same material, under identical
conditions, except tha t one sample was much coarser
than the other
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T h e Strength of the Caustic S o d a . — T h e strength
of the caustic soda is very important in this process. If
the solution is too dilute, a very poor yield of hydrogen
is obtained, and also another difficulty is introduced. '
W h e n the caustic soda solution is very weak, on the
introduction of the ferro-silicon or " si l icol" reaction takes
place, but the whole solution froths violently, the froth
being carried along the pipes from the generator, causing
trouble to be experienced in the valves, and tending to
ultimately block t h e pipes themselves. On the other
hand, the caustic soda solution may b e too strong. In
this case, before the whole of the caustic soda has re-
acted with t h e requisite amount of silicol, the solution
becomes either very viscous or actually solid, so a poor
yield is obtained and the sludge cannot be got out of
the generator without allowing it to cool down and then
digging it out by manual labour.

T h e following laboratory exper iments with ferro-
silicon containing 92 per cent silicon and caustic soda
containing 98 per cent, of sodium hydroxide illustrate the
effect of soda solutions of vary ing strength, and also the
effect of varying ratios of pure silicon to pure sodium
hydroxide. F r o m these it will be seen tha t the most
economical results a re obtained when a 40 per cent,
solution of caustic soda is employed and the ratio of
silicon to sodium hydroxide is approximately 1 to 1 "6.

In practice such s t rong solutions a re not used, as,
owing to the evaporat ion of a good deal of the water
during t he process, towards the end a degree of concen-
tration would be reached which would prevent the
sludge from being run out of the plant. A solution con-
taining about 25 per cent, of caustic soda is found to
give in practice ve ry satisfactory results. Such a solu-
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tion of commercial caustic soda, containing abou t 25 per
cent, of p u r e sodium hydrate, has at ioo° F . a specific
gravi ty of approximately 1-32—a figure which is very
useful to remember , as by means of a hydrometer a
rapid check can b e m a d e of the caustic soda solution
being prepared for use in the process.

T h e ratio of silicol to caustic soda should be such
that the ratio of pure silicon to pu re sodium hydra te is
as 1 to 1 7 2 , bu t this figure is capable of modification
to a slight extent, depending on t he t empera tu re of the
mixture, which is natural ly higher in large plants than
in small ones.

Experiment. Strength of Soda
Solution.

Ratio of Silicon
to pure Caustic

Soda.

Yield in Cubic Feet per lb
of Silicol.1 (At 30" Bar. and 6o° F.).

10 per cent.
10
10
10
30
30
3°
40
40

r to o 745
1 „ 1 065

1*480
3 200
o 852
2 13

3 9
1 5 8
3 19

13 62

i 5 3 6

16-80

23-90
23 5 3
24 10
2 4 5 0

T h e U s e o f S l a k e d L i m e i n s t e a d o f C a u s t i c S o d a ,

— T h e e x p e r i m e n t s a l r e a d y d e s c r i b e d i n d i c a t e t h a t t o

o b t a i n h y d r o g e n f r o m f e r r o - s i l i c o n a b a s e m u s t b e u s e d

t o r e a c t w i t h i t . I t t h e r e f o r e o c c u r r e d t o t h e a u t h o r

t h a t t h e c o s t o f t h e o p e r a t i o n o f t h e p r o c e s s m i g h t b e

r e d u c e d b y t h e s u b s t i t u t i o n o f s l a k e d l i m e f o r c a u s t i c

s o d a .
1 Theoret ical ly t he m a x i m u m possible yield u n d e r these condi-

tions of t empera tu re a n d pressure would b e 25 4 cub ic feet per lb of

sihcol of this puri ty
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Laboratory experiments, using ferro-silicon contain-

ing 92 per cent, silicon and pure slaked lime, were m a d e

to see if the following reaction took place :—

Si + Ca(OH)2 + H3O = CaSiO3 + 2H2.

T h e results of these experiments indicated tha t when
1 part of ferro-silicon, 2*5 parts of slaked lime, and
10 parts of water were used, a yield of 1*53 cubic feet
of hydrogen was obtained per lb. of ferro-silicon used.
Theoretically, under the conditions of the experiment ,
25*4 cubic feet should have been produced per lb. of
ferro-silicon; consequently it can b e safely concluded
that without an external supply of heat the suspected
reaction only takes place to a very limited extent.

Remembering that slaked lime will decompose

sodium silicate, producing caustic soda and calcium

silicate, in accordance with the following equation :—

Ca(OH)2 = 2NaOH + CaSiO3,

it was thought that the following reactions might t a k e
place if both caustic soda and slaked lime were employed
at the same time :—

(1) 2S1 + 2NaOH + 3H2O = NagSiaOa + 4H2.
(2) Na2Sia06 + Ca(OH)2 = 2Na0H + CaSi3OB.

Since the caustic soda in the solution would be re -
genera ted after it had reacted with the silicol, it would
be available for reacting with yet more silicol, and would
consequently reduce the quanti ty of caustic soda used in
the process.

T h e following experiments, using a mixture of slaked
lime and caustic soda, appear to indicate that the sur-
mise was partly or wholly correct, for with approximately
only half as much caustic soda as ferro-silicon a yield
of almost 16 cubic feet of hydrogen per lb. of ferro-
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silicon was obtained. By contrasting these experiments
with those already given, using caustic soda alone, it will
be seen tha t the yield obtained from the caustic soda is
much grea te r than tha t which would have been obtained
were no l ime present . Whe the r in operating on a large
scale equally good results would be obtained has not yet
been determined. 1

Expenment. ^ o , o f Silicon to fetao of Sihcon ^ ^ S S S ^ t
pure Caustic Soda. to Lime. *« Bar and §5 F.

1 i to 0426 1 to 1*52 I4'9S
2 1 „ 0426 1 „ 272 15-95
3 1 „ 0-426 1 „ 3 04 15-23

T h e Chemical Composit ion of the S ludge .—The
equations which have already been given indicate that the
products of this process are hydrogen and sodium disili-
cate in solution in water. Since, however, neither the
ferro-silicon nor caustic soda employed are pure, in the
practical production of hydrogen by this method, pro-
ducts other than those shown in the equations are found.

T h e commercial caustic soda employed always con-
tains a certain amoun t of carbonate of soda, which takes
no par t in the reaction and is found unaltered in the
sludge. T h e s ame remark applies to the iron contained
in the ferro-silicon.

T h e following analysis gives t he chemical composi-
tion of the s ludge produced when 1414 1b. of ferro-
silicon, containing 84 per cent, of silicon, and 2688 1b.

1 Since the above experiments the author has found that there is
a patent for the use of lime in conjunction with caustic soda and
silicon, which, under the name of " Hydrogenite," has been employed
by the French Army for inflating observation balloons in the field
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of caustic soda, containing 76 per cent, of sodium hydrate,

was employed. Besides the s ludge 29,300 cubic feet of

hydrogen was produced, measured at a temperature of

6o° F . and a barometer of 30 inches.

CHEMICAL COMPOSITION OF SLUDGE.

Moisture .
Silica . . . . .
Sodium carbonate . . . .
Soda (NaaO, other than carbonate)
Insoluble and undetermined

Per Cent
by Weight

• 27 74
3 6 79
6 04

20 08
9"35

IOO'OO

CHEMICAL COMPOSITION OF SODA SOLUTION USED.

Caustic soda . . . 24 5
Sodium carbonate . 3"o
Specific gravity at ioo° F . 1 324

CHEMICAL COMPOSITION OF FERRO-SILICON USED.

Silicon . . 84 o
Iron . . . . 6*9
Aluminium . . . c 7
Carbon . f2
Undetermined . . 3-6

100 o

SCREEN l ANALYSIS OF FERRO-SILICON.

Grms Per Cent.
141-5 = 10 28
85 "o = 617

Through
ii
31
II
II
>>
>)
)>
)}
91
>>

3assing

20, on 30
3°
40
So ,
60 ,
70 ,
80 ,
90 ,

TOO ,
120 ,
150 ,

» 4O
1 50
, 60
• 7O
, 80
, 9O
, TOO
, I2O

150
200
200

1 Standard I M.M. screens,
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T h e U s e of Mineral Grease*—To reduce the froth-
ing and pr iming in this process it is customary to intro-
duce a little mineral grease , which floats on t he surface
of the caustic soda solution and p r e v e n t s the formation
of the froth to a considerable extent

Abou t 32 lb. of mineral g rease a re advocated per
1000 lb . of silicol used. However , if the caustic soda
solution is s t rong, i.e. about 25 pe rcen t , sodium hydrate,
and the genera tor is wide, giving a large surface and a
shallow depth to the caustic soda solution, no grease
need be used at all.

Precautions to be Observed.—In this process very
great care mus t be taken in the introduction of the ferro-
silicon. W h e n the ferro-silicon is a t tacked by the
caustic soda large quanti t ies of hea t a re g iven out,
raising the t empera tu re of the caustic soda solution. If
the caustic soda solution is cold, ferro-silicon can be
introduced into the solution far more rapidly t han it is
attacked by the soda ; consequently the re is likely to
exist an accumulat ion of ferro-silicon in the solution, the
temperature of which is gradually rising. A certain
critical t empera ture is ultimately reached when the whole
of the accumulated ferro-silicon is a lmost instantly at-
tacked, with large yield of hydrogen and consequently
the production of high pressure in t he generator.
Several explosions have been caused in this country
from this reason. W h i l e it is impossible to g ive any
definite figures, in the ordinary commercial plant for the
Droduction of hydrogen by this process the ferro-silicon
ihould be added in small quantities, with a period of
vaiting be tween each addition, until the caustic soda
olution reaches a tempera ture of abou t 180° F At
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this temperature, with a 25 per cent, solution of caustic
soda, high-grade ferro-silicon is almost instantly attacked,
so it can then be added continuously at a rate which
does not produce a pressure above the working pressure
of the plant.

In plants for the operation of this process no red or
white lead whatever should be used for making joints,
as both these substances at a comparatively low tempera-
ture are reduced to metallic lead by ferro-silicon, with
the evolution of large quantities of heat and the produc-
tion of incandescence, the reaction tak ing place with such
rapidity as to constitute almost an explosion. This can
be easily illustrated by mak ing a mixture of finely
divided ferro-silicon and dry red lead, in which the ratio
of the two is 1 part of pure silicon to 12*2 parts of red
lead. If a match or the end of a cigarette is put to this
mixture it goes off violently, with the production of great
heat, in accordance with the following equation :—

Pb8O4 + 2S1 = 3Pb + 2SiO3.

T h a t the t empera ture produced is exceedingly high can
be well illustrated by put t ing, say, half an ounce of an
intimate dry mixture of ferro-silicon and red lead, in
which t he proportions of the active principals are as
indicated in the above equation, on a sheet of thin alu-
minium, say -ik of an inch thick. O n putt ing a match
to this mixture it will be found a hole is melted in the
aluminium sheet.1

All air must, if possible, be excluded from the plant
prior to the introduction of the caustic soda, as other-
wise in the early s tages of generation of hydrogen an
explosive mixture might arise which on ignition would

1 The melting point of aluminium is 658° C




