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ABBREVIATIONS

a¢. = aqueous

atm. = atmospheric or atmosphera(s)
at. vol. = atomic volume(s)

at, wt. = atomic weight(s)

T° or °K = absolute degrees of temperature
b.p. = boiling point(s)

6° = centigrade degrees of temperature
coeff, = coefficient

conc. = concentrated or concentration
dil. = dilute

eq. = equivalent(s)

f.p. = freezing point(s)

m.p. = melting point(s)

__ fgram-molecule(s)
mol(s) = {gram. molecular

— [molecule(s)
mol(s). {molecular

mol. ht. = molecular heat(s)
mol. vol. = molecular volume(s)
mol. wt. = molecular weight(s)
press. = pressure(s)

sat. = saturated

soln. = solution(s)

sp. gr. = specific gravity (gravities)
sp. ht. = specific heat(s)

sp. vol. = speocific volume(s)
temp. = temperature(s)

vap. = vapour

In the cross references the first number in clarendon type is the number of the
volume ; the second number refers to the chapter; and the succeeding number refers to the
«§,” section. Thus 5. 88, 24 refers to § 24, chapter 88, volume 5.

The oxides, hydrides, halides, sulphides, sulphates, carbonates, nitrates, and phosphates
are considered with the basic elements; the other compounds are taken in connection with
the acidic element. The double or complex salts in connection with a given element include
those associated with elements previously discussed. The carbides, silicides, titanides,
phosphides, arsenides, etc., are considered in connection with carbon, silicon, titanium, ete.
The intermetallic compounds of a given element include those associated with elements
previously considered.

The use of triangular diagrams for representing the properties of three-component’
systems was suggested by G. G. Stokes (Proc. Roy. Soc., 49. 174, 1891). The method was
immediately taken up in many directions and 1t has proved of great value. With practice it
becomes as useful for representing the properties of ternary mixtures as squared paper is for
binary mixtures. The principle of triangular diagrams is based on the fact that in an equi-
lateral triangle the sum of the perpendicular distances of any point from the three sides is
a constant. Given any three substances 4, B, and C, the composition of any possible
combination of these can be represented by a point in or on the triangle. The apices of the
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X ABBREVIATIONS

triangle represent the single components 4, B, and C, the sides of the triangle represent binary
miztures of 4 and B, B and C, or C and 4 ; and points within the triangle ternary mixture.
The compositions of the mixtures can be represented in percentages, or referred to unity, 10,
etc. In Fig. 1, pure 4 will be represented by a point at the apex marked 4. If 100 be the

o 2 4+ 6 8 C B 8 6 # 2 0
Fia. 1. F1c. 2. FiG. 3.

standard of reference, the point 4 represents 100 per cent. of 4 and nothing else; mixtures
containing 80 per cent. of 4 are represented by a point on the line 88, 60 per cent. of 4 by a
point on the line 66, etc. Similarly with B and C—Figs. 8 and 2 respectively. Combine »
Figs. 1, 2, and 3 into one diagram by superposition, and Fig 4 results. Any~ point in this h
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diagram, Fig. 4, thus repiesents a ternary mixture. For instance, the point M represents a
mixture containing 20 pet cent. of 4, 20 per cent. of B, and 60 per cent. of C.
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CHAPTER XLI
TITANIUM
§ 1. The Discovery of Titanium

In 1791, W. Gregor 1 studied the black sands of Menacan, near Falmouth, Cornwall,
and found some greyish-black granules which were attracted by a magnet. He di-
gested 100 grains of the mineral with hydrochloric acid and obtained an insoluble
grey powder, and a soln. which, when treated with aq. ammonia, furnished a pre-
cipitate which, on calcination, gave 46-% grains of magnetic oxide of iron with traces
of manganese oxide. When the grey powder was digested for a long time with hot
sulphuric acid, an insoluble residue was obtained, which, after calcination, con-
tained 3% grains of silica. When the yellow sulphuric acid soln. was treated with
potash-lye, a white precipitate was obtained which gave on calcination 45 grains
of a brownish calx. W. Gregor’s analysis of the black sand is therefore

Magnetite Silica. Brownish calx, Loss.
4675 33 45 43§ per cent

The yellow sulphuric acid soln. was changed to an amethyst or purple colour by the
action of metallic zinc, tin, or iron ; and to yellow, by tincture of galls. The pre-
cipitate itself, in contact with dil. acid, is also coloured purple by contact with
zinc; and a reddish-purple slag is obtained when an intimate mixture of the
powdered mineral and coal-dust is fused in a crucible. Hence, said W. Gregor :

The extraordinary properties of the sand have led me to believe that it contains a new
metallic substance. In order to distinguish this substance from others, I have ventured
to suggest a name derived from the neighbourhood—Menacan, Cornwall—where it was
found, and therefore I propose to call the metal menacanite.

Three years later, M. H. Klaproth 2 analyzed a specimen of a mineral from
Boinik, called H ungarian red schorl. He found this product to be a natural metallic
oxide which possessed peculiar properties, and hence, he inferred it to be the calx
of a new metal which he called tétanium. The name was borrowed from mythology
—the Titans, “ the first sons of the earth ’—because, * in order to avoid giving rise
to erroneous ideas, it is best to choose a name which means nothing in itself, when-
ever no name can be found which indicates the peculiar and characteristic properties
of a substance.” About the same time, 1794, M. H. Klaproth also found that a
brown mineral from Passau contained about 33 per cent. of titanium oxide, 33 per
cent. of lime, and 33 per cent. of silica, with a trace of manganese. He called this
mineral titanite. About 1797, the same observer analyzed the black magnetic sand
from Menacan, and found it to contain iron oxide, 51 per cent. ; titanium oxide,
4225 per cent. ; silica, 3'5 per cent.; and manganese oxide, 0'25 per cent. He
accordingly suggested that the suspected new element in W. Gregor’s mineral—’
kewn anderer seu, als eben der, welcher den hungarischen roten Schorl bildet ; namlich
Titankalk, so that W. Gregor’s new metallic substance is identical with
M. H. Klaproth’s titanium. M. H. Klaproth’s results were confirmed by
W. A. Lampadius,3 J. T. Lowitz, and L. N, Vauquelin, but the systematic in-
vestigation of purified titanic oxide was made by H. Rose, about 1824. The impure
metal was isolated by J. J. Berzelius in 1825, and by F. Wohler, in 1849 ; but it
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2 INORGANIC AND THEORETICAL CHEMISTRY

was not until comparatively recent times that a metal bf even a moderate degree
of purity was obtained.

A. Scott * reported a new element from the black titaniferous sands of Maketu, New
Zealand. The properties of its compounds were those characteristic of the titanium-
uranium family ; its at. wt. was stated to be 144 ; and it was said to form a cinnamon-
-coloured oxide very resistant to chemical agents. He proposed calling the new element
oceanium—irom Oceanus. one of the Titans. D. Coster and G. Hevesy’s examination of
A. Scott’s preparation showed no X-ray spectral lines characteristic of a new element ;
and C. J. Smithells and F. S. Goucher failed to establish the existence of a new element
in the Maketu sands. A. Scott showed later that the oxide of the supposed new element
was nothing more than titanium oxide associated with silica, and postulated that part
of the %ta.nium was replaced by silicon. The colour was due to the presence of a little
iron oxide.

REFERENCES.

1 W. Gregor, Crell’s Ann., i, 40, 103, 1791 ; ii, 55, 1791 ; Journ. Phys., 72.'1562, 1791.

2 M. H. Klaproth, Beitrdge zur chemischen Kenntniss der Mineralkorper, Berlin, 1. 233, 245,
1795 ; 2. 222, 226, 1797 ; 4. 153, 1801 ; 5. 208, 1810 ; Journ. Mines, 2. 45,1795 ; 3.1, 1796.

3 W. A. Lampadius, Sammlung praktisch-chemischen Abhandlungen, Dresden, 2. 124, 1797 ;
Crells Ann., 25. 1, 230, 259, 1797 ; J. T. Lowitz, 0., 31. 1, 183, 1799 ; L. N. Vauquelin, Journ.
Phys., 88. 345, 1805 ; L. N. Vauquelin and L. Hecht, Journ. Mines, 8. 15, 1796 ; R. Chenevix,
Phil. Trans., 92. 327, 1802 ; Nicholson’s Journ., 5. 132, 1802 ; J. J. Berzelius, Pogg. Ann., 4. 1,
1825 ; F. Wohler, Liebig’s Ann., 73. 34, 1849 ; T4. 212, 1849 ; H. Rose, Gilbert’s Ann., T3. 67,
129, 1821 ; Pogg. Ann., 1. 76, 1824 ; 3.13, 1825; 12. 479, 1828 ; 15. 145, 1829 ; 16. 57, 1829 ;
24. 141, 1832 ; 42. 527, 1837 ; E. J. Hallock, Indsx to the Literature of Titanium, 1783-1876,
Washington, 1879; Ann. New York Acad., 1. 53, 1879 ; G. A. Koenig, Proc. Phil. Acad. Science,
42, 1876.

4 A, Scott, Journ. Chem. Soc., 123. 311, 1923 ; Nature, 111. 463, 598, 1923 ; C. J. Smithells
and F. S. Goucher, 7., 111. 397, 463, 881, 1923 ; D Coster and G. Hevesy, ib., 111. 252, 1923.

§ 2. The Occurrence of Titanium

The metal does not occur free in nature. Its compounds are very widely
diffused in small quantities ; indeed, although titanium is often grouped with the
scarce metals, it appears to be more abundant than copper, lead, zinc, or any of
the common metals except iron. Titanium, however, is rarely found with any con-
siderable quantity located in one spot. Concentrated deposits are scarce. Titanium
is nearly always a constituent of igneous rocks, and of sediments derived therefrom.
According to F. W. Clarke,! out of 800 rocks analyzed in the United States, 784
contained titanium. J. H. L. Vogt, J. F. Kemp, A. Harker, and H. 8. Washington
also made confirmatory reports. From J. Joly’s and F. W. Clarke’s estimates
046 per cent. of the earth’s crust is titanium, 27°7 per cent. silicon, and thorium
0002 per cent. F. W. Clarke and H. 8. Washington gave 0°46 per cent. of titanium ;
and J. H. L. Vogt, 0'33 per cent. According to A. J. Angstrém,2 F. Cornu, G. Salet,
R. Thalén, H. L. Cortie, J. N. Lockyer and F. E. Baxandall, H. Deslandres,
W. M. Mitchell, M. N. Saha, F. W. Dyson, and W. S. Adams, titanium is present,
probably in the gaseous state, in the atm. of the sun. A. Fowler observed 1t in the
spectra of stars. A. Daubrée, C. F. Rammelsberg, G. P. Merrill and H. N. Stokes,
and E. E. Howell and co-workers found titanium in various meteorites.

The most important mineral sources of titanium are rutile and ilmenite ;
perowskite and sphene are of less importance. These minerals are discussed else-
where. Rutile contains 90-100 per cent. TiO, (g.v.), and varieties are represented
by the minerals crispite, davidite, dicksbergite, tlmenorutile, nigrine, sagenite, and
striiverite. Another tetragonal form of rutile is anatase or octakedrite ; and the
rhombic form is brookite, with its varieties arkansite and jurinite. The titanates
are represented by ilmenite, a ferrous titanate, FeTiOz. This mineral has 3 to 59
per eent. TiO,, and varieties are called crichtonite, hystatite, iserine, kibdelophane,
preroilmenite, titanoferrite, washingtonste, and titaniferous iron ore. The ferric
orthotitanate, Fe,(TiO,)s, is represented by pseudobrookite, and ferric meta-
titanate, Fey(TiOg)s, by arizonite ; calcium metatitanate, CaTiO3, by perowskite ;
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hydrotitanite is an altered perowskite ; and knopite is a related variety. Mag-
nesium metatitanate, MgTi0g, is represented by geikielite ; manganese meta-
titanate, MnTiO;, by pyrophanite ; a mixed mesodititanate (Fe,Mn,Pb)TiOg,
by senaite. Astrophyllite is a titanium silicate ; and lamprophyllite is a related
variety. The titanosilicates are represented by sphene or tu#anite, CaTiSiOj,
and guarinite, CaTiSiO,. As varieties appear alshedite, aspidelite, eucolite-titanite,
greenovite, grothite, lederite, ligurite, menacanite, pictite, spinthere ; and yttrotitanite ;
with the alteration products leucoxene, titanomorphite, and xanthitane. A barium
titanosilicate, BaTiSigOg, is represented by bendtoite. A titaniferous garnet
is called schlorlomite, and the variety dvaarite; a@nigmatite and the variety
cossyrite are iron and columbium titanosilicates ; neptunite is a titanosilicate of
alkalies and iron ; keilhauite, of calcium, aluminium, iron, and yttrium ;.narsar-
sukite, iron and sodium ; lorenzenite, of sodium and zirconium ; leucosphenite,
sodium, barium, and zirconium ; ¢scheffkinite, of calcium, iron, aluminium, cerium,
and yttrium ; and molengraaffite and rhonite are still more complex. The
borotitanates are represented by warwickite;, and the titanoantimonites by
lewisite, mauzelite, and derbylite—vide antimonites,

J. C. G. de Marignac 3 showed that a number of columbates and tantalates
may be regarded as titanium minerals, although they are separately discussed
with the elements columbium and tantalum. For example, wschynite (21 per
cent. TiO,), blomstrandine (21-23 per cent. TiOy), blomstrandite (10-11 per cent.
TiO,), chalcolamprite are related to wpyrochlore, dysanalyte (40-60 per cent. TiOy),
epistolite (7-8 per cent. TiOy), euxenite (20-24 per cent. TiOy), marignacite and
pyrochlore (514 per cent. TiO,), polycrase (256-30 per cent. TiOy), polymignite
(18-19 per cent. TiOy), risorite (67 per cent. TiO,), and wilkite (2324 per cent.
TiOy). Similar remarks apply to the cerium minerals johnstrupite (7-8 per cent.
TiO,), mosandrite (5—10 per cent. TiO,), rinkite (1314 per cent. TiOy) ; the yttrium
minerals delorenzite (55-70 per cent. TiOy), and yttrocrasite (40-50 per cent. TiOy) ;
and the zirconium minerals hainite (28-32 per cent. TiO,), rosenbuschite (20 per
cent. TiO,), and zirkelite (14-15 per cent. TiO,). The occurrence of titanium in
the spinel hoegbomite was discussed by T. L. Watson.4 Many observations,® in
addition to those cited above, have been made on the occurrence of titanium in
minerals.

E. Cohen,® M. F. Heddle, E. Jackson, P. Jannasch and J. H. Kloos, F. Knapp,
E. Riley, H. Rose, A. Sauer, T. Scheerer, A. Stelzner, G. Vogt, and L. van Werweke
have emphasized the almost ubiquitous occurrence of titanium in silicate rocks.
R. Apjohn, and V. Roussel found it in basalt and trap rocks. A. F. de Fourcroy
and L. N. Vauquelin found titanium in the ferruginous gangue of the platinum
deposits ; and A. Damour, J. J. Berzelius and co-workers, and A. des Cloizeaux,
in auriferous and platiniferous sands. T. Thomson, and R. D. 8ilva reported it
in various sands; H. St. C. Deville, in bauxite ; and J. Peschier, H. Rose, and
L. N. Vauquelin, in many micas. L. Dieulafait reported it in various primordial
rocks ; and A. B. Griffiths found 068 per cent. TiO; in the volcanic ash of
Mt. Pelée; and P. A. Dufrénoy, in volcanic iron. It occurs in biotite (up to
" 5 per cent.), lepidomelane (up to 5 per cent.), titanolivine (up to 6 per cent.),
pyroxenes (up to 5 per cent.), andradite (up to 10 per cent.), and in amphiboles
(up to 9 per cent.). It has been found in felspars, dolomitic marble, nepheline,
etc.. Analyses have been reported by ¥. P. Dunnington, W. P. Jorissen, A. Harker,
F. W. Clarke, H. S. Washington, W. M. Thornton, ete. It is a very common,
constituent of clays, and was noted in various clays by C. M. Kersten, W. F. Salm-
Horstmar, E. Riley, G. Vogt, C. Bischof, W. Aleksiejeff, F. P. Dunnington, etc.
R. H. Brett and G. Bird found titanium in Hessian crucibles, but F. Wéhler and
A. Schwarzenberg, O. L. Erdmann, and J. E. Herberger could not confirm this.
Titanium was found in most soils exarined by W. F. Salm-Horstmar, E. Jackson,
F. P. Dunnington, G. F. McCaleb, E. Odernheimer, etec. W. O. Robinson and
W. J. McCaughey found it in the soils of Chinese tea plantations. W. Biltz and
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E. Marcus detected it in the clay of the Stassfurt salt beds. C. Baskerville found
it in peat ; E. Jackson, in coal ash ; C. E. Wait, in bituminous coal (0:69-0'95 per
cent.), and anthracite (up to 2'59 per cent.). L. Franck found some diamonds
coloured with titanium ; but H. Moissan did not find any in the ash of diamonds.
This element is found in beds of hsematite and magnetite, forming titaniferous
‘magnetites. J. T. Singewald,” C. U. Slocum, A. Vogel and C. Reischauer, etc.,
have discussed this subject. The occurrence of titanium in iron ores has been
reported by A. Terreil, J. H. L. Vogt, E. Riley, H. Rose, R. Mushet, J. J. Noggerath,
T. Virlet d’Aoust, C. F. Rammelsberg, R. Thalén, G. W. Maynard, R. Akerman,
E. J. Chapman, P. W. Shimer, A. Tamm, T. Konig and O. F. von der Pfordten,
T. W. Hogg, A. Ledebur, J. F. Kemp, T. H. Cope, L. de Launey, N. P. Hulst,
F. W. Clarke, P. Berthier, H. S. Washington, H. le Chatelier, etc. P. C. Grignon,
and W. H. Wollaston found crystals of titanium, or rather titanium carbonitride,
in the iron slags of Merthyr Tydvil, Wales; and they have been remarked by
many others—C. Reinhardt, E. Franck, J. J. Néggerath, B. Osann, H. von Fehling,
M. Meyer, F. L. Hiinefeld, T. W. Hogg, J. W. Ddobereiner, G. F. Comstock,
C. M. Kersten, ete. The crystals have also been observed in blast-furnace iron by
F. A. Walchner, H. E. F. G. Sandberger, E. Emmons and W. R. Johnson,
J. K. L. Zincken, A. Laugier, R. Akerman, C. F. B. Karsten, J. Noggerath,
L. Franck, J. L. Bell, H. Blumenau, H. D. Rogers, W. H. Harris and J. Stenson,
J. Percy, B. Kerl, A. J. Rossi, C. F. Rammelsberg, D. Forbes, T. S. Hunt,
G. W. Maynard, C. U. Slocum, J. Hérnhager, F. Kick and W. F. Gintl, W. Bettel,
and E. Riley; and described in various treatises on the manufacture of
iron and steel. The element has been reported in various iron alloys and in
steel, by A. J. Rossi and co-workers, J. A. Paris, R. Mushet, E. Riley, O. Bauer,
E. Bahlsen, J. H. Pratt, R. A. Hadfield, L. Guillet, C. U. Slocum, W. Venator,
F. A. Fitzgerald, L. Treuheit, E. von Maltitz, P. H. Dudley, G. B. Waterhouse,
A. E. Nordenskjséld, E. L. Gruner, A. Nies, A. Carnot and E. Goutal, etc.
C. H. Pfaff reported titanium in a sample of commercial sulphuric acid. M. Mazade,
and O. Henry found titanium in the mineral water of Nérac. E. Jackson, and
C. E. Wait found this element in the ashes of many plants—the former found it
in cotton-seed cake, sawdust, and in the seeds of French beans; the latter found
apple- and pear-tree ash contained 021 per cent. TiOy; oak-wood ash, 031 per
cent. ; apples, 011 per cent.; cow-peas ash, 0'01 per cent.; cotton-seed cake,
0'02 per cent.; and F. Traetta-Mosca found it spectroscopically in tobacco.
E. O. von Lippmann found 0°12 per cent. of titanium in vinasse. G. Q. Rees found
titanium in human blood and in the suprarenal glands, but R. L. Marchand con-
tradicted this; however, C. Baskerville found 0°0195 per cent. titanium in beef-
bone ; 0°013 per cent. in beef flesh; 070325 per cent. in human flesh; and a
trace in human bone,.
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§ 8. The Exfraction of Titania

In an old process used by H. Rose ! for extracting titanium dioxide or titania
from rutile or titaniferous iron-ore, the mineral was heated to redness in a stream
of hydrogen sulphide, and the iron sulphide removed by extraction with conc.
hydrochloric acid, and the hydrated titania well washed. To remove all the iron,
a repetition of the process is necessary. He also converted the iron into soluble
sulphide by fusing the powdered mineral with sulphur, extracted the mass with
hydrochloric acid, and treated the washed product with hydrogen sulphide as just
indicated. H. Rose extracted rutile or titaniferous iron ore with hydrochloric
acid and fused it with over three times its weight of potassium carbonate, or better,
according to A. Laugier, with twice its weight of potassium hydroxide. The
cold mass was washed with water until the acid potassium titanate began to pass
through the filter-paper. The washed residue contained ferric oxide and potassium
titanate. C. Friedel and J. Guérin volatilized the iron as chloride by heating the
mixed precipitate in a current of hydrogen chloride and chlorine. To obtain
titanium dioxide of a very high degree of purity, A. Stahler, and O. F. von der
Pfordten recommended converting the oxide to the chloride—wide infra ; treating
the aq. soln. with ammonia ; and igniting the washed precipitate.

There are many ways of separating the iron and titanium oxides from the soln. of the
residue in cold cone. hydrochloric acid. If this soln. be boiled, the titanium chloride is
hydrolyzed and titanium hydroxide is precipitated. According to H. Rose, the hydrolysig
is facilitated by the addition of sulphuric acid—vide infra, action of sulphuric acid on
titanium dioxide. The precipitate is still contaminated with iron. If, however, the iron
be reduced to the ferrous condition before the hydrolysis, it will not be precipitated
with the titanium. P. Berthier recommended sulphur dioxide or ammonium sulphide
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as a reducing agent; V. Merz, and O. F. von der Pfordten, hydrogen sulphide ; and
F. Stromeyer, sodium thiosulphate. H. Rose treated the soln. with ammonia, and digested
the precipitate with ammonium sulphide to convert the iron and manganese oxides into
the bivalent sulphides, which were removed by hydrochloric acid. H. Rose also found
that the iron can be kept in soln. by adding enough tartaric acid before the treatment with
ammonia. G. Streit and B. Franz recommended acetic acid in place of tartaric, although
other organic acids will do as well. A. Laugier, for example, used oxalic acid or ammonium
oxalate. C. Dreher applied these principles to extract titanium dioxide from substances
(such as bauxite residues) containing titanic acid associated with iron, aluminium, and
other metals; the mineral is treated with sulphuric or other acid, and the iron is
reduced to the bivalent condition by producing naseent hydrogen in the soln. by electrolysis
or other means. The acids are nearly nentralized by an alkaline earth or corresponding
carbonate ; or substances, such as sulphites, acetates, or formates, may be added to bind
the acid employed, without dissolving the titanous oxide which is precipitated.

P. Berthier fused the mineral with a mixture of sodium carbonate and sulphur
added in small portions at a time to the hot crucible ; and afterwards dissolved
the mass in cold dil. sulphuric acid. The soln. was treated with sodium carbonate,
the ferrous iron remained in soln., and the titanic acid was precipitated. R. Weber
opened the mineral by fusion with twice its weight of fluorspar, and digested the
cold mass with dil. sulphuric acid. The liquid was filtered from the calcium
sulphate, reduced with sulphur dioxide, and boiled to precipitate the titanic oxide.
J. C. G. de Marignac brought the mineral into soln. by fusion with potassium
hydrosulphate ; the cold cake was dissolved in water ; the liquid diluted so that
it contained 1 vol. of sulphuric acid to 6 vols. of water; and the soln. boiled to
precipitate the titanic oxide. G. W. Sears and L. Quill studied the opening of
titanium ores with alkali pyrosulphates, and found the sodium salt to be rather
more efficient than the potassium salt. At least 12'5 parts of sodium pyrosulphate
should be employed for one part of ore. F. Wohler fused the finely powdered
mineral with three times its weight, of potassium carbonate, and digested the
powdered cake with dil. hydrofluoric acid. The sparingly soluble potassium
fluotitanate was boiled with sufficient water to dissolve all the salt; the soln.
filtered while hot; and, on cooling, the potassium fluotitanate was obtained as
lustrous, scaly crystals. The salt was washed with cold water, and purified by
recrystallization from boiling water. The hot soln. can be treated with ammonia,
and the washed precipitate ignited for titanium dioxide of a high degree of purity.
V. Merz, and also L. Weiss and H. Kaiser, used a modification of this process.
G. Streit and B. Franz found that much titanium dioxide remained in soln. with
the ferric salt. F. Erban recommended the following process :

The ore is melted with sodium hydroxide, lixiviated with water, and the residue washed
to free it from alkali. The product 1s dissolved in hydrochloric acid, and the soln.
treated with alkali to precipitate the titanium as hydroxide. Iron is removed by adding
sodium sulphide, washing the precipitete, and treating it with sulphurous acid. It is
then converted into the double oxalate of titanium and ammonium by treatment with
oxalic acid and ammonium oxalate. Thirty parts of rutile containing 80-90 per cent. of

titanic acid gave 120 parts of ‘‘ oxalate.” The ignited precipitate furnished titanium
dioxide.

F. Bayer prepared titanic acid from ferrotitanium by heating the alloy with
calcium oxide or carbonate, and extracting the product with acids. P. H. Monk
and C. Whittemore, and E. E. and P. C. Dutt discussed the extraction of titanic
oxide from bauxites, etc. G. Siebert and E. Korten treated the raw material
with halogens in the presence of carbon at a high temp. G. Carteret and M. Devaux
described the following process :

The ore is heated in a retort at 800° for 1 or 2 hrs. in the presence of a slow current
of reducing gas or mixed with carbon. Dry chlorine is passed through the furnace heated
to 350°. At this temp., the iron only is attacked, and the ferric chloride formed passes
out and is collected. The direction of the chlorine current is then reversed, and the temp.
raised to 550°-600°. The titanium is attacked, and the titanium chloride, contaminated
with traces of irom, silicon, etc., passes out through another opening. The titanium
chg)ridfz1 is purified by distillation, and may be used for the preparation of titanium sulphate
and oxide.
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J. Blumenfeld opened the mineral by digestion with sulphuric acid; and
J. Blumenfeld and C. Weizmann extracted titanic acid from ilmenite by the follow-
ing process :

The mineral was heated with sulphuric acid of 70-90 per cent. conc. at 150°-180° for
1} hrs. or for some time after the mass had become a dry powder. This was cooled to
50°, a limited quantity of water (such that only about 15-20 per cent. of the iron dissolves)
added, and the whole stirred with spongy iron to reduce any ferric sulphate. The bulk
of the ferrous sulphate remained undissolved and was filtered off. The titanium contained
in the filtrate was precipitated as hydroxide and the latter washed with acidified water
containing a small quantity of salts of trivalent titanium until free from iron. The
hydroxide was calcined under oxidizing conditfons, and yielded titanic acid of & colour
suitable for use as a white pigment. T.Matsubaka said that the calcining temp. should
not exceed 400°, and that an excess of acid redurces the yield of titanic oxide.
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§ 4. The Preparation of Titanium

In 1825, J. J. Berzelius! prepared what he called amorphes Titan by
reducing potassium fluotitanate, KyTiFg, with sodium ; the black powder gave
metallic streaks when rubbed with a polishing tool, and it was said to be ““ insoluble
in hydrofluoric acid,” whereas it is now known that the element readily dissolves
in that menstruum. When M. A. Hunter repeated J. J. Berzelius’ experiment,
in vacuo, his best product contained but 732 per cent. of titanium. W. A. Lam-
padius 2 then heated a mixture of titaniferous earth and carbon in a clay crucible
and obtained a dark brown metal which detonated when mixed with saltpetre
and heated. A. Laugier likewise heated a mixture of the earth with oil, and
obtained yellow crystals resembling some curious crystals found in blast-furnace
slags—Hochdfenkrystallen. As indicated above, W. H. Wollaston mistook these
crystals for the crystalline form of the metal itself. F. Wéhler isolated the impure
metal in 1849, and showed that the product obtained by the high temp. reduction
of the oxide by carbon was not the metal, but rather g mixture of the nitride
and carbide—titanium carbonitride or cyanide. Thus, by heating W. H. Wol-
laston’s “metal”” in chlorine gas, F. Wohler showed that it contained :

Titanium. Niirogen. Carbon.

‘W. H. Wollaston’s product . . . . 77-26 18-30 4-56
Calculated for Ti;C,Ng . . . . . 17800 18-11 3-89
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On account of the high m.p. of the metal, and the ease with which it unites with
oxygen, carbon, nitrogen, silicon, and the other elements, it is doubtful if anything
but a very impure form of the metal was really obtained by J. J. Berzelius, and
F. Wohler. The metalljc appearance of the titanium nitrides also led to their
being confused with the metal. Thus, H. Rose’s dark blue or black powder obtained
by heating titanium tetramminotetrachloride, TiCl;.4NHg, alone or with sodium,
is now known to be a nitride. Accordingly, the early reports of the isolation of the
metal are quite unreliable, and many early records of the properties of titanium
are confused, and contradictory, and therefore erroneous.

(1) Reduction of the halogen salts with the alkali metals—J. J. Berzelius,? and
F. Wohler reduced potassium fluotitanate with potassium or sodium, with or
without a layer of sodium chloride above to protect the mass from oxidation ;
but A. Schiiller and V. Wartha showed that the product always contained a relatively
large proportion of titanium nitride; E. A. Schneider, oxygen and hydrogen ;
and V. Merz, that it contained sodium, and that in removing the alkali fluorides
by washing with water, the latter reacts with the finely-divided titanium, forming
titanium oxide. F. Wohler and H. St. C. Deville heated a boat of the alkali
fluotitanate and a boat of sodium in a stream of hydrogen, when the vapour
of sodium passing over the fluotitanate effected the reduction. The metal was
obtained by washing the product. . Glatzel used a similar process. Instead of
using glass or porcelain, L. Lévy said that enamelled iron can be employed as the
containing vessel. He also used a copper vessel. V. Merz tried to obtain the
titanium in a crystalline state by adding zinc to the mixture, but the results were
nugatory. The product obtained by H. St. C. Deville must have contained carbo-
nitride. V. Merz, and A, Polis tried to obtain the amorphous titanium in a crystal-
line state by addition of zinc, but the results were not satisfactory.

In 1876, 8. Kern 4 passed the vapour of titanium tetrachloride over molten
sodium and obtained a product resembling J. J. Berzelius’ amorphous titanium,
contaminated; according to L. F. Nilson and O. Pettersson, with oxygen ; and, ac-
cording to C. Winkler, with titanium monoxide. F. C. Robinson and C. C. Hutchins
said that the reaction commences at about 150°, but O. F. von der Pfordten could
not confirm this. M. Billy claimed to have made 100 per cent. titanium by the
action of the vapour of purified titanium tetrachloride on sodium hydride at 400°;
the product is heated to 400° in a stream of carbon dioxide, and then to 800°
to decompose any solid titanium hydride which is produced simultaneously.
L. F. Nilson and O. Pettersson reduced the tetrachloride by heating it in an air-tight
steel bomb at a red heat, but the results were disappointing because the yellow
scales 8o obtained only contained 9473 per cent. of titanium; the chief impurity,
oxygen, was probably combined as titanium monoxide, TiO,, and, if so, the product
could have contained only 78:97 per cent. of free titanium. In fact, all the specimens
obtained by the above process were contaminated with much oxide which may
have been produced by the action of water during the leaching of the produet of
the reaction from the amorphous metal. M. A. Hunter, however, heated a mixture
of highly purified titanium tetrachloride and sodium in a steel bomb capable of
withstanding an internal press. of 40,000 kilograms. The temp. was raised to a
dull red heat so as to start the reaction, which was over in a few moments. On
leaching the product with water, a grey powder, mixed with small, rounded grains
of the fused metal, was obtained. The fused metal contained 999 per cent. of
titanium, and there was a 71 per cent. yield. E. Podszus obtained 997 per cent.
titanium by heating sodium and titanium tetrachloride in a steel bomb sealed
with lead. M. A. Hunter and A. Jones studied the reaction. A. E. van
Arke] and H. de Boer made the metal by passing the vapour of the tetra-
iodide over a heated tungsten filament. L. Weiss and H. Kaiser purified the
metal obtained by reducing the fluotitanate with sodium or aluminium by press-
ing the mixture into pencils and using the pencils as electrodes in a vacuum
arc-furnace.
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The arc-furnace employed by L. Weiss and E. Neumann is illustrated by Fig. 1.
The mixture of potassium fluotitanate and aluminium was squeezed into rods or pencils
6'4 cm. long, 1-0 cm. broad, and 0°5 cm. thick. These
were used as eloctrodes in an arc-furnace, Fig. 1, which
enabled them to be heated in vacuo or in an atm. of any
desired gas under reduced press. As in W. von Bolton’s
furnace the elecirode holders were cooled by a current of
cold water. The walls of the furnace were also cooled in
a similar way. The distance of the electrodes apart was
regulated by a rack-and-pinion arrangement. The window
in the furnace enabled the arc to be kept in view during
the experiment. The lower electrode, the negative pole,
was insulated from the upper vessel. The rods conduct
electricity well, and when the electrodes were about 2 or 3
mm. apart, with a current between 60 and 70 amps., at 20
to 25 volts, globules or stalagmites of titanium metal were
formed about the lower electrode. The m.p. of the metal
is so high that the chief impurity—aluminium—is vola-
tilized. J. W. Marden and M. N. Rich have described
other suitable furnaces. The metal separated i fused
globules near the ends of the electrodes, and these were
detached when the apparatus had cooled.

(2) Reduction of the halogen salts or the oxide by
calcium, magnesium, or alumintum.—W. Huppertz,5
; and A. Burger heated a mixture of calcium and
Fra. L—L. Weiss and E. Neu titania in a porcelain tube evacuated at about 600°,

manr’s Vacuum Arc-Furnace. and raised the temp. to 1050°. The titanium was

isolated by washing with a soln. of ammonium
chloride, and drying at 100°. The process was recommended by H. Kuzel and
E. Wedekind. C. Winkler, and E. A. Schneider showed that the product obtained by
the action of magnesium on titanic oxide largely consists of titanium monoxide.
It is, however, probable that the reduction proceeds further than the monoxide
since magnesium reduces both silica and zirconia to their elements. O. Ruff and
H. Brintzinger obtained 82'8 per cent. titanium by reducing titanium dioxide
with a sodium-calcium alloy. In H. Goldschinidt’s process,® titanic oxide is mixed
with aluminium, and the mixture ignited with a suitable fuse, when the reaction
3Ti0,+4A1=3Ti+2A1,05 occurs. The product is contaminated with 5 or 6 per
cent. of aluminium which readily alloys with titanium. A. Stavenbhagen and
E. Schuchard obtained unsatisfactory results. The reaction was studied by
W. Huppertz, W. Prandtl and B. Blayer, etc. According to K. A. Kiihne, the
reaction proceeds more quickly and at a higher temp. if barium or sodium peroxide,
or potassium chlorate or perchlorate, is mixed with the initial products: TiO,
+2A14+Ba0,=Ba0+Al,03+Ti. The consumption of aluminium is, however,
augmented.

(3) Reduction of the oxide by carbon.—The early attempts by W. A. Lampadius,?
L. N. Vauquelin, A. Laugier, and P. Berthier to reduce titanium oxide by carbon
in a metallurgical furnace yielded a product consisting largely of the nitride.
T. 8. Hunt, L. Burgess, and E. H. and A. H. Cowles and C. F. Mabery attempted
to make titanium by heating a mixture of rutile or titaniferous iron ore and coarsely
granular carbon in an electric furnace. In 1895, H. Moissan obtained a sample
contaminated with about 5 per cent. of carbon, by heating a mixture of titanic
oxide and carbon in an electric arc furnace. The uppermost layer contained the
metal or the carbide, the middle layer was crystalline nitride, and the lowest
layer was largely contaminated with oxide. By fusing the top layer with an
excess of titanic oxide, the proportion of carbon was reducgd from 1-91 to 3-81 per
cent., and the product was free from nitride and silicon, but it contained some
oxide. The carbon was probably present as graphite. The metal was very brittle
and possessed a brilliant white fracture. A few years later, H. Moissan distilled
titanium in an electric furnace, and condensed the distillate in small crystals.
M. A. Hunter heated an intimate mixture of powdered titanic oxide with lamp-
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black 1n vacuo in an Asem electric furnace, and the best results were obtained with
a tungsten crucible at 2400°, but even then the product was largely contaminated
with oxide and carbide. A. Sternberg and A. Deutsch also patented the preparation
of titanium by heating.alkali or alkaline earth titanates with carbon between
1000° and 1400°.

(4) Reduction of the oxide or halogen salts by other reducing agents.—In attempts
by B. Neumann 8 to reduce rutile with silicon, the product contained 2'99 per cent.
of iron and 20°37 per cent. of silicon, but no nitrogen. L. Lévy said that he pre-
pared pure crystalline titanium by the action of the vapour of titanium tetrachloride
on boron or silicon, but the product was later shown to be a boride or silicide ;
D. Gardner and L. Taverner used calecium silicide, ferrosilicon, or other silicide
as reducing agent. According to E. Wehrlin and E. Giraud, titanium oxide can
be reduced to the metal by heating potassium fluotitanate with metallic iron at a
bright red heat and removing the iron by treating the cold mass with hydrochloric
acid—but this is doubtful. F. Auer prepared titanium by reducing the oxide at
a white heat by a mixture of hydrogen and ammonia gases; and J. Schilling
reduced ammonium titanate in an atm. of hydrogen or nitrogen. J. J. Ebelmen
reduced titanium chloride with hydrogen. L. Lévy said that titanium tetra-
chloride can be advantageously reduced by mercury ethide in an atm. of carbon
dioxide at 180°. Titanium di-iodide, Til,, at a bright red-heat, was found by
E. Defacqz and H. Copaux to be reduced to amorphous titanium by hydrogen.
A. Stahler and F. Bachran found that there is a kind of autoreduction of titanium
dichloride when it is heated in a current of hydrogen at 1100° : 2TiCl,=>TiCl,+-Ti.
H. Fischvoigt and F. Koref obtained ductile titanium by passing the vapour of
hydrogen and titanium tetrahalide over a heated tungsten filament. A. E. van
Arkel and J. H. de Boer proceeded as follows: The filament is fitted by thicker
tungsten electrodes into a glass globe. The tetraiodide is introduced, and the
filament brought to incandescence. The whole globe is heated so as to vaporize
the iodide and a layer of titanium is deposited on the filament as a lustrous
coherent coating. In a few hours rods 2 to 4 mm. thick can be obtained. When
the rod is over 3 mm. thick, the current heating the filament rises from 0'5 to
100 amps. The fine core of tungsten now remains as a negligibly small impurity.

(5) The electrodeposition of titanium.—J. de Bussy ® claimed to have obtained
silver-white titanium with a bright metallic lustre by the electrolysis of a soln.
of potassium titanate, sodium sulphate, and sulphuric acid, but the claim is doubtful.
A. C. Becquerel also electrolyzed a conc. hydrochloric acid soln. of titanium and
iron chlorides with platinum electrodes ; the metal obtained was possibly an iron-
titanium alloy, since n® deposit is obtained if the iron chloride be excluded.
W. Borchers and W. Huppertz electrolyzed molten calcium chloride in which
titanic oxide was suspended. The calcium reduced the titanic oxide to titanium,
which was separated in the form of a black powder by leaching away the
soluble salts with water and hydrochloric acid. J. Konigsberger and J. Schilling
also obtained compact titanium by electrolyzing molten rutile with carbon
electrodes ; and H. List, by electrolyzing soln. of rutile in molten potassium
chloride.

The smelting of titaniferous magnetites in the blast furnace has not been
satisfactorily solved. Some difficuities are encountered. These are discussed
by B. J. Harrington,10 D, Forbes, W. M. Bowron, J. T. Singewald, etc. If titan-
iferous iron ores be treated in a blast furnace in the ordinary way, for instance,
the slag is viscid and does not run well ; the fuel consumption is high ; and titanium
nitride and carbonitride form aggregations in the furnace. A. J. Rossi has claimed
that the objections owing to the infusibility of the slags do not hold if the ores
with up to about 50 per cent. titanium dioxide be properly fluxed. According to
G. Gin, and A. Stansfield, direct smelting of the ore in electric furnaces has given
very promising results. Two types of ferro-titanium are used as master-alloys
in iron and steel metallurgy—ryerro-carbon-titanium and ferro-tiéanium. In
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A. J. Rossi’s process for ferro-titanium, almost carbon-free aluminium is first
melted in an electric furnace, pig or scrap-wron is then added to the charge, and
rutile is introduced ; the temp. is then raised to the point necessary to start the
reduction of the rutile by the aluminium. The reduced rutile alloys with the
iron, and the practical product is carbon-free. Alloys with from 10 to 75 per cent.
of titanium and 0-12 to 0-75 per cent. of carbon have been made in this way. With
ilmenite or titaniferous iron ore in place of rutile, the consumption of aluminium
is increased because it is then used in reducing the ferric oxide contained in these
minerals. The alloy is also made by FH. Goldschmidt’s thermite process.
When the alloy is made by reduction with carbon in an electric furnace the product
contains 5 to 9 per cent. of carbon mainly in the form of graphite. In order to
keep down the losses through the volatilization of titanium, A. J. Rossi used lime
along with the furnace charge: TiO;+CaO-t5C=Ti+CaC;+3C0. Analyses
by R. J. Anderson of commercial alloys are:

Si Ti C Mn Al P S
Ferro-carbon-titanium . . 141 15:79 746 0-11 0-80 0-05 008
Ferro-titanium (Goldschmidt) . 1-0-1-5 25 nil nil  5:0-6-0 0-05 0-01

A. Sinding-Larsen’s process is as follows :

The crushed and dressed ore is heated, in a horizontal revolving retort, to a temp.
below that of fusion, and then reduced by some such agent as hydrogen, volatile hydro-
carbons or carbon monoxide. As the reduction proceeds, the spongy product, containing
the whole of its iron and a portion of its titanium as metal, is passed into a second retort
which is heated to about 130°. It is there exposed to a current of carbon monoxide ; the
iron carbonyl which is formed is conducted to decomposition chambers and decomposed
at a temp. of 200° or more, the carbon monoxide being passed back into the second retort.
In this way, by suitably shaping the decomposition chambers, it is possible to obtain
mouldings of any form, which, however, must subsequently be carbonized since the deposited
metal is too pure for technical purposes. The residue in the second retort, consisting of
titanium oxide and a certain proportion of titanium, may be heated to a high temperature
by means of an electric furnace, subjected to the action of reducing gases, and finally
treated with nitrogen, the nitrides obtained being employed as a manure after any unreduced
oxides, such as vanadium oxide, have been extracted by means of chlorine or acid.

The variable reports of the effects produced by the addition of titanium to iron
and steel possibly depend on whether the titanium is present as a metal alloy or
ag nitride. Alloys with from 20 to 75 per cent. of silicon and 5 to 70 per cent. of
titanium, ave called silico-titanium, and they are made by reducing a mixture of
rutile or titanium dioxide, sand, and carbon in an electric arc-furnace; ferro-
stlico-titantum is made by adding scrap-iron and a certain amount of hematite to
the charge. Cugpro-silico-titanium is made by adding copper to the furnace charge.
Cugpro-titansum is manufactured by A. J. Rossi’s process®with copper in place of
iron in the bath of aluminium ; and mangano-titanium is made by H. Goldschmidt’s
process with 30 to 35 per cent. of titanium.
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§ 5. The Physical Properties of Titanium

The titanium prepared by J. J. Berzelius,! and F. Wéhler was impure, and in
the form of a grey powder having the appearance of iron reduced by hydrogen
.at a low temp. The powder acquires a metallic lustre under the burnishing tool.
Analyses of titanium were quoted by H. Rose, E. A. Schneider, M. A. Hunter,
H. Moissan, and L. Weiss and H. Kaiser. H. Kuzel prepared colloidal titanium
by the process indicated in connection with colloidal silicon. The erystals of the
metal reported by many of the early workers—W. H. Wollaston, F. A. Walchner,
J. J. Noggerath, R. J. Haliy—were those of a nitride (J. von Liebig), or carbonitride
(W. H. Wollaston), and not of the element at all. Accordingly, as already indi-
cated, many properties attributed to the element do not refer to titanium, but to
the carbonitride. The so-called amorphous variety is produced when the halogen
salts or oxide are reduced at a low temp., ancl possibly represent the colloidal metal.
V. Merz, and A. Polis tried to crystallize the amorphous form by melting it with
zine or aluminium, but with no definite result on account of the accumulation of
titanium in the slag, and the formation of alloys. When cooled from the molten
state, titanium gives a crystalline mass resembling polished steel, and, according
to L. Lévy, titanium crystallizes in the cubic system; and, according to
J. Kénigsberger, the crystals are isomorphous with those of silicon and zirconium.
L. Lévy’s metal was probably titanium silicide. A. W. Hull found that titanium
crystallizes in the hexagonal system with the axial ratio a:c¢=1:1-59; the

X-radiogram by A. W. Hull, and R. A. Patterson corresponds with
2 a close packed hexagonal lattice with unit cell having a=2-97 A.,
and ¢c=4-72 A,, Fig. 2. Each atom of the centred cube is surrounded
by eight others. The subject was discussed by M. L. Huggins,
A\ Q. Greenwood, and L. Vegard. R. A. Patterson observed no change
in the space lattice with titanium which had been dipped in liquid
air, or heated to 850°,

Fie. 2.— The specific gravity of amorphous titanium given by K. B. Hofmann
Space Lattice varied from 3:4973 to 3-5888, and he believed the latter value to
°th£1;‘3§11$“’ be the more probable. L. Weiss and H. Kaiser gave 3:392 to
and Cerium, 9952 at 19° to 20°. C. J. B. Karsten made observations on the

sp. gr. of titanium. M. A. Hunter gave 4-50 for the sp. gr. of
crystalline titanium ; H. Moissan gave for crystals with 2 per cent. of carbon,
4-87; and L. Weiss and H. Kaiser, for metal with 0-3 per cent. of carbon and
1-56 per cent. of hydrogen, 5:174 at 19°. W. G. Mixter gave 4-49 to 4-51 at 18°.
The sp. gr. 5-28, reported by C. M. Kersten, and 5-3 by W. H. Wollaston, refer to
the carbonitride. L. Weiss and H. Kaiser gave for the atomic volume of the
crystalline element, 9-3; and K. B. Hofmann, for the amorphous element, 13-4.
W. L. Bragg estimated the atomic radius to be 1-40 A. R. Gross also discussed
this subject. For the value of b of J. D. van der Waals’ equation J. J. van Laar
estimated b:=0-00180; and for the valency attraction vV A=35. According to
H. Moissan, the hardness of crystalline titanium enables it to scratch quartz
and steel, but the metal is so brittle that it can be pulverized in an agate mortar.
M. A. Hunter found that although so hard and brittle when cold, titanium at a low
red heat may be forged like red-hot iron ; but attempts to produce wire by passing
the heated metal through a draw-plate were not successful. A. E. van Arkel
and J. H. de Boer made ductile titanium by their process of preparation.

H. St. C. Deville stated that titanium is so refractory that it can be heated in an
alumina crucible at the temp. of the vaporization of platinim without melting; and
H. Moissan said that fused titanium is the most refractory body we have as yet
prepared in the electric furnace ; it is more infusible than vanadium, and leaves
far behind such metals ag chromium, tungsten, molybdenum, and zirconium. As
a matter of fact, said M. A. Hunter, the metal is not by any means as refractory

\
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a substance as was formerly believed, for its melting point is comparatively low,
being within a hundred degrees of that of platinum. M. A. Hunter gave 1800°-
1850° for the m.p.; L. Weiss and H. Kaiser, 2200°-2400°; W. Guertler and
M. Pirani, 2000°; and G. K. Burgess and R. G. Waltenberg, 1795° £15°. O. Ruff
found that titanium with about 5 per cent. of carbon melted at 2700° in an electric
vacuum furnace. W. Guertler and M. Pirani adopted 2000° as the best repre-
sentative value. J. K. L. Zincken, and C. Despretz observed the volatility of
titanium. H. Moissan distilled the metal in an electric arc furnace, and said that
its boiling point is very high ; L. Weiss and H. Kaiser also volatilized the metal
when an arc was struck between titanium electrodes. W. R. Moft estimated
the b.p. of titanium to be 3400°; and calculated 2800° from J. J. van Laar’s
data, and the formula T,/T,=1-60, where T', denotes the absolute critical temp.,
and T, the absolute b.p. The critical temperature is 4490°, and the critical
pressure 1130 atm. L. F. Nilson and O. Pettersson gave for the specific heat
and the atomic heat of amorphous titanium containing 94-73 per cent. Ti:

0°-100° °-211° °-301°5° 0°~440°
Sp. he. . . . 01125 0-1288 0-1485 0-1620
At. ht. . . . 540 6-18 7-13 777

J. Dewar gave 0-0205 for the sp. ht. between —253° and —196°. L. Weiss and
H. Kaiser gave 0-1394 to 0'1437—mean 0-1418 for the sp. ht. of titanium, and
6-830 for the at. ht. M. A. Hunter gave for the sp. ht. 0-1462 from 0° to 100°;
0-1503 from 0° to 187:5°; 0-1516 from 0° to 254°; and 01563 from 0° to 333°.
P. Nordmeyer and A. L. Bernoulli found the sp. ht. between —185° and 20° to be
0:0824. G. N. Lewis and co-workers gave 6-5 Cals. per degree for the atomic
entropy of titanium at 256° ; and E. D. Eastman, 6-3 Cals. per degree.

The refraction equivalent of titanium for red light as found by A. Schrauf 2 is
0-12782 when that of hydrogen as unit is 0-00405; J. H. Gladstone gave for the
atomic refraction 246, and for the sp. refraction, 0-510. C. P. Smyth discussed
the relation between the refraction and the electronic structure. R. Thalén 3
gave a drawing and some measurements of the spark spectrum of titanium, and
observations were made by R. Capron, W. F. Meggers and co-workers, R. J. Lang,
A. de Gramont, B. Hasselberg, E. Haschek, H. Gieseler and W. Grotrian, O. Lohse,
N. A. Kent, A. Hagenbach and H. Konen, F. Exner and E. Haschek, H. Konen
and H. Finger, E. Carter, H. Kayser, C. Keller, A. M. Kilby, F. L. Brown,
J. H. Pollok, P. Fiebig, and J. M. Eder and E. Valenta. The more intense lines
have the wave-lengths : 2516-10, 3349-20*, 3361-40*, 3372-92*, 3383-87, 3505-10,
3510-99, 3685-37*, 3759-40*, 3761-5%, 3900-81, 3913-72, 4163-90, 4395-20, 4549-90,
4572-27. The six marked with an asterisk were shown by J. H. Pollok to be
the most persistent. The are spectrum of titanium was studied by R. Capron,
W. F. Meggers and co-workers, J. N. Lockyer, G. D. Liveing and J. Dewar,
R. Thalén, H. A. Rowland, A. Hagenbach and H. Konen, R. E. Loving, E. J. Evans,
A. M. Kilby, A. S. King, P. Fiebig, M. A. Catalan, C. C. and H. K. Kiess, H. Crew,
K. Behner, J. M. Eder and E. Valenta, and F. Exner and E. Haschek. The more
persistent lines have the wave-lengths : 394887, 3989-94, 3998-80, 4306-09, 4533-40,
4536-16, 4981-93, 4991-24, 4999-68, 5007-35, 5014-39, 5193-12, 5210-69. C. C. and
H. K. Kiess studied the regularities in the arc spectrum of titanium. The flame
spectrum was studied by J. N. Lockyer; the band spectrum, by A. Fowler,
G. E. Hale and co-workers, P. Fiebig, and J. M. Eder and E. Valenta ; the series
spectrum, by H. N. Russell, C. C. Kiess and W. F. Meggers, and P. G. Nutting’;
and the ultra-violet spectrum, by A. 8. King, R. J. Lang, and F. Exner and
E. Haschek. The enhanced lines were investigated by J. N. Lockyer, A. S. King,
H. M. Reese, M. Kimura and G. Nakamura, and F. E. Baxandall; the effect of
pressure, by W. J. Humphreys, A. 8. King, and H. G. Gale and W. 8. Adams ; and
the effect of a magnetic field—the Zeeman effect—by H. D. Babcock, H. M. Reese,
J. E. Purvis, and A. 8. King. H. Gieseler studied the absorption spectrum of the
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vapour at 2000°. The relations between the spectra of carbon, boron, silicon,
titanium, and zirconium were studied by L. Troost and P. Hautefeuille. Accord-
ing to J. Formanek, titanium salt soln. have no absorption spectrum, but with
an alcoholic soln. of alkanna, there is a marked absorption band about 6271, and
fainter bands about 5782 and 5350. For the titanium lines in the solar spectrum,
wvide the occurrence of titanium. The high frequency or X-ray spectrum was
studied by G. Wentzel, H. G. J. Moseley, D. Coster, and E. H. Kurth. B. Walter,
A. E. Lindh, M. Levi, F. Hund, V. Dolejsek, H. Fricke, E. Hjalmar, M. Siegbahn,
D. M. Bose, K. Chamberlain, O. Stelling, H. H. Robinson, and N. Stensson
found, in Angstrom or 10-8 cm. units, for the K-series, asa’=2-74648; a;a
=2-74284; ag and a,=2-7269; B,8=2-50874; and B,y=2-49367. N. K. Sur
discussed the spectrum of ionized titanium, and estimated the ionizing potential
to be 13 volts.

W. H. Wollaston’s 4 observations on the electrical conductivity of titanium
really refer to the carbonitride. L. Weiss and H. Kaiser found that the metal is
a fair conductor ; its sp. electrical resistance varied from 0125 to 0-448 ohm.
P. W. Bridgman found that the press. coeff. of the conductivity of titanium is
very small ; it is probably less than 10 per kgrm.; and probably increases with
press. F. Streitz attributed the negative temp. coeff. of the resistance of titanium
to the presence of minute cavities which close as the temp. rises. J. Konigsberger
and J. Schilling showed that the absolute elec-

0-0011 trical resist f titani h
© 0.00/0 \ N rical resistance of titanium per c.c. changes
80'000 M S from 0-C00627 at —191° to a minimum of
S Jooos ™ Y 0-00276 at 140°; this represents the absolute
] 00007 Y resistance of what they called o-titanium.
1 SiKe. | Above this temp., there are changes possibl
@ 0:00068% EPy p . 1ges p y
3 S [ 5 represented by the dotted lines, Fig. 3, between

0-0005-5 P y vhe g v
00009 — N / i 275° and 435°, which are but slowly reversible ;
é 00003 e/ and above this temp. there appears to be
| another allotropic form of titanium called

0:000:
B 0¢0£WWMDO B-titanium, the electrical resistance of which
pe rises frora 0-000540 at 435° to 0-000815° at
F1g. 3.—The Effect of Temperature 560°. There is then a change to another form
on the Electrical Resistance of cglled y-titanium. The change from y to B
) is so slow that the dotted curve represent-
ing the resistance of y-titanium has been realized down to 0-00109 at 15°

To summarize :
275° 560°
a-Ti = B-Ti = y-Ti

These allotropic forms of titanium have no relation with the allotropic forms reported
by J. J. Berzelius. His a-titanium was obtained by the action of heat on tetramminotetra-
chloride and was probably titanium nitride ; his B-titanium was the ordinary amorphous
form. The former readily burns when heated in air, the latter resists the action of heat ;
the former is readily attacked by boiling nitric acid and aqua regia, the latter resists the
strong acids.

A. Thiel and W. Hammerschmidt found the overvoltage of titanium with
0-1N-H,80, to be 0-570 volt. J. Keyrovsky studied the electrolytic soln. press.
F. Fischer and G. Iliovici passed sparks between titanium electrodes under liquid
argon, and found scarcely any disintegration of the metal. E. T. Wherry found
artificial titanium to be a poor radio-detector. According to M. E. Verdet, the
amorphous metal is paramagnetic; and, according to K. Honda, the magnetic
susceptibility of the purest titanium available was 3-1 X168 at 18°, and 3-5 x10~8
at 1100°; 8. Meyer gave 1-9X1076 at ordinary temp. F. C. L. Elsner compared
the magnetic properties of titanium with those of iron. I. Tamm, A. Duvillier,
P. Weiss and P. Collet, and B. Cabrera studied the relation between the magnetic
properties and the electronic structure of the atom.
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§ 6. The Chemical Properties of Titanium

The whole of the properties of titanium, said H. Moissan, bring it near to those
of the metalloids, and more especially to those of silicon. J. B. van Mons made
some observations on the affinity of titanium. E. A. Schneider said that amorphous
titanium absorbs a large proportion of hydrogen, but it is uncertain whether the
gas is merely absorbed, or chemically united with the metal. L. Weiss and
H. Kaiser doubt if titanium free from occluded hydrogen has ever been made ; a
metal melted in vacuo at 2000° still retained 1-56 per cent. of hydrogen. C. Renz
passed chloroform vap. over finely divided, red-hot titanium dioxide, and obtained
a colourless gas which furnished titanic acid when passed into water. It was assumed
that titanium hydride was probably formed. It is, however, possible that very
finely divided titanium dioxide was carried along with the gas. T. L. Phipson
reported the formation of titanium hydride by the action of magnesium on titanic
acid. A. Klauber did not make titanium hydride by the electrolysis of a 50 per
cent. soln. of sulphuric acid, using a titanium cathode at 110 to 240 volts, and
0°1 to 40 amps.; but by working with a discharge apparatus at 0-2 to 0-4 amp.
and 240 volts, using titanium electrodes, and 0-1 to 0-2N-H,80,, good yields of
titanium hydride were obtained. It is said to be a cqlourless and odourless gas
burning in air with a colourless flame like hydrogen, and forming titanium dioxide.
The gas deposits titanium when passed through a heated glass tube. It gives a
yellow soln. with hydrogen dioxide ; a blue soln. with zinc and hydrochloric acid ;
and a reddish-orange colour is produced with a crystal of potassium iodide, and the
colour disappears when exposed to ammonia. M. Billy claimed to have made a
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solid hydride, TiJHj, as a dull black powder by the action of hydrogen and sodium
hydride on titanium tetrachloride.

Titanium is stable in air at ordinary temp., and E. A. Schneider observed
only a slight increase in weight after keeping the amorphous metal at 100°-120°
for 15 hrs.; the increase was eq. to the formation of 0'06 per cent. TiO,.
M. A. Hunter found that titanium ignites in air at about 1200°; and H. Moissan
that it burns in oxygem at 610° with incandescence, leaving a residue of
amorphous titanium dioxide. W. G. Mixter gave for the heat of oxidation
2184 Cals., while L. Weiss and H. Kaiser gave 97-772 Cals. F. Wohler said that
the brilliant combustion of titanium in air is attended by the formation of nitro-
genous titanium dioxide, and when the powdered metal is strewn in the flame
brilliant sparks appear. The affinity of oxygen for titanium, said C. Winkler,
is very great, and many reducing agents furnish a lower oxide, but not the metal.
F. Wéhler said that amorphous titanium begins to react with water at 100°, but
S. Kern, L. Weiss and H. Kaiser, and E. A. Schneider showed that this action
occurs only when the metal is contaminated with sodium. H. V. Regnault showed
that titanium decomposes steam at a red heat, and H. Moissan found the reaction
with pyrophoric titanium begins at 700°, but the decomposition is continuous
until about 800°, when hydrogen is given off and titanium dioxide formed.

O. Ruff and R. Ipsen showed that fluorine reacts with warmed titanium,
forming the tetrafluoride, and, according to F. Wohler, chlorine does not attack
titanium in the cold, but at a higher temp., the reaction is attended with incan-
descence. H. Moissan said the reaction begins at 330°, and that the tetrachloride
is formed. He also found that the reaction with bromine begins at about 360°,
forming, according to F. B. Duppa, the tetrabromide. The reaction with iodine
begins at a higher temp. than is the case with bromine, there is no appreciable
incandescence, and, according to R. Weber, the tetraiodide is formed. C. Willgerodt
said that titanium does not act as Halogentibertrager for benzene. V. Merz, and
L. Weiss and H. Kaiser found that hydrofluoric acid dissolves titanium quickly,
forming, according to E. Glatzel, and O. Ruff and R. Ipsen, a soln. of the tetra-
fluoride ; H. Moissan, and L. Weiss and H. Kaiser found that a mixture of nitric
and hydrofluoric acids dissolves titanium with violent effervescence, and that the
reaction is as energetic as with silicon. V. Merz found that with dry hydrogen
chloride, titanium forms the tetrachloride. According to H. Moissan, and L. Weiss
and H. Kaiser, boiling hydrochloric acid attacks titanium slowly with the evolu-
tion of hydrogen, and a violet soln. is formed. The nature of the product has been
discussed by F. Wihler, O. F. van der Pfordten, E. Glatzel, and E. A. Schneider—
vide the titanium chlorides.

L. Lévy said that sulphur unites with titanium at a high temp. ; and H. Moissan
found that the attack is slow at the softening point of glass, and a dark-coloured
substance is formed which is not attacked by cold hydrochloric acid, but gives off
hydrogen sulphide with boiling conc. acid. For the action of hydrogen sulphide
and carbon disulphide, vide the titanium sulphides. According to V. Mers,
L. Weiss and H. Kaiser, and H. Moissan, cold dil. sulphuric acid readily dissolves
titanium with the evolution of hydrogen, but heat is required for the continuous
action ; hot conc. sulphuric acid oxidizes titanium, forming sulphur dioxide, etc.
According to H. Moissan, powdered titanium forms a nitride when heated to 800°
in a stream of nitrogen, and the reaction is attended with vivid incandescence ;
according to F. Wohler and H. St. C. Deville, if carbon is present, some carbonitride .
is formed. E. A. Schneider investigated the relative affinities of nitrogen for
titanium, magnesium, and boron. F. Wahler, and C. Friedel and J. Guérin also
found that the nitride is formed when titanium is heated in a current of ammonia.
V. Merz, L. Weiss and H. Kaiser, and H. Moissan found that dil. nitrie acid attacks
titanium slowly in the cold, but dissolution is faster with the hot acid. Dissolution
is also faster with aqua regia, but the coating of titanic acid which is formed soon
stops the reaction. With nitric acid of sp. gr. 1-25, R. Weber found that there is
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formed much titanic oxide which does not dissolve. H. Moissan showed that
titanium reacts with phosphorus vap. at about 1000°, forming a dark-coloured
phosphide. The reaction is only superficial.

According to E. A. Schneider, and H. Moissan, carbon reacts with titanium
at a high temp., forming a carbide ; carbon also dissolves in molten titanium, form-
ing a carbide, and on cooling, the excess of carbon crystallizes out as graphite.
K. Nischk studied the affinity of titanium for carbon. V. Merz reported that
cold acetic acid dissolves titanium slowly. L. Lévy found that titanium alone,
or mixed with potassium or sodium, does not react with the alkyl iodides ;
and that titanium does not react with zine, aluminium, or mercury ethides.
P. Schiitzenberger and A. Colson studied the absorption of silicon or silicon nitrides
by titanium. According to H. Moissan, silicon unites with titanium in the electric
furnace, forming a silicide which is as hard as the diamond. E. A. Schneider observed
1o reduction when titanium and silica are heated together. H. Moissan showed
that titanium reacts with boron, forming a boride of adamantine hardness. For
the reactions of titanium with the metals, vide the titanides. E. A. Schneider
found that titanium does not react with alumina at a bright red heat.

According to H. Moissan, oxidizing agents readily attack titanium ; fused
potassium nitrate, for instance, attacks it without any apparent evolution of
heat, but if powdered titanium be thrown into potassium chlorate at its decom-
position temp., there is a reaction attended by a vivid incandescence. The fused
alkali carbonates attack titanium in the same way as does a mixture of potassium
nitrate and carbonate. L. Weiss and H. Kaiser found that when a mixture with
potassium chlorate or nitrate, or potassium permanganate is heated, an explosion
ensues. F. Wohler found that titanium reacts violently when heated with cuprie
oxide or lead oxide (red-lead). H. Moissan said that silver fluoride is reduced
by powdered titanium at 320° with incandescence. L. Weiss and H. Kaiser found
that molten potassium hydrosulphate dissolves titanium, forming a clear soln.
M. G. Levi and co-workers found titanium dissolves slowly in a soln. of potassium
persulphate, and still more slowly in one of ammonium persulphate.

The alloys of titanium with other metals have not been well investigated.
E. A. Schneider heated a mixture of cuprous chloride, potassium fluotitanate, and
sodium in an atm. of hydrogen, but failed to obtain a satisfactory alloy; but by
heating a mixture of potassium fluotitanate and sodium in the presence of strips
of copper in an atm. of hydrogen, he found that the surface of the copper became
very hard and was scarcely scratched by steel. By melting together the hardened
parts, he obtained a hard and brittle cupro-~titanium with 11-85 per cent. of titanium.
K. Nischk made alloys of copper and titanium. The manufacture of cupro-titanium
by A. J. Rossi’s2 process has been previously described. M. A. Hunter and
J. W. Bacon measured the electrical resistance of these alloys. A. J. Rossi
also made an argenfo-titanium by heating a mixture of silver, titanium dioxide,
gilver oxide, and aluminium turnings or carbon. C. Winkler, and L. Lévy
did not succeed in making a magnesium titanide ; nor did L. Lévy make a
zine titanide.

Aluminium titanides are contained in the regulus obtained when rutile is
reduced by aluminium in the alumino-thermite process. L. Guillet 3 prepared the
titanides Al3Ti; and Al Ti, and obtained mixtures corresponding with Al,Ti,
Al;Ti, and Al Ti; but there is as yet no satisfactory evidence as to what the actual
compounds really are. J. Dewar and J. A. Fleming measured the electrical con-
ductivity of some alumino-titanium alloys. E. van Erckelens studied the f.p. of
alloys with up to 30 per cent. of titanium corresponding with TiAl,, Fig. 4; and
H. Schirmeister, the tensile strength. F. Wohler prepared what he assumed,
without analysis, to be an aluminium ditritatitanide, Al;Ti,, by melting together
a mixture of titanic oxide, cryolite, salt, and aluminium for an hour ; it does not
oxidize readily when heated in air; it burns to titanium and aluminium chlorides
when heated in chlorine or hydrogen chloride ; it dissolves in hydrochloric acid,
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forming a violet soln. ; nitric acid vigorously attacks the product. L. Weiss and
H. Kaiser, and L. Guillet made some observations on this alloy. W. Manchot and
P. Richter prepared a regulus by melting 45'5 grms. of aluminium with 24 grms.
of potassium titanofluoride, K,TiFg; and the excess of aluminium was removed
by a warm normal soln. of sodium hydroxide. Analyses of the crystalline plates
agree with aluminium {ritatitanide, Al;Ti. W. Manchot and A. Leber extended
their study of this compound. The sp. gr. is 5-5; it is very hard and brittle.
If it be covered with an acid, and allowed to stand in air, the soln. becomes yellow
owing to the formation of hydrogen dioxide, and also of pertitanic acid. Boiling
acids or alkali-lye dissolve the alloy rapidly ; $N-H,S0, dissolves. The product
is oxidized when heated in air; and when heated with chlorine, the reaction is
attended with incandescence. From the proportion of hydrogen evolved when the
alloy is treated with acids, it was inferred that the titanium is tervalent, and that
the gonstitution is Al3Ti-TiAl;. L. Lévy reported that he had prepared aluminium
tetritatitanide, Al,Ti, by melting sodium and potassium chloride in a crucible
made of rutile and graphite ; it was also made by reducing titanium dioxide with
aluminium under a layer of molten sodium chloride; and by reducing titanium
tetrachloride with aluminium. The product was treated with water and then
with dil. acid, and a residue was obtained consisting of lustrous, steel-grey lamelle,
with angles of 90°, very brittle, and good conductors of heat; the sp. gr. at 16°
is 3-11. The crystals do not alter in air or nitrogen oxides at the ordinary temp.,
but tarnish when heated, and burn if heated in oxygen. They are not attacked
by vap. of sulphur, selenium, phosphorus, or arsenic, but burn in chlorine or in
vap. of iodine or bromine, especially the former. Liquid bromine, however, is
without action. Superheated steam and cold fuming nitric acid have no action,
but hot nitric acid attacks the crystals slightly. Hydrochloric and sulphuric acids
act somewhat in the cold and more readily when heated. The crystals burn when
heated in hydrogen chloride, and dissolve readily in aqua regia, but are not dis-
solved by hydrobromic and hydriodic acids, or by mixtures of these acids with
nitric acid. Sulphuric acid and calcium fluoride have little action, and potash
only partially dissolves the crystals in the cold, but dissolution is complete on
heating, with evolution of hydrogen. The crystals have a composition which
agrees with the formula (Ti: Si)Al,, and

hence it is probable that they are mixtures /5005
of the isomorphous compounds, Al Ti, and o
Al8i. If zinc or magnesium is substituted 4300
for aluminium, no crystals are obtained. //00° /‘

E. van Erckelens showed that the tetritati- 900"

Al 77\

—
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tanide, Fig. 4, forms neither eutectic nor o
solid soln. with aluminium, the solidus in the 700
series being a straight line at 657°, the m.p. 504"
of aluminium. The liquidus rises very sharply 0 8 6 24 32
with increase in the titanijum content, in a Per cent. titanium
smooth curve to a maximum at 1325° and  Fra. 4.—Freezing-point Curves of
30-7 per cent. Ti. The alloy with only 2 per Aluminium-Titanium Alloys.
cent. Ti commences to solidify at about 1000°

with the separation of Al,Ti, followed by freezing of pure aluminium. The
microstructure of the alloys shows needles of very hard Al,Ti embedded in a
soft ground-mass. The effect of up to about 1 per cent. titanium on the tensile
properties of aluminium is to increase the ultimate strength ; but further additions
rapidly to reduce the strength. The hardness, specific electrical resistance, and
resistance to corrosion are all increased with increase in the titanium content.
The chief value of titanium in aluminium alloys depends on its great affinity for
nitrogen and oxygen ; for by the removal of these impurities the physical pro-
perties of the metal are greatly improved. E. Wedekind made some observations
on this alloy. E. A. Schneider made an alloy of copper, aluminium, and zinc by
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melting aluminium with titanium dioxide and copper under a layer of molten
sodium and potassium chlorides.

H. Moissan 4 found that titanium dissolves fairly quickly in molten lead, and
also in molten tin. A. Stavenhagen and E. Schuchardt also noted that fungsten
and molybdenum can be alloyed with titanium. A. W. Clement described an alloy
with chromium and iron. They also obtained an alloy with cobalt. M. A. Hunter
and T. W. Bacon measured the electrical resistance of the alloys of nickel and
titanium. Alloys of titanium and iron were made by F. Wohler and H. St. C.
Deville, and C. J. B. Karsten. M. Faraday and J. Stodart, and J. Percy did not suc-
ceed in alloying the two metals. In 1859-1861, R. Mushet obtained a number of
patents for the preparation of alloys of iron and steel. H. Moissan found titanium
dissolves freely in molten iron; and the alloy with iron, and the so-called ferro-
titanium, were studied by A. J. Rossi and co-workers, E. Piwowarsky, F. M. Becket,
H. W. Gillet and E. L. Mack, G. K. Burgess and G. W. Quick, R. Akerman,
E. W. Hopkins, L. Guillet, etc. The preparation of these alloys has been discussed
in connection with the smelting of titaniferous iron ores—wide supra. J. Lamont

. studied the equilibrium diagram of alloys of iron with
41600° up to 24 per cent. of titanium. Iron holds 6 per
1500° cent. of titanium in solid soln., and there are indica-
< tions of the existence of iron tritatitanide, Fe3Ti,
1500 N \\ L~ Fig. 5. The magnetic properties of iron are lowered
4300°F—N O in presence of titanium. Brinell’s hardness for a 500
1200° kgrms. load was raised from 96 for titanium-free
-, iron to 373 for iron having 892 per cent. Ti, and
4100 ; 3 7 24 t0 484 for iron with 2150 per cent. Ti. M. Wunder

Percent. titanium  and B, Jeanneret found ferro-titanium gives a clear
soln. when treated with hot phosphoric acid of sp. gr.
1-75; any carbon present remains undissolved. The
presence of titanium nitride and carbonitride can
usually be detected microscopically in ferro-titanium. J. Konigsberger and
K. Schilling found that titanium begins to alloy with platinum at about 400°.

Some reactions of analytical importance.—Soln. of titanium disulphate or
of titanium dioxide in hydrochloric acid furnish in the cold a precipitate of ortho-
titanic acid when treated with potassium hydroxide, while hot soln. furnish a
precipitate of metatitanic acid ; the former is slightly soluble in an excess of the
reagent, and rapidly dissolves in mineral acids; the latter dissolves very slowly
in these acids. Aq. ammonia, ammonium sulphide, and barium carbonate
likewise precipitate orthotitanic acid from cold soln., and metatitanic acid from
hot soln. The hydrolysis by water, with boiling soln. containing the minimum
quantity of free acid, furnishes a precipitate of metatitanic acid. When the soln.
is mixed with an alkali acetate and boiled, metatitanic acid is again precipitated ;
a similar result is obtained with sodium thiosulphate. A basic phosphate is
precipitated by sodium phosphate, and it is soluble in mineral acids but insoluble
in acetic acid. If hydrogen dioxide be added to a slightly acid soln. of titanium
sulphate, the soln. is coloured orange-red, and if but a trace of titanium is present,
the colour is yellow. Vanadic acid gives a rather browner coloration under similar
conditions. Reducing agents like tin or zinc and sulphuric or hydrochloric acid,
or sodium amalgam colour the soln. blue or violet. O. F. von der Pfordten 5 sum-
marized the main distinguishing tests for bi-, ter-, and quadri-valent titanium salts
in Table I. Reactions with potassium cyanide, sodium nitroprusside, sodium
formate, citric acid, and tartaric acid were examined by H. Grossmann. The
production of a reddish-brown or yellow colour with' dihydroxymaleic acid was
reported by H. J. H. Fenton ; with salicylic acid, by W. P. Jorissen ; and with
phenols, hydroquinone, and alkaloids like morphine or brucine, by L. Lévy.
The ecoloration with salicylic acid is not produced by salts of cerium, iron,
aluminium, beryllium, lanthanum, didymium, thorium, zirconium, chromium, or

Fia. 5,—Freezing Points of the
Iron-Titanium Alloys.
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silicon. J. H. de Boer found that alizarinsulphonic acid gives a violet coloration
with titanium salts—wvide zirconium. I. Bellucci and G. Savoia found that
a-nitroso-g-naphthol and S-nitroso~a-naphthol give coloured complex salts with
titanium salts in neutral soln., but not in acid soln. F. Steidler observed that
various shades of brown are produced by titanium salts on linen or artificial silk
dyed with turmeric.

TABLE I.—REACTIONS OF SALTS OF BIl-, TER-, AND QUADRI-VALENT TITANIUM SALTS.
|

Reagent. | TiO Ti, 04 TiO,
Aq. ammonia . . . . . | black bluish-black white
Sod. phosphate . . . . . | bluish-black bluish-black white
Sod. oxalate . . . . . | greenish or brown | yellowish-brown white
Sod. acetate . | greenish or brown — white
Pot. ferrocyanide . ) dark brown reddish-brown reddigh-yellow
Pot. ferricyanide . . . . | reddish-brown coffee-brown yellow
Amm. molybdate . . . . | dark brown greenish-black white
Sodium succinate . . . . | greenish black greyish-blue white
Tannin . . . . . . . | reddish-brown yellowish-brown orange
Pot. thiocyanate and ether . | brown — ‘ —

The valency and atomic weight of titanium.—J. J. Berzelius,® in his
early 1813 table of atomic weights, assigned to titanium a value corresponding
with an atomic weight of 288:16, if oxygen be 16, but he could not have had
much faith in this number since it was omitted from his 1818 table. In 1826,
J. J. Berzelius adopted a number equivalent to 48-6, if oxygen be 16, based on
the determinations of his pupil H. Rose, which were published in 1829. In these
experiments, the amount of titanium dioxide which was formed when ammonia

,was added to an aq. soln. of titanium tetrachloride, to precipitate titanium

hydroxide, and the amount of combined chlorine in the filtered soln. was deter-
mined as silver chloride. The earlier and inaccurate result, 61:59 (oxygen 16),
obtained by H. Rose by roasting titanium sulphide to titanium dioxide was dis-
carded. Several writers—J. Dalton, J. L. G. Meinecke, L. Gmelin, T. Thomson,
L. J. Thénard, P. T. Meissner, O. B. Kiihn, and P. F. Cauchy—assigned more or
less inexact values to the at. wt. of titanium. In 1829, G. Mosander made some
determinations of the amount of oxygen in titanium dioxide and obtained numbers
equivalent to an at. wt. ranging from 46-38 to 48-34.

Between the time of J. Dalton’s estimate, Ti=40 to 50 (0="7), and the appear-
ance of H. Rose’s memoir, there was some doubt whether the formula of titanium
dioxide should be written TiO or TiO,, and the tetrachloride TiCl, or TiCl,.
J. B. A. Dumas 7 measured the vapour density of the chloride, and assuming the
formula to be TiCl,, obtained a value equivalent to 306 if oxygen be 16 ; and very
nearly equivalent to 48 if the formula be TiCly. This value for the at. wt. of
titanium agrees with Avogadro’s rule, the sp. ht. rule, the isomorphic law, and
the periodic rule. If the value, 48, be accepted for the at. wt., then titanium
must be quadrivalent in titanium dioxide, TiO,, and titanium tetrachloride, TiCl,.
In addition, titanium must be bi- and ter-valent respectively in TiCl, and TiCl.
The analogies between the titanium compounds and those of silicon, tin, and
zirconjum were emphasized by J. C. G. de Marignac, E. Glatzel, etc. The analogies
of tervalent titanium compounds with those of tervalent iron, aluminium,
manganese, and chromium were discussed by E. Glatzel, and C. Friedel and
J. Guérin. The sexivalency of titanium was emphasized by P. Faber, and the
bi-, ter-, quadri-, and sexi-valency of titanium corresponds with the other members
of the family—zirconium, and cerium—in the fourth column of periodic table.

In 1847, J. 1. Pierre determined the ratio TiCl, : 4Ag, and found numbers in
agreement with 49-91 if oxygen be 16; and two years later, A. Demoly, on the
assumption that oxygen is 16, obtained 36-2 from the ratio TiCl,: TiOy: 564
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from TiCly:4AgCl; and 4393 from TiO,:4AgCl. Between 1883 and 1885,
T. E. Thorpe published a series of determinations of the at. wt. of titanium, and
from the ratio TiCly:4Ag obtained 48-C4; from TiCl,:4AgCl, 48-06; from
TiCl, : TiO,, 4809 ; from ‘TiBr,:4Ag, 48-14; from TiBr,:4AgCl, 4813; and
from TiBr, : TiO,, 48-:08, on the assumption that oxygen is 16. G. P. Baxter and
.C. J. Fertig obtained between 47-78 and 47-89 from the ratio TiCl, : 4Ag. From
the work available in 1910, F. W. Clarke obtained 48-1, for the best represen-
tative value ; and B. Brauner, 48-08. The International Table of Atomic Weights
for 1925 gave 48-1 for the best representative value for the at. wt. The atomic
number of titanium is 22. No isotopes have been found by F. W. Aston.®8 For
the alleged degradation of titanium to carbon, vide thorium nitrate. E. Rutherford
and J. Chadwick obtained no evidence of the emission of long-range particles when
a-particles act on titanium. G. von Hevesy, N. V. Sidgwick, C. P. Smyth, and
J. Beckenkamp discussed the electronic structure of the atom—wide hafnium.
H. Petterson and G. Kirsch obtained evidence of atomic disintegration when the
atoms are bombarded by a-rays.

The uses of titanium.—The pure element has not been used to any great
extent, but metal alloys have been used a good deal in ferrous and non-ferrous
metallurgy. The ferro-titanium alloys are used as deoxidizers or denitrogenizers
in iron and steel metallurgy, and they are also said to impart desirable qualities—
e.g. toughness to the steel for certain purposes.? According to H. Braune,10 the
effect of nitrogen in steel is to increase slightly the toughness, and reduce the
ductility. Hard steel with 0-030 to 0-035 per cent. of nitrogen is brittle, and soft
steel with 0-05 to0-06 per cent. loses its duct