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chance. Then, also, there is the indication of the results 
of an infinitely great number of grazes in the shape of 
lines of metals which we see at the temperature of the 
oxy-hydrogen flame, but which we do not see so well 
at the temperature of the arc and the spark; and, on the 
other hand, there are indications of the results of high 
temperature which we can study in the sun, and such obvious 
indications of high temperature that we get the two lines 
which I have referred to, neither of which has ever been seen 
so far in any terrestrial laboratory, although they are very 
familiar indeed to students of solar physics. 

The total result of all this inquiry has been that the mean 
temperature •Jf the meteoritic phenomena brought before us 
by the nebula of Orion is distinctly low. That is a result of ex
treme .interest and importance, because, remembering what was 
said about the objection to Laplace's view of high temperature 
gas because it violated the laws of thermodynamics, we have 
now, after minute study, come to a conclusion regarding the 
structure of these nebulre, which is quite in harmony with the 
laws of thermodynamics. 

When the ,eries of lines associated with high temperatures 
was first recorded in the spectrum of the nebulre, I stated that 
possibly this might be due to the fact that in regions of space 
where the pressure always operative is extremely low, we might 
be in the presence of chemical forms· which are unfamiliar to us 
here, because all that we know of here chemically is the result 
probably of considerable temperature, and not very low.pressure. 
It was therefore supposed that these lines might represent to us 
the action of unfamiliar conditions in space. Thus, if we have 
a compound chemical substance, and increase its temperature 
sufficiently, the thing goes to pieces-is dissociated ; but 
imagine a condition of things in which ·we have that same 
chemical substance for a long .time exposed to the lowest pos
sible pressure. Is it possible that that substance will ever get 
pulled to bits? If so, we may imagine parts of space which 
will contain these substances pulled to bits which really con
stitute finer forms of matter than our chemical substances. So 
that we may logically expect to get the finest possible molecules 
as distinct entities in the regions where the pressure is the lowest 
possible. These forms are, of course, those we should expect 
t.o be produced by a very high temperature brought on by end
on collisions ; hence the line of thought is not greatly changed 
in both these explanations, and I think that probably future re
search may show that we are justified in looking to both of 
these possible causes as those which produce for us those so
called "chromospheric lines" which we find in the spectrum 
of the nebulre. 

However tl1at may be, we have arrived finally at the con
clusion that the temperature of the<;e nebulae is low on the 
meteoritic hypothesis. 

I have already referred in my previous lectures to Dr. 
Huggins's views connected with the nebulae and stars, and you 
will therefore quite understand that I am delighted to find that 
Dr. Huggins bas now come to the conclusion that in nebulae we 
have distinctlv a relatively low temperature. In r889 Mr. 
Huggins 1 "They [the nebulre] consist probably of gas 
at a high but in the address of 1891, to which I 
have already bad occasion to refer, he gives this view up, and 
refers to "the much lower mean temperature of the gaseous 
mass whz'ch w,' should expect at so early a stage of condensa
tion" // 2 

I am also glad to say that Dr. Keeler is also perfectly pre
pared to accept the view I have been insisting on. So that, if the 
opinion of astronomers of repute is worth anything, we do seem 
to have arrived at very solid ground indeed on this point, so far 
as a consensus of opinion can make any ground solid. 

J. NOR}fAN LOCKYER. 

(To be continued.) 

THE RARER METALS AND THEIR ALLOYS.3 

THE study of metals possesses an irresistible charm for us, 
quite apart from its vast national importance. How man:y 

of us made our first scientific experiment by watching the 
melting of lead, little thinking that we shoul<l hardly have 
done a bad lire's work if the experiment had been our last, 

1 P.R .S. vol. 'I vi. p. 59· . 
:! In this printiJ·g of the passage, the italics and notes of exclamation are 

mine.-}. N. L. 
a A Friday eve11ing delivered at the Royal Institution on :\f ::1.rch 

zs, by Prof. C. B.! F.R.S. 
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provided we had only understood its full significance. How few 
of us forget that we wistfully observed at an early age the melting 
in an ordinary fire cif some metallic toy of our childhood ; and the 
experiment has, like the " Flat iron for a farthing," in 
Ewing's charming story, taken a prominent place in literature 
which claims to be written for children. Hans Andersen's fain· 
tale, for instance, the "History of a Tin Soldier," has hee;1 
read, by children of all ages and of most nations. The romantic 
incidents of the soldier's eventful career need not be dwelt upon: 
but I may remind you that at its end he perished in the flames of 
an ordinary fire, and all that could subsequently be found of him 
was a small heart-shaped mass. There is no reason to doubt the 
perfect accuracy of the story recorded by Andersen, who at least 
knew the facts, though his statement is made in popular language. 
No analysis is given of the tin soldier; in a fairy tale it would 
have been out of place, but the latest stage of his evolution is 
described, and the record is sufficient to enable us to form the 
opinion that he was com posed of both tin and lead, certain alloys 
of which metals will burn to ashes like tinder. His uniform 
wa<> doubtless richly ornamented with gold lace. Some small 
amount of one of the rarer metals had probably-for on this 
point the history is silent-found its way into his constitution, arid 
by with the gold, formed the heart-shapt.-d mass which 
the fire would not. melt, as its temperature could not have 
exceeded rooo" ; for we are told that the golden rose, worn by the 
artiste who shared the soldier's fate, was .also found unmelted. 
The main point is, however, that the presence of. one .of the 
rarer metals must have endued the soldier with his singular 
endurance, and in the end left an incorruptible record of him. 

This has been taken as the starting-point of the lecture, becam,e 
we shall see that the . ordinary metals so often owe remarkable 

to the presence of a rarer metal which·fits them for 
special work. 

This early love of metals is implanted in us as part of our 
" unsquandered heritage of sentiments and ideals which has come 
down to us from other ages," and .:future generations 'of children 
w;ll know far more than we did; for ,the attempt will be made to 
teach them that even psychology is a branch of molecular physics, 
and they, will therefqre see far more in :,the melted toy than a 
shapeless mass of)ctinand]ead. It is really.not "n· inert thing; 
fQr some time after it was ne.wly. cast; it was.the scene oLintense 
molecular activity. It probably is never molecularly quiescent, 
and a slight elevation of tempe{ature will excite ih it rapid atomic 
movement, anew. T,he,·.nature of, such movement I have 
in'dicated on previo.us .occasions, when, ,as 7now: .I .ha,ve tried to 
interest you in certain properties of metals and:alloys. 

This evening. I appeal incidentally . to, higher feelings than 
by, bringing before you certain. phases ,in the life-history 

of metals which may lead you to a generous appreciation of the 
many excellent qualities. they. possess. 

Metals have been sadly misunderstood. In the belief that 
animate beings are more interestirg,.,experimenters have neglected 
metals,. while no form of matter in:,,vhich life can be recognised 
is too humble to receive encouragement. Thus it happens that 
bacteria, with repulsive attributes and criminal instincts, are petted 
and watched . with solicitude, and comprehensive schemes are 
submitted to the.,Royal. Society ·for their development, culture, 
and even for.their ",edui'ation," 1 which may, it is true, ultimately 
make them useful metallurgical agents, as certain micro-organisms 
have already proved their ability to produce arseniuretted hydrogen 
from oxide of arsenic. 2 

It will not be difficult to show that methods which have proved 
so fruitful in results when applied to the study of living things, 
are singularly applicable to metals and alloys, which really presc'llt 
close analogies to living organisms. 'This must be a new vie\\ to 
many, and it may be said, "it is well-known that uneducate<l 
races tend to personify or animate external.nature," and yon may 
think it strange that the attempt should be made to trace analogieo 
which must appear to be remote, between moving organisms and 
inert alloys, but" the greater the number of attributes that attach 
to anything, the more real that thing is."" Many of the less 
known metals are very real to me, and I want them to be so to 
you ; listen to me, then, as speaking for my silent metallic friends, 
while I try to secure for them your sympathy and esteem. 

First, as regards their origin and early history. I fully 

l Dr. Percy Frankland specially refers to the "education" of bacilli fur 
adapting them to altered conditions. Ro;'. Proc., vol. lvi., IS94, 

p. 2
5iJ;. Brauner. C!zem. News, Feb. rs, rSgs. P. 79· 

3 Lotze, ''.Metaphysic,·· § 49, quoted by Illingv.rorth. '• Per-;onality, 
and Di,·ine .. , Bampton Lectures, r8g4, p. 43· 
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share Mr. Lockyer's belief as to their origin, and think that a 
future generation will speak of the evolution of metals as we 
no"· do of that of animals, and that observers will naturally turn 
to the sun as the field in which this evolution can best be studied. 

To the alchemist-; metals were Yery living indeed ; they treated 
them as if they were, and had an elaborate pharmacopreia of 
" medicines " which they freely administered to metals in the 
hope of perfecting their constitution. If the alchemists 
constantly draw parallels between living things and metals, it 
is not because they were ignorant, but because they recognised 
in metals the possession of attributes which closely resemble 
those of organisms. '' The first alchemists were gnostics, and 
the old beliefs of Egypt blended with those of Chaldea in the 
second and third centuries. The old metals of the Egyptians 
represented men, and this is probably the origin of the hotmm
mlus of the middle ages, the notion of the creative power of 
metals and that of life being confounded in the same symbol." 1 

Thus Albertus Magnus traces the inflGence of congenital 
defects in the generation of metals and of animals, and Basil 
Yalentine symbolises the loss of metalline character, which we 
110\Y know is due to oxidation, to the escape from the metal of 
an indestructible spirit which flies away and becomes a soul. 
On the other hand, the " reduction" of metals from their oxides 
m1s supposed to give the metals a new existence. A poem 2 of 
the thirteenth century well embodies this belief in the analogies 
IJet11·een men and metals, in the quaint lines:---

.; Horns ont l'estre comme mdaulx, 
Vie et augment des vegetaulx, 
Instinct et sens comme les bruts, 
Esprit com me ange en attributes." 

'':\len have being "-constitution-like metals; you see how 
closely metals and life were connected in the minds of the 
alchemists. 

"Who said these old renowns, dead long ago, could make me 
forget the living world?" are words which Browning places in 
the lips of Paracelsus, and we metallurgists are not likely to 
forget th<! living world ; we borrow its definitions, and apply 
them to our metals. Thus nobility in metals as in men, means 
freedom from liability to tarnish, and we know that the rarer 
metals, like the rarer virtues, have singular power in enduing 
their more ordinary associates with firmness, elasticity, strength, 
and endurance. On the other hand, some of the less known 
metals appear to be mere " things " which do not exist for 
themselves, but only for the sake of other metals to which they 
can be united. This may, however, only seem to be the case 
because we as yet know so little about them. The question 
naturally arises, how can the analogies between organic and 
iporganic bodies be traced? I agree with my colleague at the 
Ecole des Mines of Paris, Prof. Urbain le Verrier, in thinking 
that it is possible 3 to study the biology, the anatomy, and even 
the pathology of metals. 

The anatomy of metals-that is, their structure and framework
is best examined by the aid of the microscope, but the method of 
autographic pyrometry, which I hrought before you in a Friday 
eYening lecture delivered in 1891, is rendering admirable service 
in enabling both the biology and pathology of metals to be 
studied, for, just as in biological and pathological phenomena 
vital functions and changes of tissue are accompanied by 
a rise or fall in temperature, so molecular changes in metals are 
attended with an evolution or absorption of heat. With the aid 
of the recording pyrometer we now "take the temperature " of a 
mass of metal or alloy in which molecular disturbance is sus
pected to lurk, as surely as a doctor does that of a patient in 
whom febrile symptoms arc manifest. 

It has, moreover, long been known that we can submit a metal 
or an alloy in its normal state to severe stress, record its power 
of endurance, and then, by allowing it to recover from fatigue, 
enable it to regain some, at least, of its original Strength. The human 
analogies of metals are really very close indeed, for, as is the case 
with our own mental efforts, the internal molecular work which is 
done in metals often strengthens and invigorates them. Certain 
metals have a double existence, and, according to circumstances, 
their hehaviour may be absolutely harmful or entirely beneficial. 

l Herthdot, Les origines des alcliimic:, p. 6o. 
Les Remonstrances ou la tomp!aint de nature a l'a!clzimist errant. 

Attributed to Jehan de lVJ:eung, who with Guillaume de Lorris wrote the 
Roman de la Rose. M. MCon, the editor of the edition of T814 of this 
celebrated work, doubts, however, whether the attribution of the complaint 
de./z;::i;turc to Meun!? correct. ., 

•) La 1Ietallurgte m France, 1894, p. 2. 
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The dualism we so often recognise in human life becomes allotro
pism in metals, and they, strangely enough, seem to be restricted 
to a single form of existence if they are absolutely free from con
tamination, for probably an absolutely pure metal cannot pass 
from a normal to an allotropic state. Last, it m8 y be claimed that 
some metals possess attributes which are closely allied to moral 
qualities, for, in their relations with other elements, they often 
display an amount of discrimination and restraint that would do 
credit to sentient beings. 

Close as this resemblance is, I am far from attributing conscious
ness to metals, as their atomic changes result from the action of 
external agents, while the conduct of conscious beings is not deter
mined from without, but from within. I have, however, ventured 
to offer the introduction of this lecture in its present form, because 
any facts which lead ns to reflect on the unity <>f plan in nature, 
will aid the recognition of the complexity of 8tomic motion in 
metals upon which it is needful to insist. 

The foregoing remarks have special significance in relation 
to the influence exerted by the rarer metals on the ordinary 
ones. With exception of the action of carl •on upon iron, 
probably nothing is more remarkable than the action of the rare 
metals on those which are more common ; l·ut their peculiar 
influence often involves, as we shall see. the pr<sence of carbon 
in the alloy. 

Which, then, are the rarer metals, and how may they be 
isolated? The chemist differs somewhat from the metallurgist 
as to the application of the word " rare." The chemist thinks of 
the "rarity" of a compound of a metal; the mdallurgist, rather 
of the difficulty of isolating the metal from the state of com
bination in which it occurs in nature. 

The chemist in speaking of the reactions of salts of the rarer 
metals, in view of the wide distribution of limestone and 
pyrolusite, would hardly think of either calciun:' or as 
being among the.rarer metals. The metallurgist: would consider 
pure calcium or pure manganese to be very rare, I have only 
recently seen comparatively pure specimens of the latter. 

The metals which, for the purposes of this lecture, may be 
included among the rarer metals are : (I) those of the 
platinum group, which occur in nature in the metallic state; 
and (2) certain metals which in nature are U'>ually found a>' 
oxides or in an oxidised form of some kind, and these are 
chromium, manganese, vanadium, tungsten, titanium, zirconium, 
uranium, molybdenum (which occurs, as sulphide). 
Incidental reference will be made to nickel and cobalt. 

Of the rare metals of the platinum group I propose to say but 
little ; we are indebted for a magnificent display of them in the 
library to my friends Messrs. George and Edward 
and to Mr. Sellon, all members of a great firm< ,f metallurgists. 
You should specially look at the splendid ma,s of palladium, 
extracted from native gold of the Yalue of £z,soo,ooo, at the 
melted and rolled iridium, and at the masses of osmium and 
rhodium. No other nation in the world could shov. such specimens 
as these, and we are justly proud of them. 

These metals are so interesting and preciou' in themselves, 
that I hope you will not think I am taking view them 
by saying that the contents of the case exhibited m the library 
arc certainly not worth less than ten thousand pounds. 

As regards the rarer metals which are with oxygen, 
the problem is to remoYe the oxygen, and IS effect.ed 
either by affording the oxygen an opportumty f, ,r umtmg With 
another metal, or by reducing the oxide of the rare metal by 
carbon, aided by the tearing effect of an electn: current.. In 
this crucible there is an intimate mixture, in atomic proportiOns, 
of oxide of chromium and finely divided metallic aluminium. 
The thermo-junction (A, Fig. 1) of pyrometer whicJ: formed 
the subject of my last Friday evemn_r; lecture here, lS placed 
within the crucible, B, and the spot of hght, c, from the galvano
meter, v, with which it is connected, indicates on the screen that 
the temperature is gradually You will that as 
soon as the point marked 1010 1s r.e::-ched, energetiC act;on 
place : the temperature suddenlY_ above thco meltmg-p?mt 
of platinum, melts the and th<· spot of lig?t 
swings violently ; but if _the cruc;ble be open, you will 
see that a mass of metallic chrommm has been liberated. 

The of alkaline metals in separating oxygen from other 
metals is well known. I cannot enter into it> history here, 
beyond saying that if I were to do so, frequent references to 
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the honour<,d names of Berzelius, Wohler, and Winkler would 
be demanded.! 

Mr. Vautin has recently shown that granulated a luminium 
may readil)' be prepared, and that it renders great service 
when employed as a reducing agent. He has lent me many 
specimens of rarer metals which have been reduced to the metallic 
state by the aid of this finely-granulated aluminium ; and I am 
indebted to hisassistant, Mr. Picard, who was lately one of my 
own studenls at the Royal School of Mines, for aid in the pre
paration of certain other specimens which have been isolated in 
my laboratory at the Mint. 

The experiment you have just seen enables me to justify a 
statement I made respecting the discriminating action which 
certain met als appear to exert. The relation of aluminium to 
other metals . is very singular. When, for instance, a small 
quantity of aluminium is present in cast-iron, it protects the 
silicon, manganese, and carbon from oxidation. 2 The presence 
of silicon in aluminium greatly adds to the brilliancy with which 
aluminium itself oxidises and burns. 3 It is also asserted that 
aluminium, even in small quantity, a powerful protective 
action against the oxidation of the silver-zinc alloy which is the 
result of th L' desilverisation of lead by zinc. 

Moreover, heat aluminium in mass to redness in air, where 
oxygen may be had freely, and a film of oxide which is formed 
will protect the mass from further oxidation. On the other 
hand, if findy divided aluminium finds itself in the presence of 
an oxide of a rare metal, at an elevated temperature, it at once 
acts with energy and promptitude, and releases the rare metal 
from the bondage of oxidation. I trust, therefore, you will con
sider my claim that a metal may possess moral attributes has 

c 

L 

FIG. I 

been justifi, ·d. Aluminium, .moreover, retains the oxygen it has 
with great fidelity , and will only part with it again at 

very high t<,mperatures, under the influence of the electric arc in 
the presence of carbon. 

[A suitable mixture of red-lead and aluminium was placed in a 
small cruci ble heated in a wind furnace, and in two minutes an 
explosion announced the termination of the experiment. The 
crucible was shattered to fragments. ] 

The alun_1inium loudly protests, as it were, against being 
entrusted "1th such an easy task , as the heat engendered by its 
oxidation had not to be used in melting a difficultly fusible metal 
like chromium, the melting point of which is higher than that 
of platinum. 

It is admitted that a metal will abstract oxygen from another metal 
if the reac\ ion is more exothermic than that by which the oxide 
to be decon1posed, was originally formed. The heat of formation 
of is 391 calories, that of oxide oflead is 51 calories; so 
that It migh t be expected that metallic aluminium, at an elevated 

would readily reduce oxide of lead to the metallic 
state. 

The last experiment, however, proved that the reduction of 
oxide of Je,td by aluminum is effected with explosive violence, 
the temperature engendered by the reduction being sufficiently 
high to vol:ttilise the lead. Experiments of my own show that 

1 An paper, by H. F . K eller, on the reduction of oxides of 
metals by 0 1 her metals, will be f<:'und in the Journat of the American 
Chemical December r8g4, p. 833. 

2 Bul(. So,:. Clt. im. Paris, vol. x i. r894, p. 377· 
3 "D1tte l .e(_fons sur les MCtaux," part ii. 18gr , p. -.2o6. 
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the explosion takes pl.ace with much disruptive power when 
alummmm reacts on oxide of lead in vacuo, and that if coarselr 
ground, fused litharge be substituted for red lead, the action 
only accompanied by a rushing sound. The result is therefore 
much influenced by the rapidity with which the reaction can 
tral_lsmitted throughout mass .. I.t this kind of experiment 
wh1ch makes us t!lrl_l With :;uch VIVId mterest to the teaching of 
the school of St. Claire Deville, the members of which have ren
dered such splendid services to physics and metallurgy. They do 
not advocate the employment of the mechanism of molecules and 
atoms in dealing with chemical proJ;llems,. but would simply 
accumulate evidence as to the phys1ca:I cucumstances under 
which combination and dissociation take place, 
these as belongmg to the same class of phenomena as solidification. 
fusion, condensation, and evaporation. They do not even insist 
uron the view that matter is minutely granular, but in a ll cases 
ot change of state, make calculations on the basis of work done. 
viewing changed "internal energy " as a quantity which should 
reappear when the system returns to the initial sta te. 

A verse, of some historical interest, may appeal to them. It 
occurs in an old poem to which I have already referred as 
connected with the Roman de !a R ose, and it expresses nature's 
protest against those who attempt to imitate her works by the 11se 
of mechanical methods. The "argument" runs thus 

"Comme nature se complain t, 
Et dit sa et s;on plaint, 
A ung sot soffieur sophistique, 
Q ui n 'use que d'art mecha nique." 

If the " .use of art" includes the study of chemistry 
on the bas1s of the mechamcs of the atoms, I may be permitted 
to offer the modern school the following rendering of nature's 
plaint:-

" H ow sighs without restraint, 
And gnevmg makes her sad complaint 
Against the subtle sophistry 
Which trusts atomic theory.'' 

An explosion such as is produced when aluminium and oxide 
of lead are heated in presence of each other, which· suggested 
the reference to the old. French verse, does not often occur, as 
m most cases the reductiOn of the ra rer metals by a luminium 
is effected quietly. 

Zirconium is a metal which may be so reduced. I have in 
this way prepared small quantities of zirconium from its oxide. 
and have formed a greenish alloy of ex traordinary strength hY 
the ad•ition of r2o per cent. of it to gold, and there a re man;• 
circumstances which lead to the belief that the future of 
will be brilliant and useful. I have reduced vanadium and uranium 
from its oxide by means of aluminium as well as manganese, 
:nhich is and .titanium, which is more difficult. Tungsten, 
m fine speCimens, IS also before ·you, and allusion will be made 
subsequently to the uses of these metals. At present I woulrl 
draw your attention to some properties of titanium which are of 
special interest. It burns with brilliant sparks in air · and as fe 11 
of us have seen titanium burn, it may be well to bu'rn a little in 
this flame. [Experiment performed.] Titanium appears to be, from 
the recent of M. Moi.ssan, the most difficultly fusible 

but 11 .has the smgular propetly of burning in 
mtrogen-1t presents, m fact, the only known instance of vivid 
combustion in nitrogen.' 

may be readily from its oxide by the aid of 
alummmm. Here :'re considerable masses, sufficiently · pure for 
many purposes, wh1ch I have recen tly prepared in view of this 
lecture. 
. The oth.er TI_lethod by which the rarer metals may be isolated 
ts that which mvolves the use of the electrical furnace. In this 
connection the name of Sir vV. Siemens should not he 
forgotten. H e described the use of the electric arc-furnace 
in which the .carbons were a rranged vertically, the 
lower carbon bemg replaced by a carbon crucible and 
in 1882 he melted in such a furnace no less than ten of 
platim_nn during an e':periment :'t which I had the good fortune 
to assist. It may fairly be claimed that the large furnaces with 
a vertical carbon in which aluminium and other metals a re no\\ 
reduced by the combined action and tearing 
temperature of the a rc, a re the dtrect outcome of the work of 
Siemens. 

In the develor ment of the use of the electric a rc for the 
isolation of the rare, difficultly fusible, metals Moissau stands 

1 Lord Rayleigh h ::Lo;; since stated tha t t itanium does not combine with 
argon; M. Gunt7. points out that lithinm in combining with nitrogen 
produces 
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in the front rank. Be points out 1 that D eprez 2 used in 1849, 
the heat produced by the arc of a powerful pile ; but Moissan 
was the first to employ the arc in such a way as to separate its 
heating effect from the electrolytic action it exerts. This he does 
by placing the poles in a horizontal position, and by reflecting 
their heat into a receptacle below them. H e has shown, in a 
series of classical researches, that employing 8oo amperes and I 10 

volts a temperature of at least 3500° may be attained, and that 
many metallic oxides which until recently were supposed to be 
irreducible may be readily made to yield the rnetal they contain. 3 

A support or base for the metal to be reduced is needed, and 
this is afforded by magnesia, which appears to be absolutely 
stable at the utmost temperatures of the arc. An atmosphere of 
hydrogen ma y be employed to a void oxida tion of the reduced 
metal, which, if it is not a volatile one , remains at the bottom of 
the crucible almost always associated with ca rbon-- forming, in 
fact, a carbide of the metal. I want to show you the way in 
which the electric furnace is used, hut unfortunately the re
ductions are usually very tedious, a nd i t would be impossible to 
actually show you much if I were to a ttempt to reduce before 
you any of the rarer metals; but as the main object is to show 
you how the furnace is used, it may be well to boil some silver at 
a temperature of some 2500°, and subsequently to melt chromium 
in the furnace (Fig. 2). This furnace consists of a clay receptacle, 
A, lined with magnesia, B. A current of 6o amperes and 100 volts 
is introduced by the carbon poles, c , c ; an electro-magnet, M, is 
provided tn deflect the arc on to the metal tn he melted. [By 

E 

means of a lens ami mirror, D, E, the image of the arc and of the 
molten metal was on to a screen. F or this purpose it 
was found cnnvement to make the furnace much deeper than 
would ordinarily be the case.] 

It must not be forgotten that the use of the electric arc between 
carbon P?les renders it practically to prepare the rare 

Without them with carbon, often forming true 
carbides ; hut 1t 1s possible m many cases to separa te the carbon 
by treatment. Moissan_ has, however, opened up a 
vast fi eld of mclustnal work by p}acmg a t our disposal practically 
all _ra rer mfus1ble metals wh1ch may be reduced from oxides, 
-and It l S necessary for us now to consider how we may best enter 
upon our inheritance. Those members of the group which we 
have known long enough to apprecia te are chromium and man
ganese, and these we have only known free from carbon for a 
few In state they have done excellent 
service m connectiOn with the metallurgy of steel ; and may we 
not hope that vanarlium, molybdenum, ti tanium , and uranium 

1 .rl un. de Clu"m. et de Pkys. vol. iv. 189.; p . 365 . 
; va l.. xxix. r849, p. 48, 54s, 7 r2. 
· fhe pnnc1pa1 mcmmrs of 1\-1. will be found in the L0 111ptes 

rendus, vol. c:...: ':. 1 8 9 2 , p .. ro3r; ibid. vo l. ex vi. r893, pp. 347, 34_9, 549, 1222, 

!429 ; iln d . . vol. cx1x. :r8g.h pp. 15, 20, go;s; ibid. vol. cxx. r 8gs, p . 
.Ihe more tmporta!lt the mctab he h as isokttcd are uranium, 

. Of!liUm , molybdenum , t11ngste n, vanadium, and 
1ttant.um. I ts an •mportant paper by h im on the va rious fo rms of the 
clectnc furn :u.:e 111 the _- lJm. d e Clu'm. ct d e Phys. \ 'O I. i Y. 1895, p . .16s 
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will render still greater services? J\ly object in this lecture is 
mainly to introduce you to these metals; which hitherto few of 
us have ever seen except as minute cabinet specimens, and we 
arc grea tly indebted to 1\Ioissan for sending us beautiful 
specimens of chromium, vanadium, uranium, zirconium, tungsten, 
molybde num, and titanium. [These were exhibited.) 

The question naturally arises : "Why is the future of their useful
ness so promising? vVhy are they likely to better service 
than the common metals with which we have Ion;( been familiar? 
It must he confessed that as yet we know but little what services 
these meta ls will render when they stand a lone ; we have yet to 
obtain them in a state of purity, and have yet to study their pro
perties, but when small quantities of any of them are associated or 
a lloyed with other metals, there is good reason to believe that 
they will exert a very powerful influence. Jn order to explain 
this, I must appeal to the. physical method of inq uiry to which I 
have already referred. 

It is easy to test the strength of a metal or of a n alloy ; it is 
also easy to determine its electrical resistance. If 1 he mass stands 
these tests well, its suitability for certain purprl.'es is assured ; 
but a subtle method of investigation has been :r fforded by the 
results of a research entrusted to me by a committee of 

the. Lnstitntion of Mechanical Engineer,; , ove r which Dr. 
Anderson, of Woolwich, presides. vVe can no w gather 
much information as to the way in which a ll •<lSs of metal 
has. arr:"nged itself during the cooling from a moll en condition, 

IS the necessary step in fashioning it into a u..;eful form; it 
IS possible to gain insight into the way in which a molten mass 
nf a meta l or an alloy, molecularly settles itself do\\ n to its work, 
so to speak, and we can form conclusions as to its p r• ,bable sphere 
of usefulness. 

The m ethod is a graphic one, such as this audie11Ce is familiar 
with, for Prof. Victor Horsley has shown in a masl erly way that 
traces on smoked paper may form the record of the heart's action 

the di sturbing influence caused by the in trusi i)J1 of a bullet 
mto human body. I hope to show you by s.i miiar records 

thong_h disturbing is often fi>r from pre
JUfhCia l, '?f the mtrocluctwn of a small qua ntity of a foreign 
element mto . the " system" of a metal, and to justify a 

which I made earlier, as to the a pplicability of 
physiOlog ical methods of investigation to the study of metals. 
In order that the nature of this method may be clear, it 

J 
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lllllSt be: rem.vn1bered that jf a thern10111eter or a pyro1neter, as 
the case ma) be, is plunged into a mass of water or of molten 
metal, the temperatl.ue will fall continuously until the water or 
the metal b< gins to become solid ; the temperature will then 
remain const<,nt until the whole mass is solid, when the down
ward cours<; ',f the temperature is resumed. This little thermo
junction is phnged into a mass of gold ; an electric current is, 
in popular b :1guage, generated, and the strength of the current 
is proportion"! to the temperature to which the thermo-junction 
is raised; so 'hat the spot of light from a galvanometer to which 
the thenno-i·mction is· attached enables us to measure the 
temperature: or, by the aid of photography, to record any 
tbermal cb:w:;es tbat may occur in a heated mas,; of metal or 
alloy. 

It is only necessary for our purpose to use a portion of the long 
scale, and to i1ake that portion of the scale movable. Let me 
try to trace b, ·fore you the curve of the freezing of pure gold. It 
will be neces,,rry to mark the position occupied by the movahle 
spot of light ,,t, regular interYals of time during which the gold is 
near 1045°, tb,Jt is, while the metal is becoming solid. E,·ery 
time a metron•>me beats a second, the white screen A (Fig. 3), a 
sheet of pape1· \\ill be raised a definite number of inches hy the 
gearing and b.\1\dle, B, and the position snccessiYely occupied by 
the spot of light, c, will Le marked by hand. 

\-on see the time-temperature curve, x, y, so traced is not 
continuous. The freezing point of the metal is very clearly 
marked by tlw horizontal portion. If the gold is Yery pure the 
angles are slurp, if it is ·impure they are rounded. If the 
metal had fallen below its freezing point without actually he
coming solid, Lhat is, if superfttsion or snrfusion had occurred, 
then there would be, as is often the case, a dip where the freezing 
hegins, and then the temperature curve rises suddenly. 

If the meta i i.s alloyed with large quantities of other metals, 
then there ma<· he several of these freezing points, as successiYe 
groups of all• '}'S fall out of solution. The rough diagrammatic 
method is n< •r sufficiently delicate to enable me to trace the 
subordinate p< ·ints, bt:t they are of vital importance to the strength 
of the metal or alloy, and pbotography enables us to cletect them 
readily. 

Take the case of the tin-copper series; you will see that as 
a mass of tin-,·opper alloy cools, there are at least two distinct 
freezing point>. At the upper one the main mass of the fluid alloy 
became solid :at lhe lower, some definite group of tin and copper 
atoms fall out. the position of the lower point depending upon 
the composition of the mass. 

( T" bt r"ntinucd.) 

THX 1 VS7JTCl10N OF MRCHAiVJCAL 
J:'N(;JNEERS. 

ordinary spring meeting of the Institution of :\Iechanical 
Engineers was held on \Vednesclay and Friday eyening of 

la't week, April 24 and z6. the J'resiclent, Prof. Alexander B. 
VV. Kennedy, V.R.S., occupying the chair both evenings. The 
following was down on the agenda of the meeting : Adjourned 
discussion on ( :aptain H. kiall Sankey's paper on "Governing 
of Steam Engines by Throttling and by Variable Expansion"; 
the "Third Rq)ort to the Alloys :Research Committee," by Prof. 
\V. C. Robert,-Austen, C.B., F.R.S .. "Appendix on the Elim
ination oflmpurities during the Process of making' Best Selected' 
Copper," hy 1\lr. Allan Gibb; "Appendix on the ·Pyrometric 
Examination oi' the Alloys of Copper and Tin," by Mr. Alfred 
Stansfield. 

In the discussion on Captain Sankey's paper a number of 
members spokt. As a general result it may be stated that the 
position taken by the author in his paper was supported, viz. : 
that for certain purposes, governing by means of the throttle 
valve was to bt· preferred ; whilst under other conditions variable 
expansion gm crnors would have advantages over the other 
method. Captain Sankey in his contribution impartially discussed 
both systems, and his paper may he taken as a good model of 
what a memoir of the kind should be, no undue bias being showil 
nn either side. 

The report of Prof. Rol>erts-"\usten was perhaps of e,·en 
greater interest than those which haYe preceded it ; whilst the 
two appendice-s of Messrs. (;ibb and Stansfield discussed 
important pracl ical details. A request had been made that the 
investigations ,,f \Yarlmrg and Tegetmeier on molecular porosity, 
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and their observations on the " Electrolysis of Glass "1 should I><.· 
repeated. It will be rem em be red that atoms of sodium were 
made to pass through glass at a temperature of zoo' C. under the 
influence of the electric cunent. Lithium atoms were then made 
to follow along the tracks or molecular galleries left by the 
sodium, the lithium having a lower atomic volume and weight 
than the sodium. \Vhen potassium, having a higher atomic 
weight and volume, was substituted, it was not found possible 
to trace out the sodium. \Ve are thus, the author said 
confronted with a molecular porosity which can in a sense 
be gauged, and the mechanical influence of the volume of 
the atom is thus made evident. It will also be evidenl 
that there is a direct connection between the properties of a 

and the of its atoms. The results preyiousl) 
obtamed were entuely confirmed and somewhat extended in the 
experiments the author had undertaken. The septa, or diYiding 
partitions, in these fresh experiments, were made mostly 
soda glass, of which thick bulbs were blowh from barometet 
tube. In most of the experiments the glass was electrolysed, using 
mercury and an amalgam of some metal as cathode and anode 
respectively. The temperature was from 250° to 350° C. The 
electromotive force employed was 100 volts, and the current in 
the case of the sodium experiments averaged about one-thousandth 
of an ampere, and was sometimes as high as <me-fiftieth of ar 
ampere. \'Vhen the glass bulbs were employed they soon became 
cracked, and the free passage of the current fused the glass. 
forming a well-rounded hole. In each experiment a safety 
fuse was placed in series, to stop the current in case of 
breakage. In experiments in which sodium amalgam had 
heen placed in the bulb and pure mercury outside, sodium 
passed into the mercury to the extent of o·o3 gramme 01 

o·46 grain. In one experiment, which. lasted eighteen hours. 
the amount of sodium found in the mercury was o·o131 gramme. 
or o·zozz grain. The quantity of electricity which passed 
through the glass was measured by the aid of an electrolytic 
cell placed in series, in which copper was deposited to tht 
amount of o·ozo6 gramme, or o·3179 grain. Calculating tht 
number of coulombs of electricity passed by means of the 
electrolysis of glass, the number 55 is found, and hy the electro
lysis of copper sulphate, 6z; thus showing. as well as a rough 
approximate experiment could, that the passage of sodium intc 
the mercury follows the ordinary law of electrolysis_ It 
doubtful whether the sodium from the amalgam actually pene· 
!rated right through the glass ; but there can be no question 
that it replaced a considerable proportion of the sodium which 
the glass contained. An attempt to pass potassium through 
the same glass failed. Gold was then used, both in the form of 

1 amalgam and dissolved in metallic lead, but in the latter cast 
the temperature employed was, of course, higher. No gold 
was found to have been transmitted through the glass ; but the 
glass employed became coloured by gold, and minute spangles 
of the metal were found embedded in it. The same result was 
obtained when copper was used as an amalgam ; and in thi;.. 
case minute nodules of copper were deposited below the surface 
of the glass, an effect which is highly suggestive in connection 
1\·ith the formation of mineral wins by earth currents. Sodium 
amalgam placed in a bulb and surrounded witli mercury, but 
with no current, gave negative results, showing that simp!t 
diffusion did not play any important part in the results obtained .. 
The fact that a current passes at all through glass is a proof that 
electrolytic action has taken place ; so that, even if a metal be 
not actually transmitted through glass, the passage of a current 
indicates that sodium, potassium, or other metallic constituent 
of the glass, must be leaving it, and is probably replaced by ont 
or more of the metals in the metallic bath which constitutes the 
anode. 

The author next referred to an addition made to the recording 
pyrometer by means of which increased sensitiveness was ob
tained. The galvanometer, which affords the means of measur
ing the temperatures of the masses of metal or alloy under 
examination, may occupy one of two positions : it may either 
be nearer to the slit through which the ray of light falls upon 
the photographic plate, or it may be further away from it. It 
will be evident that two galvanometers may he used simul
taneously, with the light from their respective mirrors playing 

1 E. Warburg, "Ueber die Elektrolyse des festen Glases," Wiedemann'_.,
Annalen, vol. xxi. 1884, p. 622. E. \Varburg and F. Tegetmeier, "Uebe1 
die elektrolytische Leitung des Bergkrystalls," TViedenzann's Annalen, vo[_ 
xli., 18go, page 18. E. \Varburg, "t:"cber eine l\1ethode Natrium Metall iF 
geisslersche Riihren einznfiihren." TVitdemcrmz's .·Inna!en. vol. xi. I8<:;o. 
p:1.g-e r. 
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