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About This Bosk

Ours is an age of incredible breakthroughs in seience and {echnelogy:
fah has Blazed a trail into outer space, haressed the energy of il
2%‘3%‘5 i?\%%létwé&élFUElt “thinking™ machines and unravelied the mystery
_ Humanity is moving iato ever new and fascinating fields, but there
is one fiel af_aeuwgy which, while being eld as the hgl&; is no less
fascinating, This field is metallurgy, the produchion and Werking of
metals and alleys. o

At the dawn of civilization people were familiar with only a few
metals. But as ages passed and ever more Rew elements were discovered,
the range of useful metals extended as well. tn the case of seme matals
scientists and engineers did not take leng to acknowiedge and appreciate
them, with otheis, it took years befere they begah to be applied,
There were valid reasons for their “idleness™. First, the conftent ef
fany of them in the earth'’s crust is Mminute and therefore, it is exiremely
difficult to extract them; some have RO minerals of their owh and 6€6UF
only as impurities in other metals (such “scattered™ elements belong
to the group of trace elements). S660nd, Up to a certain period scienss
lacked information OR Mmest metals and siRce (hose We are going {6
discuss were used very rakely in industry, they were called rare matals.

The explosive develepment of techhology is the hallmark of the
20th century, a fime When inStrUmeRt-Malking, ehemshr}s;tryi,, aviatien,
rocketry, electronics and Auclear pewer — all started to place erders
for new materials with URique properiies. This 15 what prompled seien:
tists to delve deeper into the WorHd of rare metals. A careful study 6
these “recluses” revealed that many of them were quite “gifted®. Thus
be%aa the advent of rare metals if industry. ,

t would probably be correct te %ﬁ?“ today net a single new area of
technology can de without rare metls, their alloys or compowndss. For
example, fine-filament suspensions for Ravigation instruments of high
?f%ﬁ&laﬂ are made from rhenium alloys; gallium goes into the manufae-
ure of so-called liquid seals in vacuum equipment and High-temperatire
thermomelRrs and pressure gaul@@s;; cesium is the most impertank 66mpo-
Aent of photocells used in flaw detectors and seme other iRstruments;
hathium is the materiah from which centrol rods of nuclear reactors are
fade and is alse promising as a component of superalioys being de-
veloped for aviatien and rocketry: a thin layer of indium depesited en
ball-bearings protects them from erosion and increases their serviee
life. Such examples could be listed indefinitely.
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This book tells about some rare metals (including these called trace
glements) and can be regarded as a second part of S. I. Venetsky's
Taless Allosibe Meialds (It was published in English by Mir Publishers,
Moscow, in Il%Il?= o o _

The author follows the same principle as in his previous work:
rather tham giving the reader any exhaustive information about
every chemical element he describes, to tell him some imterestin
facts, curious incidents and tales associated with rare metals, to te
about the thorny path of any major scientific discovery and about some
paths yet to be trodden in the amazing word of metals.

‘The book is “peopled® gk's real and fictitious characiers. Along
with many eutstanding scientisss, it alludes to Napoleon, Agatha Christie,
Karel Capek and SheHlock Holmes. The stories associaied with them are
a background against which the author introduces his reader to achieve-
ments in metallurgy, physics and chemistry, to advances in the develop-
fent of new processes of making mekals apd malerials and to Rew
instrumenis. 1t was only feeeaFHéy hat experimeMs iR space materials
§6i8RCE WeFe eam&% 8uk eibaa the Salpitsb 6 Space station, buk they t6e
are mentionea in the Hask. o ,

Many scientisis and engineers make their first steps to the summiis of
science and engineering Under the influence of popular science lifera-
fure. 1t is My firm beliek that this beek will alse help many yeung
peeple with the cruciah cheice — their futlre eceupatisn.

Mcademiciaren A. F. Bdlov



THE TRIUMPH
OF A GREAT LAW
(GALLIUM)

Do not hasten te draw conelusionsi—
The first piece of avidence.— irony of fate.— A
vielet stranger.— Was it a eeek%— A scientific
argument.— Different fales,— Shameful “disefi-
minatis™—= A aa; Felal V% H. wealth 15 hid-
de m 3 wa&e— Ga m, 8 %galv% oF 3
LEF ere will Be £50me

qgat B MB aﬁ% e =
%xp %&%ﬁﬁ& =

Ditri Meﬂdelezews discovery, in March 1869, of a emdme law
which avemst e behaviaur of absoluiely all eh&mmea;h leme was
lveﬂ a hostile reception by some seieﬂttﬁsts Eveh 3 Chemist o
dne e as Rebert B nse 6Re ef {Re Greators e § eet ana ys s,
e this eahﬁstl%fema Ohe 6an draW ARy RUMBEF 6 sue efa Iz
zanaﬂs o {Re basis 8 ﬂgwmﬂh&% l‘H 8106 exeh&m@% bu 8tins.”
Laier Bunsen must have e i§ ill-cOnsidere@ remark o more
thah ORe Ge6asibh, but b i P;}j*’ Mendele et te BHN& Als
I

law. And he did mve ﬁ ]&Eh gfea a ic law
copsisted 1A th H and put i strict BF &F ?tggaelf

lﬂfﬂ makioh abeu 6@%15& eemeﬁtss Qﬂ i& F at their

t became ssmeti 3 6om te OuSARQESH afm
a? epga $83 6 ﬁmﬁ@ (6t y

33%%&“ ﬁ%@s F W 15 i %F A the pasis of th@ eriedis
Paw M%M%%w Was aB (—‘f@t@E fl %ﬁggavema mere t haml d628R

i o DovE Mendelojers cortecthass was Ao, physica
, Mende rh@&& ? ‘}theyi

e 3 g ] *zzf‘m & W
gﬂdisp but ne[f 1@1 ta?y existed semew e atur&
esen BFB ema 8 enew ament 1R M gave
Hmy ame 8 aaumnmum its piaee A ta ee eeme
em eﬂea ummium eevsp.e eaﬂ eﬂet ak twe
dgssvm §eetm FBR ak ate e;
un un&e %t ¥
ame h@ al acy o

l
i§ fema uke 3@%‘1 e‘fﬂ ha eni
The Aews of 1§eevefy e the p elemeh& was not len
eemm% |Iﬂ 1875 the French ehemsst Leeaq, de Bojsbaudram ade
a spectral study of a specimen of zinc blende, a weil known mineral
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from Bieerefitte in the Pyrenres, discovering, a stranger — a violet line
which was an indicator that the mineral contained an Unknown chemical

elemeﬂt
But 1t was 6ne thig? ? diseover the line anl quite aﬂather to isolate
the element f efspamn ?e oF it. Not an easy tas at eea&ndemh@{ at
the eaﬂteﬂt the uh p Wh element 1A zme lenae W? IRuie.. B é
the chefmist W?& §U6 ess i AUMBFOLS Bxperimens yieldea a grain 6
the Aew meta Wel? gram.
The most difficult part GYQF Le,eaql de Baisbaudrah now had to give
8 ea ed | g lium 1A eae,qé af his €6 tfy

i}g lﬂgtails ?heﬂ aﬁﬂ %tm fanes §6Me Wicked oRgUes $66
b aﬂ {0 asserk { at ?fum was ihe gﬁ%ﬁh&t@ oh g ﬁ
wn ﬂaml% %a katm Mmeans a e {dﬁ
? oG, W teh ma %&t 68ARACHOR Wl lraﬂ
8R tee e viBus, |

060 the AewS eft g dl 6QVaF ef ium wa& ished 1ﬂ a Paper
of the French eadge %a , eleeg%s gﬁh%& ﬁ f

1mme ity realize i was t afumlhmlhhhml %ﬂ e} Ee
? J: miat;ﬁ 6@&3 aiie Ete

dlfeaqy assighe

Frene %a y Whi6
was IScoVare 86 at f@ th e ew p daseri
allew e {6 sug@ast that the meta s Rothing alse ut enka -alUf1:

RIUM”,

indeed, the properiies of the theerelical eka-aluminium apd the
really existing gallmjﬂlwefe amazil 1 ﬂtiea.lf The enly difference

was in their dgﬂ&i EY' ording 16 ad te be around
fem? aﬁ t F&ﬂeﬁbh chemist eﬁtimated it %e be 7 §rams. WE&
was eem&t Th eia%e ﬂevef e\éeﬂ seen the ﬂew ekl oF ¢

other Wha Aok, alst ela it on iSP Uk Gk u& vam 8XpBFi-
ments with % ah § Aot | kst time A the %fy; BF S¢iénce
that theery elas ea wit BF&%&E& {he Mina questioned the &xperiment.



To prove he was right Beishaudran
opce more Isplated a few graing
of gallium, caretully cleaned them and
made a Rew study. This time he
fauﬂd that the dansity of gaiiiufﬂ

e - e %X ease ta 6 and pub lea¥

l§ Ru&snaa ealleague He Wrote:
%ms there 1S AQ, need o point
aut the exeebt%aﬂaah [Mportance {Re
tablishment 6 d%&i%y of the new
g ment Ras o confirming Men-
8v's theorelical €oneILSions.”

T ere IS much similarity in the
history of mahy metals. But just as
among hundieds of people el
kﬂw you will ﬂ&t ﬂﬂd two whos
iBF he:s; are 1d yau wil

twa i tiga

h ramgf“h nla;
Wl &y %&t i 3“?%% FQH?% ?ﬁ%

i
smm%mm% ﬁﬁ i

More than half a eeﬂtugy passed smee L de Boighsudran
had annouRced to the word the discovery of Fna“ ug the industrial
wafld was stllli ﬁeﬂﬂ%lit The iAth velume of Giea& Seviet Encyelo-
paedia ad exaetly four werds on the
ap%heauaa ef alhum NQ)TI used m teehﬂalagy And that was that.
ut what ean explain sueh discrimination? Could it be that the fnetal
which hag la ed su h an ouistandipg role in confirmin lg the periedie
law waulg ? oF Lse Buk {ak\gi@ Up f&&ldeaee 1A the 31st square
of the table 6 e 8ments? Could it be that it dan Aot possess a §iﬂgie
Eé?e%%i% Sgeapa |8 6F arousing the interast 6 esigners, IAventors ahd
The properties of gallium, as you will seen see for yeumlf had ﬂefhlﬂﬁ
to do with it But perhaps patlie’s siock of this element was too sma
and that equamed all its misforiunes? Alas, thak was not so either. The
earth’s GRUS eeﬂtams & %a ot times more galllum than say, tantalum
oF_tungsten, and s of times moré than mercury OF Silver.
The point is that, hke someseattemi elemeaﬁs, galllum did hot “bother”
to greate its OWR HepoSils. FUFhEHMOE, | praciicallly no minerals
of its own, 1t was fairly feeeﬂ !jllthat the f[fst galhum minerall was disco-
vefed in South-East Africa. Hallite, as the mineral is called, contains up
per cent f alliug. Bui as a rule, hardly appreciable quantities
ithis eieme i (a Tew Rundredths of one per €ent) are fauﬂd *livifng”
1K8 “pooF F& atwes with aluminiufh and mere selder, with 1Fen, ZiAg,
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Gopper and some other metals. Hl f has bee:ﬂf ﬂei that ceal ash is €ompa:
ratively rich ip alhum Aceording o Bm { ists, one ten 6 5eal
fifed m the BFitish isles contai &aﬁ average of tiva grams 0 g lium
1s r}h all? 1t seems even (AiS MIAUR coRceRtrabiom is balisved
sufficient for 1is Industrial recovery. ( ing 1§ relative:
[FOR BFe, ?ae ton. 6F Which coptains seme 300 to 400 kilegrams of iFoR,
5 geaefa y 6ORsidersd poef.
he production of ga l1um has beeﬂ expaadm@ at a slow rate. The

first 56 kilograms e his metal vr In Germany 1n 1837
Some twenty- fw F& IaéeP ahum uchion had redched eﬂlg
350 kiiegfamsi Em Butput 15 feasured IR toRS, BVeR Sue
a %ﬁf%& meta H emum the GonteAt of ei mt 8 ef Eh& im&g 5
ﬁ&ﬂ&ﬁ thousanas @& 8ss than that of gallium, t 1t Tar
iAd 1A quamlmte& pfe Iy

The main SGUP&% of gallium are... thle waste pra?hh&ﬁ& of the alumi-
mum mdustr){ But do nok Rukky 6 eaﬂehu de t a& gal iy 1saehe-a me
Th&ui he raw ateﬁa ts not ok FecoVery
temet % eema x evea eextm aml am Pﬂlﬂl )thkit
UP $ auttﬁ 8}3 arket,
? d eaH SQH% 15 %m umea&t aids
aﬂgaagsatlmfg fl %a h% ggae%ef bt m ah 1Ago ea.@ﬂy on
As a mattef af faet, haldmg gallium oA 6AR's pali s exactly what
we_shouldn't adws% BAe 16 d6, and Rot aa eeauﬁ% it is pot a ver
reliable container I6F a VAFy Precious uk eeaﬁhse the warmt
of the human bo y i5. eﬂaugh e tfaa Fm it 1nte a qui sta g
felting paint of this 51 veéxg au. 6ah eu it Wit E)
5 eietfa m&m E§F gt | 1§ 8HBF gta g
Fast mefeur m%& 1 e ol mmu.&
10 568 BXiBAL, asagium me tAg a& . AR e,; Feason Why géihum
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should net be held in a hand is that it 15 rather toxic (more so than
mercury) and holding it may eause UH% leasant eeﬂsequeﬂees

its low melting poiht makds gal mm e base of many fusible alloys.
For example, an alloy of gallium 67 per eeﬂt)| with 1Adium (20.5 per
¢ent) and tin ‘125 peF GeAt) Cann F&Pﬁ&ﬁﬂ §6 id even at Foom tempe-
Fature: Its melting point 15 0,6° C. Such allo )(s have an exiensive tse
I engineering, 1A particular, 1A fire-alarm systems. Once the aiF 1n_the
puilding waris up o a eer&am point, the Falljum-alloy column flxed
1A a relay begins {6 meli, closing the electrical contacts and givin
g%undu%aﬁ ii%iztfa ar@ signal. This deviee Is much more feha e aﬂ

{aw Iil%mtiﬂ gallium alleys aﬁdl gallium itself) are alse charaeierized
¥gead wettmg propertias, Which l § Why they are widely applied instead

Farcuky 1R Vaeuum seals. Galliu seals maiRtain a vacuui mere
effeeuveiy than mercury ones.

Alleys of gallium with indium ahd tin are used as lubricanis, interiayers
i joining Raﬁs made of quariz, glass and eeramics and also for presSure
DORMIA allium- mdium coating of ball peakin eaﬂsldera.lmlly pro-
longs their semee life. A ﬂu H QF ga liut 15 VeFy ioxie,
But 1A eempa.ﬂy with meke a haf % EF&E@:I § poIs6-
AOUS Rature aRd s even use ll m s a eg_uahty

The eathodes m the ultra- we,let iam ne- m medicine, which
wefe fefmefl ma ¢ fFOM Marcury, afe ﬂaw made from an alloy of
alufmi mum gbalhum H has beeﬁ found thali this an J Is Much better
suited for { e job as it§ ux eeﬁt&m& moere wlira: Fays.

Most metals melt and solidify at the same temperabtie. The unique

Jeﬁy of %alllum is that 1t ¢an remain liquid for mamdn& In a §“f

ed State. 1t 4 drop oF gallium is left on jee it will not solidify for a long

time But when it finally does its velume will have expanaed considerably.
Therefore, metal oF eefame eeﬁtame:&& mus;t not be filled with liquid
galllu —they wm Burst as t meta geames solid. tt is usually
stafe in smal g egtm BF FU 113/ Eﬁf&. It has been sugges-

Ee 8 ine abl& 8%G8 alh#t?me Fg’# i%ss u.t%‘e %23%5‘ nlfilﬁaugsﬂ gall
tfap.sgefm Fom the 13\1& {6 sa%{é state @ Be use gm Hitfﬁtlig

pressUre &quipment.

But the maia advahtage of galhum is that 1t Femains liquid over &
vast temperature range gre no other low melting metal can
eampafe w1th 1t Malteﬂ galhum begms to boil oply heated {6 a tempera-

ie C. 1t 15 this amazing propery that determines its main
role eﬁhﬁaie,@ — high-tem e tuie tHermomeiers and  pressure

Ga ‘| tReFmOmMRES eaa e Used for temperatiies of 1 000°C
ﬂ ga\é%%a evae gaefew efmmﬁm cannok eveh approach: mereury

The low %ﬁeltiﬂg point combined with the wide temperature range
of its melt makes gallium a potential heat-transfer agent for auclear
reactors, But liquid galliug is not a good comrade to structural materials
with which It might ceme into contact in the reactor: at high tempera-
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tures it dissolves and destroys most
metals and alloys. This Is wh%/ at
Present the important role of heat
ranster agent 'is usually ,Pl,ayed by
sodium and’potassium, But it is gossm-
le that scientists will find a_way
of co;f)mg with this problem: it has
been found, for instance, that tanta-
lum and tungsten easily survive the
contact with gallium eveén at 1 000°C.
It is.an interesting fact that small
additions of aggresswe _gallium (up
to 5 per cent) 10 ma%nesmm enhance
the latter's corrosion resistance and
strength. , _
Another _interesting fact is that
electric resistance of_galllum crystals
depends to a considerable degree
on whether. the current 1S passed
througrh their horizontal or vertical . o
axes. The maximum-minimum resistance ratio is 7, which is far greater
than that of an%/ other metal. The same Is true of its heat expansion
aoefftlplentwhlc changes by a factor of three depending on the current
Irection.
Gallium's outstanding, ability to reflect light explains its successful
apPllcatlon, in the manufacture of mirrors, and it must be_stressed, thaj
allium mirrors do not dim even at high temperatures. The oxide of
1e metal is essential for production of special glasses characterized by a
high refractive index, allowing for a free transmission of infrared rays.
S,u,per-Pure gallium (no less than 99,999 per cent) serves as an alloy
addition to germanlum and silicon mcreasm% their semiconducting
properties, Not long ago gallium itself was shown to be "no fool" in this
respect. Some of "It comPound,s—wnh antimony, phosphorus, and
especially, arsenic — reveal semiconducting qualities. o
These™ properties are strlkl_ngla/ demonstrated in heterogunctlons
ensuring high' efficiency of semicopductor instruments, A heter gunct,lon
IS a gunctlon between two semiconductors with different chemjcal
characteristics formed in a smﬁ;le crystal. Scientists have long since
theoretically proved that this kind of “life under the same roof™ holds
Interesting ™ prospects  for ~ semiconductor engineering. The  main
difficyltylay in Selecting a pair of materials for such ™ "coexistence".
Experimentérs tried dozens of various combinations but all of them
were far from ideal and onlh/ too often demonstrated open incompati-
bility. It was then suggested that the arsenides of gallium ‘and aluminiym
could be a likely combination. Their crystalling lattices were similar
like two drops of water and that was, encoura(h;_lng. But a new obstacle
arose: in a humid atmosphere aluminium arsenidé was so unstable that
It became decomposed before one's very eyes.
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