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"BERYLLIUM"

Gerneral Introductien,

Of 211 the elememts @iscovered wiloubtedly - in preportion
te its oaccurrence on tihe earth - the least is krnovn abeut tie
element beryllium, It kas Dbeen estraateégt)that from one teath
to ene hunédredtr of ene per cent, of the earth's crust is
berylliua, comparin; ﬁhis with F.7,Clarke's estimate {12{8)
of te pereeatoje cempositiom by weight of the earta'’s erust -
waleh is giver below - we see that berylliué is relatively nu
exceedin~ly coion element, it bein; ssemewhere between salphur
and bremine, an€ yet to thic average person it is so little
knewn as to be 2lmeost unkheard of,

F.W.Clarke's Estimate.

Oxygen 49,78 Carboa A0
Silicon 26,08 Phespherus a}!
Aluainium ‘7334 Sulpaur .l}
Iroa 4,11 Bariuz .5§
Calecium 3.19 danzanesc 07
Sediua 2.3} Strontium .03
Poatacsium 2.4 Nitrogen .02
Magaesium 2,24 Pluorine 02
H:rérozea .95 Bromine AIETY
Titanlun .87 A1l otiier eleaents A
Crlarire . 2 l

{Conciderin:; the earth's crust one half mile deep and

mcluéii; the 2cean and the atavcphere,)
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We have availaple tnerefore a iLsrge store ol beryilium,
and tne minerals wnich contain it are Iound in a condition
almost free Iron contamination witn otner materialse Further,
eltihouzh the exact properties of metallic beryllium™ are far
from beins; established, yet suficient is known to clearly
indicate that there will be zreat commercial uses for this
metal when 2 cheap method of preparation can be obtained,
To quote Dr, J.W.Richards(g}:a "Beryllium ic = metal which
will well repay extended metallurgical research and minute
physical and cnemical study of its many unigue properties,”

Discovery and Name. Although so common it was not until

one hundred and twenty five years ago, in 1797, that it was
first discovered by L.N.Vauquelin())and there is no doubt that
the recent date of its discovery is due to the great similarity
of the chemical »roperties of beryllium and aluminium, and more
especially to the fact that in the ordinary course of analysis
berglliun hydroxide is »nrecipitated with aluminiur hydroxide
from which it is ‘indistinguishable, Vauquelin‘undertook to
prove the identity of emerald and beryl, he fouxd tict a portion
of the aluninium hydroxide precipitaté was thrown out of
solutidén in potassiuwa hydroxide on boiling, this led to his
r=porting in "Annales de Chinie" the discovery of a new
"earth". Veusuelin did not give it =2 nane but referred to

it as "la terre du Beryl" which was translated in German

as "Beryllerde", from which was derived the name beryllium
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The editors of "Annales de Chimie" su-rested kXkak the name
"slucine" for the oxide, from which was derived the name
slueinum; Vauquelin in a subsequent paper adopted the tarm
";lucine ", Both &f the names beryllium 2nd glucinum are

still in zeneral use,

Occurrence, It is certain that beryllium is a very
reactive element - this is td’be expected from its place
in the periodic table - and so it is zlways found in nature
ia combination with othier elements, most comaonly as silicates,
sometimes as phosphates, and occasionally as borates and
fluorides, I%* occurs in such common minerals as beryl
(BBeO.AIQOS.GSiOQ) and chrysoberyl (Be0,Alz03), it is also
found in many comparatively r=re minersls, (4) It is likely
that the percentages of alumina reported in mineral analysesr -
before the discovery of beryllium - contain. in many cages
beryllia, indeed this is probably’true of later analyses,

The o0nly pureberylliium compound on the market teday
ig8 beryliium nitrate which contains water of crystallization,
this is prejared from monazite sand, the pr-poration being
carrie? ocut in conjunction with the extraction of the cxides
of cerium and thorium, The nitrate irs easily converted to the
oxide which 1e uced in small amountsin the manufacture of
zas mantles,

Preparation of Metallic Beryllium, Two steps are

(5)

invalved, firstly the separation of beryllium oxide and
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secondl; the preparatica Irox herylliv oxide of the metal,
Beryl is unatacked by any acid so it must first bc treated
with a flux, or it may be heated in an electric furnace (6)
to a hiz- emougha temperature to volatilize most of the
silica, Beryllium compoundcs are usually separated from those
of aluaisium by making use of the fact tiiat beryllium hydroxide
is soluble #&n hot ten per cent,sodium bicarbonate solution
whereas aluminium hydroxide is not, A basic carbonate of
berylliuw:z is finally obtained which can be easily converted
if necessary to the oxide,

The metal was first prepared by "Wohler“(T),he reduced
berylliua chloride with.potassium,his product was not very
pure. Several other investigators have since prepared it by
the sare method,namely the reduction of a halide usinj; either
potassiun or sodium, iilson and Pettersson<8)first obtained
&7 per cent,and later 94 per cent,, and Humpid;e(gyin 1885
obtained a metal of 99,2 per cent.purity, However it rénained
for Lebeau('g)in 1808 to develop another simpler method for
the preparation of the metal, he electrolized the fused double
fluoride BeFp,NaF and obtained a metal 96,8 per cent,pure,
The two zbove methods - Wohler's and Lebeau's - are the only
ones that have had any success, A third method, the reductlion
of beryllium Qxide by magnesium(‘t)is reported by Parsons as
being very doubtful,

As for as can be deduced from tire literature on the
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subject, metallic berylliua has never been prepared in
sufficiently large quantities, and ia a pure enough state,
tq allow of any exact details of its physical properties
belin: ziven, Indeed the preparation of the pure netal would
seex to be an exéeédingly difficult matier,

Physical Properties, Beryllium is a stecel grey metal,

it is malleable,it can be easily cold rolled, and it will
take a high polish; its specific grovity, according to the
best results('?)which are not in very godd accord, is about
1.7; it will scratch gléés, the hardness beiny between 6 and
7; there is no defimite information concerning its electrical
conductivity but it is said to be the same as taat of silver
and therefore greaier than that of copper. Notain; is known
of 1ts temsile strenzth or regidity, or about how it might
be stfengthened by the addition of other zcetals,Thre melting
noint 1s consilered to be about 1100 dezrees ¢, but it has
never been ~“etermined, as uider afmospheric pressure the metal
vapourizes before the melting pointl is reached, this 1is
concluded from the work of Pollok{'j)Who obhserved that when
heated in an eiectric arc in an atmosphere of hydrogen,beryllium
vapourizes without fuslion and condenses to a grey metallic
nirror,

One of the most interestin; physical propertles is the
specific heat which nhas been thorouzily investizated by

Humpidge('4)as a2 result of an attempt to clear up the question

of thne atomic weiut,zud - as can be seea from lie curve
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below - the specific hezt, just as in the case of carbon
boron and silicon, at ordinary tsmperatures 1as a low value
value above 450 degfees

but increases to a moximuz, steady

J
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Assuzin; tiae specific heat to be 0,62, the atonic
neat = 9,1 by 0,62 = 5,64; this is in zoold ajreement with
Dulonz; and Petit's Law viich =states thaet the atomic hent
f an element in the s0lid state is a constant, 10 is also
interestin:; ta note that the specific heat is the greatest('5)
of any metal,Tc 12tell heat of fusicn 1s also abnormal,
the value being thousht to be somewhere aboﬁt_}OO which is
an exceedingly high fijure,

™~ gspectrum of beryllium has been i.vestigated My
several workers, most worthy. of mention are the observations

(16)

of Rowland and Tatnall' “which are of extreme accuracy.
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The atomiec weizht of beryllium has been determined

by many investigatoes and there seems to be little doubt
{(17) of very nearly

that the value, as obtained by éL,Parsons
9.1, is highly accurate, Berzelius in 1815 was the first to
defermine the atomic weight and @b to the present day many
other determiﬁations{FB) have been carried out, Parsons
used either the basic acetate, Be40(CzH30p)g, or the
acetylacetonate, Be(Csid702)y , both of which are very
stable and can be obtained ih a high degree of purity,

It is worthj éf remark that those properties of
which we héve exact information, e,s, atomic welght and
spectrum, do not necessitate the preparation of the pure
metal;'concerning all other physical properties - with the
nossible exéeption’of the specific heat - The information
is far from being definite,

Chemical Properties, Beryllium is chemically a metal

sligntly iess basic than magnesium and more pasic than
aluminiuwa, According to Brauner(tg) its chemical nature can
e suimed up:-
Li: Be = Be:B,
Li: Na = Be:Mg =B: Ak,
Li: MMz = Be:tAc =B: 51,
. From its plgce in the periodic table, between lithium

and bormn, beryllium belongs to the first perlod, and

experience teaches us that the elements of the first periocd
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are not typical of the jroup to which they belonz but ratier
seem to enjoy characteristic properties of their ow:, So we
expect beryllium to have peculisr® properties, and perhaps
its most characteristic property mizht be termed its
"elusiveness"; Dr,J,Znerson Reynolds speaks of it as tite
"chameleon element", and Dr.C.L.Parsons(“u‘in a pager
entitiled "The Vagaries of Berylliun" states:- "The literature
of Inorganic Chemistry is overburdened with compounds which
have 1o existence------ and no branch needs more supervision
than tkhe chemisiry of beryllium, Its literature is full of
errors,------ It is recorded that it does and it does not
combine with hydrogen,rsulphur, seleniuz and phosphorus;
that it is and it is not reduced fral+;X1ae by aluminiwuz
and maznesiua; that it has been produced (even manufactured)
Dy the electrolysis of its bromide and that its bromide is
not a conductor of electricity. Im each case the negative
is probably true,"

Beryllium is unattacked by air or oxygen at ordinary
temperatures, however - if in a finely divided state - it

(21)

combines with oxygen at hizh temperatures, It is slizntely -
or not at all - acted upon by water or steam, It combines |
wirectly and easily witih fluorine,cilorine and bromine{ge)

and witn iodine whén heated in iodine vapour.(23} At the

temperature of the electric furnace it coanbines with carboa,

~
beren and silicon, (24) Itis a*tacked by dilute hydrachloric
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cid and ¢éilute sulphuric aclid yielding hydrogea, end by
concentrated sulphuric acid yieldingz S02, but it is not
attacked by dilute or comncentrated nitric acid when cold,

it is only slightly acted upon by hot concentrated nitric
acid, Itis notlattacke& by ammonia, but it readily dissolves
in a caustic potash solutisn, Its salts are mostly soluble
in water and are colourless, these agueous salt solutions
have a characteristic sweet taste,

Beryllium acts upon methyl and ethyi iodides(QB)
Peplacing the iodire and forming beryllium methyl axnd
beryllium ethyl; beryllium also replaces merciury from
mercury methyl and similar compounds.(26)

The Valence, Previous to 187¢ some authorities held

~

the view that berylliun was divalsut whilst others thouznt

that it was trivalent, but after Mendeleef(?7’pointed out

ﬁhat the only place for beryllium was between rTithium and
boron research was immediately stimulated and we find at tais
period many researches carried out with the main object of
determiﬁing its valence, The firet values on the specific

nezat corresponded to an atomic weizht of about 13,6, Considerable
light was thrown upon the questior by Nilscon and Petterssénfaa)
who conducted a magnificient piéce of research on the density

" of beryllium chloride thus pfoving that the formula for the
chloride was BeClp thereby supperting the divalency of

berylllum. The divalency .of berylliuam was soon after
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confirzed by tie specific neat determinations of ﬂugpiﬁ;6$2
and also froau the vapour Jdensities found for the bromide,
basic acetate and acetylacetonate., So it zizht be comcluded
thatl the divalency has Deen unquestionably established, but
of recent years the question has been again raised by
Wyrouboff(3°)who argues in favour of trivalency,and
Tanatar(st)wno claims that the basic acetalts can only be
explained by assuming the tetravalency of berylliua,

Compounds. In this short introduction it is impossible

to give. anythinz llike a complete description of the compounds
of beryllium, Only such poinits as seem to be of special
interest are included,

The oxide, carbide and halides are the only binmary
compounds that have any real standing in literature., The
most strikiez property of the halides= (except the fluoriie)
1s that they can only exlist in the complete abseace of water,
as water causes thex to lose part of their aniom as hydraciq,
and .if am aqueous solution is evapourated it loses more and
more of the hydracid becomimg more and more basic but no
precipitation asccurs until a very high degreé of basicity
is reached, Dr.C.L.Parsons sayg?f)"frobably the fact waich
has the zreatest bearin- on the chemistry of beryllium and
has caused more falilures of researches undertaken upon the
element than any other one thing, 1is the great influence

which water has upon all of its salts, acting to many of
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them as if it were itself a siron: hydroxide and in a manner

that 1is hard to uﬁderstand from our ordimary conceptions of
selution and hydrolysis,"

Berylliua hydroxide is well known and is very similar
to aluminium hydroxide,

Only the normal ealts of the non-volatile acids, e.:.
sulphate,selenate and oxalate have been prepared from aqueous
selutions, Normél s2lts of more volatile acids, such as nitrite,
carbonate, etc,, have zever been prepared, or if so only in
the absence of water, e.3;, the sulphite has been prepared
from absolute alcochol, amd the halides from the direct
combinaticn of the elemzate, Solutions of these normal salts
act lixe =2cids, they attack metals, liberate C0,, and reddeu
litmus even after several equivalents of beryllium oxide have
been added; notwithstandina; this it has been shown by Ley(BB)
and also Brunnef(34)~ usinzg the suzar inversion method -
that the sulphate, chloride and nitrate of beryllium are
less‘hydrolized than the corresponding salts of aluminium
and iron, Thece so-called "basic solutions" of normal salts
exhibit many other peculiar properties and C,L;Parsons(js)
has put forward the possible explanation that we have a case
of the éimple solution of a substance (beryllium,hydroxide)
in a mixed solvent‘(water and normal sélt) in one of which

alone (water) it is insoluble,

Solutions of acids can h0ld in solution abmormally
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large quantities of berylliun hydroxide (or oxide), thus
acetic acid can take up 6 equivalents ofhberyllium.hydroxide,
wrdrochloric acid 4 equivalentd, etc,, and still the soclutions
exhiblit acid properties, turn litmus red etc,, These solutlons
waen diluted with water throw down basic precipitates and tize
filtrate on evapouration zives a gummy basic mass, These
facts have caused the presence in the literature of beryllium
of a large number of so-called basic compounds which have
no real existence,

The zction of water is very much modified in the case
of the double salts of beryllium - as is 2lsoc the case with
the salts of aluminlium and nagnesium - and come of thece

salts e.,g, the carbomates,chlorides, lodides, aitrities and

’
sulphites are readily obtainable in definite, crystalline,
forms from aqueous solutions, Very little work has been done

on te double salts,

Lastely mention must be made of tie truly basic beryllium
ccmpounds, discovered in Urbain'e laboratory by Lacombegje)
They are produced only in contact wit: anhydrous acids, These
very interesting wolatile basic compounds have only been

produced from acids of the fatty series, Amongst those described

are the formate, acetate, propionate and several others,
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EXPERIMENTAL WORK,

Object, The chemistry of the elemeat beryllium is at
present in its infancy, and on reviewing the work of previous
nvestizotors 1t is at once perceived that future work must
follow along the two following main limes, First it is necess-
ary to prepare by any uethod wiztever a sufficiently large
specimen of the pure metal so that tiie physical properties -
which indicate to wict uses the metal may be put -~ may be
accurately determined, These determinations would supply
exact imformation as to the possible coazcrcizl value of
the metal,

If the metal should prove of comaecrcial value -~ aad
all of the results of previous workers seea to point to this'g
tiie second problem would then be an attexapt to dlscover soze
chieap proces%for the ﬁanufacture of berylliun metal,

m. o

T1e object of this work was tiaerciore to prepare some
pure beryllium, make a mzinute examination of its physical
properties, auc lastly to ascertain whether a commmercial

process of =oaufacture could De devised,

Startiany Material, 7Tizn tie work was bejun it was

considered best to use beryl as the malterial from walca to
start, One hundred pounds of beryl of about 100 zesi was
obtalned from tixe Foote Mineral Coapaay, Aftérwarﬁs Dr,
Jonzson (under whose direction the author is working) was

inTormed by Dr.C.L,Parsons that hydrated beryllium nitrate,
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vwilechh is a far better material to start witi:, could be obtaiued

2t a very nmoderate price from the Velsbach Li it Compaany.

One pouud was immzediately ordered and later an additiomal

three pounds, The author also tazkes much pleasufe in mentioning
the kindness of the National Drug and Chemical Company of
Montrsal wiich has donzated four pounds of beryrllium nitrate

to the chemical department of McGill U.iversity, Hence there

is available a coasiderable guantity of beryllium nitrate

walch is eafflcent for present needs,

Lxgerlaents on Bervl,

The proceedure wiichh it seemed best to follow with
beryl was first to dctermine its composition and then to sep-
arate the Peryllium in the form of berylli:: oxide, this
oxide could then be used in attemptin: to prepare the pure
zmetal, In the course of the work several expsriments were
carried out on beryl in order to obtein if possible a asre
coavenlent method for the preperatiom of beryllium oxide,

Composgition of Beryl, Analyses were made by the nethod

of Parsons and Barnes(‘)which briefly is as follows, The
proceedure 1is very siamilar to aa ordinary rock analysis, The
/
saaple for analysis is fused with sodium carbonate and the
silica determined in the usual way,Aluriniui, iron and
~ dem a
beryllium hyiroxides are tizrowi, ia the amzmonia precipitate,

The beryllium hydroxide is separated by treatment with hot,

ten per cemt,, sodium bicarbonate solution in which it is
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soluble,

The analysis takes up a very concifcrable amount of
time but the results were im josd agreezent, the nmean result

was: - Analysis of Beryl,

BeO,-—- - m e ea o 10,74,
Other Material,----------- SR 5‘82@
’ 'OOQOOIO

Preparation of Beryllium Oxide from Bervl, The most

convenlilent method seemed to be that of Parsons and Barnesga)
But the difficulty of removing the contents of the mickel
crucivie was so great trat thic method had to be abandoned,
Fimelly 2 modification of the methol of Parsons and Baraes
was used, an outline follows, Beryl is mixed with sodium
carbonate in a platinum crucible and fused, The silica is
removed in the usual way by treatzment of the fused mass witn
hydrocaloric acid and evapouratin: to dryness,The aluminiug,
beryllium and iron are precipitated as hydroxides, filtered
off and therprecipitate dicsolved in hydrochloric acid, The
solution, waiich contains‘only salts of aluuianiwn, beryllium
and iron, 1s neutralized with' ammonia and emough sodiur
bicarbonate (solid) added to make a ten per cent, solution,
The golution is heated to about 55 dezrees C, snd kept stirred
at this temperature fur 24 hours, and then filtered, Thac

filtrate contains almost all of the Dberyllium and no aluminium
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or liron, The berylliuz can be ezsily obtained in tiae forn
of an easlly filterable basic carbomate by diluting with
water and then passin; live steam inte the solution, Tails
basic carbonate can them be filtered off amd washed, If it
ls desired to remove any adzering salts the basic beryllium
carbonate can be dissolved i: hydrochloric acid aud precipils
ated as beryllium hyﬁrox1de bJ azzounium hydroxide, This proacess
cair be repeated witil the desirsd de;ree of purity is reached,
Un heatia: either the basic carboanate or the hydroxide of
berylllum the oxide 1is produeced,

By this method a 50 per ceant, yicld of beryllium oxide
was obtained, but the process is very lomg and tedious owing
to tne use of small platiauz crucibles and the bulitiness
of Mhe precipitate obtalicd, As soon =g the Tirst pound of
bery1lium nitrate was obtailmed fro: the Welsbach Litht Company
this method of preparation was aloacoled,

Miscellerneoug Dxperinentsg wita Beryl, With the =mailn:

idea of obtaiuinz a simpler methol for tlxe preparation of
berylliui oxide the followla; cxpericents with beryl were
wadertaken,

1, Socium chloride aad beryl were nixed anc the mixture
heated until the sodium chloride melted, There was no evidence
of the beryl bein; in any woy affected,

2, Powered beryl was treated in a silver dish with 2

50 per ceat, solution of sodliuz Liydroxile for from 24 to 48
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hours at a teaprrature just short of Lolilizng, (Glass could
not be used as any inl of slass is realily attacked under
these comditioms.) As 2 result eof sevsrsl anclyses it wés
gshowan that frem 20 to 30 per cent, of the beryl was dissolved,
t%l;t tfsattothscage, T?ije ?erscgelnetggleveco%]b%% 31}311 af the dissolved
portion was approximately the seme as that of the griginsl
saaple, Hence to separate the berylliuz oxide after treaimeat
with sodium hydroxide solutioc.: woulé be an exactly similar
process to the preparatio: ;iven before, This treatmernit does
ret therefore simplify the preparation of berylliuz oxide,
However it 1is 1nteresting to remark that the fact that beryl
is attacked by a selution of sodiua hydroxide is mot zeationed
12 any literature on the subject,

3. Aa intizete nixture of beryl aad sugar charcoal
was placed im a ard lass tube, Tic tube was heated wutil
red hot and a streax of dry chlorine passed over the mixture,
Not more thon 7 per cent, of tae beryl was lost after 4 zours
treataent,-and there was zo imdication of any beryllium chloride
bein; formed om the cooler parts of the tube, Some slight
cuount of a volatile substamce sublimed onto the qulte ceola
parts of tie tube but its compositien was mot ascerialined
as it was most certainly =zoil beryllium;chlofide.

An Atteandt to Denvdrote Reryllium Hitrate,

If the iehydratiou of berylliu: ulitrate couléd be success-

fully accomplisiicd, it is probable taet tihe zanydrous nitrate
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could be dissolved in some solveiit - say alcohoel - eond iF
this solution would conduct an electric current it @it be
possible to el an electrolytic deposition of =etallic
berylliua from the solution, Tas esccntial point is - entire
absence of water ia order to pfevent Hyaralysis of the
berylliun nitrate,

Dehvydration can not be acconplished by heatinz siace
deconpasition of the aitrate with the formation of beryliium
axide and mitric anhydrld° occurs, Hemce it was decided to
see 1f the problem could be solved by placing hvdrated berylliuwm
altrate in a vacuun desiccator over phospiaorus peatoxide,

Thie apparatus - gee figure 1 - was evacuated to a pressure
of one tenth of 2 millimeter of mercury and maiatained at
this pressure for 4 3ays, Tae appearaace of the hydrated
beryllium nitrate chanzed considerably. Then the experizeat
was started the saaple was a crystalline walte solid, Under
treatment it became 2 colourless wiscid l1iguid and budbbles
could be seen slowly risin: {slow because of the ik viscosity)
to the surface. The mercury i: the pump was ctitacked showing
that some ras was belag siven off other than water vapour,
and em removi:; the cover of thf desiccator braown fumes of

N;O4 were at once seen showinZ that some eccmpositlon hed

occurred, this was further verified by the followinz snalyses:-
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Original Saunple before Treatment,

Be(ch)g, by nitrometer method------ e 65,2/
Be(NOx)p, by .wei 71ins as BeO------—--==-mm 74,87
Difference-------cecmeeoua- 0.5/

After Removal from the Vacuum,

Be(NOB)g,'by nitroneter nethod----c-cmeee- 70.3%
Be(NO3}p, by- weiihiing =8 BeO-------------- 87.9,
Difference----------~——--- 16,77

To determine the percentzze of beryllium aitrate by
wel; hin as BeQ it 1is only necessary.to welzz out a sample
and heat in a crucible until there remains only BeO, from the
welzt of the BeO the percentaze of Be(N03)2 in the éample
can be calculated assuming £hat 2ll of the BeQ was derived
from Be(NO;)g. If this assumptio:l is correct the value 80
found should agree with the nitrometer determination,

e above amalyses point out two facts, Firstly that
sone of the beryllium must have been present in some other
form thian nitrate, probably as beryllium zZydroxide, Secondly
that after'kéepin s in a vacuum the ratio of Be(NO3)p : Be({OH)»
decreases, thus provinj that the Be(N03)g was partly <dscomposed,
Hence dehydration can not be carried out by this process. It
has also beea cho'm b other iﬁvestiéators that the hydrated
sulpiaate of berylliiun cam not be hjdrateﬁ in this manner,

Perhaps better results could be obtained at very low tenperztures,
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An Attennt to Reduce Beryllium Oxide,

It seemed probeble that under suitable counditions
beryllium oxide could be reduced to the metal by heatin; in

contact witha earbon., First it is necessary Lo decide whiat

conditlons would be best, Air must be excluded, so the mirture

should be placed in either a vacuum or in an atmospicre of
an iaert zas.
If a reaction does take place, such as is represented
by the follewinyj equation:-
Bed + C = Be 4 CO,
the equilibriuzn peimt may be arrived at with a very slight

cencentration of CC preseat, Hence in order to mnlic the re-

action go in the fircection left 4o rizat 1t would be necessary

to kecp the coacentfation of the CO below its%quilibrium
valuc, This could be accoxmplished by keepinj‘fhe reaction
nixture in a highly evacuated receptacle, 2 vicuuﬂ furnace
le accordingly necessary,

An ingenious vacuuz furnace - shown in fizure 2 - was
devise& by Dr.Joansoa, It consists of two aluadum crucibles

fitting ome within the otheor, the inn-r one beilw:; wouné with

&

nicroae wire an’ the intervenins space between the two crucibles

lezsed with powdered magnesia. The mixture te be hreated is
placed im the inner crucible, Tis crucibles are encased in
2 large inverted tube, sealed at one end, and closed ot the

other emd by a *nrec-holed rubber stopper., The stoppered
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imnersed ’ . .
exnd 1s sxewxax in o trough of aercury in order to obtein a
Rercury seal., Througk two oles of the rubber stopper glass
tubes pass comtaininy silver wires which close tixe electric

cilrcult, these two jlass tubes are closed witl sealing wax,
Throuzh the third hiole of the rubber stopper passes a third
glass tube whiich coamects with & Toepler vacuum Huip, A
continucus strezz of cold water flowe over the outer large

tube Ianto the trough of =ercury from whiich it overflows. The
vater keeps thie tube cool thue preventiu; it frou bein: crackel
by the heat, A maximun temperature of about 1200 dezrees C.

is obtaianable. -

Tne carbon used wes prepared froa suzsr. The sujer was
heated at a not very 1i:h ﬁemperature until it had charred,
Thei the residual charcoal wae placeé in a crucible with a
cover (to pravent too free comtact with the air) ané heated
in a ﬁuffie furaaece ot 2 brisht red heat, This treatment
was found necessary iua order to remove hydrocarbons absorbed
by the charcoal,

The beryllium oxide was prepared in the usual way by
heatins the hydrated beryllium nitrate,

Four experiments were carried out, the proportiom of
carbor to beryllium oxide beimg varied. The requireé¢ quantities
ef sugar charcoal and beryllium oxide were weighed and mixed

by griading tegether im am agate mortar, and thea placed in

the vacuum furnace. The temperature was keept just short of
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the fusing poiat of the nicrome wire, which would be about

1200 degrees C. In one case in order to set a very intimate
2ixture the beryilium oxide was added to the sugar before
the charriang took‘place. Alwajs at high temperatures it was
possible to pump off some zas, and this zas ox ijnition

> moeisture, It waeg concluded tact the jas was

-

burat producin
evolved by the charcoal, In no case was there any iadication
~ef a reduction of the beryllium oxide

In conclusion it nay be remarked that'although the
reaction might proeceed at hizh tcuporatures, it is not very
1iKely es Lebeau(j)has éh@%n‘that at quite 1i:: temperatures
cnly tlre carbide of ber 7 ium 1s forﬁed from a mixture of
berylliuz oxide and sujar charcoal,

An Attexpt at the Reduction of Beryllium Chloride,
(4

R.Bdson aad D,MecIntogh nave saowa txat pure vamadix:
1 be depocsited from tnc vapour of vanacyl chloride onte

a wiite 1ot platinun wire ploced in an atassphere of aydrosen,

It therefore seened probable that come similar naetazod for

the preparation of beryllium could be obtaiiiel,

Thre basis of the process has 10 be a velatile salt of
beryll ium anéd the salt chiosen aw>beir' the most likely to
gucceed was the chxlorils vhiich is easily voletile, Lebﬂau(S)
found the meltin; point of *he caloride to be about 440 de_recs

C, and Nilson and, Pettersson found tihe b0111ﬂg point to be

about 520 degfeeS‘C. The preparation and han&llng of the
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chloride are however by no means easy,1t beling essenticl to
exclude the slightest trace of moisture, After several
uasucessful attempts the followin; method - based oxn thet
of Pollak's(s)— for the preparation of berylliu: ciloride
was used,

See Tigure 3 - Beryllix: ~nd sucar charcoal are intia-.

ately mixed and the mixture >laced in the pyrex glasé tube

. The asbestos pluss H,{ keep the mixture M in nesitioa,

F 2nd G are rubber stopners, Tic tube is placed ia an electric

-

Turnace PQ and heated to about 00 degrees C. Tap C is closges

-

and o stream of dry chlerinc is passed throu;h:the open taps
A, B and I, The strear of c-lorine is allowed to pass for
about 3 hours., The berylliuz cialoride condenses in tle cooler
part L of the tube, It Wés found necessary to first heat

the sugar charcoal 227 the asbestos in a strean of culorine
in exactly the cans way as in the experiment itcelf i order
to remove any volatile chlorides that m2i-“t be formed fron
impurities in these nateoriale,

Tap B is now cloced and t23s D and C are opcaed, Tais
allows tube FG to be cooled whilst a strean of dry CO, is
beinz passed throuzh it, As soon as the apparatus is cool,
rubber stopper G is removed and the beryllium caloride quickly
raked into the quartz‘tube shown in figure 4, and the stoppers
of the quartz tube with its attachments is immediately placed
in position,

In this seecond apparatus - figure 4 - the larve quartz

-
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test tube 1is .closed by a two-Lulcld rubber stupoer, Turou
@mé hole passes aglacss tube wiich is closed at both eunds and
?

whlch contains the wirec that completc the circuit with the
loup of tunzsten wire, Tarouzhr the other liole a strean of
dry hydrogen is passed, the precssure being fegulated by &
Suction puap, The tui;ster wire is kept red ot by the passage
of 2 small curreat and the beryllium chloride it volatilized
by heating the outsice of the quartz tube with a Buusen burnmer,

After continuing the experiment for half az hour there
was ne appareant reduction ef the beryllium chloride, The
pressure of the hydrogen was varied and also the temperature
of the tunzster wire but in no case was the experinment suceess-
ful,

Electrolysis of the Double Fluorice,

The electrolysis aof the double fluoride, BeF,,2NaF,
te obtain berylliumymetai has been successfully carrieﬁ out
by Lebeaus7) Later, in 1913, Fichter and Jabloczynski(s)
claimed te have obtaimed better results by using the double
flueride, 2BeFp,NaF, Nome of these imvestigators however
seemed to have cbtaine&'sufficient of the metal to thoroughly
examine its physical properties, it must be comcluded therefore
taat they omly obtaineé minute quantities. -

IT was decided to try amd ebtain sufficient of the metal
for our purposes by using the method of Fichter and Jabloczymski,

The followiny are'the details of this werk,
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Twelve grammes of 2BeF,,NaF were prepared by dissolving

the required amouat of BeQ in hydrofluoric acid and the

5

evapourated off amd tiae residue fused im a platinum crucible,

The Gouble fluoride was Zept molten by heatin; with a Bunsen

calculated amount of NaHCO, addeé, The hycrofluoric acid was

burner anmd a current of 0.5 amps at 20 volts was rua through
the melt for S hours, o platinum wire beimg used a8 cathode
oad a zraphite rod as amede, Carbon seens to be the only
materisl that cam possibly be used for the anode, as all
metals - even platinur - would be readily attacked and would
therefore contaminate the berylliuz metal,

The result was disapointing in that there was no adzierin;
layer of zetal deposited, the electrolized metal bheilm; diss-
eninated throusiout the nelt]

The comtents of the crucible were then trausferred
to a beaker amé washed repeatedly with large quantities of
water.:At first tlere was nuch gas evolved having a distimct
edour of acetyleme and thie water became alkalime, showinz
that some carbidé asC been proiuced, and very possibly soae
metalllic sedium, Much local polarization was observed ot
the anede, thils resulteé in there bein: a continuous spariing
at the amode, This nizht be the cause of the nroduction of
beryllium carbide situce previous investigators‘g)have shown
that at high temperatures beryllium and éarbon comtbine,

Fimally after the washing was complete there remained
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@ Crey powder which ou examimation uader tie micrecope
sh@wed a metallic appearamce but was also seem to be contam-
1natgé with a white selid. Om analysis only 30 per cent, of
beryllit: was ebtsianed.

A second electrolyric wos tried. Forty-twe jrasmes
of tie double fluariﬁe vere prepared and its meltin: point
observed byigﬁgggﬁxJ into it = mercury-quartz thermoneter
wileh heé a tight-fittin- platinun cylimder over thot part

. . lmmerseg
of the thermometer whlc“ was

in the aelt, (Quartz

or zlass would be attackea by tlie double fluoride) The meltin:
point was molt well Cefined h:t war someTere about 3500 cdezrees
C. In order to obtain o suitabie metél to comtain the double
fluoride, it was decided to try.the action ef a typical flueride
on various metals, The ty?ical fluorice chozem was 2 mixture
in.moleéular propaortions of sodium fluoride and potassium

fluoriZe, Tais mixture =2elts at a red heat, The followinr

results were obtained.

Metal : __1o88 per sc,inca of surface per hour.
filver : 00084 -rs

Nickel : .CO313

Copper { 00122

Ifon .05180 z

It wac decided fron these reSults that silver looked

thhe most proaiciii;. Hence the 42 graxaes of thc deuble fluoride
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were mclted im a silver crucible and tie silver crucible

was made thc ecatiode and =2 gfaphite re€ the anode, The nolten
mass'was<kept stirféd wito é silver atirrer. Tae curreat was
alloved to pass for about 48 heurs,The current could rot be
kept comstant, due to local polarization, and varied from
.08 aips to 1,40 amps,4the voltage varyiny from § to 5C velts,
No metal was'ﬁepasited en the catiiodey; On the washing
treatment beinz applied naucih gas was evolved ef the same
caaracter as before, Iuastead of the resliue belng & ey
powder , it consisted of a little of tlic srey powder
contaninated witk auch waite material, presuzabl, 3ed, Hence
the experiment was a failure.

owing that oxyjen easily passes throujlr silver, it
is possible that 2 silver crucible mizhit increase the pro-
ductaoir of BeO. Accordin;ly i the next exﬁeriment it was
dzelied to electrolize i the absence of oxygen,

In the third electrolysis 12 jranzes of the double
fluoride were placed i1 a nicikel crucible and this was kept
nolten in an electric furnace - see fisure 5 - A strezsa of
dry CO, was kept_flowin: se thrat the melt was never in
contact with oxy:en, A current of 4 2nps was passed for 40
ainutes, Ne metal deposited on the cathode, O treatin; as
before with water the same phenomina werc obltained as in
tae previous experiaments but enly very sli:ht traces of

adiieriny wiite solid ceuld be observed under thic 2icroscope,
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Pn analysis the nowder tave €3 per cent, beryllium but the

(?)

Yield wes enly 8 per cent, of the tiieoretical value, Tuis
was a gfeat.iQPTGVem&nt but feur subsequent cxperiments,
carrieé eut uméer as nearly as possible thies same cemditioens,
faileéd te zive any betier resulf than thie earlier value of
50 per cent, of berylliun,

Analysis of Bervlliw: Metal, Tue followiilg metiiod was

used for the analysis of ths metallic beryllium obtained
in the previeus experimemts, See figure 6, Wei:i about ,02
sraanes of the saxple imto a dry testrtube ard naie cenmections
as im the fijzure, Raice *ube A umtil thie water 1ls at the
level B 2nd close taps C and D, Lewer tube A umtil tae watef
in tube E is less thanm atmospheric{ Now pipette 2 c,c, of
beiled et !) hydrechleric acid inte the érapnin; funqel
allow ﬁhese 2 ec,c to o int@ the test tube ané after all
the zas gas beem evelved =nd everythin; is at room temperature,
read tl:e burette, Subtract 2 c.c. frem the readin;,

Thais method was cheeked on a sample of magmesiun, 5iving
results tkat were in very close a;reemeat,

Selubility ef Beryllium Oxide,

An ldeal solutiaﬁ of the problem of @btaiﬁing netallic
beryllium weuld be to discever so&e‘salvemt in viich: beryllium
oxlde is seluble énd frem which it c@ulé.be éeposited electro-
lytically - c,f. cryelite(3NaF,AlF3) in which alumima is

soluble, amd frem this solution aluminium is electrolized
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@32 a comnercial scale,

Tith this in view the double chloride, BeF,.3NaF, was
prepared -~ it is a cryst“-llne selid with a melting; peint
2beve red neat, On the aﬂéition of some beryllium oxide to
the nolten salt there was uc evidence of solution, Toree
ther substances were tried, mamely NaCl, NaF and 2BeFz,NaF,
but again there was no sigu eof eolubility,

Experiments with Liquid Azazonia,

An extremely gosd reference book on liQuié ammonia
1s "Verflussigtes A&momiak,als Lesungsmittel"_byiJ.Brcﬁﬁ.
Oﬂreviewiﬁg this beok it is‘seen that the majority of the
metallic ritrates are soluble in liquia amﬁania, Alsoe
‘H P, Ga&y(' )elaims to have deposited en tie cathode tlie metals
silver, copper and barium when a current is passed throuzh
the selutions ef their salts in azmonia,

There seemed to be a very good chance of ebtaining
metallic beryllium in a similar manner. Amd it appeared that
very likely hydrated beryllium anitrate might be seluble im
liquid ammonia.

At first the liquid ammenia was prepared by a method
used by Foete and Brinkley("’ Commercial ammonia water is
warmed up te a maximum temperature of 45 degrees C, The
ammomla gas is dried by passimg it in suceession through
three towers of caustic soda (sticks)., The ammenia gas is

then passeﬁ.thfcugﬁ a2 bettle of selid ammonium thiocyanate
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waich is kept in a coolimg mixture ef saew and ice, Tac
ammomia is readily absorbed . Fimally there is obtalined a
liquid which_is a soluthéor. ef ammenia in ammoniuam thiocycmate,
there being; about 45 per ceat, of ammoniz present. Pure dry
ammoniz can then be obtained by warming up the anmonrnium thio-
cyanate selutien and leading the anmmonia imte a test tube
cooled in COp aud ether,

After using the ~beve method feor sometime it was found
more cenvenient tokbtain a cylinder of commércial ammonia
(1iquid). this commercial ammesnia is quite pure enocuzh fer
most work; it is a very poor conductor, enly a very small
currernt (1ess than one hundredt: of 2n ecup) beimg observed
with a voltage of 110 volts. |

A little hydrated beryllium nitrete was sdded to -
test tube containing some liguid ammonia amd stirred, It
did not appear te be very solublc a2t *hie low teaperature
{ the temperature of tle c0011§%i£g§§M abeut -7 &e zrees C,)
but,it a2ppeared to be nuch more soluble in the nel ibourhood
of the beiling point of ammonia (-38),'8n no case was it
found possible to dlssolve entirely a :ziven semanle of
berylliua nitrate in liquid ammonia, no xmatter row much amoni~n
w7es useéd, It ceems probable that seme impurity - suech as
beryllium hydroxide - is containmed 1n tlve beryllium nitrate,
Tiis has already besn show: to be likely. Alse it is quite

possible that seme beryllium hydroxide is forncd oxn adding
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the hydrated berylliuz xitrate to the licuid rmmonie.

Later 1t was discovered tuat quite concemtrated
selutions of hydrated beryllium rmitrate could be obtained
at temperatures abeve the boiling point of cmmonia, Ehaese
soluticus were prepared by addin; liquid ammonia te o test
tube containinc o larze excess ef hydrated beryllium nitrate
aaéiby\stirring contiaucusly until the temperature‘reached
the required value of - say -20 degrees C. Tae test tube
and contents couldé then be keét in a cooling mixture at a
teaperaﬁure of -20 degrees C,

That there was oo cppreclable ameunt of solution even
at very low texmperetures was shown by Tiltering aad then
zllewins the ammomia to evapourate off, A crystallinc vhite :
substance separated out, tiiic on stamdin; for some time lost
all smell of ammonls, Thls substance was certainly not the
same 28 the eriginal 1yireted beryllium uitrate, the most
marked Cifferemce bein; that it wes not hyrrescopic wriercas
‘ ' T

ardratcd berylliur mitrate, oo exposure for oalr a

A evr

minutes, becomes cuite molst, On lhieatin: seme of ﬁhe new Sub=
stance in a test tube there was evolved water, ammwoniume nltrzte
gu€ browa fumes of NpO,, and the residue was beryllium oxide,
Hence this substancéxis a2 new compount,

The clear selutien o9f hZ7drzted berylliua aitrate im
liquid ammonia ﬁrcve& to be aax excellent conducter of the

electric curreat., The Tirst experiments were carried out in
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@ simple apparatus - see fijure 7 -Two platinum electrodes
are imacrsed in a solution of hydrated beryllium unitrate in
ammomia., The solutlon is warzed until all of the air is
driven out ef the spperatus, A éurrent of 0.5 cmperes is

-~

passed and the jases Jicschar;-d at the electrodes collected,
always ﬂ

Nearly,there is obtained a small quantity of a black Ceposit

en'the cathole, The platinum anode 1s very perceplibly attaczkecd

Gases are evolved from bothr electrodes, An analysis of tae

;iXed sages “oves—- Hydrozen 57,3 pér cent,, no oxygen, and

no oxides of mitrogen; henéé tize residue coul:d be no other

gas than mitrogen,

The black deposit is very peculiar, It is not metallic
berylliun as it is only slowly attacked by concentrated
hydrochleric acid, It mi-t be platinua ~b&t sa little was
obta;ﬁeé that a0 analysis could be made,

After naay unsucceésful attempts the apparstus shown
in fizure 8 kas desi:ned to separate the zases obtaimed at
the'twd electrodes,The platinun electrodes are Situated in
the two arms of tie U-tube, The eantire U-tube is ianersed
12 ether, Tae ether ;s‘easily kept at a ceonstant teméerature
of -20 degrees C.ﬁyAcontinually adding saall anountes of solidi .
003.‘Capillaries connect the two bramches of the U-tube with
bulbs contazining mercury- Ovér these bulbs are placed

inverted graduated glass tubes to contain the gases evelved,

The mercury is se adjusted that the pressures of the gases
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in the two bramches of the U-tube are tie same wien ases
are being ;iven off from %the ends A a@ad B, Tae ameunt of currest
useé is measured by a. copper voltameter in series, It is
essentlal tiat the temperature of the gases in the U;tube
‘15 tic same ot tae bezinning aind tiic ead of the exXperizent;
teo ensure taics the current is run for about 15 minutes before
2 reading is token., Then the voltameter 1s connected in series
cu 2n experiment started, At the end of an exverime 1t tubes
AC onmd BD are placed in -a tonk of water of !mown temperature
before tie readiags cre taken,

It was feumd tnct hydérozen was givemn off at the cathode
and nitregem at the anodler Tae results‘are given 1. the follewing
table,

Tlectrolysis of Hydrated Be{NO3)2 in Liquid NH3 .t _21.¢.

No, ol exporimeﬁt: 1 ! 2 ! 3 ! 4 ! 5
Current in amps ! 0. 20 ; 0,i6 é Q.16 ; 0,16 § 0.7
Veltave in valts! 4, 6 g 4.5 é 4.3 E 4.5 §10 0
Copper qeoosz.te”iO,lSOt 10, 1186:r10, 11995710, 3251’P§&-72245T
JL | 43.50. 00 41.7c.¢; 42.oc.c§ 44.3c.c§ 41,7c.c.
"g" ; 15.63.05 12,ld;c§ !2.30.0% 13.0c.ci 12,8¢c,c.
ngn l 1:2.81 1 1:3.47 ! 1:3.43 1 f-3.46:% 1:3.27
"pn i ,835 §7.006 g!;OOS !1 012 ! 974

"E" | 4131 4,05 | 4,07 1 42 1 4,16

A= The ammouat af hydrojen evelved at the cathede,S.T.P.

B= The ‘anouat of nitrogea evolved at tine aneode,S,T,P.
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C = The ratio »7 anitrozen to aydruzen,
D = The auaber of sratmes of hydrojex ebtained for

one equivolent jraame wel;:t of copper,

I3
"

Tiie mumber of jraames of ititrojeir obtained for
oae equiralent -ramme wel it of copper,
It is evident that an equivelent of hydre:en is being

-

Ziven off for every ecuivelent of copper dcposited, but the
value for mitrojen 1is too low, There muct be ticrefore some
other reactiom at the a:ncde, Iﬁbrder to <iscover if this
behaviour was due to tiie beryllium present, = solution of
anmonium nitrate in licuild ammeonla was exenined in exacltly

, ‘ ' of water
the same way, Auc as ammeniuva aitrate is anhydrous abeut Tc.c.]\
was added to the solution to complete tic similarity of
conditioms, The followingj; are the results obtained,

Electrolysis of NH4NOs in Liquic NH3 gt -21.0¢,

No.,of experiaeat ! ! ! 2 ! 3 ! 4
Curreat im amps : 9.35 ; 0.35 ; 0.35 ; 0.80
Voltege in veltsf 5.5 | 5.5 % 5.5 g 9.0 -
Copper éepositedi.?}!sgrs g,!&B?grs i.!208grs i.1327grs
nAN (ia’c.c.) : 44;5 : 45,6 g 43,1 i 45,8
:B" {in ec.c.) i 13,5 i 13,65 i 12,7 i 13,77
"oh § 1:5.31 i 1:5.35 i f33.32 i 1:5.32
"pr L L9671 1,015 1 1.020 ; .v88
g | 4,07 1423 1408 14,13

Note. A,B,C,D,E have the same values as in the previous table,
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We must conelude therefore that the law value sbtaineé
for mitrozer is met due to the presence of beryllium,

As a resu}t of the above described experiments with
anmonia we are led te conclude that metallic beryllium car
notl be ebtaired from the electrolysis of hydrated beryllium
nitrate im solutiom im ammonia,

Summary of Bxperimeantal Results,

o The amalysis ef beryl amd the preparation ef beryllium
22?2; froz beryl are desceribed,

It is shom that hydrated beryllium nitrate can mot be
dehyérated by evacuating ever P20g at ordinary temperatures,

It is showa taat metallic‘beryllium can net be prepared
by:- 1. The reductien of BeO by carben.

2, The reductien of Bé012 by hyédregen,
3. The electrolysis of a liquid ammonia solutiocu ef
aydrated beryllium mitrate,

Itis shewn that impure metalllc beryllium can be prepared
by tie electrelytiec metﬁod of Fichter and Jableczynski ané that
better resulis cam be ebtaired& by electrelizing im an atmosphere
of CO,.

An imvestizatiem hne been made on the preducts of the
electrolysis of a liquid ammomia solution of hydrated beryllium

nitrate anéd a similarity to the behavieur ef an ammenium

nitrate selution in liquid anmenia is ebserveed,
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