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Determination of Metallic Beryllium and Beryllium
Carbide in Beryllium Metal

Walter A. Bergholz !

A method i described for the determination of metallic bapyllint and berylium ¢arbids

in lium metsl.
controlled rate of soluticn.
ofide in an stmoaphere of nitrogen.

The ber{:]l]lium metal is dissolvad In potassium hydroxide solation at a
liberated bhydrogen
The weter and carbon digxide formed am abaorbad

and roethans are burned with copper

in magneslum perchlorate snd sscarito, reapectively, and determined by weighing. The

metallle horyilium i2 calealated from the

water, corrections being made for any caleium

or alvmingm Eimscnt. as jmputities that akso liberate hydrogen in caustie sclution; in case

beryllinm car

de 1s deterinined, a eormention may also be made for tha water formed hy

the pombystion of methans, The beryllium carbide is ealeulated as Be,O from the carbon

dioxide formed,

1. Introduction

_ No metheds were found in the literature for the
simeltaneous determination of metallic heryllium and
beryllium carbide in beryllinm metal in the presenca
of heryllium cxide, The similarity of aluminwm and
beryllum in a nember of their reactions suggested &
study of the work published ahout the determination
of both metsllic aluminum and metaltic beryllium
in the presence of the oxides.

Metallic aluminum in aluminum metal or powder
may be estimsted by dissolving the metsl in alkali
solution [1, 2] * or in hydrachloric acid [3], sud then
magzuring the volume of the liberated hydrogen or
weighing 1t a8 water after combusiion. Information
on gas evolution methods aa used for industrial prod-
ucte may be found in the literature [4 to 8]. Two
methods of epecial intorest are described, one con-
sisting of reduction of ferric ion to the ferrous state
while dissolving ihe sample in acid, followed by titra-
tiot [9], and the other involving the passage of hydro-
chloric acid gns over the metal at an elevated
temperature, followed by determination of chloride
in the sublimate [10]. correction for iren is made
in both cases, Similar procedures based upon reduc-
tion of ferric iron by aluminum metal in the presence
of acid or dealing with volatilization of aluminum
chloride have been discussed [11 to 17}

_Thehy avolution methoda for the determinn-
tion of matallic aluminure vited above do not deseribe
& procedure for tha estimation of and correction for
aluminum carbide. Yu. A Kiyachko and M. A
Barkov [18], In an offort o establish conditions for
the determination of the total free and combined
carbon in aluminum, burned the methane that was
formed in the reaction of aluminym carbide and an
alkaii solution. For the estimation of microgram

uantities of carbon in aluminum, a conductometric

atermination of the absorbad earhen dioxide has
been developed [19].

Befors discussing some attempts to determine

metallic beryllinm and beryllium carbide by methoda

! Present address, Toited Sintes Atomic Evergy Comtnlesion, Mow Brinsw ik
Hew ﬁrum.wiek, N.J.
3 Figures [0 Sriwketa indickls the lileraivr: refrenges at the end of this poper.

appliad to eluminum as described above, a fow refer-
enceg and preliminary experimente should be men-
tioned. Information about the volatilization of
beryllium metal in hydrogen at low presaures at
tamperatures where beryllium oxide is not volatile
[20, 21, 22] and facts revealed in certain metallurgical
tents [23, 24, 25), denling with tha reduction of
Hium oxide with earbon snd hydrogen or with
hydrocarbone indicate that it would be difficult to
develop a mathod along these lines. The ibility
of B0 indirect method to determine metallic beryHium
plus bervitium carbide in the presence of beryllinm
oxida should be mantioned. ff it 1 assnmed that
the total heryllium in the sample is made up only of
the metal, ita oxide, and carbide, the differance be-
tween the total berylhnmn minps the beryllium as
oxide equals the sum of metallic beryilium plus
beryllium as carbide. In section 3 the procedures to
determina fotal beryllium and baryllium oxida [26,
27(& are briefly described. The usefulnesz of the
indirect method, however, is limited by certain facts
(28] thet will al=o be discussed in section 3. Attempta
to oxidize matallic berylliom or to pmcl;lll}ltat.a coppar
with metallic baryllium in & copper suifate solution
did not preva encouraging.

A few hydrogen evolution methods for the deter-
mination of metallic beryllium have bean reported
prior to this work. A procedure designed {9 measure
the volume of hydrogen liberated by metallic be.\Eyl-
Jium when dissolved in alkali [29] gave l;huﬁd}y air
resulta? With eesentially the same me [30],
Ayers claims an sccuracy of 0.3 percent beryllium,

A method for the determination of llium car-
bide in beryllium metal has slao been developed by
Brush Beryllium Co., (private communication of
Oek, 19, 1948), This procedure is bassd upon the
fact that beryllium carbide forms methane with hot
alkali solution [21). The liberated gases are burned
with copper omde in an atmosphere of helinm, and
the combustion products are absorbed. Only carbon
dioxide iz weighed.

The forepoing discussion raveals the existence of
methods based upon the same general principle as

14n 1m%-n'n:<j fipppdurs has hesn deearibed in 2 privete eenmunlcaticot of
Drer, 1947, by Charkes B, Baw ytr, Bruah Baryifum Co,
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the procedure described in this paper. Howevar, the
methods so far described deal with the determination
of the metal or the carbide only, whereas in this paper
metallic baryllium and beryllium ecarbide are deter-
mined eimultaneously. &i{mhermure, almost no
information is available with respect to the precizion
obtained. The accuracy of the results obtained for
metallic beryllium hy hydrogen evoleiion methods js
improved by correcting for the watar derived from
pources other than metallic beryllium. These sources
are impurities such as metallic caleium, aluminem,
and possibly magnesium, which likerate hydrogen;
and Eery]]ium carhide, which yields methane, when
the sample is dissolved in cavstic solution.

Bervllium carbide may be determined with in-
arpaged acouracy by controlling the speed with which
tha semple ie dissolved. Conditions under which
tha mathane pressure is low enough to permit a com-
plete combustion are described in section 2,

2. Procedure

After the apparatus has been assembled as shown
in figure 15 & precombustion furnace is heated to
shout #00° O, and the comnbustion furnace to 920°

y Beomn Sclowarte deying ke with magnesinm  pershioeate, P, and

Apparatus for determinalion of metallic beryllfum and beryllfum eorbede.

2-1bar sbety bottle: b, 1-lter suturle aMd gas-washing bottls; B, W
1957 5% mm with; F, asbestos plogs and; G, eopperoxlds wiee; H, micreoomiMation furnane; I, 13em Sebwariz 4
; X, ata : ol three-neck Aask; L, 125-mi drnunr]:-hai fomnel;
d th 40 ml of eopcentrubad subficle asd ba conged tha agaed
h; ¥, magneelnm pethnrate.-.Tcl;,mdlmh:: drierite, and K, ascyrlts 8 to 2 mosh; 5, querie combiestion tube, 20 am long, 1.7-0m joner dismatar,
: T with plaber ebectrodes thagmesiu

g tube Ted part: m’i’%‘ﬁ“}"‘”m‘“‘ﬁ
by b S QLI P Flaas an

L Ampty em Sctiwrts drying tuke, one and dosed;
af gades Bncering the cemboztlon tube; b 15-Cta Sebwirte

+ T, Wi-rml Neabdtt stsarptlon bube with
asearte

m perabborata, F,
B te 20 mesh, K; W,

if=cm Hchwurtr drylhg tule,

+20°0C (reﬁulated by means of a Variae, type 100 #Q,
2 KVA). Nitrogen 13 passed through the apparatus
at a mnt.ru]lacig Bpeag of 60 110 ml/rin, Tha
rata of flow is measured with & flowmeter, which is
placed at the end of the train, . .

When all the air has been replaced by nitrogen in
the absorption tubes and after the furnaces have
reached the desired temperatura, the absorption
tubes are weighed with their stopcocks closed and
then placed back in the train. Nitrogen is then

gszed through the system until the water blank is
Fess then 0.0005 g/hr and the ¢arbon dioxide blank is
less than 00002 g/hr.

When the bl have gitained a satisfactory state,
0.5-p sampla of metal is transforred to the reaction
flagk, K, from a 6-ml besker. The zystem is flnahed
with mitrogen for 20 minnites in order to remnove most
of the air that entered the fask when the sample was
wdded. Then stopeoek, J, of the Schwariz drying
tube, I, is closed. (Rubber connection, A, to nitregen
valve 1a provided with a slit, B, to form s Bunsen
valve.} en the flow of gas bublles through gas-
washing bottle, N, has practically censed, the pres-
sure In flask K hus deoreased ciently to make it
possible to add at onee 30 ml of hot water through
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the drepping funnel, L. This is followed by 150 ml
of hot potassium hydrexide soletion (100 g of potas-
sium hydroxide diesolved in 100 ml of water), which
18 added dropwise at a rate of 1 drop per second. A
wire gauze with an ashestos center is placed under-
neath reaction flask K and is heated mtermittently
and cautioualy with a small dame whils the caustic
aplution is a.grded dropwize and until most of the
sample has dissclved. Just enough heat is applied to
maintalb a gas flow of not more tEan four bubbles per
second through the sulfuric acid gas-washing botile,
When most of the sample has dissolved, the nitrogen
line is opened carefully, and the remction is com-
pleted by boiling until a clear salution is obtained.
The nitrogen pressure has to be high enough to avoid
back pressure, which would cause lussasl:%;ut. not 5o
high that the epeed of flow of gaa through the sulfuric
acld gas-washing bottle, N, exceeds four bubblea per
second. When solution is completed the nitrogen
flow is adjusted to 60 -4-10 mlfmin at the exit end of
the train snd is maintained at this rate for 2 hours*
The ahsorption tubes are then weighed and placed
back in the train for 1 hour to make sure that sll
combugtion products are transferred to the absorp-
tion veseels,

The weight of the blank is deducted from the
incrense in weight of the abeorption tube. Alao,
corrections are made for water derived from im-

" purities {see pection 3).

_After four or five samples are analyzed, an appre-
ciable amount of copper oxide has been reduced,
When it is reoxidized, it vsuelly cakes te some extent.
It should therefore be replaced by a new filling, as
a [arge aurface area makes it easier to effect complete
ignition of methane.

3. Reaults

As mentioned before, in calculating the result for
metallic bergllium from the smount of water ab-
gorbad, the concentration of Impurities has to be
known in order to make the necessary corrections,
Hence, the present method hes been applied to seven
samples of ﬂeryl]ium metal, A, B, C, B, E, F, and
(3, fer which analytical date were available. The
impurities in samples A, B, C, aod P were determined
by chemical and spectrographic means [27]. With
the exception of berrllium carbide, the impurities in
samples i‘, F, and rGy were determined spectrograph-
 ically at the Bureau. Beryllium carhide has been

determined in samples I}, E, F, and G, io the present
work but not in samples A, B, and C. The cor-
rections involved would have been very small in the
latter samples, as explained later.

Tabla 1 shows the gmount of impurities. Of these,
only the ones sncountered in concentrations larger
than 0.05 percent are included. All impurities of
lower concentrations are omitted, sinec cven if they

1 teat Igniibon of & given amonnt of medbans from & erlnder of known purily
= condocied |n order 1o establish rhe prﬂrler erpiditiona for eomplebe ool
Tuntiom, When the tnmpéorators and the of flowr were adipsted to that used
for thea blank, ar more of the thecratiml amonnt of watay and oarbon dizade
ware abgiebed, Withogl speed eoniral, sppreciablc Amcmnks of Melbooe weme
Flentifled with the foass spmetrograph by Fred L. Mohler in the gaees leaving the

aln when B sample that srntsined moce then 155 of heryllilm carbida was
anakyeed,
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would yield hydro or hydrocarbons in canstic
eolution, they would require only an insignificent
corrention, wgich iz lower than the averape daviation
of the reanlts.

TasLe 1. Impuritics in saampiea of beryfltum
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From the impurities shown in table 1, only non-
oxidized eluminum, calcium, magnesium, silicon, and
baryllium earbide liberate gases that, upon combus-
tion, yield water under the conditicns of the tesk.
Silicon has heen assulned to be present in a combined
form a3 no derk-brown residue of elementary silicon
has Leen observed when dissolving. the metsl in
hydrochlorie acid. Iron does not react with potas-
sinm hydroxide solution {300 g of potassium hydrox-
ide dissslved in 200 ml of water) when 1t iz boiled
for 30 minutes. i

Table 2 shows the correctiona (in milligrams of
water per gram of sample), essuming that 2 g-stoms
of aluminum yield 3 g-moles of hydrogan, equivalent
to 3 g-molea of water; 1 g-mole of baryllium cackide
yialds 1 g-mole of methane, equvalent to 2 g-moles
of water; 1 g-atom of calsium and ] g-atom of map-
nesivm each yield 1 g-mole of hydrogen, equivalant
to 1 g-mole of water,

TapLE 2. Correclions for water derfied from {mpuriiiea
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In samples A, B, and C, beryllium earbide was not
determined. The total carbon in each of these sam-
ples was found to be not greater than 0.19 percent,
which iz equivalent to 048 percent of beryllium
carbide, if all of the carbon were present as Be,C.
The correction for Be;C would then be at tha moat
5.8 mg (=2.9 g Be, or 0.299] Ba on basis 1 g) of
water per gram of sample, which is less than the
deviations m the results sormetimes cncountercd as
shown in table 3.

With the corrections for imparities computed as
shown in fable 2, the resuits for metallic beryllium
are tahulated in tabla 3. The weights of sample used,
the amounta of water absorhed, and the corrections
for & hlank are also included.
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Table 4 shows the resulta for bervllium carbide
computed as BeoC from the amount of earbon dioxide
agbaorbed, based on the assumption that 1 g-mole of
bergllium carbide is equivalent to I g-mole of earbon
dioxida.

Ae mentioned in the introdustion, tho smount of
metallic beryllium may be computed by subtracting
from the valus for total beryllium, the sum of beryl-
lium as oxide and beryllium as carbide, if these can be
determined with reascnable aceuracy, and provided
that beryllium is not present in any other form.
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TARLE 4, -Repulls for bergllinm corbide
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This has been done in table 5, making thesa two
pzsumptione, The data in this table indieata that
theee assumptions ars justifiad for the samplea dealt
with. The value cited for total beryllium and beryl-
lium oxide have been obtained by applying proce-
dures deseribed in other investigations [26, 27).
These methods, in bricf, are as follows: Taful beryi-
lium: The metal is dissolved in sulfuric acid. The
pilica is dehydrated by heating and filtered off. The
other lrapurities are removed by oxine (8-hydroxy-
guinaline) precipitation at a pH of 4.5 In the
filtrate, the excess of oxine is destroyed and a slight
excess of ammonium hydroxide solution is addaed.
The precipitated beryllivm hydroxide is converted to
the oxide at 1,100° % Any silica iti the beryllinm
oxide is then determined and its weight subtracted
from the weight of beryllinm oxide. Beryllivm
pride: In the absenee of water and oxygen, the matal
iz heated in hydrochloric acid to 600% C, which
volatilizes the metallic beryllium as chloride. The
beryllium oxide is then determined in the residue
colorimetrically with -p-nitrobenzene-azorcinel. 1f
waker i3 in the smng]e, the berylliuin oxide wvalues
obtained are high, The longear the sampls iz dried,
the lower are the beryllinm oxide waluee vbtained.
If beryllium carbide BeyC is present in low concentra-
tione, thera is reason to believe thet practically all of
it iz decomposed under the conditions of the test.
Aecording to Gmelin [31], anhydrous gaseous hydro-
chloric acid reacts slowly with the betyllium corbide
BeyC at 600° C, forming beryllium c]";loride VApOT,
carbon, and hydrogen.

TanLe 5. Feroeniage e:{ melellic beryftinm compuled and
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Errors in the method of computing the corroctiona
for water derived from impurities would affect the
aecuracy of the resulis. Such errors maey oceur
kacause of the presenca of part of the impurities in s
comhined form, for instance, as oxide, fluoride or
nitride, or by segregation of the impurities, which
would involve deviations from the average concen-
traticn used as the basis for the corrections appliad.
Inpceuracies would alzo bo cavsed if part of the cle-
mental impurities entered zide resctions under the

conditione of the a})rﬂcﬂdure, leading to deviations

from the theoretical amounta of water formed. It is,
however, believed that none of these possible causes
of error is significant, becguse, in the samples ana-
lyzed, the corrections are very small compared to the
amount of water ahsorhed.

The assumptions about side reactions leading to
deviations from the theoretical amount of methane
formed are that, except for beryllium carbide, there
ia no vther material present in the samples that yields
hydrocarhons. It appears obvicus that with the
megnitede of impurities a8 low as eneountered in
the samples analyzed, this assumption can cause only
a negligible arror. .tihlsn, it has been assumed that
Bay(' is the only compound of berylliom and carhon

resent in the samples., According to Gmelin [31],

e,C and Be(), aure the only berylliom carbides
known. Be,C is formed from the metal and carbon
at elevated temperatures, whereas BeC, is obtained
in the reaction of berylliom powder with dry acety-
lene at 450 C. This makes it probable that in
beryllinm metal the carbide present is BeyC. The
assumption that only methane is formed in the ra-
action between this carbide and potassinm hydroxide
iz made because no other hydrocarbon has been
mentioned in the literature as being formed in thie
reaction.

4. Experiments with Hydrochloric Acid

Hﬂmch]oﬁc acid dissolves the sample quickly and
simplifiez the technigque, sitce the gas Bow can be
adjuated more easily. A larger sample, 1 g or more,
can be analyzed. Metn]li:rger}fllium can be detar-
mmined satisgxr:.tori]y, but for beryllium carbide low
reaulis are obtained even if the gases do not pass
through the combustion tube too fast,

The following procedure was used for the estima-
tion of metellis beryllium: The apparatus and blanlk
determinations are the same as previously deseribed.
The nitrogen pressure iz adjusted to 1 bubble per
gecond nt the exit end of the train. Eighty-hive
milliliters of hydrochloric acid (1--3) for a 0.5-
garnple iz added through a dropping funnel at a sp&eﬁ
of 20 drops per minute. When the sample has dis-
solved mlmost completely, the flow of nitrogen is
increased to alightly more than 2 bukkles per second
at the exit end of the train.  Solution of the sample
iz completed by boiling.  The deterinination is com-
pletad ae outlined under section 2.

Two determinations were earried out with sample
A. The results obtained weore $9.0 and 99.1 percent,
which is about the same az those obtained in alkaline
solution {99.2, taldo 3). Correction is made for the
plumintm and iron in thie sample.

5. Summary

Experimental data have been obtained that dem-
ongtrete metallic beryllium and beryllivm carbide
can be determined satisfactorily in beryllium metal
by dissolving the material in potassinm hydroxide
golution, burning the liberated hydrogen and methane
to water and carbon dioxide, and ghsorbing thesa
products in magnesiom perchjura.te and zoda-ashes-
toz, rezpectively.

A limited nvmber of experiments indicate that
golution in hydrochleric acid vields aatisfactory
results for metallic beryllium, but gives low values
for beryllium carlide,
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