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FOREWORD, , , , ,

Due to the large mass of material which has been
yubliagea on the phases which the author at first planned
to include in this work, it was found necessary to deal
only with the analytical chemistry of Beryllium and its
ores in thig thesis. Time would not permit the collecting

and arranging of all the available data on the other phases.
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IRTRODUCT ION



Beryllium, or glucium, is often listed ss &
rare slement, though it probably is more sbundabt in the
sarth's orust (184) then meny of the minor metuls that
are ordinarily considered rather common. According to
JulDe Vogt {183) between 0.01 snd 0.000% of the entirs
lithosphare is Beryllium,

There is resson to think thet the sluming
sonmetimes reported in roeck analyses (10)(87) may be partly
Beryllium whieh m mﬂﬁ mim separated MM the slumina.
Beryllism is a common accessory in Wmsw veing, is
present (95) { 108) in & great number of granite like rocks
and to 5 small extent in clay, slate, and mica schist,
in the form of eluminates, silicates, phesphates, borates,
eta. Deryl is the ohief source of the element and is found
in nature ss the oxnl

The dement has also been noted in some natural
waters, monazite sand and sluwsinous schists. It is

y recognizsed beryllium ore,

quite probable that it would have besn foumd moye frequently
in rook AX analysis if there were some simple method of
separation from iluminium., Beryllium fs very seldom

locked for or mwmiwﬁ in an immw rook snalysie.
ompanies Aluminium in the regular scheme

of analysis and will be counted as tlile element if not




detected and its amount deducted.

The quantitative determination of the Beryblium
content in beryl and similar beryllium ores is usually
accomplished by means of the most painstaking and at the
same time most unrelisble operations. The difficulties
encountered in the analysis of raw beryl may be appreciated
if it is considered how small a percentage of Beryllium
is contained in the beryllium ore. Theoretically, beryl
corresponds to the formula 3Be0.Alp02.63i0s. This com=
position corresponds theoretically to a content of 13,99
BeOs 197 AloQ3 and 67% 5i0y. Fractically, the Beryllium
content of beryl is even less. Nature does not furnish
us & compound adhering to the hard and fast formmla set
forth. In the majority of cases,; the Be0 content of ihe
mineral is between about 9 and 117 BeO. In addition to
Algﬁé and 3i0g23 FeO, or Fes0z are present. Frequently
smaller amounts of ZrOg, NbsOz, Cal, 1igl, InOp and others
are present. It is thus seen that there are present in this
ore a mixture of component elements, the separation of which
is very difficult analytically, and the quantitative det-
ermination of which often baffles the analytical chemist.

A few of the large number of proposed proceedures
will be mentioned, and some of the better known and more

promiging m@thaéa will be discussed in some detail.
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I Boiling KO or NeOH

In 1768, Vauguelin (1){15)(97)(173) first

Separated Beryllium from Aluminium by preeipitating the
Beryllium from a boiling solution of XKOH. This method
was also used by Gmelion (16)(28)(27)(36)(104)(178) in
1840, vut shown teo be inaceurate by Zimmermenn (112)
(139)(199) (213} in 1887, but again revived in 1911 by
Wunder and Child (19)(54) and in 1921 by Brittom (12)(63)
and mentioned in reviews in 1863 by Joy (5)(44)(108)(121)
(181)(165); and in 1931 by Travers and Schnoutka (83)(128);
and in 1932 by ?reuaniua and Frommes (29%).

 Britton deseribes experiments which were per-
formed (12)(63) to asmeertain the best conditions for
precipitating Be(ON)p by WeOH without precipitating Al(OH),
The results show that solutions containing not more than
0.3 grams of BeC and 0.4 grams of AlpOz should be evaporated
to about R5 eeo, brought to room temperature and carefully
treated with €E MalH until the precipitate Just redissolves.
Then, after diluting to 500 ee the Beryllium may be pre-
cipitated by boiling 40 minutes. The Be{OH)p precipitate
must be filtered immediantely, burned and weighed as BeO.
Aluminium may be precipitated from the acidified filtrate
with NH4O0H. :, E PN :



I1 Boiling NH,O0H

’ Prepare a nearly neutral HCL eor Eﬁog solution
containing Beryllium as the only substance precipitable
by Kﬁ#Oﬂ. Slowly add NH,OH until in very slight excess.
Boil 1-2 minutes, add & little macerated paper, and
filter. Transfer as much of the precipitate ae possible
to the paper by rinsing with hot 274 solution of ﬁﬁ;ﬁ@;.
and by thorough scrubbing. Cover the furnel and without
delay digsolve any precipitate sticking te the walls of
the beaker in a very little hot dilute HNOz, heat to
boiling and precipitate as before. Filter through the
8 ame pipmr and wash thoroughly with the Eﬁgﬁoi golution.

111 Use of NH.C1
The Berzelius method (which depends on the fact

that the H-ion concentration to diesolve Be(OH)p is fore
med by boiling NH,C1l solution but not enough to dissolve
¢A1(0H)s)) waes recommended by Weeren (3)(23)(31)(106)(119)
(149)(160) in 1854, considered accurate by Joy (44)(108)
(121)(151)(165) in 1863, used by Klatze (46)(110)(122)

(143)(153)(162)(264)(174)(180)(194)(195)(216) in 1869,
but considered inaccurate by Penfield and Harper (4)(38)

{107)(111) in 1886, 'Britton (12)(65) in 1922, considered
qualitative tests encouraging, but quantitative tests show

that two hours bolling is not encugh to dissolve sll of



the Be(0H)p suspended in 200 ce of saturated NHsCl solution.
wunder snd wWenger (55) get patisfactory results if at least
800 e¢ of water ig used in extrsction of a § gram melt of

HaplOy and 0.2 grans &lg)g.

Iv By use of (MHa)eG

This method, discovered by Jchesrer (30)(34)(35)
(103)(118)(146) in 1842, has found some favor in the steel
industry at the wiesbaden laborstories {(76)(90)(209) fer
the separation of Be and Fe, but has not been generally
accepted for mineral apmalyses. The results are low (58)
(203) when the solution is boiling, but Precipitation is
complete in the cold. It apparently has no advantage over
the WE,OH method.

V Use of Hag804

Berthier (21)(26)(117)(147) in 1843, used
(334}3503 to separate A1 and Be by boiling until no more
809 fumes come off. The process depends on the faet that
the H-ions of a weak solution of Hp90s from which no more
509 ean be expellled by bolling is sufficient to keep Be
ions in solution, but prscipitates Al(0OH)s. The process
was not found to give good szeparations when tested by
Bottinger (22); ‘weeren (3)(23)(31)(106)(119)(149)(160);
and by Joy (8)(44)(108)(121)(151)(165).



VI Use of HaoSnla
Glassman (40)(561) in 1907 treated a slightly
acid solution of Be dme and Al ealts with an excess of the
reagent and heated ia boiling. FHe claimed the Aluminum
wae precipitated completely as the hydroxide while the
Beryllium remains in selution. This is the same method

as proposed by Berthier (21){25)(2117)(147) in 1843, and
discarded by Bottinger (22) in 1844. it was also mentioned
by Joy (5)(44)(108)(121)(1561)(168) end zirmermann (112)
(139)(199)(213). 1In 1908, Friedhem (40){53) claimed that
the precipitate deseribed by Glassman was & mixture of
A&{Gﬁ)g. salfnr..baaié Alo(80,)2s and Algsoa)a. The
Hagsgeg‘methoé of Chaneel (126) was found to give high
AlpOx and low Be0 velues by Britton (13)(65).

Vil

Rosesler (éa){ﬁa)(llé)(laé)(154)(156)(196) in
1878, used (NH,)3P04 in a neutral solution buffered with
¥H4Cl in the presence of citric acid to remove small
amounts of Aluminum,

Attempts to determine Beryllium as BepPoOy as
for Mg, Zn, lin, ete were not so good, since the BesPply
is not formed as a homagenaauu gompound, A somewhat wodi-
fied proceedure gives fair results, '

To 250 ct of eold beryllium-solution containing
610 grams of EH, salt per 0.5 grams of expected BepPoOvw



add concentrated VH,OH until the solution is basie to
Uethyl Red (pl 613 €.3) then add 1-1.3 grams of (NHy)pHPO4
and mgke just epcid (pH 4.2) to Methyl Red. Heat on the
water bath until the aworphous precipitate of E&{@ﬁ)@
hes chenged to crystaline BelHPOgxfip0. Cool and decant
through a filter and wash with 17 NHgNO3 golution made
slkaline to Methyl ved with I¥40H. Ignite and weigh.

1f the solution ®ntained HxPO4 originally,
the precipitate produced by adding NH4O0H at the start will
be BelH POy instead of Be(OH)p and all that is necessary
for the precipitation of a normal Eaﬂﬁ@?@a is to pro-
duge the proper sossantyatics 6f N-icng us wwdlined

above.

VIII Jse of Xo80, and Naps0y

Beryllium can be separated from the cerium group
by precipitation of the latter with a saturated solution
of KoS804 or Hags04. The elements of the cerium sub-group
~-Lanthanum, ecerium, prasecdymium, neodymium, illium and
samarium--are precipitated as double sulfates (134)(136)

(188) after standing at least twelve hours.

yunder and Wenger (204) claimed that on protracted

fusion with Wapl0s at a high temperature and extraction of
the melt with aél&r%&t%r the Be r&méiﬁ@ gquantitatively

in the residue with iron, titanium snd the like, while



chromium, phosphorus snd most of any silica and aluming
g0 into solution., Stock, Praetorius and Priess had no

success with the method.

X Oxalic jcid
Beryllium may be separation from the Yitrium
group by precipitation with oxalic acid in a 0.5 W Hel

solution of the chlorides.

XI  p-chloroaniline

This reagent is used to remove Ti from the
twice precipitated FPe-Al-Ti-Be ete. hydroxide precipitate
obtained in the usual manner, Iuse the precipitate with
¥agCO3 and leach with water. The residue will contein Be
and Ti. Dissolve in HC1 and separate the bulk of the Ti
from Be by the NallCl3z treatment of farsons and Barnes.
Then in view of the heavy Sodium content, precipitate
with NH 0H. Dissolve the precipitate im HC1l and carry
out the chloroaniline precipitatilion,

If an HC1 solution of TiZl, and BeClp (5-10
ne . neutra;ined with FH4O0H until & turbid appearance is
cbtained and then treated with 1l-1.9% g of p-chloroariline,
all of the Ti, snd ro Be will be precipitated by boiling
three minuteg. 'In 15 egxperiments tre maximum ervor was
0.5 mg of Ti0p. Filter and precipitote Be(OF)g with NE4O0H

In this way excellent resulis were obtained in the

6



snalysis of a synthetie mixture of about 25 mg each of
Feolz, AlsO%, TiOp and BeO. (¢&1)

XI Oxime

Aluminium may be rapidly separated (62) from
Beryllium by use of oxime. Treat the solution of Be and
Al salts (containing not more than 0.1 gram of either oxide
in 100 ee¢) with oxime in acetie acid selution at 50-600
Add 2N secetic aecid till a permancnt precipitate is obtained,
then add 20-25 ec in excess. Filler und wash with cold
water, dry 120-140° and weigh as (Colg0N)zAl. Im the
filtrate ﬁrnaipitatﬁ Be by adding Eﬂ‘gﬁ, filter ignite,
and weigh as Be(. |

XI1  Amyl Alcohel
Al(MOS)Q is completely insocludble in amyl alecohol

while Be(iCx)p under the same conditions is soluble.,
Browning snd Kuzirian (56) developed a method for pre-
sipitntien paration of Be salts free from il, but due to
the tendency of the Al precipitete to inelude De even after
geveral trestments the method has not yet been found satise-

factory for the guantimtive determination of Al and Be.

X111 Basic Acetate ,
Kling and Gelin (59) in 1914 used & method depend-

ing on the volatility of the basic asetate of Beryllium



which can be sublimed in vacuo st 160-170° while the acetals
or basic acetates of Al and Fe are nonvolatile under these
conditions. ZFrecipitate all three eclements as hydroxides
by NHOH, dissolve in HNO=xs evaporate to dryness in a boat
and treat the residve with seetic meid, expelling ithe excess
in an air bath. Heat the residue of acetals at reduced
pressure {(1%0mm) in a curreant of acetioc acid vaper, {irst
at 160-170% for four hours, and fl neily at 250%° for one
honr. The Be is denosited in the cool part of the tube.
Dissolve it out with HNOg, evaporate ito dryness, and
ignite the rosidué to constant weight. |

Travers and Schnoutka (83) mention (128) a method
of meparastion making use of the solubility of the basic

acetate of Be in CHClsx.

Dimethyl amine preeivitates Be and Fe (49)(99)
{197) frfom & solution of salts sz =z white precipitate
ingoluble in excessz. The vrecipitste from Al salts is &
soluble in excese reagent.

In 1903 Renz (39)(1028) gave what he considered an
accurate quantitative method for the geparation of e
from Al by use of Hethyl, Bthyl, Dismethyl, or Di-ethyl
amines. The solution of Be and 2l aﬁ,’d&asclved in

dilute HNOx, evaporated to remove ﬂgé acid, tsken up

8



in water; and shaken up with & large exeess of the amine.
The precipitated Be{CH)y is carsfully washed and pluminium
determined in the filirate.

To a solutlon containing not more than 0.1 grams
of A;gﬂ; or 0,28 graus of BeD, add 50 o of mﬂ; tartarate
soltuion, prepared by digsolving 4£.5 grams of tartsric
acid in water, adding enough 40l to maks the solution
neutral to methyl red and diluting te twe 1iters. Thes
purpose of the tartaratle is to prevent §ha precipitation
of Aluminium., If the original golution sontained appreciable
quentities af.ammbnium salt, add B ce of 404 formwelin and
enough 3W NaCH to make the solution slkeline to phenolph-
thalien, 7This serves to convert EH% te (Gﬁg)éﬂg. After
this, make the solution faintly acid to methyl red and add
150 ec of 4% guanidine csrbonete solution (88)(93)(123)(124)
(128), stir well and dilute to 250 ce. AaAfter 12-24 hours
filter and wash with & mixture of 50 oe of the tertarate
golution, 180 ¢c of the guranidine golution and 2.5 ce of

the 40% formslin. Ignite and weigh as Be®., The results

XVl gEleetrolytic method
Classern (850)(100)(150)(198) in 1881, sepsrated

9



Fe, Aly and Be by electrolysis of ammonium oxalate solution.
The iron was reduged, the plumirium preeipitated by use of
& stronger currend, ss a hydrexided by the (lH,)e003 pro-
duced; end the Be wae left in golution. The methed has

not been adopted for quantitative determinations,

Vil

0f existing microanalytiecal methods the potassium
oxalate {recommended by Behrens (113)(200) in 1881) is
probably the most satisfactory. Under certain conditions
the chloroplatinig method is satisfuctory. Mciahon (169)
says that the deu%la'aﬁlt 3@%2(%ﬁ¢)gmﬁﬁ§é is very character-
istic. Boothe and Proary (95)(145) in 1932 proposed two new
methods (1) the use of Potassium malonate in a similar
manner to that for Potassium oxalatey (2) the use of the
basic acetate, reerystaliged frow glacial acetic acid as

a confirmatory test.

grapnie Determinaiioun

The spectrographie detestion (71)(190) of Be in
Carbon aves was studied with & Helger N-1l quarts spectrograpm .
The relative sensitiveness of differedt lines was determined
by exemining tha1a§aatra of smmoniecal solution of BeO in
different @@Mﬁ&ﬁéfﬁ%iéﬁﬁ% and the 3&%1&@&@& of foreign
materiale on the sensitively was investigated by mixing the
10



oeriginal substunces with 5igp, AlgO3s Cal, and NapCO3.
The most sensitive Be line is at 2348.62 AU and the next
are st 3130.42 and 3131.06 AU. It appesrs that 0.000019
by weight Q@ BeU in slp0s may readily be detected by this
maethed., The addition of lerge smounts of slkall reduces
the sensitivity. It is smwaller than with the original
material, but not o low as with slhall addition.

The specirographic method {uvr detecilion snd este
fmation of traces of idn, Mg, Cas Lu, oiy Bl, Al, Om, Gd,
Ni, La, Las and Yt have been demonsirated {(78)(129) by

Selwood.

XIX  Hgitroso-be-Haptiiol
sohlier (101)(115){(168)(201)(211) gives detaild for
the analysis of & mixture of Ffe and Be by precipitating
the Fe with nitroso-S-napthol, and says that it is ths best
method of removing the last traces of Fe [rom Be,
Gopaux (62)(127) im 1619 used this reageant to
separate Fe from tie Be precipitsed, if much Fe wae orie

ginally present in the sample.

XL Tennin
The separation (67)(170) is effected when tannin

is added to a dilute solution o ntaining considerable

1%



KE;GAQ. Aluminium is precipitated quantitatively but
Beryllium remains in solution. For the separation and
detection of Aluminium by this reaction it is necessary
that both elema ts should be present as sulfate. To the
aeid solution ® ntaining ebout 0.1 gram A£ of Al, add
hot water till the f volume is about 500 ec. To the
diluted solution add gquickly a solution{elear) of NH4q0Ac
and tannin which has been heated to 80° ¢, To prepare the
reagent add 3 grams of tennin to 100 e¢e¢ of cold, saturated
FHyOAe golution, After the addition of the reagent, boil
the solution for two minutes and filter. If }esa than
0.068 grams af‘Al is yraaan#, & paper fiiiar is recommended
Wit sldenuise o sinterel glass filtering erucible is better.
Ignite the precipitate and weigh as AloOze« In the filtrate
destroy the organie maiter by heating with HEG@. Precipi~
tate the Be(CH)» with NH O0H and weigh as BeO. The results
are falrly good, but Be ig somewhat low.

Iudwig, Moser, and Ferdinandi (70)(172) indicate
that the methoed of the formation of the complex ion of Be
with tannin may be used to separate Be from Fe, Or, Ti,

Zr, Th, and W as well as Al.

X1 §-hgggc§xgg;§oling
Hilld combines (84)(131) the Parsons treatment
with ﬁaﬂaos followed by precipitation of Al with 8«hydroxi-

quinoline for separating Al and Fe from Be. This method

i2



was first proposed by Niesmner (69)(207). Thurnwald (84)
(168) end Pilcher and Schneider (167) in the microanslysis
of Be silicate rocks removed Al by use of this reagent.

Prepare (43) a solution ® ntaining no more than
9.1 grams of AlsOy and 1-2 drops of mineral acid per 100
co. Warm the solution to 50-60° ¢. and add an equal volume
of an acetic amcid solution of the reagent prepared as
. followsje~
Digsolve enough powdered S«hydroxiguincline in 2N acetle
acid to form a 57 solution., A sol¥tion so prepared can be
kept for several weeks, lce of which will precipitate
0.0027 grame of A; or 0,0081 grame nf,glgaa. Aleohinliec
ualutiénn of the resgent are unda#ir&ﬁle because of the
solubility of aluminium guinclate in alcohol.

8lowly add a 28 solution of NH 0pH20p until a
permenent precipitate is produced and then sdd 20-25 ec more
in order to insure complete precipitation. Let settle,
filter through asbestos, glass rit, or porous porcelain
and wash the precipitate with cold water. Dry at 120-140°
C. and weigh as Al(CoHgON)z which ontains 11,107 of AlsOs.

XX11  Bther end HOL

Be and. Al were separated by means of the insolw
ubility of AlCls.6HgO snd the solubility of DeClp in ether
and water (1:1) saturated with HCl géé by Havens (2) i#
1897. It was tested and found fairly accurate by Britton

13



{12){63) im 1922, and used by Churchill, Bridges, and
Lee (28)(130) in 1930.

Te recover the last traces of Be, Fischer (75)
(85){185) found it best to dissolve the AlClx.6Hp0 preeipit-
ate in Ho0 and repeat the precipitation with ether and ICl.

Acetyl Chloride hus been used as a sginple way
of saturating & solution with HCl (acetone diminishes the
violence of the reaction) to separaie Be andal as chlorides
(7)(8)(60)(61). Beecause of the slight solubility of
BeCly the mixiure of BeClp and AlCly should not exceed
+15 greme in weight and should eontain less than 1/3 BeClp.
A double yrwaipita&ian is raqniyad nnd even then AloO%y
tends to carry down BeO. |

The proceedure may be carried out as followss-
{32) Obtain the Al in ¢ HC1 sclution and free from alkali
salts. XEvaporate the solution to as small a velume as
will still keep the salts in solution, say, 5-10 sc.
Cool, add enough HC1l to gring the volume to 10-25 ec and
saturate the solution with HCl while cooled to a2 tLempera-
ture below 158%° C. Add & volume of ether egual to the
volume of liquid, and sgaln pase in gaseous HCl into the
cooled saturated solution until it is saturated. At the
same time prepare a washing solution composed of egual parts
of HCl and ether and satursted with HCY at 15° ¢. Filter

on & Gooch or lonroe orucible, prefefébly the la&ter.'

14



after it has been cooled by the passage of a little of
the washing liquid through it. If the precipitate is to
be ignited and weighed directly use a crucible that has
been tared after washing and igniting as in the method.
Wash the precipitate with the cold washing solution until
foreign salts are removed. If the precipitate is not to
be ignited direetly, dissolve the salt in dilute HCl and
treat the solution as may be necessary for reprecipitation
(76)(85)(185) or for precipits lon with NH40H. If the
precipitate is to be converted to Alp0sz and weighed, cover
the chloride with a thin la yer of pure (ashless) HgO to
prevent mechanical 1&3&, haat gently unéil hydrolysis has
taken place, then raise the temperature to expel mercuric
chloride and excess oxide, and finally ignite at 1000
1100° ¢. and weigh as AlsOs.

The Be0 may be precipitated from the HCle-ether

golution.

XXIV NapCOs end NaligOx method
In 1798 Vauquelin (1)(15)(97)(173) suggested
the use ef.(EHA)chs in the separation of Be and Al., In
1859 Hofmeister (33)(150)(163)(176) proposed a number of
fractional precipitations to remove all of the Al from the
Be, but this met%eé ias'ﬁot consideréﬁ very satisfactory
Joy (5)(44)(108)(121)(151)(165). Some Be was always left
15



with the A1(OH)z and a little Al remaing in solution.

Hert (133) found that NasCOz precivitated mearly all of

the AL(OH)z but Brittom (12) showed that the precipitationm
was far from complete. On the other hand the method of
separation proposed by Parsons and Barnes (52)(132)(140)
(177) which is based on theuse of NaHCOz gives very good
results. Hills (89)(131) considers the Parsons ad Barnes
treatment with NaliCOz to be the best method for determining

Beryllium in ores. This method is discussed in detail later.

XXIV guinalizarin

The use of quinalizarin (1-2-5-8 tetrahydroxi-
anthraguinone) for the &et&ﬁ‘tiﬂﬂ. (82)(34}(92)(168}(1?9)(182)
and determination (185) ef beryllium in small amounts is
quite sensitive. For a rapid test of Be in a mineral:~
1. Puse 0.1 grams of the finely powdered substance with
o gram of NaCH in an iron crucible for five minutes.
2., Ceol and place in ice water and a piece of ice in the
erucible.
3. Loosen the cake with a stout nickel spatula and
break witﬁ a heave stirring rod.
4. Filter and dilute te 30cc.
5., By addition;of acid #f necessary make a portion of
the solution about .33N Nao%,
6. All 12 drops of 0.01% @uinaliza?iﬁ\in 964 alaehmll

16



7X. Run a "blank® test also, adding only the resgents.

Beryllium causes a pure blue solution while
the reasgents alone give & vioclet-red color. Aluminium
does not interfere, but phospherus, tartarate, ironm and
Kagnesium do. LY As little as 0.01% Be can be detected
in a 0.1 gram sample.

Small quantities of Beryllium can be determined
(66)(186) by precipitation as the water insoluble Be-dye
by addition of excess of ammoniaeal quinalizarin selution.
The Be-dye is centrifuged off and determined colormetrically.
small amounts of B@vean be titrated diga&tly and the end
point observed by the color change produced by excess
@ninaii:ariﬁ} Cne mole of quiﬁﬁiiaé}in unites with 2

mols of Be.
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Fotes on the Precipitation of Be as Be(0H)p and weighing
as Be0.

Beryllium is nearly always precipitated as the
hydroxide Be(CH)y and weighed as the oxide BeO. The
order of precipitation (65)(141) of the hydroxides was
studied by gradually adding dilute alkali hydroxide and
measuring the pH when precipitation took place.

&liﬂﬂzg begins to precipitate at a pH of 4.1
Be(CH)p begins to precipitate at & pil of 5.7

Britton and German (86)(142) titrated 0.02
BesO, with 0,045 N NsOH using a quinhydrone electrdde and
confirming the pH value with a Hp electrode. They re-
ported a valie of pH 5.69 for the precipitation of Be(OH)s.

A gelatinous precipitate of Be(0H)s formed in
the presence of Naf may yeild BeO contasining 237 adsorbed
HaF, but by heating the suspended precipitate in the
mother liquor at 80° with & reflux condensor attached,
# the precipitate becomes less gelatinous and more eryst-
aline with the result that only 0.5% of NaPf will be found
in the ignited BeO. The gelatinous hydroxides of Fe, Al,
Gry Ti, etec can be separated more efficiently from the
hydroxides of the bivalent metale if the precipitaes are
aged before filtering. Heating the solution produces
&ftifiaial aginé. (Héwévtr,-metastaﬁle erystaline Ba(OH)g
is formed from the amorphous eompound evern on asging under

cold water (74)(189)



To study farther the aging of Be(OH)s the
dielectric constants and Rontgenographic measurements on
the 4% hydrates of Be, in relation to time were plotted
by Havenstadt and Fricke (74)(189). The incresse in the
dielectric constant coincides with the appearance of g
erystaline structure, and this increase goes through &
maximum with increasing progress of crystalliszstion.
Amorphoug substances always show a deorease in dielectrie
constant with time. 7The studies ghow that there is a def-
inite morphelogical alterutiom irn the hydroxide particles.
However, the particle sizes of Be0 sole measured (61)(144)
by means of the ultrémi@réaaopu, dié not chenge with &kim
time over & pericd of 12-168 hours even though kept at a
temperature of 80%°., The rather large average Qeam gine
of 153.5/494'for a cubie edge wus obdbtalned.

Huttig a#d Uytysek (76)(198) found freshly
precipitated Be(Oll)g to be completely amorphous; only
after long aging does it show an x-ray pattern. When re-
precipitated from a NalOH solution, or by digesting with
Eﬁg@g and drving, it shows g more definite pattern of
Be{OH)g. By dehydretion and ignition the Be(OF)y shows
the pattern of Bel.

It has been found (18)(81) that De0.Ho0 loses
no Ha0 up to 190°. At 190-200° there is a short induction
period, followed at 200° by & rapid decomposition and -loss
of 80% of the Hg0 present. Between 220 and 700° the rest



of the Hp0 is removed. This is Hp0 of adsorption and

this part of the curve is not reversible. IFor each max-
imum temperature st which the substance wab heated there
was obtained an adsorption curve which showed that the
higher the temperature the less the adsorption for a
given temperature. This can be explained only by a change
in the physical state, by polymerization. Be0 when heated
alone does not polymerige and its state of polymerization
is more advenced as the temperature is raised. Therefore
Be0 Ha0 once dehydrated cannot be formed again.

The most suitable temperature for heating Bel
in qugntitativa analysis was foundy by means of a thermos
balance (68)(137), to be above §50° G.

Double or tripple precipitations of the hydroxide
mugt be made when non-volatile salis such as NaCl are
present. The precipitate tends to stick to the walls of
the vessel and must be recovered after the removal of most
of the precipitate, by dissolving it in as 1ittle acid as
possible and reprecipitating with NH4OH,

Where possible Beryllium asnalyses should be
carried out in platinium ware.

Beryllium hydroxide is appreciably soluble in
pure water, and it is therefore necessary to wash i1 with
water containing an electrolyte, preferably ﬁﬂ@ﬁcg.

The oxide is slightly hygroseopic and should be



eooled then weighed in a orueible with a well fitting 1id.
Zrrors are negligible with this method if & good dissicant
is used and weighings made rapidly. For example, a well
govered A orueible containing 0.1021 gram of ignited Bhed
showedno appreciable change in weight in five minutes on
the balance pan, but gained 0.0012 gram in five minutes on
the belance pan when uncovered.

in oxide ignited st 1200° ¢ is less hydroscopie
en than one ignited at 980° ¢,

3«1%@k and Kota (80)(123) claim that Hydrasine
e&whnaatéa&mg adventages over VH,OH or (NlHs)pC0R% as a pre-
cipitant for Be(0H)p or Be~basie-carbonate, in that the
precipitate is less slimey amd less soluble in slight
excess of the presipitast. Te 100 ce of the solution cone
taining not over 0.1 grams of Be in 100¢e, add B grams of
¥H N0y snd while boiling a slight excess (2-3) se of
hydragine carbonate solution., Allew the precipitate to
stand two hours, filter and wash with 0,1-1.0% WEg¥HO03
golutidn made neutral to Methyl Red. Ignite and weigh as
Bel.

Attempts to precipitate BDeryllium by means of
Phenylhydrazine carbonate prepared by bubbling COp through
a nixture of water and phenyl hydrazine, were not

very encouraging.



DECONPOS ITIVH OF

BERYLLIUM MINERALS .



DECOMPOS ITION OF BEAYALLIUM KINERALS

Beryllium sontaining minersls are usually de-
composed {32) by & fusion methed. sSodium carbonete, or
petassium (acid) sulfate are satisfactory. About 10 grams
of HaqlOs is needed for fusion of & .5 grem sample, and the
full temperature of a blast lamp should be malntsined
ﬁmtil golution i complste. The vooled melt san be dise-
olved in dilute HC1l, HNO3z, or MaS804, depending on the nature
of the preferred reagent, If there is svidence of Incomplete
decomposition of the sauwple, filter off the Insoluble matter
fuse with XH304, and dissolve the melt in the original
solution bvefore proceedlng with the anslysis.

It is true that even the above descridbed method
of Tusing the beryllium ore possesses a few drawbacke, such
as for inntance the necessiiy of the double fusion, first
with soda,; then with »otessium bisulphate. It cannot be
denied that the method deseribed is time-consuming snd te-
dious, me% nor that the sources of possible errors are in-
ereased owing to the intricacy of the method.

The practise of the production of Baryllium
salts has Bhown that there is still a further possibility
of a rapid and quantitative decomposition of the beryllium
mineral, which is vastly superiom to the method described,

in many respects. The transformation of the beryllium



silicate contained in beryl into an essily water soluble
compound, is rendered possible b mesns of a decompesition
of the mineral with podium-silico-fluoride. 7The sodiume
silico-flueride, when heated, sepsrctes out silicon flue-
ride, whiochf reacts upon the beryllium oxide contained in
the mineral as well as upon the sluminium oxide, by forming
the corrvesponding fluorides or double fluorides respectively.
This reaction may be rendered quantitative by using a
pufficient amount of sedium-gilico-fluoride for the trans-
formation of the berylliium oxide imte the fluoride. Inase
much as both the sodium-beryllium-flueride, and beryllium
fluoride are soluble in water, while the simultsneously
farmﬁgialﬁmimiwm finoride and m@ﬁiﬂﬁw&iﬂﬁéﬁﬂ@»fi&@yiaw~awe
fairly insoluble in water, and sincey furihermore, iron is
for the most part precipitated out in the form of the ineole
uble ?*gﬁgi it is possible io apply these fuets to produce
a method of sepsration suiteble For purposes of separating
the beryllium from sluminum snd iron, by means of a simple
waghing out of the residue of the fusion with water. The
iron oxide content of the fusion solution besrs & relation
to the Be0 content of 1:250., Even the aluminum content,
whieh ie only determinable according to the highly sensitive
method proposed by Atack (155) and by Steck, Priess, and
Pruetorius (42) but net however by th@ chloride grauaan

of Havens (212) (208), should be limitaé to & similar



range of variability.

For thie method of decomposition, 1 gram of the
finely divided powdered mineral is intimeatly mixed with
the same £¥ amount of sediumegilico-fluoride and the
mixture maintained in a new glazed porcelain or ew iron
grucible at a temperature of between 680 and 710° ¢. fer
three hours., The residue is carefully removed from the
grucible and the partieles adhering to the cruecible walls
are removed with water. The crucibles are athacked some=
what by the material and should preferably not be used a
pecomd time, in view of the fact that the fusion resldue
adheres very firmly to the stohed wall of the erucible after
its iﬁitia& ﬁaﬁ and thus renders ite removel very difficult.
Impurities which £ind their way from the & crucible into
the the residue have no disturbing effect upon the opera-
tion, since they are present in & form insoludle in water.

The powdered residue 1s washed with cold water,
and the solution ies increaded by adding az much caustie
soda solution as iz necessary for producing a N4 alkalinity;
this may fill a 500 or a 1000ce flesk. An aliquot portion
is taken for analysis.
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very promising
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We tried to obtain reagents for
this method of determination, but were
unable to purchase them from s number
of Chemiaal Companies in ﬁgis countrys
ne work was &mtam&taa uging this pro-

ceadﬁre.



Regently H. Fischer (186)(206) reported on a
new process fordetermining beryllium which may be carried
sut, in splte of the presence of alumlnum, without ihe ne-
sessity of using tedious, time-consuming end unreligble
separection methods., The guantitetive determination,
particularly of emall amounte of Be, in accordance with
this methed, way be effected guiekly and sceurately by means
of guinaligarin, by means of a so-called colorimetric tie
tretion. In testing the wethod he vsed a solution prepared
to contain an average of 10,047 BeC, 20.06% Aig@é and
1.5% Peo0s. The solution g; be iﬂ?@%tig&t&@ wae put inte
& graduated flask, and afﬁ&x deposition of the iron preci-
gitaﬁa; analfém@t‘parﬁ was used for %E%ra%iag. Inptedd of
the beryllium oxide content of 10.047 uesed, the {ellewing
resulte were obbained; 9.83% Bed, 9.04% BeO, 10.027 Beo,
an average of 9.88%7 BeC. TFercentage error 1.5%

sfter cereful observance of the method of Farsoms
and Barnee, he obteined the following resulte:- 11.14% BeO,
10.827% BeO, 11.40% Be0, and 11.50% BeC, an averuge of
11.23% BeC., Percentage error 11,907

These Tigures indicste a declded superiowity of
the colorimetriec method over the sodium bisarbonate method
g0 that the ras&;ta of the titration may be considered to
be coneiderably &afké. v :

In view of the almost insighificant ameunts of



Fe and Al in the extruct from a silieofluoride decomposition
the use of the quinaligarin method of determination should
not therefore be affected. The powdered residuve from the
treatment is washed with eold watler, and the solution ie
inereased by adding as much ceustic soda solution as ie
necessary for produecing ¥/4 alkelinity; thies mey 111 a
500 or 1000 ve flask. An aliguot part is token from thie
solution in the usual menney for the colorimetrie titratioen,
In order to Judge this method as to ite merite,

let us look at a few experimental results obtalned by it.

% BeO by 4 Be0 by soda
golormeirie silie~ fusion
, finoride method eolormetricelly
Beryl I 9.64 9.84
Beryl 11 10.04 - 11.8
Beryl 111 4 .41 4.82

Prom the HOl filtrate obtained from the soda
fusion methed after removal of the silies, the iron, aluminum,
and peryilium should e precipitated out as hydroxides,
direnlved again in diluted ﬁ@l; the polution evaporated and
the residue diseclved in warm water. The arprozimately
neutral soiution thus obtained should be rendered u/4
slkaline in the usual manner, and the beryllium determined
eolorimetrically (a3},

Ag may be seen from the ah@va figures, the values



for BeO obtuined by means of the colorimetrie titration,
in secordance with both methods of decompozition are in
close agreement., The three beryl samiles wialyzed Jid not
gontain a eonsidersble amount of iron, sc that the iron
gontent of the smolution obituined colorimefftrieally by the
soda method which eontained all three ingfadien%m gould
not exgrt sny disturbing lafluence. I, however lhe minerals
had contained eonglderable amouats of iren, in asccordanse
with what has been slreedy stated, this ghould be gufficient
reason to prefer the zilico-fluoride method to the soda
method, N _ .

QUNCLUSIOH; vhe el content ¢f raw baryl éan
be asﬁgﬁﬁﬂinﬁé'witﬁ suffiefent aeémraé& by fusing the mineral
with sodiumepilice~fluoride, by extracting the beryllium
pe fluoride Trom the residue of the Tusion, by washing
with woter, and then determining the beryllium in the solution

by colorimetrie titration by using quinalizarin,






BAPERIMENTAL PART I.

Before attempting sny sneslyticel work, standerd

golutions of AloOz and BeQ were prepared as followsj~

gtg&&a&d AloOs solution:-

26 grams of Aln(804)3.18Hp0 (purchased from J.
T, Baker ¢o.) was dissolved in & Liter of water.

50 e¢c of this sclutioen should be aproximately
equivalent to a .5 groam sample of Beryl containing 40%
AlpOz, or 25 ee¢ of this sclution should be aproximately
equivalent to the AlpCx in a .5 gram sample conteining 207
AlaOx.
: While it was net ahsalutalf necessary, for this
part of the work, the solution wss standsrdized by pre-
eipitating an aliquot portion of the solution with NH40H:
washing the precipitate well with 1% NHsN0x solution made
neutral to Methyl Redy burning; and weighing as AloO3.

I 11
Aliquet portion 650.1 eco 25.0 ¢e
Wt. of residue +2198 grams «1099 grams
Titre of solution 1 ec =20,0043835 1 oc = 0.0043840
grams AlsOg grame AlgO3

Standard Be0 solution:- :

1.@845'gra&s of dry Be0 (99.757 pure a@caﬂting
to The Foote Mineral Co.; from whom we purchased 1t) was
digsolved in hot MoS04 (1:1), then made up to 1000 ee.



Two aliquot portions were used to cheek the Bed
content of the solution. Be(OH)p was precipitated with
NH4OH, washed well with 17 NH4NO3 made neutral to Wethyl
Red, burned and weighed as Bel.

1 11
Aliquot portion 25 eo 25 eo
Wt. of BeC 0496 g. | 0495 g.
Titre of solution 1 ec ® 0,0019800 g. BeO.

Fote: According to these figures the dry Del was
99.77% pure.
Thus 25 ec of the above semple is equivalent to
a £000 gram sample of beryl containing 10,107 Be0

anglyges of Beryl and Topas
These sauples were ground to pase an 80 mesh
seive, dried thoroughly at 120° ¢, before weighing, fused
in Platinium oricibles with NaplUs and the respidue fused

This soldtion was then anslized according to the
ol Ow;y\
Farsons and sarnes method given in tha‘g;aeawﬁgna Pages .

One sample of Beryl and two semples of Topaz
were on hand for snslysis. These had been obtained from
the Geology Department of V., P, I. There was some question
as to whether or not the topas really contained Beryllium,
State Chemists had reported 18% BeO and U. S. chemists

had reported the absence of BDeryllium,



Among the great nuumber of methods used for de-
termining the beryllium content in oree, we used the
Parsons and Barnes method, not because it is the best or
the most accurate method, but because it is recommended
by the Bureau of Stendards, Department of chemiatry. is
uged in numerous laboratories, such as in the laboratories
of the Ledoux Co, in Yew York, and because the resultse
obtained by this method are frequently recognigzed as being
decisive in beryllium ore itranssctions (32)(43).

1. Fuge 0.5 grams of the finely powdered ore with

10 grame of NapCCsxz.

2. Dissolve the melt with 5 ce HCl.

3. Add warm water to about 100 eec.

4. Beil until all salte are in solution.

B. Filter and fuse the residue in KHSO4.

6. Dissolve in the original solution,

7. BHvaporate to dryness.

8. Take up with 5 ge #HC1l and 100 e¢c¢ of water,

9. As Filter immedistely to remove silica.
Wash with dilute HC1 {1:99)

i B.Evaporate to dryness
Remove 5i0g by EF and HpS04 evaporation.
Take up with dilute Mc1.

10. Dilute to 200 ee. !

11. Saturate with HgS %o remove Group II elements.



12. Allow to digest at 40-500 for some time,
18. Filter to remove Tin, Cermanium, ete
14. Wash with a little weter containing Heg,
18. Boil filtrate to expel Hos.
16. Add & little HNOy or HgOp and ontinue boiling
b oxidige the iroen,
17. Reduce the w lume to 25-50 ce.
18, Fearly neautralisze with strong ¥aCH solution,
19. Heat to boiling.
20« Add enough strong N¥aOF solution to provide 10%
solution when mixsd.
21. Filter to remove Titenium, Zirconium, ete.
22. A+ If @heaﬁh@ruﬁ is absent. ¢
&, 8cidify the filtrete with ml
bs precipitate with slight execese NHy0H,
¢, Filter wnd wash the precipitate with hot

2% solution of WH,NCx.
d. digsolve in as little hot dilute HC1l as

possible.
22, B. 1If phosphorus ig present.:~
&+ Neutralize the filtrate with HNOg and

dilute to 20 ec.
b, Add 10 cc concentrated HIC3.
¢. Add 10 grame WiylOs.
d.' Heat to 40-50° in flask.
€. #dd squal volume Gfﬂﬁ% Ammon ium



Holybdate reagent.
f« ZLet stand 1 hour.
g. filter to remove phosphorus.
h. h. boil and add slight excess of NH4O0H.

i, filter to remove molybdenum and excess

alkali salts.
Jo Digsolve in HCL.
k. reprecipitate with NH40H and filter.
l. Dissolve in as little hot dilute KHC1
as possible.

23, Nearly neutralize the solution with NeOH.

24. Heéat to boiling.

25. Add enough hot NalicOs solution to provide 10%
solution when mixed.

26, Quickly bring to a boil.

27. Boil 20-30 seconds.

28, Pilter immediately to remove Fe and Al.

Since this does not effect & complete separation

of beryllium:-

29. Dissolve the precipitate in dilute HC1.

30. Nearly nmeutralize solution with NalH.

31. Heat to boiling

32, Add énough hot NaliCOs solution to provide 10%
gsolution when mixed.

33. Quickly dbring to a boil.



yagi Boil 20-30 seconds.
36. Pilter into the first filtrate (28)
finee this does not always offect a vomplete

separation of the beryllium, a third repetition of the
operation iz recormended.

36, Combine the three filtrates.

37. Yake meid with HCl, and add slight excess.

38. Boil the selution until C8e is entirely eliminated.

39s lake slightly alkaline with Via0ll.

40, Filter off the Be(ol)p

4l. Dviseard the filtrate.

42+ &ig@#&#ﬂ the precipitate in the smellest possible
amount of dilute ﬁﬂz, into ﬁriginulfﬁww%ﬁwy

43, Nake slightly slkaline with VHaOH,

44, Let stund over night, or heat to 80° for one hour
to produce artificial aging, coel.

45. Filter through best grade of quantitetive puper.

46, The precipitate tends to stick te the walls of the
vessel and munst be recovered sfter the removal of most of
the residue, by dissolving it in as little seid na possible
and repredipitating with MHg0H,

47. Gash with 1% HHRO3 solution made neutral to
Hethyl Red. ; , ‘

A tripple repreoipitation of the hydroxide is

recommended due %é the presence of ﬁ&uwvaiamixa aaltw;



48, Ignite and veligh as Bel,

The Beryllium precipitate from the solution gone
taining sodium pults, considerable guantities of alkalil
are usually contained in the hydroxide; they may be removed
te a certain extent by washing. Other suthorities recosmend
double or tripple represoipitations. The precipitate may
also eontain some siliesn which mey not have been entirely
removed, or which may have come from the glasoware used,
therefore some authorities recommend that the pelution ef
the hydroxide im HC1 Be evaporsted, the residue dried at
120° and then dissolved in 5 ¢¢ concentvated HC1l and 15 ee
of water, The mgakm of pilicn mwwmm out wure
tuuﬁa off and washed on the filter in the ususl menner
with hot dilute MUl and the beryllium determined in the
filtratey which has been combined with the wush water, se
Beryliium Oxide.






Results by Farsons and sarnes lethod.

Wt of
Wt of

% Be0

Wt of
Wt of

% Bed

Wt of
Wt of

% Bel

25 ec
25 e

Wt of
4 Be®

Topes I
(1)
sample used 4290
residue as Bel 0182
indicated 4.48%
Topaz 11
(3)
penple used ' | 3998
residue as Bel 0122
indicated 5.8 %
Beryl (ZezalpsisOis)
(5)
gample used +4470
residue as BeO 0832
indicated 14.16%
Check Solutions
(7)
Std. BeC sol. «049585
Std. AlgO3:sol. «1069
rnsidue as Bel +0683
indicated 13,687

{2)

4418
0195

4.417

(4)

5873
0189

3.22%

(6)

+4561
0629

13.18%

(8)

+04955
+1099

0692
15847






A oritical examination of the intricate
proceedure with its repeated precipitations gives food
for thought to the anslytical chemist with respect to its
agouracy. Although the sodium bicarbonute speparation
has been designated by many authors as the mest religble
method of separating beryllium from aluminum and iren,
on the other hand unsatisfactory reporte have also been
eirculated. For instance, M. Englehard (178) deems it
necessary to resort to five or six precipitations to
obtain satisfactory separation of Deryllium from Aluminum,

Such & process, bowever, apart frem its intricacy
and tediousness, iﬁ not apt to bve eanduéiva te the desired
aceuracy, if one considers that both AL(OH)3z end Fe(OH)x
ptill possess & noteble solubility in hot 10 NeHCOz solutim .

Thue Jander and Webber (214) have shown thst eone
siderable AL(CKH)3 is soluble in weater Zf and in selt
solutione. These fuetors huve ncet always been considered
in the separation of Be and Al, asg well as in the quanti-
tative determination of wluwminum,

The so called "baglie carbonate* of aluminum which
is formed during ithe blearbonate precipitetion, in aceord
with modern views, is nothing more than g solid solution
of slumimue carbonate in the excess hydroxide. Iven if
it is sssumed that the carbonate is practieslly insoluble
in water, the solubllity of the hydroxide is =2till guff-

iclent to decrease tlhe acourucy of the procees, especially



in view of the great quantities of water which are unavoide
able in repeated precipitation operations.

In sumples (1) through (4) the gravimetric
analyeis showed 3.22% to 6.83% Be® while the quaris
Gpectrograph showed no linem charuecteristie of Beryllium,
Beth the originsl mimeral, and the precipitates which
were burned and weighed as BeU were examined aznd the resultis
in each case were negotive.

In Part 1, the author exercised spoeial care %o
follew the proceedure for anaiysls earefully, ite wash well,
te use the same conditions of temperatuxé and volume of
solutions, for sech swnple, 40 use .2, reugenisz, snd teo
remeve all trasces of precipiistes. The FaliCCs sepsrations
were made in 200 ge of soluticn bplue or minug 10 ¢e); and
four separstions were madz on eeseh sample, The comhined
filtrates were asoidified, cencentruted, and Del{(l)g
precipitated with Wielll, with gare not %o odd excees., The
Beryllium preeipitates were reprecipitated three tires and
washed well each time with 20 eo (plus or nminuz 3 ec) of
warsa 13 HHgNO3 solution {mede neulral to Methyl ned) to
ingure the complete removal of oll nom-volutile zodium
snd polassiws salis.

Referving ¢ the walghte of the Nel precipitates
obtuined from samples (1) shrough (4) we note that they
fall in & range of 0.,0138% 4o 0.01%8 grams.

If we consider the difference between the Rel



sctually present (0.04955 grams) in (7) and (8) and the
amount indicated (0.0683 - 0.0692 grams) by the analysis
we get 00,0182 - 0,0197 grams.

Since the conditiones of the anslyeés, especially
the temperatures and volumes were kept as constant as pos=
sible, and since each of the samples gave 0.0189 to 0.0198
grams of residue which is not due to BeO ss is shown by
the above resulis, and since we are dealing with a saturated
solution of AL(OH)z the amount that goes into solution
will be very nearly constant and will aeeount gf for the
deviations from actual Beryllium content.

. Te bear out the above, and to explain the differen-
caes in the results obtained in Part I and Part II, and to
explain the deviation of the results in the chepk golutions,

a new series of analysee were devised.



I~

4



Disgramatic representation of the Quarts Spectrograph

B. Camera

De Photographic plate.

P. Quarts Prisgm

S« Polished Wetal slit.



Since ths mosi lmportunt Jeryiliuwm lines oceur
in the ultraviolet regisn at 3131 snd 26851 A. . the
guarts spectroscope (see¢ Jdiagram) had to be used instead
of an ordinery glass spoctrogospa.

Light from a suftalle Mawd is cast upon the
slit 5 of the spestrossope. DUy means of a quarts lens Ly,
the beams are rendered parasllel befure striking the quarts
priem P. The latter counszists of twa 30° half-prisms
placed Tuoce to face, oneg priem being out from & right-
handed; and the other fyom g left-handed, arystal of
guartz in such & manner as to bring the optie axis parallel
to the buse of each half-prisw. Thie. type of prism wee
devised by Corner in erder to elimirate the doudbling effeet
due to the polavizing astion of gquariz en the emergent
beam, The refructed snd dispersed raye then enter the
camers B via the quartz lens Ly where the spesirs is focused
en the photogranhlic slate T,

The plate holdsr is fittad with a rise and falling
motion by meuns of whiech the plate may be ralsed or lowered
through mmreﬁ distaneces in a veartiesl plane, thus
ensbling the operator %o photogrssh a nmunber of spestra on
the same plate.

The pliate lsllsr is slao Titted with & raok and
pinfon by mesns of which the angle the plate maken with the
desired ruys may be varied. The lines are so close together
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Apparatus used to photograph the Spectra

of

Minerals




that they could not be messured with any degree of

accuracy if the plate were placed perpéndicubar to the rays,
as it is placed in ordinayy cameras., The greater the slant,
the greater will be the separat ion of the lines, however,
another factor enters, and the gkecater the slant, the
narrower will be the range in which the lines are in

sharp focus.

A very good arbritration was obtained by setting
the slant of the plute at 4.9, setiing the focusing barrel
at 9. and using the narrowest possible glit (open about
4 of a turn of the asdjusting screw from the closed position) .
This brought the lines between 2300 and 4300 A. U. inte

sharp foous.

A carbon sre lamp from an old projection machine
was plaged in series with about 15 ohms resistance and
attached te the 110 D, C, generator.

The negative rod wag ground to a point, and
with a 1/16 inah drill a hole sunk to a depth of about
1/4 of an ineh, so that the sample eould be packed into
thig hollow to be sure of obtaining & spectrs of the

| Iy,

Z



The positive carbon rod was not pointed, Wt
was out off even,

Por each determination a freshly ground and
drilled set of carbon rods were used.

It wae found necesaary to place a metal shield
betwaen the acr and the slit of the spectroscope te act
a8 & heat insulator and o eliminate the glow from the
hot sarbon electrodes, which gives such an intense and

contirucus spectra thet many important lines are obecured.



Apparatus used to photograph the Ultraviolet- Spectra

A

B

I.

of Mercury

ABCD £ L& H

Window, through which Ultraviolet Rays pass.
Polished metal slit.

Sorew, to vary width of slit.

Foecusing scale.

Focusing barrel.

Serew, to adjust slant of plate-~smcale not gshown.

Serew, to adjust Height of plate--to obtain more
than one exposure on a plate--

Scale, to show posgition of gpectra on plate.

Photographic plate inserted here.



Quartz tube
(highly evacuated)

Are

Mercury
NWeutral Arm

Sealed in Wlectrodes

Diagramatic representation of the Mercury Arc Lamp
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in order to identifly the Beryllium limes, the
gposotra produced by & Coeper Dewett ‘Lebare” was photographe
ed on the sane plete with s esrbon and & minersl specirs,
The manufseturersg of the "Labore® supply a specirogrsm
with the lamp, on which the lines ave identified and their
wave lengths given. Vsing these valuees & callibrstion
| puyve wes plotted for the spectroessepe. It was found more
asgurate however to use @& special micressepe attached teo
a mierovernier serow hy mesns of shiech a reading for the
pogition of the line In guestion, with raspect %o a known
line on sach qxﬁmvuf it eould be tﬁkﬂgg and by interpeletion
& very Qﬁgurmta value may be aaeignaﬁ‘ia the line.

Rantmer Por Speed Porirelit File wee found to give
wery good vendeving of livep in the Ultre~viclet region
end was used to make the spectral ghotographs. An exposure
of Tive seconds to the Ceibon erds end ten seconde to the
Fergury "LebarcY were foved,; slfter seversl trigls, to give
the best resulte.

The filue were developed im & special “"eontrast®
bath, made scoovding to the Xastman formula D-9ie

ftoek pelution 4
fodium Bisulphite 4 BR.S grams
Hydroguinens 22,5 grams
Potassive Dromide 22.5 grare

Vater ) 1.0 liter



Skesk felubien 3

Sodinm Hydroxide 32.5 grw
Tater 1.6 liter

I

ot

Por use, mix egual pasie of 4 snd B and one part
of weter. CGeood ¢losn guntreaty veg.tiver wre predused if
the filma are dovelopad foy one winute b 24° ¢.

Due- % the high censtie vontent ef the bath
it de well to use & glightly styorger then ususl scetie
acid shert ctop bath and o Fixing beih oontaining twice
the usual amount of hardening sclution,
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The following prints of the negatives of the
various spectra fall to show some of the more delicate
lines, due to the faet that no paper has a tone range
great encugh teo dorrectly render the long range of tones
that a negative uiil graanaa. The yt@n?rumad was fingle
Weight‘éaﬁ E é. ill line determinstisns were pade diregte
1y from the negatives, since the paper srints will often
streteh out of shape in the procesg of developing and fine
ishing, resulting in gross errors.
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Two very charaeteristie Merocury are lines osouy
at 3126 and 253€ A, U, The former may most veadily be
ascertained by making two specira photographs as shown
in 1 and 2; the firet is & photograph of the Wercury
are speotra transmitted through cusrtz glase (which does
not abesorb ultraviolet light) and the second is made through
a glass plate (which absorbs light having wave lengths
below 3000 A. Ve---this does not hold absolutlely true,
as we can on longer exposures get weak lines below this
wave lengthew«),

The 2886 line is by far the most intense line
in the true ultra-violet region (%alay 3000 Ae Us)e

. Having identified the avove two lines, then
with the aid of the spectrograph furnished by the mskere
of the "Labare®, the other lereury lines may be identified.

inte to the leck of space, all of the lines

are net identified on the preceeding pabey further, two
lines 5970 and 5461 which are visible on the negatives
but not in the prints were not included.

On emch film before putting the powdered mineral
in the are, a photegreph wus made with the carbom rods
only, to aet se & check to make pure the rods were clesned
thoroughly, and were free f?@m.garyiliumvﬂ@nt@miﬁatiaa'
Sueh a spectra &n'ahuwm in 3. k' ’



4 and 5 show lines charscte istie of Aluminum

and other metsls, but do not show Beryllium lines. These
speetra were of Topas I and Topss II respectively.

6 shows the strongesi RPeryllium lines of any of
the graphs, and it should, sinee pure {99.77%) BeC weas
used.

Powdered Beryl was used to produce spectra 7,
which shows strongly characteristic Beryllium lines.

It was feared that the ground Topss may have
gontained traces of Teryllium in such & form that it
would not ionize in the are, and congequently give neo
lines, PFrom experimental Part I, the precipitates which
had been burned and weighed gs Del were next used. GSince
the pure Bel gave such good lines (spectra 6)--the
precipitates (if they are De0d should also give good
lines.

The precipitates from Samples (1) and (2)-~Topas
I-~gpectra 9 and 10-~4fd ond samples (3) and (4)---Topas 11
wwwgpeotra 11 and l2«-« ghow no Seryllium lines, but
show Alumipam lines fairly stronjly, supporting the
auther's assumption that the precipitate was AloC3
instead of BeO.

Samples (6) and (6)--from Beryl--spectrae 13
and 18-~ and samples (V) and (8) from standard Al and De
solutions--gpectrae 16 and 18 ghow both Al and De lines,



further supporting the author's assumption that the
Pareons and Barmes method of sepsrstion is not gquantitae
tive, and that A1(0H)3 is quite appreciably soluble im
boiling 107 NaliOg, solution,
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Topas I
Topaz 1I
Bel
Beryl

Precipitates from above
mineral snalyses veporied

as Bel in ?wt 1

‘sample
Topas I (1)
(2)
Topaz 11 (3)
(4)
Beryl (6)
(e)
éﬁlﬁﬁﬁ (7

(8).

Prevence of

Beryllium Speetrs
- (4)
“ (8)
+ (6)
+ (7)
- (%)
" f10)
- (11)
" {12)
+ {13)
+ (18)

4 (16)
t {18)






To explain the differences in the results
obtained in Part I and Part 11, and the deviation of the
resulte obitained in the cheok golutions, a new geries of

analyses were devised. 5ix selutions were prepared:-

(1) 25 oe Deb wolution (Standordized Part 1)
(28) 25 ce BeC solution

(3) 2% ce AlgOs solution

4 25 ec Alp03 selution

{(5) 25 ee AloOx solution

(6) 25  oe AlpOz soluntion -

. FeOl solution wes added to gadh of the above
until the solution was neutrals then each solution was
diluted to 200 ce, heated to boiling, 22 grams WaHCOs
added, stirred well till dissolved, boiled for 30 seconds,
and finally filtered.

(1) and (2) had no visible precipitate and after
filtering, washing theroughly with 60 e¢ 1% ¥Hg¥O3 solution,
and burning, the following resulte were obtained.

(1 (2)
Crueible and residue 9.6119 0.8276

Residue as AloUa L0001 0005
which goee to show that no Nel was precipitated from the

FalilCy, 0 thet phase of the separstion was very good.
However we did not and will not tuke into account the



Berylliwm that is adsorbed by al( f.m}g in the setusl analy-
tical proceedure.

The precipitate from (4) was dissolved in dilute
HE1l and reprecipitated from 200 ¢o (plus or minus 10 oc)
of boiling WalCO3 solution, und the two filtrates cowbined.

(8) was twice J¥ repreecipitated, each time from
X 200 sc of boiling 10F ¥alOx solution and the filirates
combined.,

(6) was three times reprecipitated and the filtrates
corbined, '
The final ;smwma filtretes of these samples
were &émiﬂdﬁ with HCl, bolled to expel CUgy concentrated,
and precipitated with Iig0H, washed éwiee, and twige
reprecipitated to remove the non-volatile salte. The
Ax{on) 5 which was precipituted was burned and weighed.

(3) (4) (8) (6)
10,1170 ©.6308 10,8748 9.5803
10,1110 90,8208 10,5615 9.8712

0060 L0097 L0131 0181
200 oc used 400 go 600 ec 800 ec

The above shows that AL(OB)s is quite apprecishbly
soluble in boiling 107 NaliCOs solution to about 2.3 mg
per 100 ¢e¢ according A} to the results below:-



Trom Sample
(3) the solubility as AlgOs is
(4) the solubility se AlgO3 i
{5) the solubility as Ale03 is
(6) the guiuﬁility as AlaOp is

&ﬁr&sn

00300 gma, per 100 ae
00242 gma. per 100 ge
+00218 gme. per 100 e¢o
@ﬁ»;,

gus per 100 e
L0228 gme per 100 ce.






CUBGLUS L0

The two Topaz samples do not centain Re,
ap was shown by the obeenge of characteristic Beryllium
1ines in the ultraviolet spectre of these minerels.

The sargple of Daryl probably containa 104
or less Bel, inctend of the 147 se indieated by the
Pargons and Barnes method of analysie.

AIKOH); is appreciably seluble in bollfhg
:;-5 and the repeated represipitutions produce o very

gueationable degree of acouracy in the separd lon=,






{1)

(2)
(3)
(4)
(8)
(€)
(7)
(8)
{¢)
(10)
(11)
(12)
(13)
(14)
(15)
(1€}
(17)
(18)
(1¢)
(20)
(21)
(22)
(23)
(24)

|

B1Bw10GuarBY

Alg. Jo Chem, I (1789), 341 L. ¥. Vauguelin

imer Jo. of sei. (4) 4:111-114 lavens

ismer. Jo. of gei (2) 18:414 ieeren

amer. J. of Sei (3) 343107 renfield and Harper

ABRT .
APRET o
MReT .

Amer.

ABEBT o

Je
Je
Je
Jde
oo

of Sed
of Sed
of Sei

of Hei

of Sei

(2) 36:83 Joy

(3) 37:366 Gibbe
3901197 uinmig
40:482 Yimnig

(2) 42:78 Cooke

Amer. Lilmeral 16:37 Vashington
inalyst 461359 o
Anelyst 46:437
Analyet 47380
Anslyst 543268
Anp der Chim 263155 Veuguelin
Ann der Chim 363207 OCmelin
Ann der Chim 813397 Iettinger

Britton
Britton
Brittoen

Dixon

ann Chim 143227 Hackespell and Kliffer

Ann Chim Anal 163205 vwunder and Child

Ann Chim inal 17:363 Gunder and Lenger

inn der Chem (Liegid) 463182 Berthier

inn der Chem (Liebig) 513367 Bottinger

Ann der Chem (I.iebig) 92:2¢2 ﬁ?uran

Ann Chem u harm, (Liebig) 783212 Rivoet



(25)
(28)
(a7)
(28)
(2}
(30)
(31)
(32)

(33)
(34)
(385)
(36)
(37)
(38)
(39)
(40)
(41)
{42)
(43)

(44)
(45)
(46}
(47)
(48]
(49)

ann de Chim et de Ihys (3) 7374 Zerthier
Ann de Chim et de ‘hyes (3) 303188 Rivot
Ann des Liines (4) 2370 Omelin

Ann der Fhys (Pogg) 50:175 Cmelin

ann der Phys (Fogg) 511472 ocheerer

ann der ‘hys (Fogg) 563479 scheerer

Ann der Phys (Fogg) 92391  veeren

Applied Inovganie analysis (1929) Fillebrand and
Lundell--~Jjohn Wiley and Cons Publishers.

Arehiv, der Pharm 1014177 Hoffmeipter

srchiv, der ‘harm, 293814 Ccoheerer
Berzelinve. Jsb., 233293 Goheerer

ﬁaranliga. Jeb. 213141 CGmelin

ferichte 1432783 Classen ?

Berichte 193797 Tenfield and larper

Berichte 3632751 Rens

BDerichte 3933366 Claseman

Berichte 39;3868 Frichem

Berichte 5831577 Stook, Fraetorius, and Ireies

Beryllium (1932} siemens-Konzern--- The Chem Catalog
Co. Publishers.

Bull soo Chim (2) 23381 Joy

Pull soe Chim (2) 43359 Cibbs

Bull soe Chim (2) 12331 Xlatze

Tuld seo Chim = 1532056 Kling and Gelin
Bull soec Chim (2) 323365 Rossler

Bull soe Chim 3331587 Vincent



(s0)
{52)
(53)

$54)
(68)

(s6)
(87)
(s6)
(59)
(60)
(61)
(62)
(63)
(64)
(65)
(c6)
(67)
{6s)
(70)
(23)
(72)
(73)
(74)
(78)
(ve)

Bull
Chem

Cher

goo Chim (2) 373526 Classen
Abs 1:181 Glassmen

Abs 1327 Parsons snd Darnes

24E99-~Préedhamw- Chem Abs 13277 ¥riedhem

Chem
Chem
Ghem
Chem
Chem
chem
Chen
Chem
Chem
Chem
Chem
Chem
Chem
Chem
Shem

Chem
Ghem

Jhem

Chenm
Chem
Chem
Chen

Jhem

Abe 532780 yunder and Child
Abs 632725 wunder snd Venger

Abs 33246 IBrowning and Kusirian

Abs. 7:3%2 Junder and yenger

Abs, 7:988 Rleyer and Boshart

Absl 831582 Xling and Gelin

Abe, 3771 Hinnig

sbs. 103;31¢ lLinnig

Abe. 1331570 Copaux

Abs. 1533984 Britton

Abs. 1631720 Britten

Abe. 20386 Hubert, Thomas, fStanley and Dritten
Abs, 3131606 FPischer

Abs. 22339 XNiemuner

g Basm 3o,

Abs. 23323688 2389 lLudwig, Yoser, Perdinsnd
Abs. 2332652 Temefeldt

Abs. 24315808

Abs. 2431599 Selwood

Abe. 24{318% Havestadt enhd Pricke

Abs 2433456 Filscher

Abs. 2434228 Buttig snd kysk Vytysek



(77}
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Chem Abs.
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Chem Abs.

24 34636
24 38664

Dixen
Ghurchill, Bridgee and LBe.

26348 Vischer
25349 Jeliek and Fotm
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2B3a066
4834200
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2¢ 35870

Chemieal Analysis
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Chem Centrbl (1878); 600 ¥ Rossler

Hackspell snd Kiiffer
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Travers and Sehnoutka
Thurnwald
Pischer
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Jashington y
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Hille ’
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Yadison
Stoek
Jeliek and Zota.
Rienacker
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Chem Centrbl (1882); 233 (lassen
Chem Centrbl (1892); 717 gehlier
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{103)
(104)
{108)
(108)
{107)
(108)
(109)
(110)
{111)
(112)
(113)
{114)
(118)
{11¢)
(117)
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(119)
{120)
(121)
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{128)
(124)
(125)
(126)
(12%)
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Chem Gaz. 131177 Geheerer

Chem Cas. 139 Gmelin

Chem Gag. 9376 Hivet

Chem Gaz. 123408 veeren

Chem Industrie 103366 renfield and Harper

Chem Yews 83183 Joy

Chew Hews 10337 Gibbe

Chem Yews 1932287 FElatze

Chem News $§4390 Tenfield and Harpey

Chem Yews 58349 Iirmmermann

Chem News 64341 Behrens 3

Ghem Tech Rep. (1878} 422 Rossler

Chem 2%g. 165420 Geblier

Gentrbl (1843): 208 ccheersy

Centrbl (1843)5 372 Berthier

Gentrbl (1850}); 908 H{ivoet

gentrbdl (18854} 708 veeren

Centrbl (1884)3 990 Cibbs

Centrbl (1864); 1119 Joy

Centrbl {1869); 832 Klatzo

gellection Ggech, Chem Comm, 23871 Jilek and ¥ota
Golleetion Cgech. Chem Comm, 33336 Jilek and Netas
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Gompt lend, 1683612 Copaux
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(129)
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{151)
{132)
(133)
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(136)
(137)
(138)
(139)
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Je
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e
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e
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im, Chem Soe, 2831588 Iersons and Barnes
Am, Chem Soe. 173604 Hart

i, Chem Soe. 313823 Jetzger

Am. Chem Soe. 5031900 Kolthoff and Sandell
Am, Chem Soe, 503768 Furman

Chem “oe. Jepsn 483520 Yoshida

Chem fioe. London 3431606 Rossler

Chem fo¢. London 543323 Iimmermann

Chem Soe. 92388 Tarsons abd Barnes

Chem See. 127;2110 Hubert, Thomas, and Britten
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Frank. Inet 85931260 [latnzo

Phys Chem 363855 ladison

Phys fhem 3632641 Doothe ind Pruey
Prakt Chem 29376 Scheerey

Prakt Chem 29368 Berthier

Prakt Chem 513338 Rivos

Prakt Chem £24301 veeren

Prakt. Chem V631 Hoffmeister

Frukt Chem 923232 Jey
Prekt Chem 943181 Gidbs

Frakt cher 106227 Klatse
Auss Phys snd Chem Coe., 11383 ‘ossler



{185)
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(187)
(158)
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(1€1)
{1e2)
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(164)
(165)
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{17)
(172)
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Jub. Chem. 173684 Gibbe
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Z+ snal Chem 513470 wunder snd Vengey

Z. anal Chem 873273 Tresonius snd Provmes

Z2¢ T, inal Chem Y3354 Yiascher.

Ze anal Chem 763135~ Nelsgsner
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