Bead Tests

K. F. G. HoskING,
M.Sc., Ph.D., MIM.M.

Synopsis

\ this review — which is written to fill an obvious gap in the

Jiterature — the following tests are Eiescrlbed and their merits
raised .—Classical bead tests : Feigl’s bead test for gold : tests

(aiepending on the examination of beads under ultraviolet light.

Bead tests are of unquestionable value to the mineralogist, yet
10 text book, nor paper — so far as‘the writer is aware — deals
comprehensively with them. This fact justifies this review.

Classical bead tests.

Classical bead tests depend on the fact that when small
quantities of certain elements or their compounds are fused with an
appropriate flux — borax, microcosmic salt or soda — under oxidis-
ing and/or reducing conditions, beads are obtained, either of
characteristic colours, or containing characteristic inclusions.

In practice, a bead of flux is built up in a platinum wire loop
or on a magnesia rod and is dipped, whilst still hot, into a very small
quantity of the powdered test-substance. The mixture is then fused
in either the flame of a bunsen burner or in the blowpiped flame of
an alcohol, or similar lamp.

Whether the fusions are conducted in the oxidising or in the
reducing zone of the flame, the colour of the bead is noted when it
is hot and after it has cooled, as these colours often differ, and both
are of diagnostic value.

The chemical bases of these tests are as follows (see Vogel
AL, 1947, 112-114) :— ( -

. L hThe oxides of several elements form coloured metaborates

eriv(::ré ophosphates when they — or salts from which they can be

mic —are fused under oxidising conditions with borax and
Tocosmic salt respectively.

the 31.e mIn the reducing flame metaborates and orthophosphates of

subsequef,{‘fs under test are probably formed initially, but may

impart bothy be reduced to other compounds or to elements, which

O thog to the hot and cold beads colours which often differ
¢ appearing under oxidising conditions.

¥,
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3. Silica. which is liberated S
heated with microcosmic salt in ?ﬁf“o“?é!am silicateg ,
does not dissolve in the melt and ap é{; 1SIng 7ope ofrf Stmngly
This aids the detection of silicates. A 8, irs lln It ag g « Sh

CaSiO, + NaPQO, = Na'C%ICf(l) feaction jg he

As certain silicates dissolve complete] 1+ Sio, "
salt. the absence of a skeleton is not dcﬁnitey In fuseq MiCroggg
silicate in the test substance. Proof of he &bsegcsén .

4. When a bead of sodium carb Of
dipped first into a little powdered potass
small quantity of powdered manganese
heated in the oxidising flame, a green b
formed :—

MnO - Na.CO, + O, = NaMnO, Co
. - . = 4 2

Chromium compounds similarly treated resu]t j h

tion of yellow sodium chromate :— 1 the produ.
2Cr,0, ~ 2Na,CO, + 30, = 4Na,CrO, + 400
. LT b 2

The general course of the reactions involved in the producti
of characteristically coloured borax and microcosmic salt beads 52“
be appreciated by considering the reactions — briefly outlineg
below — between a copper salt and the above fluxes under varioys
conditions.

onate is, after .
i S Moistep:
1um nitrate apg thé;tgmng,
compound ang th 1nto 5

: € whole ;
cad of sodium manganatz ﬁ

1. Borax Bead.
(i) Oxidising conditions.

Heat
(a) Na.B,0.. I0H.O ——> 2NaBO. + B0, + 10H0.
Sodium. Boric.

Metaborate. Anhydride.

Colourless. .
Heat ”

(b) Copper salt ——> CuO. E)sr%allle
(c) CuO + NaBO, —> NaCuBO.. N
2 (orthoborate) %IO il

(A probable reaction.) blue-

(d) CuO + B.Q, —> Cu(BO:): (80 ] 2
(e) 01(BO2)2 + 2N3B03 '—’_'> Naﬁ[cu i cold,

! (A possible reaction.)

(i) Reducing conditions. grh:d“ i
CcC—2 is pal
(a) zcum03)2 * é?fgg,’),++ NazB401 + co. greennd
(Colourless) ne flame. %d

Note :—The carbon is deﬁvedzféof"‘/; ;ep e

(b) 2Cu(BO,), + 4Nzﬂg‘?z + 2Na,B401 + 4CO. cold.

+
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rocosmic Salt Bead.

Mic L
g Oxidising conditions.
Heat )\ The
@) Na(NH,)HPO, > NaPO, + H,0 + NH, | product
Microcosmic Metaphosphate. l1s dark-
Salt. (Colourless.) {green
(b) NaPO, + CuO ——> NaCuPO,. hot and
Orthophosphate, blue
(Coloured.) } cold.

Bead tests of the type under rt_:view are of great value to the
mineralogist because they are both simple and rapid and only a very
jimited amount of apparatus and a small number of reagents are
peeded. Furthermore, a considerable number of economically
jmportant elements can be readily detected by their use, as a glance
2t Table I will indicate. They are normally used in conjunction with
charcoal block and other ** blowpipe tests ”. A difficulty arises when
festing a sample containing two or more elements which are capable
of producing coloured beads with the fluxes noted above. Either the
colour of the bead will be so modified that it is not characteristic
of any of the elements present, or the colour due to one element will
completely mask those due to the others. Thus, a borax bead
prepared from a sample containing 5 or 6 times as much nickel
as cobalt will, nevertheless, be blue. Table 2 indicates some of the
bead colours encountered when more than one ** colour-producing
element is present and clearly demonstrates the short-comings of
the method under such circumstances.

On the other hand, the addition of substances to a given bead
sometimes assists identification. Thus, the presence of manganese
112 microcosmic salt bead is confirmed if on dipping the %ot bead
Into powdered potassium nitrate a purple, swollen mass develops.
reélﬁn. a tungsten compound is fused with microcosmic salt in the
& fmg zone a blue glass — or bluish-red one if iron is present —

Velops. The intensity of this colour may be considerably increased

?y fe-heating the bead together with a small fragment of tin foil in
€ reducing zone,

—_— -
) Minimum amount detectable
Cation (gammas)
Ch Borax Microcosmic Salt
rOmiunl —Oxi ——
Mangapege _ oud. flame (O.F.) 1.8 1.8
kel —Qp 18.8 —
Sobalt— o . 75
Copper — OF. 23 248
T + SnCl, — Red. flame 1:9 99

|
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TABLE 1.
A Summary of the Classica
; 1B
(After Davison, E. H. Field tests fe:rd TeSts'
Chapman and Hall, London, 1937rf1‘1%ff§als.
BORAX BEADS
i Oxidising Flame | Reg o
Metal l“’“* """"%”:me “fm_&educmg Flame ™
i Hot i Cold Ho c
- o] : i e old
Copper ‘Pale green Blue-green | Pal 1Req
Cobalt Blue \Blueg Bl o ﬁfd
Chromium ‘Orange | Yellow- |G e
| green | reen | Green
n
Cerium Yellow Pale l — _
: [ yellow
Iron 'Yellow Colourless |Pale green |Col
Manganese “Violet Violet Colourless Cglguurrﬁ:z
Nickel IViolet Red- Grey Grey
Titanium . Pale brown
~yellow |Colourless |Grey Violet
Vanadium | Yellow Pale11 Green Green
yellow
Uranium Orange Yellow Green Pale green
MICROCOSMIC SALT
R _
Onidising Flame |  Reducing Flame
Cold
Metal Hot Cold Hot |
. Red
Co Dark green|Blue Green
Cobalt Dk M Bjue  [Blue Bl
Chromium Green Green Green | < |Colourks
Cerium Yellow  [Colourless Colourless |54 s
Iron Yellow to | Yellow to Yellow-
red colourless |  BICEN | jouress

. Violet Colourless "
r&m ¥’e?l:tw- Colourless |Green Gree

. h-
green . wn-  |Redd®
Nickel Brown: Re;dl;;a Brofed Vﬁg{’ "
Yellow
Tianium Yellow Cm Blue  |Deen
1 m eliow Green ]
Vanadiom Yellow [Paleyellow Green Gree
Yellow-

- ac————~
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TABLE 2.
ICH BORAX BEADS MAY ASSUME ”WHEN
(0LOURS WI;HAN ONE “ COLOUR-PRODUCING
MORE ELEMENT IS PRESENT
— Oxidis}ﬁé i31amei__ Reducing Flame
Elements Hof ! Colq o Hot Cold
i Bottle-
iolet to |Brownish- | Yellow
M and Fe Vé?é%d-red violet ’ green
d Co |Plum Plum Bluish- Blue
Mo, Fe 32 colour colour . green Green
Greyish- ue-
Mn, Fe, Co and |Green t))/]ue een
FeNICo anda |Yellowish- |Green Greglmsh- Blue
little Ni _green - ue Blue
Co and much |Violet- Brown ue
Ni brown ' |
Fe and Co Light , |
Fe and Cu Green green, blue
Fe and Ni or yellow
according
to relative
quantities

Augusti and Pascalino (1937, 166) report the following sensi-
tivities of borax and microcosmic salt bead tests and conclude that

det

Feigl's head test for gold.

“Inorder to detect
alittle of the liquid in
. a gl
Present, either g yell

¢ centre of the be
Unpublis

e tube into

th

0s ng,
Coloured 4 ¢,

Groves (195
Sensitiy,
Certain < fluoresce

N mj
lun de neralg
o

mtroduCed a:n

T

» 250-251)
nt bead te
-8., Uranin
ight, Py
a little of th
Strongly heat

o Ultraviolet |

ass bead. De

hed studies.
aint purple-red,

Tegty depending on fhe examin

only cobalt, chromium and copper (in the presence of SnCl,) can be
ected in the small amounts which interest the micro-chemist.

gold in solution Feigl (1947, 101) evaporates
a capillary tube and then by fusion converts
pending on the quantity of gold
ow metallic, or a purple-red filament is seen in
ad which acts as a lens. Sometimes the writer
) has found that the whole bead is

ation of beads under ultraviolet light.

re sodium flu

describes in considerable detail a very
st for the identification of uranium in
Ite and carnotite) which do not fluoresce
oride is fused in a platinum
e finely powdered test substance is
ed in the bead for 2 or 3 minutes.
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The cold bead is then examined .

ably of long waye-length-whelilndtehfeuhrawolet light _
indicated by a bright lemon-yellow o ylglrleSence of yp,, Prefer.
Rare-earths, not infrequently present ip refra°W~green uOrmum
tend to quench the fluorescence, and « ctory Uranjyy, - oence
seriously (less so Si, Ti, Fe and SO ) - ‘as' i lllme interferep
calcium fluoride in the bead complétefy extil te as § ceS v
ence ”. (Groves, op. cit., 251.) Niobium-beariggUIS.heS the o Of
not contain uranium give, when treated in theg i
which fluoresces a pale, dull-yellow. Groyeg above
from the further disadvantage in that sodiunl:rgmum
generally regarded as the most suitable flux for pre uoride, whiqp is
bead which will fluoresce when excited by ultllj'avl')a]r T
high melting-point (980° C.) which is difficult to 1boe't
conditions. ootal

g. uraniUm
hght, has a
n Ul‘]der ﬁe]d

TABLE 3.

A SUMMARY OF SMITH’S FLUORESCENT :
(After Smith, O. C., 1953, 60.) BEAD TESTs,

1. Borax beads examined under short-wave ultraviolet light

Uranium ... Oxidising flame ............ Greenish
Copper ...... Reducing flame ............ - Pinkish,
2.  Microcosmic salt beads examined under short-wave ultraviolet
light.
Uranium ... Reducing flame ............ Greenish.
Copper ...... " s eemeraieeans Reddish.
Tungsten ... " s eeeeeereenes Pinkish.

Note .—No other borax or microcosmic salt beads respond.

3. Sodium fluoride and lithium fluoride beads prepared in the
oxidising flame and examined under both long-and short-wave

ultraviolet light.
(i) Sodium fluoride beads.

Short wave. Long wave.

Bismuth ...Blue-white .........cc.c.o.e Yellow.
Columbium .Blue-white ......... SUUIOI g onz.
Titanium ...Light green .........c.....oe Ngge.
Tungsten ...Light bluish-yellow ......... Ho bt yellov
Uranium ... Brilliant lemon-yellow .- rig

(i) Lithium fluoride beads. ark orane?
Bismuth ...Orange .....c...oocoeemersset™ L
Columbium .NONE ....ccovevammeeresrsess™ Nome.
Titapium ...Dark green .........ocooo” None.
Tungsten ...Light blue .....c...oooe e green

Uranium ... Brilliant blue ........cooo*
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s extended the fluorescent bead test
of several other elements and his
The writer has fciund 1(_I-Ibolskhflg.
€ >\ that most of these are only reliable for
{apubli edlef,t;ﬁlésizl Eairly pure, simple substances, and is of the
identify10 fconsiderably more work is necessary in order ta evalu-
opinion (22 rec of interference due to the presence of varying
ate the %f other elements before the true value of these tests to
5

i .
f];'f;ineraloglst can be assessed.

60) ha

S.mith (lghfeg’identiﬁcation

echniqte marised in Table 3.
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