A CHEMICAI STUDY OF THE NELLORE BERYL
AND TIIE CAUSE OF ITS COLOURATION

By N Jayaiaman

Introducbion —A delaled mvestigation of the mode of occur-
rence and distribution of beryl m the nuca-pegmatites of Nellore 1s
desuibed by Swammathan’  He has also published m the same paper
the 1esults of analyses of two samples of beryl

The present work was undertaken with a wview to study the
colouration of this beryl and also o investigate its exact chemical consti-
tution

It was found thal the Nellore beryls could be classified under
five dufferent categories according to colour and composition Specumens
of beiyl were noticed having the following colours, viz, (1) clear rich
blue, (2) pale-blue, (3) lght apple-gieen, (4) pale greemsh-blue to
greenish-yellow and (8) colourless

Stabilaly of colour of beryls on heating —It was found that
samples of blue, pale blue o1 colourless betyls did not show any change
m colow on heating, while the green or grecmsh-yellow «amples were
converled mio blue varieties on contimued heating al a temperatuie of
500°C A sumilar change 1 colour of green beryls on healing has been
noticed previously by Kurbatov and Kargin®

The samples of green beryl oblamed from Nellore were kept m
an clectrie (urnace, the temperature of which was slowly 1aised  The
colowr change was first noticed afler about an hout’s healing at a
temperature of 450°C  The change mto blue colow was complete on
heating at 5007 lor five hows  Kven contimued heating fo1 12 hows at
350° did not produce any change m colour, and heating tor a suularly
long pertod even al 400°C showed only a 1ather meiprent coloui-change
As for the geneial change m colour, the {wo types, viz, the green
vartety and gieemsh-yellow vaiely behaved differently The green
variety showed a unilorm pale blue colour after it was heated while the
greemsh-yellow vautety assumed o pale duly blue colour The colour
change m the greemsh-yellow specimen was slower than m the gieen
specunen  The expenment to study change m colour on heating had to
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be conducted caucully 10 the specaimens wore wliostu o neddenly
mto the furnace which was alieady Do, or e tempertme ot i
furnace was 1ased suddenly, the specucres spltted ndve ndl paeces
makimg the observations ddicult U was therdoe we ey Fevp
the specimens 1 the lmnace lust and then crelually Bonae e
temperatme o the deswed poud  An exanunatvne ot the qecnnshe
yellow specumen under & nuctoscope tcheated that the vellow volome
was due to the presence of lerric oxule ma disperaed slade v as veny
{hin films m the body of the nuncral

Chemacal analysts —Fmely powdered samples ot these bervls
were subjected to chemical analyss, the method of proverhne beme oy
follows  Fusion with Na,CO, was carnied oul as wanal and ahioa dedes-
mmed with the usual precautions  The filtate atfor venmmnd ob s
was used for estimating aluminuwm, berviimum and woar by paeviputatuon
n the third group as hydioatdes  The precipidate was filtercd ol uud
washed well with ammonmum niltale solubion 1L was then vpated and
welghed as the mixed oxtdes  The hiltrate from the thud goup prea
pifation was tested for magnesium and calenun

The nuaed oxides of alummuum, berylhun wind o were bised
with Na,CO, and the cooled melt tahen up w ddute hivdvbbone aod
This acid solution was neatlv neubiabised with Na GO 10 s, o
sodium bicarbonate was then added il the solution hoded o @ unnute
oi two Then the solubion was cooled quekly aud the precygatated
ajummuum and wron hydroxides filtered oft and washed thice o tom
times widh hot 10 per cent. solution of sodwmn buarbomibe  The
precipitates of non and alummumn wete agam dissolved e by blorwe
acid and the precipiation by sodwm bicarbonate was 1epeated e

again  Lion was determmed m the preaptate and aluninn was oblamned
by ditference,

The jomt filtrates fiom the two precipdations were aerdified with
nifuic acid, and beryllium was precipitaled as hydionwde with antoni in
the presence of ammonium chlonde The beryllunn isdronsde thus

obtamned was washed well with o ditute solution of anmonnu & elate,
uited and weghed as BeQ,
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FeO was detetmumed m a sepatale sample by the hydroftuorc-
sulphuiic acid method  Rare earths were exammed for by precipitating
as oxalates alter fusmg the thud group mixed oxides with potasswm
bisulphate and taking the cooled melt i dilute sulphuric acid  The
alkali was deteimined by a Tawience Smuth fusion followed by a
coballimtite sepatation  As potassium was absent, the total alkah
chloride obtamned was taken to be sodum chloride

TapLE 1

The Chemucal composilion of samples of Beiyl per cent

Rich blue i Pale blue | Apple green Gwﬁmbh Ccl)lom~
Specunens |~ ——— - |- ] ETOW eSS
U] 1 i 2 l a |3 } 8¢ | 4 | 4a 5
S0 O 64 68 8y 66 ab 66 21 (6 48
AlO 17 57 17 66 18 47 18 31 18 62
BeO 12 0% 1274 12 29 12 26 12 A6
Fe O 12001 67 1091 200 0453175 078179 0 17
lreOQ 3O 027 0o e T o 190 0240 12 (VA
Nu O 0 638 042 0 29 O 26 (V1)
mo 82 074 0 88 0 89 1 h8
(g )} ]
Total 99 K9 99 86 100 071‘ 99 93 100 14
A B T A R §
Specihic ) 7192 2 7154 ) 7001 2 7088 2 6993
S.‘,'l.l\'lt) L .- L iide = (1Y & a0 o

Figuies under columns 1a, 2a, 3a and 4a reveal the amount of
& ) )

ferric and twious non n speamens 1, 2, 3 and 4 1espectively after
heating for 5 hows at a femperature of H00°C

None of the speamens contamed either TiO0, Cr,0, o1 MnO
Ca0), MgO, and 1are earths are nol picsent i any sigmficant quantity
It can be deduced theiefore, that non 15 almost entnely responsible {ot



the colowration of these bervly v wlace wb wndv oo N T oand 2
shows that the blue beryls are el m e O and b wacmmiced tha
the miensity of the blue colour was more o Iove preguational o the
e, content of the speamens  Amalvaes N 5 oand 1 B that
the green beryls are reh m FeO aned that the o €0 coabont o anadler
than m speaniens 1and 20 In speamens S Tl bty ol the
green colour appeared o be proporfonal to the ety content ob the
speamens,  The shghtly lager Fe O3 content o speomen Noo 4
perhaps due {o the alferation of the bersland vomseguent oaadation
of the fertous wron X1 mderesting Lo nofe that e cubondess beryl
No 5 contams only a very low percentane of won bubwwee ob waler
than the other four speamens  The composttion of thee colonrless
beryl agrees well with the formula 6(BeO [FeO Na Oy 200 Fet))
12810, 0 and » smndar {o the waler-clear bers] and wpnamarime
samples analysed by Jacob'  The other {our specnmons wlw are of
more or less the same  compostiion  corcesponcdiy o the  toumula
6(BeO FeQ Na,©) 2 (ALO, Fe,0)) 18810 HTO, bat the won content
vaues sigmficently

Analyses la, 2a, 3o and 4a give the ron content, both ferrous
and feirte, of the beiyls after heatmg for § hows af o800 C 0 Apabyses
la and 2¢ show that the state of oxidation s not allered very nnech by
heatmg and that only pat of the fenous mon o onadied o the b
slate,  On the other hand, analyses Sa and da show that 1 laree potton
of the ferrous won of the speamiens Nos, 3 and o converted mito
ferrie won This change takes place without fhe ¢ of won
from the crystal element as ferie oxide Fven witer heatme the uon

forins part of the orystal and 15 probably present we solild wodulion @
the case of the blue vaeties

I can therelore be concluded that the state of vadation of the
won w the beyl 1s responsible for the patbicular colousatun noted

The presence of ferric won causes both blue and vellow <olowrs while
{errous won causes the green colour

The exact mechamsm of the change of {erious won to ferew
state 15 1ather dufficul to visuahse, as it mvolves the oxidation of won
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mside the body of the ciystal The entry of oxygen from outside
appears to be mmprobable as the viystal packing would not allow 1t The
mechanism of oxidation of ferrous to [er1c non must be of mteinal otigin
and this 15 factddated by heating the ciystal

Susnmary —1.  Greemsh and greensh-yellow beryls ate com-
pletely converted mto blue modifications on heating them fo1 a perod
of & hows at H00°C

2 A complete chemucal analysis shows thal these beiyls hold
no colouring mateual except won and this 15 present either m the feruc
ot 1n the ferrous condilion

3 Il 15 [ound thal the intensily of colowm of these betyls 1s
proportional to iron content

4  Blue vanelies ate rich m ferric wron and the green varieties
are 1ich m [eiious non

5 Inthe green varictics most of the ferrous won 15 converled
mto the terue state on heating

6 The compostion of the colourless beryl corresponds {o the
formula 6(BeO Na,O IFeO) 2(Al0, Fe,O,) 12510, H,O, while the com-
postions of the blue and gireen vaucties agree with the formula
6(BeO Na.O FeO) 2(AL0, Fe,0)). 12510, 31LO

Ird

7 Ti1s concluded that the stale of oxidation of the non present

i the beryl iv tesponaible o1 the patticular colouration of the specimen

8§ IFeuic non causes both hlue and yellow colours w these
beryls, while [eirous non 1s 1esponsible for the production of green colour

9  The exact mechanism of the conversion ol colomt namely,
gieen 1o blue noticed on heating the spectmens, mvolving oxidation of
ferrous to feiirc non cannot be cleaily undersiood It 15 probably due
lo an ohscwe mieinal plicnomenon.

The author wishes to express his graleful thanks to Dr K R
Kisshnaswami, D se, ¥ 1¢, for his kind and helpful criticism duumg the
cowsce of this work
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