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ABSTRACT

Three species of beryl irradiated with y-rays of ®%Co
were studied by optical absorption. One became yellow and the
other two Maxixe's blue. The effects of heat treatments were de-
termined by the thermal isochronal decays of the optical absorption
bénds. Activation energies and frequency factor were obtainegd
through the first ordetr process kinetic model. Discussions lend
us to assign for the OV band-edge the model of absorption by a

2+

hole center stabilized by a Fe {substituting A£3+) ion in a

neighbour oxygen.

INTRODUCTION

The non-chromian beryl is found in nature in several
colours: colourless, yellow, green and blue. The colourless beryl
turns yellow, Maxixe's green and Maxixe's blue by °°Co y-rays
irradiation (Sinkankas, 1972)}. The yellow hue arises from the
UV band-edge. The Maxixe's blue is due to the absorptiqn .baﬁd
assigned to CO3 _radical {(Wood and Massau, 1968). The green is
a combination of the yellow and blue hues.

The UV band-edge shifts to shorter wavelengths on
heating. By the end of such treatment the beryl tﬁrns colouriess.

On heating between 100°C and 200°C the Maxixe's blue colour is

‘bleached leaving the sample yellow (Nassau et al., 1976).

It is our purpose to report the -isochronal decay de-
termined for yellow and Maxixe's blue colors induced in colour-

less beryl from Minas Gerais, Brazil, with y-rays of °'Co.

EXPERTMENTAL

We studied in this report three éamples'of lourless
beryl: A) colourless beryl obtained in the crystaline eyes from
great stones in beryl ore prospection; B) erystals with hexago-
nal morphology, with faces of about 1cm? of area and 5cm of
height; C)} morganite supplied by Halha Indistria e Comércio.

The thermal treatments were done in a FORLABC oven
with heating chamber of 10x12x 15 cm®. The stability of this
oven was improved to about + 2% by the intreduction of brick
materials and two mettalic plates. The samples were heated between

these plates. The thermalization curve for 40000, obtained in a




3.

1cm® sample, with a chromel-alumel thermccouple inside the sam-—

ple and- a. ECB XT recorder is sketched in figure 1. This shows

Insert Figure 1t

" that thé-théfmaliz&tidh time-ié lesser than 40 sgcbnds, and is
:veryﬁréﬁrqautible.

The sampléé were cut to obtain 5mm. thick plates with
a 0.012" thick low density diamond saw in a Isomet system from
Buehler énd“golished:uSing 180; 320; 400 and 600 abrasive papers,
conéedutiVély,'and'after we used alumina in a Minimet polishing
.system from Buehler.

Optical absorption spectra were obtained using a Carl
xZéiéé'DMR 21 spectrometer.

. The samples were irrédiatéd with ®°Co y-rays in the
source of the EMBRARAD 5/A at doses of about 4 MGy.

The iscchronal heat tréatment were done in the fol-
lowing way: the sample was treated in the oven by 10 minutes between
the metallic plates. After that the sample was. cooled between
two other metallic plates at room temperature and then the optical
absorption spectrum was obtained. The temperature was raised

sucessively from one treatment to another.

RESULTS

Sample A:- Irradiation induces yellow colour. In

figure 2 we show the absorption spectra obtained for a sample ir

Insert Figure 2
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radiated and then submitted to isochronal heat treatment. We see
a band around 12,000 ™ agd a w band—e@ge raising from 20,000 o . The
UV band-edge decays. on heating from 166°¢, The 12,000cm'1 band
increases on heating. from 246°C.

In figure 3 we show the isochronal growth of the

Insert Figure 3

1

12,000 cm = band and the isochronal decay of the UV band-edge.

We determined the UV band-edge decay through the decay of the
absorption at 25,000 cm”™'. The absorbances of both bands were.

normalized to the respective absorbances in the unheated samplé.

Sample B:- Irradiation induces a deep blue Maxixe's

type colour along the c-axis. In fiqure 4 we show the absorption.

Insert Figure 4

spectra cobtained for a sample irradiated and then submitted +to

isochronal heat treatment. We see a band around 12,000 em™* '

another around 14,000 cmt with fine structure and a UV band edge
raising from.22,0Q0 cm~t '

‘ In fiqure 4 we also show the result of the. isochronal
treatment in the optical. absorpticn in beryl B. The UV band-edge
decays revealing two bands, at 23,500 em™' and 27,000 aw . These
two bands appears to suffer neither irrédiation nor. ﬂﬁﬂmﬁl.efﬂaxsm.

The isochronal decay of the 14,000 cm~' band is shown

in figure 5. We see that a significative decay occurs at.150°c.

Insert Figure 5




.5,
Sample C:- Irradiation induces a deep blue colour.

In figure & we show the absorption spectra obtained for a sample

Insert Figure 6

irradiated -and then submitted tc isochronal heat traﬂmenﬁ.' Here

1

we notice the absence of the 12,000 cm™ , 23,500 ex *, 27,000 en™*

and the UV band-edge observed in samples A and B. We see a bénd_

1

at 14,000 cm” with hyperfine structure similar to that cbhserved

in sample B. A small band at 34,000-cm’1 was also induced.
The isochronal decay of the 14,000 cm~ " band is shown

in figure 7. ' The thermal treatment effect is similar to that

Insert Figure 7

observed in sample B.

DISCUSSION

The band at 12,000 em™'  is due to fE2+ in the crystal
sites (Edgar and Vance, 1977; Goldman et al., 1977; Samoilovich
et al., 1971; Wood and Nassau, 1968} and in the structural channels
of beryl (Blak et al., 1982a)}. The isochronal growth of this band
in yelilow beryl (beryl A} is shown in figure 3. In colourless and
‘pink beryl Blak et al. {(1982a) showed that the kinetics of the
growth of the 12,000 oem™' band does not obeys simple first order
kinetic process between 200%c and.4000C. As no theoretical ex-
pression for this kinetics were proposed we are not able to fit

the isochronal curves obtained for the Fez+ absorpticn.

.6.

The band at 14,000 em™' is due to CO7 (Nassau et al.,
1976; Edgar and Vance, 1977). The structure of this band.is due
to the electron-vibration interaction. The isochronal decay is
shown in figures 5 and 7, respectively, for beryl B and C. Here
we énalysed this kinetics through the first order process kinetic

model (Curie, 1963):

dn

Frliali 6°i1exp( - AE/kT) ’

where n is the number of O3, Ao the E£requency factor, AE
the activation energy, k the Beltzmann constant and T the ab-

solute temperature. The solution of this equation is:

n =n, __ex'pféo't.exp(—.ﬁE/kT)] ‘.
where t. is the heétiﬁg'time andj'no the initial number of co; .
The intensity of;abéofptioﬁ,'i,' is propbrtional to the number
of €03, so Ish-.- .

The parameter 5, and AE where obtained by fitting

" the function:

enlen(r,_ /1] = fns, = GAE/KI(I/T) .

The activation energy for both beryl B and € were
found to be the same and of about 1*ev of magnitude. The fre-

quency factors were different, of the order:

-1

bervi B ., 4 =_28‘3-><_10s seq . ,

20.4.% 10° seg”' .

[}

beryl C , 46

The solid lines in figures 5 and 7 were evaluated using the above

determined parameters.
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In beryl B we found Fe as impurity, as shown in

figure-4. On the other hand the beryl €' contains negligible quan-

2+

tities of -Fe as shown by the lack of Fe absorption in figure

6. - In heryl -C the alkalides are the principal impurity (Blak. et

+.1982b} .. In this way we~concludeuthat the activation energy

of Cco5. is impurity independent. On the other hand the frequency
factor. is semsitive to impurities. = h |

. The process of inducing?yellow-colour by irradiatien
of colourless beryl and then bleaching the—colour_by heating is
cyclic. The colouxr appear mainly due to. the increasing the UV
b band-edge by irradiation and.disappear-by'the bleachino of this
and. . 8¢, the UV band—edge must he assoc1ated to deffects in

crystal which cah be filled and bleached.

In sample B the 12 000 em -t and the o band -edge

appears while in sample C both bands are absent. So, the defﬂxt

aSSOClated,tO the UV band-edge must be correlated to 'tbe Fe

3+

-edge: to valence changes in F' The channel's ¥e * ion is nibced

into’ Fe2+ on heating. If the UV band—edge is due to channel’ sd

3+ 2

Fe “its kinetics must be correlated to that of re<t. However.

in figure 3 we show that the- klnetics of }E‘ez+ absorption band

(12,000 cm~ 'y and of UV band- edge are not correlated. Alsa, . the.

substitutional Fe3+ is not: affected on heating.

The isochronal decay of,the.UV-band-edge was fit using_'

the first order process kinetic model,-qiﬁing on activation energy

©f 0.16 ev and frequency factor 6.8 107° seg™' . These values are

different of those obtained for §e2+ absorption gnmﬂﬁ,in.beryl'

(Blak et al., 1982a}.

From the above considerations we drop the hypothesis

Let us_examine_the posﬁibility.of assign the GV band\

The substitution ocf 8i by &

.8.

that the cclour changes_in colourless heryl are associated with
the process of valence changes in Fe.

Let us examine the pessibility of assign the UV band
-edge to the electron centers. These centers can be trapped in
oxygens neighbour to Fe in such a site which it will be a posi
tive charge deffect in the crystal. This is the case of Fe ions
in the structural channels because in these sites Eeris not.boﬁded

to the neighbour oxygens. These oxygens ions are 02" with all

2p orkitals ocecupied by electrons. So, electrons trapped in these

oxygens must occupy 3s.orbital. This will give a very shallow
trap. Usually, electron.centers trapped in these .oxygens are
unstable at room temperature (Maxrfunin, 1979).

. .The hole‘trapped in oxygen of the lattice, i.e., 0,
is characterized by the absenseg ofl one Zo electron. In this
caee_the hole center_will be deeper_trappedr Hole centers in
irradiated silicate crystals are usually stable at temperatures
higher than 100°C and are responsablerby the darkening. For exam-—

ple, in gquartz, a hole is trapped in oxygen neighbour to A£3+
4+ £3+ introduces a negative charge
deffect in the 1attioe, which allows the capture of a hole.

The most common substitutional site of Fe in beryl

crystal is A£3+.._The substitution of Fe3+ in the A£3+ site

does not constitute a charge deffect. On - the other hand the

24 L : L .
* in the A£3+ site gives a negative charge. -

substitution of Fe
deffect in.the lattice.

From the above considerations we propose. that irra-
diation of beryl produces Fe2+-0" centers. The UV band-edge is
due to.the absorption by boles trapped in oxygens, i.e., by the
0~ icns, which are stabilized by neighbour negative charge deffects

in the lattice due to the substitution of _A£3+ by Fe2+

.
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FIGURE CAPTIONS

Figure: 1 — Thermalization curve of beryl.’
Figure 2 - Optical absorption spectra of beryl A.

Figure 3'— Isochronal growth:’ of_iﬂ'te"-hand at 12,000 em™ ™ (@) and
isochronal decdy (A ) of the UV band-edge at 25,000 cm
in beryl A. - The- s_b;lid-?.-lq'.n'e were' evaluated:  using the
-first’ order-kinetic: mod_.éi—'withi activation energy 0.167 ev

and . fregquency factor 6.8 _'lCi—3 seg—1 .

Figure 4 - Optical _ab_So_rptioﬂ sg._ed.tra_ of _)::_eryl_.B__,'

E':L-g_.ure" 5~ Isochronak decay of thé:band at 14,600 em™' of beryl
' B (@) . The solid line were evaluated using the first:
" order.kinetic model with activation energy 1ev' and.

frequency: fa_étot-: 28,30 10% deq™ V.

Figure. 6 - _optit:a-l: absorption- spectra of beryl C.

Fig)._uig 7 _—'Isoch__rpnal decay: Qf_'--ﬁ thé‘-band at 14,000 em™ ! of beryi.
RN 3

Thie: 3;_s'c>_'i'id-;lj.}né_v}n‘é:‘:e'§' evaluated using the first
©.order’ kinetic model with activation energy 1 ev™ and

frequency factor ©20.4- 10% seg™ |’
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