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REZUMO

Foram determinados as concentragGes de Fe, Mn, Cr
e V em amostras de berilo, topazio, turmalina e espoduménico a-
través da medida de linhas de. fluorescéncia de primeira ordem K,
As intensidades destas linhas foraﬁ calibradas usandc. ¢ berilao
como matriz padrac. As matrizes foram preparadas na forma de
pastilhas.com mistura de berilo e Jcido borico na proporgac  de

4:1, e onde foram adicionados Oxidos de metais de transigao.

1. INTRODUCTION

Tt is the purpose of the present paper to report
the results of a quantitative analysis of Fe, Mn, Cr and V in
beryl, topaz, tourmaline and spodumene using x—-Ray fluocrescence
spectroscopy. Beryl (Dana and Hurlbut, 1969}, Be; Aiz[}is Olﬂ,
is hexagonal with density 2.66-~2.92. Topaz (Dana and Hurlbut,
1969), AZ, {OH,F},[Si 04] is orthorhombic with density 3.49-3.57.
Tourmaline (Dana and Hurlbut, 1969}, Na(Mg,Fe,Mn,li,Af); dls E:Sis O[e]
(BO3) s (OH,F), , is trigonal with density 3.03-32.15. Spodumene
(Dana and Hurlbut, 1969), Li Af[si Objz., is monoclinic with den
sity 3.03-3.22.

The fluorescent radiation depends on four groups
of experimental factors (Miller, 1972, Xalman and Heller, 1%962;
Rose et al., 1963; Hooper, 1964) that must ke considered in a
quantitative analysis: (i) absorption by the sample; (ii) en-
hancement by the sample; (iii) inhomogeneities in the sample;
(iv) instrumental instabilities.

The concentration, Cx of the element X , to be
analysed are in general lower than several parts per thousand.
Under this condition enhancement effects by the sample can be
neglected.

The intensity of the fluorescent radiation, Ix ’
of the element X diluted in the matrix M is given by (Kal-

man and Heller, 1962; Sherman, 1955).

. g- Axmxcxux(l)mo(k)dk
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where

.q = fraction of the fluorescent radiation passing through the

colimator:;
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w ‘= is related to the fluorescence yield;

No{l) = iﬁtensity of exciting beam at wavelength A ,

ux{A) = coefficient of absorption at wavelength X of the ele-
ment X ,

Uy (A = [u, (M) /sine + u (X )/sind] , coefficient of absorption at

wavelength * of the matrix M ,

o] = angle of incidence of the exciting beam,

yr = angle of measurement of the fluorescent radiation,
Ao. = wavelength of the fluorescent radiation,

Ac = gritical absorétion wavelength of element X,

Ax = shortest wavelength contributing to exciting beam.

In the derivation of this equation perfect homogeneity of the
'sample was assumed, and small concentration of X.

In a first order appreoximation, by considering that

Uy

ton and Allison, 1935):

varies slowly in the interval [ LA 1 , was obtained (Comp
o X_k

whera

% = wavelength in the interval [A_,A ]

The determination of k  and uy (A is very com
plex, thus the use of standard MD- is very popular. If the mea

surement are done at the same experimental conditions we have:

where Ix s the fluorescent intensity of the element X at a

concentration Cx in the matrix M_ . From the universal ab-

P
sorption curve of J0nsson, we have the relation (Compton and ARY}i

i

son, 1935):
Zp+l AP

where p decreases with the increasing of 2ZA . The variation

of p from 2ZA=5 to ZA=60 is smaller than 10%. Since the

composition and density of our samples are similar WJXLMM ﬁﬁ)
may be regarded as constant, provided that MP is a silicate.

Here we choose beryl for the preparation of standards, assuming

uM(X)/UM (Xb)" 1.

° The size of the particles contributes to the fluo-
rescent intensity, and in general the fluorescent intensity in-
creases with diminishing the grain size. Even a long grinding
period does not eliminate completely size effects. However, the
powder method continues as one of the more popular method of sam
ple preparation, because the size effects can be reduced to sane

extent. Here we use the powder method, grinding the sémple at

the same conditicons and time.

2. METHODOLOGY

a} Equipments

Preliminary analysis of rough samples ‘were done

at the Instituto de Quimica da Universidade de S3o Paulo. A Philips




X-Ray spectrometer was used with the following characteristics:
generator, scintillation detector of Nal (TL),crystal analyser
LiF (200), Flat-Bed recorder, tungsten tube and operated with
30.KV and 20 mA electrom beam.

The quantitative analysis was done at the Labora

toric. de Espectrometria da Area de Processos Especiais of the:

' Instituto de Pesguisas Energéticas e Nucleares de S3c Paulo. A
RIGAKU-DENKI - X-Ray spectrometer was used, with the following
characteristics: Geigerflex generator, crystal analyser LiF (200},

scintillation detector Nai (T{). The experimental conditions

Of measurenents. are given. in Table I. Measurements were done .

after stabilization. of 1 hour to prevent equipment instability
errors. - The sampie holder for six pellets enables simultaneous
measurements of Five pellets and one as equipment standard.iAll
measurements were normalized to tﬁis equipnment standard. elimi-
nacing instrumental fluCEQations from one series of méasuﬂmmnts
to another.

The.samples were powdered with a majunﬁgalgrhtbr
SPEX Mixer-Mill with cylinders and spheres of tungsten for fif-
teen minutes. The powder pressed at 4 ton/cm? in HERZOG HTP-40
hydraulic press gives pellets of 25 mn diameter, 1.5 mm  thick-

ness and 1.5 g weight.

b} Sample Prepatation

The rough samples were washed and treated in sul
fuchromic acid for 10 winutes, eliminating metalic oxides .in the
surface of the samples.

The pellets prepared with powdered samples only,

crack easily. The hardness of the pellets was improved by add—

ing boric acid.

.8.

The lowest content of the boric acid +to obtain
hard enough pellets was about 25% in weight. In this way all
pellets were prepared with a mixture of the sample -and boric
acid at 4:1 proportion.

Two kinds of standard pellets were prepared with
beryl matriz, one for high concentrations of the Fe and low con-
centrations of Mn, Cr and V, with Anagdés green beryl, and the
other for low concentratiﬁn of Fe with .colorless beryl. The
substances containing thé'metals were added in form of oxides.
Due to small sizes.of oxides, we assume that the distribution of
the metals in the péllets are almost the same as of uniform dis
tribution, that is, reabsorption of fluorescent radiatibn_ with

small grains of the oxides are negligible.

3. RESULTS

in Tables II and III we give intensities of K,
fluorescence, already subtracted from back-ground. radiation in-
tensity, and the concentrations of added metals. The fhxmesxmoé

intensity and concentration are correlated by a linear function:
Y = -ax + b.

where vy }s the intensity of fluorescence, x is the concen-
tration, a and b constants. These constants are shown in Ta
ble IV, together with the errors in a(5a).and in b(&b) .

The constant b ié due to the presence of metals
in the maﬁrices. By extrapolaticn to x=0 , we obtaiﬂed the

following initial concentrations, ¥,



&E]O : 170 ppm in colerless beryl,
EFe]O : 5200 ppm  in green beryl,
[ﬁn]a : 80 ppm  in green beryl,
&Iﬂ : 760 ppm in green beryl,

vl : 85 ppm  in green beryl.

The errors in y are almost given by &b, because
dax << éb., (see Tables II, IIT and IV).

The values of the concentrations of Fe, Cr, Ma
anrd V in beryl, topaz, spodumene and tourmaline are given in

Tables Vv, VI, VII and VIII.

4., DISCUSSION

In Table V we show the concentration of metal im
purities in several samples of beryl. Looking only for ecolor-
less, green, blue and vellow beryl we see that largest concen-
tration of ¥ and Mn occur in colorless beryl. So, concen-
trations ¢f Mn and V smaller than 100 ppm do not produce
color in beryl. 1In the all samples, the concentrations of Cr
is of the same order, showing that concentrations smaller than
100 ppm give no contribution for color in beryl. About concen
trations of Fe , we note that green beiyl have tonality stronger
tﬁan 6f the blue. On the other hand Fe concentration in blue
and coiorless bervl are of the same order. Theée observations
reinfeorce the suggestion (Blak, 1981) that the color depends on
the site of Fe 1in the crystai. The Anagés and Carnaiba beryl

are classified as emeralds due to the high contents of Cr. In
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these samples we observe also a high concentration of Fe. So we
suggest that the color in these emeralds is due to the combina-
tion of absorption bands of Cr . and Fe.

In Table VI we show the impurity concentrations
determined in samples of topaz. The colors brown and green were

produced in colorless topaz by Co 60 y-radiation. The biue re

sults from heating at 200°¢C the irradiated samples. There is no

correlation between type of color and concentration of Fe, Mn
and . Cr . A possible relation between iron concentration [Fe] ,
and color intensity is in brown topaz. The [Fe] and brown color
intensity in topaz B are larger than in topaz & .

In Table VII we show the impurity concentrations
determined in samples of spodumene. The Cr concentration in
the present samples are too low to contribute for aﬂbnmjon. In
the samples lylac and colorless A spodumene the relation between
the concentrations [Mn]/[Fe] are respectively 3 and 6. These
samples when irradiated with ionizing radiation turn green, and
lylac by heating at 200°%c. The phosphorescence was observed to
be strong. The B, ¢ and D samples of spoduwene show [Mn]/[Fe]
relavion of about 1. When irradiated they turn green but on
heating at 200°¢C turn colorless or low lylac. The phosphorescence
was observed to be low. The green spodumene does not change co
lor with irradiation nor show phosphorescence. The present ob-
servations {Tto, 1981; Fujii, 198l) reinforce the swmmstkﬁ that

larger relation [Mn]/[Fe] favours the lylac color and phospho-

rescence. The low phosphorescence with increasing of [Fe] is

expected because this ion can be a phosphorescence killer. We

suggest, also, that the Fe3+ ion occupies sites of charge 3+

3+

in competition with Mn ; causing dimirishing of 1lylac color

with diminishing [Mn]/[?ej relation.
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In Table VIII we show impurity concentration de-
termined in tourmaline. The concentrations of Cr are tco low
to contribute for ceoloration. In the varieties of pink tourma-

line we observe a high concentration of Mn and low concentra-

tions of EFe} with [Mn]/[Fe] - 30 . iIn green tourmaline we..

have {Mn}/{Fe] ~ 1 and in dark blue [Mn]/[Fe] - 1/20 . From

: +
these observations we assign the pink color to the Mn3 . When

the concentrations of Fe increases the color goes from . green
to dark blue, indicating an inhibition of the pink color,. by a

mechanism-similar co that observed. in spodumene.
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TABLE I - Operatlon Conditions of the X4Ray Spectrometer

Characteristic Angular
Radiation Excitation Peak Background
Fe(a) K ., n=l 20ma ; 30KV 57,54% 56.54° and 54,54°
(o]
A= 1.936A
Fe(B) X, n=l 410mA ; 40KV 57.54° 56.54° and 58,54°
A = 1.9368
Mn K, » n=l 50mA ; 40KV 63.00° 62.00° and 64.00°
A = 2.1023
cr K, . n=l 50ma ; 40KV 69.37° 58.37° and 70.37°
[a]
A = 2.289A
v K, » n=1 50ma ; 30KV 77.97° 76.97° and 78.97°
Q
A o= 2.503A
Observations: Fe, Mn and Cr: Tungsten tube; V: Silver tube.

Counting time: Fe(B) and Cr: 20 seconds; -Mn: 40 seconds; V: 200 seconds; Fe(d): 10

seconds.

TABLE II - Fluorescent Intensities and added concentrations of metal oxides in green beryl.

Fe {A) Cr Mn v
Pelleté

[Fe] Count Vﬁxﬂ Count Dﬂﬂ Count ﬁﬂ Count

{ppm) (ppm) {ppm) {ppm)
B, - 46374 - 12558 - 6394 - 1070
B2 - 46509 - 12560 - 4173 - 1030
P, 205 43136 46 12536 49 13227 121 2381
P, 158 43026 47 12389 57 8874 246 384f
Pj 839 51895 82 13352 86 15853 366 5332
e, 839 49929 18 13094 79 13823 486 6838
P, 2463 69186 163 15045 163 23618 - -
B, - 3894 85169 47¢9 19052 249, 25412 - -
P, 9105 136728 813 25037 572 57417 - . -
Py 16052 195696 1606 37423 121% 112937 - -
P, 32672 326152 2421 50413 1644 143365 - -
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TABLE IV - Constants a and b _of the calibration curve.

b
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0.003

0.012

Mn

5
20

85
170

0.003
0.0005

0.084
¢.0145

.Fe(B)

Colorless

Befyl




TABLE VI - Concentrations of Fe, Mn, Cr and V in Topaz"

Fe) [cr] fn]
Sample Count . Count . Count >
- (ppm) (ppm} (ppm)
Colorless 13935 200 1345 90 4788 690
Brown A 15864 230 1313 100 4818 60
| Brown B 95148 1380 1551 100 4554 60 TABLE VIIT - Concentrations of Fe, Mn, Cr and V in Tourmaline®**
Green 8597 130 1540 100 4744 50
(Fe] fec] fan]
Sample Count Count Count
Biue 3 19920 290 1570 100 4873 60 (ppm) {(ppm) (ppm)
Bilue B 26428 380 1461 90 4689 60
. - *
Imperial 69558 970 2501 160 5984 70 Rose A 16932 250 1589 100 724538 8650
* c50
*Errors assumed to be &b of table IV: V was not detected. Rose B 26599 386 1594 100 920995 1103
Rose C 48269%* 700 1643 100 979359 11750
TABLE VIT - Concentrations of Fe, Mn, Cr aﬁd V in Spodumene* Green GE550%* 7450 1667 110 766295 9200
I Morl *k 2160
sample count Fe] count  wc¥] count  Mn] Dark Blue 393360 44056 1641 L00 180148
(ppm) {ppm) (ppm}
*  Count Condition B.
Lylac 16369 249 1708 110 60965 730
‘ **  Count Condition A.
Colorless A 9893 140 1450 o0 51630 620 *** Errors assumed to be b of table IV; V was not detected.
Colorless B 45372 660 1547 100 44304 530
Colorless C 17352 250 1537 100 23146 280
Colorless D 32852 480 1548 100 27926 340
Green 117699 1710 2464 160 45219 540

*Errors assumed to be &b of table 1V; V was not detected.




