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Abstract

This study focused on the investigation the basic physical data of beryl, consisting of reflective index, specific gravity
and chemical composition. Additionally, also study focused on the induced radioactivity after enrichment by electrons
beam of 60,000 kGy irradiating seven beryl samples. All samples show the refractive indices and the specific
gravity values between 1.571-1.589, and 2.72-2.91, respectively. The result of WDXRF showed that the most common
compositions in beryl were AI203, SiOZ, CsZO, RbZO, Fe203, Cl, NaZO, CaO and ZnO. The chemical element analysis
by using gamma-ray measurement found that the samples beryl consisted of radioactive nuclei, eg. Cs-132, Cs-134,
Mn-54, Rb-84 and Na-22. The results of radioactive decay rate in 140 days were 1.03, 1.79, 1.91, 1.70, 1.50, 1.12
and 1.69 nCi/g on 7 beryl samples, respectively. The total radiation activity decreases 99.85% that met the standard

value for export of gems. So, all beryl samples were in suitable safety level for jewelry collectors.
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Table1 The refractive index of beryl samples

reflective index mean
1 1.579-1.589 1.584
2 1.578-1.583 1.580
3 1.577-1.581 1.579
4 1.571-1.584 1.577
5 1.573-1.584 1.578
6 1.582-1.587 1.584
7 1.578-1.589 1.583
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Table 2  The specific gravity of beryl samples

Beryl weight weight specific
Samples in air in water gravity

1 0.079 0.052 2.91

2 0.088 0.057 2.83

3 0.03 0.019 2.72

4 0.088 0.057 2.84

5 0.088 0.057 2.83

6 0.047 0.03 2.76

7 0.049 0.031 2.72
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Figure 1 (a) beryl before irradiation (b) beryl after irradiation
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Table 3 ~WDXRF analysis of beryl samples in comparison with reference 1 and 2. Data are given in wt% and nd

means not detection.

beryl samples Ref. 1 Ref. 2

(Yellow Beryl) (Clear beryl)

1 2 3 4 5 6 7

AI203 17.35 16.97 17.33 17.28 19.33 15.79 15.53 20.89 18.91
BeO nd nd nd nd nd nd nd 12.49 12.83
SiO2 66.69 67.08 56.52 56.33 44.44 62.09 54.88 63.66 64.76
CsZO 12.78 14.26 23.38 2424 nd 19.1 26.91 - -
PZO5 1.27 0.97 nd nd nd 1.2 0.98 - -
KZO 0.09 0.07 0.17 nd 3.16 0.06 0.06 0.05 0.23
CaO 0.31 0.26 nd nd 15.88 0.34 0.28 - -
FeZO3 0.18 0.17 0.22 nd 0.42 0.21 0.26 0.83 -
RbZO 0.17 0.16 0.25 0.22 nd 0.21 0.24 - -
NaZO 0.75 nd 1.29 1.47 8.35 0.59 nd 0.24 1.23
ZnO 0.03 0.02 nd 0.06 nd 0.04 0.04 - -
MnO nd 0.03 nd nd nd nd nd 0.01 -
MgO nd nd nd nd nd nd nd 0.01 -

CuO nd nd nd nd 0.03 0.02 0.02 - -
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Table 3

means not detection. (Continuous)

J Sci Technol MSU

WDXRF analysis of beryl samples in comparison with reference 1 and 2. Data are given in wt% and nd

beryl samples

Ref. 1 Ref. 2
1 2 3 4 5 6 7 (Yellow Beryl) (Clear beryl)
Gao, nd 0.01 nd nd nd 0.01 0.01 - -
La203 nd nd 0.42 nd nd nd nd - 0.14

SO3 0.13 nd nd nd 1.21 0.2 0.12 - -
Cl 0.24 nd nd nd 6.76 0.14 0.08 - -
NiO nd nd nd 0.03 nd 0.01 nd - -
SrO nd nd nd nd 0.14 nd nd - -
BrOZ nd nd nd nd 0.08 nd nd - -

Total 99.99 100.00 99.58 99.63 99.80 100.01 99.41 98.18 98.10
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Table 4

Radioactivity in improved beryl by electron irradiation

The radioactive decay rate after 140 days of electron irradiating.

125

beryl samples

1 2 3 4 5 6 7

Isotope  T1/2 (d) En (keV) Activity (nCi/g.)
Cs-132 6.48 667.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cs-134  751.90 795.85 0.83 1.50 1.61 1.38 1.07 0.87 1.34
Mn-54 312.12 834.84 - - 0.00 0.00 - - 0.06
Rb-84 32.82 881.60 0.00 0.12 0.00 0.00 0.00 0.00 0.00
Na-22 949.00 1274.53 0.20 0.18 0.29 0.32 0.42 0.25 0.29

1.03 1.79 1.91 1.70 1.50 1.12 1.69
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