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Table 1 Types and characteristics of radiation sources
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Fig. 1 Color center formation, absorption of light energy
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and creation of color (from reference| 9])
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Table 2 Nature of rays and Particles used for gem irradiation( from reference[ 2])
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Table 3 Comparison of colors between treated and untreated tourmalines
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Table 4 Comparison of EPMA results between treated and untreated tourmalines (wt%)

B&S | SiO; | TiO;, | ALOs | CrOy | FeO | MnO | MgO | CaO | CoO | NiO | K;0 | NayO | PO, l_‘u{)iﬁl
Y-A-439.35/0.02 | 39.10 | 0.21 | 0.58 | 1.86 | 0.00 [ 0.44 | 0.00 | 0.00 [ 0.03 | 1.59 [ 0.17 | 0.00 |83.35

RY-A-4"|38.78(0.06 | 38.93 | 0.00 | 0.85(1.64 |0.000.63]|0.25]0.00 0.0111.35|0.090.00 {82.57

Y-A-8139.5210.10 [ 39.28 | 0.00 |3.401.75|0.000.25|0.00|0.37)0.07 | 2.04
RY-A-8(37.12|0.18 | 36.27 | 0.00 |3.89 | 1.68 0.000.05]0.00 | 0.00 | 0.06 | 2.37
Y-A-11{38.14{0.02 | 37.13 | 0.00 | 2.07{2.41|0.00/0.33|0.00|0.25|0.00]2.78
RY-A-11{36.48| 0.00 | 35.05 | 0.15 | 1.84 | 2.550.00|0.37|0.00 | 0.00 | 0.00 | 2.26
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Y-W-5|41.66]0.04 | 43.63 | 0.00 |0.00}0.10 | 0.00 [ 0.81 | 0.13 | 0.00 | 0.00 | 1.60 | 0.42 | v.23 |B8.62

RY-W-8|39.1410.12 | 41.84 | 0.08 | 0.02|0.00 | 0.00|0.72|0.00|0.31}0.061.23
B-X-2139.56{0.01 | 41.54 | 0.00 [ 0.0010.40 {0.00 | 0.68 [0.00 | 0.06|0.08}1.18
RB-X-239.76/0.00 | 41.93 | 0.00 | 0.00|0.98 [ 0.00 | 0.85 0.00 | 0.31]0.06|1.43
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Table 5 Comparison of cell dimensions between treated and untrreated tourmalines

B Y- A- 4 Y- A- 12 B- X- 3 Y- W-9
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P s
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Table 6 Comparison of hardness between treated and untreated tourmalines
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A T 724\
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H c [ T224 | 7.224 7. 344 7. 644 7. 644

WAL 2 S OPTHOLOV- 2 POHBK S00EG W4 BE b HA0 % iR

BRIRLILE: P EBTAE (50 RAEBOREE S RS 8

R RANIERRAT R R L

Table 7 Comparison of reflection indices between treated and untreated tourmalines
il Y- A-4 | Y-A-8 Y- A- I1|Y-A-12|{Y- W-8|Y-W-9| B- X-2|B-X-3
y w 1. 639 1. 640 1. 640 1.638 1. 638 1.638 1. 638 1.638
Ik PR
€ 1. 620 1. 620 1.618 1. 620 1. 620 1.618 1. 620 1.621
" w 1. 640 1.638 1. 641 1. 640 1. 638 1. 640 1. 640 1.638
MG
€ 1.618 1. 620 1. 620 1. 620 1. 620 1. 620 1. 620 1. 620
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W e g A A7 h MR A (AR Bk gk R
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Talbe 8 Comparison of densities between treated and untreated tourmalines
FEdhS | Y=A-4| Y-A-8 | Y-A-1]1 | Y-A-12 | Y-W-8 | Y-W-9 B- X- 2 B- X- 3
AEPEGT | 3,052 3.071 3.086 3. 054 3. 148 2. 850 3.045 3.030
WES | 3.041 3. 136 3.075 3. 080 3.064 3. 040 3.069 3. 059
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The Effects of Irradiation on Some Physical
Properties of Tourmaline

Wu Ruihua Lin Shanyuan Bai Feng Zhang Shengjun

( Gemmological School of China University of Geosciences, Beijing 100083)
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Abstract

Tourmaline is a kind of gem material with complex structure, composition and isomor-
phous substitution, which resuslt in diverse types and colors of this gem. Irradiation is fairly
important among the color enhancement methods of tourmaline, whose composition almost cov-
ers the whole periodic table. This paper deals with the tourmalines irradiated by 12 MeV high
energy electrons. Tests on some physical properites of both untreated and treated samples were
made. As a result, the authors have found that irradiation of high energy particles can cause
some changes of physical propertics of this gem, such as density, cell dimensions and color.
One of the causes of color change is that irradiation creates and removes some crystal defects
called color centers. There are two kinds of color centers, namely the electron center and the
vacancy center. The actions of particles or rays on ions of Mn, Fe, Ti, Cu, Al, Siand O in
OH may be probably the cause for the deep hue of some irradiatied samples. Irradiation may al-
ter the ion valence state and its position, and hence create the color center. Irradiation also re-
duces the total element composition of the gem and raises its hardness. Navertheless, it only
causes negligible changes on reflection indieces, and the changes of cell dimensions vary with

treated colors.
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