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treatment method
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Abstract The color enhancement for natural Zambian amethyst of low quality was carried out by the hydrothermal
treatment method. The hydrothermal treatment conditions were as follows: reaction temperature; 300°C, duration; 30 hrs,
filling; 40 %5, solvent; 6 M-HCI solution. The reddish purple amethyst of high quality was obtained under these conditions.
From the result of ICP/AES, it was known that color enhancement was affected by a Fe elemental content to exist in the
inside of natural Zambian amethyst. Also, from the result of UV-VIS-NIR, it was shown that the absorption peak at
550 nm after hydrothermal treatment is slightly lower than those of non-treated natural Zambian amethyst. In this study, it
was known that hydrothermal treatment method was a way to suitable for increase of commercial value of natural Zambian
amethyst.
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Fig. 1. Photograph of natural Zambian amethyst of low guality.

Fig. 2. A schematic diagram of apparatus used for hydro-

thermal treatment of natural Zambian amethyst. (a) insulator,

(b) electric heather, (¢} furnace, {d) autoclave, (e) suscepter,
(f) motor.
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Fig. 3. Ordinary color grading of amethyst by the saturation and tone. (a) very light purplish hue, (b) light purplish hue, (c) medium
purplish hue, (d) medium dark purplish hue, (e) dark purplish hue, (f) very dark purplish hue.

Table 1
The results of hydrothermal treatment for natural Zambian
amethyst

Hydrothermal  Temperature During Filling Effect of
solvent (°C) (hrs) %) solvent
HCI1 200 8 40 No
HCl] 250 15 40 Slight
HCl1 300 30 40 Good
H,0 200 8 40 No
H,0 250 15 40 No
H,0 300 30 40 No
NaOH 200 8 40 No
NaOH 250 15 40 No
NaOH 300 30 40 No
KOH 200 8 40 No
KOH 250 15 40 No
KOH 300 30 40 No
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Fig. 4. Photographs of natural Zambian amethyst obtained by
hydrothermal treatment. (a) non-treated natural Zambian ame-
thyst, (b) natural Zambian amethyst treated hydrothermally at
200°C for 8hrs in HCI, (¢) natural Zambian amethyst treated
hydrothermally at 250°C for 15 hrs in HCL, (d) natural Zam-
bian amethyst treated hydrothermally at 300°C for 30 hrs in HCL
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Fig. 5. Photographs of natural Zambian amethyst obtained by
hydrothermal treatment. (a) non-treated natural Zambian ame-
thyst, (b) natural Zambian amethyst treated hydrothermally at
300°C for 30 hrs in H,0, (¢) natural Zambian amethyst treated
hydrothermally at 300°C for 30 hrs in NaOH, (d) natural Zam-
bian amethyst treated hydrothermally at 300°C for 30 hrs in KOH.
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Fig. 6. The result of optical curves for natural Zambian ame-

thyst. (a) non-treated natural Zambian amethyst, (b) natural

Zambian amethyst treated hydrothermally at 300°C for 30 hrs in
HCL
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Table 2
The result of ICP/AES analysis for natural Zambian amethyst

Wavelength Concentration (ppm)

Element

(nm) Non-treatment  Hydrothermol treatment
Fe 238.204 4.512 2327 (about 48 % | )
Mg 279.553 0.145 0.126
Ca 393.366 5.134 3.887
Cu 324754 0.011 0.009
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Fig. 7. X-ray patterns of natural Zambian amethyst. (a) non-
treated natural Zambian amethyst, (b) natural Zambian ame-
thyst treated hydrothermally at 300°C for 30 hrs in HCI.
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