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

Key words Natural Zambian amethyst, Hydrothermal treatment, Color enhancement

������ ��	 
��
 �� ���� ����

���
†
� ���

����� ��� ��	�
, ��, 520-714

(2004
 3� 30� ��)
(2004
 4� 9� ����)

� � ������ ��	
 ��
� ���� �� ���� �� ��� �	��. ���� ��  �!" #�.
$, ���% 6 M-HCl, &'() 300oC, &'*+ 30*+, ,-. 40 %�/�. �0 #  ��12 3�4 5��� ���
� 678�. ICP/AES 9":;< � =�  ���� ���� >;1 ?@	A Fe BC� DE� F=� GHA I�
JK�. LM UV-VIS-NIR NO9" ��P ���� ��" �QR 550 nm S�TUV W�X� Y � Z/�. [ �\�
9"A ����V ���� ���� �]5^ VH _V1 Z72 5`M a��/�.

1. � �

�� ���� ���	
� �
��� ������

����� ���
 ��� ���� ��   �! "

� ��� #$ �� %� %&'( )*+� ,-  

./0 1$23, 045 ��6� �7� 895 :;

<=%> ?8. ��� ,-@�(, A: BC5 D��

(rock crystal)E �: F( G�:� ���(amethyst)�

�HI JK: F( L�:; <=%( ���(smoky

quartz), M: F( MK:� M��(citrine)E N0 O4

P2 ,-� Q:�� 60 R8[1-3]. 045 �� S�

� TU, ���� ���� VW�( XY+S Z+>

[$:; <=%( Q:��\@ ]^/0 P� _� [

`S� �<03, � :� ab8cE de�\@ ��

O Q:�� Pfg �2�P P� h8. �4< ���

� Xi'( ���� jk :l, mnoE �p� qr

s� Rt� ��` �u@v [`\@ wx�
� HG

y5 jkP uHz03, TU [`\@ 	x0 P{5

9r� ��X ���� |}a, ~$r, 4�a, �p�

�, 5� " �H �P��� Xi'� R\< �K�l

0 �#�� R( ��08. #$�, ���� :l ��

��[4]; 0x�O ��p� �w� �w� �5 :l

�� "0 ��'� R8[4, 5]. �, ���� ���E

N� �w�; �w��> 's �:S�(color center)

0 ��'t �:; ���� O
� � "E N� ��

2v P�> 's �:S�0 e��> 't �:; �

†Corresponding author
†Tel: +82-61-330-3241
†Fax: +82-61-330-3251
†E-mail: cw9007@hanmail.net



74 Chun-Won Park and Pan-Chae Kim

ro-
tor,
ter,
(8( �pv 0x�O :l��; ��� R8. �4

< ��p� jk P�� � !   %&+� ��O ¡

�0 ��¢ � R\3, TU P���P h; jk �

��0 M��0< D��\@ £¢ �P R8. F5 �

w��p( �p¤� Oz� �w{0 [`� ¥O¢ �

R( "� �¦5 �§¨; P2� Rt ©p �xY'

� R2 ª( ��08. 0� N� «¨�� �xYP

P{5 ¬@f :l��� �­� u5 ��0 y�U

®�'� R8. #$� ¯ ����( ���� �� °

�� ±jE P� Qw�� �²� ³ �� <=<(

´l� ³ �E 
l� µB�; 
�� 	x¢ � R

( ���p­[6]; 0x�O t¶f K:; <=%�

Rt [`\@�� P·P �¸U ¹t2( |}aX �

� ���� u5 :E BC�v ºl �» � R( ¼

G� ��; ½a%�� �¾8.

2. �� ��

�³G\@ ���� :�( ¿�:0 ÀÁ PÂ? G

�:; <=%( Ã0 P� 0lG� :\@ ÄÅÆ R

8. ¯ ����( Fig. 1� <=Ç ÃE N0 )BC�

3, ����� <=<( t¶f K:; È( |}aX

���; wx�O ���pv ��¾8. Fig. 2�( �

É�Ê� §Ë5 �ÌÍ ���·� ÎÏ�v <=%Ð

8. ,^� ���p�·( �ÑÍ; 
¯\@ �� R

\< ¯ ����( ³ x
 %��� x05 0�ÒX

; �ÓG\@ Q��
 Ó7 Fig. 2(f)��� N0 �Ì

Í� �·� ÔÕ �·v H��O �É §Ë�¾8[7].

��xÖ� ×:� X�, S�   ÄØp� x´� u�

O LÙ�¾8. |}aX ���� ���p( 8ÚE

N� *�@ ��¾8. �, |}aX ���� Ûs� H

�? )*+; §]�
 Ó�O )X� 5~6�Á 
Ü

Ûs HÏ; �Ý ¤, Þ-�@ ßà; �¾8. �p�

)X �p? ���E ��xÖv Dáx
 F( `â«

� ãt äå5 ¤, ³ x
� ã� ��G� �æ;

��¾8. �p� ���p��� ³ �� 150~300oC,

³ �Á 8~30�Á� çÓ%�� ��¾\3, �!� è

éê@ ���O À 40 %@ ���> Q2'�ë �¾

8. ���p�O ìté |}aX ����, mn�Âj

; 0x�O :l£Y� ��v «í�¾\3, mnT�

£Y( �î-P�-Gî� zmm��(UV-VIS-NIR Spec-

trophotometer, HITACHI U-3501)v 0x�O z`�

¾8. F5, ���p? ���� %H� VW�( Â

/�e� z`�( Q�ïð ñ$ò� ���izm


(ICP/AES, JOBIN YVON JY 38 PLUS)v 0x�¾\

3, ï��E ��£Y( X� Ôy(X-ray diffractometer,

HITACHI)); 0x�O z`�¾8.

3. �� 	 
�

3.1. ��xÖ� ×:   :l £Y

���p� �5 ���� :l£Y� u5 }óz`

; Ó7� Fig. 3� ���� ô�(saturation)� õö

(tone)� #÷ �³G� : "ø; <=%Ð8. O
�

¯ ��v ù�O ì�� �( : "ø(color grading)�

Fig. 3(c)   (d)v ôú�¾8. Table 1�( |}aX �

��� u5 ���p� ïEv <=%Ð8. �³G\@

¼G� ��xÖ( x7�P û Ã, z7v �\�2 ª

; Ã, SÁYð+; Í���2 ª; Ã "� ���

�ü�Oý 58. ¯ ����( X�, S� �p� ÄØFig. 1. Photograph of natural Zambian amethyst of low quality.
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(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) edium
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
solvent

Temperature
(oC)

During
(hrs)

Filling
%)

Effect of
solvent

HCl 200 8 40 No
HCl 250 15 40 Slight
HCl 300 30 40 Good
H2O 200 8 40 No
H2O 250 15 40 No
H2O 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
200oC for 8 hrs in HCl, (c) natural Zambian amethyst treated
hydrothermally at 250oC for 15 hrs in HCl, (d) natural Zam-
bian amethyst treated hydrothermally at 300oC for 30 hrs in HCl.

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
300oC for 30 hrs in H2O, (c) natural Zambian amethyst treated
hydrothermally at 300oC for 30 hrs in NaOH, (d) natural Zam-
bian amethyst treated hydrothermally at 300oC for 30 hrs in KOH.

Fig. 6. The result of optical curves for natural Zambian am
thyst. (a) non-treated natural Zambian amethyst, (b) natu
Zambian amethyst treated hydrothermally at 300oC for 30 hrs in

HCl.
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Table 2
The result of ICP/AES analysis for natural Zambian amethyst

Element Wavelength
(nm)

Concentration (ppm)

Non-treatment Hydrothermol treatment

Fe
Mg
Ca
Cu

238.204
279.553
393.366
324.754

4.512
0.145
5.134
0.011

2.327 (about 48 %� )
0.126
3.887
0.009

Fig. 7. X-ray patterns of natural Zambian amethyst. (a) non-
treated natural Zambian amethyst, (b) natural Zambian ame-

thyst treated hydrothermally at 300oC for 30 hrs in HCl.


	The color enhancement of natural Zambian amethyst by the hydrothermal treatment method
	Chun-Won Park† and Pan-Chae Kim
	Department of Gemological Engineering, Graduate School, Dongshin Universiry, Naju 520-714, Korea
	(Received March 30, 2004) (Accepted April 9, 2004)
	Abstract�The color enhancement for natural Zambian amethyst of low quality was carried out by the...
	Key words�Natural Zambian amethyst, Hydrothermal treatment, Color enhancement


	수열처리법을 이용한 잠비아산 천연 자수정의 색상개선
	박춘원, 김판채
	동신대학교 대학원 보석공학과, 나주, 520-714
	(2004년 3월 30일 접수) (2004년 4월 9일 심사완료)
	요  약 수열처리법을 이용하여 저품위의 잠비아산 천연 자수정의 색상 개선을 행하였다. 수





