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��� �� �� BC

* � ��� KTS 2500-2000

+ �� � GLD 3000-2000

, ����� MTL 2200-1800

- �	���� FRN 2600-1900

. ���� INM 1700-700

/ ������ MHR 8th-6th

0 ����� RPR 8th-4th
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Deccan college, Pune, India



KTS� Axe [2500-2000 BC]

Composition, mass %

S Fe Cu As Sn Pb others

0.3 0.1 98 1.7 0 0 -



KTS� bangle [2500-2000 BC]

Composition, mass %

S Fe Cu As Sn Pb others

0.1 0.1 89 1.9 8.7 0 -



MHR : BOWLS  [8th - 6th BC]  
No.1 No.2 No.3

No.4 No.5 No.6

No.7 No.8 No.9



���� ��
�� wt%

S Fe Cu As Sn Pb

No.1 bowl 0.4 0.3 88.6 1.4 9.3 0.0 

No.2 bowl 0.0 0.3 84.2 0.0 15.5 0.0 

No.3 bowl 0.2 0.3 88.8 1.1 9.6 0.0 

No.4 bowl 0.3 0.2 90.6 3.0 5.8 0.0 

No.5 bowl 0.4 0.2 91.5 2.0 6.0 0.0 

No.6 dish 0.7 0.6 87.3 0.0 11.3 0.0 

No.7 bowl 0.7 0.5 91.2 0.0 7.7 0.0 

No.8 bowl 0.6 0.2 89.6 0.0 9.7 0.0 

No.9 bowl 0.1 0.3 91.9 0.0 7.7 0.0 

No.10 bowl 0.2 1.0 92.2 0.0 6.7 0.0 

No.11 bowl 0.2 0.8 91.3 0.0 7.7 0.0 

No.12 bowl 0.6 0.1 91.4 0.0 7.9 0.0 

No.13 bowl 0.2 0.0 89.6 0.8 8.7 0.7 

No.14 bowl 0.0 0.0 84.2 0.0 15.8 0.0 

No.15 bowl 1.2 0.3 89.7 0.0 8.8 0.0 

No.16 bowl 0.2 0.8 91.3 0.0 7.7 0.0 

No.17 bowl 0.4 0.1 90.0 0.0 9.5 0.0 

No.18 bowl 1.1 0.5 90.3 0.0 8.2 0.0 

No.19 bowl 0.0 0.0 82.0 0.0 18.0 0.0 
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50 µm
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1918 )& 16+ =-!
1937 #.� � 56+ =-!
1962 �6 41+ =-!��3�:
1981 0� 157+ A3X1�:
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Cu-22Sn-6Pb

Cu-71Sn-10Pb-xO



$12�XRF����0#
mirrors Chemical compostion, mass %

S Fe Cu As Sn Sb Pb Ag
1+2 tr. 0.1 56 0.2 40 0.3 3 tr.
2+2 0.1 0.5 55 0.3 38 0.2 6 tr.
3+2 tr. 0.3 54 0.3 41 0.3 4 tr.
4+2 tr. 2.3 62 0.1 33 0.3 3 tr.
5+2 0.1 0.7 57 0.3 37 0.4 4 tr.
6+2 0.1 0.8 48 0.5 40 0.5 10 0.1
7+2 tr. 1.4 61 0.4 31 0.3 5 tr.
8+2 0.1 0.2 50 0.4 41 0.3 8 tr.
9+2 0.1 0.4 56 0.3 36 0.3 7 0.1
10+2 0.1 22 57 0.3 36 0.3 7 tr.
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lead

Maximum tin content: 16%

100 µm

α

α+δ eutectoid



Cu-xSn-5Pb�������
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Cu-22Sn-5Pb Cu-28Sn-5Pb
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u xδ: δ�Sn��� xe����Sn�������
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Sample Method* Area fraction of each phase, % Cu
mass %

Sn
mass %

Pb
mass %α δ eutectoi

d
lead

Cu-15Sn-5Pb M 74.3 - 23.4 2.3 79.6 17.4 3.0
C - - - - (80.3) (14.7) (5.0)

Cu-18Sn-5Pb M 64.9 - 31.2 3.9 77.0 18.0 5.0
C - - - - (77.5) (17.6) (4.9)

Cu-20Sn-5Pb M 50.1 47.5 2.4 76.6 20.3 3.1
C - - - - (75.5) (19.6) (4.9)

Cu-22Sn-5Pb M 35.0 - 62.3 2.7 74.6 22.0 3.5
C - - - - (72.9) (22.2) (4.9)

Cu-25Sn-5Pb M 13.9 - 81.4 4.7 70.2 23.8 6.0
C - - - - (70.6) (24.5) (4.9)

Cu-28Sn-5Pb M - 39.4 56.7 4.0 67.1 27.8 5.1
C - - - - (67.2) (27.5) (5.3)

xα: 15 mass%� xe�27 mass%� xδ: 32.5 mass%�����

*M: calculated value from Microstructure       C: Chemical analysis ( ICP )
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(a) 13.3 oC/sec (e) 1.1 oC/sec 

a b c d e

t= 2 4 6 8 10
�����Cu-23.5Sn-3Pb ��	�
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(a) 13.3 oC/sec (e) 1.1 oC/sec 
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��� (%) �� (%)

α� �� � Cu Sn Pb

a 13.3 22.8 74.9 2.3 73.5 23.5 3.0

d 1.8 25.4 72.6 2.0 74.1 23.3 2.6

e 1.1 30.6 66.1 3.3 73.5 22.3 4.2

EPMA�����
 (n=30) 74.0 23.2 2.8

a b c d e

t= 2 4 6 8 10
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��� (%) �� (%)

α� �� � Cu Sn Pb

44 52 4 74.5 20.5 5.0

EPMA��	
�� 74.0 21.2 4.8
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