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Abstract

The use of rare metals in increasing along with the growth of the Fourth industrials revolution and new energy industries, and
the recycling of rare metals becomes more important as the used of rare metals increase. In this paper, the domestic and inter-
national quality standards of tin metal, one of the rare metals, and the performance test of recycled tin were investigated. As a
results of the performance test, it was analyzed that there is no difference in performance between the natural and recycled tin.
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Table 1. Quality standard of virgin tin ingot in Korea(KS D 2035 : 2004)

Chemical compotition, %
Classifications

Sn Pb Sb As Cu Fe

) A 99.99 1 0.0030 | 0.0020 | 0.0010 | 0.0020 | 0.0030 |
Special grade

B 99.95 1 0.020 | 0.010 | 0.010 | 0.010 | 0.010 |
1 grade 99.90 1 0.040 | 0.020 | 0.030 | 0.030 | 0.010 |
2 grade 99.80 1 0.050 | 0.040 | 0.050 | 0.040 | 0.050 |

3 grade 995 1 - - - - -

Remarks: Especially when the customer needs analysis should also report values for impurities other than the one specified in the table

Table 2. Quality standard of recycled tin metal in Korea(GR D 0009-2017)

Chemical compotition, %

Standard Sn Pb Sb As Cu Fe
99.90 1 0.040 | 0.020 | 0.030 | 0.030 | 0.010 |
Remarks : The total contents of impurities(Bi, In, Ag, Cd) should be less than 0.1%.
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Table 3. Quality standard of tin metal in Japan(JIS 2108-1996)
Chemical compotition, %
Classifications
Sn Pb Sb As Cu Fe
) A 99.99 1 0.0030 | 0.0020 | 0.0010 | 0.0020 | 0.0030 |
Special grade
B 99.95 1 0.020 | 0.010 | 0.010 | 0.010 | 0.010 |
1 grade 99.90 1 0.040 | 0.020 | 0.030 | 0.030 | 0.010 |
2 grade 99.80 1 0.050 | 0.040 | 0.050 | 0.040 | 0.050 |
3 grade 99.5 1 - - - - -
Table 4. Quality standard of tin in United States of America(ASTM B 339-00)
Chemical composition, %
Classifications other
Sn Sb As Bi Cd Cu Fe Pb | Ni+Co S Zn Ag
elem.
Grade A 99.85 | 0.04 | 0.05 | 0.030 | 0.001 | 0.04 | 0.010 | 0.05 | 0.01 0.01 | 0.005 | 0.01
GrafieA 99.85 | 0.04 0.05 | 0.030 | 0.001 0.04 | 0.010 | 0.010 | 0.01 0.01 0.005 | 0.01 0.010
for tin plate
Ultra Pure Grade | 99.95 | 0.005 | 0.005 | 0.015 | 0.001 | 0.005 | 0.010 | 0.001 | 0.010 | 0.010 | 0.005 | 0.010 | 0.010
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Table 5. Quality standard of tin metal in United Kingdom(BS EN 610 : 1996)
Chemical composition, %
Classifications
Sn Sb As Bi Cd Cu Fe Pb Al Zn | Total impurities
9985 99.85 0.050 0.030 0.030 0.001 0.050 0.010 0.050 0.001 0.005 0.15
9975 99.75 | 0.080 0.05 0.030 | 0.001 0.04 0.010 | 0.080 0.01 0.005 0.25
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Fig. 1. Schematic diagram of recycling process of tin scrap.
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Table 6. Chemical composition analysis of recycled tin and virgin tin metal by ICP-OES
Chemical composition, %
Classifications

Sn Ag Bi Pb Cu Zn Ni Al Fe Sb

Recycled tin from A company | Bal. 0.001 N.D. 0.001 0.07 N.D N.D. N.D N.D N.D

Recycled tin from B company | Bal. 0.002 N.D 0.007 N.D N.D N.D 0.001 N.D. N.D

Virgin tin of 99.95% Bal. 0.001 N.D 0.015 | 0.001 N.D N.D N.D N.D N.D

Virgin tin of 99.99% Bal. N.D. N.D 0.006 N.D N.D N.D. N.D N.D N.D
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Fig. 2. TG-DTA analysis of recycled and virgin tin metal.
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Table 7. Critical impurity elements contents in solder ball manufacturing company

Classifications

Chemical composition, %

Sb Bi Zn Pb Fe Al As Cd Pd Ni Ge P

a company 0.050 | 0.030 | 0.001 | 0.080 [ 0.020 | 0.001 | 0.030 | 0.008 | 0.060 36?00015 ?6?00150 -

b company 0.500 0.300 | 0.001 | 0.050 | 0.020 | 0.001 | 0.010 | 0.002 - 3690057 ~00'f)00155 0.0002

¢ company 0.500 | 0.100 | 0.003 | 0.100 | 0.020 [ 0.005 | 0.030 | 0.002 - - - -

d company | 0.120 | 0.150 | 0.005 | 0.100 | 0.020 | 0.005 | 0.030 | 0.005 - - -
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Table 8. Kinds of physical test for solder of soldering process

Before soldering

After soldering

- Grade of sphericity
- Size and uniformity
TM-650

- IMC(intermetallic compound) :
- Chemical composition analysis - bonding strength(Shear test, pull test) :
- Void inspection(X-ray) :
- Reliability test(thermac shock, vibration, impact, constant temperature and humidity) : IPC-

IPC-7095A

solder joint interface inspection

JEDEC JESD22-B117

J. of Korean Inst. Resources Recycling Vol. 28, No. 6, 2019



A4 2Ale] =) -9 FHEES 9 S AlEe] s vl 15

(a) Sn-2.5Ag-0.5Cu Solder used by virgin tin metal

(a) Shear strength test machine

(b) Sn-2.5Ag-0.5Cu solder used by recycled tin metal
Fig. 3. Specimens for shear strength test of solder ball used by virgin and recycled tin metal.
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Fig. 4. Shear test machine and test condition of solder ball after reflow process.
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Fig. 5. Results of Shear strength test of solder ball used by virgin and recycled tin metal.
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