The Quantitative Determination of the Degree
of Tarnishing of a Metallic Surface
by its Reflective Power.

Gennosuke Ando.

{(Received December 16, 1927)

The polished surface of ordinary metals and alloys get tarnished if
they are left open to the air, but for the degree of tarnishing there has
been known no adequate method of measurement. Applying the principle
of measuring the reflective power as described in my former paper,! I
have devised a new method, which runs as follows :—

The samples, which have been measured for their reflective powers
directly after polishing, are allowed to stand 24 hours in a special room
containing specified quantities of moisture and carbon dioxide, and then
again measured for their reflective powers now diminished. The ratio
hetween both determinations gives the degree of tarnishing.

This method has been applied to the alloys of the systems, copper
and silver, copper and cadmium, tin and cadmium, bismuth and cadmium,
and bismuth and tin.  The numerical data together with the graphs
are given in the following pages :—

I These memoirs, A, 11, 43 (1928).
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A. System of Copper and Silver
Table T
Reflective Power of the Alloys of Copper and Silver

a. Immediately after Polishing

Sample
ey Refiective power in 9 for wave length
Composition
No, [ .
Cuin 2 | Agin 951 6563 | 6160 | 580 | 5335 | 4735 | 4395 | 4105
1 100 o 05-71 91:30 J 89.28 | 87.70 | 87-36 | 85-88 | 8z.02
2 98 z 90:75 | 86.70 | 85-88 | 8550 | 83-88 | 8161 | 7826
3 85 15 9012 83-08 82.81 82-42 78.67 7750 7396
4 72 28 8180 79-66 | 7786 7321 70-05, 59:97 46-60
5 50 50 83.61 | 86.93 | 7890 | 7209 | 64-30 | 5873 | 4465
6 20 8o 8975 | 84-49 | 7148 | 5671 | s50.32 | 45-01 | 40.81
7 1o 90 9261 | 81-80 | 69-41 | 51-8 | 47-33 | 4265 | 3835
8 0 100 82.79 ) 7565 | 6320 | 47-30 | 4276 | 40.31
b, After standing in a room at 14° C. with 48 2 CO,' by
volume and 13:66 moisture® in terms of relative humidicy
Sample
e E——— Reflective power in 9 for wave length
Composition
No. —— —
Cuin % |Agin 95| 6563 | 6160 | sBoo | 5335 | 4735 | 4395 | 4105
I 0o | 0 ‘ 91-03 | 9157 | 8581 | 8242 | 8r.09 | 81.24 | 77:38
2 g8 2 9013 | go.oI | 84-31 | 84-32 | 8300 | 7770 | 74.17
3 8 1y 89-08 | 85-60 | 7510 | 77-52 1 76.06 | 74:8r | 7o.53
4 72 28 79-80 | 8r1-35 | 6760 | 66-17 | 68.28 | €8.85 | 57.g0
5 50 50 85-60 | 8383 | 68-57 | 6810 | 63.32 | 6048 | 4844
6 20 8 8500 | 87.73 | 6o-95 | 5847 | 52:61 | 17.44 | 4584
7 ro go 86-06 | 8707 | 5870 | 5578 | 320z | 46:89 | 42-78
8 o , 100 7336 | 79:05 | 52:30 | 5312 | s5o-Io | 45.24

I The determination of carbon dioxide was made from the decrease of the volume of the
air after absorbing carbon dioxide in a caustic soda solution. : zzde Scott’s “ Method of
Air Analysis ”, 1912, p. 62.

2 The determination of moisture was made from the increase of the weight of a dry
pumice-stone after passing a definite volume of air: Scott’s “ Method of Air Analysis »,

p. 95.
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B. System of Copper and Cadmium
Table III
Reflective Power of the Alloys of Copper and Cadmium.
a. Immediately after Polishing
Sample
———— Reflective power in 95 for wave length
Composition
No. - — - -
Cuin 9%|Cd in %| 6563 6160 5830 “ 5335 4735 4395 4108
1 o 100 83-95 | 85-92 | 8415 | 84.75 | 86.18 | 85.34 | 82-18
2 03 995 | 82:04 | 8r:6o | 8224 | 7944 | 78:40 | 7805 | 7741
3 I-1 g8:9 | 6873 69-56 | 69:49 | 67-05 | 66.82 | 66.69 | 66-37
40 o gso | 1S4 | 7109 | 7337 | 7050 | 69:39 | 6911 | 685
5 ‘ 10-0 90-0 i 7292 | 7326 | 74-21 7278 | 72-45 | 72-18 | 71-83
6 | 200 8.0 7625 | 97.46 } 79.04 | 5619 1 %366 | s2.72 | g2.11
7o ery 723 | 7518 | 7627 | 7807 | 7595 | 71-88 | 67-76 | 610y
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b. After standing in a room at 14’ C. with 4-8 %
CO; by volume and 13:66 moisture
in terms of relative humidity
Sample
i Reflective power in 9% for wave length
Composition ‘ )
No. ——
Cuin 9 Cd in 9%| 0563 6160 5800 5335 4735 4395
I 0 100 60.17 58.76 57-02 5328 54-29 5469
2 05 995 5900 | 54:69 | 5492 | 4992 4818 4828
3 I1 98-9 48-32 4593 46-97 40:69 3736 3859
4 5-0 95:0 §5:30 | 5469 | 56-70 | 5029 | 4817 42:34
5 10-0 60-0 69-95 66-41 5543 67-41 55:84 46-94
6 20-0 800 7404 72-37 65-42 64-40 68.17 48-55
7 274 7243 7290 79-29 68-60 66-79 64-06 50-82
Fig. 4 Fig. 3
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C. System of Tin and Cadmium
Table V
Reflective Power of the Alloys of Tin and Cadmium
a. Immediately after Polishing
Sample
Reflective power in % for wave length
Composition
No. i .
Snin 9% {Cd in %} 6563 6160 5800 5335 4735 4395 4105
I o 100 8395 | 85.92 | 84-15 | 8475 | 8618 | 85.34 | 82.18
2 15 83 77-45 | 66.89 | 65-86 | 63.21 | 37-00 | 6183 { 5796
3 35 65 42.00 | 4087 | 3516 | 37.97 | 31-74 | 34-28 | 32:16
4 68.7 31-3 | 2387 | 3586 | 27-52 | 24-98 | 21.04 | 2562 | 22-97
5 83 15 4152 | 49-07 | 37-77 | 3418 | 30-87 | 3326 | 31.03
6 Y3 7 5057 | 6269} 5119 | 3526 | 33:63 | 36:97 | 3435
7 100 o . 7314 | 7810 | 70.9I 67-52 | §7:10 | 61.81I 59:34
b.  After standing in a room at 26° C. with 3-4 %
CO, and 76-1g moisture in terms of
relative humidity
Sample
Reflective power in % for wave length
Composition '
No.
Snin 9% |Cdin %| 06363 6160 5802 5335 4735 4395
I o 100 6017 5876 57-02 5328 5459 5469
2 15 85 66-96 4846 4463 4412 44-61 4603
3 35 03 3698 | 26-25 | 3391 3471 | 3701 38:98
4 08.7 313 | 2890 2762 24-56 2571 29:34 36:79
5 83 15 3778 3536 32:67 | 3513 41-30 | 4735
6 93. 7 4905 | 3044 | 3046 | 3786 | 4398 | 2563
‘ ‘
7 100 o | 6478 42:10 4334 | 3969 49-91 3352
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D, System of Bismuth aud Cadmium,
Table VII
Reflective Power of the Alloys of Bismuth and Cadmium
a. Immediately after Polishing
Sample
e Reflective power in 9 for wave length
Composition
No, |—- i — — [ —
Cdin % |Biin % | 6563 6160 5800 5335 4738 4395 4105
i 100 o 8395 | 8592 | 8415 ) 84-75 | 86-18 | 85.3¢9 | 82.18
2 81 19 | 6479 | 60-03 | 54:33 | 69-43 | 74:39 | 79:95 | 7663
3 62 38 3050 | 27-22 | 17:37 17.96 | 21-5g 2307 | 2019
4 40 60 29-11 | 21:96 | 13-79 | 13.86 | 1819 | 21.40 | 1763
5 26 74 3427 | 3055 | 1978 | 19-78 | 24-21 | 2469 | 21.32
6 13 87 3500 | 3126 | 22.07 | 22.80 | 3373 | 3486 | 3027
7 o 100 6o-y5 | 5231 | 53:48 | s5l-z5 | 4468 | 355.01 54-72
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b. After standing in a room at 26° C. with 34 %

CO, and 76-19 moisture in terms of

relative humidity

Sample R
Reflective pawer in 9 for wave length
Composition
No.
Cdin %) Biin %| 6563 6160 5800 5333 4735 4395
! roo o 60-17 5876 57:02 53-28 54:59 54-69
2 81 19 33-23 3183 27-91 28.23 3498 43-31
3 62 38 2591 2246 2057 | 17.83 23.67 35-16
4 40 60 22.81 1875 16-88 11-80 18.87 26.29
5 26 74 2400 2315 2122 15.29 2530 2796
6 13 87 3474 | 3372 12 | 2966 | 3561 | 3806
7 o 100 36-03 30-56 40-25 46-74 62.51 4372
Fig. 8 Fig. 7
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E, System of Bismuth and Tin,
Table IX
Relative Power in the Alloys of Bismuth and Tin
a. Immediately after Polishing
Sample
Reflective power in % for wave length
Composition
No. — i R - -
Snin % | Biin % | 6563 | 6160 | 5800 | 5335 | 4735 | 4395 | 4105
! o 100 60-75 | 52:31 ; 5348 | 5I-25 | 44-68 | 50-91 | §4-72
2 13 87 39-35 | 4160 | 44-16 | 38:64 | 43.63 | 4902 | 4479
3 27 73 3877 | 3846 | 3753 | 3418 | 4089 | 4678 | 42:32
4 42 58 32.09 | 31-27 | 25.30 | 27.24 | 33.18 | 37-21 | 31.68
5 62 38 4327 | 3507 | 2688 | 29.00 | 34.70 | 3867 | 32-96
6 81 19 52:92 | 44-79 | 4032 | 48:32 | 5067 | 58:30 § 5427
7 100 o 7314 | 7810 | 7091 | 067-32 | g7.10 | 61.8I | 59-34
b. After standing in a room at 26° C. with 34 %
CO, and 76-1g moisture in terms of
relative humidity
Sample
Reflective power in % for wave length
Composition i
No. | '
Snin % |Bi in % 6563 6160 5800 5333 4735 4395
|
I o Loo ‘ 36-03 3056 40.25 46-74 | 6251 4372
|
2 13 87 | 3673 36-79 | G511 7435 77-36 40-24
3 27 73 3584 36-48 4305 44:64 | 62-33 38-96
4 42 58 28-47 2872 30-80 32:30 54-83 29-60
5 62 38 30:27 32:91 39:36 4357 50-29 3260
6 81 19 3357 3030 si-to 52:63 72:39 | 4018
7 100 o 64-78 42-10 43-34 39:69 } 49-91 33:52
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Fig. 10
System of Bi-Sn
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From these results with the aid of the graphs, the

conclusions may be deduced :—
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following

the degree of tarnishing is always specific with respect to a corres-

ponding wave length, but

it shows some regularity in each system of the alloys;
with pure metals, the tendency of tarnishing is different from those of

their alloys;

b - comparing the values of the reflective powers of a sample, when
polished and tarnished, for any wave length, the change of colour of a
metallic surface may be determined.

The investigator wishes to express his thanks to Professor M.
Chikashige for his valuable suggestions and kindly help throughout the
course of this work,



