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: Bone-Asil Cupeis*

.
BY FREDERIC P. DEWEY,} PH. B.,, WASHINGTON, D. C.
(New York Meetmg, February, 1918)

BoNE-ASH cupels have been used from time immemorial to absorb
litharge, and accompanying oxides; in assaying. Doubtless, also, from
the earliest days cupels have been most unjustly blamed for much poor
assaying. It has long been known that the precious metals go with the
litharge into the cupel. This occasions a loss of precious metals and
reduces the results of the assay. There have been many investigations
of cupels and the most diverse views have been expressed, the extremes
being the statements of Lodge! that every cupel has some effect upon the
loss in assaying telluride ores and of the Campredons® that coarse and
fine and hard and soft cupels all give the same loss of silver when cupelling
the same weights. The truth lies between these statements and much -
nearer the latter. In a vast majority of cases the influence of the cupel
is not dominant and is outweighed by other conditions, particularly the
temperature of the cupelling bead. N

At the Spokane meeting of the Institute I presented a paper on the
Assay and Valuation of Gold Bullion,® which recorded the results of many
hundreds of assays made in the Mint service under everyday commercial
conditions, which of necessity differ from scientific conditions.

In following this matter up, for the purpose of increasing the accuracy
of our commercial methods of bullion assays, the question of the absorp-
tion of gold by the cupel was found to be a most important one and was
taken up for investigation. In a lesser degree, the silver absorption is
important and interesting, but at present it appears to be far more com-
plicated and, while many figures showing silver absorption may be found
through this paper, much further investigation is requxred to put the
subject upon a satisfactory basis.

* Published by permission of the Director of the Mint.

t Assayer, Bureau of the Mint.

1R. W. Lodge: Assaying Telluride Ores for Gold Technolagy Quarterly (1899),
12, 171.

2G. Campredon: Importance des différentes causes de pertes d’argent 3 la
coupellation. Revrue Universelle des Mines, Ser. 4 (1904), 8, 210.

3 Trans. (1909), 40, 780-797; Annual Report of the U. S. Director of the Mint
(1909), 25,
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In order to get a preliminary view of the question of gold absorption
in cupelling gold bullion, certain samples of very pure gold, which were
being sent out to various laboratories in the Mint service for comparatwe
a,ssz_tymg, were as»ayea in sets of six with unee_ plUUlb The nine buycm
were arranged in the muffle in a square, the three proofs occupying the
middle line from front to back. On completion of the assays, the used
cupels were properly marked to show their position in the muffle and

forwarded to the Bureau laboratory accompanied by a report giving the

assay results obtained in each cupel, including the proof figures.

In the Bureau laboratory, the used portion of each cupel was care-
fully separated from the unused portion and ground to pass 100-mesh.
The powder was weighed and mixed with an equal weight of litharge and
of bicarbonate of soda and 0.5 gram of flour.. Owing to the refractory
nature of the phosphate of lime, a small amount of cryolite was added
to liquefy the fusion. The proportion of bone ash saturated by the lith-
arge varied somewhat in the different laboratories, but in general one-

eighth to one-sixth the weight of the used cupel of cryolite would give a”

very satisfactory fusion, when melted at a slightly high temperature.
The resulting lead buttons were carefully cupelled with feather litharge,
the final bead being weighed and then parted for gold. The general rule
followed in preparing the cupels for assay was to be sure and include all
" the stained portion. In doing this, more or less unstained bone ash had
to be taken. A large amount of the unstained ash required the larger

amount of cryolite. In later work with heavier cupels, more flour was

_required. - . _
~ In this preliminary test, six sets of nine cupels (54) from each one of
five laboratories were assayed in the Bureau laboratory. = This made a
total of 270 cupels, but for various reasons eight assays were, lost, leaving
a total of 262.
The details of the method of assaying followed in each hbomtoxy are
briefly summauzed in Table 1. :

TaBLE 1.—Fine-Gold Assays
Details of Method Used in Mint Service

Weight I Pro- Cupellation |
> por- —| An- : ;
Labora-~ tion . nealed Aclg Boil,
tory- Salgl- Ag, Pb, |Cu,| Cupel, Gt‘)o]d Tempera- ’II;‘IT]"_ Times| D Minutes
GEM;IS Grams | Grams | Mg.| Grams ‘ Silver ture utes

i 0.5 1.50 2 10 | 23-24 ‘ 1:3 | Good red | 8-10 2 (22 32 32|10 10 10

3 0.5, 1.00 8 50 25 1:2 (1,550° F. | 18 2 (32 32 10 10

3 0.5 1.00 3 _ 15-100 20 1:2 | Brightred | 4-5 3 (22 32 20 20

4 0.5 1.25 5 25 20 1:2.5 [1,155°C, |[. 9 1. |27 32 10 10

5 - 0.8 1.00 2 7.5 23 1.2 | High 8 2 (32 32 10 10

‘




FREDERIC P. DEWEY 1943

The amount of gold absorbed at the laboratories-No. 1, 2 and 3 varies
widely, but shows a considerable agreement amongst themselves. Labora-
tory No. 4 shows very large and widely varying absorptions of gold,
while the absorptions at laboratory No. 5 are very small and agree very
closely. These results are shown in Table 2.

TapLE 2.—Fine-Gold Assays
Cupel Absorption

Cupels Assayed
Weight of Gold —p—y— Weé%}l‘é of Cupels W%%‘f& of Cupels
Ao Laboratory | Absorbed, | paboratary 4 Absorbed, Laborators 5
1] 2] 3 & ' '
0.20 4 .. 0.08 1
©0.21 2 0.33 1 0°09 3
10.22 5 0.37 1 0.10 4
0.23 3 0.38 2 0.11 4
0.24 6 0.40 5 0.12 2
0.25 L1 0.41 -2 0.13 15
0.26 21...] 6 0.42 2 . 0.14 6
0.27 1(1)... 0.43 -3 0.15 5
. 0.28 2111 0.44 4 0.16 3
0.29 413! 7045 3 0.17 5
0.30 4| 2] 3 .0.46 2 0.18 1
0.31 4 ]...] 2 0.47 3 0.19 5
0.32 2| 3|2 0.48 3.
0.33 4 |... 0.49 3 ’
0.34 2|5 |... 0.50 3
0.35 56 2 0.51 1
0.36 581 2 0.53 1
0.37 3|5 2 0.56 2
0.38 4| 4] 2 0.59 1
0.39 1] 4|1 0.60 1
0.40 2| 3|2 0.62 2
0.41 1|11 0.63 1
0.42 11 0.66 1
0.43 2 |... 0.69 2
0.44 2 |1 0.71 1
0.45 2l 2|1 0.72 1
0.46 1 < 0.78 1 ’
0.48 AR 0.83 1
0.49 1
Total.......... 53150 | 52| ... 53 54

The amount of silver absorbed by the cupels shows an astonishing
variation and for the present simply the highest and lowest amounts in
each set are given, in Table 3.

This set, of cupel assays was made for the purpose of getting a general
preliminary view of the field. The 270 cupels may be taken as typical
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. TaABLE 3.—Fine-Gold Assays
+ Silver Absorbed by Cupels .

Laboratory No. Mg. Higheat a , . Mg. Lowest .
1 19.74 2 "15.09 -
2 _ 13.64 _ 9.16 -
3 12,77 Co '8.08
4 21.23 . - ' ) 12.54
5 6.97 4.90 -

of the general practice of cupel making in the Mint service at that time.
Each one had beén taken from a lot that had passed all: the usual visual-
éxamination afid other tests. Each one had successfully passed the fest
- of actual use, and was therefore entitled to be called a good cupel. Con-
sequently, the determination of the amount of gold absorbed by each
cupel should give a set of typical figures. -

It was fully appreciated that the cupel absorption was s influenced by a
variety of circumstances and that some differences could naturally be
looked for, but such wide variations as the table shows were entirely un-
expected. It is possible, but hardly ‘probable, that some of the cupels
contained beads. Certainly the presénce of beads could not account for-
the variations.

The next step in the investigation was to gather a set of samples of
hone ash from the various laboratories and subject them to a screen
analysis. As in the case of the cupels, these samples may be taken as
typical, as they present five varieties of bone ash that had been accepted .
by five institutions as suitable for making cupels and had been used for
that purpose. It would have been better if we ‘could have tested the
actual bone ash used in making the cupels assayed but it was then too
late for that and these screen analyses simply gwe a general idea of the
practice at each laboratory.

Table 4 gives these screen ana.lyses together with the screen a.nalys1s
of the bone ash at that time in use in the Bureau laboratory. This ash

TasLE 4.—Screcn Analysis of Bone Ash
Averages of Two 10-Oz. Samples in Each Case’

Laboratory | pi %l | per Cont: | Por Cont. | Per Cont. | Pes Cont. | | Poy %‘;::%.’"'
N
On 20-mesh...| .... 0.15 | ..... Traces | ..... Traces
On 40-mesh. .. 1.5 -7.75 -2.75 7.5 Traces | - 1.25
On 60-mesh...| 12.5 5.75 3.50 12.5 0.5 | 4.25
On 80-mesh...| 12.5 15.00 8.00 17.5 6.0 19.00
On 100-mesh...| 165 6.50 4.25 7.5 4.0 7.25
Through 100-mesh. ..| ~57.0 65.75 81.50 55.0 | 89.5 68.25 -
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had been obtained from laboratory No. 1. It is theréfore shown that
considerable variation might occur in the screen analysis of the ash as
used at a single laboratory at different times.

In making screen analyses of bone ash, it is absolutely essential that
the samples be thoroughly dry. This requires prolonged exposure to a
gentle heat, preferably a little above 100° C.

In order to further test the question, this table of screen analyses was
submitted to the five laboratories without specifying the sources of the
bone ash or informing them of the results of assaying the cupels, and
each one was asked to select the best ash in their judgment for making
cupels. Laboratory No. 1 declined to commit itself; No. 2 selected ash
No. 4 which had given the worst results in the assay tests; No. 4 selected
ash No. 1, and Nos. 3 and 5 selected both No. 3 and No. 5 ash.

- Each laboratory supplied a full and complete description of its
methods of securing what was considered a proper bone ash and of manu-
. facturing the cupels. The tests applied to the boné ash had been crude
and empirical. One assayer said: ‘“ The best test we can make with new
ash is the practical working, that is making a large number of assays
(proofs), making a careful examination of the cupels and of the resulting
assays.”” Another said: “The tests applied to the bone ash when pur-
chasing have been simply to specify the grade, and when it has been
received to see that it is clean, being free from dirt, and passing it through
the hand to see if it feels all right, and if it will make a firm smooth cupel.
The cupels after drying are tried out in the muffle to see if they absorb
the lead and do not check or crack, and if they hold up the bone ash is
accepted.” A third assayer sifted the ash through 60-mesh and if more
than 4 per cent. remained rejected the sample. A fourth assayer said:
“I apply no special tests to bone ash beyond inspecting and handling it.
If it does not make a satisfactory cupel I reject it.”

The method of making cupels is very smlple and substa,ntla.lly the
same at each institution. The bone ash is moistened, generally with
water only, until it will cohere into a lump on gentle pressure in the hand.
After being allowed to stand, it is fed into a mold, a plunger is applied to
form the cupel, and the finished cupel is removed from the mold. Differ-
ent styles of machines, both hand and power, are used to form the cupel
and different pressures are applied. The size, shape, and.weight of the
cupel vary, but, owing to the wide variation shown in the amount of
gold absorbed when the cupels were used, it scarcely seemed worth
while to go into a discussion of these details at this stage of the investiga-
tion, although they were of considerable value in carrying on the work.

Owing to the very large button of gold and silver obtained in assaying
gold bullion, the question of the smoothness of the surface of the cupel
is not quite so important as it is in the assaying of ores where minute
buttons are obtained, but the surface must be fairly smooth.
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TaBLE 5.—Bone-Ash Screen Analysis, Laboratory No. 4

T - — -
1 2 3 "4 5
On 40.. 7.5 1.0
60.. 17.5 e 12.0 5.5
80.. 14.5 14.0 | 11.5 6.5
) 100.. 10.5 14.5 11.5 10.5
Through 100..| .57.0 7L.0 57.0 76.0 All
99.5 99.5 99.5 99.5 100.0
TasLE 6.—Gold Absorption
Special Cupels, Made and Assayed at Laboratory No. 4
No. 1 Ash No. 2 Ash No. 3 Ash
Gold Absorbed, . Cupels Gold Absorbed, Cupels Cupels
1g. Assayed Mg. Assayed Assayed
0.19 : 1 0.23 2 -
0.20 ! 2 0.25 | .. 2
0.21 ; .. 0.26 } 1
0.22 | 1 0.27 | 1 1
0.23 i 3 0.28 ‘ 1
0.24 ' 1 0.29 1 1
0.95 1 0.30 2 1
0.26 .. 0.31 v 1
0.27 4 0.32 . 2 4
0.28 1 . 0.33 2 2
0.29 1 0.34 2 2
- 0.30 5 0.35 4 1
. 0.31 10 0.36 . 2 toa
0.32 3 .0.37 4 4
0.33 5 0.38 3 8
10.34 1 0.39 o 3
0.35 3 0.40 5 4
0.36 : 1 0.41 4
0.37 2 0.42 3 3
0.38 0.43 1 “ 4
0.39 '0.44 1 3
0.45 3
0.46 2 2
0.47 1
0.48 1
‘o 0.49 . 2
" 0.50 1 1
0.51 1
45 45 56
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A casual inspection of the cupel absorption table suggests that the -
cupels made in laboratory No. 4 were unreliable and in need of improve-
ment. New cupels were therefore made from five different samples of
bone ash shown by the screen analyses in Table 5. ’

Cupels made fr om Nos. 1 and 2 ash, 45 of each, and 56 cupels made
from No. 3 ash, were 'used in assaying very fine gold, 0.5 gram, and the
used cupels were assayed for gold and silver. Table 6 summarizes the
gold figures obtained.

.While these gold absorptions agree better than the ﬁlst set from No.
4 laboratory, yet most of them are much too high.

Cupels Nos. 1 and 2 were used in sets of nine each, No. 3 in sets of
nine and ten, the proportion of silver to gold being 214:1. Table 7
shows the highest and lowest silver absorption found in each set.

TaBLE 7.—Silver Absorptions

Speclal Cupels, Made and Assayed at Laboratory No. 4, Used in Sets of Nine and |
Ten. Weight of Silvéer Absorbed in Mg.

Totals

Ash | High| Low | High| Low | High| Low | High Low‘ High| Low B B T
High| Low | Diff.

1 13.98(12.16(13.97(12.67|13.11| 9.81(14.3313.49(13.13|10.28|.....|. 14.53) 9.814.72
2 15.14|13.03[14.72(13.15|14.23(13.15(15.15(12.33(16.83]13.08(.....|..... 16.83112.33)1.50
3 14.77(13.08)14.25|11.Q7|16.12|15.16/16.42(14.67|15.38|13.22|14.05/12.68(16.43(12.63(3.74

Cupels made from ash No. 4 were tested in assaying standard coin
gold, 900 gold and 100 copper with a trifle of the .copper replaced by
silver, 0.5 gram being used for the assay. They were tested in 12 sets
of ten each under varying conditions. At this time all the absorption
results will be grouped together, leaving the discussion of the effect of
the varying group conditions until later.

- TaBLE 8.—Gold Absorption
Special Cupels, Made and Assayed at Laboratory No. 4 Used on Coin Gold

Gold ;bgsorbed Cupels Assayed Gold %}):.orbcd, Cupels Assaved

0.12 . 4 " 0.21 8

0.13 S 0.22 4

0.14 7 0.23 - 4

. 0,15 5 0.24 8
i:s":le?‘ﬁl;‘ : 0.16 5 0.25 5
Y 0.17 19 0.26 4
0.18 - 18 ! 0.27 3

0.19 8 ) 0.28. 1

0.20 n 0.29 2.
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Table 9 shows the highest and lowest silver absorption found in each
set of ten cupels. The-proportion of silver to gold in the coin assays was

2151, - ) -

‘TasLe 9.—Silver Absorption

Special Cupels, Made from Ash No. 4, Used in Sets of Ten on Coin Cxold and As-
sayed at Laboratory No. 4. _Welght of Silver Absorbed in Mg.
) " Totals

High | Low Diff.

High Low . High | Low_ High Low

10.79 8.88 | 10.39 | 8.05 | 12.31| 10.07 | 12.69 | 6.75 5.94
10.02 §.22 | 11.11|,9.38 | 11.57 9.32 - ’
12.21 8.96 9.10 .68 | 10.45 7.70
12.09 | 10.46 9.38 75 | 12.89 ) 9.38

" Only a single set of ten cupels made from ash No. 5, all of which passed
100-mesh was -used on coin gold, 0.5 gram, silver to gold 215:1, with the
results shown in Table 10. ' )

TaBLE 10 ~C upelo, Made from 100-Mesh Ash, Used on Com Gold and
“Assayed at Laboratory No. 4 A

Gold Silver
Absorbed, Mg. ! : Absorbed, Mg.
0.25 12.16

0.25 ) 12.12 ,
0.25 _ . 10.9
’ 0.2 : 11.01
0.29 12.96
0.26 11.79
0.25 11.70
0.26 ’ _12.67.
0.25 11.75
0.27 : o 11.71 ,

From necessity, the preliminary work of investigating cupel absorp-
- tion in the Mint Bureau laboratory had to dovetail ihto the regular work
of assaying in that laboratory. This work was then very la.rgely on
coins and included but little fine-gold assaymg

Owing to the presence of copper in coin gold and the consequent
necessity of using more lead and a higher temperature in assaying, the
absorptions in coin-gold assaying are not directly comparable with the
absorptions in fine-gold assaying. Table 11, however, serves as a con-
necting link between the table of preliminary fine-gold-assay absorptions
and the subsequent investigations on coin-gold absorptions in the Bureau
laboratory. This table summarizes 32 coin-gold assays made in labofé—
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tory No. 5 and a set of nine coin-gold assays made in the Bureau labora-
tory in cupels made from a very fine ash of the following screen analysis:

. - ) . Per Cent.
On 60-mesh....... L D 0.5
80-mesh.......... ... .. 6.0
100-mesh. ... o 4.0
Through 100-mesh . .. ... ... L 89.5
All the cupels were assayed in the Bureau laboratory.
~TABLE 11.—Gold Absorptions
Coin-Gold Assays
Gold Absorbed, " Ne.5 Laboratory Cupoh Bureau Laboratory Cupels,
.. Mg . .. No. Asrayed - No. Asaay ed .
0.14 1 1
0.15 :
_0.16 . ) 2. 2.
017 e T 3
- 018 "7 - 4 1
0.19 2 1
0.20 4 1
0.21 5 '
0.22 -2
0.23 "2
-.0.24 2
0.25 2
0.26 3.
0.27 "1
0.28 1
0:29 - .
0.30 . | oE 1o ]
Total....v... 32 9

' Alt.houg’-h:xiot\ strictly comparable, T insert here tests of two commerecial
cupels of American make, used in assaying coin gold in the Bureau
laboratory: '
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‘TABLE 12.—Gold Absorption

Commercial Cupels, Cupel A, Coin-Gold Assays, Cupel B,
Gold Absorption, Mg. No. Assayed Gold Absorbed, Mg. No. Assayed
0.13- 1 0.19 1
'0.14 1 0.22 1
0.15 2 0.23 2
0.17 1 0.24 1.
0.18 2 0.28 1
0.20 1 .30 1
- 0.21 1 0.32 1
0.22 1 0.33 1
0.23 1 0.34 1
0.26. 1 0.37 1
0.28 2 0.38 1
0.29 1 0.39 3
0.31 1 0.41 1
0.32 2 . - 0.43 1
! ! 0.45 1
‘ 18 18

'

Four special samples of bone ash prepared in the Bureau laboratory
and two samples of a commercial brand of bone ash yielded the figures
~ shown in Table 13 on screen analysis.

TaBLE 13.—Bone Ash, Screen Analysis

Burecau.Samples

Commercial Samples

L 1I, 111, IV, Y, vI,
Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent. | Per Cent.

On 40-mesh......| ...« | oo | oon. 2.5 2.0

On 60-mesh......| ..... 5.0 8.0 7.0

On 80-mesh...... 14.5 13 16.5 15 15.5 14.0

On 100-mesh...... 10.0 5 - 5.5 8 .3.5 2.5
"'hrough 100-mesh. .. ... 75.5 82 73.0 77 70.5 74.5
100.0 100 '100.0

100.0 .| 100

| ‘100.0

~ Cupels made from each of these samples of bone ash were used in
the Bureau laboratory in assaying coin gold under varying conditions
As before, the discussion of the effect of

in groups, generally of nine.

the group variations is reserved until later and all the absorptions of
each type of cupel are summarized in Table 14.
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TaBLE 14.—Coin-Gold Absorptions
Special Cupels Made, Used and Assayed at the Bureau Laboratory

Gold Absorbed, Mg. ‘ Ash No. 1| Ash No. 2 | Ash No. 3 | Ash No. 4| Ash No. 5| Ash N(o. 6

.09 ’ .. .- . '
10
11

12

.13

14

15

16
17
.18
.19

20
.21
.22

23 ..
24 1
.25 .. :

26

=0 N N

. et X
D) QOO0 G D N B I
QOO N W O D
T R R A N TRl SR
oy
OB ;S 0

W NN GGG W T U

DD = 00 = O N O U a] TR D -

55 44 35 - 35 49 53

The silver absorptions for three sets of nine assays for each ash are
summarized in Table 15, the proportion of gold to silver used being 1:2.25.

TaBLE 15
. Totals
Ash High Low High Low .| High Low
. High ‘ Low ‘ Diff

1 10.44 | 8.85 8.82 8.08 | 9.65 [ 8.18 | 10.44 ‘ 8§.08| 2.36 .
2 10.71 9.33 9.61 8.47 | 9.18 | 7.39 | 10.71 7.39 3.32 .
3 10.20 | . 8.77 9.05 7.31 ) 10.37 | 9.09 | 10.37 7.31 3.06
4 8.52 6.53 | 10.13 8.92 | 10.65 8.98 | 10.65 6.53 4.12
5 10.97 | 8.96 9.01 7.47 9.00 | ~7.74 | 10.97 7.47 3.50
6 9.68 8.15 7.15 5.07 9.8 | 7.77 9.86 5.07 4.79

| L _

However, a change in the coinage laws, permitting the issue of gold
certificates against gold bars as security, brought more fine-gold* assaying

¢ In the mint service the term “fine gold” is applied to any metal over 992 fine in
gold. It is purely arbitrary and sometimes unsatisfactory. It does not take into
account the character of the balance of the metal and is oceasionally applied to brittle
bullion which needs refining. In this paper, however, it always means ductile fine
gold.

z
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to the Bureau laboratory, and later much work was done on cupel ab-
sorptions with this metal, - -
For nearly 4 years, almost all the cupelhng done in the Bureau 1abora-

tory was directed toward elucidating-some point regarding cupels. Be-

~ sides this, many runs, both regular and special, were made in other labora-
tories in the service and the cupels were forwarded to the Bureau to be
assayed. Also, one service laboratory made many tests and assayed the
cupels themselves. In all, about 100 varieties of bone ash have been
tested, and probably 10,000 or more used cupels have been assayed.
The result of this investigation is a most emphatic warning against draw-

. Ing conclusions regarding cupels and cupellation from insufficient data.
From the vast accumulation of data now on hand, I can pick out isolated
illustrations here and there to support any reasonable supposition and
also a great many unreasonable and contradictory ones regarding the
subject. Again I can pick out many apparent exceptions to every gen-
eral rule.

The second lesult is to empha,sme the difficulty of carrying on several
sets of cupellations under even approximately the same conditions. I
have tried many times to work out the effect of some chief factor in the
operation to find it impossible in the end to draw rigid conclusions on
account of the disturbance caused by some minor factor, which, under
the circumstances, was often beyond control: It was no unusual thing
for such tests to yield confusing and contradictory results. This is due
to the practical difficulties of arranging and controlling the contradictory
and interdependent conditions in making successive sets of cupellations.

The third result is that rigid econclusions regarding bone ash, cupels

- and cupellation call for'such a vast amount of painstaking detailed work
under such onerous conditions that the game is scar cely worth the candle, :
especially as the customary variations occunlng in practical work will
nullify many such conclusions.

Finally, then, the results of this work cannot be dealt with in any
dogmatic way, but they must be applied in a general and practlcal way
with reasonable consideration and caution.

It is, for instance, most undoubtedly true that high temperature in-
creases cupel absorption, other things being equal, but it is seldom that
all the other things are equal and it is often impossible to tell wherein
they vary. ~Tt is perfectly reasonable to assume that the back part of a
muffle is hotter than the front. In fact, as long ago as 1891 Roberts-
Austen’ reported determinations by T. K. Rose showing that the back
of the muffle in the British Mint was from 50° to 60° hotter than the
front and that there was a difference of approximately 5° between the
rows of cupels.” Yet every experienced bullion assayer at times finds
the loss in weight in the back cupels less than in the accompanying front

5 Twenty-second Annual Report,I Deputy Master of the Mint (British), 1891, 69.
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ones. The same thing appearé in the cupel absorption.of gold and silver,
and in the illustrations given below there are many instances where a
cupel absorbed less than those in front of it. g

It is also self-evident that the porosity of the cupel should exert an
important influence on the absorption of gold. It goes without saying
that cupels should possess a proper porosity, but in the vast majority of
cases very little, if any, real information has been given by writers upon
assaying as to just what proper porosity may be. It is generally described
in some vague way as ‘‘not too fine and not too coarse.”

Two screen analyses of commercial bone ash are given by Lodge,®
which “give some idea of the bone ash on the market as passing a 40-mesh
sereen,” but he gives no indication of the value, relative or otherwise, of
the two samples. Fulton? gives ‘“a screen analysis of the bone ash com-
monly purchased, but which is rather coarse.’” These three screen
analyses are shown in Table 16.

TaBLE 16

Per Cent. Per Cent. Per Cent.
On 30-mesh. . . . ‘ 2.00
40-mesh. . . . 0.5 0.9 6.40
60-mesh. . .. 5.0 26.2 10.04
80-mesh. ... 15.9 19.2 2.00
100-mesh. ... 27.8 21.8 11.20
Through 100-mesh. . .. 52.8 32.1 68.88
Total.............. 100.0 100.2 - 100.52
Authority.......... Lodge Fulton

i

It should also be noted that the pressure:used in making a cupel
influences the porosity.

As a general proposition, cupels must absorb the PbO as formed, but
this is not governed solely by the porosity of the cupel. Size of buttons, ’
temperature and degree of saturation of the cupel are important factors
in absorption. Even yet I am not prepared to define, except in a most
general way, and largély as a matter of opinion, either a maximum or

8 R. W.Lodge: Noles on Assaying and Melallurgical Laboratory Experiments,19. N. '
Y., John Wiley & Sons, 1904,
* C. H. Fulton: Manual of Fire Assaying, 77. N.Y., McGraw-Hill Book Co.., 1911.
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minimum desirable degree of porosity. because the following tests show
that its influénce in bullion assaying may be so easily overbalanced: by
other conditions.

Three grades of cupels were made from five different bone ashes by the
application of different pressures in making the cupels. The soft ones

" were made on a hand press. The standard ones were made on a power
press at the usual pressure and the hard ones at a greater pressure.

In general, 18 assays, in two sets of nine each, were made in the Bureau
laboratory on ‘each kind of cupel on coin gold, with 4 grams of lead and
2.25 parts of silver to 1 of gold; the cupellation generally occupying from
9 to 11 min. from the time the last packet went into the cupel to the time
the first cupel was removed from the furnace. Several cupel assays were
lost and one group is short a set of nine. The results are summarized in
Table 17.

TaBLE 17.—Cupels Assayed

Gold Ash No. 1 { Ash No. 2 Ash No. 3 Ash No. 4
Absorbed, — | - ‘
Me. Soft | Std. Hnrd' Soft | Std. | Hard| Soft ‘ Std. | Hard| Soft | Std. | Hard
0.09 4| 1
0.10 e 5 1
- 0.11 20|73 51 ... 3 2 |... 1
0.12 7 4 7 4 e 4 3 2
0.13 5 2 6 2 1 7 3 21 1 1 1
0.14 3 21 4 2 7 3 6 |... 1|1 3
0:15 2 4 2 2 3] 6 3 2
0.16 i| 3} 3 3| 1| 6| 4| 4
0.17 4 ; 2| 3| 4] 4
0.18 4 . 4 3 4
0.19 1 1 1
0.20 2
0.22 B R S R 1
Total....| 17 | 16 | 18 | 15 | 17| 18 | 18| 18 { 18 |.18 | 17 | 18
L el el L 1 \

The fifth set yielded some very peculiar results.  Unfortunately, only
one set of nine was run on the soft cupel. In one set on the standard
cupel the time was ornly 8 min., indicating a somewhat hotter muffle, and
“the same fact is reflected in the absorptions as only one is 0.14-mg. and
all the rest of this set of nine are above 0.14 mg. The low results given
By thé-hard cupel are also noticeable. Table 18 summarizes the results.




TABLE 18.—Cupels Assayed
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. Ash No. 5.
.»\bgzprlged, )
Meg. Soft Std. Hard
= 0.09 3
0.10 v e 3
0.11 1 1
0.12 2 1 3
" 0.13 2 3 5
0.14 -2 5 2
0.15 1 2 2
0.16 1 3 :
0.17 3
Total . ... 9 18 18

These five ashes showed the following screen compositions.

. - TaBLE 19
Ash No. 1, No. 2, No. 3. No. 4, Nol. 5,
Per Cent. Per Cent. " Per Cent, Per Cent. Per Cent.

On 40-mesh 1.0 1.0 2
On 60-mesh 2.5 8.5 -7 9.75 7.0
On 80-mesh 15.5 14.0 16 15.75 12.5
On 100-mesh 3.0 5.5 6 6.00 5.5
Through 100-mesh 78.0 71.0 69 68. 50 75.0
- 100.0 . 100.0 100 100.00 100.0

Laboratory No. 4 prepared some “very soft”” and “soft’’ cupels from

On 40-mesh
On 60-mesh
On 80-mesh
On 100-mesh
Through 100-mesh

10

an ash of the following screen analysis:

"Per Cent.
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Each cupel was used in four sets of nine each in assa,ylng fine gold
w1th the results shown in Table:20.

TaBLe 20.—Cupels Assayed

Gold 1(}I!;orbed, Very Soft . Soft

W
=7}
PN S P CI R
o= WO gy =

S
9~
[N

'S 'S

«w jon
g et et e DD D

puy

Total ........ 36 35

! .

The most diverse practice obtains as to the time cupels should stand
and season before being used. In the British Mint it is, or was, the
practice to season cupels for 2 years. On the other hand, a very experi-
enced assayer has told me that absolutely no seasoning is required pro-
vided care is exercised in drying out new cupels in the furnace. If in a
hurry he does not hesitate to take freshly pressed cupels, chy them care- -
fully, and use them within a few hours of pressing.

Laboratory No. 4 combined some of its porosity tests with age tests.
Sets of ten cupels each, of soft and hard cupels, were used in assaying
standard gold when 1, 2, 3, and 5 days old. The used cupels were
assayed with-the results shown in Table 21, the soft cupels 1 day old
giving the lowest absorption. '
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TaBLe 21.—Cupels Assayed

1 Day Old 2 Days Old 3 Days Old - 5 Days Old
Gold Absorbed, Mg.
Soft Hard Soft Hard Soft Hard Soft Hard
0.12 1 |
0.13 1
0.14
0.15 1 2
0.16 1 2 1
- 0.17 2 3 4 3 2
0.18 2 5 1 4 1
0.19 - 1 1 . 1 1 v e 1
- 0.20 ‘e s - 1 4
0.21 1 1 - 1 e 1 3 1
0.22 1 2 1
- 0.23 ) 1 2 1
0.24 e - vee 1 2
0.25 - . 2 1 2
0.26 .. ... | 8 1
0.27 .. - 2 1
0.28 1 '
0.29 1 1
Total. ... 10 10 10 10 | 10 10 10 J 10
| sl Maa
Silver Absorbed, Mg.
Highest......... 10.79 | 10.02 | 12.21 | 12.09 | 10.39 | 11.11 } 12.31 | 11.57
Lowest .......... 8.88 8§.22 ] 8.96| 10.46 8.05 9.38 | 10.07 9.32

These cupels were made in a power press from ash of the following
screen composition: '

- ) 7

Per Cent.

On 40-mesh........ ... .. . il ny 1.0

On 60-mesh............................... 5.5

On 8O0-mesh............................... 6.5
On100-mesh.......... ..o .. .. i, 10.5
Through 100-mesh............... . ... ......... 76.0
99.5

Laboratory No. 5 used two different cupels when 2, 8, 21, and 40
days old, in sets of nine in assaying coin gold. The used cupels were
assayed at the Bureau with the following results:
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TaBLE 22.—Cupels Assayed

\ 2 bays Old 8 Days Old 21 Days Ol.d 40 Days Old
Gold Absorbed, - B - -
Mg. J No. 1t No. 2 No. 1 No.2 |"No. 1 No. 2 No. 1 No. 2
i Ash Ash |, Ash Ash A‘sh Ash Ash Ash
| T
0.14 ‘ e 1 .. 2
0.15 1 2 4
0.16 3 3 3 5 3 1
0.17 4 3 2 2 3 4 1
0.18 2 1 2. 1 2 2 1
0.19 o 1 3 2 2
0.20 g 1 3
0.21 g 1
0.22 1
‘ 1
i | .
Total. .. L 9 9 9 l 9 9 9 9 9
Silver Absorbed, Mg.
Highest...... T 8.78| 8.15 9.62| 893 .8.56| 8.50 | 10.68 | 11.59
Lowest...._. ..... 7.28 6.73 7.26 6.84 ' 6.86 | 7.06 8.02 8.30

These cupels wefe made on a foot press from ashes of the following
screen analysis: ' '

TaBLE 23
No. 1’, § No. 2.
Per Cent. ‘ Per Cent.
— t
On 40-mesh................. 2 l _
On 60meshw................ 5 ‘ 5
On 80-mesh................. 15 | 10 .
- On 100-mesh...... e 8 i 10
Through 100-mesh. . . ... ........... 70 ' 75
' i
| 100

100

In the Bureau, sets of nine cupels were run at 2, 8, 9, 17, and 33 days
on coin gold with 4 grams of lead and 2.25 parts of silver to 1 part-of gold.
The 9-day run was a temperature test rather than an age test and the
muffle was about as cool as it was possible to have it safely. The ab-
sorptions are, therefore, low. A second set was run at 33 days. with the
furnace perceptibly hotter than on the first run, and this fact shows in the
absorptions.

Table 24 summarizes the results.
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TABLE 24.—Cupels Assayed .

Gold_ Absorb_ed, Mg. 2 Days 8 Days 9 Days 17 Days | 33 Days | 33 Days
0.09 - 1
0.10 2 '
0.11 2
- 0,12 .3 R
0.13 . . 1 _
0.15 1 .. .. .. 1
0.16 1 3 3 1
0.17 .. 2 2 2
0.18 4 4 4 2 2
0.19 3 .2 3
. 0.20 1 1
0.21 2
Total....... 9 9 9 9 8 9
Silver Absorbed, Mg.
Highest...... R TI 9.63 9.86 7.15 9.18 9.99 10.34
Lowest.................|. 8.15 7.77 5.07 7.39 8.33 9.17

These cupels were made on a hand machine from bone ash of the
following scieen analysis:

: - : Per Cent.
.On 40-mesh......... e 2.0
On 60-mesh............. .. ................ 7.0
‘On 80-mesh............................ ... 14.0
On 100-mesh............................... 2.5
Through 100-mesh......................... S 74.0
99.5

It is a fair general inference from these porosity and age tests that in
bullion assaying the porosity may vary greatly and that no seasoning of
the cupels is required.

In considering the question of the amount of precious metals shown
by assaying used cupels it must not be forgotten that distinct beads of
precious metals sometimes remain on the surface of the cupels. Mani-
festly these must not be considered as part of the absorption. This point
has been carefully watched and as far as possible beaded cupels have
been eliminated from the tables or their presence noted. With the great
care exercised, however, it is evident that at times the results are vitiated -
by minute beads. When, for instance, one cupel in a set of nine or

{
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twelve shows abnormally high results it is fair to assume that beads were
present which escaped detection before assaying the cupel.

The question of the cause of-beads in cupels is worthy of careful and
systematic study, but it is rather difficult to work out because there is
now no known means of telling when beads are likely to form in regular
work, and when they are found at the end of the operation it is too late
to detect the cause, in most instances, with any certainty. ‘At this time
I wish simply to mention particularly one phase of the beaded condition
that affects some of the comparisons dealt with in this paper. This is
" that small separated beads may differ widely in composition from the
main button. Thus, when the packet is melting down, a particle of
bullion may get separated on the side of the cupel before becoming alloyed
with any silver, while also a particle of silver may get separated before
alloying with any gold. -Partial alloys may also separate as beads..
When the metals are thoroughly alloyed, any bead that may separate
. should be of the same composition as the main button.

When, for instance, one cupel in 2 set of nine or twelve shows an
excessive amount of gold as compared with the surrounding cupels, it is
a fair assumption that a head high in gold has separated. The same
reasoning would apply to silver, but the excess of silver must be very
much greater 10 warrant the assumption of the separation of a bead rich
in silver, on account of the greater amount absorbed and wider variations
naturally shown. When, however, such a cupel shows an excess of both
gold and silver, it is fair to assume that a bead separated after alloying.
of the metals.

In a set of four rows of four cupels each used in assaying standard
gold, 15 of the gold absorptions varied from 0.47 to 0.57 mg. while the
silver absorptions varied from 19.50 to 23.35 mg. The sixteenth cupel,
however, showed a gold absorption of 0.87 mg. while the silver absorption
was 21.30 mg. Evidently a minute bead of gold separated in this cupel.
In a row of three cupels used on crude bullion, the figures indicate the
separation of a bead of bullion by the following absorptions in milligrams:
Gold 0.54; sxlvel 702 Gold 084 silver 825 Gold .0.51; silver
6. 78 ' .

“In three rows of three cupels the separatlon of beads of fully alloyed _
metal is indicated by the following absorptions in milligrams.

-

No.1 o "No.2 _. 1o No. 3~
Gold " Bilver Gold Silver " Gold Silver
0.20 | 17.17 033 | 873 0.24 9.40
0.13. -~ | 14.06 024 | 7.58 © 023 | 873
0.12. 13.46 1.38 14.17 0.70 . 10.92
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Owing to the very high proportion of silver in the button, from bullion
assay cupels, the gold often separates in a finely divided state on parting.
Even with the utmost care, a minute amount may be lost in decanting
the nitrate of silver solution. Some of the discrepancies shown in the
comparisons may be due to the loss of 0.01 mg. or possibly 0.02 mg. from
this cause. This weight is only a very minute volume of gold. The
general tendency of cupel assays is to give low results rather than high
ones.

It very soon became evident in our investigations of cupels that the
question of the temperature of cupelling was a'most.important one. It
is the most troublesome variable in assaying. It is the most difficult
condition to control and to duplicate. It is probably the most potent
factor in its effect on cupel absorption. At any rate, small differences
of temperature may at times reverse the relative normal rate of
absorption. The temperature that controls the results and success of
. a cupellation is- the temperature of the cupelling lead button. There is
‘no method available for determining this temperature and it may vary

in adjoining cupels. It is entirely different from any pyrometer reading
that can be ascertained in practical work. In a vast majority of cases,
there is no relation between the two temperatures. The pyrometer read-
ing may be maintained practically uniform while the actual temperature
- of the cupelling buttons may vary greatly from time to time during a
cupellation. Probably the chief cause of variation between the two
. temperatures lies in the amount of oxygen supplied to the cupelling bead,
which is influenced both by the natural draft conditions of the muffle
and the freedom with which air is allowed to enter the muffle. Again,
it takes an appreciable time for changes in the heat conditions to show
their effect upon the pyrometer couple while the same changes may in-
stantly affect the temperature of the button. In working with a closed
muffle door, for instance, the opening of the door will instantly cool the
cupelling head by the inrush of cold air. On again closing the door the
bead temperature will rise, but if the open door continue a short time
only the cooling effect may not appear on the pyrometer until after the
closing of the door and we will have the anomalous condition that while
the temperature of the bead is rising the pyrometer reading is actually
falling. .

In the early stages of coin work, it looked as though certain cupels
were distinctly better for this class of work than others. At that time
.1t seemed that a small quantity of 40-mesh stuff in the ash was essential
to the best work. As more data accumulated, this conclusion was weak-
ened and was finally entirely abandoned. Table 25 summarizes the
results on 624 cupels used on coin gold and made from 12 varieties of ash
of widely varying screen composition, No. 1 containing 2 per cent. of
40-mesh, No. 2 all passing 40-mesh and No. 3 all passing 60-mesh.
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TABLE 25.—Gold Absorption in Various Cupels

Ash, Mg 1 2—‘ 3-\ ¢ , 5W 8 l 7 ‘_s 9 | 10 | 11 | 12 | Totals.
_ : : ! — — .
0.09 1 UL R R N I S AN IV - 38
0.10 2 2 O 7l 8] 14
0.11 2 210, 1| 2|10 31 2| 22
0.12 3. A U ! 6! 9/18|...| 5| 8| 53
0.13 ... 1| 38| 7 8/13|13| 3|10|15| 74
0.14 2 1| 2| 6| 9|...{10] 9| 9| -5|17| 14| 84
0.15. 3! 5] 2| 6| 8| 1| 5| 7| 5|11 7| 6] 61
0.16 115 3[12/ 3| 2 38( 4| 2|15| 7| 6| 73
0.17 14| 6] 6] 11 1] 3| 2 11| 5| 3| 62
0.18 26| 9| 6| 3 6| 1| 4 6| 3(...| 64
0.19 1| 71| 2 5 2 1]...]...] 39
0.20 9| 7| 6| 1| 2 2 27
0.21 51 3| 2 1 o 11
0.22 6 5 6.0 ..l T
0.23 1 4| 5.l ] 10
0.24 1| 1| 1 3
0.25 1 1
Totals......... 98 | 53 | 52 | 44| 30 | 18 37 | 54 | 69 | 52 | 57 | 60 | 624

~ The original coin assays were made under usual conditions, but with

better observation and more control of these conditions than is generally
exercised. In several cases, the-same cupel gave higher absorptions
under different conditions, showing conclusively that the conditions of
the cupellation had more influence on the absorption than the character
of the cupels. This is strengthened by the fact that, on selection, sets
of nine assays, three rows of three each, did not exceed an average ab-
sorption of 0.13 mg. per cupel on 11 varieties of ash. On raising the
average to a bare trifle above 0.19 mg. the varieties of cupels are raised
to 21. Table 26 gives the screen composition of the 21 ashes.
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TaBLE 26.—Screen Analysts, Bone Ash

Tested in Bureau Laboratory

On 40-Mesh | On 60-Mesh | On 80-Mesh |On 100-Mesh | Lhrqueh
1 ! | 14.5 10.0 75.5
2 : 2.5 8.0 | 155 3.5 70.5
3 e o 13.0 5.0 82.0
4 ) 2.0 l 7.0 14.0 2.5 74.5
5 i 5.0 16.5 5.5 73.0
6 14.5 8.5 77.0
7 . 7.0 14.0 5.5 %3.5
8 1.0 3.0 19.0 10.5 76.5
9 - 4.0 8.0 12.0 6.0 ©70.0
10 ' 1.5 7.5 13.5 3.0 74.5
1 .10.0 150 | 10.0 65.0
2 P 2.0 7.0 16.0 6.0 69.0
3 ! 1.0 2.5 15.5 3.0 78.0
4 i . \ 9.5 16.0 6.0 68.5
5 : 1.0 | 85 14.0 - 5.5 71.0
6 I 7.0 12.5 5.5 75.0
7 | 8.0 8.5 9.5 64.0
8 i Tr. } 5.0 16.5 11.5 67.0
9 1.0 | 9.0 15.5 6.5 68.0
20 . 2.5 | 10.0 14.0 7.5 66.0
1 4.0 l 6.0 17.0 5.5 67.5

°

On the other hand, variations in the conditions, which were within
the ordinary limits, at times brought the average up to 0.30 mg.

Many direct comparisons were made by running two or three varieties
of cupels in the same set. Most of these showed practically uniform
absorptions. One set of twelve, threé rows of four, using three cupels
gave the characteristic figures in Table 27. '

- TasLe 27

i
“ Au { Ag |Ratio| Aun Ag |Ratio| Au Ag |Ratio| Au Ag |[Ratio

ist row..[0.15 | 10.91] 73| 0.20| 10.78| 54| 0.16| 10.66] 67 |0.15 [11.18| 75
2d row..| 0.19 | 12,83 68| 0.21| 12.95 62| 0.19 12.81| 67 | 0.19 |12,92| 68
0.2 0.22

3drow..| 0.22 | 13.15 60| 0.21| 13.01| 62 0.21‘.13.17 63 13.04| 59

The fact that the conditions are more potent than the structure of
* the cupel is shown in a negative way by the silver absorptions. In sets
showing low and uniform gold absorptions, the silver results vary greatly.
There is an entire lack of relation between the gold and silver absorptions
under normal conditions. In Table 27, the gold absorptions varied from
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0.15 to 0.22 mg. whilé the silvers varied from 10.66 to 13.17 mg. and the
parts of silver absorbed per part of gold varied from 59 to 75.

Coin gold was run in 21 sets of twelve cupels, three rows of four-each,
and five kinds of cupels were employed. The general condition of the
work may be taken as typical and the variations in the conditions as
being within the limits of ordinary practice.

The assay of one cupel was lost entirely. Of the remamlng 251
assays, 17 were thrown out for irregularities and these rejections were
governed by the ratios on the surrounding cupels rather than by the
absolute ratios shown. For instance, in one row the-gold absorptions
were 0.15, 0.20, 0.16 and 0,15 mg. The ratios of gold to silver were 1
to 73, 54, 67 and 75. Therefore, this 54 ratio was thrown out although
there are five other 54 ratios in the lot. There are a few exceedingly
high ratios, but I have no reason to doubt them. In one row the golds
were 0.12, 0.12, 0.18 and 0.10 mg. Clearly the 0.18 is,excessive and was
rejected. The remaining three ratios were 1 to0,99, 91 and 108. In
another case the golds were 0.13, 0.15, 0.11 and 0.12 mg. Rejecting the
0.15 mg. the ratios are'1 to 91, 100 and 95.

The 234 accepted assays' yielded the ratios shown in Table 28, the
figures stated being the parts of silver absorbed for 1 part of gold:

TaBLE 28.—Ratio of Silver to Gold Absorbed

Parts of Silver Times Shown | Parts of Silver | Times Shown | Parts of Silver | Times Shown

735 1 55 7 73 3
36 1 56 8 74 1
38 2 Y 8 . 75 2
39 5 58 4 76 2
40 : 3 59 - 4 77 3
41 2 60 6 78 1
42 9 61 5 79 1
43 10 62 5 81’ 1
44 10 | 63 6 82 1
45 11 64 -3 84 1
46 16 65 3 88 1
47 - 12 66 1 90 - 1
48 1 10 67 4 91 1
49 9 68 4 93 1
50 7 69 2 95 1
51 9 70 1 99 1
52 N § 71 1 100 1
53 8 72 1 108 1
54 5 .. Total....| 9234

J AY

In the early days of the investigation, some work was done on the
question of the absorption of gold by the secondary cupels. In the case

\
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of acceptable coin- and fine-gold assays, the amount of gold absorbed by
a single secondary cupel is very small and it is only by uniting several
that sufficient gold for satisfactory welghmg can be obtained, thus aver-
aging the results. In the second cupelling, the ratio between the gold
and silver introduces a variable uncertainty from the varymg protection
of the gold by the silver. Again, with a wide difference in the weight
of the primary cupel there will be a corresponding difference in the weight
of lead cupelled in the secondary. It is therefore apparent that much
work would be required to reach any definite figures upon the_subject.
Two cases may be given as follows:

The stained portions of nine primary cupels weighed 49.7 grams and
yielded nine buttons totahng 0.87 mg. gold and 47.65 mg. silver. The
stained portions of the nine secondary cupels weighed 4.66 assay tons.
Two charges of 2 assay tons each were put through and the two final
buttons parted together giving 0.01 mg. gold. In the second case, the
primaries weighed 133.9 grams and the buttons gave 3.94 mg. gold and
141.14 mg. silver. - The secondaries weighed 5.28 assay tons and the
gold from two charges of 2 assay tons each weighed 0.03 mg.

Base metal assays of crude bullion often show the absorption of 1 mg.
or more of gold and low absorptions of silver. In such cases the indi-
vidual secondary cupel may give enough gold to be weighed. Eight
cases yielded the results shown in Table 29.

TABLE 29
Primary Cupel. ’ Secoludary Cupel Primary Cupel Secondar& Cupel
Absorption, Mg, Absorption, Mg. Absorption, Mg. Absorption, Mg.
\ —

Au ‘ Ag ’ Au ‘ B Au ‘ Ag Au ’

1.67 1.37 0.02~ |, ........ 1.19 1.19 0.01~

1.66 | 1.35 0.01  (........ 1.13° 1.14 0.02—

1.25 0.99 0.02 |......... 1.00 1.01 0.02—|

1.22 101 | 001 [ 0.94 | 097 | 0.01 ]

To these may be added an extreme and most unusual case of beaded
cupels where both the gold assay and the base metal assay cupels were
heavily beaded. The six primary gold assay cupels weighed 119.1 grams
and yielded 10.28 mg. of gold, and 111.35 mg. silver. The six secondary
cupels showed an average absorption of 0.01 mg. gold. The six primary
base metal assay cupels weighed 110.1 grams and yielded 20.07 mg. gold
and 18.23 mg. silver. The secondary cupels averaged 0.03 mg. gold
absorbed.

* In a very broad and general way, it appears then that approximately
1 per cent. of the gold present is absorbed by the secondary cupels. In
a vast majority of cases, this is too small an amount to be of any moment.
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- In addition to its effect upon the cupel absorption of the precious
metals, the temperature of cupellation is an important question as.a
general proposition and among other effects it is desirable to know the
proportion between the lead absorbed by the cupel and that volatilized:
Ten determinations of the lead in cupels used on coin gold in two labora-
tories showed that from 87.5 to 97.75 per cent. of the lead used had been
absorbed by the cupel. It would appear from these figures that at least
90 per cent. of the lead used ought to he absorbed. '

These illustrations show most. conclusively that the. conditions of the
cupellation are far more important in influencing the cupel absorption
than the structure of the cupel. When high or erratic losses are shown
the used cupél should first be examined for beads. In the absence of
beads the other conditions, especially the temperatur e, should be carefully
considered before blaming the cupel. .

"It is evident that the screen analysis of the bone ash used for cupel
making is.not .a dominant factor in cupelling. However, when the best
‘results are desired it is necessary to have some standards to work to. At
a conference of Mint Service assayers, the three following screen composi-
tions were unanimously recommended as bemg satisfactory for bullion
work.

TaBLE 30
T No. 1 Per Cent. ) No. 2 Per Cent. No. 3 Per Cent.
On 40-mesh 1.5-2 - ' .
On 60-mesh 6-8 7-10 : 4-5
On 80-mesh 12-15 i . 15-20 T 10-15
On 100-mesh 5-8 5-10 5-8
Through 100-mesh 70-75 ‘ 70-75 : 75-80

Various manufacturers were requested to bid on suf;plyihg ash
graded in substantially this way and finally a bid was accepted to supply
the offices throughout the service with ash graded as follows:

Per Cent.

On -40-mesh. ................ ... 0-1.5
60-mesh............ ... ..~ 5-10
80-mesh.................... /' 10-15
100-mesh. . . .. T e 7-12
Through 100-mesh .................... "65-75

This arrangement proved unsatxsfa,ctory for Teasons entirely out51de
‘the screen composition.

In the miscellaneous buying of bone ash and testing the grades sup-
plied, it has been found that the ordinary commercial grading of ash is
entirely unreliable.. The Bureau tested eight lots of one grade from a
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manufacturer who makes a specialty of bone ash a.nd obtained the screen

analyses shown in Table 31.

TaBLe 31.—Screen Analysis of One Commercial Grade

"On 40-Mesh, On 60-Mesh, On 80-Mesh, On 100-Mesh, Through 100- Mesh

Per Cent. Per Cent. Per Cent. .. Per Cent. Per Cent.

1 : 10.47 17.41 29.45 | 42.67
2 0.14 13.12 13.31 15.01 58.42
"3 - Trace " 8.30 18.20 9.50 63.60
4 Trace 5.00 ’ 16.30 11.50 66.70
5 0.80 8.70 . . 14.10 5.70 - 70.30
6 0.10 7.30 13.80 - 6.50 - 71.70
7 0.30 7.60 . 13.50 - 5.50 72.50
8 - 1.70 7.50 13.30 3.00 73.90

The same condition is shown by the ash of other manufacturers.

In order to overcome this difficulty, the practice has grown up of
testing the ash as purchased and mixing purchiases to produce a satis-
factory ash. The following illustrations are taken from the practice of
the New York Assay Office where this method has given much satisfaction
and is to be recommended. -

An ash designated as “60-80 mesh’ by the manufacturer is made
the basis of operations. When a barrel is received it is sampled by the
use of a “tryer’’ and 10 oz. used for making the screen analysis. Some-
times the barrel as received compares fairly with our contract standard
given above as shown by the following:

1

TABLE 32 .

No. 1, No. 2, No. 3,
Per Cent. Per Cent. Per Cent.
On 40-mesh........ 0.6 0.7 0.7
On 60-mesh...... . 4.6 5.0 4.9
On 80-mesh........ 6.4 6.1 6.1
On 100-mesh........ 9.0 7.2 10.1
“Through 100-mesh........ 78.9 80.6 777

These barrels were used without mixing.

This grade is, however, frequently found to be too coarse and it is
then mixed with ash graded by the manufacturer as “80-100 mesh’’ to
give a mixture sfmtlsfactmy for cupel making as shown by the followmg
examples ' -
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_ TaBLE 33

Coarse, Per Cent. Fine, Perl Cent. Per Cent.
2 Coarse to 1 Fine
On 40-mesh. . 1.6 0.1 1.1
On 60-mesh. . 13.0 0.2 8.7 -
On  80-mesh.. 14.7 1.1 10.2
On 100-mesh. . 14.8 2.0 10.5
Through 100-mesh. . 55.9 - 95.7 69.2
134 Coarse to 1 Fine
On 40-mesh. . 7.4 4.5 ¢, ..
60-mesh. . 25.3 As 15.2 { A little
80-mesh. . 11.6 above 7.4 coarsg
100-mesh. . 10.9 7.4
Through 100-mesh. . 44.8 65.2 _
N , 4 Coarse to 1 Fine
On 40-mesh. . 1.0 0.1 0.8
On 60-mesh. . 9.7 0.2 7.8
On 80-mesh. . 14 .4 1.1 11.7
On 100-mesh. . 12.8 2.0 10.6
Through 100-mesh. . 62.1 95.7 68.8
1 Coarse to 2 Fine
On 40-mesh. . 3.7 0.0 1.2
On 60-mesh. . 54.3 0.0 18.1
On 80-mesh. . 18.1 0.8 6.5
On 100-mesh. . 5.4 1.3 2.6
Through 100-mesh. . 18.7 98.0 71.5
1 Coarse to 1 Fine
On 40-mesh. . 7.8 0.3 4.2
On 60-mesh. . 22.3 1.5 11.9
On. 80-mesh. . 14.0 1.5 7.9
On 100-mesh. . 9.0 2.0 5.5
Through 100-mesh. . 46.8 94.6 70.7
) 3 Coarse to 2 Fine
-On 40-mesh. . 2.8, 0.0 1.68
On 60-mesh.. 24.3 0.0 14 .58.
On 80-mesh. . 14.7 0.1 8.66
On 100-mesh. . 14.2 0.4 8.68
Through 100-mesh. . 44.1 99.5 66.26

Two other barrels of “60 80 mesh” were used as 1ece1ved and showed
the followmg screen con1p051txons
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TapLE 34

. No. 1, No. 2, '
Per Ceat. Per Cent.
On 40mesh..................... 0.5 0.1
On 60-mesh.................... 9.9 6.2
On 80mesh.................... 15.6 19.6
On100-mesh.................... 12.6 11.9
Through 100-mesh.................... 61.0 62.2

These figures also show wide variations in commercial grading.

Conclusions

It is apparent that the results of this investigation eannot be reduced
to any hard and fast conclusions.

In assaying high-grade products giving large assay buttons, the
following general conclusions may be drawn: Within wide limits the
. screen composition of the bone ash is not the dominant factor in cupella-
tion, but the assayer should inform himself as to the grades of ash avail-
abie and adopt some plan in selecting or mixing his ash. In the same
way, the pressure used in making cupels is not highly important, although
it is well to keep it fairly uniform. There is no necessity to season cupels.
In making comparative tests, the closest attention must be given to the
temperature question, but the temperature of the cupelling bead is for
the present beyond either measurement or control, and high general
temperature in the muffle may produce wide variations in the absorption
of gold in adjoining cupels. The pyrometer is a good guide to the general
temperature conditions, but uniformity of pyrometer reading does not
mean uniform bead temperature.

In assaying ductile fine gold, for instance, it is evident that the goldo
absorption by a cupel may be kept down to 0.1 mg. and need not ex-
ceed 0.2 mg. Certainly an absorption of over 0.25 mg. should not be
countenanced in fine-gold assaying. That these figures are attainable
in regular work is shown by the results obtained in laboratory No. 5,
which is a large and busy commercial laboratory. In the case of coin
gold the figures might be increased by 0.05 mg. '

There is no apparent relation between the absorption of the two
precious metals and much more work is required to establish facts regard-
ing the absorption of silver.

The careful assayer should establish standards of cupellation suitable
for his particular lines of work and should assay his used cupels from
time to time to see that the standards are being maintained.





