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A JAPANESE PSEUDO-SPEISE (SHIROME),
AND ITS RELATIONS TO THE PURITY OF
JAPANESE COPPER AND THE PRESENCE
OF ARSENIC IN JAPANESE BRONZE.

BY

W. GOWLAND, ARS.M., F.CS, F.I1C,
Late of the Linperial Jupanese Mint.

In the separation of silver from copper by liquation with lead by
the Japanese process, known as the “nambau fuki* method, an
alloy of copper, arsenic, lead, and antimony, called *shiromé,” is
obtained as a by-product, in larger or smaller quantities, according
to the nature of the copper treated.

As this substance is unique in compesition among metallurgical
products, as, besides, it forms an important constituent of some
Japancse bronzes and alied alloys and has not litherto been
analysed or described,” the following notes on is vceurrence,
composition, and uses will, I hope, be of interest to the members
of our Soeicty.

The process, too, in which it is produced will not be of less
interest, as it possesses several importaut features and exhibits some
curious relutions or aflinities of the metals -copper, lead, arsenic,
antimony and bismuth, under conditions which are not found in
ordinary metallurgical operations,—=effinities which bave played a
prominent part in the scparation of the three latter metals from
Japanese copper.

I propose mnow, with your permission, first, to describe the
process in which the shiromé is a by-product, and its effeets on the
copper treated by it, and subsequently to cousider the hy-procuct
itself,
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The process of liquating copper with lead for the separation of
silver is called, as I have stated above, “namben fuki,” which
siguifics “ melting after the style of the southern barbarians,” the
method - having been introduced into Japan by the Portuguese.
Since the date of its introduction, about the latter half of the 1GLh
century, it has been continuously employed in the treatment of all
copper containing suflicient silver to pay for its extractiou.

As most of the copper ores of the country are more or less
argentiferous tho process has been and is still in extensive use, and
very large quantities of silver have been extracted by means of it.
Sume gold also has been obtained, but only a part of that present in
the metal treated cun be liquated out with lend, a considerable
proportion being always retained in the copper.

This process was not, however, introduced by the Porturuese
in its pfescnt form. What they intreduced was the oid German
methed, known as “ Das Eaigern,” ouly the principles of which bave
Leen followed by Japanese metullurgists, who, with these principles
as a basis, developed the furnace, appliances, and method of liguation
which are now in use and which are essentially Japanese.

Great eredit 1s duc to these metallurgists, especially to those of
the carly days, for the ingendity they have exhibited in their radical
alterations of the European method, for Ly these alterations they
have not only made the process suitable for the work of the smnllest
mine, but have acbieved results with it on all scales far surpassing
in cconomy and in completeness of separation of the respeclive
metals anything that had been accemplished Dy it in its original
form.

T'hus, for example, in the Japanesc process less lead is required,
a lead richer in silver is obtained, less lead and silver are left ia the
copper, and as small a quantity as 80 lbs. of copper ean be treated
at a tunc,

Copper suitable for liguation :——

The amouat of silver in the coppoer which is necessary to make
the liquation process a profitable one varies in different parts of the
country.
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In Tokio, 0-0%7 per cent. silver (25 ozs. 3 dwts. 1 gr. per ton)
is sa'd barcly to pay the costs of the operation, but in other
localitics, where charcoal and labour are cheaper, this proportion of
silver would be remuncrative.

Generally speaking, in all districts when the copper contains
0-092 per cent. silver (30 ozs. 1 dwt. 2 grs. per ton) or more it is
subjected to this process.

The following analyses show the proportions of silver contained
in typical specimens of copper from different localities.

Si.vir AND GoLp 1y Crupe Correr.

Locality. Silver. Silver. —_—
Os,
Per Cent. | per Ton. |
I’rovince of Bungo. . 0°060 1960 ! Gold trace; nickel,
cobalt, 0:251 per
cent,
» Echigo 0-078 25'48 | Gold trace.
(Kusakura).
’ Kozuke 0-094 30-70 ”
(Ashiwo).
1] . '1-0551 .o 0 * ]35 4‘1 ’ 10 )
. Uzen .. 0140 45-73 '
’ Bichin . , 0-165 5440 N
»  Hida 0185 60-43 »
(Takayuma).
Yezo .. ... ... 0-230 75:13 | Gold O 003 per cent.
(0° 96 oz. per ton).
Province of Bichu .. 0-252 82'32 | Gold trace.
»» Unknown,. 0-527 172-15 »
» Of Rikuchn 0-650 212-33 | Gold  trace, lead
(Kosaka). 4-09 per cent.
’ Twami Trace . Gold 0-0165 per
(Omori). cent. (539 ozs.

per ton).
A2
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Silver and Gold in Crude Copper—continucd.

Locality. Silver. Silver. —

Ozs.
Per Cent. | per Ton.
Proviuee of Rikucliu Trace - Gold 0-0285 per
("Towata). cent. (9-31 ozs.

per ton).
Gold 0°0436 per

»” ” 1 .
cent. (14-22 ozs.
per ton).

” " 0-011 3060 Gold 00810 per

cent. (2G°51 ous.
_ per ton).
Korea............. 2+590 846:07 | Gold trace.

39 Neeeeamianea. 3000 95000 ”

Two specimens of copper from Koren are included in this table
as they represent the most highly argentiferous crude copper I have
met with in the East. The oceurrence of such large percentages
of silver in these specimens leuds me to direct the attention of
miners and metallurgists who may proceed to thut country to the
copper ores as sources of silver, as hitherto prospectors have
contined their search for the metul to outerups of galena amd silver
ores proper, and bLave not had the success which their energ
deserved.  The large amount of gold in the copper from Towata is
worthy of note. Aboul five tons of the sample containing 26+ 51 ozs.
per ton were imported iuto the Innperial Mint as crude copper, the
importer being iguorant of the presence of gold in it until he
received the assay report.

Tur LiguaTiox PProcess.
The operations of the Juparcse liquation process are divided
into iwo stages, cach being conducted in a diflereut furnace, viz. :—
A. Preparation of an alloy or mixture of copper and leud.
B. Separation of the lead (and with it the silver) frow the

mived wmetals,
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When, however, the crude copper already contains suflicient
lead, stage A is omitted and it is submitted at once to the operations
of stage B,

Several mines in the province of Iida, where the metal is
obtained by smclting ores rich in galena, yicld copper of this
descripbion, in which the amount of lead, as will be scen from the
following analysis, occasionally reaches 39 per cent.

Crupe Correr conraiying Mxcess or Leap (Provixce
or IHipa).
Per Cent.

Copper «vvovviivnnn.. .. SR 58-87
Lead ......vivi s, R 3 e 39°28
Iron.,.c.vvvunn... caesecavensse. 0°08
Arsenic.. ... o S Trace.
Antimony........... Cebeeeeieaian Nil.
Sulphur ......... R T ceeeas 164
Silver .......... . o SRR e e e e o 0-185
Gold .............. T T Trace.
100055

E

This is exeeptiounal, and geuerally in most districts the addition
of lead is required.

Stage A.—Preparation of the mivture of lead and copper :—

The proportion of lead to be mixed with the copper varics at
dilferent mines and smelting works, ranging from 1 pact of lead to
55 parts of copper at Ani (prov. of Ugo) to 1 part of lead to 3 parts
of copper at Owmodani (prov. of Xchizen), the gencral ratio being
about 1 to 4.

Both lcad rich and poor in silver arc used, the former being
preferred when it can be procured, as more silver can be obtuined
from it than the old Japancse methods of assuying indicate, and
the final enpellation i hastened.
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The amounts of silver usually prescut in these two kinds of
lead are as follows :—

SILVER IN JAPANESE LEAD.

Poor lead ... 0°0G3 °/, silver (20°56 ozs. per lon); traces of gold.
b eee 0°094°0 L (30°7L ., ., );
Richer lead.. 0-312°, ,  (101-92 ,, » )
w .. 0°366°, , (119°56,, 5, )

w .. 0°424° ,, (13851, , ) ”»

s .. 0°448°L , (146°35, , )i N

1
2}

»
B
.
’ ]
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The furnace uscd is the typical Japanesc smelting furnace shown
in Fig. A. It consists simply of a rudely hemispherical hole about
16 in. diam. and 15 in. deep in & specially prepared portion of the
ground of the smelting room, lined with a brasque of refractory
clay aud charcoal, and to which a blast is supplied through a clay
twyer from the ordinary double-acting hand bellows in general use
in China and Japan, which is placed behind the {urnace.

Ienited charcoal is placed at the bottom of the cavity, which
is then nearly filled up with fresh elarcoal.  Upon this the copper,
which is in irregularly-shaped Iuwps, is placed, and more charcoal is
heaped up over it.

The bellows are then started, more copper and fuel are added
from time to time until the whole of the charge has been put in,
and the blast is coutinued uatil all the copper has completely melted.
The fire is then raked off, the metal skimmed, and the lead added
and mixed thoroughly with the copper.

The alloy is then removed from the furnace by means of a
curious tool consisting of a rudely spherical-shaped iron head about
4 in. or more in diam. attached to a long bandle. This is dipped
into the molten alloy, lifted out, and the adhering crust of metal
knocked off and thrown into water. The tool is then cooled with
water and another crust taken out, and this is continued until the
furnace is emptied of its contents. This part of the operation is
graphically shown in the Jupsnese drawing, Fig. A A. Six or
seven charges, cach of about 250—300. pounds of copper, are
worked per day with a consumptivn ef 20 per cent. of charcoal.
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In a large copper refinery in Tokyo, erected after my designs,
the copper is melted in charges of three or four tous, and is laded
or run out in quantitics of Lail a ton at a time into a large casting
laudle in which the lead is mixed with it.  The alloy is then cast in
iron moulds into flat plates with intersecting furrows, so that it can
be easily broken up when cold.

The former method is, however, that in general use.

The copper-lead allvy is now taken to the liquation department,
where the second .purt of the process, stage B, is conducted.
Stage B.— Sepuration of the lead Srom the copper-lead alloy :—

The operations of this stage are carried on iv a lurnace of simple
but ingenious counstruction.

A vertical scction showing its general form, the arrangement of
the twyer, and the curious fore-hearth is given in Fig. B.

Its exterior, as well as that of tho fore-hearth, usually consists
of flat stones set on cdge, but in the mint aud some modern
refineries these parts are built of bwickwork.

(In Dr. Perey’s Metallurgy—Silver and Gold—DPart 1., p. 311,
a drawing is given by Mr. Tovkey of the brick furnace used in
the mint in 1871.)

The interior is a circular cavity about 18 inches in diameter
and 13 inches deep, with clay sides slightly converging towards
the bottom, which slopes downwards towards the front side.

¥rom the front side the fore-hearth projects in the form of u
shallow trough in a line with the bottomn and ineclined at about
the same angle. DBelow the e¢nd of the trough there is a shallow
cirenlar hole in the grouml for recciving the liguaied lead.

The interior of the furnace amd of the fore-hearth is lined with
the usual brasque of clay and charcoul,

The front side is open, but is partially closed duriug working
with a fire-cluy tile,

The top is covered with a cluy slab exceptling a small opening
which is used for the addition of fucl, and is also covered during
working with a movable tile.

The blast pipe is usually of clay, sometimes of iron, and
terminates in a chy nozzle or twyer which passes through the
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cover of the furnace. The twycr is bent sharply at an angle, the
correct inclination ¢f which is considered to be of great importance,
its object being to direct the ULlast downwards and towards the
middle of the back wall.

The furnace is placed under a hood for carrying off the fumes.

The charge of alloy weighing from 100--160 lbs. is placed
on the bottom of the furnace, the larger pieces below, then a
little charcoal, and then the smalier picces. The front tile is
now fixed in position, and the. furnace almost filled with charcoal,
the covering 'slab luted on, and the twyer adjusted.

Glowing embers are now put in, the charging opening is closed,
and the bellows started.

The furnaceman then takes up his position, squatting on the
ground in front of the forc-hearth.

Great skill is required in regulating the force of the blast,
8o that too high a temperatnro may not be produced, as the
alloy must not be melted but mercly brought to a pasty
condition.

When it has reached this state it partly protrudes through
the opening in the front on to the upper part of the trough
forming tbe fore-hcarth, and is there kept hot by the flame
—which issies continually from this opening—passing over it.

The mass—a copper sponge saturated with leswd—is now patted
and squeczed Ly the workman with a tool comsisting of a small
block of wood about 5 or G ins. long and 3 ins. in diametor
fixed on a hooked irom rod attached to a wooden handle, the
lead trickling from it being collected in the hole in the floor
(Fig. C.). As it becomes cool and lead ceases to exude, it is
pushed back towards the hotter part of the furnace with a small
iron rabble, and when suflicienily pasty it is aguin patted as
before.

When the lead ceases altogether to flow from it the temperature

is raised and the pasty mass is raked down the spout with further
patting and allowed to solidily there.
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The average duration of the operation is about 21 hours, and
usually three to four charges are worked per day, with a con-
sumption of from 40 to 50 per cent. of charcoal.

The products of this liquation process are: copper containing
but little silver, argentiferous lead, and shiromé.

The specimen on the table is a sample of the copper in the
form in which it is faken from the fore-hearth. Its composition
is represeuted by the following analysis :—

Correr ArTER LiguaTION,

Yer Cent,

6 ) £ 99-12
Lead .. ..., e T msans 0-52
ASENIC . « it iierrirrenrannnnanas v 004
Antimony . ...covviiinneiiiiinnnnnn. Trace.
Tron. oo i 0-04
Silver ........... feeeiraeriaararans 0-034
Sulphur, ...oooviiiiiiin . o SEE 0-02
Nickel............... Ceeeeiseene «e.  Trace.
Tusoluble saudy residue ............... 0-06
099-834

Sometimes when the process has been bhastily or unskilfully
conducted the amount of lead retuined by the coppor excceds that
in this specimen, but the greatest awount I have found has been
0°97 per cent.

The lead which has collected in the cavity in the floor contains
varying quuntities of silver according to the amount present in the
copper and in the original lead used for the liquation,

Rarcly less than 0°25 per cent. (31°G6 ozs. per ton), frequently
15 per cent. (424°66 ozs. per ton), and occasionally as mueh as
2-2 per cent. (718°G6 ozs. per ton), is present,
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It also contains the whole ol the bismuth, a little of the arsenic
and antimony which may have been present in the copper, and
small quantitics of copper.

Usually only about 80—90 per cent. of the weight of the lead
added to the copper is obtained, the rewainder being lost, part
being retained in the copper, shiromé, and slag, aud part being
volatilised.

The lead is sent to the cupellation department, where it iy
first submitted to an oxidising-melting process on a hearth of wood
ashes nnd clay, and then is cupelled on a similar hearth of smailer
dimeosions, o cake of silver coutaining a little wold being obtained
(see specimen). '

SnIroars.

The shiromé aceumulates on the oufside of the spongy mass
of copper in the fove-hearth in irregulirly-shaped semi-fused lumps,
aud is removed by the furnaceman from time to time during the
liquation.

The amount yiclled by any operation varies gencrally from
1—2 per cent. of the weight of the copper treated, but is entircly
dependent on the purity of the copper; if this contains only
traces of arscnic and antimony no shiromé is formed ; if, on the
otlier haud, much of these are present the propurtion. may greatly
cxceed 2 per cent.

When suflicicnt shiromé has  accumulated in  the liquation
department it is twice treated by liquation with lead for the
separatior of as much as possible of the silver whieh it contains,
but in spite of this Lreatmeut a considerable amount of silver is
always retained in it owing to the arsenic, which is one of its
esscntial constituents.

[Vote.—The word shiromé (meaning *“whitc solder”™), the
name of this substance, is unfortunately alse used to derignate
antimony, the Japanese not having hail any specially distinetive
nune for this metal cxcepting Iyo-shiromé or shiromé from Iyo
(Iyo being the province in which the chief autimony mines were
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situated) until recently, when “anchimoni” was adopted from
the Lnglish word. Irequeatly “lyo” was omitted and ouly
shirom¢ written.

The term is also applied to ordinary tin and lead solder. I
think it necessary to meution these three uses of the name, as they
have led to much confusion in Japanese mcinllurgical books, and
especinlly in translations from them. Thus a careful and learned
writer has conveyod a cowmpletely wrong impression of the
composition of some Jupanose alloys by translating shiromé as
antimony when this copper-arsenic-lead-zntimony alloy is meant.)

Shiromé as it is obiained after liquation with lead is in rough
irregular-shaped, somewhat vesicular lumps.  When melted and
cast into ingots it is of a very dark Dluish-zrey colour. It is
harder than lead, rather brittle, and can be reduced to a coarse
power by careful hammering in a steel mortar, Its fracture is
dull, comrse grained, and free from crystalline structure.

The following complele anaiysis No. L. represents a sample
taken directly from a liquation furuace at the smelting works of
the Owmodani mine (prov. of Bchizen), whicl, as we shall see lnier,
are noted for the purity of the ecopper they produce.

Nos. II. and IIL are partial analyses of specimens from other
districts, that from Iyo, No. IL, having been liquated with lead
for the separation ol as muceh silver as possible.

The two determinations of lewl and arsenic respectively were
made in diflerent portions of the specimen I, and they show thas
contrary to what might be expected it is tolerably homogeneous
in composition. Its characieristic features, as will be seen from
these analyses, are the presence of arsenie in considerable pro-
portions, of antimony, of lcad, and a large percentage of copper,
In the specimen No. I the ocenrrence of the two former metals
in such large wmmounts 15 specinlly noteworthy, as it demonstrates
that without treatment by the liquation process, by which this
shiromé was obtained, the Omoduni copper would be scriously
contaminated with both, and would Dbe wnoted rather for its
impurities than for its purity.
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1 II. III.
L Fromn Omodani From the From the
(Province of Province of | Province of
Xchizen). Iyo. Kaga.
Copper..cceenenerons .. | 72:70 . .
- 875
Lead o....... Giaeenrns 803{ o } g
. 11-
Arsenic ....o.oveoeenn [ 13T{ 1R 7o6e | 0018
Antimony .............| 427 0-99 5-75
TN s .o weiin v o 0-93 .
Tron..eevevnnnneans . 013 .. ..
Silver 4. vvvvneccnnaaae| 1°33 0-426 0342
Sulphur............... 0-33 - ..
ZiHCQ IIIII .9 L] - .’ - NiI- o ..
Gold ..ooovvriiea... ‘I'race.
99459

I desire here to record the deep obligations I am under to my
friend Prof, Roberts-Austen for having kindly placed the resources
of the Mctallurgical Research Laboratory of the Royal School of
Miucs at my disposal, so that I was able to make there not only
the amalyscs of shiromé, but also to cowplete others which I had
left unfinished in Japen,

Alter a very careful scarch I have failed to find any record of
o metallurgical product approximating to shiromé in comwosition.
A substance somewhat analogous to it in its mode of production
is the Saigerdorner of the old German liquation process, but this,
as will be scen from the accompanying analysis, differs entirely
from it in composition.
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*Saigerdorner (E. von Szamit) :—
Copper «.vuiviiiniiineneeene.. 11403
Lead ooniviiiiiieinnininneneee. T9°G8
Antimony.......ccoiiiinennna.. 7730
Silver cuvvvviiiiiiiinnenenenas.  0°213045
Gold...........cciviviiiait.. 0°000465

99+123510

It is impossible to assign any definite chemical formula to this
complex subslance shiromé, owing to its mnon-occurrcnce in a
crystalline form, to the total absence of any crystals disseminated
in its mass, and to its variability in composition at different works.
It may, however, be regarded as an arseno-antimonide of copper
and lead, in which an excess of copper and lead is held in solution,
c.e., a3 a pseudo-speise.  The various copper-lead so-culled speises,
when they are the products of metallurgical operations, although
dillering from it in the relative proportions of their constituents,
appear always te have this constitation, the amounts of arsenic and
antimony present Leing less than sullicient for combination with
the copper and lead. In this respect they are distinet from the
true arsenical speeies coutnining nickel and cobalt, in which the
arsenice is frequently combined with these metals in definite atomie
jrroportions.

Iaving now described the method of liguatling copper with Jead,
and the products which result from the operation, 1 will endeavour
to point out as bricly as possible the influence which this process
Las Lad on the purity of Japauese copper.

LNFLUENCE OF TUE LIQUATION Process oN Tig Purity or
Javanese Corren.

‘The aim of the process is the separation of silver from copper,
and to the success with which this is accomplished by it, it chiofly
owes its importance and value in Juparese metallurgy.  DBut another
and alinost cqually important result accompanies its usc, viz., that by
it copper containing arseuic, antimouy, and bismuth is either cutirely
freed from thesc metals or has the proportions in which they are

¥ Percy. Metallurgy, Silver and Gold, 1’t. 1, p. 325.
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present so reduced that they no longor exercise any injurious effects
on its physical properties or unfit it for use a3 a coustituent of brass
or other alloys. The action of the process in removing these metals
may be explained as [ollows :—

Under the conditions which prevail lead does not form a definite
alloy with copper. When the two metals are melted together in the
lirst stage A, only a mixture, and not an alloy, results.

During this moelting, however, there would scem to be & teans-
ference of the arsenic, antimony, silver, and bismuth from the copper
to the lead, so that the copper-lead mixture, alter being rapidly
cooled, may be regarded as a solidified lead solution of the silver aud
bismuth as motals, of the arsenic and antimony as an arseno-
antimonide of copper and lead, and through which compavatively
purc copper is disseminated in granalar ov crystulline particles.

When this wixture is Leated in the second stage B, and it is
important to remember that the temperature never reaches the fusing
point of copper, the lcad solution of the silver and bismuth trickles
away from the spongy ngglomceration of the particles of copper into
the receiver prepared for it, but as its temperature is lowered as it
leaves the copper at the upper end of the fore-licarth below that
required to retain the shiromé in solution, this substance is gradually
deposited there.

The greater part of the arsenic and antimony separates out in
the form of this pseuds-speise.  The whole of the biswmuth,
excepting mere traces, and nearly all the silver, passes into the
liquated lead.

I am not acquainted with any other furnuce process by which
bismuth can be removed from the metal copper. The pereentage
when much is present may indeed be reduced by prolonging the
ordinary—process of refining, but more than traces are always
retained by the copper.

It is important to note that when the lead is subjected to the
subsequent eupellation process much of the bismuth passes into the
silver, communicating to it the greatest brittleness.  As, however, o
simple furnace operation suflices for its removal it is no longer a
source of frouble to the metallurgist.
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Several kinds of Japanese copper which have, and deservedly so,
a high repulation for parity, woukl, but for this process, be unfit for
most industrisl purposes, and in demoustration of this I will ask for
vour attention to the consideration of the following examples. The
first, which is specially notewcrthy, is the copper from the mine of
Omodani (prov. Fchizen), previously alluded to, which is obtained
by smelting ores coutaining tahlerz and native bismuth.  Tho fallerz
occurs in such quantities that the roasting heaps at the mine are
incrusted with arsenious anhydride and realgar. Yet the Omodani
copper is free from more than mere traces of arsenic and bismuth
and entirely so’ from antimony, and lhas been long regarded as the
Lest copper in Japan for its wmalleability and ductility. In a recent
report of the Director of Mines it is stated that it is the only copper
now used in the Imperial arsenal for special copper work.

I have, unfortunately, ne analysea of the metal before treaiment
by the liquation process, but from the ¢omposition of the shiromé
obtained, given above, it must have contained about 0°20 per cent.
arsenic aud 0°08 per cent. antimony. The proportion of bismuth
present would be variable, as the native bismuth is irregularly
dissenrinated through the ore.

Its cowposition, sfter liquation anl subsequent refining, is as

follows ;—
Oxonaxt Covrri.

- ! Wire Tar. lI:uuzl:'ll!:({( )\r\’ ork.
Copper . aooin oo - § s s 49950 i 09-67
AUSCHIC. . o nevnnnanneenneens - Faint trace i Faint trace
Auvtimony. . idssis e et Nil : Nil
Bismuth o oo, oo inonann. Nil f Nil
Tead ..o oo int. G-119 ; G-252

. 99919 99-922

e —— e e e
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(In these analyses a ft. tr. of arsenic means that when 13 grms.
of the copper were taken, no weighable precipitate of ammonium
magnesium arsenate was obtsived in the finul solution (mecasuring
GO to 80 cc.), but merely streaks on the sides of the beaker
indicating its presence.)

Both analyses show a metal of great purity for copper which has
not bean clectrolytically deposited.

The higher pereentage of lead in the slab is intentional, as it is
believed by the Japancse that the presence of lead in copper
increases its malleability, and when it is not supposed to be present
it is always added.  The addition of lead to some kiuds of copper
have undoubtedly this effect, although the amounts sometimes added
by the Japancse with excellent results so far as mere hand hammer-
ing is concerned, would be altogether detrimental to copper which
had to be subjected to heavy forging.

The second example is a swnple of copper which was sent to the
Imperial Miot from one of the chief mines, I may suy that before
accepting any copper, or indeed, anything which could be chemieally
examined, I made an inflexible rule that it should be Grst analysed ;
a rule, the observance of which contributed largely to the success of
many of the operations in the Mint.

This copper was partially analysed, and found to contain the
[ollowing proportions of arsenic, antimony, and bismuth : —

Asuiwo CorreRr BeEFORE LIQUATION.

' ~Ler Cent.
Arsenic .. 0 i ei e, 0726
Autimony . ...... SEe Ble 4 e B N e = e e 016
Biswuth ,............. oif o HEalte e e e 010

The injurious effcets of bismuth, the béte noir of the copper
refiner, on the ductibility and malleability of copper are well known.,
As small a quantity as 0°06 per cent. sometimes will cause commer-
cial copper to be so red-short as to be quite unfit for any puarpose
where forging is nccessary. Tl effects of arsenic and antimony on
the pliysical properties of brass amd some ecther alloys are not less

familiarr Lo wmetallurgists.
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The nbove copper was hence promptly rojected as worthless for
the manufunctare of hmmmered or volled articles on account of the
bismuth present, and for the manufacture of brass on account of the
arsenic and autimony. It was then subjected to the liuation
process at the works of the importer, after which it was again
brought to the Mint, when on analysis it was found that these
metals had been almost completely removed, the amounts present
being as follows : —

Astrnwo Correr ArTER LIQUATION.

Per Cent.
Arsenic ............. P ¢ A0 5
Antimany ... ... . ... vevsasas..... Lrace.

Bismuth, .............ccieeveeeee. Trace

These $wo examples, T think, sufficiently demonstrate the
important infldcnce which the liquation process has on the purity
of copper.

Unlortunately it is not applicable in England owing to the high
price of charcoal and lahour, although several brands of copper in
the London market which are contaminated with bismuth contain
sufficient silver for their cconomic treatment in Japan.

UskEs oF SHIROME.

The applieaticn of the by-product shiromé o practical uses
exhibits well the fngenuity and =kill of the Japancse as workers
in metad, Alone it is worthless, but as carly o the beginning of
the last ceutury they discovered that not ouly could it be used as
a  coustituent  of some alloys, but that by its addition ecertain
valuable properties wers conferred on them.

The first official record we have of its use is contained in an
edict of the Japanese Government in 1764, preserihing its addition
to the copper-lead bronze to be used in the Mint for easting
“ Do-sen,”
cash.”

@ small coin commonly known to Europcans as “ copper

In 1768 we have another edict divecting the minting for the
first time of bimss coins called “ Shimon-sen™ and the addition of

LS [ (g & 8 I
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shiromé to the alloy to bo used. These two kinds of coins, as shown
iy the following aunalyses, henee contain considerable quantitics of
aisenic and antimony.

The analyses of another coin, ¢ Bunkiu-sen,” which was chiefly a
re-coinage of ““ Do-sen™ in 1863, is also given.

JArANESE “ Correnr CASI ” CONTAINING STIROME.

—  Do-sen.” “Shimon-sen.” | “ Bunkiu-sen.”
Copper ............ 7730 75°62 83-10
Tin ..... Ciale §e HE o8 4-32 0-73 321
Lead ........ 15-33 2:85 11-22
Arsenic ........... 1-14 1:99 1-50
Antimony ......... 0-31 0-14 049
2ine. . vai cuvine v v il 16- 54 Nil.
Irom. g ot o 5 - 1-01 176 0-27
Silver ... L. 0-06 0-01G 006
Gold . iigvvaani. i s Trace. Trace. Trace.
Sulphur............ 0-52 0:09 0-38
99-99 99-736 100-23

The objects of its use in these cases were: to give additional
hardness to the alloy ithout impairing its fusibility at moderate
temperatures, and to obtain, when cast, a sharper impression of the
mould than was possible with the copper-lead alloy alone.  Additional
hardness could also have been given by inereasing the proportion of
tin, but this would have had the disadvantageous cffect of raising its
melting point and of diminishing its fluidity when melted, both of
which the Japanese desired to aveid, for two reasons—tire first heing
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that their cruciblos, owing to the absence of a good refractory clay,
wero incapable of sustaining long exposure to a high temperature, so
that with metal of a high melting point they were soon worn out ;
and the second, that the coins were cast in very delicate moulds,
mado of a sund always more or less fusible, in which if metal with a
high mclting point was cast, the castings would be geoerally coated
with a crust of semi-fused material not casily removable.

The specimens on the table demonstrate clearly the success with
which the Japancse founders contonded with the difficulties insepar-
able from the want of a refractory clay and non-fusible sand by thus
modifying the composition of their alloys to suit these unfavourable
conditions. I do not think any other alloy would give equally good
results so for as sharpness of impression, clean surface, and hardness
are concerned. '

During the Iatter half of the last century—probably from an
curlier date —and up to the present time, shiromé has been largely
uscd by the bronze founders of Osaka and Kyoto, the cbécf centres of
the metal industries, as o frequent addition to ¢ Iarakane,” a copper-
lead bronze which is the principal alloy used in the manufacture of
the numecrous metal articles for crnamental and useful purposes in
the production of which the Japanese are unrivalled. It is added to
this bronze for the reasons given above for its addition to the old
coinage alloys, but there is also another rcason for its use, ie., it
facilitates the production of the deep grey patina which is preferred
for thuse vases or other objects which have to be decorated with
inlaid line designs in silver (zogan work).

On the other laund, when a specially deep black patina was
required in high-class Lronzes, it was tho practice of some of the
best art founders to omit it from their mixtures for “ Karakane.”

These last remarks apply solely to the older bronzes and not to
the modern so-ealled “ copies” of them.

In the old bronzes tho colour and character of the patina is
largely dependent on their composition.

On the othier hand, in recent imitations —which however are not
cornparable with them in any way, excepting that they bear a slight
hut imperfeet rosemblance to them in superficial colouring—a false

B2
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patina of almost any colour may be given to any copper alloy, irre-
spective of its compesition, and cven to unalloyed copper.

The following analysis of an old bronze (I{arakane) incense burner
(date 18th century) affords an example of the use of shiromé.

INCENSE BUrNER or DBRONZE CONTAINING SIIIROME.

Ier Cent.
Copper weveiiii it enaneeas 86°83
Tin . .. cesen 3 ovast vosd ans veeeavee 1776

Lend oo innr i ietiennnnecancenees 9°13
ArSCuiC ..vinvivrinnrenecesonnnnnaa 1°15

Antimony . ... ..viiiiiiinniainaniana, 040
Zince........... Ceeeaaean eeeeeraae Nil.
)+ T+ oo 0°33
Silver ......... e e e 0-079
Gold ......... 50enss.seia v ST . . Trace.
99699

From the proportion of arsenic present I shounld think that ahout
10 per ceut. of shirom¢ had heen used in making this alloy.

And here I wish to correet an error into which several writers
have fallen who have accounted for the presence of arsenic and
antimony in Japanesc bronzes by assuming that it is due to the use
of impure copper. Now no Japancse copper—and 1 have analysed
some hundreds of specimens—ever contained, even when imperfectly
refined, suflicicnt quantities of these meluls to account for the
percentages found in many bronzes.

The highest pereentages I have over found until the reeent intro-
duction of high blast-furnaces and modifications of European methods
of smelting have been 0+085 per cent. arsenic and 0-090 per cont.
antimony, and these amounts were quite cxceptional. In faet, of all
the samples received at the Imperial Mint during 16 years 95 per
cent. contained less than 0:045 per cent. arseaic, generally only a
trace being present, and 07 per cent. had less than 0°02 per cent.
antimony, this metal being usually absent altogether.

So that when arsenic and antimony are found in large proportions
in the older bronzes their presence is duc to their addition to the
alloy in the form of shiromé, and not to the nse of impure copper
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In some cuscs the arscuic bias been added in the form of
“Ilakado,” a Chinese alloy of copper and arsenic, but these are rare
Aun interesting example of this is afforded Ly a sword guard, the
composition of which is taken from a valuable serics of analyses* of
modern Japancse wetal-worle by wy distinguished friend Prof,
Roberts-Austen :—

Swoup-cuarp. Correr ArseNic Anroy. (RopeRTs-AUsSTEN
AND WINGILAM).

Copper .. cviiiiii e .. 95°060
LN 1 U 1-066
Antimony .....ovvivivininrnnnaa... 0010
Lead, . ieiiiiiiiiininensinnnee.. Nil
Bismuatb......c.v0vvieennen..... NilL
Tromeseeiiiiineiiiiiiiineenens. 0018
Nickel asnd cobalt................... 0°-028
Zine ... . .eiiiiiiiiie i i e, Nil
g o e 5800 0 o v v nn e oo e eenn o CalaE Nil.

Another use for shiromé is as a cheap substitnte for tin in the
manufacture of metal mirvors, cspeciadly of the commoner kinds.
This would scem to be a modern innovation, as in the older
kinds I have not found arscmic and antimony in those propertions
in which they would have been present had it heen so used.

The following mixtures used in Tokyo are given in Ayrton
and Perry’s puper on “ Japanese Magic Mirrors,” read before the
Royal Secicty 2nd Oclober 1878 :--

, .
Coppcr..........................! 51-3 715
Iyo shiromé (impure antimeny)...,. 244 .
Shiromé ......cooiiiiiiinna.... 16-3 28-5
100-0 - 100-0

* Report on the analyses of various samples of Oriental metal work.  Made
andder the direction of Prof. Roberts-Austen by Arthur Wingham. 1892,



I have not, however, found such mixtures in use in the chief
foundrics of Osaka, tin alwaye forming a counstituent of their
alloys, for the following reason : that when shiromé is used withont
any tin the mercury amalgam employed in silvering the face of
such mirrors produces o surface which is deficient in brillianey, is
easily tarnished, and bas but little endurance.

I have cndeavoured this evening to deseribe o process developed
by the old metallurgists of Japan, an interesting by-product
obtained in it, and the uses to which this by-product has Dbeen
put; and I am sure you will all agree with me that the skill and
ingenuity the smelters and founders of Japan lave shown in
accomplishing the. vesults I have somewhat imperfectly placed
before you are worthy of our warmest admiration,

SPECIMENS LEXHIBITED IN ILLUSTRATION OF THE PAPER.

Argentiferous copper before liguation.

Lead used in the liguation process.

Copper after liquation.

Silver obtained from the copper.

Shiromé.

Japanese copper-lead coius * Do-sen” conlaining shiromé.
’ brass coins Shi-mum-scn ” ’

' coins “Bunkiu-sen” a re-coinage of * Do-sen.”
’ brenze vases containing shiromdé.

»n » » hot ) 7

(of purc copper obtained

’ wire bars == | from arscamical and bis-
< muthiferous copper by
- zakes for haumnerad work means of the liquation

| process.



Discussion.

Prolessor Rosrnrs-AusTey said he ha:l listened with the greatest
possible interest to this account of the working of those consummate
metallurgists, the Japanese. No one could possibly deal better with
the subject than Mr. Gowland, who, he was sure, could give more
than one paper on this subject if he woukl. No one kuew better
than metallurgists who had examined Japanese alloys how marvellous
wad the skill with which they alded a minate quantity of what we
should call an impurity for the sake of producing a definite result in
the way of patina. The very smallest quantity of gold would
Produce the most beautiful purple patina.  1le feared that in writing
on this subject he might have said that the antimony and arsenic in
Jupanese alloys was not deliberately introduaced, as they now kuew
to be the ease, but found their way in from impurities in the copper.
With regurd to the process itselt, Mr. Gowland said it was iutroduced
tuto Japan in the middle of the 1G6th century, and the hest account
was that of George Agricoly, who wrote in thie middle of the 16th
century, but that was not by any means the carliest period at which
the process was known., There were earlier accounts of it, and
(uite recently, in seme excavativns made at Silehester, specimens of
lead used by the Romans had been discovered, some of which were
submitted to him and anulysed by his assistant, and he thought there
could he no doubt [rom their examination that in late Roman times
this process of liquation was employed, and probably with success.
There was one curious point about the bizmuth, a very small quantity
of which excrcised a very deleterious etleet on copper ; some curious
work which he did receutly for the mechanical engincers showed
that however small the proportion of bismnth in copper might e,
it always remained free, it did wol unite with the copper. It was
possible by studyiug the cooling curves by mieans of an ordiuary
thermal couple to find veins of free biswmuth, even although its
amount did not exccel 0°1 per cent. or less, Mr. Gowland had
thanked him for placing the luboratory of the School of Mines at
Lis disposal, but secing that Mr. Gowluand had placed all the speci-
mens (here, the least one could de was to beg liw Lo examine them
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in situ. "He confessed be should have thought the introduction of
the shiromd would have had a tendency to muke the copper cash
brittle, but that did not scem to be the case, and there was no doubt
an extreme sharpness given by its addition. IIc shouald like to ask
if the Chincse used similac alloys, and whether such Indian tribes as
used coins of a similar appearance used the same kind of alloys.

Mr. CLaupe VauTix said this very intercsting paper bad cleared
away what was always a mystery to him, viz., the removal of the
bismuth from copper, which, as was well koown to everybody
connected with copper, was a very serious impurity. If he under-
stood the process aright, the explanation was sowething of this kind :
in the melting furnace tho copper und lead were both broughe to a
state of fusion, the mixture was then removed by plunging in a
coldl picce of iron on which a thin layer of the metal was, as it were,
frozen; that was knocked off, the iron cooled, and again dipped icto
the mixture. In the melting furnace, while the two metals were in
a fluid coudition, no doubt there was a trausference of the arsemic,
bismuth, silver, aod gold from the copper to the lead.,  The sudiden
cooling on the sarface of the iren prevented the copper re-uniting
with the bismuth and arsenic. Then in the liguation furnace the
copper was never allowed to become in a fluid coudition, and the
operation of the workmen in front of the hiearth consisted in pushing
back, working up, or pudiling the waterial. In so doing they gave
thic lead an opportunity of running away in exactly the same con-
dition as it was in the meltiug furnace without the copper ever
having been in a sufliciently fluid condition to re-absorl the bismuth,
antimony, and silver. He should like to know if this was the
correct rationale of the process; if so, it might have Very important
conscquences.  Lersenally, he was engaged a few years azo wvith o
copper company in trying to rewove bismuth from the copper, the
presence of which reduced the value of that metal in the Tondon
market by 8/ a ton. On one oceusion a remarkable result was
obtained which unfortunutely wus never repeated, but of which he
thought they had an explanation. They granulated some copper
containity the bismuth aud melted ic with lead; Lie did not think i:
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