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INTRODUCTION

Printing Metals was first published in 1936 and imme-
diately became the standard book on the subject. A major
revision was made in 10356, and minor alterations in 1059.
The present edition includes some further additions and
alterations to keep abreast of modern techniques and
machines, while maintaining the design of the original
work,

Qur aim has been to present an outline of the charac-
teristics and working properties of Printing Alloys in a
simple and brief form which will provide sufficient under-
standing of the vsc of these alloys in a printing works,
For those who wish to study the subject further, ap-
pendixes dealing with the metallurgy of Printing Metals
and other details have been included at the end of the
book.

Good Printing Metal, properly used, will produce fine
printed matter, and, if it is well cared for, will continue
to give excellent results at a very small cost per job. It is
the hope of the authors that this book will assist users of
metals to obtain quality of reproduction and economy
in cost. '

FRY'S METALS LTD.
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HISTORICAT

TEE uvse of metallic alloys in the art of printing is of
ancient origin. It involved a considerable amount of ex-
perimen tal concentration and wotk, and great credit is
due to the pioneer crafismen who in the absence of definite
scientific information assisted in laying the foundation of
an industry which is so important a factor in our present
civilization.

The first type metals. After the passing of type carved
from birch and similar pieces of wood, the ty L36—111:1](:‘:1:
conceived the idea of using metal. The art of casting soft
metals in engraved moulds of bronze or iron was already
well known, The earliest known account of the art of
type casting published in 1540 describes the use of the
tin~rich .ﬂlm s of the pewtercr. But this was nearly a
hundred years after the invention of movable type and it
scemns certain that elsewhere the less expensive metal—
lcad—was becoming established for the purpose.

Purc lead naturally proved too soft; it would not with-
stand the pressure .md wear of the printing operation and
the body was unable to keep its form; also the race of the
type lacked sharpness and definition.

The hardening of lead by aﬂoymg it with tin was
known but tin was always cxpensive and further the
alloys of lead and tin still failed as castings to give a perfect
type face.

The addition of antimony in varying proportions was
found to confer upon the alloy the required propertics—
hardness, resistance to wear and to distortion under
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2 HISTORICAL

: sharpness of
I‘CPl"OdUCt.OL so that the type as cast had a good face and
body. But antimony, although less expensive than tin,
was 1ot casy to obtain. The ore called stibnite, a natural
sulphide of antimony, was fairly well known as it had
many other applications in the arts, but metallic antimony
was not a commonly known metal.

The story of the means adol ted by the carly type
founders to produce their alloys is a ’*ood illustration of
their in genuity. It had been shown by he alchemists that
when antimo ny sul Iphide ore was heated strongly wich
pleu,s of scrap iron, the metallic antimony was released
and sulphide of iron l,roduwd as a by-product. The type
founder, therefore, placed in his pot or crucible metallic
lead and tin, and ik seene powdered antimony sulphide
together with some iron horscshoe nails, which were
erroneousty supposcd to be better than any other form of
iron scrap. The whole was made red Lot, and in duc time
an alloy of lead, tin, and antimony was obtained, the slag
and sulpludc rejected, and the alloy diluted with more
lead as might be found necessary.

Development of the industry, The production of
type-metal alloys became in later years an established in-
dustry, the constituent metals being available in a high
degree of purity, until at the present time a range of
varicus grades of metals is available for use in all the
departments of the printing craft, the proportions of tin,
antimony, and lead varying in accordance with the speci-
fic purpose redqi :_:'_'cd, the cost factor being necessarily an
mportant one,

The standardization of quality, uniformity, and relia-
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bility is an achievement of recent years. A survey of the
metals in general use in 1912 showed wide differences in
CO[‘I]pDSiLil—JI] ﬂnd L]]B ge]]e.":l{ SLQ.H(L’-L:'(]. WWAS IDY‘V as IS
ﬁll()\-’\.’n iIl thi: 'F()”()Vfi“g_‘; HST ()‘F;iﬂi:.‘..‘ys (];t}uf St:-l”diu'(l "'fﬁ.l. s
of several manufaceurers at that time.

Standards of 1912

3 Thn Antimeny | Lead
Linotype Meral [ % o
No. 1 trace 1326 balance
2 37 1781 i
] 108 1080 5
4 71 1148 "
Monotyoe Metal
MNo. 1 iz 2117 ] ¥
2 402 18-82 ' "
3 a4 1093 0
4 628 1649 "
5 T 17-23 ! ”»
Stereotvpe Metal
No. 1 trace 1708 | -
2 $+58 1358 | 0
? 123 1375 |
4 372 16:¢o "

Comparison with the present-day standards given later
in this book will show the impr ovement which has taken
place, in pardicular the higher proportions of tin which
are now generally used. Research work indicated the
‘theoretical’ value of the present alloys; the printer’s
experience confirmed it.




REQUIREMENTS AND PROPERTILS
OF PRINTING METALS

TOERE are certain essential requirements for alloys to be
used in the manufacture of type.

I. The alloy should melt cleanly and at a low tempera-
ture.

2. The alloy should cast casily and there should be no
tendency to clog small aperturcs in mouthpieces and
nozzles.

3. Thealloy should give a sharp casting correct in form
and dimension when cold.

4. Type cast from the metal should be sufficiently hard
and strong to withstand distortion under pressure
and to resist abrasion during the process of printing.

The only range of alloys which satisfies these require-
ments and at the same time is reasonable in cost is that
fomded on lcad as the basis, with additions of tin and
antimony adjusted to the purpose for which the metal is
required.

Lead melts at 621° F. It is exceptionally malleable and
ductile but soft and weak and does not give sharp defini-
tion when cast against a mould.

Antimeny melts at 1,167" F. It is a brittle metal,
crystalline in appearance. When alloyed with lead, anti-
mony petforms two outstanding services. Firstly, it im-
proves the quality of reproduction so that sharp clear
letters are obtained. Secondly, it substantially hardens and
strengthens the metal.

REQUIREMENTS AND PROPERTIES 5

Tin melts at 449° E. It is a soft and ductile metal but is
tougher than lead. It hardens lead, but unlike antimony
it does not cause brittleness. In consequence, tin produces
a more weat-resistant alloy. Tin also makes the metal
more fluid and mobile when molten and gives a finer
face to the type.

Printing alloys generally contain 3-10%, tin, 11-16%,
antimony, balance lead, but for certain uses may contain
up to about 20%, tin and 30% antinony. Considered as
a group these alloys have distinctive propertics which arc
important to the printer.

Melting at alow temperature. The alloys ordinarily
used for slugs, ‘Monotype’ composition, and stercotype
plates are all molten at temperatures not cxceeding
550" F. This is well below the melting-points of most of
the other metals in common use (Table I, p. 6).

Much benefit is derived because the alloys can be cast
at a low temperature. Cooling of the type s rapid, so
permitting high rates of casting. Wear on the matrices
and distortion of the mould are reduced to a minimum.
Last but not least, pleasant working conditions can be
maintained in composing room or foundry.

Melting temperatures of the alloys., Tn the type-
metal range, the lowest melling-point is sccured with an
antimony content of 12%,. As the antimony content is
increased bevond 12% the melting=point rises. This
question is dealt with in detail in the next chapter.

Clean melting. Many metals, for example zinc, form
a large amount of dross when they are melted, cspecially
if there is agitation such as occurs in the pot of a casting
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machine. The tin-antimony-lead alloys, however, pro-
duce comparatively little dross, a valuable economic
advantage since printing metals are melted over and over
agali.

Some metals when molten attack iron and steel. Thus
aluminium corrodes iron pots in which it is melted. Pure
tin forms a surface alloy on steel and a similar effect is
sometimes obtained with lead alloys, rich in tin, butasa

rule, long life can be expected Fm%u the working parts of

machines which come into contact with molten printing
metals.
TasLe [

Meliing-points of Common Metals

Meiting-point
°F. g R
Almmiaium 1,220 660
Antimony 1,107 630
Arsenic 1,139% Grs¥
Bismurh 520 271
Cadmium L 610 121
Chromium 3430 1,800
Copper 1,081 1,083
Gold 1,945 1,063
Iron 2,802 1,539
Tead 2T 327
Magnesium 1,202 630
Mercury —38 —39
Nickel 2,651 1453
Silver 1,761 n6o
Tin 444 23z
Titanium 3,308 1,820
Zinc R 410

# Arsenic sublimes at this temperature

Reproduction of detail. Sharpness of repreduction
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depends on the free dowing qualities of printing alloys.
Not only is the molten metal fluid; the surface also is
mobile and under the pressure of casting, penetration into
the finest detail can occur.

The importance of these attributes becomes manifest
if the metal is contaminated with zinc; a tough skin then
forms whenever a fresh surface is exposed and this so holds
the metal back that penetration is impaired. Corners
which should be sharp are rounded; outlines are generally
fuzzy and the quality of reproduction is ruined.

Tasre 11
Shirinkage of Metals during Solidification

%%
FElectro backing metal shrinks by approx, 20
Slug casring metal a5 - " 23
Monotype metal i 5 iy 20
I‘t'.ail £33 1 £l 34
Tin - o 1% 2-8
Antimony expands @ 0'g

It should be added that further loss of volume
Ly contraction takes place during cooling to
room temperature after solidification has oceurzed,

It was once thought that sharpness of reproduction
results from the expansion of the metal as it solidifies.
Pure antimony has the unusual property of e*:pandimr on
solidification, but the cor nmonly used printing metals all
shrink on sclidification. Measurements nf volume during
cooling show a contraction of about 29, when the mt,hl
changes from the liquid to the solid state. The shrinkage
is less for printing mesals, particularly those of high anti-
mony content, than for most other alloys in industrial use,
but it does occur.
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Good melting and casting properties explain the univer-
sal use of tin-antimony-lead alloys as printing metals.
The alloys within the range of printing met als differ
dIIlUll'Tr&'L d CIIIQLIV("\, }]UW( VO T, 1T10re -) lr+1( 1 ] ‘]-\«" m l"dt—
ing temperature and in hardness. These are features which
must be considered when a precise composition is to be
chosen for a given purpose.

Hardness and resistance to wear. Printing metals in
service are subjected to both pressure and abrasion. To
resist these, the type must be sufficiently hard and solid.

With reservations, it can be said Jmt greater hardnoess
will bring improved wear resistance. The hardness of an
alloy can be increased by raising the antimony contenr,
Prt.fl.-rdbly with, a simultaneous increase in the tin content.

The performance of type in service, however, depends
not only on the properties of the metal, but also on the
soundness of the type.

While antimony additions harden the metal, cach addi-
tion (beyond 129 ) raises the melting-point and makes
it more difficult to maintain the production of solid
type.

A balance must be struck between these two opposing
factors—hardness and ease of casting. Where the balance
comes depends on the purpose for which the metal is
required. A few examples from practice may make the
point clearer.

Slug-casting. The conditions on slug-casting machines
demand a motal which will freeze qulcl-.lv over a narrow

range of temperature. The alloys with the lowest melsing-
points are therefore used for this pur pose, i.c. those with
11-12% of antimony with which it is usual to combine

REQUIREMENTS ANT» PROPERTIES 9
-4%, of tin. These alloys are necessarily softer than other
printing metals.

‘Monotype’ composition. Typc with improved sur-
face hardness and wear resistance is obtained by using
higher tin and antimony contents; 6-10%, tin with 15—
16Y%, antimony is commonly used for ‘Monotype’ compo-
sition. Such alloys can be cast on the machine at high
QPCE\dS m LVE‘TV(!’L} L(_)ﬂdltl(\ﬂ\ llr}l()llirll T.l]( Ir lL[tlIlir-P(}].l]_t
is somewhart higher than for slug metal,

Case type. Still harder metals such as are used for case
type with up to 27% of antimony and up to 14% of tin
need special care in casting because of the high melting
temperatures.

brereofvpnw. High casting temperatures arc not per-
missiblc in stcre ntvfmg uwmg to the imitations i Tnpease «d
by the nature of the flong. Antlmonj,f contents of 14-15%,,
wich tin contenss of 6 10%, give the best wear resistance
with speed and reliability of casting.



MELTING AND FREEZING OF
PRINTING METALS

THE nccessary balance of properties required by the
printer can only be obtained by the use of an 4lloy.

Pure metals find application for a variety of purposes—
thus pure copper is used for electric wiring, lead for atomic
shielding, aluminium for power cables, but there are only
about twenty metals in common use and the range of
properties which they offer is clearly restricted for modern
requirements. On the other hand, a wide variety of pro-
pertics can be sccured by mixing two, three, or more
different metals together. Many hundreds of such alloys
have been developed each offering its special combination
of properties.

Alloys are ustally made by melting the constituent
metals together and then pouring the mixture into a
mould. It would be wrong to regard an alloy as 2 simple
mixture however, since its properties may be very differ-
ent from those of the pure metals. The alloy may for
example be many times stronger than its constizuent
metals, as bronze is stronger than the copper and tin from
which it is made.

An zalloy for casting type must, above all, melt easily
and solidify to give a faithful reproduction of the mould.
The changes which occur when the metal passes from
solid to liquid and vice versa are therefore of fundamental
importance.

Knowledge of the changes not only helps towards an

MELTING AND FREEZING IT

understanding of the constitution of the alloys; it is of
practical value to the user.

Melting of a pure metal. A pure metal melts at a fixed
and sharp temperature which is called the melting-point.
On cooling from the liquid condition, it solidifies at the
same temperature which can equally well be called the
freezing-point of the metal.

With a pure mezal, then, there is a well-defined tem-
nerature below which the metal is always completely
solid, above which it is completely molten. Certain
special alloys behave in similar fashion but as a general
rule an alloy melts and solidifies over a range of tempera~
tures; it commences to melt at one temperature but it
is not completely molten until a higher temperarure is
reached.

Thus the term ‘melting-point” is not strictly applicable.
The temperature at which an alloy becomes completely
liquid when it is heated, and at which it starts to snhd]ﬁ
on cooling, is called the ‘liquidus temperature’. The
temperature at which the alloy becomes completely solid
is called the ‘solidus temperature’,

Metals in the liquid state. The majority of the print-
ing mctal alloys are completely molten at temperatures
above 550° F. How can alloys be molten at such low
temperatures when they contain antimony which melts
only at 1,167° F.?

The simplest way of answering this question is to con-
sider o.-]_D'VS as solutions. The antimony can be regarded as
being dissolved in molven lead, the hqu.ld then being quite
}10“11)3(:](4{“13.

A familiar example may make this clearer. Stir a tea-
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spoonful of common saltinto a cup of water. The crystals
of salt disappear. Semetimes they are said to melt but
more correctly they dissolve, The result is a homogeneous
fluid, a solution. The most powerful microscope f'uls to
reveal any solid particle in a drop of the fluid.

This result is achieved without any application of heat,
vet the melting-point of salt is 1,474° F. Just as salt, =l
has a high melting-point, dissolves in water to give a
uniform liquid, so solid antimony will disselve in molten
lead and will remain dissolved so long as a suitable
temperature is maintained.

An additional effect of salt in water is to lower the
freezing-point. Use is made of this in winter when salt
isthrown on icy p wvncnts Even though the tempera-
ture is still below 32° F., the ice melrs because the mixture
of ice and salt has a much lower freezing-point.! Later it
will be seen that, within limits, antimony added to lead
lowers the freczing-point of the metal.

Separation of crystals. The analogy berween an alloy
and a solution of salt may be pressed still further. If more
and more salt is added to the solution, thers will come a
point when the solution is saturated and the addition of
cven a single crystal will result in that crystal remain-
ing undissolved. If now the soluticn is heated it will be
found that a further quantity of salt can be dissolved
but there will again come a point at which the solution
is saturated,

Now allow the hot saturated solution to cool down.

T A mixture of ice with 23-6%, of salt melts at —s° F., 37° below
the freezing-point of water. This is called a eutectic mixture; no
tuixture of ice and salt has a lower melting-point.

MELTING AND FREEZING 13
The excess salt will separate from the solution in the
form of crystals,

Similarly, a molten alloy is a solution which becomes
saturated when it is cooled to the liquidus temperature,
Further extraction of heat causes solid crystals to separate
from the solution.

The process of solidification, therefore, is in effect a
process of crystallization. When a metal is cast it may
solidify in a fraction of 2 second but in that short time the
characteristic crystal scructure is formed.

Crystalline nature of metal. It is easy to sec thatsome
metals are crystalline. Antimony is a good example; the
crystals of which it is composed Show both on the surface
of the metal and in the fracture.

Other metals like iron, copper, tin, and lead might not
seem to be crvstallne because they are tough and ductile,
whereas crystals are normally thought of as being brittle
and easily crushed, ?\evertheless, these metalsalso are com-
posed of crystals (Fig. 2). As a rule the crystals are so small
that they can only be observed satsfactorily under the
microscope when the surface of the metal has been
specially prepared.!

Crystallization of alloys. A pure metal is composed
of one kind of crystal only. In an alloy there may be two,
three, or more crysial components.

The sequence of crystallization in an alloy may be quite
complicated. It will be Slnlplﬂst to he g:n with alloys
containing only two metals and to find out how the solidi-
fication process is affected when the proportions of the
constituent metals are altered.

! See Appendix IL
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Alloys of antimony and lead. Consider first the
behaviour of a potful of pure lead which has been melted

o of
37 7007

3155 £00 —
250 500 — [
2045 400

149 300 -

Lead ¥ o T3 EH £3 g4 Bl 7%
Antimony ¥ 0 4 8 12 % 26 24

F. 1. Solidification temperatures of some lead-eniimony alloys.

1. Pure lead solidifics completely at the sinzle temperacure of 621° .

2. The alloy 5% lead, 4% antimony remains Liguid below this temperature.
. s s - = ey

Solidification starts at §76° F. but the remperatuze conlinues to fall to 486° F.

when it remains steady until the last {racdon has set.

3. The alloy 929 lead, 8% antimeny has a still lower liquidus cemperature

and 2 shorter freezing range but the temperature of final solidification is the

samne at 486° F,

2. The alioy 389 lead, 12% antimony solidifics at the single constant tem-

perarure of 486° . This is the cutectic alloy.

5. Alloys with more than 12% of antimony again solidify over 3 range of

temperature. The alloy with 169 andmony commences to solidify at sa7” F.

Eut the tempersture of final sclidification is the same al 436° I

6 andd 7. As the antimony contenr is incressed the liquidus temperature be-

comes progressively higher although in each case the mesal finally sof idifies at

456° F.

and allowed to cool. As long as the metal is still molten
the temperature falls regularly. Then at 621° F. the cooling

MELTING AND FREEZING I35

is arrested and the temperature remains constant. A glance
at the pot shows that there is solid metal on the sides:
in fact crystals of lead are forming and growing. The
temperature remains at 6217 F. until the whole of the lead
has solidified. Then, and only then doesitstart to fall again.

When small amounts of antimony arc alloyed with lead
several important differences are noticed:

1. The liquidus temperature, at which the alloy com-
mences to solidify, is lower than the freezing-point
of lead.

2. While the first part of the alloy is solidifying, the
ternperaturc continues to fall. Thus the alloy solidifies
‘ot at a single temperature but over a range of tem-
peratures; this is called the freezing or “pasty’ range.

3. The final portion of the alloy solidifies while the
temperature remains steady at 486° F.

As more antimony is added, the liquidus temperature
is lowered still further but the alloys solidify at the same
temperature of 486°. Thus the freezing range becomes
shorter and shorter until a composition is reached—
12% antimony, 88% lead, which solidifics sharply at the
single temperaturc of 486> F. This is the only alloy con-
taining both antimony and lead which solidifies at one
temperature.

Beyond this point, each addition of antimony raises the
liquidus temperature again. These alloys with more than

2% antimony also solidify over a range of temperaturc;
all finally solidify at the same constant temperature of
486° B,

The last two features have great significance in practice.
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Alloy containing 12% antimony, 88% lead: the
‘Futectic’ alloy. This has the lowest melting=point of
all the alloys of antimony and lead. Tt freczes at one
temperature t_mly, thus bchavﬂhg somewhat like a pure
metal in having no freezing range.

Such an alloy is known as a ‘cutectic’, which means
casy melting.

Alloys containing more than 12%, of antimony.
These solidify over a range of temperatures. The higher
the antimony content, the higher is the temperature at
which solidification commences, and the longer is the
freczing range.

The alloys contain antimony in cxcess of the eutectic
proportion. The cxcess antimony erystallizes out in the
form of finc particles during the initial stage of the
solidification process. Thus when a molten alloy contain-
ing 16%, antimony, 84%, lead is cooled, solid crystals of
antimony, distributed throughout the metal, form and
grow throughout the mass while the temperature is falling
from 567° to 486° F.

The formation of erystals withdraws antimony from
the liquid metal and the latter becomes the poorer in
antimony. By the time the temperature has fallen to 486°
so much antimony has separated out that the residual
liquid contains only 12% antimony (i.e. the composition
of the eutectic) and the temperature then remains con-
stant while this last fraction of the alloy solidifies.

Alloys containing less than 129 of antimony.
These alloys behave similarly in solidifying over a range
of temperatures but since it is lead which is in excess of the
eutectic composition, crystals of lead deposit in the initial

T6. 2. Photo-microgrash of a pure metal. Tin




Fic. 3. EUTECTIC ALLOY
4%t
1259, antimony
34 czl Tead
This ‘alloy” has fixed composition and 1
poirt, Note the character'stic finely laminated
strucrare

Magzaification: 250 times

Tic, 4. STUG-CASTING METAL
3% tin
1%, antimony
769y lead
‘this zllay confains more lead than the sutectic.
'Lhe excess separates as crystals (dark, rovnded)
in the first stagpe of the solidification process. The
groundmiass is the cutectic constituen:
M

fication: TG times
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Tin and antimeny are above the eutectic propor-
tions. The excess forms the cubic tin—antiman
cerystals (white)

Magnifization: 100 times

.6, MONOTYPE METAL

o Lin

;
4%, antinony
3, lead

Compare with Fg. 5. The higher tin and anti-
mony contents here result in an increased pro-
portion of tin-antimony crystals

Magnificetion: 100 tires



Fiz. 7. TYPE METAL
18% tin

28%, antimony

54% lead

This rich alloy containing a Jigh proportion of

tim—antmony m‘:_.'stn]s has exc 1t resislanve to

wear. MNote thar the eutectic matrix i present in
zll the alloys

Magnification: too lines

Fic. 8. STEREQI'YPL METAL
‘51;1 tin
7%, antimony
807, lead

ais elley has a low ratic of tin to antimoeny con-
tent in comparison with the alloys in Figs. 5 and
&, The cryst_l's here are not so hard or so resistant
TO wedar

Magnification: 1co tinzes
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stage of solidification. As a result, the liquid metal becomes
entiched in antimony. At 486° the excess lead will have
crystallized out; the liquid metal will then contain 12%
of antimony and will solidify before the temperature
falls further.

Thus all the alloys finally solidify at the same tempera-
ture of 486° because all containa proportion of the cutectic
as a constituent. Alloys containing an excess of antimony
are seen under the microscope to consise of finely distri-
buted crystals of antimony embedded in a groundmass
of eutectic allov.

Tin a 1110(111} ing metal. For a simple picture, it is
possible to consider printing metals as alloys of antimony
and lead, modified by additions of tin.*

The impertant modifications are:

Some of the tin enters the eutectic, which then has
the approximate composition 4% tin, 12%, anti-
mony, 84% lcad, and solidifies sharply ac 463° F.
All normal type metals contain a proportion of
eutectic and all as a result become finally solid at
463"

2. When the alloy contains more than 2% of anti-
mony, the excess separates during the first stage of
solidification in the form of crystals containing both
tin and antimony. These crystals are much harder
and more wear resistant than crystals of pure anti-
mony, such as separate from alloys containing lead
and antimony only.

1 This treatment necessarily omits much detail which is importane

metallurgically. The reader who is interested in following the matter
further is referred to Appendix L

O BTaz (&
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The cutectic in printing alloys. T'lle eutectic 2lloy
containing 4% tin, 12% :mum(my 4%, lead, has the
lowest melting-point of any alloy in Lhe printing metal
range. Although the eutectic has a fixed composition and
fixed melting-point the microscope shows it to be a
mixture of crystalline constituents (Fig. 2). In the freezing
of the alloy, the constituents are deposited side by side,
producing the characteristic laminated structure. The
dark constituent is substantially pure lead; the light con-
stituents are composed of tin and antimony.

The eutectic is comparatively soft, For improved wear
resistance in direct printing, a harder metal is desirable.
This requirement is met by increasing the tin and anti-
mony contents beyond the eutectic proportions.

Printing alloys with more than 12% antimony.
Additions of antimeny beyond 12% progressively raise
the liquidus temperature. The alloys thus made solidify
over a range of temperature but all finally become solid ar
the eutectic tempemture, which, whentinis present, is463°.

The composition 7%, tin, 15% antimony, 78% lead,
may be taken to ﬂlmtratu the }wcha»mar of metals for

Mmmtvpe composition and for stereo plates.

A potful of this .ﬂluy properly melted and at z tempera-
ture of say 650° F., is mmpletely molten and uniform,
Now the pot is ool i onL Notlu:‘b visibly changes
until the temperature reaches 503° when here and there
throughout the metal, solid particles form, microscopi-
cally small. If the metal is stirred, it will look as if it con-
tains ‘grit’. As cooling procceds, these particles become
larger and more numerous; the metal thickens to a pasty
consistency.

— —
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The particles are in reality tin-antimony crystals. As
they grow, the metal which is still liquid becomes pro-
gressively poorer in tin and antimony. By the tine the
temperature reaches 463° the excess tin—antimony has
crystallized out, leaving liquid metal of eutectic com-
position. The temperature then remains steady while the
eutectic solidifics around the crystals.

The f‘rl_.(,ang range’ of this allov extends from 503°
463°, i.e. 40°.

Structure and wear resistance. The structure of this
alloy (Fig. 5) shows tin antimony crystals surrounded by
cutcctic, The eutectic provides a tough though relatively
soft groundmass; the hard crystals distribuced Lhmuij}mut
the metal strer_gthcn it and at the surface offer improved
resistance to wear and abrasion,

The picture is similat to 2 mass of pitch with granite
chips embedded in it

If the alloy has only a low tin coutent, the crystals which
scparate also conain little tin and consist principally of
antimony. Raising the proportion of tin improves the
hardness and wear resistance of the crystals and con-
sequently of the a QLOV as a whole.

Maximum advantugc is secured if the alloy contains
sufficient tin to combine with the excess antimony to form
the compound of tin and antimony. This compound
contains 50% tin, $50% antimony, and is much harder
than pure antimony.

The presence of the compound accounts for the superior
wear resistance of alloys having a balanced prJPortlon of
tin to antimony, When the antimony content is 15%,, the
presence of 7% of tin or over ensurcs that the crystals
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The cutectic in printing alloys. The eutectic alloy
containing 4% tin, 129, antimony, 84% lead, has the
lowest melting-point of any alloy in the printing metal
range. Although the eutectic has a fixed composition and
fixed melting-point the microscope shows it to be a
mixture of crystalline constituents (Tig. 3). In the freczing
of the alloy, the constituents are deposited side by side,
producing the characteristic laminated structure. The
dark constituent is substantially pure lead; the light con-
stituents are composed of tin and antimony.

The eutectic is comparatively soft. For improved wear
resistance in direct printing, a harder metal is desirable.
This requirement is met by increasing the tin and anti-
mony contents beyond the sutectic proportions.

Printing alloys with more than 12%, antimony.
Additions of antimony beyond 12Y%, progressively raise
the liguidus temperature. The alloys thus made solidify
over a range of temperature but 21! finally become solid at
the eutectic temperature, which, when tin is pre:;eut i5463°.

The composition 7%, tin, 15% antimony, 78% lead,
may be taken to illustrate the behaviour of metals for

‘Monotype’ 00114,051.1011 and for stereo plates.

A potful of this alloy properly melted and at a tempera-
turc of say 650° F., is completely molten and uniform.
Now the pot is allowed to coel. Nothing visibly changes
until the temperature reaches §03° when here and there
throughout the metal, solid particles form microscopi-
cally small. If the metal is stirred, it will look as if it con-
tains ‘grit’. As cooling proceeds, these particles become

1

lfl]'gCT Anc morc numerous; t}l".‘? II]CT:—].] t}li(]k{?l'].‘i toa ]_‘}Ilsty

consistency.
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The particles are in reality tin-antimony crystals. As
they grow, the metal which is still liquid becomes pro-
gressively poorer in tin and antimony. By the time the
temperature reaches 463° the excess tin-antimony has
crysrallized out, leaving liquid metal of eutectic coni-
position. The tempe v i remains steady while the
cutectic solidifies around the crystals.

The “freezing range’ of this alloy extends from 503° to
463°, i.e. 40°

Structure and wear resistance. The structure of this
alloy (Fig. 5) shows tin "tltlmony crystals surrounded by
eutectic, The cutectic provides a tough thot 1gh rclatnclv
soft groundmass; the hard crystals distribuced throughout
the metal strengthen it and at the surface offer improved
resistance to wear and abrasion.

The picture is similar to 2 mass of pitch wich granite
chips embedded in it,

1f the alloy has only a low tin content, the cryscals which
separate also contain little tin and consist pr 1.1clpally of
antimony. Raising the proportion of tin improves the
hardness and wear resistance of the crystals and con-
sequently of the alloy as a whole.

Maximum advantage is secured if the alloy contains
sufficient tin to combine with the excess antimony to form
the compound of tin and antimony. This compound
contains 50%, tin, 50% antimony, and is much harder
than pure antimony,

The presence of the compound accounts for the superior
wear resistance of alloys having a balanced proportion of
tin to antimony. When the antimony content is 15%, the
presence of 7% of tin or over ensures that the crystals
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consist W.lulv of lm—-autlnumy cumpt)ulld with 20,{3
of antimony, more than 10%, of tin is necessary to achicve
the same result.

The hardness and wear resistance of type metals depend
firstly on the hardness of the crystals which is at a maxi-
mum when there is a balanced ratio of tin to antimony,
and secondly on the proportion of crystals present which
is increased by raising the tin and antimeny contents
tng(:t]'urr.

Thus founder's type is rich in both tin and antimony
and therefore contains a high proportion of the hard
crystals of tin-antimony compound.

Alloys of this kind have comparatively high melting
temperatures. For example the hard metal 18% tin,
28%, antimnony, §4% lead, commences to freeze at 62° F.
As the eutectic portion solidifics, again at 463° E., the
solidification range is 166 compared with only 40° for
the alloy just considered.

These alloys must be cast at a high temperature but the
type still has to cool to 463° F. before it can be ejected
from the mould. Longer time niust be allowed for the
type to solidify in the mould, by reducing the rate of
casting.

Additionally, these alloys contain so much tin-antimony
constituent that extra care must be taken during casting
to prevent chilling in the pot and metal passages.

STRUCTURE OF ALL)YS
IN RELATION TO
PRACTICAL HANDLIIG

IT is sometimes said that type metal is anixture of tin,
antimony, and lead, and that if the liquid 1etal is allowed
to stand for some time the constituent mets will separate
into three lzyers. It will be clear from the st chaptur that
this statement is not true. For each compsition there is
a definite temperature above which the loy is molten.
If the alloy has been properly melted, the it will remain
homogeneous and completely liquid so Tog as the metal,
or any part of it, dees not cool below tht temperarture.

Practical evidence of chis is provided bytand-bv stereo
pots which, thermostatically controlled at suitable tem-
perature, have remained quite molten ad uniform for
years on end.

It is when the metal passes through tb solidification
range that problems may arise. In practicchese problems
are encountered enly with alloys conrainig over 12% of
antimony; they do not arise in 1110}5 used ic slug casting,
where the percentage of antimony is 12% r less.

Il‘ld.lspfnm:)le to an understa_ldmg of the problems is
the mental picture of what is going on inde the metal
as it passes through this range. The picturc ifirst of liquid
metal which, on cooling, remains homogerous until the
temperature falls below the liquidus. Themf myriads of
tiny crystals, forming throughout the mass nd growing,
so that the metal becomes first “gritty” andhen thickens
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with continued cooling until it becomes quite pasty. Fin-
ally, the remaining liquid solidifying around the crystals.

It is the intermediate stage which is so important in
melting and casting practice, when the metal is part solid,
part liquid.

Growth of the crystals. The size of the crystals which
grow as the liquid metal cools through the solidification
range depends on the rate of cooling. If cooling is very
slow, there is plenty of time for the crystals to grow, and
the final metal will contain large crystals. If cooling s
rapid, time for growth s restricted and the result is a large
number of extremely small erystals. This is illustrated by
the photomicrographs in Figs. 9-11 comparing the micro-
structure of metals cooled at different speeds.

The size of the crystals will be better appreciated if it is
realized that the area of metal surface photographed is less
than one-fifticth of an inch square.

A rough caleulation based on Fig. 11 puts the number
of tin-antimony crystals in a single 10 point stamp of
Monotype at approximately 100 million!

Coarse crystals are dangerous. When Monotype and
Stereotype mctals arc heated, the eutectic liquifies first
and then, as the temperature rises, the tin-antimony
crystals dissolve in the molten metal. Clearly, the pro-
cess of dissolving the crystals in the pot of a composing
machine will be casicr if they are fine and evenly distri-
buted, rather than coarse and aggregated together. (To
dissolve salt in water, it is quicker first to crush the lumps
to 2 fine powder.) There is always the possibility too that
large crystals will remain undissolved and will act as grit,
clogging the pump mechanism or the nozzle.

Frz. 9. Secuon cut throngh
1 slowly cooled ingor of
stereo el The cryvstals
have grown comparatively

Targe

Fiz, 1o, Section from a [at
stereo plate. Solidification
was rapid and the crystals
zre correspondingly finer

Fic. 11. Secion through a
stamz of Monotype. Saolidi-
ficasion tock anly a fracrion
of a szcond. The tin-anti-
mony crystals are minute,
only  abour  one  ten-
thousandth of an inch across

Effect of rate of caoling on structure of printing metal

Magnification for Figs. 9-11: 102 tites
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Ingots for composing machines should therefore have
as fine a structure as possible. This is assured by pouring
the metal at the correct temperature into cold moulds, so
that solidification is rapid.

Segregation of crystals. As Monotype and Sterco-
type metals cool below the liquidus temperature, solid
tin-antimony crystals form throughout the mass. The
crystals are ]mht in comparison with the liquid metal
which is rich in lead. Consequently they tend to float to
the surface. Thus, whenever an alloy of this kind is in the
semi-molten condition there is a tendency for scparation
to occur; two layets are formed, the upper rich in tin-
antimony crystals, the lower consisting of more leady
metal.

If this effect is followed to its conclusion, and the metal
is allowed to cool very slowly, all the tin-antimony
crystals arc coneentrated in the upper layer while the
lower layer consists cntircly of cutectic (Fig. 12).

Rate of segregation. Type is normally cast so rapidly
that the metal passes from liquid to solid very quickly.
The light tin-antimony crystals have not time to float
upwards before the freezing of the eutectic locks them in
position. In type, therefore, the crystals are uniformly
distributed. Tt is in the melting or remelmlg of metal
that the danger of scgregation. may arise. Suppose for
example that a pot of Monotype or Stercotype metal is
accidentally cooled below the liquidus temperature. Since
a large bulk of metal cools slowly, conditions are ideal
for the formation and separation of very large crystals.
The metal on the surface will have a pasty appearance,
but to skim it off would be wasteful,
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Segregation in machine pots. Solid crystals float-
ing around in the pots of Monotype or Stereotype
machines cause irregular working. To restore normal con-
ditions, the metal must be reheated to the correct tem-
perature and chen thoroughly stirred to make sure that
the large crystals are redissolved.

Scgregation during melting. Segregation can also
take place as Monotype and Stereotype metals are being
melted; for if the temperature rises slowly, as soon as the
cutectic is molten the crystals are free to float upwards.
Quick melting is therefore always desirable, whether in
the composing machine pots, stereotyping pots, or
remelting pots.

Casting conditions in composing machines. In a
composing machine the metal is pumped through anozzle
or mouthpicee into the mould. The pump must maintain
pressure until the type has solidified, otherwise the foot
will bleed. During ¢his brief period the metal in the
nozzle or mouthpiece is chilled.

With satisfactory working conditions, this metal re-
mains fluid and is withdrawn by the return stroke of
the pump. If chilling is cxcessive, however, the metal
starts to solidify in the nozzle and throat passages; if
the condition is not corrected a deposit builds up.
The obstructed passages haniper the flow of metal to
the mould and so cause hollow type and slugs. If the
deposit continues to build up it will ultimately stop
casting.

It will be clear that it is not sufficient to maintain metal in
the pot just molten. A higher temperature must be main-
tained (a) to counteract chilling of the metal channels,
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and (b) to reheat the metal sucked back by the pump
in time for the next cast.

The fitting of thermostats as standard equipment has
gone a long way towards maintaining trouble-free work-
ing simply because in normal circumstances undue chilling
of the metal is prevented, but it can still happen. For
example, at the commencement of the day the whole
machine is cold and the stream of metal from the pump
loses heat rapidly. Draughts blowing across the pot in
winter, or several nuggets of cold metal added when the
level has fallen too Tow, may so chill the metal that the
smooth operation of the machine is upset.

Correct temperatures must be maintained not only in
the pot but also throughout the casting system to keep
the metal channels clear and thus permic the routine
production of sound type.




THE RESISTANCE OF TYPE TO
WEAR IN SERVICE

REMARKABLE service can be obtained from type in the
best conditions—clean printing is still secured after many
thousands of impressions and runs of several hundred
thousand have been recorded.

Such results bear witness to the hard wearing qualitics
of the type but when comparisons are made of practical
performance, many factors have to be raken into account.
Those which influence the run itself, for example, the
condition of the press, accuracy of make ready, effeet of
reprinting, nature of the paper, lie outside the present dis-
cussion. What will be considered is the wear resistance of
the type as it is affected by the composition of the metal
and by the presence of defects.

“Wear’ is taken to cover any change in dimension of the
type which affects clarity of printing, It may occur in
several ways, buc the essential requirement to combat any
form of wear is that the type should combine hardness
with solidity.

Hardness of printing metals: effect of antimony.
Antimony additions harden the metal but in excess of
12%, raisc the liquidus temperature. This is illustrated in
the following table comparing alloys with constant tin
content but increasing antimony content.

Tin ' Antimon ¥ Lead Completely | Brinell Harduiess
% %% 0% liguid [ Ne.
°%B.. @
4 12 balance 463 239°% 2240
4 16 " 53T 277 22°3
4 20 P for 316 2440
4 24 i 646 341 2605
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Hardness of printing metals: effect of tin. Tin with

antimony together as alloying elements produce a much

greater hardening effect than antimony alone. Consider
the following figures:

Tin Antimony Fead | Clompletely | Drineli Hardness
% A liquid No.
| W Sk :
4 22 74 626 330 28
T 10 T4 535 274 = 27

The two alloys contain the same proportion of lead.
The first composition represents an attempt to obtain
hardness through high antimony content. The second
contains tin and antimony in balanced proportions; not
only does it melt at a much lower temperature than the
first and is therefore easier to cast, but, at the same time,
it is distinctly harder.

A further advantage does not show in the figures.
Alloys of high antimony content tend to be coarse and
brittle; a balanced composition is much tougher and offers
preater resistance to battering. Thus a judicious balance be-
tween the tin and antimony proportions gives the best com-
bination of wear resistance with ease of melting and casting.

Solidity. If a casting is to be completely solid the metal
should enter the mould in a slow stream and should not
commence to solidify until all the air has had time to get
away. In the pouring of flat stereos by hand these ideal
conditions can be closely approached and the plates rarely
contain much porosity in the body.

On machines for casting slugs, type, and plates how-
ever, the demand for high operating speeds necessitates
rapid injection of metal into the mould and rapid solidi-
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fication of the casting. The metal inevitably becomes
mixed with air and solidifies before the air can escape,
leaving voids in the casting.

M"my hundreds of measurements have been made of

t'l.(, d(.gﬂ,(, Ut pUT‘O&lty W..‘IJ(,]'_I_ oceurs in P‘._’:LCL'].L‘.C. TVPE‘ ot —

the highest quality has contained 6-8%; of voids; in
routine production 10-20%, of voids is commen.

Clearly one aim must be to achieve the best possible
degree of solidity. But it is still morc important to ensure
that such air bubbles as remain arce lecated where they
can do the least harm. So long as poresity is not closc to
the printing surface, some porosity in the body does not
lmdlﬂv matter,

In composing machines the metal is injected into the
mould under pressure. On reaching the matrix the metal
should remain fluid for a brief interval so that it can
\i}‘-ﬂ"ul to form a smoeoth face and allow air o cscape.

If the metal is cast at a low termnerature, s chilled in
casting, or cooled excessively in the mould, it sets almost
imt:mtanu)usiy against the matrix. Evidence of this may
be prm:idx}d by chill marks or a i:rmty face, but even if the
face appbd_rh ‘PLI’fCLt the 11“ctd1_]u'\t beneath will be porous
duc to ar tra.pp&d by the mpld solidification of the metal.
This is known as sub-surface porosity.

The }mruslt} may take the form Uf la.rgn, air bells in
the characters or of a chain of small bubbles. Its effect will
he noticed only when the type sinks under pressure or the
face crumbles in use.

The porosity can be seen under the microscope if the
type is sectioned and polished (Figs. 13-16). Type cast
under the correct conditions has a solid face and even

Fic. 13. Section rh"uu:_p a stanip of Morotype. The character
is solid and although there Is porosity iv the body, this Lvpe
would ¢ glve good service

MagniScation: 23 times

FiG. 14. Section L| rough a stamp of I\«‘Iunn vpe. NUEL Llu: szl air
bubbles just under the face. This suh-surface porasity is likely to cause
the rype face to sick nnder pressure

Magnification: 23 times
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though there may be much entrapped air in the body, it
will stand up well in service.

The metal passages i1 the composing machines must
. be clear. A partially impeded metal flow not only reduces
the rate of entry into the mould but also will break up the jet
intoaspray causing poor face quality and entrapment ofair.

Tor type to be solid, then, it is cssential to deliver a full
flow of fAuid metal to the mould, and attention must
coustantly be given to the features in casting which affect
! the flow——correct temperaturc, plunger pressure and

b i

au < ) ahs.-m..nt to mould, clear metal pass: agos a and air grooves.

L . . v 1 Wear in use: printing. Wear in printing has two

' . separate causes. The dircct pressure at the moment of

Fie. r35. Szction through the face of 2 s]u‘ ‘The characrers are solid i imprcssi On may compress the types there iz no loss of
Megnificat:on: 24 times ‘ metal but a reduction in height. To resist compression the

type must be solid. In addition there is the abrasive action
on the type, removing metal from the surface in contact
with the paper and more particularly from the edges. l'o
resist this the type should be as hard as possible.

Wear in use: moulding. When formes are moulded
the slugs and type arc subjected to direct compression.
The pressure tends to reduce the height of the type; it also
seeks out any defects in the type.

ITot moulding intensifies the effects of this compression.
Like all other mctals printing alloys are softer when thcv
are hot than when they are cold. Fig. 17 shows how the

, ’ - ; A hardness falls progressively when the temperature rises.
. "’ : t' j For both slug casting metal and Monotype metal the
s -9 o 5 @ ‘ . hardness at 250° F. is less than one-half of the hardness at
ke PR , e * *3 ) room temperaurc. At 300° F. the harduess is only about
Fic. 16. Scctlon through a slug. The centre character 1t porous and one-third of its {Jﬂg]‘ al rg_)UIL
crumbly 1
Magnificalicn: 2§ Umes i
i
:
|
1
]
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In moulding flongs for newspaper work the tempera-
ture may vary from 120°F. to 325° F. according to the
requirements of production speed and matrix shrinkage.
At the higher temperatures, when the metal is so much

.
. ‘“\\\ -
%

R

Brinell hardness number

e

58

wn

0 100 200 300 400 Temp. “F
-i8 38 93 149 204 Temp. °C

Fic. 17. Harduoess of compodtion metal at elevated temperatures
A: Slug casting mecal  B: Monotype metal

softer, the best results can only be obtained by careful
selection of the moulding pack and attention to moulding
press maintenance.
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In plasdc moulding Producing t]'lcﬁ'nnst:tting moulds
higl temperatures are inevitable and the need for the
correct moulding conditions is srill greater.

All of these processes, where high moulding pressure
is combined with high tempcrature, impose severe con-
ditions on the type. Despite its loss of hardness the metal
will usually stand up well enough to these conditions
provided that the type is sound.




METALS FOR SLUG CASTING

Meravs for the Linotype and Intertype machines can
conveniently be considered together, since the require-
ments are so similar,

The casting conditions on these machines demand a
very fluid and mobile metal having a short freczing range.
The metal is injected into the mould through a horizontal
mouthpiece; after the slug has solidified metal remaining
in the mouthpiece must flow back freely.

Turthermore, to obtain speed of casting it is essential
that the metal shall solidify rapidly after it has entered the
mould. Rapid solidification of the large body necessitates
the use of an alloy which can be cast ar a comparatwe.ly
low temperature.

These requirements are met by using alloys close to the
eutectic 1 composition The tin content may vary be-
tween 23% md 5% ; the antimony ontcnt should not be
less than 11%, nor should it exceed 12 %, otherwise there
may be difficulty in casting.

antimony content of slug castihg metai to rise WLh re-
peated remelting. To offset this, it is recommended that
additions of new metal to the stock should contain only
11%, of antimony: as a result the stock should stabilize
safely ac under 12%, of antlmom The allo'vs most gener-
ally used are 3% tin, 11% antimony, 86% lead, and 4%
tin, 11% antimony, 85% 1ea.d.

The higher tin content in the second specification helps
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rowards a finer face on the slug, and is the recommended
speeification.

The casting conditions on sl ug casting machines, there-
fore, necessitate using an alloy which is not so hard as
other type metals. Some compensation is obtained from
the support | provided by the long slug. In addition, for
slugs which have to withstand the pressure of moulding,
soli dn:y is more important than the hardness of the metal.

The alloys mentioned have been adopted generally as
standard. Particulars of the melting-points and hardness
are given in the table, which also includes other alloys
which have been used for slug casting,.

i Compleely | Completely | Soblidification Drinell
Tin Antitnony liguid solid range Hardness
%, <, op. B B G | B %G No.
2 1T 478 248 A3 23975 15 83 135
3 1z 477 247 | 463 2305 | 14 TS 195
3 12 470 243 | 463 2395 | 7 i3 2000
3 13 193 25505 | 463 2395 | 28 160 210
4 10 485 230°§ | 463 23gr5 | 23 I3-0 208
4 1T 477 247 | 463 23005 | 4 TS ars
4 12 463 23975 | 463 23005 | —  — 220
s 1 475 246 463 2395 12 53 220

Alloys containing as much as 13%, antimony have
occasionally been used in the hope of obtaining harder
slugs. These alloysrequire a higher working temperature,
and it is less likely that solid slugs will be produ.ca,d Their
use is not now recommended on slug casting machines.

Casting conditions. In practicc, casting temperatures
vary between §2¢° and 550° F.

Machines v: ary one from another, but best results are

¢ a7ad D

R TS S T B




34 METALS FOR SLUG CASTING

ustally obtained at casting temperatures of §30° F. to
550° F. At lower temperatures there is a tendency for
solidification to occur inside the mouthpiece, which may,
in consequence, become choked. Furthermore, the metal
solidifies so quickly against the matrix that there is lictle
time for air to escape; hollow characters may result which
sink under the moulding pressure.

The mouthpiece and throat are heated to minimize the
Ioss of heat and consequent chilling of the casting stream.
Some operators prefer to work with the metal in the pot
at a lower temperature, which permits higher casting
rates, and with a high throat temperature to compensate
for it, but this arrangement is not advisable; experiment
and experience confirm that hollow characters are more
prevalent with low casting temperatures. At the other ex-
treme, if the metal is too hot when it enters the mould
splashing results, or solidification is not completed by the
time the plunger retwns and the metal still liquid is sucked
back, leaving hollow fect.

Solidity. For slugs to be solid there must be a full low
of metal into the mould; the throat and mouthpiece holes
must be quite clear.

There must be ample pressare behind the metal stream;
this entails 2 well-fitting plhunger, adequate tension on the
plunger spring, alignment of mould with meuthpiece, and
maintenance of the correct level of metal in the pot.

Air must be able to cscape freely from the mould as the
metal is pumped in: the air grooves must be clear.

Depreciation of slug-casting metal. Depreciation in
the quality of printing metals, that is the loss of tin and
antimony through constant remelting, is dealt with on
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pp- 60-66, but it is desirable to note at this stage that the
remelting of slug-casting metal results in a slight fall in
the tin content though not in the antimony content.

It is not uncemmon in fact to find that the proportion
of antimony increases slightly. This is especially the case
in offices handling mixed formes containing ‘Monotype’
ot founders type in addition to slugs: only a small amount
of ‘Monotype” mixed in with slug metal will produce a
significant increase in the antimony content. In such
offices particular carc must be taken to see that the anti-
mouy content of slug meral does not get dangerously high.

Typograph metal. Tn the Typograph machine the
metal is cast through a slot instead of through mouthpiece
holes. It is possible to cast a metal containing 12-13%
antimony, but the usc of a standard slug-casting alloy is
recomumended.

Metal for Ludiow machines. It is usually most con-
venient to use standard slug—casting metal on the Ludlow
machine, but a wide range of alloys can be cast, and
Monotype metal is sometimes vsed to avoid the necessity
of sorting.

Altheugh a Ludlow slug has a substantial body the
harder metal may be used becavse the mould is water-
cocled.

When a separate metal is desired the composition 4%,
tin, 11% antimony, balancelead, will give excellent results.

Metal for Elrod machines. Standard slug casting
metal is suitable for casting leads on the Tlrod machine.

Metal for Nebitype machines. Standard slug casting
metals or Monotype composition metals are used for these
machines with good results.




MONOTYPE METALS

Tur harder metal which is used for ‘Monotype’ has
superior resistance to wear in printing. The rich alloy pro-
vides a fime face to the type, especially when the pro-
portion of tin is high.

Metals for ‘Monotypce’ compaosition contain from 6 to
10%, tin, 15 to 19%, antimony, balance lead. The pro-
portion of tin is usually determined on cconomic gmunds,
though 7% should be regarded as the minimum. In equal
conditions the higher proportions of tin produce betrer
and tougher type.

For routine work the antimony content should not ex-
ceed 17%,. With higher antimony contents particular care
is needed if the production of solid type is to be main~
tained. Even though the alloy is harder, yet, if the type is
not sufficiently solid, it will not stand vp to wear as well
as type which contains less antimony but is more solid.

The recommended alloys are as follows:

9, tin, 15% antimony, or 89, tin, 15% antimony,
for general composition work.

10% tin, 15% antimony, or 10%, tin, 16%, antimony,
for composition work where fine printing and long
runs are required, for type in case, and for reproduc-
tion pmofs. These grades are also recommended for
rypr. which has to be hot moulded.

13% tin, 17% antimony. A special alloy for high-

grade printing where good wearing qualities and
excellence of face are of paramount importance.

It should be remembered that, when using the lower or
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softer grades of Monotype metal, corrections will show
up when introduced after a C(}mpal‘ativel'y short ran, the
new type reve 11111 r that the old type has worn mgl).tlv
even thnugh it is sl printing clearly. When it is known
that a job, such as a cataloguc or time-table, will be re-
printed with. corrections or additions, it is wise to usc a
high-grade metal.

‘L'ae properties of these and other specifications used for
‘Monotype” machine composition are given in the table.

Composition A i
Completely | Campleiely | Solidificaiion Brivell
Tin Anitimeny Tianid salid range Hardness
A o bR Oy SR o °F. O Ne.
& IS 3oz 261 463 2305 | 39 213 23
i 16 527 275 | 463 2395 | 64 353 23
oy I5 303 2015 | 463 239°5 40 22 24
i L 5us 263 463 239°5 1 42 235 25
8 17 $20 271 | 463 2385 | 37 3I°3 a7
2 e} 544G 2855 | 43 2395 | 83 46 283
19 I8 SI8 270 | 463 2395 | 55 303 26
13 16 525 274 | 463 2365 | €2 345 27
13 17 542 283 463 2395 | 59 433 2905

Casting conditions. There must be correlation be-
tweern:

=

Composition of mctal.
Casting temperature.
Speed of casting.

Size of type.

Rate of water-cooling.

b3

Ly e

The relationship between 3, 4, and § is generally recog-
nized and standardized, The interactions between 1, 2, and
3 should be considered in more detail.
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For the casting temperature, a range of 650-720° E. i
necessary, varying not only with the size of type being
cast but also with the composition of the metal.

The casting conditions must be arranged so that after
each cast, and immediately hefore the retuen stroke of the
pump, the type is solid But the meral remaining in the
nozzle is still Auid.

These requirements arc readily reconciled if the
solidification range of the alloy is not unduly large. 'Thus
the alloys 7%, tin, 159, antimony, 78% lead and 10%, tin,

16% antimony, 74% uﬁ, 30 1dm \"hlle the tempera-
ture is falling through 40° and 62° F. 1espectwdv and
uniform casting unv'htmm can be maintained on the
machine.

Compare them with, for cxample, the hard metal 189,
tin, 27% antimony, $5% lead. This commences to sohdafy
at 646° F. and is o] 1d at 463° F.-—a range of 183° I By the
time the foot of the type is solid in the mould the metal in
the nozzle will alrcady have cooled below 646° F. and will
have started to deposit tin-antimony crystals. Since the
head of the casting stream is constantly in a pasty con-
dition, the type is likely to be unsound and have a frosty
face. 'The build-up of a crystalline deposic will eve ntmﬂy
block the fow of metal.

Clearly, alloys havin gavery long freczing range cannot
be recommended for general composition work.

Even with the normal composition metals external in-
fluences may upsct the temperature balance. Thus the
additional cooling occurring in colder weather or pro-
duced by a dr mght l‘:lowmg across the machine may so
chill the nozzle that casting is affected.
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Speed of casting. Tt is not always ree ognize «d that the
temperature of the mould, which, fs i portant bear-
]111__\; on th‘. PT()(II]E t ‘iﬂ iﬁ(,{ e (irfﬂ— on | y bv th(_ 0w T‘ﬂpt Tature
of the metal and the rate of water-cool mg but also 10} the
spccd of casting. A machine which is run too s]uw!y will
result in a cool mould and chilled or frosty type will
be produa.:d. The Spccds recom mcnd-':.d by the makers
should be adhered to, allowance being made, when
casting from harder metals, for their high(fr wnrking
temperature,

Temperature. Automatic tem perature control re-
presents the ideal. Tt must be recognized, however, that
the temperature of the metal in the pot is not uniform.
Local cooling is produced by conduction of heat away
through the nozzle to the mould, by the return of the solid
Jjet picces, and by the ﬁ:c&i?ﬁ-g of fresh metal.

Thus while the tomperature may be generally satis-
factory, there may be cold spots where separation of crys-
tals occurs, leading to the formation of a scum on the
surface.

Chilled metal should never be skimmed. If a scum forms
the temperature should first be raised to 730° F. and the
metal thoroughly stirred to redissolve the crystals.

Feed the pot regularly. With all casting machines it is
important to add metal to the pots regularly and in small
amounts to ensure rapid melting and to minimize fluctua-
tions of temperature. Most modern machines have auto-
matic feeders, but when the metal is fed by hand it is
advisable to ‘preheat’ it on the side of the pot. Stir the
metal frequently, especially when fresh ingot metal has
recently been added.




40 MONOTYPE METALS

Maintenance of the correct level in the pot will materi-
ally assist in keeping the nozzle hot and will also allow
the absorption of fresh metal without undue drop in
temperature.

Metal for case type. When casting type for the case
which is intended for use in more than one job it is desir-
able that the metal should be as hard and tough as practic-
able in order to provide the maximum resistance to
abrasion. The following ate some alloys which are used
for this purpose:

Coritposition

= = Completely | Completely | Selidificaticn DBrinell
Tin Antinony liquid solid Tange Hardnrss
8 o opd op [ ¥R e | R e Na.
o 19 546 2853 | 263 2308 By 46 383
Iz 24 608 320 | 463 2325 | 145 Bo3 33
I3 17 §42 233 £03 2395 79 435 25
13 23 630 332 | 463 2305 | 167 025 | 36
18 27 046 341 | 463 23905 | 183 IoT5 | 38

Many offices use one grade of metal only for com-
position machincs and *Supercasters” and the specification
recommended for this dual purpose is 10% tin, 16% anti-
mony, 74% lcad.

Difficulties associated with the use of hard metals are
overcome on the ‘Supercaster’ by the nozzle-seating tim-
ing device which permits close control of the dwell of
the nozzle in the mould.

Metal for casting leads on the ‘Monotype’ machine.
It is possible to usc a lower grade and, therefore, cheaper
alloy for casting leads and other spacing material on th
‘Monotype’ machine; the chief advantage, however, in
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casting spacing material on the ‘Monotype’ is to save dis-
tribution, and this advantage can only be secured by using
the same metal for leads, &c., as for type. If a lower grade
metal be used it is essential that the leads should be picked
out, and not remelted with the type, in order to avoid
lowering the composition of the Monotype metal, and in
these circumstances it is cheaper to buy leads manufactured
by mass-production methods than to make them on the
‘Monotype’ machine. If, however, circumstances demand
that a cheaper metal be used for the purpose, it can suitably
contain 2-5% tin, 16-15% antimony, balance lead.

Metal for casting rule on the ‘Monotype’ machine.
There is the same advantage in using composition metal
for rule as for leads, viz. that the rule can be remelted with
the type. Rule is a printing surface and spacing material is
net, and a low-grade metal will not cast satisfactory rule;
the recommended alloy is 10%, tin, 16% antimony.




TYPE-CASTING METALS

A cerraIN amount of type is stll cast on type-casting
machines for handsctting.
Long life is expected from this class of type. The use of
2 metal rich in tin and antimony provides hard-wearing
type and reduces the need for frequent recasting.
Typical specifications are:

Composition s

i Completely | Complefely Solidification
Tin Antimony Tiquid solid ralge

£ s eE @k oF: % F. i
13 a5 AT 3245 | 463 2393 153 &5
14 27 635 335 443 2393 72 9353
18 =8 620 132 463 230§ 1606 D23
22 a5 [ik1s3 330 463 2163 163 puj
20 20 573 0005 | 403 21675 1Ic 61

It will be noted that an increase in the proportion of
antimony requires an increase in the proportion of tin. If
a metal with a low tin content is taken and continued
additions of antimony are made, the hardness of the metal
will only be increased very slowly after a certain point;
similarly, continucd additions of tin to a metal containing
alow proportion of antimony only improve the hardness
to a small extent. To obtain substantial increases in hard-
ness the proportions of tin and antimeny must be raised
together. It is interesting to record that the English type
founders generally followed this practice long before
metallurgists revealed its theoretical soundness.
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Casting conditions. Type-casting machines arc de-
signed to overcome the difficulties associated with the use
of hard metals. The type is cast in a horizontal position.
The temperature of the metal, nozzle, and mould can be
kept high. The metal has only to travel a short distance on
casting.

Speed of casting must be slow enough to allow suffi-
cient time for solidification of the high melting-pointalloy.

Copper in type—castlng metals. The introduction of
copper substantially increases the bardness and wear
resistance of hard metals.

If the copper content is held carefully at a safe level it
remains dissolved in the molten alloy at the normal
melting-point and is without detriment to the casting
properties.

The amount of copper which may safcly be added
varies with the tin and antimony contents of the alloy;
with 10%, tin, 24%, antimony it is 0-5%; with 249 tin,
24%, antimony it is 1+3%,.

It must be clearly understood that such additions are
only valuable in these rich alloys. Copper in metals for
composing machines may cause endless trouble. Thus in
slug-casting metal a copper content of 0-1%, is alrcady at
a dangel ous level because the alloy cannot retain much
copper in solution at the casting temperature.

Casting script. For casting script and other kemed
type it is desirable that the metal should be very fluid and
tough. These qualitics arc achicved by using an unusually
lli"'h proportion of tin to antimony content. The :l.HO‘}'
20%, tin, 20% antimony, and 0-8%, of copper is excellent
for thc purpose.




STEREOTYPE METAL

STEREOTYPING differs from other type-casting pro-
cesses in the size of the cast, the fow of the metal, and
the use of a non-metallic mould surface. The nature of
flong imposes a limit on the casting temperature which
can be employed, and this in turn makes alloys of high
melting-point difficult to use, particularly in casting
machines.

The properties of typical alloys used for stereatyping
are as follows:

Corposition

| Completely | Completely | Solidification Erinell

Tin Autimony Lquitd solid range Hariduess
o o T o oF. | °F. 23, Mo,
5 15 500 205 | 463 23005 | 46 255 2170
6 I3 o2 261 453 2388 30 2I-5 235
2 15 303 A61°5 | 403 2395 | . an 22 2440
8 14 s 263 463 2303 4% 238 250
b 15 fo0p 265 | 463 2305 46 255 258
12 135 418 370 463 230°5 55 303 2400

Metal for casting stercos, both flat and rotary, should
contain 5-10% tin, 15% antimony, balance lead. The pro-
portion of tin is often dictated by cconomic factors, but for
long runs at least 7-8%, is desirable. For plates of the high-
est quality and wear resistance the alloy recommended is
10% tin, 15% antimony, 75% lead. Ac times slightly
higher proportions of antimony have been used for cast-
ing sterco plates, but this is not rccommended;; experience
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has amply proved that stereo plates containing 15% anti-
mony will stand the stresses on fast-running presses, and
that toughness can be obtained by the inclusion of an
adequate propottion of tin.

Lower antimony contents—133%— are common in
Ainerican practice. The castilng temperature can be lower,
thus facilitating high rates of casting. There is 2 material
reduction in the wear resistance, however, and a change to
such a low content should be made only if it is dictated by
the casting conditions.

Casting temperatures. In the hand casting of flat
plates the metal is cooled in the ladle below the liquidus
temperature before casting. The metal in the pot should
of course be kept completely molten to avoid separation
of tin-antimony crystals; a temperature of 560° F. is
recommended, i.e. approximately 50° F. above the liqui-
dus temperature of the metal.

The majority of stereo casting machines are water-
cooled, and stereo metal in the pot has to be at a higher
temperature than for hand-casting to ensure sufficient
fluidity of the metal in the casting box. In addition, if the
metal is pumped from the pot to the casting box some of
irs heat is lost. The casting temperature should generally
not cxceed 600° F., but there must be sufficient heating
capacity to maintain the pot temperature without undue
fluctnations when black plates or new ingots are being
added. '

Temperature during standby periods. Freezing and
separation of tin-antimony crystals from stereo metal con-
taining 10%, tin, 1% antimony, 75% lead, commence on
cooling to 518° F. During standby periods the tempera-
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ture of the metal should be maintained above this figure,
otherwise separation will take place and it will “sub-
sequently be difficult to redissolve all the separated crys-
tals. Before casting is recommenced the temperature
should be raised rapidly to the casting temperature and
the metal thoroughly stirred in order to take into solution
any crystals which may have separated.

The stirrer should not be started until the metal has
heated up again; otherwise there is the danger that
crystals will become entangled with the dross.

The importance of the ‘tail’. A stereo plarc should be
cast with a substantial ‘tail’. (The term “ail’ is commonly
used in the printing trade, though engineers and metal
founders call it a “head”.) This provides a pressurc which
forces the metal beneath into the detail of the mould.
Equally important is its effect in supplying a reservoir
of metal which remains molten wntil all the plate is
solid.

Shrinkage of solidifying metal. As the metal solidi-
fics it shrinks in volume by about 2% . This is quitc distince
from the contraction of the solid metal as it cools subse-
quently to room temperature.!

The effects of shrinkage can clearly be seen when an
ingot of stereo metal is cast. The metal sets first on the
bottom and sides, where it is in contact with the cold
mould, thus forming a solid shell. The remainder of the
metal solidifies—and shrinks—inside this shell; as solidifi-
cation proceeds inwards the shrinkage in volume cavses the

' Contraction of the solid metal is important to the stercotyper

in another connexion. In conjunction with the thrinkage of the
matrix, it derermines the final size of the vlate,
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level of the fluid metal to fall progressively. In this way
the familiar depression is formed on the top of the
:‘..H‘.‘rt.

After 2 while the outside of the ingot is hard burt the
centre is mushy, a mixture of solid erystals with still liquid
metal. By this time the crystals are so packed that there
can be little further Il in the general surface level; but
the shrinkage continues as the last metal solidifies. There-
fore, the remaining liquid is drawn away from the surface
crystals, leaving small cavities between them.

If a broken ingot of metal is examined the last portion
to solidify often looks spongy; the cavities left by the
shrinkage may extend well below the surface.

Shrinkage in sterco casting. Shrinkage then leaves
cavitics in the lasc portion of the metal to solidify. An
effective tail feeds the shrinkage in the plate; any cavities
will be in the tail, not in the plate.

In normal conditions a plate stazts to set at the bottom.
When this first metal solidifies it shrinks, thus cavsing
the level of liguid metal in the box to fall. As solidification
proceeds up the plate so the shrinkage is ‘fed” by liquid
from above. Towards the end the metal in the tail isin a
pasty condition and the withdrawal of liquid from this to
feed the shrinkage below leaves the tail porous.

The tail must continue to feed the plate until the latter
has set completely. The practice of using a ‘bolster’ above
the matrix is valuable; it helps to keep the feed channels
open by retarding the cooling of the metal immediately
above the plate.

Trregular cooling. For perfect feeding the plate should
solidify regularly from the bottom upwards, With a body
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of metal as large as a stereo plate cooling cannot be per-
fectly regular.

The embossing of the matrix produced by the im-
pression of the forme is one cause of irregular cooling.
As the plate cools heat must travel outwards. Heat is ex-
tracted more quickly through the parts of the matrix

which arc in direct contact with the bex. Other parts of

the matrix—those which form the ‘whites'—are held
away from the box; cooling here is slower.

Thus the metal in a white may remain liquid after all
around has solidified. This last liquid, cut off from sup-
plies of feed metal, will contain cavities.

Cokey face, The appearance of shrinkage cavitics on
the face of the plate produces the condition known as
‘cokey face’. Tt will be clear from the above explanation
why cokey face usually appears in the whites.

‘When cooling is delayed over a larger area the cokiness
may bc more widespread. This may happen, for example,
if onc part of the box is hotter than the rest or if 2 section
of the matrix is overheated by the flow of metal into the
box.

Wherever a pocket of liquid metal is left liquid after the
surrounding metal has set, cokey face may appear. But it
need not do so. If the metal at the face solidifies while
there is still liquid metal behind it the face will be fed from
behind and will be solid. Shrinkage cavities will then be
dispersed into the body.

The more the metal can be encouraged to solidify first
on the face, the more deeply are the cavities thrust harm-
Jessly away into the body of the plate.

Sinks. If a large area of the plate lags far behind the rest
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in cooling the total shrinkage on solidification may be so
great as to draw the face bodily inwards, producing a
‘sink’.

The cooling conditions must be seriously upset for this
to occur. One cause is the impingement of the metal
stream on one spot on the matrix, particularly if the cast-
ing temperature is high; another, the localized growth of
scale in & water-cooled casting-box, producing a hot spot
on the box and thereby delaying the cooling of the
adjacent metal.

Casting conditions in stereotyping. The golden
rule in stereotyping is cool metal and a hot box, This can-
not be too strongly emphasized, because neglect of the
rule is the most frequent cause of defective plates. The box
should be hot enough to make it uncomfortable to keep
onc’s hand on it.

To secure satistactory plates the ideal is regular progres-
sive solidification from the bottom upwards. Since this is
often upset by irregularities in cooling, the metal at the
face should be encouraged to solidify ahead of the metal
in the body of the plate. The face will then be perfectly
fed and any shrinkage cavities which oceur will be to-
wards the back of the plate.

This second aim is difficult to maintain because flong is
a poor conductor of heat and thus tends to delay the
solidification of the metal in contact with it. The object
of using a casting-board when pouring flat plates is to
delay solidification at the back also and thus to avoid
drawing feed metal from the face; the same result is
achieved on rotaries by working with a hot box.

In rapidly operated rotary casting-boxes water-cooling

C B8TH2 B
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is necessary, not to keep the casting-box cold, but to pre-
vent it from overheating.

It is casicr to obtain a good casting in a thick plate than
in a thinner one; a T2-pt. stereo plate is usually sounder
than a ro-pt. plate.

Cast stereo plates with cool metal. The approach to
the condition in which the metal would solidify first on
the face of the mould is assisted by casting the meral at as
low a temperature as possible. Then solidification takes
place rapidly throughout the plate and does not leave a
more fluid portion near the face which may develop con-
traction cavities.

Slow cooling produces a coarse structure. A further
objection to high casting temperatures is that the metal
may have a coarse structure; with, the slow cooling the
tin—antimony crystals grow large and may separate into
clusters. Plates then tend to be brittleand to wear unevenly.

With rapid solidification the tin-antimony crystals are
fine and uniformly distributed throughout the plate.

At the other extreme, if the metal is cast at oo Jow a
temperature it will not flow freely over the matrix sur-
face, leaving chill marks and frostiness.

Porosity due to entrapped air. When a plate is
poured a certain amount of air is cntrained with the metal.
Sonie escapes upwards before the m ctal solidifies; the rest
is trapped in the plate.

The air rises through the most fluid portion of the
metal. Those casting conditions which encourage the
metal to solidify first at the face also help to channel
the rising air bubbles away from the face and into the
body of the plate where they arc less harmful.

[ic. 18, Section through Stereo nlate. Porasity cansed by
entrapied air aubhles

Fic. 15. Secion through: Siereo plate. Shrinkage cavities in the
meatal producing cokey face
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294 tin

3% antimony

935% lead
The rauin consitvent s lead with a small pro-
vortion of eutectic swrvounding the primary
) crystals

Mapgnification: oo times
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Impurities such as copper which tend to make the metal

ess fluid obstruct the escape of air and increase the
porosity.

Entrapped air bubbles are a source of weakness in plates.
They are rarcly present in flat plates cast by hand when the
metal enters the box in a smooth stream. In rotary casting-
boxes metal pumped in at high speed is inevitably acrated,
but unless cooling is over-rapid there is time for most of
the air to escape.

If plates are honeycombed with air bubbles the reason
may be

(#) Distortion or misalignment of the spout producing

a turbulent cascade of metal into the box.

(b) Excessive cooling preventing free escape of the air.

Solid metal mounts. Tt is customary and convenient
to cast solid metal mounts for internal use in stereo metal.
A cheaper metal will serve the purpose and if a scparate
metal is required the composition 2% tin, 10%, antimony,

Ur

889, lead is recommended.




ELECTRO BACKING METAL

THF requirements for metal for backing electro shells are
that on casting it shall bond firmly with the tinned shell
and provide a solid support for the surface, and that on the
press it should have adequate strength to resist compres-
sion. As the wear on the plate is borne by the shell there is
no advantage in using a hard backing metal. Too hard a
metal makes slabbing more difficult if not impaossible.

Electro backing meral is the ouly printing alloy which
is substantially below the eutectic in composition. The
alloys in general use contain 2-4%, tin, 2-4% antimony,
balance lead.

The properties of typical alloys are as follows:

Composition

Completely | Completely | Selidijicaiion Drinell
Tin Antimeny liguid solid targe Hardnzss
% o B SR g | PR T Ne.
-1 & s¥5 307 | 463 2395 | 132 673 oo
2 H 472 300 | 483 2393 Tog 603 110
3 3 $63 298 | 463 2300 100 $5°5 120
& 4 545 285 | 463 2395 82 455 I35

When electro plates have to be curved after being
backed-up it is advisable to limit the antimony content to
a maximum of 3%.

Casting conditions in backing. The shell must be
tinned to provide the bond with the backing metal which
is essential for firm support. Additionally, the tinned coat-
ing assists the flow of the backing metal so that it more
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surely displaces air or flux in the recesses of the shell

which might otherwisc cause soft spots.

The shell is first fluxed to remove any oxide on the cop-
pet, thus preducing a chemically clean surface with which
the tin can alloy. A sheet of tin or solder foilis laid on the
heated shell and allowed to melt. Alternatively, the shell
may be pre-tinned by electro plating, but care must be
taken that an adequate thickness is deposited.

Before backing-up the shell should be hor enough to
keep the tinned coating molten. Overheating canses the
tin to become sericusly oxidized or ‘burnt’ and ruins the
bond between shell and backing,.

New processcs have been developed with the objects of
producing a denser backing and trucr surface. In one the
nlate is pressed between platens after the metal Lias been
cust. 'The centrifugal process has been introduced for the
backing of curved shells. The shell is placed inside a
cylindrical box and rozated at high speed; when the metal
is poured in, the centrifugal action produces 2 powerful
thrust many times the force of gravity.

Age hardening. Afer being cast some metals become
harder in course of time. This occurs with electro backing
metal. Experiments show that these alloys achieve maxi-
mum hardness about 48 hours after casting. Backing
metals containing the higher proportions of tin harden
more rapidly.




QUALITY AND THE EEFECT
OF IMPURITIES

A oo printing metal should be:

(a) accurate to specification;

(h) madc from high-grade materials, so that it is free
from harmful impurities;

() properly alloyed, so that it is thoroughly mixed,
and free from oxides. -

Manufacture. By using low=grade matcrials and by
short-cuts in the manufacturing process it is possible for
the manufacturer to produce more cheaply; the resuleant
metal may not necessarily differ greatly in appearance, nor
may an analysis reveal divergence from the specified pro-
portions of tin and antimony, but the working p-:c-pe-rties
are not likely to please the printer. Impurities or poor
mixing produce bad castings, choked mouthpieces, and
excessive dross; it is true also that the propertions of tin
and antimony in such a metal depreciate more quickly.

There is, unfortunately, no ready means of detectﬁlg

poor metal by appearance. The safe plan is to buy from a
reliable and experienced manufacturer who apbre:iates
this possibility and protects the printer.
) Cost. Unlike paper and ink, printing metal remains for
further service when the job has been comnleted. The real
cost is the depreciation in weight and qu:llity which the
metal sustains as the result of its use, and the labour and
fuel cost of remelting into ingots again,

e
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This charge is only a small proportion of the labour and
machine charge for composing and casting. It i virtually
a negligible factor compared to the cost of the printed
job, including the paper and ink, make-ready, proofing,
and printing. Further, if delays are caused through faults
in the slugs, type, or plates, additional labour and machine
costs can be incurred.

It is wisc, therefore, not only to use good quality metal,
but also to choose the best specification for the job
irrespective of first cost. The extra expenditure is small
compared with the advantages in the machine room of
sharp, hard-wearing type or plates.

Equally, it is clear that once the right metal has been
bought it pays to maintain the standards of purity and
compasition, cither by careful remelting and reviving or
by having the metal refined by the manufacturer.

Appearance of printing metals. Printing metals,
when molten and freshly skimmed, should have a bright
mirror-like surface. This may presently be broken by hair
lines, like a spider’s web. Some impurities affect the
appearance of the molten surface; a small trace of zing,
for example, will cause the mirror of a freshly skimmed
surface to cloud over almost immediately.

Impurities in metals. Although great progress has
been made recently in the metallurgy and refining of
metals, no metals in common use are entirely free from
impurities.

Most of the metals can be obtained today in a state of
high purity such as 99:99% if the need requires, but so-
called pure metals in commercial vse may contain o1,
025, or even 1%, of impurities. For many purposcs it is
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not the total but the character and amount of individual
impuritics which is of importance to the user.

Some impuritics can be tolerated within certain limits,
which is fortunate because contamination can so easily
occur when a metal is continually remelted. Others, like
zing, are extremely harmful in printing metals and even
in minute quantities make it impossible to secure satis-
factory castings.

Copper. Copper is the impurity most commonly
found in printing metals, from contamination with cut-
tings from half~toncs, shells, and brass rule.

Copper is slowly taken into solution by molten printing

metals and on continued remcléng the copper content of

the stock gradually rises.

A small proportion of copper in slug casting or Mono-
type composition metal is harmless. Above this propor-
tion the copper forms a compound with antimony. This
compound crystallizes as flat leaf-like crystals which are
very hard and which freeze out of solution at 2 te pera-
ture higher than the first freczing-poine of the tvpe metal,
Even when the quantity of such crystals is small they tend
to concentrate in the throat or mouthpiece of the casting
machine as the metal flows past.

The build-up is comulative and vltimately the choking
}}L(.,Ulnl;'\ 1] ‘PT‘(‘I‘!()llﬂL(d as to )tOr—' C’lStlTlO'

Copper then must be regarded as an injurious impurity
in metals for mechanical CDmFC:.lth‘l and great care
should be taken to ensurc that it is not introduced into the
melting-pot when remelting slugs and type.

In metals used for founder’s type copper is often inten-
tionally added since it hardens the metal. These metals

JR—

el — -

e, 21. Photomicro; rrd,ph of Monotvpe nmetal

contarninated wub 5% ol copuer, The long

straight ‘ncedles’ are in reclity secrons cut

through fake-shaped crystals of copper-anti-
oy compoind

Magnification: 250 tires



[T T T Tl —————

QUALITY AND EFFECT OF IMPURITIES 37

have high antimony contents and can hold up to 1% or
even more of copper (depending on the antimony con-
tent) in solution at the comparatively high casting tem-
peratures which arc employed.

A frequent cause of trouble in the past was the habic of
attempting to enrich composition metal by adding a pro-
portion of old founder’s type. The motive was good for
most old type is rich in tin and antimony; unfortunately
it contains copper as well.

Nickel. Nickel in a printing metal has an effect simi-
lar to that of copper but more pronounced. Nickel in
quite small proportions will cause trouble on compos-
ing machines. The compound of nickel and antimony
which is formed has a relatively high melting-point and
readily scttles out on the cooler parts of the metal
passagres.

Similar conditions do not exist in the casting of plates
and nickel is therefore less harmful in stereo metal. Never-
theless, it tends to cause formation of scum and it must still
be regarded as an objectionable impurity.

Contamination is most likely to arise from the remelting
of plated stereos. Fortunately, nickel does not dissclve
rcadily in molten type metals; if in remelting care is taken
to avoid overheating, and the shells are skimmed off as
soon as possible, no harm should be done.

Zinc. This is the impurity which can cause the most
serious trouble in practice,

Zinc is vsed in quantity in printing offices; in a morc
or less purc form as zincos and alloyed in brass rule. The
danger is that a few thousandths of 1% of zinc in a print-
ing metal is sufficient to ruin the casting quality.
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Small cuttings and sawings are most liable to cause
contamination, A[thnudn ZITC 11-1\ a nLcleU—.)Cﬂlt of
787° F., appreciably abow, normal working temperature,
it will nevertheless be dissolved if it remains in contact
with molten printing metal. Brass is more resistant but
may be absorbed if rulc is charged into the remelting-pot.

The effect of zinc in a printing metal is to foster the
formation of a thick tough oxide skin wherever the molten
metal is exposed to the air. The amount of dross is thereby
directly increased and worse, the strong skin tends to en-
close drops of molten metal. However well the fluxing
be carried out the dross skimmed off is not a fine d;.""
powder, but ‘far’ or scum containing a good deal of en-
tangled metal.

Just as serious is the cffect on the quality of the cast type
or plates. Sharpness of reproduction depends on the pene-
tration of the metal into the farthermost recesses of the
mould. When zincis present flow is sluggish and the oxide
skin holds the metal back, preventing deep penetration
into fine detail.

Fortimately, the presence of zine is immediately mani-
fest in the appearance of the metal. Clean molten printing
metal should show a perfectly clear mirror surface when
it is skimmed. On the other hand, metal contaminate
with zinc will not dross off cleanly. A skimmer drawn
through the surface drags the skin alon g with it; the metal
behind has a thick pasty appearance because a new skin
forms immediately.

If a batch of remclted metal is thought to be contami-
nated it should be isclated before the trouble spreads and
returned to the refiner. Zine is not easily removed with
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the plant available in a printing works. Prevention is easier
as well as better than cure.

Aluminium is somewhat similar to zinc in its effects.
While it is not easily dissolved by molten printing metals,
care should be taken to keep any aluminium out of the
dross bin and the remelting-pot. Milk bottle tops are often
an unsuspected source of this metal.

Iron. Iron in small traces is a common impurity; when
it is realized that iron is generally contained in the original
ores, is used in the extraction of the metals, and further,
that the alloys are mixed and remelted in iron pots, it
would be surprising if some small proportion of iron were
not present. There also occurs a gradual absorption of
minute quantith,s from the meltmp -pots of composing
machines and stereo plants. The trace of iron normally
present is not harmful.

Oxides. Oxides, i.e. dross in fine particles, must be
regarded as impurities and moreover are difficult to
discover by anzalysis. A tiny particle of oxidized metal
acts as a nucleus; the surrounding metal adheres to it and
is contaminated by it, thus increasing the formation of
dross. This oxidized metal will choke the mouthpieces and
nozzles of composing machines. Careful cleaning and
ingotting of the metal, as described on pp. G67-69, will
ensure that the oxides are not cariied forward to the
casting-pots.

Ii!




MELTING LOSS, FLUXES, AND
DEPRECIATION

PrinTING metals when molten oxidize where they arve
cxposed to the air. The skin forming on the surface is
composed of oxides of lead, antimony, and tin. Left by
itself the molten alloy does not oxidize very rapidly: the
skin once formed provides some protection against further
oxidation by the air in normal conditions.

In practicc, however, the surface is fr(:(l‘:.- crltly disturbed.
Fresh metal is then cxposed to oxidation and droplets of
metal become entangled with the oxide, The resultant
mixture of oxide and metal constitutes ‘dross”. The bulk
of the dross is further increased by the carbonaceous resi-
dues from ink and paper and like materfals which burn
when the metal is remelted.

Some dross is incvitably formed whenever metal i
melted, but any cxcess represents waste. Lighter drosses
are the reward of cleanliness and care in working the
metal. This applies throughout all melting and casting
operations but has particular force in remeldng.

How to reduce melting loss. Any foreign matter
which might harm the mctal or unnccessarily increase the
bulk of the dross should be kept out of the remelting-pot.
Metallic impurities like zinc, besides spoiling the casting
properties also produce a thick scum oz the surface, which
lLieavily increases the amount of dross.

Careful control of working temperature is essential.
Prolonged overheating seriously increasss the loss of metal
by oxidation. On the other hand, if the pot is skimmed

MELTING LOSS, FLUXES, DEPRECIATION 6T

cold, or before the metal is fully melted, much good metal
is taken off with the dross,

Type and slugs usually contain air bubbles which are
released when the metal melts. Unless the lemperature is
adequare the bubbles do not escape completely but form
a frothy scum at the surface. To break densinthiseniial
produce a clean scparation of metal from dross the re-
melting-pot should be heated to s0-100” above the tem-
perature used on the Castlng machines.

Fluzes for printing metals. ‘Lhe use of a fux should
bC ’C{_{?ldcu_ A5 an es3cn tlﬂ.l Part Of il;(‘ I.’)P['ra.ll(‘)n OF mcg rﬂ.l
melt lrl . Mot mﬂ\ does it ]1?][1 to clean the metal and thus
cnsure good printing results, but it reduces the melring loss
considerably. Tf flox is not used the dross skimmed off
is probably much too heavy. A fAux properly used will
release the good metal entangled with the dross and so
reduce the wastage.

There are many materials which might be used as flux.

_In selecting the best, consideration has to be given to other

tactors, beside their apparent cffectivencss; some fluxes
contain ingredients which have a corrosive effect on cast
iron, steel, brass, and bronze, and these obviously should
be used with care lest any flux is carried over to the com-
posing machines; others tend to remain entangled in the
metal for some time and to impede free flow.

Fluxes such as resin, tallow, butchers’ fat, etc., do not
ignite readily, and instcad of burning with a hot flame
they torm clouds of fumes which are in themselves ob-

_]E:CthllaD;C and Serve 1o I.lSCflll PL‘.]:POSC.

A flux for printing metals should have no volatile con-
stituents which are corrosive or injurious, and should leave
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no residue in the metal which might impede the action
of the pump plungers. Such a flux can be abtained in suit-
able tablets; it helps to disentangle any oxides and dirt
from the body of the metal and, by burning with hot
flame, applies a high local temperature to the surface of the
metal, thus releasing the good metal from the scum and
leaving behind only a fine powder, which may then be
removed.

Depreciation. The dross skimmed from molten print-
ing metals contains slightly higher proportions of tin, and
usually of antimony, in relation to lead than the metal
itself. This is because:

(a) Although all three constituents suffer oxidation, tin,
and to a lesser degree antimony, are more quickly
oxidized than lead.

(b) Tf the metal remains for any period in a semi-molten
condition, tin-antimony crystals tend to scparate to
the surface. The crystals do not readily return into
solution at normal working temperatures and are
liable to be skimmed off with the dross.

These two distinet effects combine to produce a
gradual depreciation of the tin and antimony con-
tents of the metal,

Reducing depreciation. The greater part of the loss
occurs during remelting and the precautions necessary to
keep losses low have already been outlined. The loss on
casting machines may, however, be considcrable if care is
not taken.

It is advisable to melt the metal from cold as rapidly as
possible. Directly the metal is molten the operator should
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stir the pot vigorously and also when fresh ingots are
added during the day. The object of these precautions is
to cnsure that the tn-antimeny crystals are quickly taken
into solution,

Tt separation of the rich constituents occurs, as evidenced
by the presence on the surface of the metal of a thick white
scurn, do not skim this material off but raise the tempera-
ture of the metal and stir well. The temperature can safely
be raised for a brief period by 1co” F. above the normal
casting temperature when, after vigorous stirring, the
separated crystals will be redissolved.

A current of cold air passing over the surface of molten
mctal encourages the formation of dross.

In stereo pots, as in composing machines, melt the metal
rapidly, stir frequently, and keep the hood of the pot
closed as much as possible. When stereo metal is kept
continually molten, as in daily newspaper production, the
temperature should be maintained, when the pots are not
in use, above the level at which tin-antimony crystals
commence to scparate.

Extent of depreciation. For estimating purposes it is
usually assumed that the total depreciation in weight and
composition of composing-machine metals is 49 of the
value of the metal used; this estimate covers the double
operation of casting the type or slugs and remelting them
into ingots ready for usc again. The figure of 4%, is a safe
one to use for cstimating purposes, but the works manager
should not be satishied with it. By carcful attention and with
first-quality metal the loss can be reduced to about 2-3%,

The result of depreciation. Unless the tin and anti-
mony which arc lost during wse are replaced, it is obvious
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that printing metal will gradually change in composition
and the working qualities of the metal will be affected.

The regular addition of new metal to the old stock he s
partially to maintain the quality, but when insufficient
metalisadded itisnceessary to add reviving alloy regularly.

Rcvwmg alloys. Experience has ; revedled ithe extent
of the average loss of tin and antimony each time a print=
ing metal is uqf-d and on the basis of these figures reviving
a]lo ys have been designed containing high proportions of
tin and amlmmw ) adjuued that the addition of § Ib. per
cwt. of the alloy at cach remelting will restore l:hc tin and
antimony wastage. Theregular addition of this small quan-
tity of rwiving? alloy isrccommended in prefere:w.m, toadd-
ing a substantial quantity of reviver at irregular incervals.

i — the metal in printing works is locked up
for long periods, whilc other metal is used again and again,
the quality of the stock is liable to become 1rrc:gula¢. This
tendency is not correcred by adding reviving alloy at
intervals to that part of the stock which happens o be in
circulation at the moment and not to the remainder. If,
on the other hand, a small propertion of ‘reviver’ is added
with each potful of metal, as and when it is remelted, the
whole stock remains reasonably uniform,

Different reviving alloys are necessary for various classes
of metal, because the rate of loss of tin and antimony
varies with the different metals. Thus certain reviving
alloys are made for Monotype and stereotype metals and
others for slug-casting m(mls

The case for the regular addition of reviving alloy to
composing-machine isca] does not apply with quite the
same force to stereotype metal, especially in rotary stereo
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plants, where the whole of the stock is in mgulal use and
50 dc},iea,m.tmn is more uniform, and where new metal
is usually added regularly and becomes evenly mixed
through the stock. If the proportion of new ‘metal s
sufficiently high the standard can be maintained without
adding reviver, but if insufficient new metal is added a
small weekly addition of reviving alloy may be made to
each pot, the quantity and composition of the alloy being
determined by the rate of depreciation revealed by analyses
over a period. Alternatively, depreciation may be per-
mitced to an agreed level of composition before adding
reviving alloy.

Check assays. It is desirable that the quality of all print-
ing metals should be checked by analyses regularly. Where
metal is turncd over quickly this should be done every
one or two months, In the average jobbing works it
should be sufficient to have a check analysis made every
six months, Reputable metal suppliers are prepared to
analyse metal for their customers free of charge, and ad-
vantage should be taken of this valuable service. It avoids
guesswork and helps the printing works manager to
standardize methods and p‘"oducuon.

bamphng. Great care is necessary to secure an accurate
sample. Unless the sample sent to the chemist is re=
presentative of the bulk the analysis will be misleading
and possibly worse than useless,

As a rule it is desired to know the average compasition
of the metal being used. The following methods of samp-
ling are then recommended: '

S f..;.g_s. Take a slug from each of several machines on two

or three consecutive days.

o 8762 u
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Monotype. Take a few stamps from each machine on
two or three conseentive days.

Stereo plates. A section 2 inches square cut from a rotary
plate is an excellent sample: the plate will have been
cast when the metal is well stirred. A section of a flat
stereo is also satisfactory if the metal is thoroughly
stirred before the plate is cast.

In all cases send the whole sample for analysis; do not
remelt it firse.

Sampling molten metal. The metal must be com-
pletely molten and drossed off. Stir it thoroughly, then
immerse 2 small ladle in the metal for a minute to allow
it to heat up, dip out a small quantity—} 1b. is ample—
and pour it all quickly into a cool mould of thin flat sec-
tion. The rapid cooling of a sample of this shape avoids
segregation. No attempt should be made to trim the
sample in any way.

Sampling ingots. Select a proportion of the ingots,
say one in twenty, and take sawings from them. This
should be done by making three or four vertical saw-cuts
extending from the side of the in got to the centre, alter-
nate saw-cuts being taken from opposite sides.

The reason for this precaution is that no ingot is uni-
form; there is always segregation within the ingot itself.
This segregation is severe with large ingots which cool
slowly and slight with thin flat ingots. Drillings from the
top and bottom of any large ingot of type metal reveal
dlﬂ:( TENCes 'l‘1 b()m'p-.)ﬁlfn‘ﬂ ThL me Thnd OF E‘.’lwmg d[ o
cribed ensures fair sampling of the ingot. A corner knocked
off an ingot does not constitute a representative sample.

THE REMELTING OF SLUGS
AND TYPE

IT is unwise to put slugs or type straight back into the
composing machines. They should zlways be remelted so
that clean ingots only are fed to the pots.

The work of remelting.” There is no difficulty in this
work but it is an important task. Lack of care in remelting
can cause delay and expense in the composing machines.

Lt is best to train a man for the job and let him devote
all his time to it while the work of remelting is in hand.
This is mentioned here because it is sometimes the prac-
tice to entrust the work to the Ta.tn.xtjumur, or ta cxpect it
to be done by someone who is attempting to carry on
other duties at the same time.

Keep metals separate. Make sure that all the metal is
of the same grade. Slugs must be kept separate from
‘Monotype’; leads, metal furniture, stereos, and clectros
should be carcfully sorted and put to one side.

All “forcign’ metals such as zincos, copper plates, and
brass rule must be rigorously excluded, as they would
introduce harmful impurities.

Founder’s type also SL.O‘.LG. be kept out; besides having
a high content of antimony, such type frequently contains
a small amount of copper which is harmful in metal for
compeosing machines.

The melting-pot. Mclting small quantities of metal is

T A more complete description is contained in Efficient Remelting

published by Try's Metals Led.
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incfficient in fuel and labour; more umportant, it icreases
the Hability to variation throughout the stock of metal,
The melting-pot should hold at least 500 Ib.

The pot may be heated either by gas or clectricity. Gas
is cheaper both in first cost and fucl consumpt iot.
Electricity is cleaner but in either case a hood and ducting
must be proﬂdcd to carry away the fumes from the por.

A mdtmh-pot fitted with a bottom pouring device is
to be preferred. It saves labour and ensures t}:az clean
metal free from dross is poured in the moulds.

Temperatures. Temperature control is important,
When metal is seriously overheated excessive formation
of dross results; on the other hand, if the temperature is
not high enough the tin-antimony crystals will not be in
complete solution and will then segregate to the surface
to form a rich scum. If this happens a considerable amount
of heat, together with vigorous stirring, is necessary to
redissolve the scum.

These difficulties are avoided if the metal is heated
rapidly to the correct temperature, which is a littlc above
the casting temperature on the composing machines:

600" F. for slug-casting metal.
700° F. for mono composition metals.
750° B. for dual purpose mono and display metals.

A thermometer should be used to check the tem-
perature.

Cleaning and reviving. When the required tempera-
ture is reached the metal should be cleaned with a suitable
flux. A non-corrosive flux is advisable. The flux not cnl}’
cleans the metal but lessens the melting loss by reducing
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the dross to powder, releasing good metal entangled
with it.

The dross should be removed with a perforated ladle
and immediately dropped into a covered container. The
sides of the pot should be scraped with the ladle to bring
all the dross to the surface of the metal.

The addition of reviving metal at this point counter-
balances the loss of tin and antimony in the dross. An addi-
tion of } 1b. of reviver for each hundredweight of metal
in the pot will maintain the correct composition. The
reviving alloy should be thoroughly stirred in.

Stir the metal at intervals dun'ng the pouring.

Pouring the mctal For pouring, the metal can with
advantage be some $0° cooler than for drossing. When
the ingots are peurced they should cool quickly to avoid
the growth of coarse erystals. Moulds should be cool to
ensure rapid chilling.

As the metal is poured the motion may produce a small
amount of oxide or acrated froth on the surface of the
ingots. Each ingot should be skimmed immediately after
pouring, w hile i sraetal 4y sl molten, to leave a clean
'bn;__ht surface. A thin Pl{,u, of sheet iron, the width of the
ingot, bent at right angles and narrowed to forn: a handle,
makes a suitable skimmer.

Appearance of ingots. The ingots, when broken,
should show 2 bright crystalline fracture, varying in size
of crystal according to the amount of antimony and tin
present and the Iapldlt\« of um]mu duﬂn% the process Uf
solidification. The size and form :)F moulds also have
great influence on this fe ature, a massive in got t(:ndmg to
the formation of coarse crystal grain due to rcl‘ltlvcl} slow
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cooling. The same alloy cast into small ingots, which cool
and solidify quickly, exhibits a much finer crystal structure
when broken. It is unwise to attempt to judge the quality
of metal by the appearance of the fracture; specimens cast
in identical conditions can be compared, but experienced
men are usually chary of forming an opinion on the evi-
dence of fractures, because thev know how many factors
can influence crystal structure.

Fumes. Fumes from the remelting of type and slugs
arise from the decomposition of ink and floor sweepings
and not from the metal; thev are sometimes objectionable
but not poisonous. A httlt, carc in keeping the hood closed
until the metal has melted and the fumes have dispersed
will obviate most of the unpleasantness. Volatilization of
printing metals does not occur at normal working tem-
peraturcs, and danger to health on that account need not

be apprehended.

TEMPERATURE CONTROL AND
MEASUREMENT

CoNsTANT reference has been made to the desirability
of controlling temperaturc—whether on composing
machines, for stercotyping, or in remelting,

The fitting of thermostats for the automatic control of
temperature has contributed much to the large measure
of improvement in the average quality of commercial
production, raising it close to that secured in showroom
conditions.

It is also desirable for the operator to know the working
temperature; hence a means of indicating temperature
should be fitted if one is not incorporated with the
thermostat.

The thermometer and the thermostat detector should
be sited with care. Temperatures are apt to vary from
point to point in the pot unless there is constant stirring,
The stem should therefore be located so as to indicate the
temperature of the metal being cast, not for example as
locally affected by proximity to the heaters.

Thermometers or pyrometers should be compared
from time to time with an instrument kept for the pur-
pose. An inaccurate thermometer is worse than useless—
it is mislcading,

Thermometers. Mercury-in-glass thermometers are
the cheapest instruments for measuring temperature, and
if used carefully may give satisfactory service for a long
period. They are, unfortunately, fragile and are liable to
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become erratic after being in use for some time. It is essen-
tial that thermometers for this class of work should be
made from borosilicate glass, because ordinary glass ex-
pands and does not contract again to its original dimen-~
sion. There is also a liability to a break or gap in the
column of mercury which, if unnoticed, will result in
false readings.

Mercury-in-steel thermometers are accurate for tem-
peratures up to 950° F. and are cheaper than electrical
pytometers. They depend on the expansion of mercury in
a steel tube, the resultant force being transmitted thro ugh
a capillary tube, acting as a hollow coiled spring after the
manner of a Bourdon pressure gauge and so registering
the temperature on a calibrated scale.

Thermometers should be compared with other thermo-
meters {or pyrometers) at constant intervals to check
their accuracy.

Pyromecters. Electrical pyrometers can be used to
measure still higher temperatures. They are operated by
the difference in potential sct up by the application of heat
to the junction of two thin wires made of different metals
and encased in steel sheathing; the latter is immersed in the
melting-pot, and the current generated is registered by a
galvanometer needle on a calibrated scale. Electrical pyro-
meters can be used as recording instruments, making a
permanent record of the fluctuations of temperature over
24 hours. An additional indicator may be situated, for
example, in the works manager’s office, where the tem-
perature may be obscrved, in addition to the dial adjoin-
ing the stereo pot.

Electrical pyrometers are available using one indicator
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for any number of melting-pots up to twelve; by using
this multi-station arrangement a substantial saving in cost
is effected.

With a modern printing plant of large capacity an
efficient pyromecter is certainly advisable and is an
economy.

The ‘paper test’. The old-fashioned paper test pro-
vides bur a rough-and-ready means of judging casting
temperatures; if it is to be helpful, the conditions must be
kept uniform by using the same sort of paper and immers-
ing it for the same period each test. The change in colour
of the paper gives an approximate indication of the
temperature, but it will be appreciated that the uscfulness
of the method depends upor the experience and judge-
ment of the operator.




MELTING METALS ON COMPOSING
MACHINES

Electric heating. Electric heating has clear advantages
for composing machines. The temperature is readily con-
trolled; modern immersion heaters localize the heat with-
in the pot and the atmosphere in the composing room is
healthicr and pleasanter because fumes are not given off
by the heaters,

Printing metals should be melted as quickly as possible
5o that the separated crystals are rapidly taken into solu-
ton. The rating of the heaters must be sufficiently large
to ensure this. There will then be ample heating capacity
in hand to provide quick recovery of temperature should
the pot be chilled for any reason, for example by the addi-
tion of new metal.

Automatic ingot feeders. In composing machines, it
Is 1mportant:

(¢) To keep the molten metal at a uniform level in the
melting-pot, thelevel varying slightly with different
machines.

(b) Lo add small quantities of metal regularly so as to
avoid sudden temperature fluctuations.

These objects arc achieved by the use of automaticingot
feeders which also save the operators’ time and attention
in feeding and watching the pot. There is the additional
advantage of a measure of preheating of the metal,

Automatic feeders are recommended and in conjunc-
tion with thermostatically controlled pots assist in im-
proving and standardizing production.

HYGIENE IN THE PRINTING
WORKS

A1t reported cases of lead poisoning among printers can
definitely be said to be due to the inhalation or breathing
in of cither dust or fume containing small particles of lead.
Handling of type metal and fresh type is harmless,

The stereotyper and foundry worker are liable to get lead
poisoning while drossing the molten metal or from careless
dumping of the dross on the floor and the subsequent sweeping
up and bagging operations.

The above is an authorized cxtract from the report by
Sir Thomas Legge, Senior Medical Inspector of Factorics.

Fortunately, cases of lead poisoning amongst workers in
the printing industry today are rare, thanks principally to
improved equipment and standards of cleanliness,

Prevention, Dross should not be dumped on the floor
but should be kept in covered receptacles from the
moment it is skimmed from the pots until it leaves the
works; thus the foundry is kept clean and there is no lead
dross to inhale and danger is averted.

Patent dross containers enable the dross skimmed from
the molten metal to be placed directly into covered re-
ceptacles with automatically closing lids. The container
itself can be sealed when full for collection by the local
metal foundry. It is emptied in the smelting works and the
empty container is returned.

This and other precautions are strongly urged in the
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recommendations of the Joint Industrial Council of the
Printing and Allied Trades of Grezt Britain and Ireland:

The contents of the filled dross container should not be
transferred to any larger receptacle if danger from dust is to
be avcided. I is highly dangerous and uneconomical for any
attempt to be made to extract further metal from the dross
by re-melting. This should be forbidden and the dross con-
tainer sent dircct to a metal refiner who has special reverbera-
tory furnaces for the purpose. The fine dust left after re-melting
is very poisonous.

The shelves, ledges, and floors of the room should be cleaned
regularly by means of a vacuum cleaner and the dust collected
transferred into water and passed down a drain.

It is in the interest of cveryone to see that ventilating arrange-
nents are as complete as possible for the carrying away of dust
and fumes in the foundry and sterco department at the point
at which they arc produced, and that proper trays are in place
under Linotype and Monotype casting machines and circular
sawS,

The dust in type cases should always be extracted by means
of a vacuum-type cleaner—never by bellows or other device.

Plungers should never be wire-brushed in the open shop—
duse-proof plunger cleaners now being available,

The operator, by keeping himself shysically fit, can do
much towards making himself more resistant to lead poison-
ing. He should pay scrupulous attention to cleanliness of hands
and teeth. The hands should always be washed thoroughly
before eating and drinking and when leaving work, and the
teeth carefully cleaned and brushed at least twice 2 day. The
importance of the care of the teeth in endeavouring Lo main-
tain a satisfactory standard of general good health cannot be
too strongly emphasized.

APPENDIX I

THE METALLURGY OF PRINTING METALS

Tur constitution and structure of printing metals have been
discussed briefly on pp. 14-20. For the reader who wishe-s to
study the subject more deeply, a fuller description is given
below.

Condition of liquid metal. Alloys of tin, antimony, and
Jead when fully molten form homogeneous solutions.

Structure of solid metal. When an alloy solidifies, three
things may happen:

1. 'The constituent metals may remain as a solution in the
solid state (termed a ‘solid sclution’).

The composition of a solid solution may vary within
definite limits,

. The metals may form a compound. Intermetallic com-
pounds have a fixed composition and a fixed melting-
point,

3. The metals may form a eutcctic. This has a fixed com-

position and melting-point, but is a mixturc of two or
more constitucnts.

| 3]

Frequently, two or more such changes may oceur in the
same alloy and when a printing metal solidifies, all threc eccur,
Solidification is therefore a complex process.

Cooling cutves. A great deal can be lcarned about the
nature of alloys by studying the rate of cooling from the liquid
to the sclid state. In its simplest form, this investigation con-
sists in melting a sample of the metal in a crucible and Fh&'l‘l
allowing it to cool slowly while accurate readings of the
temperature are taken at regular intervals, say every 3o
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seconds. The results are plotted on 2 graph which is called a
cooling curve.

Latent heat. T'o melt 2 metal, it is not enough to raise the
temperature to its melting-point; extra heat is required to
transform it from the solid to the liquid state.

Conversely, when a metal solidifies it gives out a corre-
sponding amount of heat which is known as the latent heat of
solidification.

t b
g St
5 [
& 5
% L4
i !“I“
& S
[

Time TiME
e, 22 TG, 23

This evolution of heat temporarily balances and arrests the
rate of cooling.

Thus the solidification of a metal is indicated by an arrest
point on the cooling curve.

Fig. 22 represents an ideal cooling curve of a single pure
metal, such as lead. Obscrvation starts when the metal is com-
pletely liquid. Cooling proceeds at a uniform rate until the
temperature £, is reached, when the cooling is arrested owing
to the evolution of latent heat. The temperature remains con=
stant at £ until all the metal is solid, when cooling proceeds
uniformly as before,
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Fig. 23 represents the cooling curve of an alloy made by
adding a small quantity of antimony to pure lead. T'wo
features will be noted:

1. The first arrest, at temperature £, is below the freezing-
point of pure lead. At this temperature (the ‘liquidus’)
lead crystals start to freeze out of solution.

2. At fy, the temperature remains constant until the alloy
has set completely. This arrest (the ‘solidus’) is caused by
the solidification of the eutectic.

By taking cooling curves on a series of alloys covering the
whole system and by plotting the arrest temperatures, a dia-
gram is obtained which shows the liquidus and sclidus tem-
peratures for all the alloys in the series.

Antintony-lead alloys. Antimony and lead are completely
soluble in each other in the liquid state and for present con-
sideration may be regarded as mutually insolublc in the slid
state.

The constitution diagram of the alloys of antimony and
lead is shown in Fig. 24. The base of this diagram is divided
s0 as to represent all the alloys of the two metals between
100% lead, 0% antimony, and 100%, antimony, 0% lead.

The vertical scale is temperature. Thus any point on the
diagram represents a specific alloy of the two metals at a parti-
cular temperature, e.g. the point X represents an alloy of 40%
antimony, 60%, lead at a temperature of 1,000° F.

The freezing-points of pure lead (621° F.) and of pure anti-
mony (1,167° F.) are included in their respective positions.
The line MEN is the liquidus line of the system, Any point
above this line (e.g. X) represents an alloy in the molten
condition,

The system has a eutectic (E) with the compesition 12%,
antimony, 88%, lead, which freczes at 486° F. All the alloys




8o APPENDIX I

finally freeze at this temperature, asindicated by the horizontal
solidus line OFER. Any point below this line represents an alloy
in a wholly solid condition.

It is customary and convenient to denote the constituents
which scparate by Greek letters. Alloys containing more than

METALLURGY
The liquidus line TCRA has three branches, The solidus is
T'DEBPOA. At the antimony rich end, the « constituent can
contain up to 119, of tin in solid solution. The « solid solution
differs little from pure antimony in t.hﬂ.]?a(.tf‘l‘i‘iti(‘q
Alloys contauung between 8 and 909, of antimony first
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12%, antimony on cooling first deposit crystals of antimony,

deposit crystals of o on ('oolmg from the liquid, but when the
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F16. 24. Lead-antimony alloys

denoted by a. Thus the alloy containing 40% antimony, 60%
lead, on cooling from 1,000° F. (point X) rcmains liquid until
the point Y is reached. Then w antimeny crystals form and
grow until the temperature reaches 486° F. Since solid anti-
mony crystallizes out of the liquid meral, the latter gets pro-
gressively richer in lead. By the time the temperature has fallen
to 486° F,, the liquid metal contains onl}' 12% antimony—the
eutectic proportio

Tin-antitnony alloys. The system tin antunony (Fig. 25)
isa complex one but it gives a guide to the ways in which tin
modifies the structure of lead-antimony alloys.
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which results in some of the « changing to the 8 constituent,
The solid alloys consist of a mixture of the two constituents.

The pure £ constituent is formed from alloys containing 42
to §8% of tin. It is substantially the intermetallic compound
tin-antimony (50% tin, $0% antimony) with small amounts
of tin or antimony in solid solution. The intermediate com~
pound B’ which is shown on the diagram is purcly of theore-
tical importance; on cooling it changes ta £ as the result of 2
rearrangement of the atomic structure.

To summarize:

Antimony-rich alloys in the solid state consist of o solid
a 8782 ¢
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solution. Alloys containing between 42 and §8%, of tin consist
of 8 solid solution. Alloys in between these two ranges consist
of a mixture of « and £ constituents.

The ternary system, tin-antimony-lead. The above
diagrams show the constitutions of alloys in the binary systems
at different temperatures, Matters become more complicated
when the system contains three metals. It is not possible to
depict completely in one diagram the effects of changes in
both composition and temperature.

In order to express the composition of all alloys containing
the three metals, it becomes necessary to use a triangular dia-
gram (Fig. 26). Fach corner of the triangle represents one of
the pure metals. Fach side of the triangle represents the com-
positions of alloys containing two only of the metals. Each
point within the triangle represents an alloy containing all
three metals.

The diagram is divided into areas according to the nature of
the constituents which are first to crystallize when the alloys
cool from the liquid state, The constituents which are present
in printing metals are

(a) 8 solid solution consisting substantially of Icad.

(b) « antimony-rich solid solution.

(c) B solid sclution based on the tin-antimony compound,
50% tin, 50% antimony,

The lcad-rich corner of this diagram, which covers printing
metals, is shown enlarged in Fig. 27. Here a series of ‘contour’
lines enable the liquidus temperature of any zlloy to be found.

If the contours are followed from B representing pure lead
to X, it will be seen that the liquidus temperature falls. In other
words, the addition of antimony and tin to lead reduces the
liquidus temperature. The alloys in this range deposit crystals
of lead (6) in the initial stages of solidification.

METALLURGY 83
X is the ternary eutectic point, having the lowest liquidus
temperature of the alloys within the field.
From X to the line AD, the liquidus temperatures rise again,
1
steeply, as shown by the closeness of the contours, These are

Ardrary
0%

2%

X
. 4
Lesd 0

e

Tin par cenl
Fig. 26, Tin-antimony-lead alloys
The camposition of any alloy contzining all three metals is indicated
on a triangular diagram. Thus the line PQ represents all the allays
which contain 40% of tin. The point R represents the alloy contain-
ing 40% tin, 2a % antimony, the balance being lead. The point X
represents the alloy containing 4% tin, 12% antimony, 84% lead

antimony-rich alloys, depositing o solid solution on solidify-
ing.
In the field XGF, the rise in liquidus temperature from X to-
wards I'H is much more gentle. The diagram thus shows that
the melting-point is increased much less when tin and anti-
mony are added together than when antimeony is added alone.
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solution. Alloys containing between 42 and 589, of tin consist
of B solid solution. Alloys in between these two ranges consist
of a mixture of & and § constituents.

The ternary system, tin-antimony-lead. The above
diagrams show the constitutions of alloys in the binary systems
at different temperatures. Matters become more complicated
when the system contains three metals. It is not possible to
depict completely in one diagram the effects of changes in
both composition and temperature.

In order to express the composition of all alloys containing
the three metals, it becomes necessary to use a triangular dia-
gram (Fig, 26). Each corner of the trizngle represents one of
the pure metals. Each side of the triangle represents the com-
positions of alloys containing two only of the metals. Each
point within the triangle represents an alloy containing all
three metals.

The diagram is divided into areas according to the nature of
the constituents which are first to crystallize when the alloys
cool from the liquid state. The constituents which are present
in printing metals are

(4) 8 solid solution consisting substantially of lead.

(b) « antimony-rich solid solution.

(c) B solid solution based on the tin-antimony compound,
50%, tin, 50%, antimony.

The lead-rich corner of this diagram, which covers printing
metals, is shown enlarged in Fig. 27. Here a series of ‘contour’
lines enable the liquidus temperature of any alloy to be found.

If the contours are followed from B representing pure lead
to X, it will be seen chat the liquidus temperature falls. In other
words, the addition of antimony and tin to lead reduces the
liquidus temperature. The alloys in this range deposit crystals
of lead (3) in the initial stages of solidification.
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X is the ternary cutectic point, having the lowest liquidus
temperature of the alloys within the field.

From X'to the line AD, the liquidus temperatures rise again,

steeply, as shown by the closeness of the contours. These are
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F1G. 26, Tin-antimony-lead alloys

The compasition of any alloy containing all chree metals is indicated
cn a triangular diagram. Thus the line PQ represencs all the alloys
which contain £0% of tin. The point R represents the alloy contain-
ing 40% tin, 20%, andmony, the balance being lead. The point X
represents the alloy containing 4% tin, 12% anlinony, 84% lead

antimony-rich alloys, depositing « solid solution on solidify-
ing.

In the field XGF, the rise in liquidus temperature from. X to-
wards H is much more gentle. The diagram thus shows that
the melting-point is increased much less when tin and anti-
mony are added together than when antimony is added alone.
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Alloys in this field first deposit the hard f tin-antimony crys-
tals when they solidify. :

The ternary diagram thus gives 2 good deal of information
about the primary crystallization of the alloys. It does not in-
dicate the last constituent to solidify—but in printing metals
this is always the same, the ternary eutectic. It has been ex-
plained that, in lead-antimony alloys frec from tin, the eutectic
is an intimatc mixturc of {ine crystals of lead and antimony.
The ternary eutectic is similar in nature but more complex.
Tt has the approximate composition of X-—4%, tin, 129, anti-
mony, 84% lead, and is a finely divided mixcure of the three
phases enumerated above—w, 8, and 4.

The ternary eutectic is the final constituent to solidify in
virtually all the alloys above the line BH in the diagram.
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APPENDIX I
METHODS OF PHYSICAL EXAMINATION

Preparation of specimens for microscopic examina-
tion. When specimens are examined microscopically any
irregularities or scratches present in the surface are multiplicd
by the magnification emploved. It is essential therefore that
the surface should be both flat and highly polished. After filing
the specimen to remove saw marks and to obtain a reasonably
flat surface, it is rubbed on succossively finer grades of emery
paper placed on a sheet of plate glass to maintain a flat surface.
Paraffin oil is used as 2 Jubricant and to wash away the metal
particles. The last gradc of emery paper (3/0) produces a fine
matt surface. Final polishing is carried out using metal polish
on a pad of Selvyt cloth. The resulting surface should be flat
and mirror bright.

1n order to bring out the contrast between the constitucnts
the specimen is etched in a suitable reagent. A solution of
5% silver nitrate in watcr is normally used. This reagent
darkens the lead-rich phase, but leaves the other phases white,

Measurement of hardmess. The hardness of printing
metals is usually measured on a Brinell machinc and the hard-
ness quoted as the Brinell Hardness Number (B.ELN.). In this
method a hardened steel ball is pressed into the surface of the
metal inder a given load for a set length of time producing
a saucer-shaped depression. A load of 500 kgm. applicd to a
70-mm., ball for 15 seconds is suitable.

The Prinell Iardness Number = load

spherical area of impression

Density and percentage of voids. The density of printing
metals is calculated using the well-known Archimedes prin-
ciple. The metal is weighed first in air and then suspended in
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water; the difference in weight, in grammes, is equal to the
volume of the specimen, in cubic centimetres. The density, in
grammes per cubic centimetre, is obtained by dividing the
weight by the volume.

To determinc the percentage of voids in a piece of type, the
density of the type itself is first measured by the above method.
The type is then melted and cast into a button which is quite
solid; the density of the button is measured. The percentage
of voids is obtained from the formula:

A

Dl
Voids = [ 1— =L ) 100%,
(+=52) o

where Dy is the density of the type and D, is the density
of the metal.

R T L

APPENDIX IIT
METHODS OF ANALYSIS

“Wet’ method. The determination of the proportions of
tin and antimony in a type metal is generally madc by a
‘wet’ method. Fine sawings or filings arc taken from the pre-
pared sample of metal in such a way that they accurately repre-
sent the whole of the sample. Acid is then added to a weighced
quantity of these sawings or filings so that the metal is con-
verted into chlorides. These chlorides are oxidized by the
addition of standard solutions of potassium permanganate (for
the antimony content) and iodine (for the tin content), the
end points being ascertained by the change in colour of the
solution. A simple calculation shows the amounts of tin and
antimeny in the original sample.

Absorptiometer. Copper is gencrally determined by dis-
solving a weighed quantity of the prepared sample and adding
a reagent which will selectively develop a ‘copper-colour’, the
depth of which is measured by an absorptiometer. '

Spectrograph. Impurities are detected and determined
by means of a spectrograph. The sample is cast into clec-
trodes and vaporized by an arc or high tension spark. The
emitted light is split by means of a prism into a characteristic
spectrum, which is photographically recorded and examined.

X-ray fluorescent Spectrometer. Of recent years there
have been developments in the analysis of metal samples by
the X-ray fluorescent spectrometer. This provides a rapid
alternative to the ‘wet’ method of analysis of the major con-
sticuents. The sample is subjected to the emission from an
X-ray tube which causes a secondary fluorescent radiation.
The measurements of wavelength and intensity of this radia~
tion provide data for the identification and determination of
the percentage of the various elements present in the sample.
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LIQUIDUS TEMPERATURES OF
TIN-ANTIMONY-LEAD ALLOYS

Awntiony Tin %
% 2 4 6 3 10 12
2 °L 83 508 507 550 550 543
S 307 208 204 2y1 288 284
4. &R 550 343 540 £36 529 522
Il 203 283 282 280 270 273
6 °F. 536 527 518 s14 sII 504
L 280 273 270 268 266 262
3 ‘L 513 507 498 495 491 482
S 207 264 255 257 235 250
10 °F. 401 483 478 477 475 478
B 245 242 248 347 240 24
1z °F 432 403 77 435 439 403
&% 250 21y 247 252 2354 256
14 °F. 516 498 493 o0 se7 SIt
eCL 269 250 257 260 264, 200
6 °F 550 $31 527 514 525 331
“C. 288 277 275 268 274 277
18 L. 377 565 559 530 540 547
£ 303 290 203 280 282 286
20 CF Gog 601 500 565 552 558
°C. 313 316 310 255 289 202
2z °F 637 626 613 597 585 379
°C. 336 330 324 314 107 304
24 °F. 652 646 633 626 612 ol
°C. 350 3471 335 330 322 3z0

The data on melting temperatures in this book and the diagram, between
pp. 82 and 83, are due to Miss Irances D. Weaver, Fh.D. (Mrs. Harold

Heywand).

The results of her investigation into the lead-zntimony~tin system were
published in the fournal of the Institnte of Metals, vol, 1vi, No. 1, 1535,

APPENDIX V

SOME PHYSICAL PROPERTIES OF A
PRINTING METAL

10% tin, 15% antimony, 75% lead

Shrinkage on solidification: 2:0% by volume.
Thermal expansion: 0000011 inches per inch per °F.

000002 inches per iuch pet °C.
Speféﬂf freat: o038,
Latent hear of fusion: 47:16 B.T.U.’s per lb.

26-2 calories per gramme,
Thermal conductivity: o057 calories/sq. cm.fem.[7C.[sce.
Electrical conductivity: 6% of conductivity of standard copper.
Tensile strength: 402 tous per square inch.

661-57 kilogrammes per square centimetre.

Elonigaiion: 2%.
Density: 0354 b, per cubic inch,

978 grammes per cubic centimetre.
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