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.0 LEAD INDUSTRIES ASSOCIATION
292 MADISON AVENUEK
@ NEW YORK 17, N. Y.
Vay 24, 1960

SURJECT: SWMARY OF RESEARCH REPORT

To Membars of the Lead Industries Associaticnm:

You may be interested in the attached reprint, vhich
cumarizes the resuits of a research prcject sponsored oy LIA
in 1958 aad terminsted in December of that year. Additional
copies are available as long as our limited supply lasts.

9 Very truly yours,
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A New Class of Lead-Base Alloys

By D. N. WILLIAMS,
J. A. HOUCX
and R. I. JAFFEE®

Ex'x-n‘menul work indicates that dispersing a metal powder in lead
improves its tensile properties.  Made by stirring powders

of low solubility such as copper. nickel and cobalt into molten lead,
the new alloys show prumise in cvtending the usefulness

of the heavy metal. (CSr, Q27a, Rég; Fh)

Lieao vas 1wvo cuaractrrsTics which are
relatively unusual in 2 metal — low melting tem-
perature (621°F.) and low solubility for most
of the other metals.  This has Jed to the con.
cept of forming twa-phase allovs of lead and
aoother metal by direct miving of molten lead
and finely divided powdered metal. Such alloss
might prove useful from the vtandpaint of im-
proved prapedtivs of the lead baswe and some
special characteristics of the second phase
additive.

An cexploratory study of the feasibdity of
forming allovs of this type - refermed to heres
after as lead-cemented alloys — hus been con-
ducted at Battelle Memorial Institute in cooper-
ation with the Tead [ndustrics Association.
Results of this «tudy are presented here,

Selection of Alloying Materials

Leadcvmented allovs are prepared by direct
mixing of a fincly divided solid plase in molten
lead.  [his procedure will work satisfactorily
ouly if certain requirenments are met.  Foremost
among these are low solubility and good wet-
tability. It is essential that the finely divided
solid material not dissohe in molten lead to
any appreciable extent. At the saime tine, to
enhance miving of the solid and liquid phases,
good wettability is required. This is aost easily

obtained if a stight degree of solubility caists.
Fortunately, a number of metals such as cobalt,
copper. iron, molvbdenum, nickel and tungsten
show the regquisite Jow solubility in molten
lead for satisfactory alloying, Al of these
metals are casilv obtainable in powdered form.
The composition of the lead phase could also
be varicd over a comsiderable ran e, with cither
Moying clements completely soluble in both
liquid and soiid lead or with alloying ckments
which form eutectics o previpitates in sclid
lead. However, the present investigation was
linnited ta the use of an nnalloyved high-parity
kead base.
Mixing Procedures

The nst satifactory miixing procedure s
determined by the amount of solid material to
be added. For relatively saall additions — up
to about 15 vol.% - high-speed propeller mixers
are satisfactory.  When the amount of solid
material §s greater, the misture becones quite
sluggish, with the characteristics of a wet
cement. These mixtuees are best peepared by
use of a slowly jevolving crucible modeled
after a cement mixer. A drawing of equipment
for preparing lead-cemented  alloys  having

" #Nonferrous Physical Metallurgy Div., Battelle
Memewial Tistitute, Columbus, Ohio.
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more than 15 vol. % additive is shown in Fig. 1.

Some of the metals — notably copper and
nickel —stir quite easily into molten Lad.
Others, however, resist mining attempts because
of an oxide flm on the powder surface. By

reducing the oride with hvdrogen, and mixing

Table | - Tensile Propertics of Several Lead-Cemented Alloys®

Fig. 1~ Apparatus Used to Prepare
Lead Cemented  Alloys Containin
More Than 15 Ved.% Solid Man'u‘a‘i

under hydrogen, these difficulties were
overcome.  (Note provision for main-
taining a hydrogen flame over the melt
in Fig. 1) These procedures in oom-
junction with a high mixing tempera-
tute permitted the introduction of a
number of metals iuto wrolten lead.

The amount of powder added to the
lead was varied from less than 15 to
more than 50 vol.%; it was added di-
rectly to the melt, a small amount at a
time. until mixing was complcte.

Characteristics of the Alloys

The dispenion of solid metal powder
in molten lead was cast directly from
the mining crucible into an ingot mokd
and solidified rapidly to prevent gravity
separation. Porosity was minimized by
vibrating the mold at low frequency
untit the metal solidified.  After being scalped
ta temove surface defedts, the ingots were ex-
truded to rod at 300 to 530 F.  Extrusion of the
alloys geverally proceeded  satisfactorily,  If
wmiring was incomplete, however, so that
prockets of unwet powder were present in the
ingot. severe surface cracks
often formed during extrusion.

Metallographic examination

5 i § ! ] of the extruded bars shows that

DUrGsITIoN Sirrseti | Etoscation | Repucrion or Axea the cemented alloys consist of
Unalloved lead 1940 pai. 65% e a uniform dispersion of metal
Nickel, 30 vol. 510 12 i ! powder in a lead matrix. No
i\.‘;’k:"_‘l;o : i‘,? l:: ! l: deformation of the metal pow-
Tungsten, 30 {4430 4 » der seems to occur during ex-
Tron, 30 L1670 3 I trusion. Figure 2 shows a typi-
Cobale, 30 . 3o 9 9 cul structure. Ve little of the
Cobalt. 18 | 4820 12 X

meta! powder diswdves during

*1.503-in. bar samples tested at a crosshead spred of 0 02 in. per min,

Table I - Corrosion of Lead-Comented Afloys im
1,50, « 140" F,

Weicnt Loss s 96 Ha®

Cosvostrion 7 '
0 H S0, 0 95 1O,

Unalloyed lrad 02 ‘wpdn. | 4.R87 g /sqiin.
Copper, 30wl | 01!

Cobaly, 18 onz 1AM
Fungsten, 30 LR il KT

aSample sise, 1 in. diameter by 2 in, long.

mixing but soine aggioncration
of particles is evident.

As shown in Table 1, metal
pewdess generally fmprove the tensile strength
of lead.  Facessive agglomeration apparently
caused the low strength of the cemented alluy
which coutains {ron.

Although & complete study of the efiect of
powder size, shape and amount on tensile
Arength was beyond the scope of this {nvesti
gation, some interesting tremds are apparent in
the data given in Table L An optimum com-
position seems to evist for each powder used.




Fig. 2 - Typical Structurc of an Extruded
Lead-Cemented Alloy. This one containg
30 vol.% Ni. Although nickel particles
have agslomerated to some cxtent, their
shapw is not chang.d by extrusion. 250 x

For example, an alloy of 1S vol.% Co iv superior
to one containing 50 vol.% Ca, but 30 vol. Ni
is superior to 15 vol.% Ni.  Also, propetties are
inprosed most when a more spherical powder
shape and a finer particle size are used.  Results
obtained in this study suggest strongly that
amount, sizc and shape of the powder are ap-
preciably more significant in controlling tensile
properties than composition of the powder.

The tensile propestics of several cemented
alloys as a function of temperature were also
deterndned.  Representative data are given in
Fig. 3. The ability of the lead-cemented alloys
to retain strength at clevated temperature is of
considerable interest. 1 a similar benefit is ob-
served in crecp loading (no creep studies have
been made), allovs of this type should raise the
upper temperature limit to which lead alloys
can be used.

Measurements were also made to detennine
the effect of the dispersed metal phase on the
resistance of the alloys to corrosion in sulphuric
acid at two concentrations, 40 and 95 vol.%.
These data are shown in Table 1. Corrosion
resistance of the lead-cemented alloys is gen-
erally infezior to that of unalloyed lead. How-
cver, the corrosion rate decreases more rapidly
with time in the comented alloys than in unal-
loyed lead, posibly due to the dispersed powder
which may cause tight adherence of the cor-
rasion product. One alloy with 18 vol X Co
was superior to lead in 93 vol. % wulphuric acid
concentration.

Extruded  fead-comented  alloys  machine
better than unalloyed lead.  This suggests the
possibility that these alloys may be amenable
to joining with threaded joints.

The present study was intended to show the
feasibility of producing a new class of fead
alloys, the lead-cemented alloys. The neat step
is to develop alloys toward specific uses. For
example, the data alccady available suggest
that certain alloys may be especially useful in
the chemical indusiry as corrosion  resistant
alloys capable of bearing greater stresses at
higher temperatures than present alloys.  The
structures may also be of interest in bearing-
metal applications.  Alternately, applications
may be hased upon soine special characteristics
of the dispersed phase — the maguetic char-
acteristic of iron powder, for example ~ with
lead senving principally as a binder to perniit
casy casting and fabrication. Most materials,
both mctallic and nonmetallic. could probably
be made sufficiently wettable to permit theis
introduction into lead.  Or perhaps special uses
may be developed which are uniquely suited
for these alloys. A hypothetical example is a
duplex radiation shielding material foe usc at
elevated temperature, where both components
of the allov provide a specific shielding char-
acteristic, and the structure of the alloy provides
the necessary resistance of flow, [

Fig. 3 - Tensle Strength of Several Lead.
Cemented Alloys as a Function of Temperature
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