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LEAD INDUSTRIES ASSOCIATION

4230 LEXINGTON AVENUE
NEW YORK 17, M. Y.

January 26, 1955

SUBJECT: WATERIALS WS
!;AIZ.RO.‘.M BUy - 1% ST.RY
IGLROIDS B - T STRT

To Moxbers of the lead Industries Associationm:

Attachod please find & copy of &n aviizle eatitlied
*Materials the Railroads Buyy - The 5Story of load,® reprinted
from *Railway Purchases and Stores,® Duceobor, 1954, issue.

The second crticle in this serias which will deal
with the railroads uso of load particulasiy in boarirgs,
battorios and paints will appsar in their Pebtruary issue, ad
reprints will be sent you ;hen availablae

We bope you will find this reprint of interest. If
you would like additionzl copies, wo shall be glad to supply
them upon requost.

Sincercly yours,

Socrotary
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Materials the Railroads Buy

The Story of Load

Reprinted from

RAILWAY PURCHASES AND STORES
December, 1954

Distributed by

LEAD INDUSTRIES ASSOCIATION
420 Leaington Avenue
New York I7,N. Y.
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A leod mire ond concentraiing mill in idaho

Materials the Railroads Buy

No. 17 of a Series

The Story of Lead

ROBERT L. ZIEGFELD AND DAVID M. BORCINA

SELRITARY ASD AV TANT TU MK RITARY, RLSPCTIVELY, LV AD INTRUFTRILS ASBUCTATION

The Unitedd States is, and has bevn for a great many
vears, the principal lead producing countny of the
workl, currently accounting for about 20 per ant of
the workls output of approvimately LXXOX0  tons.
Commercial quantities of Jead are mnned i 20 of the
45 staten with the western states prodhominant. Howe
ever, Missouti s the Largest prodincing state wath 1daha,
Ctah, Gidorado, Mg, Washington, OMahonia aned
athers adding to the supphy each year, approvimately
in the urder named By far the snajor portion of the
Yead mined is by mderground methods with the ore
L'!'"(".l") nllll.lillihg ':-ill'll-l. 4 lead ,\u‘p]ni(‘(-. amd wan-
ally avvnnated wath other metals, notably zine and
silver. Of comiderably fess commercial importance are
the other bead nuncrals, cornnite, w lead catbonate, amd
anglsite, a bead sulpliate,

Lead Ore Coneentrated Before Shipmant 1o Mills

Few mites procduce ores rich enough o pure enongh
to be stiugzped dinecty o asiselter withoot intenncdiate
processing. More often the niner will strugebe with a
comparatnely ow grade of lead ore. On the other
hand, an ore can Tee phenomenadly rich in kead bat
contain so much zine and copper that spevial treatuwent
s requined before shipacut can be made to a siwclter

s

1
i

where penalties may e incurred by the presence of
such impuritics.

Obviaasly, it is ma economically feasible to ship
ore containing only 10 per cent, bt us say, of kead
content of ofe containing impurities that will penalize
the miner, s 1t beconus mtsan to concentrate the
ore. Concenteating mills are therefore kocated in mining
arcas where one o mone mining properties. can haul
their ore for comentrating and or remos al of impurities.

The Flotation Procees

At the il the fead ore is crusthed etremery dne,
sotctines o partickes bess than omine i diameter,
atkd treatad Iy one of e mesdern prcesses of mineral
concentration.  The remarkable fotation price s may
be usexd, a methed simple enongh to descnbe but com-
plicated in execution, and such an anportait aid mar-
velous metallurgical development of the  twenticth
century that it has Jeft a desp smpression upon the
Wead and practically wll other metal sining industries,

Flotaticn is apphicable principally to she sulphide tvpe
of ore, fortunately the commonest vanety, of to an
mide ore which has recvived a preliminany sulphiding.
Bricfly, the Botation process generall comtitutes taling
fincly cruslusl ore didutisd wath, say, four times as much
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Looding ore in 0 Missouri
leod mine

water, and awitating the mass violeutly with air in 2
tank to which a fraction of one per cent of pine oil,
with ar without small amounts of other suitable chemi.
cals, has been added. As a result of the agitation a
froth containing most of the metallic constituents of the
ore is formed on top of the tank while the valucless
gangue matter remains unaflicted at the bottom of the
tank. The froth flows from the tank and is easily
dried.

Flotation practice has reached such a stage of per-
fextion that extraordinarily efficient work is being done,
not only in ctracting a single mincral from an ore,
but also in separating the several minerals in so-called
complex ons. for example, an ore consisting of an
intimate minture of Jead, copper and zine ninerals.
For yeans the treatment of many complex ons haffied
metallurgists, but with sclective Botation as a taol,
many mincral  deposits once considend  practicaliy
worthless huve develnped into important kead mines.
Furtherinore, many strsight Iead ores formerly believed

Map showing the prim..ry

too low grade for runmnnul treatment suddenly be-
came profitable possibulitis, adding greatly to the
world’s availabl- kead resenves.

Flotation liss. to a considerable extent, supplanted
earlict methady of concentration using  gravitational
mwthods of milling. that is, pulsating jigs, vibrating
tables, and many other machines, but the older me-
chanical methods are used alone or with flotation in
treating many ores for which they are particularly
suited.

Smelting

Icad concentrates when they eave the mill contain
40 per cent and upwards of kad. The riclier the
kead coutent the better, for it neduces transportation
and smelting costs.  Smelting s a continuous operation
generally conducted in blast furnaces.  Before the
concentrates can be charged into the furmace, they
must be roasted to remnove most of the sulphur coo-
tained in the concentrates and to agglomerate the very

iwod production oreas in the United Stotes. The skeiches ercund the border show some of the

peoducts which vse leod
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fine flotation prodict which is not a plasically de-
<irable blast fumiace material. . The soasted concen-
trate, or sinter. ncw in the form of lumps, is charged
into the top of the heated blust furaace with limatone
and othar suitable flunes amd coke for fuel. A blast
of air is admitted to the Jower part of the fumace to
aid combustion and to co.uplete the formation of metal-
lic oaides which are reduced to metal by the cole
and carbon monoside prasent. The ron-metallic waste
forms a slag with the fuxing materials

The bhust furnace is then tapped so that the lead
Bows off into kettles or molds.  In this fonn the Jead
is a semi-finished product known as base bullion, con-
taining silver aied impuritics.  Specificaliv, hase bullion
contains small amounts of gold, silver, copper, zinc.
antimony, arsenic, bismuth and other impurities which
must be removed in whole or in part by refining to
produce a commercial lead.

Refining
The most widely used refining process is the Parkes

One of o bonk of Rotation
cells in @ concenirotion
mill. The froth which over-
flows the cell contoins the
leadiich component of the

ore i

process. By this treatment the kead is first melted and
allowed to coal belaw the freczing point of copper,
which crystallizes and is removed by skimming. It
then passms to a reverberatory or softening fumace
where the temperature is raised and the molten lead
stimed. A blast of wir muidizes any antimony or as-
senic present, bath of which impurities harden kead
(henoe the tenie Tsoftening”™ furnace ), and these oxides
arc skimmed of.

A continuous softening process for the climitation
of antimony and anenic from lead bullion has been
perfected which represents more than just a conversion
from batch to continuous pracedure.  In this process,
oridation rates, nuny tines in eveess of those obtain-
able by usual batch softening methods, are realized
by the continuous maintenance of the antimany content
of the fumace metal within a determined optimum
runge of 001005 per cent antitnony.  The accvkerated
ovidation rate obtainable in cuntinusus operations per-
mits a marked reduction st only in the operational
costs of batch methods, but also in space and equip-

STANDARD SPECIFICATION FOR PIC LFAD

AS.T.M. Designation: B29-4?

Chemical Requircments .
Comrao., Common Soft
Deails Devilver- Ul
Cowr- -dmg Chemicel Actd Cepper fued toed slcarized-
lrad® Lrad® Lrad® lrad* lrod A® l.rad R® Lrud®
Silver, mas., pet oont 0.001S 0.020 0.00? 0.020 0.002 0.002 o
Silvet, sun,, per cent (X0 1-3 ven
Copper, muax., prf cont 0.0013 0.060 0 00 0.080 0.0023 0.002% o0t
Cupixt, min., pet cent Ceeen 0.040 0.040 0.040 P
Siher and coppes togrther, maa.,
xﬂ cent 0.(!.'25s e
max, pet cent 0.001 N
Annmm) and tm together, mas,,
Anenic, antimony, am! tin togrthes, max, .
per cont s oo uon 0018 0.018 0.013 0.018
Zinc, mar, pre cend 00013 0001 0001 [1X{ ¢33 0002 0.002 00
Tron, mav, (e crmt ome L] 4ad 0o amR 0002 0002 o
ﬁunmlh max., prt oot ao0s 008 [1 1231 010 018 025 (114
Lead (by differener ), min., per comt 2] 90 90 W Yo 9983 WS ™ol [ °K ]

*Explanatory Note:

Corroding tesd v a dhsicnation that has been used for many yrars (n the trade ta destibe lead which has been refined to o Ngh

degree of punty

Chemical lead hus been usd for many yeans 1a the trade to dessibe the underihverizad lead producei from Southeastern M-

ouri ores.
Acid lead is niade by adding copper to fully refined lead
Copper bead 1 1nude In ackling coppre 1o fully rebned Jeid

Soft underibierized kead b vl 16 the trade to Gesctste the type of bead prodimed from cees of the Jopling Mo, district.
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ment requirements.

After softening., the kead goes to the desilverizing
kettles where small quantities of zinc are added. Gold
and silver are mare soluble in zine than in kead, and,
consequently, any of these metals present in the lead

IR, oo
: v

Pouring hud bullion into o kettle for fire refining

immediately keave it in tavor of the dnc. A zinc
is lighter than lead, the zine riss to the surface and,
when the temperature is dowened, solidifes and s
shimmed.  Thiv kaves only a litthe zine remaining as
an impurity which is ovidized and skimmed in a re-
weheratory fumace. A more reeent development re-
morves the zinc as a vapor by creating a vacuum over
the surface of the malten kead. The zine vapor i<
condensed as nxtal on the ool dome of the vacuum
vessel and recnsed. Refined kead becomes one of the
purest of the conmmerciai metals throcgh this treatment
and is cast into pigs.

The Fattinvon process, now rarcely used, depends
upon the fact that when bad is conked slowly, part
of it will solidify and can e shimmed off while the
silver will nemain in the molten kead kdt brhind. “the
Betts process, emplnad in several plunts including one
in the United States, s an electrohtic method advan-
tageously usd with bullion hich in bismuth. The his-
nunh is removed and recovered, which s 1ot the case
with the Parhes pencess.

The Harris prixess of softening and dezincing by the
use of molten caustic salts s nwd in some plants in
England, Europe and Japai. The process is devigned
to rensove impuarities from maolten desilverized kead by
pumping it through a misture of malten salts contained
in a tank above the kead ketthe. The snetallic impar.
tics react with the chemicals and are colhocted in the
fonn of their ovides or ovvsadts. The Harris process
while sound in theony has et boen univenally sdopted
sinee in practice it cannot ahvays compete cconcmically
with the Parhes or fletts process.

Some ors, such as thne of watheastern Misveund,
contait: Joo little silvey for profitible desilverizing.
Therfore the finislesd pigs, while free from other im-
puritien, are noted for their compacatively high ssiver
and copper cottent und are gnen the disicn L don
“Clwnical’ kead becanse of wide use in the ¢ acol
tndustries in the form of vt and pipe. This is bt
one of the conuncrcial grades of pig lead available

to the consumer. These grades are described in the
accompanying table of the Amcrican Soxety for Test-
ing Materials specification for the various grades of
pig lead.

Scrap an Important Source of Lead

An impartant source of lead cach year is scrap or
scconddany lead as it is more formally known. In 1853,
in the United States, approximately 435000 tons of
lead were produced from wecondary sourees accounting
for more than a third of all the lead consumed by
Amcrican industry in that year,

The chief source of kead scrap is from automobile
storuge hatteries which contain somewhere btween 20
and 25 1b. of kcad a picce. The bulk of this lead is
recovered after an average service life of about 28
months,  Additinud sources for kead serap include such
iterns as kead sheatled cable, pipce and sheet, solder,
railrawd bearings, type metals add kead drosses.

Secunclary keud is reclaimed by Bre refining methods
in refincrices usnally devated exclusively to the handling
of sceorddary Jead and Jead alkns. A comparatively
wvmall percentage is sho refined at primary refineries.

Much of the secondary Jead producald is sold as bead
alloy, purticularhy kead from eecliinedd batteries and
cabke sheathing which contain simall percentages of an-
timony and other metals. The bulk of the secondary
Icad recovered containing antimony is re-sold to battery
manufacturers.  Sevondany kead containing tin is oost
often re-used in the manufacture of solder, bearing
metals and othe ¢ Jewi-tin alloys.

By apphing proper refining technigins, soft lead can
be produced from secondan sources to meet primary
kead speciBications.

Pigs of kead and antinamial kead usnally weich abmrt
100 h. cach, while inzots of kad or its allovs may
have almnt any disind weight and shape from the
smali 3- to 5-Th cakes to he melted in portuble gasoline
fumaces to 100-1h. vlikdrical billets to Bt extrusion

presses.

Lerad and Lead Alloy Products

In semi-fabricated and fabricated form, a varicety of
lead and kead alloy prodicts are available.  Examples
are:

e amh d !‘
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Coit.ng fully refined leod into piga
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1. Extruded - pipe, tod, wire, ribbon, traps, bends. wedge
lead, sprcidd dhapes

Rolled — sheet, foil, steip blanks for drawing, stamping and
spinning. blanks of vanous slupes

Cast = sund or diccast (Kravity of pressure)

Chiemical Compoundls = candes,  carlziutes, sulphates,
chromates, organic mnipounds, ulicates, scrtate, etc.

. Othet = Metallic powder, wod, slug

Lead and it alloys can be fabricated by alimost all
commercial processes. It can, for instance, be extrud-
ed, drawn, rolled, cust, stamped, spun, and can be
applicd @y & couting to other umetals cither by bhot-
dipping. electruplating or spraying.  Thick lavers of
lead can be bonded to steel or other metals for greater
strength,  Joints may be made by soft soldering or
welding. .

The propertics of kead and munt of its alloys are
quite different from those of other metals, bt this very
difference aubes Jead pecudiarly suitable for many ap-
plications where other awtals would not be practical.

[t)

~o
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me'ting poimt, leod 15 reodily cost into
procticolly any shope

Becouse of its low

On the other hand, it is often possible to gain some
useful property of lead in caun whene lead may ot
at first seem snitable, if thee diflerences are clearly
recogrized. For instance, ight dosign changes or
changes in manafactiring teclinique may rake it possi
ble to use bead with greater satisfaction in place of a
metal with quite dilferent Charadteristies,

In general, kead and its Wlovs have high revistance
to corrosion, high spevific gravity, are comparatively
soft, have & low owlting point are easily fabricated
They have dw ehetiical comductivity and  tensile
strength and a relatines high oeeflicient of thermal
expamion.  However, the propertion ¢an e variesd
within quite & wide rance by judiciouns use of alloying
clements. For imtance, strength o] hardness of ordis
nary Jead can he maltiplied many teoves or melting
point greathy ashued by alloying.

Laad hardewed and strengthened with snsall amounts
of tin, antimony ad arwenic, or even analler pereent-
ages of the alaline carth awtals iy a standand wnti-
foction mutenal tor many tvpes of bearings, and the
Larget commnmer of Jead for thiv purpose s the rail-
roads. The standard & A B sohd bearmg assaembly con-
tains alvwt N th of bead.

Dicidenally, speaking about railioads, the kead in-

dustry is a pretty importezt curtomer. In a recent
year about 1,124,000 net tons of kad ore und concen-
trates were shipped in a total of 20,000 railroad cars
within the borders of this country.  More than 8,000
cars shipped over 447,000 tons of lead-containing resi-
des and scrap. About 757,000 tons of Yead bullion and
pig kad were shipped in 14,500 cars.  Thus American
raitroads in one year used abeout 42,500 railroad cars to
transport more thin 2325000 tons of ead and kead-
containing materials to and from lead smelters and
refineries.

These lanze tonnages are still only a part of the total
Jead shipped by rail each year. A major source of
domestic supply of kead comes from foreign sources and
the bulk of this tonnage, 555,000 tons in 1953, upon
arrival at American ports is shipped by mil. Secondary
lead, the thind source of supply amounting to 435,000
tons in 1953, iy also shipped by vaill though to a lesser
evtent than the primary sources.

The uwe of the railraads by the Jead industry does
not stop with the raw material.  Pig kead, and the hun-
crexds of prchicts nade from bead, such as the storage
hatten which contains approvimately 20 Ib. of kead,
are o niapw uers of rail freight

lrad Reserves Ample

There has been condiderable discussion about U, S.
lead resenas in recent vears. To the uninitiated, 6g-
una representing kad resenves un be misinterpreted
very eanity. For indance, in 1947, hearings before the
sulommitter on Tnvestigation of Nutional Resources of
t'e Sonate Commiitter on Public Lands were published.
I tleese Deatines, reprosentatives of the U, S. Bureau
ol \Mines and the UL S Geological Survey estimated
revon erable kead contuined in nens in the ground at
aloat 6500000 tons in ISH4, or about 15 times the
average 195%19H rate of production.

The fayman, given this st of facts, woula reach the
conclusion tlat by 1939 there would be po more Yead
beft in the U S to be minexl. Homever, in the report
of the Prosident’s Materialy Policy Commission, pub-
bished in June, 1932, rosenes are extimated 2t about
7000000 tons in 1950, or about 16 tinwes 1950 produc
tion. Thin ostimated tewenes were somewhat higher
in 1990 than in I'HE dipite the fat that neardy 2
S0.000 tons of Yead had been mined from United States
muwa in the intervening yeans. Both reports admit
that the rwenve foures civen ate minima. This clearly
indicates the danmer of using reserve figures as of any
particular date as a guide to the life of the reserves
Incaune they cannet of peceaity tale into acccunt the
new tesents opetesd up each vear.

Al & mining company will block out its reserves
for ouly a few yvears alwad of its actual mining opera-
tions boecause of the economic factory imvolved.  The
eeneral practice B8 to find through desclopment work
enoiigh resenes each year to replace the amount ex.
tracted.

Expericnce hus shown that reserves will be adequate
to take care of the Worlkds necds for Yead for many
sears to e and any temporane shortage that has
devetoped hus been the result of evonomic maladjust.
ment and artificial comtrols. Currently, lead & plentiful
andd there is nothing to indicate that it will not remain
.
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