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INTRODUCTION

Primary metals are derived from ores, while secondary metals are
obtained by remelting, refining or smelting scrap and residues,

In actual practice, however, no clear distinction seemrs to exist
between the two categories since there are hany variations and
combinations of the two tyres of metal, Secondury metals play a
vital role in the economy and today very little scrup and residues
goes unutilised. Often, scrap, res:dues and other waste products
are directly converted intu other forms of the metsl such as alloys
or chemical compounds wi thout fFoing through the intermediate stages
of recovery into secondary metals. Thus, secondary metals cover a

much larger area than what is implied by the definition,

A time there was when secondary metals were considered inferior to
primary metals., However, with the advancement of refining and
analytical techniques, tiere ic a better uppreciation of the value
of secondary metals. In fact, it is sometimes possible to produce
a secondary metal of higher purity at a lower cost than the original
virgin metal which gave rise to scrap or residues. Furthermore,
with our more exact kncwledge of the requirements of the purity of
& metal or alloy for a certain application, it has been possible

to achieve a more efficient and economic use of secondary metals.
Thus except in a few restricted applications, secondary metals are

extensively used on an equal footing with primary metals.

SOURCES OF SECONDARY LEAD AND ZINC

The sources of secondary lead and zinc are best discussed in the
badkground of the various end uses of the two metals. Not all of the
applications yield raw materials (scrap and residues) for secondary
metals, since in a number of uses the metals are completely consumed

during service. There is, however, a good availability of raw
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sateriales for seconcdary lead and zinc. The exter.t to which this
ooours will depend on the total quantities consumed in a particular
epplication and also to the proportion of scrap and residues arising

out of this application.

feoondary sources for lead

The important and major uses of lead are i1 lead acid batteries, lead
for cable sheathing, pigments, sheets and pipes in building and
plumbing. Besides these major uses, lead is used in numerous other
applications such as printing metals, bearing metals and lead
tetraethyl, lead for sound insulation, etc. On a global basis, the
most impor:iant appiication of lead is fur batteries, followed by cables,
sheets and pipes in building, pigmerts and anti-knock compounds, In
addition, the numerous minor uses of lead approximately account for
about 20% of the total lead used. Fig. 1 depicts schematically the
various applicatio..s of lead that yield raw materials for secondary
lead and their relative importance. Actual pattern of usage varies
from country to country but the diagrammatic representation indicates
the potential availability of secondary metals for the various

applications.

ggcondarl gources for ginc

The most important uses of zinc are for galvanizing, die casting,
bress, wrought zinc and pigments. Fig. 2 is a diagrammatic repre-
sentation relating to the various applications of zinc and the
availability of secondary metals. Here again, there are gross varia-
tions between individual countries but it may be noticed that signi-
ficant quantities of the metal are available from the secondary metal

industry.

RECOVERY OF SECONDARY LEAD

Lead from batteries

Lead from used batteries contributes more than 50 -~ 60% of the total
secondary metul produced. Lead bearing materials in exhausted batteries

consist of grids and pustes containing metallic lead, antimony, lead
oxides and lead sulphate. Lead is usually recovered as an alloy of
antimony either by processing the scrap alone or with other lead bearing
residues. While the battery grids are made of antimonial lead, pure
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*Phe availabili ty of lead scrap may be spread over a number of years, depending

on the application. FIor exanple, batteries return to the scrat
years while cables,
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sheet and pijes may enter the scrap marvet after 20 = 50

years or so. Tiis diagram merely indicates the pctential lead trat can be

re-used. The shaded portions indicate the percentage of lead that would be

ultimately avajlable,
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lcad is used in the manufacture of the active material. It is the
usval practice to aim at the recovery of an antimonial 1ead alloy
rather than pure lead, and the recovered alloy is used again in the
battery industry after making up the antimony content. Battery scrap
may be treated in simple melting pots, reverberatory furnaces, barrel
furnaces, blast furnaces and less commonly in electric furnaces.
Simple melting techniques cannot yield all the recoverable lead since
the active material is in the form of oxide and other compounds and
this calls for smelting. The principle is fairly simple and consists
of treating the battery scrap with suitable reducing agents and
fluxes. The latter help in the easy collection of &ll the metallic
content and the reduc ng agent reduces the oxide to the metal. There
is however a large variation in the practice, the technique and the
different additives to the smelt,

Metal literature contains numerous references on the methods of recovery
of secondary lead from battery scrap although in a good many of these,
details of the process are somewhat scanty, particularly in regard to
yield, efficiency, etc. A survey of literature indicates that although
the recovery is being carried out all over the world successfully on a
commercial basis, still the techniques followed in general are far

from ideal and no systematic investigations have been carried out to
establish the most efficient and economical method of recovery. Bigger
plants which are assured of a consistent quality of scrap operate on
better efficiencies and yields. Most of the smaller secondary metal
producers usually follow their own methods based on trial and error
rather than well established research work. Hancicapped by inadequate
technical facilities, their problems become even more complicated as

a result of having to use nom-uniform scrap and at times being forced
to treat battery scrap with other lead bearing residues,

014 batteries are collected by scrap merchants directly from the
sustomers or through battery dealers. These are then bought by secondary
Betal refiners or in certain cases by the battery manufacturers who have
facilities for reclaiming the metal. The problem of retrieval of the
metallic contents of the battery from the non-metallics, viz. containers,
separators, etc. can pose difficult problems particularly when huge
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quantities are involved. If only small quantities are required to be
treated, separation of the battery plates together with the active
material can be achieved by removing the top of the battery with a gas
torch and collecting the lead bearing material by manual methods. While
this is possible where the quantity treated is small and labour is cheap,
they cannot be applied in places where larpe tonnages ot the metal are
treated. This has led to the developmewt of a number of patented
automatic processes (1-4) by which the metallic cortents of the battery
are sepurated fram the inactive material. All tinese methods utilize

the difference in specific éravity between lead and other materials.

The batteries are usually charged in a pul verizer where they are broken
into small bits and fine powder. The material is then sifted by mecha-
nical means or sieved wel or treated in a separation vessel containing

& liquid medium of the proper specific gravity which helps in the

separation of the heavy uon-metallics from the light inactive material.

Thermal methods of lead recovery from battery sCrap

Earlier work on smelting of lead scrap indicates that recoveries were
very low mainly as a result of losses in fumes and slag matte, the latter
resulting from the sulphur content of the scrap. In a study of these
factors (5), the scrap was washed in a concentrated solution of soda ash
whereby the sulphur content was almost completely eliminated. The washed
scrap was then smelted in a reverberatory furnace employing a temperature
of 800 - 900°C. The flux used was a mixture of soda ash, borax and
flourspar with anthracite as a reducing agent. It is claimed that 98.5%
of the lead and antimony contents were recovered and fume and metal

losses in slag were negligible.

A patent (6) of a Japanese origin describes the treatment of a mixture

of battery plates and antimony slimes. In this process old battery pletes
together with half thei: weight of antimony slimes (55% antimony) are
heated at 700°C with 5% wood charcoal, 10% Na2C03 and 10% coal tar., The
yield was of the order of 92% containing an 18% antimony alloy. In a
second Japanese patent (7), wastes of storage battery plates, etc.
containing sulphur are moulded with carbide sludge and are subsequently

smelted with a suitable reducing agent.
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Yet another Japanese patent (8) claims a relatively high recovery of

93.5% of lcud in a process using electric furnace without Hny pre-treatment
for the elimination of sulphur. The scrap contains 82% antimonial leaaq,
3.5 sulphur and 4.5 moisture. The furnace is equipped with a bored
graphite electrode through which sog can escape rapidly.

A recovery of 87% is claimed (9) while treating battery scrap containing
80% lead and 2-3% antimony in a shaft furnace with a natural draft using
2.5% of the charge ac a reducer. Better results (10) have been o;tuined
using an electric shaft furnace with a charge containing tailings of
lead and battery scrap.

In another method (11) scrap is treated with a 1 t 1 mixture of sulphur
compound of sodium and sodium hydroxide at a temperature of 360°C + 20°c,
stirring the mixture with a mechanical device. The particular advantages
of thir process are the relatively low temperature, high purity of the
reclaimed metal, absence of fumes, low lead losses and no necessity for
&ny special apparatus.

While some of the patents claim very high recoveries, commercial practice
in Britain (12) adopting rotary furnaces claims about 75% recovery in the
case of car batteries and 90% in the case of large stcrage batteries.

The charge is usually made up of battery plates with 2% sodium carbonate,
2% coke, charcoal or anthracite, #6 sodium chloride and #% cast iron
filings. The temperature is 850°C. The relatively low yield is due to
the loss of some metal in fumes which if collected in bag houses and

resmelted can result in higher metal recoveries,

In a paper (13) reported from Holland, battery-scrap lead containing about
20% by weight lead oxides is charged in a rotary drum melting reduction
furnace and treated with solid carbon (10% by weight of lead charge) and
104 N32003 which functions as a drossing agent. The dross-free molten
lead is pumped into a refining furnace and treated with sulphur to remove
copper. After the removal of copper dross, the metal is treated with

& mixture of NaOH and NnNO3 to refine it further.



- 10 -

Extensive investigations (14) on treatment of battery scrap and the
residues of lead were carried out at Kurilo, Bulgaria. Various me thods
and furnaces such as blast furnaces (industrial as well as experimental ),
rotating barrel furnaces and electric resistaunce furnaces were used.
Investigations included treatment of sel.cted battery scrap as well as
scrap with other lead bearing muterials. The investigations revealed
that separate treatment of lead battery scrap was more efficjent than

a combined treatment of battery scrap with other lesd bearing materials.
Electric resistance furnaces were more efficient and gave higher yield

of metal of greater purity,

An East German (15) patent describes a process in which metal fractions
of low sulphur content and fractions containing sulphur are treated
separately. The former are treated in fusion kettles while the products
containing sulphur are treated to g€ive basic lead sulphate in liquid

form. This compound is then reduced to metallic lead.

Electrolytic methods of recovery for battery scrap

While thermal methods of recovery are widely used all over the world,
there have been some attempts to reeclaim the metal by electrolytic methods.
These are montly restricted to laboratory investigations or pilot plant

studies. Data relating to capital or workin; costs are lacking.

Two different methods (16) of recovering lead from active materials of

01d lead acid batteries have been developed by the Central Electrochemical
Research Institute, Karaikudi, India. In one of them, a 50% alkali solution
is employed as an electrolyte and the active material is kept in suspension.
The cathode is a stainless steel and the anode is made up of mild steel,
Lead is obtained in a spongy state. In the other method, the active
material is soaked in 20% alkali to form a depolariser in contact wi th
oathode. A layer of electrolyte on the settled solid forms the anode,
Conditions have been determined for reduction of the oxides to the metal.
These two methods are also applicable to scraps and other residues of

lead (17). The same Institute has also developed a method of obtaining

pure lead from an alloy of lead and antimony using a fluoborate bath (18,19).
By using an alkali of 25% strength lead is obtained in a powder form (20,21).

In a process using molten NaOH as electrolyte and iron electrodes (22),
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eleotrolytic reduction of oxides of lead is achieved without much consum-
ption of the electrolyte.

Lead from cable sheathing

Lead for cable sheathing is g very important application next only to
batteries and appreciable quantities of Scrap are available although some-
what in a sporadic manner in contrast to battery scrap whose supply is very
uni form. The battery after usage is certain to return to the scrap market

in 2-3 years whereas there is no such regularity in respect of lead from
old cables,

A certain amount of scrap is available withipn the factory and these include
lead which is extruded while press adjustments are made, and sheaths of
factory rejected cables. These are very good scrap and are simply returned
to the melting pot for reuse. A small quantity of residues in the form of
dross, skimmings and droppings from leaky valves is also available but

these are usually sold to Scrap markets which process them along with

other lead bearing residues. When lead is used ag a temporary sheath for
vulcanising rubber insulated cables, it can be stripped and remel ted without
encountering any problems provided a ram bress is used. If, however, a
continuous screw machine ig used, lead tends to £et contaminated with oxides
and sulphides and has to be cleaned before use. This also is usually done
within the cable works itself by sodium treatment but sometimes it is sent

out for processing (23),

Sheathing from old cables is almost always treated by secondury metal
refiners. Nost of the cable strippings are old lead and require making

up to the correct alloy specification before they can be used. Refining
treatment will depend on the impurities and the subsequent use to which the

lead will be put.,

Lead from sheet and pipes and other miscellaneous uges

This is a major source of secondary lead in some of the developed countries
and ‘the scrap market receives a steady and uniform supply of scrap., In

the developing countries, scrap arising from this source is relatively
small as the take off for this application is insignificant. The scrap
obtained from this source is invariably contaminated and 80 inhomogenous
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that no selective treatmert is tried but it is usually given a compre-
hensive refining treatment (24) to remove all the commonly known impurities
such as Cu, Fe, As, 5b, Sn, etc. Scrap is melted in large cast iron
basins which are provided with mecnanical stirrirg arcangemonts, After
the charge is molten, tne dross rises t¢ the surface #rd is skimmed off.
The dross is treated separately and the molten metal is transferred te
a refining ketile where co.per and i1ron are removed by the action of
3ulphur and ammonium chloride. Otner impurities such as arsenic, tin
and antimony are removed by the sction of a flux bi.sed on NaOH. There
is some loss of metal 1n the form of fumes which can be collected and
reclaimed. This, however, is not done except in fairly large secondary

metal refineries,

In addition to the abcve process which is widely used for the recovery

of lead, there are other patents relating to special types of scrap in
the form of powder, filings, borings and other mi:cellaneous ccrap and
those containing other less common impurities, An Italian patent (25)
entails acid washing of the scrap and/or addition of & suitable flux like
NH4C1, H5B05' HC1 and HClO4 prior 1o melting and fusion. The process is
claimed to give a good recovery. A French process (26, used for treating
high-bismuth lead is based on the formation of the ternary ccmpound

Bi7Mg6K6 by the addition of magnesium and potassium to the crude bismuth-
lead. In a process developed in Czechoslovakia (27), a copper-base waste
material was ¢iven a chlorination treatment fur lead removal. Lead can

be recovered up to the last 2-3%% within 15 to 25 minutes. Flectrolytie
methods (28, 29) are also available for recovery of lead from contaminated
scrap. Aqueous solutions (28) and fused salts (29) are used as electrolytes

and in a process using the latter, it is claimed to remove a host of impu-
rities like Bi, Sb, Cu, Ag, etc.

Type metals

Printing metals have lead as their major constituent. The printers them-
selves melt and cast the metal a number of times during the course of
their day-to-day working. Each melting leads to the progressive depletion

of the alloying elements. When the metal has been used in a number of

cycles, it is sent to a secondary metal refiner for 'reviving' the alloy.

The refiners replace the spent alloy with an alloy of correct composition
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and uwsually sccumulate the depleted sllays. Whes sufficient quantities
are available, they are melted and after determining the deficiencies,

they are restored to the correet camposition by suitable alloy additions.

Bxoes and slag

During the various operations conmected with the refininy ard preduction
of lead, an appreciable quantity of dross {even as hign as 29%%) is produced.
Therefore, several attempts have been nade to treat tnis dross for lead
Fecovery. Lead of 93 - 47% pwiity was cbtaired by treating dross witn
FaOH in a reverberatory furnace (% ', industrial drosses have been
successfully treated (31’ with sodium carbonate an! calcium fluoride {n
Fotary drum furnaces obtaining a recovery of 6% of lead. I[n a Canadian
process (32) hot slag is treat:d with powdered cual and air ard the

reduced metals are vapourised and oxid:sed. This sethnd claims the
recovery of almoet all z1nc and sajor ,ortion of lead from blast furnace
8lag. A Japanese patent 3! describes a process in which slas containing
PO is treated with 8203' 532605 and Nall at 200 - 300°C and lead separates
out at tne bottom. [f lead in slag is present as sulphate (34 i' can be
recovered by measured additions of C.CCS and 5.2005 and fusion of the
charge with sufficient carbon. Another method 35, repurts the recovery

of lead from the FbC of slag by a fusion treatment with CQSQ‘ and l12304.

A two stage process developed in U.S.S5.R. (36, involves the treatment of
slag and other semi-finished products in an electric furrace. [n the first
stage, copper and noble metals are extracted into a matte, while zine,
cadmium, lead and the rare metals are volatilized. In the second stage,
the remaining lead and zinc ar extracted. In another process (37) zine
slag containing zinc, lead and copper is treated ir an electric furnace
using coke as the conductor between tre electrodes. A recovery of 85-96%
of lead is claimed. Lead was separated from fused slag by cementation
with carbon-saturated liqud cast iron. Lead recovery varied between 77
and 96% (38). Electrolytic treatment of slag at elevated temperatures
has yielded good results (39). Separation of lead by leaching (40) with
an alkali solution has also been suc:cessfully effected. The leachant
converts arsenic, tin and antimony to their respective sodium salts,

while the residue is treated for lead recovery.




lend froe slimes, tajlings, fumes and dusts

Seocondary lead in fairly significant quantities can de obtained from

setallurgical wastes such as slimes, tailings, fumes, dusts, etc.

Lead contents in these residues vary widely and they are usually adaixed
with a number of impurities which are difficilt to remove. Furthermore,
cellection of some of the residues like fume and dust may be difficult.
Bven though 'hey may contain a good amount of lead, economic recovery
of the metal may not be possible since the collection of the residues
needs expensive arnd sopriisticated equipment., Nevertheless, these are
impor tant sources of secondary lead and are worth considering at least
during emergencies and when there 13 acute shortage of the metal. This
is dorne ocut by the fact that there are numerous patents and processes
for the reclamation of lead from the above residues. They include
thermal (41-49), hydrometallurgical (47, 50-55) and electrolytic methods
(43, 56-59) of recovery.

T™he scwrces of rav materials for secondary zinc, either for the extraction
of pure setal or for conversion to alloys and compounds will be discussed
in the backyround of the end uses and applications »f the metal,

$inc from galvanizing residues

Calvanizire 13 by far the most important application of zinc. The residues
formed during tne galvanizing process are dross, ash, flux skimmings and
steam b wings from the tube induastry and these are important sources of
secondary zinc. The total percentage of residues may vary from anywhere
Petween 20 and 50% of the 'otal zinc consumed. Among the residues

obtained durins the process of galvanizing, zinc dross is the most important
re® material for secondary zinc 2ince it contains the highest percentage

of sinc and is easily amenable to extraction of the metal or utilization

in other products ¢f ainc. Ash is the next important residue and is a

pepular res material for the smnufacture of zinc compounds. Even flux
skimmings do rot go unutilised although they are more difficult to process.
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Zinc from dross

The percentage of dross formed during the galvanizing process varies
over wide ranges (5 - 4% of total zinc consumed) depending on the ware
galvanized and other operating factors (60). Dross contains as much as
95% zinc and is thus a very rich source for extraction of the metal.

It is also utilized directly to manufacture zinc dust and compounds of
zinc and sometimes alloys. The various me thods of extraction of zinc

and utilization of dross will be discussed in brief below 3

The important uses to which dross is put in most countries are (61)
1) as raw material for the production of zjnc dust
2) for the production of zinc oxide, and

3) reclaiming zinc in the form of secondary zinc.

The actual pattern of the usage of dross differs from country to country
depending on the demand for varicus end products. In a number of indu=
strially advanced countries like the U.S.A. and most of the countries in
Europe, bulk of the dross is taken up by the zinc dust manufacturers.
Dross is a very good starting material for the production of zinc dust
and the principle here consists of melting dross and distilling the zinc
vapour which is condensed in a large vessel where it solidifies in the
form of fine dust. The principle of the process is very simple and it
also does not need expensive or sophisticated equipment. Nevertheless,
the process needs good control and standardization to produce fine
powdered zinc of consistent quality as required in the various specifi-

cations.

Although in some countries zinc dross is used for the production of zine
oxide, it is not a popular raw material, since firstly other cheaper
residues like zinc ash are available and secondly tne zinc ox:de from
dross is somewhat tinted due to the presence of jiupurities and thus not

acceptabie to the paint industry as a first class product.

Distillation technique

Dross is a very good source for recovering pure zinc and in view of the
low boiling point of the metal and other alloying characteristics of zine,

it lends itself to easy and relatively inexpensive methods of recovery,
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Of all the known methods of recovery of zinc from dross, the distillation
process (€2-66) is the most suitable and has found wide commercial acceptance
gince tnis permits reclamation of free as well as the alloyed zinc. The
method is bused on tne simple principle that when dross is heated at a
temperature sbove tne volatlilization of zinc, the vapours escape and these
are collected as ligquid metal 1n & condenser. Almost all the impurities
are left behind ana relatively very pure zinc with recoveries up to 95%
has been obtained. Nost of the distillation units are small consisting

of an oil or gas-{ired retort and condenser. However, large size distilla-
tion units which are continuously operated are also in use (67,68).
Distillation technigues employing electric resictance heating (69 - T1)

and hizh fresuency heating (72) are in operation and yield in the latter

is reported to ve of tne order of 95%, Vacuum distillation techniques
(73-75} have the muvantuge of employing lower temperatures, but in gencral

they have not gained wide acceptance because of higher capitel costs.

Alupinium process

Another process of recovery of zinc which is not widely used is based on

the principle that aluminium has greater affinity for iron than zinc and
thus cen displace zinc from the zinc iron alloy (76-79). Calculated
quantities of aluminium ate added to molten dross and the iron forms
compounds with aluminium and floats on the surface of the molten zinc.
Although the process seems to be simple, in actual practice a clean
geparstion is nct possible and there fore the process was modified (80-83)
to a certain extent by an intermediate treatment with lead to achieve
greater ease and quicker output. The process is claimed to give good
yield particularly when run continuously and the lead 1s re-cycled

for subsequent operation. Furthermore, the advantages are that the
equipment required is fairly simple and ordinary mild steel can be used
as reaction pots. The U.S. Bureau ¢f hines had developed a novel method
(84) of recovering zinc from dross by centrifuging and this is used
alongside the aluminium process and the dross mixed with aluminium is

subjected to centrifugal act.on when the liquid zinc is separated leaving

a residue of solid iron aluminium alloy.
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Other processes for dross
In addition tc the well e.tablished methods of reclaiming dross, there

are other simpler ways of recovering the metal. Thes¢ consist ¢f sweating
out the zinc by a process of liquation (85, B86) or heating the cross and
decanting tne supernstant liquid metal (83, 87). In all these methods

yields are poor and the metal is almost always coniaminated with iron,

Zinc from galvanizers' ash

Galvanizers asn is an equally important residue which serves as a raw
material for the recovery of zinc as well as its conversion to important
zinc compounds. Ash may constitute anywhere between 10 = 4% of the

total zinc used in the process depending on various cperatirg factors,

The total zinc content in the ash may wvary between 70 - ¥, ‘ne other
impurities being lead, iron, chlorides etc. Ash contains qui te a good
percentage (average 60 - 75%) of free zinc which ;ets entrapped when ash
is removed from the zinc bath, It is normal practice in the galvanizing
works itself to separate the coarser fractiona from the firer., The former
is usually charged back in the ralvanizing pot or alternatively separately
melted with a flux and the metal so obtained used again., This, however,
may not be mcre than 5 - 10, ¢! tne total ash since redominantly ash is
very fine. There are several methods to recover zinc froe ash come of
which are simple and can be practised at the works itself whnile cothers
require congsiderable capital investment wund cculd be handled only by
secondary metal producers. The most common method used at the galvanising
works is the cylinder method which is nothing but an open-ended straight (87)
or conical cylinder (88) kept at one corner of the bath partially immersed.
Ash is fed into the cylinder and occasionally stirred., The heat from lhe
bath melts the metal in the ash and the stirr.ng allcws the zinc from

the ash to run back into the bath. It is claimed that 80 - 90% of the
metallic zinc in the ash can be recovered (87). A British patent (89)
olaims that zinc in the ash can be reclaimed simply by providing a moltea
layer of one or more fluorides or chlorides of alkali metals on a portiom

of the bath.

In spite of the advantages of the cylinder metnod, very fev galvaniszing
works adopt this as a routine practice decsuse it takes up & portioa of the
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galvaniz. ng bath. Therefore ash i3 mostly treated separately and in
general this is 80ld "¢ secondary setal producers. The static crucible
method (3¢ consistes of trestmert of ash with a suitable chloride Nux

in an externally neated crucible which 13 started first with a heel of
molten zi.c. Ash is 1nitially given a gentle crushing to break Lumps

and i3 craryed inte the crucible and stirred well anc the temperature

i9 kept between 450 ard 500°C. The principle of recovery is simple im
that tne exterior oxide surface (s broken and the molten zirc is allowed
to coalesce. hLecovery of even 80% ras been claimed, The rotary furnace
(78, 87) is more ex,ens.ve and consists of a bottle-shaped r. tatire
erucible fired by gaz or cil. There are other ty,es -f furnaces (91 - 93)
such as the reverberatory furnace but these do nct scem to be particularly
advanta,wous either from the point of view of consumption of fuel or
yields.

After the metallic porticn of the zinc is recovered, the spent ash which
is predjominantly mace up of sinec oxide is usually sold tc chemical indu=
stries for tre manufacture of compounds such as zinc cnloride and fluxes
But it can ve smelted to recover zinc (94). In sncther method (99), it
is mixed with 2irc concentrates, roasted together and the roasted mixture
is then distilled., But by and large in pany countries the ash is bought
by the zinc oxide manufacturers who use this as a raw material for the
production of zinc oxide by tne direct process (9t . An Indian patent
(97) describes a method in which the malerial i1s heated in a tumbling
barrel shicn containe sodium carbonate and caustic soda solution. After
the neut—alization ¢f crlorine salts, the resultant oxide is washed and
dried and used fur the production of zinc carbonate by passing C02 gas
througn a rotating heated cylinder containing ash and water. HRoasted
sinc ash is also used in the manufacture of lithopone by leachirg the
ash with sulphuric acid and tne purified zinc sulphate solution ‘orms
the raw material for producing lithopone. A number of galvanizers use
the asn to produce zirc chloride by dissolving the ash in hydrochloric

acid and after adequate cleuning, it can be used as a flux.

finc from flux skimmings

Nwx scimmings are residues obtained 1n the wet galvanizing process and
are compused of zinc oxides, zinc chlorides and otner chloride impurities

with some metallic zinc, This is not as good a residue as ash or dross



and is mostly puronased by the chemical Banufacturers who buy them a: o much
lower pcice tnan ash or drcas. A process developed in the U.5.(98) claims that
all zinc valuee ,re:ert in tne flux skimmirgs can be recovered as a h,h purity
metal. In this prucess, the BCirmings are reac'ed witn calcium oxide or burnt
lime wnen t e -nloride of ainc and othar metais are corverted into oxide and
calsium cnloride (s obtained as a dy=pruduct. After treatment ir a4 ball mill
with petroleum coxe and burnt pebhle, it iz neated in a grapnite crucible cone
taining molten CaClé. Zinc oxide 15 re ‘ucel and the metal collected in a con=
derser. Another .8, patent [ 9u’ describes reclamation of zinc from skimaings
which degins with a grind;r, operation of skimmings i-wrersed in ar AJueous
solution of sodiul carbonate. The chloride o ntents are removel b, filtration
while the res,dua contalning zinc is trested \n a conventional retor. using coke
A3 & reducing agent. An Indian patert +7) deseribes the method by whicn first
skimming e a:» made free of cnlorides by treatment witr an alkaline solution.

The resituie 18 mixed with crarcoal, tar or slaked lir- and reduced in a rotary
furnace and tne metallic zime that is formed '8 recxidised nnd 'ne oxide ~ollected,
steam blow ngs

There i3 another residue from the #alvanizing industry part: cularly from the tube
sector, %"hen tubes are #alvarnized, the excess of z.rc on tre inrer surface in
removed by steam blowing and turin, tnis procecs some coarse as well ae fine
particles of dust ure driven off whicn are collected in durt collectors, ™uis
residu~ may form apiroximately 1% ¢ '‘ne total zinc uset ‘ur galvanizing. The
goarser portions of zinc are relatively pure and are ucrually fed bark 1nto the
bath itself. The finer portions of zinc are consumed by chemical munufacturers,
The very fine portion consisting preominantly of dust s also taken by chemjcal
manufacturers since in spite of its fine size, it cannct be used far paint many-
facture because of nigh oxide contents,

Die casting scrap
The next important application of zinc is in die casting, There are two types of

scrap here - one that is produced during the die casting process im the form of
runners, risers, gates, rejects, etc. and the other old and useless die castings,
The former is used in the dis Casting plant itself whore it is mixed with virgin
metal for the manufacture of alloys. The second tyse of scray, viz. old die
castings which are obtained from unknown origins is more difficult to 1-al with,
Normally, it would not be advisable to use it for die Custing unless complete
analysis of the whole lot is macde. Such scrap may be used for *he reccvery of

zinc by distillation methods or for the munufacture of zinc oxide. 4 limited use

of this alloy can be made also in galvanizing where it may be used as an additive
for brightening galvanized ware (100),
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Zinc_sheets

Zinc sheets form the next important use of zinc. Scrap obtained from roofing

can be remelted and depending upon its purity, can be used in many applications
a8 secondary zinc either in galvanizing or brass making. But sheet zinc is

€oing out of usage in mary parts of the world with the introduction of galvanized
steel and therefore zine sneets for flashligsht batteries appear to be the most
iaportant application of this meterial. In this application, the sheet functions
as a container us well as an electrode and a good porlion of the zinc sheet
remains intact ever when the cell i1s no longer in use, Bulk of the zine from

trie cull can be recevered and re-used, However, the collection of spent cells
and subsequent separation of the zinc sheets from the content of the flashlignht
battery 1s sucn a laborious operation that these cells by and large find their
*ay to the ,arvage heap., Further research work ie needed in the collection

and separ:tion of zinc from cells. 2inc from spent batteries, even when sepa-
rated, are v.ry thin and it would be advantagecus to briquette them and then

remelt so that loss can be reduced to the minimum.

Q}ner resl dueg

There are other types of residues cbtained in the chemical industry as for example
the sludge in tne hydrosulphite industry. In some countries, this is consumed

by chemical manufacturers whereas in India two processes have been recently deve-
loped, one of which is a thermal method (101) by which the sludge is mixed with
carbonuceous material and charged into an electrically heated retort furnace where
zinc 15 ullowed te volatilize and condense in the form of fine dust. The Central
Electructiemical Hesearch Ins'itute has developed another method (102) for con~-
verting sludge back intw zinc dust by an electrolytic process. Both these processes

have been perfected and are ready for commercial exploitatiou.

Zinc from brass scrap is seldom recovered and mostly they are remelted and made

up by addition of zinc or copper and reconverted into secondary brass,.

While the above covers the reclamation from the more important sources of secondary
sinc, a siunifivant quantity of zinc is available from slimes, dusts, drosses,
ashes, sludyges, etc., which arise out of varicus processes such as blast furnaces,
various smel ting and alloying operations. These residues vary very widely in
composition s0 that each of them may require special methods. There are numerous

patents and processes available and these include thermal, wet and other hydro-

metallurgical operations and electrolytic methods. Ir some cases, because of the




complex nature of residues, more than one process have to be adopted,
It will not be practicable to even ¢iscuss the tist of the methods,

references to which are available in 1iterature (103).

ECONOMIC ASPiCTS i HECCOVERY OF LEAD AND ZINC
FRCOM SCHAP AND Ki3IDULS

The economic aspects of the recovery of secondary lead and zine are

not in any way significantly different from those ¢£overning other metals.,
However, there are some special factors concerning the two metals, a
discussion of which will lead to 4 better apgreciation of the utilization

of secondary lead and zinc from scrap and residues.

Collection of scrap

Problems relating to the collection of scrap and residues have an important
bearing on the economics of secondary metal Tecovery. In this context,
two applications of the metals which represent extremes from the point of
view of the ease with which the raw material can be collected will be
considered., Take, lor instance, flashlight batterics which is a fast
growing zinc consuming industry, particularly in the developing countries.
In this application, a significant portion of tne zinec which serves as

the container and the elcctrode remains intact even after the battery is
exhausted. Thus it should be a very good source for secondary gzinc if only
all the old batteries can be collected and th- zinc recovered from them,
However, collection of spent bateries is ro easy task since the batteries
are very widely distributed throu:hout the country. At timev of acute
shortage of the metal, there have breen sporacic and indifferent attempts
to collect the spent patteries, Kfforts to collect old cell: through
retail dealers by requirirg consurers to turn in old cells for new ones
have l:irgely been unsucces:ful. As against this example, collection of
lead acid batteries is relatively easy and Lhe scrap collection in a
fairly well organized commercial sector so that almost all old batteries
eventually reach the secondury metal refineries which are assured of a
smooth and cteady supply of the raw material. In this case, conditions
for collection ure very favourable as the uscr has an incentive to turn
in the old batteries to lhe scrap merchunt or dealer because of the price
for the old battery or the discount on the new one. There is adeguate
metal in each unit of a lead battery that trading of the old battery for
scrap is profitsble. Furthermore, the bulky size of the lead battery




facilitates easy collection whereas the small flashlight battery with

insignificant metal content usually is disposed of in the dump.

There is another application, viz. die casting, from which thete should
be a large potential arisine of scray. However, because of the diffi-
culties of collection, a portion of the metal is lost since die casting
scrap is usually mixed »ith other assorted metallic «irap und it is

extremely difficult tu sepre ate it for recovery of zinc,

There are oth:r sources of ruw materials for secondary m=tals which do
not pose any difficulties in recpect of collection. For instance, dross
and ash form sigmificant portions of the zinc consumed in ¢alvanizing
which is the most importart application of tie wetal. The difference
between this and tne earliei apilication is tnat the raw material for
secondary zinc does nut set diffusely distributed and is available with
the manufacturer himself. Another importent difference is that the
galvanizer gets paid for the residuez cr he profitably reclaims the

metal himself. Cthers, for instance th. lead wcid battery manufacturers,
have to pay for tne scrap and a portion of tne cost of tne scrap is

accounted for by the charges for collrction thrown various intermediaries.

Retrieval ot the metallic contents and cost of recovery of metal

In addition to the collection of scrap, tnere are two important factors
concerning the economic recovery of secondary metals. One of them relates
to the retrieval and segregation of the metal bearing portions from other
ingredients and the second deals with the cost of recovery of the metal

from scrap or residues.

Often, the metallic portion of the scrap is not readily available in a
form where it can be processed by simple -efining or smelting. A good
clean scrap for example is the loose scrap from old buildings and plumbing
fixtures which therefore fetches a good price. Most of these can be used
after a simple refining treatment. In a lead battery on the other hand,
the lead bearing paste aund lead-antimony srids have to be separated from
the organic or other material (container, separator, etc.) and this is

an intermediate operation which tends to raise the cost of the secondary

metal. As already pointed out, where large quantities are involved, this
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operation is not simple and requires expensive equipment., There are
other scraps and residues like metallic turnings from machine shops,
assorted drosses, climes, slags, austs, etc. from various sources which
are invariably complex mixtures of gevelal metals and other extraneous
materials. Such a raw material requires complicated preliminary treate
ment to sejarate the respective netals before further refining or cael ting,
These operation: @way involve sometimes o combination of wet, hydro andg
thermal techpiques wh.cn naturally increase the cost of the s-condary
metal. 1t may at times happen that the cost of these treatmnents alone
may be the sole deciding factor whether Oor not a particulur resiague is
worth processing, Wnile these kina. of rawmaterials are by themselves
difficult to brocess, a further complicating factor is thet they often
vary in composition and other cheracteristics tnat would call for
frequent changes in the pre-trea.ment process and thus render recovery
of the metal to be impracticable. Another example wc: th considering

is the recovery of zinc from flashlight batteries. =ven assuming that
all spent batteries can be easily collected, separation of ihe me tal
from the chemical contents #ill not be a simple process. No techniques
seem to have been developed to separate zinc from the other materials

of flashlight cells, particularly when large quantities are involved.

The cost of conversion of scrap and residues into secondary metals or
other forms of acceptable products is another important factor deciding
the cost of the secondary metal or product as also the price of the scrap
or residue. A notable example is the lead acid battery which predominantly
uses secondary lead in erdless cycles. This is because secondary lead

is available at a relatively lower price which is again due to the fact
that refining and smel ting techniques are not costly so that a cheap
secondary metual is available in spite of tne cost of collection and
pretreatment. The galvaniz:rs on the other hand seldom attempt to
reclaim the residues for metallic zine even though the secondary zinc
would be acceptable in terms of quality. Here there are no problems of
collection and preliminary treatment but still they sell it outside
because firstly the quantity of arisings of residues is in general small
and more importantly a number of other industries such as dust and oxide

manufacturers are prepared to pay a good price for the residues. Thus
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the galvanizers are content in merely disposing it off to these industries.
By and large, the tendency seems to be to adopt simple and inexpensive
techniques to obtain the metal or alloy or a compound. Often it will not

be economic to attempt the extraction of a high purity metal,

End product and primary vs. secondary metals

There are rome processes which cannot use secondary metal at all, as

for example for zinc die casting and possibly for flashlight batteries,
photo 2ngravirng plates, etc., These industries require raw materials of a
very high purity and rigid specifications so that it will be uneconomic
for the secondary metal reclaimers to supply a product suitable to them,
Considersable gquantity of scrap is available from these appiications, but
it cannot be cycled back to the respective industries and has to find

use elsewhere., The die casting industry can use some of ‘“he scrap arisings
produced within the factory but it will nct be able to use the scrap
obtained from ola die castings collected through scrap dealers. The
relatively hi,n aluminium content of the alloy and i1ts nickel and chromium
contents in the plating restrict the use of the metal and the scrap may

at most be used for products such as zinc oxide and/or secondary distilled
zinc., If these are tne «nd products for which the scrap can be used, die
casting scrap will have to compete withi other residues like dross and ash

which are also equally suitable for the ;urpose and these factors decide

the price of scrap. Often die casting scrap has been used t¢ produce an
aluminium zinc alloy which can be utilized as an additive in galvanizing
baths and thus could get a higher price for the scrap. It may be noticed
that only in those applications which permit the endless use of secondary

metals, the scrap and secondary metal market is well established.

Stability of prices of raw materials

In general, the price of scrap and residues follows sensitively the price

of virgin metal, thus maintaining a stable balance between the primary

and secondary metals, regardless of fluctuations and scarcity in the

market. Without this it will be difficult for the secondary metal market

to have stability. A good example is India where a stable secondary metal
industry is not established mainly because of rapid and erratic fluctuations
in the price of raw materials as well as vir;in zinc. In India zinc is

an imported commodity and allotted only to some priority industries,
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Because of the scarcity of the metal in the country, often it turns out
that the price of tome of the residues ‘e.g.zirc dross) is in excess of
the price of tie imported virgin zine. taturally, tne price of zinc in
the open market is always cotiside "avly higher tnan that of dross or the
imported metal. The primary reason for the hi,n price of dross is due
to the acute scarcity of zinc in tne brassy industry which o!ten uses
dross for purposes of alloying along with pure zinc and are prepsared to
Pay a very high price for it sirnce they can set a proportionately high
price for brass. At that price, 1t 18 not worthwhile to attempt the
recovery of secondary zinc. Furthermore, the deciding factor in these
instances is the price difference between dross and open muarket price
of zinc which alone will decide whether or not it would be economic to

attempt recovery of the secondary metal,

Other factors

There are other economic aspects such as freight charges which sometimes
play an important role in the utilization of lead and zinc scrap. In
smaller countries, these may not pose very complicated problems but in
large countries like India they might give rise to difficult situations
particularly when it so happens that scrap has to be transported over
large distances for secondary metal processing. It may alsc happen that
the scrap producing industry may be situated far away from secondary
metal using industries., These freight and other factors regulate the
price «f raw materials to a great extert and also determine how they will
be utilised. For instance, because of freight costs alone it may be
profitable for a plant to set up its own refinery rather than sending

it out to a secondary metal merchant.

PROBLEMS PECULIAR TO THE DEVELOPING NATIONS

For the purpose of discussion, in this paper the following countries are
mentioned as developing nations firstly because the industrial development
in these countries is still at a relatively low level and their per capita
consumption of metals, particularly lead and zinc, is very low. The
developing nations form the southern part of the world comprising Latin
America, Africa, Middle East, India and South East Asia (excluding Japan).
They cover half the world's land mass and contain more than half the

world's population. Almost all these countries are undergoing a big
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industrial expanziom and the rate of consumption of zinc und lead in
fast 15 increasing at a faster rate than the average world figures.
From a mere 225,000 tons of zinc 1m 1961, it 1s expected that the
conaumption by developing nativns woull reach 700,00 tons by 1175,
The corresponding {igures fur ead are 180,000 tons and 500,000 tons
{104),

SCIap availsbilit d scope for secondary metals

T™ere are si,nificant cifferences betweer highly industrialised countries
and dev:lopin, areaa w#.th regard to problems cf secondary lead and zine.
The pattern of consumption of 'ne two metals in developing nations is
vestly differert from the more developed countries, and 1t also varies
from country b courtry. The picture .5 cnanging rapidly following

the increased pace of incustrialization. It 13 not unlikely that in

8 decade or su the poiterm of use of the two metals in the developing

countries w: 1l more or less fall in lire with the rest of the world.

Taking lead in the first instance, battery appears to be the most important
use with minor exceptions like Kexico where mure than S07 of lead is
consmed by the pigment industry (104 . In & number of developing
countries the battery induitries are merely assembly units using imported
grids and other parts, while in certain ccuntries like India and Ceylon,
the ocomplete unit 1: manufactured. The {ormer naturally have no use for
scrap at present, while the latte: are keenly intereste’ in the utilisa-
tion of scrap and in tact a portion of the lead used 18 from reclaimed
sorap. However, the percentage cf scrap used in tne manufactire of
batteries 18 very much below that in highly developed countries. This
is partly because the scrap industry i: not well ciganized and there
are not adequate facilities ‘or refin.ng and reclaiming scrap. Occe-
sionally there is a lack of apprecistion of the cost savings involved
in the use of secondary lead and this has led to a slower pace in the
adoption of predominantly scrapy &s tne raw material for the battery
grids. Purthermore, scrap arisirgs are not suff{icient and =upplies are
irregular so tnat the i1nstallation «f secordary lead refining units
would not be economical. This 18 further agyravated by a cnromic
shortage of the getal as a result f which the battery scrap gets
diverted to otner applications for shich primery setal may not he
readily available.
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Except for India, most of the other countries do not have any big cable
works and th: cable consumption is insignificant and there is very little
scrap arising out of this application. Most of the countries among
developiry nations use imported cubles and as the life of thiese cables
are of the order of 50 - 75 years, there will be very little scrap coming
out of old cables. In India, a certwsin amount ol scrap is available from
old cables in aduition to the Scrap arising out of the cable industry and

these are used after simple refining.

Galvanizing is t'.e most important application of zine among developing
oountries and good quantities of residues like dross, ash, etc. are
available in a1l countries where galvanizing is in use. Very little

scrap or other kinds of residues are available from other spplications,

Availability of knowhow

Al though the problem of secondary lead and zinc utilization has nct been
given serious attention in developing countries, there is an increasing
realisation among them about the need for efficient utilization of scrap
and residues and they are anxious to learn about the possibilities of
reclamation of scrap and techiniques of winning secondary metuals, However,
the absence of technical knowhow makes i1t difficult to establish a stable
secondary metal industry. In this context, it will be interesting to
digress for a moment and trace the history of development of secondary
metals in developed countries. Even in these countries, the secondary
metal industries have not grown on systematic and scientific lines and
seldos have facilities for researcn and developmert., Nevertheless, they
have over the years evolved profitable tectiniques, based mostly on crude
investigations by trial and error. Thase are closely guarded secrets
leading to the impression that secondary metal recovery is still more an
art than a science. Although in a majority of cases the technique of
reclaiming secondary metals is based on simple principles, they ne«d
considerable standardization before the process can be exploited on a
commercial basie., As a result, even in countries like India where suitable
teciinical personnel are available, the growth of secondary metal industry
has been very dow, as industrialists are not inclined to finance any

projects that will require any investigation and standardization before
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their commercial viability can be established. Undoubtedly, this attitude
will change gradually when more and more of the scrap will be available

at profitable prices when there will be incentives to look for methods

of recovery. In develor~d countries, the secordary metal industry has

had ample time for its gradual and progressive improvement, In developing
nations, all tne industrial progress is confined to the last decade,

often called the 'development decade', and it is too soon to expect an

established seccondary metal irdustry solely from indigenous rescurces.

Foreign exchange difficulties

Very few of the developing nations barring Mexico, Peru, Argentina and
India are producers of 1exd and zinc and most of the remaining countries
including India import their requirements of lead and zinc. Almost
invariably all these countries are faced with problems cf foreign exchange,
thus making it difficult for them to import these metals. This has led to

a chronic shortage of these metals. [t may therefore apparently seem

that conditions are favourszble for the establishment of a secondary metal
industry. towever, there are numerous inhibiting factors such as lack

of knowhow, instability of prices and uncertain supply conditions es a
result of which residues are sometimes exported out of the country or not
utilised effectively. There are other adverse factors which stifle the
development of the secondary metal industry. For ingstance, most of thre
galvanizing firmes India are keen to reclaim zinc from their residues,
dross and ash. However, they are not able to do so because they need some
imported components for the equipment and they are unable to obtain these
because of foreign exchange restrictions. Therefore, zinc dross is usually
sold in the open market and is used in brass making, in spite of the high
iron content and part of the ash is exported. There are other possibilities
of utilizing scrap and residues with limited import or knowhow and equipment
and all these projects have been kept in abeyance mostly as a result of

foreign exchange difficulties.

Literature on secondary metals, seminars, symposia, etc.

To develop the secondary metal industry on sound lines, there should be
easy and ready access to all the informaticn and literature on the subject.
The various development associations and the recently established ZALIS

(Zinc and Lead International Service) in developing countries can play an

2 O e i 1 SRR R
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important role in this respect. These organisations are establisned to
provide information and literature on all aspects of zinc and lead
including the secondary metal utilizetion and ®"ill specifi-ally aerve
the local needs >f tne courtiy, The Indian Office was stas ted T years

ago and has carried out several prosramwes aimed at tre wfficient

utilization of scrap and residues, Exper.ence inlicates that semirars,

8ympo3dia and cther atudy €TCap meetings wiil te very useful. They not

only give an Oppartunity to disseminate knowledge and information but

also provide a forum ‘or di gcussing problems of loeal interest, identifying
the difficulties and attem tirg collective solutions,

Research and analytical facilities

Given adequate commercial incentives, the secondary metal industry inm

the normal course will establish itself as a stable commercial sector.
However, if tnis process ne.ds to be hastered, there chould be provisiom
for limited research an! investigation and other analyticsul facilities,

In this respect, tne gouvernment can help by providirg thre necessary grants
for these studies and pilot plant trvestiFations and unless these are
available, it will ose impoesible to develop a secondary metal industry
quiockly, particulazly if the country dces not want to all.w fmports of
knowhow and equipment. Approach on trese li-es has been attempted {n
India but has not been very successful mainly as au result of lack of

co-ordination between research and commercial sectors.
Standards

Suitable standards can be formulated to encourage the use of secondary
metals. It has been found that unless a standard is availadle, the
industry is reluctant to use secondary metals of ten under the false
impression that they are impure. Furthermore, it is often not appreciated
that not all applications need pure metals. Standards for secordary metals
should take into consideration the local resources and rieeds. A ey inning

in this direction has been made in india in respect of lead ard zinc
(105, 106).

CONCLLDING RENARKS

In due course, secondary mctals will play an important role in the ecoOnaRy
of the developing countries in much the same way as in highly devel oped

countries. This, however, is a slow process and in order to quicken the




- 130 -

pace effective steps are to be ‘aren and favourable conditions created,
Lome 0f wiich nave already been discursed, However, it must be recognised
that any artificial stimulation of trnis industry will not bear fruit
unless triere 18 primarily an attractive profitability in tne secondary
retal traie, [n most of the developin. countries, ‘he economy is not
altogetti~r free :r *'¢ 3ens+~ trat tnhere are¢ numerous controls on import,
foreiim excnerge, ~tc. There!fcre, conditions for the growth of the
industry are yoverned by comewhat different considerations as compared
with developed ccuntrivs, havirg a free economy. For instarce, the
respeclive guvernse nts in developing countries may have to make a special
study of their resourcer and needs and crente favourable conditions for
the gpee.y establishme-t .t a secondary netal inlustry. This can be
aghieved in many ways such a8 cxemptior from duty and taxes, subsidies

for rese: ch wund possicly limited help to import certain essential equi pment.

Takin, an overall view of tre developing nations, two bagic reasons can

be attributed for the present positior with regard to secondary metals.
Firotly, barrirg a few countries like India and a few Latin American
countries, arirings of scrap and residues are not sufficient to warrant
their economic exploitation. 3Secordly, there has not been adequate time

for the rutural and spontaneous establishrent of a secondary metal industry,
besides, there are otier a'verse factors such as uncertain supplies, lack

cf knowhow, erratic prices, etc. Nevirtheless, the developing nations 1
should plan ahead so that they are in readiness to exploit the scrap and
residues wher conditions are favourable, There is, hcwever, a more

important aspect of secondary metals whicn the developing nations should

be concerned with and in fact devote more attention to at present. This

is with respect to the most efficient and economical use of metals so that

very little s2crup and residues are produced, While in a number of applications
like batteries, scrap is inevitable, in many others like galvanizing,

for exmmjple, by adopting proper operational technijues the percentage of
residues can be kept to a mimumum. This is as important as the effective
wtilisation of secondary metals in terms of the national ecomomy.
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Sumsery

Sources for second

lead and zinc

Secondary metals are obtained by refining or smelting of scrap and
residues. Often the latter are utilized for the direct production of
alloys and compounds. Availability of raw materials for secondary
lead and zinc depends on the consum, tion of primary metals for various
applications and al so on the proporticn of scrap or re idues arising
from each of the ond uscs. Lead acid batteries and cable sheathing
are the chief sources for secondary lead while galvanizing residues,
die castirg scrap, zinc sheets, etc. are the important sources for

secondary zinc.

Reclamation of secondary lead

A major portion of the secondary lead is derived from battery scrap.
Their collection is a well organized sector of the secondary metal

trade which receives a steady supply of old batteries for the reclamation
of lead. Numercus patents and processes are available for the recovery
of lead from battery scrap eitner as a metal or as an alloy of antimony.
They include thermal and electrolytic processes, each of which has its
own advantages and drawbacks and limited ccope of applicability.
Strippings cof cable sheatiing and old sheet and plumbing fixtures

are also guod sources of secondary lead and the process of refining

such a scrap is usually simple. Treatment of other lead bearing
residues like dust, fumes, slags, etc. is complicated, very often
requiring expensive preliminary processing and complex smelting and

refining procedures.

declamgtion of secondary zinc

Although galvanizing residues such as zine dross, ash, etc. are good
sources of secondary zinc, they are often used as raw material for

the produciion of dust, zinc oxide and other compounds of zinc,
Production of secondary zinc from Falvanizing residues is predominantly
confined to thermal techniques al though electrolytic processes are

also occasionally employed. Zinc sheet scrap is easily processed by
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simple refining techniques while die casting scrap is usually treated
by the same methods adopted for zinc dross. Zinc from flashlight
batteries is generally not recovered because of ifficulties in colle~
ction and separation of the metal.

Economic aspects of secondary lead and
zinc utilization

The economics of the recovery of secondary lead and zinc are largely
dependent on three important aspects of the secondary metal trade.
These include the collection of ucrap, the separation of the metallic
contents from other ingredients and lastly refining or smelting of the
scrap and residues. Kach of these stages contributes to the final
cost of the secondary metal and there are instances where secondary
metal recovery is uneconomical because of excessive cost or practical
difficulties attributable to one or more of the above aspects. In
addition to these main considerations, factors such as the end uses
of the secondary metals, stability of price, freight charges, =tc,
have an important bearing on the method of utilization of scrap or

residues.

Problems pertaining to developing nations

The pattern of consumption of l~ad and zinc and consequently the scrap
utilization in developing areas differ significantly from the highly
industrialised countries. Berring a few, good many of the developing
nations experience a shortage of the two metals. Thus while apparently
conditions are favourable for the reclamation of secondary lead and
zinc, there are numerous hampering factors which stand in the way of
the establishment of a stable secondary metal industry. These include
inadequate and haphazard supply of raw materials, erratic prices, lack
of knowhow and equipment and foreign exchange difficulties. However,
various steps can be taken to overcome these hurdles. Government
assistance and encouragement may be needed particularly in countries

which do not have a completely free economy.
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