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Abstract

A great effort to recycle batteries has been performed in the last two decades. During this period new directives have been published
specially in Europe. The aim of this paper is to review the current status of technologies applied to recycle portable batteries, e.g. lead
acid will not be described here. Essentially, this paper presents the current status of the technologies involved in the collection, sorting and
processing of portable batteries.
© 2004 Elsevier B.V. All rights reserved.
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1. Batteries characteristics Among primary cells, the most used are the zinc-carbon
and the alkaline-manganese batteries. Typically these batter-
A battery is an electrochemical device that has the ability ies come in sizes AAA, AA, C, D and 9V. The zinc-carbon
to convert chemical energy to electrical energy. The basic represent 39% of the European portable battery market while
battery consists of an anode, a cathode, an electrolyte, septhe alkaline cells are 51% of the European mafRkét
arators and the external case. The main difference between The zinc-carbon batteries contain a zinc electrode that
different battery systems is the materials used as electrodesised to have lead concentrations varying from 0.05 to 0.5%
and electrolyte, which determine the specific characteristics and cadmium from 0.01 to 0.05%. The elements were added
of the systems. Separators are made of polymeric materi-to improve mechanical properties of the electrode. Besides
als, paper or paperboard. The external case is composeadtadmium and lead some batteries used to contain mercury,
of steel, polymeric materials or paperboard. Electrodes andwhich was most commonly used to coat the zinc electrode to
electrolytes change as a function of the different applica- reduce corrosion and thereby enhance battery performance.
tions of batteries. Typical household-type batteries are usedNowadays batteries are usually produced without these ele-
in consumer items such as telephones, flashlights, radiosments[1,3-5]
watches and so on. The potentially hazardous components In general, zinc-carbon batteries have a carbon rod in con-
of batteries include mercury, lead, copper, zinc, cadmium, tact with carbon and Mn@as cathode and a zinc case as
manganese, nickel and lithiuft]. anode. A paste of NECl and ZnC} is the acid electrolyte.
The household battery industry in the USA is estimated On the cylindrical cell the zinc electrode is usually recov-
to be a US$ 2.5 billion industry with annual sales of nearly ered with a stainless steel jacket. A plastic or paperboard
3 billion batteries. These batteries, also know as dry cells, separator and an asphalt seal are usually present.
are used in over 900 million battery-operated devidds Alkaline-manganese batteries were developed after the
In Europe 5 billion units of batteries were produced in year zinc-carbon. These are usually composed of a brass rod in
2000([2]. contact with powdered zinc as anode and a steel case in
There are two basic types of household batteries: single-contact with carbon and Mn{as cathode. A paste of KOH
use primary cells and rechargeable secondary [&H3. is used as alkaline electrolyte (pH14)[1,3,4]
It is best to distinguish between lead acid automotive-type

- batteries and typical household-type batteries. This paper
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The rechargeable batteries represent 8% of the Europearcathode include LiCo& LiNiO2 and LiMmnOy4. The elec-

portable battery market. Among the rechargeable batter-trolyte is an organic liquid with dissolved substances like

ies, nickel-cadmium (NiCd) represents 38%, nickel-metal- LiClOg4, LiBF4 and LiPF [15-17] The lithium battery fam-

hydride (NiMH) 35% and lithium-ion 18% of the European ily is very often used on prismatic geometry. The prismatic

market[2,6,7]. geometry was developed in the early 1990 to response to
The rechargeable NiCd batteries are being used in house-consumer demand for thinner geometry. The Li-ion-polymer

hold (portable) and industrial applications. In 1995 more version is exclusively prismatid.0].

than 80% of the NiCd batteries were portaf#é. Over 75

million NiCd batteries were sold in the US during the year

2000. NiCd system is considered one of the most hazardousp. Alternatives to the final disposition of batteries

in terms of disposa]9]; this fact was the main impulse to

the development of other rechargeable systems. There are different alternatives to the final disposition of
NiMH batteries are considered environmental friendly and patteries:

can replace NiCd batteries in many applications. However,

the costs of production are h|gher when Compared to NiCd ® Landfill: Until the present moment most household bat-

[8]. teries, especially the primary batteries, are disposed of in
In the 1990s a new rechargeable battery was put on MSW and are sent to a sanitary landfill.

the market: Li-ion. Primary lithium (metal) batteries con- e Stabilization: The process represents a previous treatment

tain no toxic metals; however there is the possibility of  Of batteries in order to avoid the contact of metals with

fire if metallic lithium is exposed to moisture while the  the environment in a landfill. The process is not much

cells are corroding. For proper disposal, these batteries

must be fully discharged in order to consume all metal- ®

lic lithium content. Li-ion batteries (rechargeable), on the
other hand, do not contain metallic lithium. However, most

used because of high costs involved.

Incineration: It is used when household batteries are
disposed of in MSW and are sent to a municipal waste
combustion facility. Incineration of batteries can cause

mercury, cadmium, lead and dioxins emissions to the
environment.

Recycling: Hydrometallurgical and pyrometallurgical
processes can be used to recycle metals present in the
batteries. These recycling processes are currently being
studied in different parts of the world.

lithium systems contain toxic and flammable electrolyte.
Lithium-ion-polymer batteries are similar to Li-ion, but the
system enables slim geometry and simple packing at thee
expense of higher cost per watt/hdar10].

For many years, the NiCd was the only suitable battery
for portable applications such as wireless communications
and mobile computing, as they are commercially used since
1950. The cathode is made of cadmium. The anode com-2.1. Batteries and heavy metals in the environment
prises Ni(OH). The electrolyte is usually a mixture of KOH
and Li(OH) [3,4,11,12] NiCd batteries can be classified as When solid materials are in contact with a liquid some
open on closed batteries. Open batteries are usually used irtompounds can dissolve. The dissolution of individual com-
industrial applications. Closed batteries (cylindrical, button, pounds determines the composition of the leachate. A leach-
prismatic) are generally associated with household devicesing process can occur through the exposition of the materials
[13]. to natural infiltration processes. There are a great number of

Nickel metal hydride (NiMH) batteries were developed in factors that can act on the rate at which compounds are dis-
1989 and commercialized primarily in Japan in 1990. Such solved from the material. These factors can usually be seen
systems have high electrochemical capacity, as well as safetyalso as chemical factors like pH, Eredox, €i®,19]
and good environmental compatibility. In addition, NiMH Understanding the environmental fate of metals con-
batteries are found to function efficiently within a wide range tributed by batteries in a landfill is a function of the con-
of temperatures{20 to 60°C) and to possess long lives ditions of the batteries when landfilled and the conditions
(500-1000 cycles) and low self-discharge rates. The positiveof the landfill itself. The casings of household batteries are
electrodes comprise porous Ni plate with nickel hydroxide most commonly made of paper, plastic or metal. The vari-
as the activating agent. The negative electrodes consist of aous conditions that can develop in a landfill affect the rate at
hydrogen storage alloy powder such as Mm—Ni—Co (Mm  which the casings will degrade or decompose. The follow-
misc metal) on a metal-mesh substrate. An inert insulating ing conditions can affect the rate of degradation: the nature
layer separates the two electrodéd]. The electrolyte is of the casing, the degree of electrical charge left in the
usually potassium hydroxid@,4]. battery, the extent of exposure to landfill leachate and the

Considering lithium batteries, there is an important differ- oxygen content of the landfill. The mobility of the metals in
ence between the primary and secondary batteries. Primarya landfill and the potential for groundwater contamination
cells use metallic lithium as cathode. Rechargeable batter-are also controlled by numerous conditions. These condi-
ies use a material like LiXMA at the positive electrode and tions include the design, construction, operation and main-
graphite at the negative electrode. Some materials used at théenance of the landfill (e.g. the liner, soil characteristics,
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leachate collection and detection systems, daily cover, final  paper, collects the batteries as well. The same approach
cover, etc.)1]. is now being tested in Germany and Portugal.

The release of metals from a battery into a landfill may not 2. In The Netherlands a project is going on to extract spent
however, in and of itself, be problematic. The principal issue  batteries from mixed household waste using magnets.
is the potential for those metals to contaminate groundwater,3. The collection of batteries with electrical appliances is
which is a function of the landfill's construction, its soll already taking place in different countries. There would
characteristics and its proximity to groundwafgy. be no merit in asking consumers to separate batteries

The incineration of batteries also poses two major poten-  from appliances.
tial environmental concerns. The first is the release of metals
into the ambient air and the second is the concentration of The collection results depend mainly on the behavior
metals in the ashes that must be landfilled. Among the metalsof the consumers. As batteries do not occupy much space,
present in batteries, mercury, cadmium and lead present theconsequently people tend to keep the batteries in several
major environmental problems. Generally, mercury is more places in their homes. Recent consumer studies in Ger-
likely to be emitted in the stack gas, and cadmium and lead many, The Netherlands and Belgium show that the large
will concentrate in the fly ash. The fate of metals released majority of the population knows about the collection sys-
from batteries during incineration is mainly a function of tems (80-90%), but only a small part of the population
the combustion temperature, the metal’s volatilization tem- (30-50%) uses the systems in place. It is difficult for in-
perature and the presence of other non-metallic compoundsdustry to influence the habits of consumers. Public entities
The fate of metals in the fly ash will be the same as those are better placed to promote an effective collection system
previously stated for landfillEL]. and also to help change consumers’ attitudes through effec-

The impact of the metals present in batteries on the envi- tive communication. It is also important that a reasonable
ronment is still being researched, since the requirements forperiod is allowed to achieve any collection target, taking
pollution control at landfills and incinerators are becoming into account the different European attitudes to recycling
increasingly more stringent. Also, pollutant measurement (certain Member States have effective systems and some

and risk assessments analyses are being refined. do not have a framework in place at all). For primary bat-
teries, a collection target of 50-130g per inhabitant in all
2.2. Batteries collection and sorting systems European countries is achievable, depending on the existing

infrastructure and collection culture in the Member States.

The final disposal of household batteries is associated Producers/importers cannot be made responsible for achiev-
with environmental management of municipal wastes, that ing & collection target. The lifetime and consumer behavior
includes different programs of battery collection and sorting ©f disposal of portable rechargeable batteries is different
systems. from that of portable primary batteries. Rechargeable bat-

Alife cycle assessment (LCA) study carried out by the en- teries are incorporated in electronic equipment and will be
vironmental consultant ERM on behalf on the British Gov- collected in the waste electrical and electronic equipment
ernment in November 2000 has confirmed that the recycling collection systems. A collection target for non-industrial
of batteries gives an environmental benefit, especially when rechargeable batteries must take into account hoarding and
using existing material recovery technologies such as in the the availability of those batteries for collectig#].
steel industry. This is also valid for the recycling of other ~ Most battery programs in the world are designed to col-
battery systems such as NiCd, NiMH, button cells and Li lect all types of household batteries. After the collection, the
batteries. However, the impacts on the environment of the batteries are transported to the recycling processes or final
collection activities, mainly associated with transportation, disposition, or they are previously separated. Sorting pro-
outweigh the benefits resulting from recycling. In order to C€Sses are associated with different manual separation steps
benefit the environment the task is therefore to minimize OF With different equipment designed to achieve this goal.
the impact associated with the collection of alkaline and In the 1980s, when battery recycling discussion was be-
zinc-carbon batteries. This would be possible by integrating 9inning, the major concern was to find recycling processes
the collection of these batteries with other waste streams andthat could manipulate a mixture of different kinds of bat-
separate the materials afterwards for recycling in the steel in-teries. With new rechargeable batteries on the market, and
dustry. The objective is to minimize the collection and trans- With the demand for efficient and less-expensive recycling
portation impacts while enabling the recycling of spent bat- Processes, separation programs became more important.
teries. This type of approach does have significant benefit for Batteries can be treated in a much more efficient way at
the environment and the economy since it avoids additional '6€ycling processes when batteries are sorted by chemical
transportation emissions. First examples of “integrated wasteCOMpOosition.

Netherlands. It is based on a sensor designed by Philips.

1. In Sweden, battery collection boxes are attached to paperThe sensor induces a magnetic field on each battery and
collection containers. The same truck, which collects the measures the response frequency. The process has 99%
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accuracy, but the batteries must pass through the sensofingerprints” identifies the magnetic batteries. This process
individually. The sensor can identify one battery each 2s. sorts the batteries at a speed of 68 batteries/s. The company
This represents a slow rate. Researches are being conductedSI| has developed a new electrodynamic sensor, which
to improve the speed and the transport method. A new sort-also facilitates the separation of NiCd and NiMH batteries
ing line was developed, based on three process steps. At th¢23].
first step, mixtures of batteries pass through different sieves For further recycling of the AIMn and ZnC systems it
where the button batteries are separated. The remaining batis important to separate the batteries containing mercury
teries pass through a magnetic separator. The non-magnetiérom the mercury-free batteries after separation into the var-
batteries are the zinc-carbon batteries with casings of pa-ious electrochemical systems. Since the mid-1990s, the Eu-
perboard. The magnetic ones pass then through anotheropean manufacturers have produced these batteries only
sieve system, where the batteries are separated by shapi mercury-free form, but older batteries containing mer-
(prismatic and cylindrical) and by size (AAA, AA, C and cury still make their way into the waste disposal system.
D). Finally, on a third step, the batteries pass through differ- In order to separate these in the sorting facilities from the
ent sensors (TRI-MAG) that are able to separate different mercury-free batteries, for which recycling procedures al-
batteries according to their dimensions, mass and electro-ready exist, the European battery manufacturers have coded
magnetic properties. An UV sensor separates batteries withtheir own AIMn brands and some of the ZnC batteries with
a label indicating the presence of merc(29]. a UV-sensitive varnish, so that batteries containing mercury
In Germany, a photo recognition system was created can be separated from mercury-free batteries by means of
for sorting different batteries called batteriesortierranlage sensorg23].
(BSA). The batteries can be sorted by the information on  The different sorting processes result in different levels
the label as to composition, manufacturer, etc. This bat- of purity in the separated fractions. Purity is nevertheless
tery sorting system has 99% accuracy and sorts householdstrongly dependent on the cleanliness of the battery mixture
batteries at the rate of 24 batteries/s. After a pre-selectiondelivered for sorting (for example, heavily corroded batteries
from battery sets of the same size and shape, the batteriegive worst results than clean). The question of which battery
are send individually to the detection system. By compar- fractions and how many are to be sorted for depends on the
ing with a schematic example, the batteries can be placedsorting technology, the quality of the battery mixture, the
automatically in the right collection bgi21]. purity required by the recycling process for which they are
Another German system (SORBAREC) is based on sort- intended and on the costs.
ing by X-ray images. This method is able to sort zinc-carbon,
manganese-alkaline, nickel-cadmium, nickel-metal-hydride, 2.3. Batteries recycling
lithium and mercury[22]. In this process, after hand and
size sorting, the batteries are separated from a stock silo via As a result of new environmental regulations in different
different conveyor belts and fed to the X-ray sensor. The countries around the world some processes were developed
radioscopy unit consists of an X-ray tube and a sensor in-to recycle batteries. To identify the chemical composition
stalled in a radiation protection cabin. The electrochemical is important to promote the recycling of batteries. Unfortu-
battery type is identified in real time. The batteries fall off nately there is no relationship between the shape and size
the conveyor belt and are pushed out of their trajectory by with the composition.
compressed air blasts from the side or from above. In this NiCd batteries have been collected and studies for their
fashion several fractions can be reliably separated. Sortingrecycling are in coursg5]. Recycling of primary batteries
speeds of up to 12 batteries/s are achieved with battery in-is a new concept, since it involves the environmental man-
tervals of approximately 7 mm. The analysis ensues by com-agement of MSW. The separation and collection of batter-
puter, which likewise identifies the battery types based on ies must be well established before any recycling process is
the gray levels of the X-ray image. One plant of this type is organized.
in operation since 200[23]. Recycling processes evaluated by EPBA (European
The facilities to separation of batteries from EPBA/ portable battery association) have proved that mercury-free
SORTBAT and from EUROBATRI use electrodynamics manganese-alkaline and zinc-carbon batteries can be recy-
sensors to sort by magnetic properties, mass, sizel24fc. cled in metallurgical processes, as in electric arc furnace
The batteries are sorted mechanically and magnetically intofor steel production or in zinc production in rotary fur-
different fractions according to their composition, i.e. after naces. The occurrence of mercury in these batteries makes
hand sorting, during which incorrectly sorted batteries and the recycling of these batteries in processes operated at
larger batteries are removed, which are sorted by size, andhigh temperatures difficulf2]. In Germany recycling of
the button cells are sieved out. The round cells are run mercury-free batteries is already applied at ARGE OKO
across a magnetic separator. The non-magnetic batterie8AT in Duisburg, ACCUREC in Milheim an der Ruhr,
(paper jacket, primarily ZnC, make up approximately 10% DK Recycling und Roheisen GmbH in Duisburg, NIREC
of the round cells) are not sorted any further automati- in Dietzenbach, NQR in Libeck, REDUX GmbH in Diet-
cally. An electrodynamic sensor based on their “magnetic zenbach and VARTA in Hannover. In France there are also
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different recycling companies as CITRON in Rogerville, 2.4.1. Hydrometallurgical processes

SNAM in St. Quentin and VALDI in Feurf26]. The processing of metals using hydrometallurgical tech-
In the USA, some companies are recycling batteries: niques is becoming a well-established and efficient method

INMETCO in Pennsylvania, RMC in Ontario and Sale- for recovering metals from raw materials. In Belgium the

sco Systems in Arizona. These companies recycle manycompany MMM-Sedema is developing the recycling of

kinds of batteries using different metallurgical processes zinc-carbon and manganese-alkaline batteries. The batteries

[27]. are mechanically processed to recover a metallic fraction
(magnetic and density difference separation). The wastes
2.4. Batteries recycling processes generated in this process consist of a black powder com-

posed basically of carbon, manganese and zinc. The powder
Metallic scraps can be subject to different recycling pro- is leached and a solution rich in manganese and zinc is
cesses, including the mineral processing techniques, py-produced. The solution is purified and manganese and zinc
rometallurgical or hydrometallurgical treatment. The prod- salts are producef®1].
ucts of the recycling process are metallic alloys or com-  Inthe USA, a process that has already been developed has
pounds, or solutions containing metal ions. the treatment of a mixture of dry cell batteries (zinc-carbon,
Mineral processing techniques intends to separate mate-manganese-alkaline, nickel-cadmium and lithium). The
rials according to different properties like density, conduc- BATENUS process consists of many steps of mechanical
tivity, magnetic behavior, et§28]. This treatment is usually  treatment and hydrometallurgical processing techniques.
applied as a pre-treatment to concentrate the metallic frac-An automatic sorting of batteries is applied and individual
tion, which will be conducted to a hydrometallurgical or a streams of batteries with different compositions are gener-
pyrometallurgical recycling proce$29]. ated. Batteries containing mercury are separated and treated
NIREC Company, in Germany, has developed a recy- alone. The batteries become brittle after a cryogen treatment
cling process based on the materials separation by meansnd fractions are separated by differences in size, density
of vacuum milling. Nickel is separated and sent as raw ma- and magnetic characteristics. The resulting black powder is
terial to the secondary metallurg®4]. The system places leached using sulfuric acid and the metals are recovered by
procedural emphasis on the separation, reclamation and uselectrolysis and electrodialysf82]. Another process based
of the high-quality nickel content, and the potential risk of on a combination of solvent extraction, ionic exchange and
hydrogen. Due to the possibility of hydrogen being released membrane technology has been in operation since 1997 in
when the NiMH batteries are pound, the processing must Germany{33].
be performed in a vacuum environment. Using a vacuum The process AED has been developed for the recycling of
system, the batteries are passed through a cutting chambeljthium batteries. The process uses grinding techniques for
which opens up the casing and releases the stored hydrothe separation of materials and cobalt reduction reactions at
gen, which is constantly drawn off by the difference in room temperatur¢30].
pressure. The batteries then land in a collecting container. Recycling processes for NiMH batteries have begun as a
After a stabilization period monitored by sensors, and then function of the economic value associated with nickel, cobalt
aeration to render it inert, the material can then be takenand rare earths recovery. In Japan, hydrometallurgical re-
out. After separation of the plastic content, a usable prod- searches have been used to recover mgtdls Mechanical
uct is obtained with a high nickel content, which can then processing to recover nickel has also been evalua#id
be reused as a significant alloying component in stainless
steel productionf23]. To separate materials from lithium 2.4.2. Pyrometallurgical processes
batteries the Toxco process uses cryogen embitterment In the case of the pyrometallurgical processes, there are
[30]. two possibilities of treatment: processes of secondary met-
Pyrometallurgical processes are usually associated withallurgy, which uses batteries as raw material, and processes
the production of steel, ferromanganese alloys or other created specifically for batteries.
metallic alloys. Zinc is often recovered by condensation The use of batteries as raw materials in steel production
as a dust. Pyrolysis furnaces with a controlled atmosphereis one process among other possibilities for the recycling of
are also applied as a pre-treatment step to remove mercunbatteries. In this case, metals present in the batteries, such as
and organic matter such as paper, plastic, @t]. The iron, chromium, nickel and manganese, can be used as feed
pyrometallurgical processes operated at high temperaturegnaterials to adjust the steel composition. Hazardous com-
are usually associated with a high atmospheric emissionspounds, such as cadmium, copper and zinc, may be diluted
control, since dioxins, chloride compounds and mercury in the process so that their presence should not interfere
can be generated on the process. with the steel properties. Among the metallurgical problems
Hydrometallurgical processes are connected to leachingassociated with this practice are the limits in the concen-
steps in acid or alkaline medium and purification processestration of chromium, cooper and nickel on the production
in order to dissolve the metallic fraction, in order to recover of steel in the electric arc furnace. These elements may be
metal solutions that could be used by the chemical industry. considered contaminants and their concentrations must be
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controlled in the charge in order to avoid the deterioration [39,40]. In France the company CITRON has developed a
of the steel properties. Zinc and cadmium will evaporate at recycling process also based on pyrolysis and metal reduc-
the steel production temperatures. After leaving the furnace, tion techniques, where different materials can be treated af-
the vapor phase reacts with oxygen and generates hazardou®r mechanical processifge6].
dusts. Mercury will cause similar problems, because this el-  NiCd batteries are treated usually in a separate process as a
ement is going to concentrate in the dusts. Chromium tendsfunction of two important reasons: the presence of cadmium
to concentrate in the slag produced, turning the slag a haz-that promotes some difficulties in the recovering of mercury
ardous waste and decreasing the possibilities of use as ravand zinc by distillation, and the metallurgical difficulties
material in civil construction materia[85]. Therefore, the  associated with the separation of nickel and iron. Different
utilization of batteries as raw material in steel production is processes were then created for NiCd battery recycling. In
restricted to batteries without mercury and pre-sorted. Usu- France it is done by the SNAM-SAVAM proce§s7] and
ally this process has been applied just for zinc-carbon and Sweden uses the SAB-NIFE procdd8]. Both processes
manganese-alkaline batterigg. use a totally closed furnace, where cadmium is distilled at
The imperial smelting process (ISP) in Duisburg has a temperature between 850 and 9Q0 It is possible to
evaluated the recycling of zinc-carbon and zinc-air bat- obtain 99.95% pure cadmium condenddt®,50] Nickel is
teries on zinc production in Germany. The ISP has as arecovered in electric furnaces by reduction. The production
main product zinc and is already operating with different of cadmium oxides in open furnaces is not used due to safety
zinc concentrates as raw materjab]. Another process in  problems.
Germany for batteries containing zinc is the WAELZ pro- In Germany one of the installed NiCd battery recycling
cess, used in the recovery of metals from dusts by meansprocesses is the ACCUREC, in Milheim. It is based on a
of a rotary furnace. It is possible to recover Zn, Cd and Pb vacuum distillation furnace that produces cadmium and fer-

[37,38] ronickel alloys. The ACCUREC Company is also develop-
Processes created specifically to recycle batteries includeing vacuum distillation processes for the recycling of lithium
different pyrometallurgical techniqug¢39—-41} batteries[24,51] Due to the comparatively small quanti-

dties of nickel-cadmium batteries used, about 8000t per year,
the capacities offered by the existing facilities in Germany,

France and Sweden are sufficient for the recycling of all

batteries in western Eurog23].

In the USA International Metal Reclamation Com-
pany (INMETCO), a subsidiary of the International
Nickel Company (INCO), recycles NiCd batteries with a
high-temperature process. The process was initially devel-
oped aiming at the recovery of metals from electric arc
furnaces dusts. However, the process can be also applied to
recover metals from other wastes and is being used to treat
NiCd batteries[52]. The process used by INMETCO, as
Yvell as the SNAM-SAVAM and the SAB-NIFE, is based on
cadmium distillation. Recovered nickel is used in stainless
steel production. Cadmium remains in the dusts with zinc

RECYTEC is a Swiss process created in 1989 specifi- and lead and is sent out for recycling by another company
cally for the recycling of battery mixtures. By pyrolysis and [27].
magnetic separation a steel scrap and a zinc dust free from Studies related to the recycling of lithium batteries have
mercury are obtained and sent to the specific recycling pro-also been conducted. One of these processes is the SONY
cesse$42]. Nowadays it is used for the recycling of all types process, which recovers cobalt after an incineration step
of batteries with the exception of NiCd batteries, as well as [30]. The Milheim-based Company ACCUREC in Germany
in the recycling of mercury lampg3-45] has developed the recycling through vacuum distillation

SUMIMOTO is a Japanese process totally pyrometallur- (RVD) procedure for lithium manganese oxide (LiM5O
gical used in the recycling of all types of batteries with the batteries. SNAM in France also offers a reprocessing proce-
exception of NiCd batteriegl5]. It is based on a pyrolysis  dure based on pyrolysis and magnetic separation for lithium
stage, where mercury is recovered from the generated gasecondary systenf23].
in a reduction stage, where zinc is recovered as a dust and
a ferromanganese alloy is produced. The Swiss company
BATREC did a modification of the SUMIMOTO process. Acknowledgements
The SUMIMOTO process was created for portable batter-
ies. The BATREC process treats any waste containing heavy The authors thank CAPES-PROCAD for the financial sup-
metals (batteries, dental wastes, thermometers, scraps, etcport.

e Pyrolysis: Water and mercury are evaporated, separate
and condensed. Organic compounds are thermally de-
stroyed and emitted as a gas together with the water.

e Reduction: The metallic fraction that remains in the fur-
nace after the pyrolysis is going to be treated by reduction
at temperatures around 1500. The reduction agent is
the carbon produced by the pyrolysis step. Metallic alloys
are produced.

e Incineration: The gas generated in pyrolysis is inciner-
ated at temperatures around 10@and then quenched
to avoid the generation of dioxins. The sludge generated
on the process contains mercury and should be treated b
distillation. The wastewater from the gas rinsing process
must be treated in an effluent treatment station.
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