
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
9 

28
8

A
1

TEPZZ 779 88A_T
(11) EP 2 779 288 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 14158510.9

(22) Date of filing: 10.03.2014

(51) Int Cl.:
H01M 6/52 (2006.01) H01M 10/54 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(30) Priority: 11.03.2013 IT MI20130366

(71) Applicant: Societa Italiana Ambiente Ecologia 
S.r.l.
20030 Senago (MI) (IT)

(72) Inventors:  
• Cauzzo, Marco

20030 Senago MI (IT)
• Gullino, Cristian

20030 Senago MI (IT)

(74) Representative: Pontiroli, Alessandro et al
Perani & Partners 
Patents 
Piazza San Babila, 5
20122 Milano (MI) (IT)

(54) Process for the recovery of raw materials.

(57) The present invention relates to a process for the recovery of raw materials from WBA and a plant for said process.



EP 2 779 288 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a process for
the recovery of raw materials from WBA and a plant for
said process.
[0002] Disposal of used and/or non-reusable batteries
and charge accumulators (materials generally referred
to as "waste batteries and accumulators" or "WBA") is a
major environmental problem and represents a signifi-
cant opportunity for the recovery of raw materials. In Italy,
in order to promote a high level of collection and recycling,
the collection, treatment, recycling and disposal of waste
batteries and accumulators are regulated with reference
to the European Directive 2006/66/EC and subsequent
amendments and integrations transposed into Italian
Legislative Decree no. 188/ 08 and EC and subsequent
amendments and additions, which requires recovering /
recycling WBA for environmental reasons.
[0003] The types of batteries and accumulators include
portable batteries or accumulators, i.e. those that are
sealed and that a normal person could carry by hand
without difficulty, other than batteries, automotive batter-
ies and industrial battery or accumulator, in accordance
with the definitions of the same European Directive
2006/66/CE and associated legislation.
[0004] From the chemical point of view, as non-limiting
examples, the WBA include waste from alkaline batter-
ies, carbon zinc batteries, Zn - air battery (i.e., all the
technology in zinc-manganese), Ni-Cd industrial and
non-industrial accumulators, Nickel - Metal Hydride (Ni-
Mh) technology industrial and non- industrial accumula-
tors, Lithium Ion industrial and non- industrial accumula-
tors, Lithium primary batteries and accumulators (all
types, such as Lithium Iron phosphate), NaNi (nickel so-
dium) accumulators, sodium-sulfur batteries.
[0005] The regulations in force until 2013 required re-
covery of at least 50% by weight of the WBA.
[0006] The technologies currently available for the dis-
posal of batteries are mainly based on wet treatments of
the mass obtained after trituration of the WBA and sep-
aration of the ferromagnetic elements and other compo-
nents such as paper, plastic, connectors etc. made of
non-ferromagnetic materials. These treatments, so-
called of hydrometallurgical type, involve the use of con-
centrated acids and/or bases, of an electrowinning step,
which requires considerable electrical energy and a large
amount of water,resulting in a significant environmental
impact (eg, U.S. 5,575,907, EP1148571, EP1684369
and documents cited therein). Alternatively, WBA treat-
ment methods of"pyrometallurgic"type are widespread,
which are based on the use of ovens and high tempera-
tures. Such methods yield poor percentage of material
recovery, that is scarcely above the minimum percentage
required by the law, entail a high consumption of energy
and have a high environmental impact, also due to con-
siderable amounts of polluting emissions. These proc-
esses are also not specific for the WBA, ie the WBA are
added as"enrichment"or charge of mineral mixtures for

the production of steels or other materials.
[0007] Aim of the present invention is to provide a proc-
ess for the recovery of raw materials from the WBA which
is efficient, economical and low environmental impact.
[0008] A task of the present invention is to provide a
process for the recovery of raw materials from the WBA
that, in addition to having a low environmental impact
and a low cost, allows to recycle the largest part of the
elements contained in the WBA.
[0009] Another task of the present invention is to pro-
vide a plant for the treatment of WBA and for the recovery
of raw materials contained in them that is economical to
build and to operate, efficient and of relatively simple con-
struction.
[0010] In accordance with the present invention, these
purposes, and others that will be better apparent here-
inafter, are achieved by a process for the recovery of raw
materials from batteries and accumulators of electric
charge (WBA) comprising the steps of:

i. homogenizing a mass ("black mass") comprising
non-ferromagnetic residues resulting from the treat-
ment of WBA;
ii. entering the mass obtained in step i. in a redox
chamber comprising oxygen in a percentage ranging
from 20 to 24% in volume / total volume of the cham-
ber;
iii. heating the mass in the redox chamber of step ii.
at a temperature of 600 to 1300°C for 15 to 180 min-
utes under a stream of inert gas at a minimum flow
rate of 1 L / h;
iv. increasing the flow of inert gas at a minimum flow
rate of 2 L / h;
v. conveying the gaseous effluents exiting the oxi-
dation chamber through at least an external line,
maintained, at least in the parts that are closer to the
oxidation chamber, at a temperature of 500 to 800°C,
optionally using special heaters;
vi. conveying gaseous effluents of step v. to a pre-
heated filter at a temperature of 500 to 800°C, where-
in said pre-heated filter comprises an element ca-
paable of retaining solid particles with a diameter
greater than 1.2 microns;
vii. conveying gaseous effluents exiting the pre- filter
of the passage vi. to a condenser selected from: I)
a"smelter", obtaining a metal in liquid form, or II) an
oxidation filter comprising a filter with hollow shape
consisting essentially of a material that is inert and
resistant to temperatures higher than 250°C, where-
in said condenser is maintained under a stream of
air or a mixture of air and oxygen in a percentage
ranging between 20 and 40% volume / total volume,
obtaining metal oxides in solid form;
viii. conveying the material obtained in step vii. (liquid
metal in the case of the condenser smelter I, metal
oxides in the case of the condenser II, in an appro-
priate container, and
ix. downloading the solids contained in the redox-
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chamber after the removal of the waste gases of step
v.

[0011] These objects have also been achieved by a
plant for the recovery of raw materials from batteries and
accumulators of electric charge (WBA) according to the
procedure described above, comprising at least the ele-
ments connected as follows:

a) a chamber comprising a redox cavity insulated
and heatable to temperatures of 600 to 1300°C and
comprising at least one inlet for the inert gas and an
outlet for gaseous effluents;
b) a conveying line of the gaseous effluents which
connects the chamber) and the pre-filter c) and which
can be heated, at least in the part close to the cham-
ber), to a temperature of 500 to 800°C by means of
special heaters;
c) a prefilter heated to a temperature between 500
and 800°C and comprising an element suitable to
retain solid particles with a diameter greater than 1.2
microns;
d) a condenser connected to the pre-filter c) through
a line, heated or insulated so as to maintain the gas
passage between c) and d) at a temperature of 500
to 800°C, wherein said condenser is selected from:

I. a"smelter", capable of condensing the metal
element content of the gaseous effluent from the
pre-filter c) in the form of metal in the liquid
phase, or
II) an oxidation filter comprising a filter in the
hollow shape in a material that is inert and re-
sistant to temperatures above 250°C comprising
an inlet for air or for a gaseous mixture compris-
ing oxygen, which is capable of transforming the
metal element content in the gaseous effluent
from the pre- filter c) into zinc oxides of in solid
form.

FIGURE 1-4

[0012]

Figure 1: Top view of the system according to the
invention on a pilot scale (approximately 1:20).
Figure 2a: Scheme of the composite filter in part b)
pilot-scale plant according to the invention (if filter
by oxidation).
Figure 2b: Schematic of the composite filter in part
b) of the pilot-scale plant according to the invention
(smelter).
Figure 3: Diagram of the filter in part c) of the plant
according to the invention
Figure 4: Block diagram of the system according to
the invention on industrial scale (Zn and Mn recovery
plant).

[0013] As used in the context of the present invention,
the term"black mass"indicates the residue obtained after
trituration of WBA, removal of ferromagnetic material,
such as the casing of the batteries and accumulators and
other parts ferromagnetic metal, through magnetic sep-
arators, otionally after washing with water and/or bases
/ acids / buffers, and drying, for example, through a heat-
ed tunnel. As used in the present invention, the
term"black mass", in addition to the components of the
paste of the batteries and accumulators, may also com-
prise materials such as plastics, paper, carbon, inorganic
and organic materials etc..
[0014] In the context of the present invention, "battery"
or "accumulator" means a source of electrical energy
generated by direct conversion of chemical energy and
consisting of one or more primary (non-rechargeable)
elements or consisting of one or more secondary (re-
chargeable) elements. Non-limiting examples of battery
or accumulator in this area are a"battery pack" (a set of
batteries or accumulators that are connected to each oth-
er as a single unit or enclosed in an outer envelope that
is not intended to be torn or opened by the user), portable
batteries or accumulators (batteries, button cells, battery
pack or sealed accumulators, hand-carriable and do not
constitute industrial batteries or accumulators, or batter-
ies or accumulators for vehicles),"button cells" (small
portable batteries or accumulators round in shape with
a diameter greater than height, used for special purposes
such as hearing aids, watches, small portable equipment
and back-up power), batteries or accumulators for vehi-
cles (battery or accumulator used for automotive starter,
lighting or ignition power of non-electric vehicles) and
industrial battery or accumulator"(designed for exclu-
sively industrial or professional uses or used in any type
of electric vehicle).
[0015] Bbatteries or accumulators waste are batteries
and accumulators which the holder discards or intends
or is required to discard, generally after use.
[0016] The term "smelter" indicates a device that al-
lows the immediate condensation of a metallic element
in vapor phase in the metallic form of the metal in the
liquid phase. Non-limiting examples of metals which can
be condensed with said smelter are Zn, Cd, Na, Bi, Sb,
Sn and Mg. Said apparatus comprises a container, which
is heatable and/or capable of operating at temperatures
between 300 and 800°C and insulated, built in steels that
do not release pollutants such as Co, Ni or other heavy
metals, optionally lined with at least one inert material,
as a ceramic material, and maintained in an inert atmos-
phere (preferably nitrogen) in order to exclude almost
totally the presence of oxygen and to keep the metal col-
lected pure and virtually free of surface oxide. The "smelt-
er" also includes an output, optionally blanketed with an
inert gas (preferably nitrogen), that allows to pour the
thus obtained liquid metal in an ingot-shaped mould or
in a sheet metal working machine. Apparatus of this type,
when measures to avoid oxidation of the metal in the
cooling (eg. with nitrogen inerting of the sheet metal work-
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ing machine) are applied, allow to obtain the metals in
liquid form with a purity of at least between 97 and 99%,
or higher.
[0017] If not otherwise specified, in the present inven-
tion the percentages are referred to the weight of a com-
ponent on the total weight of the composition.
[0018] The flow rate of the inert gases in the various
stages of the process can be adjusted according to the
volume and the shape of the chamber and of the lines of
the specific plant, as known to the skilled person and
easily achievable through routine tests.
[0019] In one aspect, the present invention relates to
a process for the recovery of raw materials from waste
of batteries and accumulators of electric charge (WBA)
comprising the steps of:

i. homogenizing a mass ("black mass") comprising
non-ferromagnetic residues resulting from the treat-
ment of WBA;
ii. entering the mass obtained in step i. into a redox
chamber comprising oxygen in 20 to 24% in volume
/ volume of the chamber;
iii. heating the mass in the redox chamber of step ii.
at 600 to 1300°C for 15 to 180 minutes under a
stream of inert gas at a minimum flow rate of 1 L/h;
iv. increasing the flow of inert gas to a minimum flow
rate of 2 L/h;
v. conveying the gaseous effluents exiting the oxi-
dation chamber through external lines, maintained,
at least in the parts that are closer to the oxidation
chamber, at 500 to 800°C, optionally by means of
dedicated heaters;
vi. conveying the gaseous effluents of step v. to a
prefilter pre-heated at 500 to 800°C and comprising
an element capable of retaining solid particles with
a diameter greater than 1.2 microns;
vii. conveying the gaseous effluents exiting the pre-
filter of passage vi. to a condensing element selected
from: I) a "smelter", to obtain a metal in liquid form,
or II) an oxidation filter comprising a filter in a hollow
shape, in a material that is inert and resistant to tem-
peratures above 250°C, maintained under a stream
of air or of a mixture of air and oxygen in a percentage
from 20 to 40% volume/volume, obtaining metal ox-
ides in solid form;
viii. conveying the material obtained in step vii., that
is liquid metal in the case of the smelter of point I or
solid metal oxides in the case of the filter of point II,
to an appropriate container, and
ix. downloading the solid residue remaining in the
redox chamber after the removal of the gaseous ef-
fluents of step v.

[0020] The process according to the invention allows
the recovery of raw materials from different types of WBA.
As non-limiting examples, the process of the invention
can be applied to WBA waste batteries and accumulators
containing alkaline, Ni-Cd, NaS, Na -Ni, and Ni - Mh bat-

teries. Preferably, the process according to the invention
is applied to WBA comprising residues of alkaline batter-
ies (ZnMn-type).
[0021] The process according to the invention allows
the recovery of zinc and manganese, which represent
88% by weight of the ZnMn-type WBA, with very high
efficiency.
[0022] The process may also allow the recovery of oth-
er elements, such as, by way of non-limiting example,
Cd, Sn, Na, Sn, Bi, Sb and Mg and, from the dry residue,
Al, Ni, Ag, Co, La and/or other rare earths.
[0023] Advantageously, during the process syngas is
generated, that is a mixture of gases, essentially com-
prising carbon monoxide (CO) and hydrogen (H2), with
the presence, in variable quantities, of methane (CH4)
and carbon dioxide (CO2). The production of syngas dur-
ing the process of the invention allows the reduction of
zinc from Zn2+ to metallic zinc in the form of steam at
much lower temperatures compared to known process-
es.
[0024] Such Syngas is also useful for the self-mainte-
nance of the amount of heat inside the redox chamber,
as its partial combustion allows maintaining the nominal
caloric contribution without the addition of external fuels.
This feature provides lower consumption of energy from
external power supply compared to known techniques.
[0025] A further factor of thermal increase derive from
the feature that the non-ferrous metals magnetic remain-
ing in a certain amount inside the mass also conduct
heat. Since these metallic materials are homogeneously
dispersed within the mass, they improve (especially in
the presence of a constant rotation) the uniformity of ther-
mal distribution in the whole mass, which then reacts at
relatively low temperatures.
[0026] Preferably, the heating time of the step iii is from
30 to 120 minutes, more preferably from 60 to 90 minutes.
[0027] Preferably, the "Black Mass", in addition to the
components of the paste of the batteries and accumula-
tors, also comprises materials such as plastic, paper, car-
bon, inorganic and organic materials etc.. Advanta-
geously, in the process according to the invention, these
materials must not necessarily be removed. In fact, their
presence contributes to making the process efficient
even at relatively low temperatures.
[0028] Moreover, generally the heat needed for run-
ning the process is generated by the process itself and
it may not be necessary to heat the line of step v.
[0029] Preferably, in step i. of the process according
to the invention a reducing agent is added to the mass
comprising non-ferromagnetic residues resulting from
the treatment of the WBA.
[0030] More preferably, in the process according to the
invention, said reducing agent of step i. is selected from
coke, CO (gas), graphite, carbon-based materials similar
or mixtures thereof. Preferably, the mass ("black mass")
of passage i. is obtained by grinding WBA and separating
the ferromagnetic material through a magnetic separator.
[0031] Preferably, in the process according to the in-
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vention the mass obtained in step i. is placed in a rotating
element inside the redox chamber. The presence of a
rotating element is particularly advantageous because
the process is more efficient when applied to a mass that
is homogeneous and uniformly heated. In addition, the
movement of the mass inside the chamber redox enhanc-
es the release of the syngas and the penetration of the
inert gas in the whole mass.
[0032] No additional oxygen is provided inside the re-
dox chamber. Preferably, in the redox chamber the initial
content of oxygen is non-stoichiometric. Generally, the
content of oxygen in the chamber at the beginning of step
ii. may correspond to the content of oxygen normally
present in the air. Indeed, it was found that it is advanta-
geous to keep the environment in which the reaction
takes place as inert as possible, i.e. without adding air.
Therefore, from the beginning of step iii. of the process
an inert gas is introduced, at constant volumes, inside
the chamber, as well as in the rotating element, if present.
[0033] The purpose of this addition is twofold: in the
first place, this flow of inert gas acts as a carrier gas, in
order to convey outside the gas mixture (Syngas and
vapor) from the reaction products. The second purpose
is that, in the presence of a rotating element, the flow of
inert gas allows a constant heat distribution throughout
the rotating mass within the rotating element itself, en-
hancing thermal uniformity and increasing thermal con-
ductivity.
[0034] The inert gas can be nitrogen, argon or another
noble gas. Preferably, the inert gas is nitrogen.
[0035] The vapors and gases that exit the oxidation
chamber are conveyed to the external output by a further
flow of nitrogen in order to keep them inert and to avoid
contamination. Condensation of such gases at the exit
should be avoided, in order not to impair the recovery
percentages. The first lines of the external chamber of
reduction / oxidation are heated, optionally by special
heaters, at temperatures from 500 to 800°C, in order to
avoid condensations of any kind and type.
[0036] The mixture of hot and dry gases in output is
sent to a filter and to a condenser (composed of more
specific sections and adapted to the intended opera-
tions), in succession, below 600°C (from 100 to 500°C).
Advantageously, these temperatures make it possible to
condense the zinc in the gas flow and to purify it from
any low-melting metals and pollutants (such as, for alka-
line batteries, mercury, cadmium, etc., present in small
quantities). This section of the plant, indicated as con-
densation filter, is composed of two parts with specific
activity, namely: a pre-heated filter which contains, pref-
erably, at least one of activated carbons or silica gel or
diatomaceous earth or mixtures thereof as a filter ele-
ment, the purpose of which is to retain impurities or pol-
lutants, and the actual condenser, which can be of two
types.

I) Smelter: a device that allows the immediate con-
densation of a metal in a gaseous form to metal in

liquid form, and that consists of a special heated and
insulated container, built in steel that does not re-
lease pollutants and in an inert atmosphere (no ox-
ygen), in order to obtain a liquid metal as pure as
possible (e.g. 97 to 99%). The smelter used in the
process according to the invention further comprises
an output for liquids that is blanketed with nitrogen,
which allows to pour the liquid metal in an ingot-
shaped mould or in a sheet metal-working machine.
Preferably, the smelter is a zinc smelter when using
ZnMn-type WBA.
II) Oxidation filter: an apparatus, in which the metal
vapors are collected and oxidized. Such apparatus
comprises a filter with an hollow shape, made of a
material that is almost inert and resistant to high tem-
peratures, which is abundantly aerated (adding "dry"
air, that is dehumidified air, or a mixture of air and
oxygen wherein oxygen is not more than 40% vol-
ume / total volume of the mixture), in order to create
pure metal oxides. The flow rate and composition
can be adjusted according to the specific conforma-
tions and dimensions of the specific filter used, as
known to the skilled person. The metal oxide, for
example zinc oxide, can then be collected at the exit
of the oxidation process in special containers, or sub-
jected to further physical treatment, and reduced to
nanocrystalline size (ie below 10 microns), via a ded-
icated micro- mill that reduces the size of the crystals.

[0037] In the process according to the present inven-
tion, the recovery cycle of raw materials can be accom-
plished in a continuous or in a discontinuous manner, for
example in batch. In both cases, the starting material
may be stored in mixture, in dedicated pretreatment silos.
Preferably, the process according to the present inven-
tion is accomplished in a continuous manner.
[0038] The residual gases, after condensation of the
metal vapor purification from the possibile pollutants, can
be split in two different ways, depending on the need.
[0039] The pure gases (ie without pollutions and resi-
dues) can be re-introucede into the redox chamber, in
order to exploit their combustible and redox potential,
thus self-powering the treatment cycle. Alternatively, or
at least in part, the gas can be fed to a motor / turbine or
heat exchanger in order to obtain electricity and heat.
[0040] Preferably, the process according to the inven-
tion further comprises step x. of sending, at least in part,
the gas effluent obtained from the condenser of step vii.
inside the chamber of the redox step iii.
[0041] Preferably, the process according to the inven-
tion further comprises the step xi. of sending, at least in
part, the gas effluent obtained from the condenser of step
vii. to a motor / turbine or heat exchanger in order to
obtain electricity and/or heat.
[0042] At the end of the process, a quantity of residue
material is contained inside the redox chamber/rotating
element which, in the case of WBA from ZnMn accumu-
lators, is composed mostly of manganese (II). This re-
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sidual material is discharged into a special container to
be seal while still hot, using a belt or screw conveyor,
and sent to a pelletizer, or similar equipment, after sep-
aration of the non-magnetic materials purified by the
process itself (via eddy or Foucault current system).
[0043] In one aspect, the present invention relates to
a plant for the recovery of raw materials from batteries
and accumulators of electric charge (WBA) according to
the procedure described above, comprising at least the
elements connected as follows:

a) a chamber comprising a redox cavity insulated
and heatable to temperatures of 600 to 1300°C and
comprising at least one inlet for the inert gas and an
outlet for gaseous effluents;
b) a conveying line of the gaseous effluents which
connects the chamber a) and the pre-filter c) and
which can be heated, at least in the part that is closer
to the chamber, at a temperature of 500 to 800°C by
means of special heaters;
c) a prefilter heated to a temperature of 500 to 800°C
and comprising an element capable of retaining solid
particles with a diameter greater than 1.2 microns;
d) a condenser connected to the pre-filter c) via a
line, which line is heated or insulated so as to main-
tain the gas passing from c) to d) at a temperature
of 500 to 800°C, wherein said condenser is selected
from selected from:

I) a "smelter", capable of condensing the metal
contained in the gaseous effluent from the pre-
filter c) in liquid form, or
II) an oxidation filter comprising a filter with a
hollow shape, made of a material that is inert
and resistant to temperatures above 250°C,
comprising an inlet for air or for an oxygen-com-
prising gaseous mixture, capable of transform-
ing the metal content in the gaseous effluent
from the pre-filter c) into metal oxides.

[0044] Preferably, in the plant according to the inven-
tion the smelter of point d)) is a zinc smelter.
[0045] The oxidation filter II) of step d) may comprise
quartz fiber, TiO2, cellulose / glass fiber capable of with-
standing temperatures greater than or equal to 250°C or
mixtures thereof.
[0046] The plant according to the present invention can
be pilot-type or having dimensions suitable for processes
on an industrial scale. The plant on a pilot scale according
to the invention may comprise the following main parts:

a) Redox Chamber It is an insulated chamber made
of a refractory material, that is heated, for example
radially through induction resistors, wherein a rotor
can be inserted, with a square or circular section,
equipped with stirring vanes for the optimal treatment
of the mass. The chamber is equipped with an inert
gas inlet and a gas outlet point to convey mixtures

of gases and vapors into the following parts.
b) Output or condensation filters line. It is a line of
pipes and valves, maintained at high temperature by
adjustable electric heaters, which may comprise
several nozzles for gas sampling (for chemical anal-
ysis of the process or for the monitoring of process
parameters) and a composite filter comprising a pre-
filter and a condenser as described above.

[0047] The composite filter on line b) is a double filter
placed in a single steel body. Its interior can be consti-
tuted by an insulating material that surrounds a cylinder
of quartz or other suitable material, such as high strength
steels or ceramic materials, packed on top of mixed ab-
sorbent material (eg. 50% active carbon and 50% TiO2)
and, below, a thimble of glass fiber or quartz fiber (in the
case of a filter for oxidation of dusts) or of steel or ceramic
material (in the case of the smelter), which acts as a
condenser.
[0048] Preferably, the apparatus further comprises a
line for monitoring environmental impacts and Syngas.
The environmental impact monitoring line can detect in
a single sampling all the parameters that can be meas-
ures in typical analyses of environmental emission sam-
pling. This line can engage orthogonally, about half-way,
with line b), fitted with valves at the point of conjunction,
and is a heated line, consisting of pipes and filters and
suitable for chemical characterization and chemical /
physical mixture of Syngas and vapor / gas exiting the
redox chamber a). The line is provided with outlet nozzles
(for chemical analysis of the process or for the monitoring
of process parameters) and a filter (such as active Car-
bon / Silica Gel / membranes cellulose or fiber glass or
quartz for the deposition of any powders or heavy hydro-
carbon residues (theoretical)), which allows the purifica-
tion of syngas (at the end of its chemical characterization
and chemical / physical). Such line is divisible and is use-
ful in the study of all emission parameters, as well as for
the monitoring of all the characteristics to environmental
impact.
[0049] Preferably, in the apparatus according to the
invention, the chamber a) is equipped with a rotor suitable
for mixing, in a continuous or discontinuous manner, the
material contained in the chamber.
[0050] Preferably, the plant according to the invention
comprises, before the redox chamber a), a reducer / ho-
mogenizer comprising a apparatus for grinding waste
batteries and accumulators (WBA) and a system of mag-
netic separation of ferromagnetic materials from the rest
of the minced mass.
[0051] Such apparatus is capable of reducing the vol-
ume of the initial waste into a heterogeneous mass from
which it is possible to separate immediately the ferro-
magnetic material. At the end of this step, the mass,
which is generally damp, is fed to a specific section (eg
closed auger or screw conveyor), a reducing agent
and/or, optionally, water, can be sprayed in small quan-
tities, which increases the mechanical properties of the
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thus obtained mixture (black mass + reducing agent) and
has a washing effect (the water eliminates, for example,
any amount of bases/acids/ buffers, etc.) This step is
important for the homogenization of the whole mass be-
fore is introduced into chamber a). The homogenous
mass may then be dried by heated tunnel (for example,
using hot air produced by the process itself).

Claims

1. A process for the recovery of raw materials from bat-
teries and accumulators of electric charge (WBA)
comprising the steps of:

i. homogenizing a mass ("black mass") compris-
ing non-ferromagnetic residues resulting from
the treatment of WBA;
ii. entering the mass obtained in step i. into a
redox chamber comprising oxygen in a percent-
age comprised between 20 and 24 volume / vol-
ume of the chamber;
iii. heating the mass in the redox chamber of
step ii. at a 600 to 1300°C for 15 to 180 minutes
under a stream of inert gas at a minimum flow
rate of 1 L / h;
iv. increasing the flow of inert gas to a minimum
flow rate of 2 L / h;
v. conveying the gaseous effluents exiting the
oxidation chamber through external lines, main-
tained, at least in the parts that are closer to the
oxidation chamber, at 500 to 800°C, optionally
by means of dedicated heaters;
vi. conveying the gaseous effluents of step v. to
a pre-heated filter, at 500 to 800°C, which com-
prises an element suitable for retaining solid par-
ticles with a diameter greater than 1.2 micron;
vii. conveying the gaseous effluents exiting the
pre-filter of passage vi. to a condensing element
selected from: I) a "smelter", to obtain a metal
in liquid form, or II) an oxidation filter comprising
a filter with a hollow shape, made of a material
that is inert and resistant to temperatures above
250°C, maintained under a stream of air or of a
mixture of air and oxygen, wherein oxygen is 20
to 40% volume/volume, obtaining metal oxides
in solid form;
viii. conveying the material obtained in step vii.
(liquid metal in the case of the smelter of point
I, metal oxides in the case of the filter of point II)
to an appropriate container, and
ix. downloading the solid residue in the redox
chamber after the removal of the gaseous efflu-
ents of step v.

2. The process according to claim 1 wherein the "black
mass" of passage i. is obtained by grinding RPA and
separatiing the ferromagnetic material therein

through a magnetic separator.

3. The method according to one of the preceding
claims, wherein in step i. is added to the mass a
reducing agent selected from carbon coke, CO (gas),
graphite or mixtures thereof.

4. The process according to one of the preceding
claims wherein the mass obtained in step i. is insert-
ed inside a rotating element included in the redox
chamber.

5. The process according to one of the preceding
claims wherein the pre-filter element of passage vi.
comprises at least one of activated carbon, diatom-
aceous earth, silica gel or mixtures thereof.

6. The method of one of the preceding claims, further
comprising the step x. of recirculating, at least in part,
the gaseous effluents obtained from the condenser
of step vii. to the redox chamber of step iii.

7. The method of one of the preceding claims, further
comprising the step xi. of directing, at least in part,
the gas effluent obtained from the condenser of step
vii. to a motor / turbine or heat exchanger in order to
obtain electricity and/or heat.

8. The process according to one of the preceding
claims wherein the element recovered in the form of
metal or oxides in step vii. is Zn.

9. An apparatus for the recovery of raw materials from
batteries and accumulators of electric charge (WBA)
according to the method of one of the preceding
claims, comprising at least the elements connected
as follows:

a) a chamber comprising a redox cavity insulat-
ed and heatable to 600 to 1300°C and compris-
ing at least one inlet for the inert gas and an
outlet for gaseous effluents;
b) a line for conveying the gaseous effluents,
which connects chamber a) and the pre-filter c)
and which may be optionally heated, at least in
the portion closer to chamber a), at 500 to 800°C
by means of suitable heaters;
c) a prefilter heatable at 500 to 800°C and com-
prising an element capable of retaining solid par-
ticles with a diameter greater than 1.2 micron;
d) a condenser connected to the pre-filter c)
through a line, heated or insulated so as to main-
tain the gas passing between c) and d) at 500
to 800°C, wherein said capacitor is selected
from:

I) a "smelter", suitable to condense the met-
al contained in the gaseous effluent from
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the pre-filter c) in metallic liquid form, or
II) a oxidation filter comprising a filter with
hollow shape in a inert material that is re-
sistant to temperatures above 250°C, such
filter comprising an inlet for air or for a gas
mixture comprising oxygen suitable to
transform the metal element in the gaseous
effluent from the pre-filter c) into metal ox-
ides.

10. The apparatus of claim 9 wherein chamber a) is
equipped with a rotating element suitable for mixing,
in a continuous or discontinuous manner, the mate-
rial contained in the chamber.

11. The apparatus according to one of claims 9 and 10,
further comprising at least one line, grafted on the
line b), for monitoring the gaseous effluents.

12. The apparatus according to one of claims 9-11 com-
prising, before the redox chamber a), a reduction
gear/homogenizer comprising an apparatus for
grinding waste batteries and accumulators (WBA)
and a system of magnetic separation of the ferro-
magnetic materials in the ground WBA from the rest
of the ground mass.
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