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Description

�[0001] This invention relates to the field of industrial
chemistry, and more specifically the sector thereof con-
cerned with the recovery of silica present in the dia-
phragms acting as separators between the elements of
batteries of the lead-�acid type using processes of differ-
ent kinds. In particular, as will be illustrated below, the
invention relates to an innovative process for obtaining
the abovementioned recovery of silica.
�[0002] At present more than 60% of lead produced
comes from the recycling of spent lead-�acid batteries.
Batteries at the end of their lives are broken up and the
following fractions are separated using physical meth-
ods: electrode pastes, (paste) mixture of PbO, PbO2,
PbSO4; metal part (terminals, connections, grids); light
plastics (ethylene-�propylene copolymers), heavy plas-
tics (polyethylene with silica filler, ABS, SAN, PVC, poly-
carbonate, polyethylene-�propylene with quartz filler, pol-
yester and glass fabrics), and sulphuric acid. The various
separated fractions are subjected to chemical and phys-
ical operations to recover and recycle the materials
present in them. Lead is recovered either from the paste
or from the metal part. The fraction of light plastics, ap-
proximately 65% of the total, is separated out because
it floats in water and is recycled as such to the secondary
raw materials market. The remaining fraction of plastics,
the remaining 35%, does not float in water and comprises
a very complex mixture of plastics materials comprising
approximately 60% from the separators based on poly-
ethylene with microporous silica filler located between
the electrode plates. Thin sheets of PVC and fabrics
based on polyester are also present in this fraction as
separators, while the other plastics materials (for exam-
ple ABS, SAN, PS, PP-�PE with fillers and colouring
agents) derive from the braking up of the external con-
tainers. There is also an appreciable quantity of lead met-
al and its compounds (approximately 8% by weight)
present and physically mixed or adhering to the plastics
during the breaking operation. This mixture is dumped
directly because owing to the presence of PVC and lead
compounds it is classified as a hazardous waste. The
cost of disposing of this mixture has an appreciable effect,
approximately 1%, on the cost of lead recovery.
�[0003] The inventor of the process according to the
invention has conceived a new process which makes it
possible to recover the quality microporous silica present
in the polyethylene separators located between the elec-
trodes, some types of valuable plastics present in the
mixture of heavy plastics materials and to generate a
sufficient quantity of energy to make the silica recovery
process self- �sustaining.
�[0004] The object of the invention therefore comprises
a process for the recovery of silica as described in ap-
pended claim 1.
�[0005] A more detailed description of a preferred em-
bodiment of the process according to the invention will
now be provided with reference to the appended draw-

ings, in which: �

- Figure 1 is a diagrammatical representation of equip-
ment for separating the granular parts of the plastics
within the processing environment according to the
invention,

- Figure 2 is a diagrammatical transverse cross sec-
tion of the apparatus for separating out heavy plas-
tics materials such as PVC, fabrics and polyethylene
with silica filler,

- Figure 3 is a diagrammatical representation of a lat-
eral view of the apparatus in Figure 2.

�[0006] The following operations are performed in the
abovementioned embodiment of the process according
to the invention:�

a) Washing of the heavy plastics to remove the lead
compounds,
b) Separation of the plastics from the wash solution,
c) Lead recovery and regeneration of the wash so-
lution,
d) Rinsing of the plastics,
e) Drying of the plastics,
f) Separation of granular plastics from light plastics
through drawing in an air flow making use of the
shape effect (polyethylene with silica filler, PVC, fab-
rics),
g) Separation of the PVC and fabrics from polyeth-
ylene with silica filler through fragmentation,
h) Pyrolysis of the polyethylene with silica filler,
i) Cracking of the pyrolysis gases and vapours in
order to reduce their molecular weight and make
them more convenient for handling and combustion
to provide the heat necessary for pyrolysis,
j) Oxidation of the pyrolysis residue to remove car-
bonaceous residues and recovery of silica,
k) Pyrolysis of the PVC and fabrics mixture in the
presence of alkaline substances,
l) Oxidation of the residue from the pyrolysis of PVC
and fabrics with the production of inert ashes.

�[0007] The first operation of removing lead compounds
from plastics materials is carried out by washing with
aqueous solutions containing compounds capable of dis-
solving lead (II) compounds, oxide and sulphate, while
in order to dissolve lead (IV) oxide substances which are
reducing with respect to this compound such as hydrogen
peroxide or sulphites must be added to the solution in
such a way as to bring it into oxidation stage (II) and
render it soluble in the aqueous solutions of the com-
pounds used. The treatment of washing the plastics or
other substances may be carried out at a temperature
between ambient temperature and the boiling point of
the solution. The dissolution reaction is faster the higher
the temperature and the more vigorous the stirring of the
plastics materials in solution.�
The second filtration operation is carried out using phys-
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ical separation methods widely used in the industry. �
The third operation, regeneration of the spent wash so-
lution to remove the lead compounds present in it is car-
ried out for example by treating the solution with alkali
metal or alkaline earth metal sulphides (for example so-
dium or calcium sulphide) so as to separate lead as the
sulphide, which is very poorly soluble, or treating the so-
lution with metals which are less noble than lead, such
as for example metallic zinc or iron, making use of the
cementation reaction and replacing the lead in solution
by cations of these metals. �
After they have been freed from lead compounds the
plastics are dried in a flow of air before being subjected
to the separation process.
�[0008] The process for the separation of heavy plastics
materials results in various fractions: granular plastics
materials, plastics materials based on PVC, plastics ma-
terials in the form of fabrics, plastics materials in the form
of thin films comprising polyethylene with quality silica
filler.�
The new process effects separation into different frac-
tions by making use of the shape effect and the varying
brittleness of the materials. For this purpose the mixture
of plastics materials is placed in an air flow: as will be
better illustrated below the materials with a high surface
area/ �mass ratio are carried over leaving behind those
with a lower ratio. Two fractions are obtained in this way:
a heavy fraction essentially comprising materials of rel-
atively large thickness originating from the breaking up
of the battery containers, and a light fraction containing
all the other materials: PVC, fabrics, polyethylene dia-
grams with silica filler. The heavy fraction may be recy-
cled as such without any further treatment, while the light
fraction is sent to another separation process which will
also be better described below, which makes use of the
differing brittleness of the materials. For this purpose the
plastics are placed in an apparatus comprising a perfo-
rated cylinder and a rotating, axis moving a number of
spikes of rubber or other suitable material which scrape
the inner surface of the cylinder. The mixture of plastics
materials is subjected to compression, flexion, traction
and torsion treatment within this cylinder. The PVC in the
mixture is a brittle material, as a result of which it breaks
up and passes out through the holes, while fabrics are
frayed and reduced to dust and also escape to the outside
of the cylinder. The PE diaphragms with silica filler are
instead very plastic and elastic and withstand this treat-
ment virtually unharmed. The subsequent recovery of
silica from the diaphragms containing it as filler is based
on the initial pyrolysis (heating in the absence of oxygen)
of these diaphragms to a temperature of between 300
and 600°C, preferably between 470 and 530°C for a time
of between 10 and 60 minutes, preferably between 20
and 45 minutes, in order to decompose most of the or-
ganic fraction present and convert it into gaseous prod-
ucts which are extracted and passed to a catalytic crack-
ing reactor to reduce their molecular weight. Acid ze-
olytes of the faujasite or Y zeolites family are used as

catalysts. The cracking reactor is kept at between 550
and 750°C, and the cracking products are fed to the com-
bustion chamber in which they are successively burnt to
produce the heat necessary for the entire process. After
this treatment a solid fraction essentially comprising silica
and a carbon residue amounting to 3-5% of the total re-
mains in the furnace. The carbon residue is oxidized in
a separate process carried out under controlled temper-
ature conditions between 400 and 600°C, preferably be-
tween 450 and 500°C, in the presence of a gaseous mix-
ture comprising an inert gas (nitrogen, carbon dioxide,
argon) and oxygen in a percentage of between 3 and
7%. Only by operating under these conditions is it pos-
sible to burn off the carbon residues without giving rise
to any local increases in temperature which cause the
silica present to sinter, with a reduction in surface area
and loss of value of the final product. �
Apart from the operating procedures used in the pyrolysis
and oxidation process, the quality of the silica obtained
also depends on the quantity of foreign plastics materials
in the separators based on polyethylene with silica filler
which are subjected to the pyrolysis process and the
quantity of residual lead compounds present in the plas-
tics. After the pyrolysis and oxidation process, the foreign
plastics in fact leave an inert residue essentially compris-
ing quartz and calcium sulphate with zero surface areas.
The presence of this inert residue reduces the quality of
the microporous silica recovered from the polyethylene-
based separators because it dilutes the final product. If
lead compounds (i.e. (II) and (IV) oxides, sulphate) are
present, these compounds may react with the silica and
form yellow- �coloured lead silicates with a zero surface
area. Again in this case there is a marked reduction in
the surface area, apart from colouration of the final prod-
uct. An object of this patent is therefore also new proc-
esses which make it possible to remove lead compounds
from the plastics and separate the mixture of plastics
materials into different fractions.
�[0009] As far as the abovementioned operation of sep-
arating granular plastics from light plastics (described in
item f in the list of operations in the process) is concerned,
this may be carried out as follows: the mixture of plastics
materials 1 (see Figure 1) is conveyed on a conveyor
belt 2 (the direction of movement of which is indicated
by arrows E) towards a suction aperture 3 which is de-
signed in such a way that the negative pressure gener-
ated by it is sufficient to lift only those fragments having
a high surface area/ �mass ratio (those made of PVC, fab-
ric, PE with silica filler), sucking them up into a conduit
6, delivering them to a suitable hopper 4. Fragments 5
of materials of relatively large thickness originating from
the breaking up of the battery containers are not sucked
up, and remain or fall back onto conveyor belt 2 after a
short trajectory, and the latter delivers them (towards the
right in the drawing) to a station, not shown, where they
accumulate and are cyclically picked up for delivery to
their final destination.�
With regard to the operation described in item g of the
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aforesaid list, that is the separation of PVC and fabrics
from the polyethylene with silica filler, this is carried out
starting from the fragments 5 of relatively light materials
described above which are conveyed to hopper 4 in Fig-
ure 1. These fragments, which have different degrees of
brittleness depending upon the materials of which they
are made, are sent to apparatus 21 shown in Figures 2,
3 which essentially comprises a perforated cylinder 7,
through which they pass in a longitudinal direction, con-
taining a coaxial rotating shaft 8 which draws a plurality
of blades 9 (Figure 2) of rubber or material having equiv-
alent characteristics scrape the inner surface of perforat-
ed cylinder 7, scraping them up. �
A number of spikes 10 of hard rubber or similar material
also extend in a radial direction from the walls of rotating
shaft 8, the free ends of which also scrape the surface
of cylinder 7, their points of attachment on rotating shaft
8 describing a line of helical shape. �
Arrow A indicates the direction in which the combination
of fragments are fed before they are separated, and arrow
D indicates the direction of rotation of rotating shaft 8.
After the abovementioned composite fracturing stress
the PVC present in the mixture, which is more brittle, is
broken up into fine pieces and escapes radially from cyl-
inder 7 through holes 7e, as do the fabrics, which are
shredded and reduced to dust.�
Separators or diaphragms of polyethylene with silica filler
survive the abovementioned treatment unharmed, as
they are instead very elastic and plastic, becoming de-
posited at the bottom of perforated cylinder 7 and are
delivered outward in an axial direction (arrow C).
�[0010] A practical embodiment of the process accord-
ing to the invention will now be described: a mixture of
100 kg of heavy plastics materials obtained from the proc-
ess of breaking up spent lead-�acid batteries was treated
at a temperature of 60°C with 200 litres of a solution con-
taining 300 g/l of sodium acetate corrected to pH 5.5
through the addition of acetic acid. 35% hydrogen per-
oxide was added to the solution to reduce the lead (IV)
oxide. The mass was stirred for 30 minutes; after treat-
ment the plastics materials were separated out by filtra-
tion and the solution was regenerated by treatment with
metallic zinc in granules in order to selectively cement
the lead (II) ions onto the zinc and replace them by zinc
ions in solution. The plastics were rinsed with water, dried
in a flow of hot air and subjected to a separation process
based on the shape effect. For this purpose the plastics
materials were placed on a vibrating conveyor belt com-
prising a metal mesh so that air would pass through it
and were kept agitated through vibration of the belt. They
were caused to pass beneath a conduit in which suction
was maintained. The light plastics (flakes of polyethylene
with silica filler, flakes of PVC and fabrics) were drawn
up by the flow of air while the plastics having a greater
surface area/�mass ratio remained on the conveyor belt.
The plastics drawn up by the air flow were stopped in a
cyclone separator and fed to apparatus comprising a per-
forated cylinder and a rotating shaft bearing many arms

of rubber or other suitable material which scraped the
inner surface of the cylinder. At the end of the separation
treatment 50 kg of diaphragms comprising polyethylene
with silica filler were recovered with a separation yield of
approximately 80%. The PVC content of this fraction was
less than 0.1%. The remaining polyethylene with silica
filler was mixed with PVC and the textile fraction. The
diaphragms comprising polyethylene with silica filler
were pyrolysed at 500°C with a contact time of 30 minutes
in apparatus comprising a rotating drum externally heat-
ed with hot combustion gases. Within the rotating cylinder
there were suitable blades which mixed the material dur-
ing rotation. An inert atmosphere was maintained within
the cylinder through a flow of nitrogen kept at a slight
excess pressure in relation to atmosphere. The pyrolysis
gases and vapours were caused to pass through a cat-
alytic cracking reactor filled with an acid zeolite of the
family of Y zeolites held at 650°C and subsequently
passed to the combustion chamber. Once the pyrolysis
reaction was complete, and maintaining the same tem-
perature, the atmosphere in the furnace was replaced by
a flow of nitrogen containing 5% oxygen in order to oxi-
dize the carbonaceous residue deposited on the silica.
The treatment in an oxidising environment was continued
for 35 minutes, the time required to remove all the carbon
present. Finally, 30 kg of white-�coloured silica having a
surface area of 148 m2/g, wholly similar to the starting
silica used to form the separators, was recovered.

Claims

1. Process for recovery of the silica present in the sep-
arators located between the elements of lead- �acid
batteries, characterized in that it comprises the fol-
lowing operations:�

a) washing the heavy plastics to remove the lead
compounds and other foreign bodies,
b) separating the plastics from the washing so-
lution,
c) lead recovery and regeneration of the wash-
ing solution,
d) rinsing of the plastics,
e) drying of the plastics,
f) separation of the granular plastics from the
thin plastics (polyethylene with silica filler, PVC,
fabrics) by drawing them up in a flow of air mak-
ing use of the shape effect,
g) separation of the PVC and fabrics from the
polyethylene with silica filler through fragmenta-
tion,
h) pyrolysis of the polyethylene with silica filler,
i) cracking of the pyrolysis gases and vapours
in order to reduce their molecular weight and
render them more suitable for handling and com-
bustion to provide the heat necessary for pyrol-
ysis,

5 6 



EP 1 721 358 B1

5

5

10

15

20

25

30

35

40

45

50

55

j) oxidation of the pyrolysis residue to remove
carbonaceous residues and recover the silica,
k) pyrolysis of the mixture of PVC and fabrics in
the presence of alkaline substances,
l) oxidation of the residue from the pyrolysis of
PVC and fabrics with the production of inert ash-
es.

2. Process according to Claim 1, in which the heavy
plastics are washed with an aqueous solution con-
taining compounds capable of dissolving the lead (II)
compounds and substances capable of reducing
lead (IV) to lead (II) at a temperature between am-
bient temperature and the boiling point.

3. Process according to any of the preceding claims in
which the spent washing solution is regenerated by
treating it with alkali metal or alkaline earth sulphides
or by treating it with metals which are less noble than
lead making use of the cementation reaction which
replaces the lead in solution with cations of these
metals.

4. Process according to any of the preceding claims in
which the granular plastics are separated from the
thin plastics by drawing up in a flow of air making
use of the shape effect.

5. Process according to any of the preceding claims in
which the polyethylene is separated from the PVC
and fabrics by making use of the lesser brittleness
of polyethylene in comparison with the other mate-
rials in a machine comprising a perforated cylinder
in which numerous arms of rubber or other suitable
material rotate scraping the inner surface of the cyl-
inder.

6. Process according to any of the preceding claims in
which the polyethylene with quality silica filler is py-
rolysed for a time of between 10 and 60 minutes,
preferably between 20 and 45 minutes, at a temper-
ature of between 300°C and 600°C, preferably be-
tween 470°C and 530°C, and in which the pyrolysis
gases and vapours are caused to pass to a catalytic
cracking reactor.

7. Process according to any of the preceding claims in
which the pyrolysis residue is oxidized under con-
trolled temperature conditions between 400°C and
600°C, preferably between 450°C and 500°C, in the
presence of a gaseous mixture comprising an inert
gas and oxygen in a percentage of between 3% and
7%.

Patentansprüche

1. Verfahren zur Rückgewinnung des Silikas, das in

den Trennelementen vorhanden ist, die zwischen
den Elementen von Blei-�Säure-�Batterien angeord-
net sind, dadurch gekennzeichnet, dass es die fol-
genden Arbeitsschritte umfasst: �

a) Waschen der schweren Kunststoffe, um die
Bleiverbindungen und andere Fremdkörper zu
entfernen,
b) Trennen der Kunststoffe von der Waschlö-
sung,
c) Bleirückgewinnung und Regeneration der
Waschlösung,
d) Abspülen der Kunststoffe,
e) Trocknen der Kunststoffe,
f) Trennung der granulären Kunststoffe von den
dünnen Kunststoffen (Polyethylen mit Silika-
Füllstoff, PVC, Gewebe), indem sie in einem
Luftstrom hinaufgezogen werden, wobei von
dem Gestalt- �Effekt Verwendung gemacht wird,
g) Trennung des PVCs und der Gewebe von
dem Polyethylen mit Silika-�Füllstoff durch Frag-
mentation,
h) Pyrolyse des Polyethylens mit Silika-�Füllstoff,
i) Kracken der Pyrolysegase und -dämpfe, um
ihr Molekulargewicht zu verringern und um sie
geeigneter für die Handhabung und die Ver-
brennung zu machen, um die Wärme bereitzu-
stellen, die für die Pyrolyse notwendig ist,
j) Oxidation des Pyrolyse-�Rückstandes, um koh-
lenstoffhaltige Rückstände zu entfernen und
das Silika zurückzugewinnen,
k) Pyrolyse der Mischung aus PVC und Gewe-
ben in der Gegenwart von alkalischen Substan-
zen,
l) Oxididation des Rückstandes aus der Pyroly-
se von PVC und Geweben mit der Herstellung
von inerten Aschen.

2. Verfahren nach Anspruch 1, in welchem die schwe-
ren Kunststoffe mit einer wässerigen Lösung gewa-
schen werden, die Verbindungen enthält, die geeig-
net sind, um die Blei�(II)-Verbindungen aufzulösen,
und Verbindungen, die geeignet sind, Blei�(IV) bei
einer Temperatur zwischen Umgebungstemperatur
und dem Siedepunkt zu Blei�(II) zu reduzieren.

3. Verfahren nach einem der vorherigen Ansprüche, in
welchem die verbrauchte Waschlösung regeneriert
wird, indem sie mit Alkalimetall- oder Erdalkalime-
tallsulfiden behandelt wird, oder indem sie mit Me-
tallen behandelt wird, welche weniger edel als Blei
sind, wobei von der Zementationsreaktion Verwen-
dung gemacht wird, welche das Blei in Lösung mit
Kationen dieser Metalle ersetzt.

4. Verfahren nach einem der vorherigen Ansprüche, in
welchem die granulären Kunststoffe von den dünnen
Kunststoffen getrennt werden, indem sie in einem
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Luftstrom hinaufgezogen werden, wobei von dem
Gestalt- �Effekt Verwendung gemacht wird.

5. Verfahren nach einem der vorherigen Ansprüche, in
welchem das Polyethylen von dem PVC und den
Geweben getrennt wird, indem von der im Vergleich
mit den anderen Materialien geringeren Sprödigkeit
von Polyethylen Verwendung gemacht wird, in einer
Maschine, die einen perforierten Zylinder umfasst,
in welchem zahlreiche Arme aus Gummi oder einem
anderen geeigneten Material rotieren, wobei sie die
innere Oberfläche des Zylinders kratzen.

6. Verfahren nach einem der vorherigen Ansprüche, in
welchem das Polyethylen mit Qualitäts-�Silika-�Füll-
stoff für eine Zeit von zwischen 10 und 60 Minuten,
vorzugsweise zwischen 20 und 45 Minuten, bei einer
Temperatur von zwischen 300°C und 600°C, vor-
zugsweise zwischen 470°C und 530°C, pyrolysiert
wird, und in welchem die Pyrolysegase und -dämpfe
gezwungen werden, zu einem katalytischen Krack-
Reaktor zu fließen.

7. Verfahren nach einem der vorherigen Ansprüche, in
welchem der Pyrolyse-�Rückstand unter kontrollier-
ten Temperaturbedingungen zwischen 400°C und
600°C, vorzugsweise zwischen 450°C und 500°C,
in der Gegenwart einer gasförmigen Mischung oxi-
diert wird, die ein inertes Gas und Sauerstoff mit ei-
nem Prozentgehalt von zwischen 3% und 7% um-
fasst.

Revendications

1. Procédé de récupération de la silice présente dans
des séparateurs disposés entre les éléments de bat-
teries acides au plomb, caractérisé en ce qu’ il com-
prend des opérations suivantes .�

a) lavage des plastiques lourds pour enlever les
composés au plomb et autres corps étrangers,
b) séparation des plastiques de la solution de
lavage,
c) récupération et régénération du plomb de la
solution de lavage,
d) rinçage des plastiques,
e) séchage des plastiques,
f) séparation des plastiques granulaires des
plastiques minces (polyéthylène avec charge en
silice, PVC, tissu) en les entraînant dans un flux
d’air et en utilisant l’effet de forme,
g) séparation du PVC et du tissu du polyéthylène
avec la charge de silice par fragmentation,
h) pyrolyse du polyéthylène par la charge de si-
lice,
i) craquage des gaz et des vapeurs de pyrolyse
pour réduire leur poids moléculaire et les rendre

plus propres à une manipulation et une combus-
tion pour fournir la chaleur nécessaire à la py-
rolyse,
j) oxydation du résidu de pyrolyse pour enlever
les résidus carbonés et récupérer la silice,
k) pyrolyse du mélange de PVC et de tissu en
présence de substances alcalines, et
l) oxydation du résidu de la pyrolyse du PVC et
des tissus avec production de cendres inertes.

2. Procédé selon la revendication 1, dans lequel des
plastiques lourds sont lavés avec une solution
aqueuse contenant des composés aptes à dissou-
dre des composés de plomb (II) et aptes à réduire
le plomb (IV) en plomb (II) à une température com-
prise entre la température ambiante et le point
d’ébullition.

3. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la solution de lavage utili-
sée est régénérée en la traitant par des sulfures de
métal alcalin ou alcalino-�terreux ou en la traitant par
des métaux qui sont moins nobles que le plomb en
utilisant la réaction de cémentation qui remplace le
plomb en solution par des cations de ces métaux.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les plastiques granulaires
sont séparés des plastiques minces en les entraî-
nant dans un flux d’air et en utilisant l’effet de forme.

5. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le polyéthylène est séparé
du PVC et des tissus en utilisant le caractère moins
cassant du polyéthylène par rapport à d’autres ma-
tériaux dans une machine comprenant un cylindre
perforé dans lequel de nombreux bras de caout-
chouc ou autres matériaux adaptés tournent en grat-
tant la surface interne du cylindre.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel le polyéthylène avec la
charge de silice de qualité est pyrolysé pendant une
durée comprise entre 10 et 60 minutes, de préféren-
ce entre 20 et 45 minutes à une température com-
prise entre 300 et 600°C, de préférence entre 470
et 530°C, et dans lequel les gaz et les vapeurs de
pyrolyse sont amenés à passer par un réacteur de
craquage catalytique.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel les résidus de pyrolyse
sont oxydés dans des conditions de température
contrôlées entre 400 et 600°C, de préférence entre
450 et 500°C, en présence d’un mélange gazeux
comprenant un gaz inerte et de l’oxygène dans un
pourcentage compris entre 3 et 7 %.
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