Sul zet ‘Chem tech AG Wnterthur, Switzerland Process for the recycling of
batiteries, especially dry batteries The present invention relates to a
process for the recycling of  dry batteries or batteries containing cadm um
zinc, lead or alkali metal s~using pyrolitic methods; wherein the batteries
may be unsorted and be present i'n shredded or unshredded form The

I nvention also relates to installations for performng the recycling
process. A large nunber of processes for recycling batteries are known in
whi ch however the batteries nust be sorted according to their conposition
and in which the individual process is suitable for one type of battery
only. This is especially true for the known process of the .

conpany in Lyon, which is suitable only for the processing g? %ksﬁhEﬁ%h
accunul ators. Further exanples of processes for the recycling of sorted
batteries, e.g. used al kali-nmanganese and zinc- carbon batteries, have e.qg.
becone known fromthe Japanese patents JP-A-74/106' 519 and JP—A—75/60'414.
Therein it is proposed to scrap the corresponding batteries, to treat them
with hydrOgﬂiﬁékccﬁéhﬁteéHdAéﬁ WeReeAtRuL )t gWhogapreaRqf rom the sol ution as
hydr oxi de by neutralising with [err] at pH 5, and as [err] at pH 9 after
addition of [err] or [err]. In accordance with US-A-3'438' 878 zinc and
manganese di oxide are to be won sinmultaneously in the electrolysis of a

sol ution -2- containing sulphuric acid. Al these processes, which use
sorted batterles as raM/naterlaI are unabl e to succeed S|nply because the
nunber of Broceege! 1 pfybattennes ) dnVii r es

subsequent ,gpELikRdg This neans that the |ntake area for a given
installation 1s SO | arge that the

The present invention relates to a process for the recycling
of dry batteries or batteries containing cadmium, zinc, lead
or alkali metals using pyrolitic methods, wherein the
batteries may be unsorted and be present in shredded or
unshredded form. The invention also relates to installations
for performing the recycling process.

A large number of processes for recycling batteries are known
in which however the batteries must be sorted according to
their composition and in which the individual process is

- suitable for one type of battery only. This is especially
true for the known process of the S. N. A. M. company in
Lyon, which is suitable only for the processing of Ni-Cd
accumulators. Further examples of processes for the recycling
of sorted batteries, e.g. used alkali-manganese and zinc-
carbon batteries, have e.g. become known from the Japanese
patents JP-A-74/106‘519 and JP-A-75/60'414. Therein it is
proposed to scrap the corresponding batteries, to treat them
with hydrochloric acid, and to separate out manganese from
the solution as hydroxide by neutralising with NH40H at pH 5,
and as Mnj03 at pH 9 after addition of MnO; or Hy05. In '
accordance with US-A-3'438'878 zinc and manganese dioxide are

to be won simultaneously in the electrolysis of a solution



costs of collection are nmuch too high. Various processes have becone known
which inprove the sorting process, which processes follow a separation
according to chem cal or geometric criteria. The rejected quantity,
however, still remains as a critical waste product. An internediate step is
represented by certain processes which are restricted to reducing the
toxicity of waste containing nmercury, im which the batteries are taken in
unsorted. One exanple is the process of the Vost conpany in which the
mechani cal |y crushed batteries have their nercury content renoved in a
vacuum at daerijeeiraing esulgfhwbiczitadiat r JA1IA thersd propessaispl evhdah mse i nt o

operation J l._q_a%: Mt sy, Vet Al i [g(g[q:ra Kosan
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solution by cementation wth zinc. Sumtono Heavy “I'ndustries Ltd. has
devel oped ZEeNRAIERI 3 F i tekFa hefarte RIOBFcessi ng -3- unsorted
batteries. This process provides that the battery scrap be put into a

quola fL“iﬁ“¥iég¥%ééﬁﬁké‘gkéﬁ"f%“¥éﬁggé¥ited by certain processes

which are restricted to reducing the toxicity of waste
containing mercury, in which the batteries are taken in
unsorted. One example is the process of the Vost company in
which the mechanically crushed batteries have their mercury
content removed in a vacuum at temperatures of about 400° C.
A similar principle was put into operation in the Clean Japan
Center by Mitsui Metals Co. and Nomura Kosan Co. This method,
which is known as the CJC .process, works in such a manner
that the batteries are first freed from their metal cases and
then thermally treated in two stages at temperatures of 600°C
- 800°C.

The most recent processes are those in which unsorted
batteries are recycled. One solution is described e.g. by EP-
A-150'821 of the Metallgesellschaft AG. Here the small
batteries are first mechanically crushed and certain
additives added, whereupon this product is subjected to a
chloridising roasting at a temperature from 580°C to 700°C.
The vaporised mercury is washed out of the exhaust gas. The
product of roasting is then treated with dilute hydrochloric
acid and the nobler metals then precipitated out of the.
‘gsolution by cementation with zinc. Sumitomo Heavy Industries
Ltd. has developed a pyrometallurgical method for processing



Successive stages, namely an oxidation stage for distilling off the
nmercury, a subsequent reduction stage for vaporising the zinc, and finally
a high tenperature nelting zone in which the entire remaining residue is
processed to a fused product. Due to the direct succession of therm
treatnment zones in the cupola furnace, certain problens relating to the
devel opnent of di oxins and PCBs have been observed. Due to the
unpredictability of the conposition of the furnace charge, the tenperature
control is extrenmely difficult to nanage. A corresponding test installation
in Sw tzerdr&mktmd nesk t dur g h . THie m‘ddﬁwra_onwmdanﬂrateltjhé nﬁnﬂféryFurt her,
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burned through. The problems were later eliminated.

Further, there is a process (CH-A 04 969/86-0) which in the
mean time has yielded positive results even in continuous
operation. In this process the unsorted batteries are first
subjected to a pyrolysis stage in which the organic
constituents are burned and the water and mercury are
vaporised off. The product of pyrolysis is then shredded and
washed, whereupon after addition of HBF4 a solution results
which can be separated by means of electrolysis into various
relatively very pure metal fractions. In an improved version
(WO 93/20593) a second pyrolysis is now performed after the
first pyrolysis and the subsequent shredding.

All known processes in which unsorted batteries are recycled
have the goal of separating the resulting mixture as far as
possible into different fractions which are as pure as
possible. None of the'known-processes with the exception of
the last named process of the Recyctec SA company have ever
reached the commercial phase. These processes can exist
commercially only when the take-back price of the unsorted
batteries is high. This prerequisite is compelling since the
costs of the installation are enormous.



s4- Theée object of the invention is thus to create a process for recycling
unsorted batteries containing cadmum zinc, lead or alkali netals,
especially dry batteries, which require substantially |ower investnent
costs for the installation, in order that the recycling costs may be
substantially reduced. This object is satisfied by a process of the type
initially named, which conprises the prqcess steps listed in the

i ndependent clains 1 and 8. The invention is based on the consideration
that the costs can be decreased if the nunber of products provided for
reutilisation is kept low. A separation of the output products into
conponent S 0 t. | i di_at Qgni ses
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shredder, a rotary furnace as well as a conventional gas cl eaner with
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separation of the output products into components wasg thus

out of the question.

The expert immediately recognises from the process in
accordance with the invention that this process can be
realised with a few commercially available installation

. parts. The process in accordance with claim 1 essentially
comprises simply a feeding bunker, a shredder, a rotary
furnace as well as a conventional gas cleaner with cyclone or
dust filter, wet wash filter and active charcoal filter. This
process, which is substantially simplified from the point .of
view of the technical installation, is based on the
recognitions gained from the analysis of the oxidised product
of combustion. It turned out namely that this product of
combustion is an exceptionally suitable raw material for the
zinc/cadmium/lead reclamation in zinc works.

Depending on the situation with respect to purchase
conditions and the current raw material prices, the resultant
product can be subjected without further modification of the
installation to a second combustion following the oxidative
combustion using the same means, where this time the
combustion proceeds reductively. This further development



*+5- possibility results fromthe dependent claim7 and the independent
claim8. The solution in accordance with claim7 or 8 proceeds in such a
way that in a first step of the process the elenments which are especially
critical toxically are separated off and the remaining nmaterial is
separated in a second step into two, or a maxi mum of three, different
material mxtures representing input praeducts for known industri al

nmet al | urgi cal processes. Further advantageous features of the process
result fromthe further dependent clainms and will be explained in the
fol I owi ng mesEibiptitgn weaul veframdhe deprdagurasinSiowndathe Fig. 1

a schenah«hdéﬂg[&gﬂgegléyhcg the process in the sinplest, yet nost .
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Further advantageous features of the process result from the
further dependent claims and will be explained in the
following description with reference to the figures.

Shown are:

Fig. 1 a schematic representation of the process in the
simplest, yet most complete, variant;

Fig. 2 the representation of the oxidative combustion
process;
Fig. 3 the second, reductive combustion process

representing an option and

Fig. 4 a process with a first and a second treatment
stage.

The batteries as collected via the retail trade are of
completely differing composition. Relatively strongly
represented for example are alkali batteries, nickel/cadmium
batteries or lithium/manganese oxide batteries, to name but a
few. All these batteries arrive directly at a feeding bunker
1 totally unsorted and uncleansed, some in collection
packages of cardboard or plastic. It is sensible, but not



‘advant'ageous to operate the process continuously over a |onger period of
tinme. This is also not | east a question of econony. Fromthe feedi ng bunker
1 the unsorted batteries arrive at a shredder 2 via a feed |ine. The out put
of this shredder stands in direct connection with the subsequent: furnace 3,
so that the shredder 2 is suitable for the direct charging of the furnace.
The shredder is a part of the installatigon which can be obtained directly
on the market and used wi thout nodification. Merely the unconventi onal
connecti on between the shredder and the furnace 3 requires special

manuf act ureongpasdig tu:o twoeck it Iaatﬁemdirlguhurg:etxhe sdgwdeudtti ds now t aki ng
place int or d during
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During the combustion now taking place in the furnace 3 it is

important that the material supplied during the combustion
process be continuously mixed since this enhances the
combustion and improves the degassing. In addition, air must
be continuously supplied. Such a combustion is advantageously
performed with a rotary furnace. This'point will be returned
to later in reference to Fig. 2. The combustion gases are let
out of the furnace and led to a gas cleaner 7. This gas
cleaner 7 is also an absolutely conventional industry
standard. The gas cleaner 7 here consists of a first cyclone
or dust filter 4, by means of which dust present in the
corresponding exhaust gases is separated off, whereupon the
remaining gases arrive at a wet washing filter 5. In the wet
washing filter 5 the mercury vapours in particular are
condensed out. Some remaining ppm of mercury may succeed in
passing through this filter and are thus, again in a known
manner, removed from the exhaust gases by means of an active
charcoal filter 6. The remaining gases correspond to the air
cleanliness specifications and can be released directly into
the atmosphere.

From the rotary furnace 3 an oxidised product of combustion P



‘+7- i-s obtained. This can be led directly or indirectly to the netal
winning process 8. In the exanple represented here the conveyance of the
oxi di sed product of combustion P proceeds directly to the netal w nning
process 8. Investigations have shown that the product of conbustion P is
exceptionally suitable as a raw material for netal w nning. The product is
free of nmercury (residual amount |less than 1 ppm), no |onger contains
organi ¢ conponents; and consequently no dioxin or PCB residues result from
t he subsequent processing in the netal” wi nning process. The conposition of
the products Phtesinied. (Tlums tdan fhe |led el ieen irdd ragtilyl dal Ibhe

det er mi ”e%eﬁ:“érf%ﬁxﬂ-?ﬁ% PodHLTh | Nrd SRNARIA e Caksddd the
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certain conditjons tenperature deviations y.,to as ] ow as [err] and
metal winning process. The comp031tlon o the product P
results from the following list when the empirically

determined percentages are taken into consideration.

Constituents Percentage

Zno | 10 - 20

cdo | 2 - 4

Fe,04 I 25 - 30
PbO> 2 - 4

MnOo 20 - 40
graphite 5 - 10

trace elements and

salts remainder

This product P, produced under laboratory conditions, was
sent to various tin works and tested there for suitability as
a raw product for the zinc, cadmium and lead winning process.
The investigation showed that this raw material is suitable
and contains substantially higher concentrations of the
metals to be won than the usual raw materials.

Especial emphasis was placed on the avoidance of dioxin and
PCB components. It is thus important that the following
operating conditions be adhered to:



‘upwat.-dly to as high as [err] can be tolerated. The operating tenperature
can also increase in the direction of passage, is preferably held at first
bet ween 4000C and [err] (first -phase) and increased in further passage to
and held at up to 9000C (second phase). Wereas in the first phase of
conbustion a deconposition avoi ding dioxins and PCBs is achi eved, the
residual mercury is conpletely vaporised off in the second phase. 3. The
duration of the conmbustion, i.e. the tinme spent by the battery particles in
the rotary furnace, nust anount to no |l ess than half an hour to an hour and
not nore than ten hours. Advantageously it should amount to between 45 and

90 m nutes, Th QﬁPH;ii f IR H4loh K i  gure 2.
Wth the ?’a’ma ?lﬁget a _at%tl&%?%b%ttq}vﬁst out tdt%g;lst%lr Jﬁ%res?ﬁ rtg;ﬁ%segtaet e oxidative
product of conthaftesie® déh iU anddas sepnterd Lo §9d theeddat i ve
product of comgysddxen [err]. This process is represented in Figure 3. The
rotary furnace 3 is now charged with the oxidative product of conbustion P
along with a quantity of coal. The coal here represents a preferred

reduci ng apgent .THe heyeraadiie) nergganithumy drhahey dotaaty Exgnaded.id n
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place at a higler tenperature.” This can i n principle ween [err] and
[err], but shodergerstarzshldeviatiamnmedewnwardishdd as Lowlas gddfsisand - 9-
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and 700°C (first phase) and increased in further passage
to and held at up to 900°C (second phase).-Whereas in
the first phase of combustion a decomposition avoiding
dioxins and PCBs is achieved, the residual mercury is
completely vaporised off in the second phase.

3. The duration of the combustion, i.e. the time spent by
the battery particles in the rotary furnace, must amount
to no less than half an hour to an hour and not more
than ten hours. Advantageously it should amount to
between 45 and 90 minutes.

These conditions are schematically represented in Figure 2.
With tpe same installation, but without the shredder process,
the oxidative product of combustion P can be further
processed to a second, reductive product of combustion P'.
This process is represented in Figure 3. The rotary furnace 3
is now charged with the oxidative product of combustion P
along with a quantity of coal. The coal here represents a
preferred reducing agent. Other reducing agents are however
not excluded. In comparison with the oxidative combustion,
the reductive combustion takes place at a higher temperature.
This can in principle lie between 500°C and 1300°C, but
should preferably be between 700°C and 1100°C. The gaseous



'reoxi-dation in the vapour phase. The reductive product of combustion P now
remaining can in turn be sent to the netal w nning process 8. This product,
whi ch now consists principally of [err] and [err], has becone a raw

mat eri al which steel works gladly accept as ferro-manganese. The

manuf acture of this product of conbustion PP wll be opted for in those
cases where the product of combustion Pgs in |ow denmand and consequently
commands an especially |low price. As a consequence, the battery recycling
wor ks need not install a store for raw materials. The el ements zinc,
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for in those cases where the product of combustion P is in
low demand and consequently commands an especially low price.
As a cohsequence, the battery recycling works need not
install a store for raw materials. The elements zinc, cadmium
and lead distilled off in the second, reductive burning
process can be sold anyway without difficulty.

The combustion in the second step takes place at a higher
temperature than in the first step. At this temperature the
slag present in the rotary furnace is reduced and metals are
vaporised. By virtue of the air blown in the metals oxidise -
again in the gaseous phase above the slag, form oxides in
finest, solid form and are blown out of the rotary furnace
with the remaining air into a multi-stage gas cleansing
process. '

Naturally this simple process can also be augmented by means
of certain'optidns in order to split off special fractions,
but this would in turn make the extremely economical
installation more expensive, and would partially reduce the
commercial advantages of the process. On the other hand, such
steps could be taken by the recipients of these products,
especially when the required installations are already
present at these metal winning works anyway.



"which the batteries or the scrap produced fromthem are present, these
enter directly or, as shown here, via a shredder 2 and a feeding line 3
into a rotary furnace 4'. The rotary furnace is charged fromthe one side
and fired fromthe other side. The rotary furnace can be varied on the one
hand with respect to the angle of inclination and on the other hand with
respect to the speed of rotation. Custopgry rotary furnaces have a length
-of 7-12 m In the first stage, however, an overlong rotary furnace of 25-50
m can be enpl oyed, which allows a substantial tenperature drop fromthe
input end to the firing at the output end. The degree of m xing can be

adj ust ed g)gn%oq}‘echfg I(gc%tgsog?_‘ 5 gherza% ndae.Arel &1k 4 rgcl . nation varies

the time I'n t case Speration the rotai furnace can
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employed, which allows a substantial temperature drop from
the input end to the firing at the output end. The degree of
mixing can be adjusted via the speed of rotation, whereas the
angle of inclination varies the time of passage. In the case
of batch operation the rotary furnace can be suspended
horizontally for a certain period of time and simply be
inclined as needed for discharging the solid product of

combustion.

During the operation the battery scrap passes through the
rotary furnace from the charging end to the firing end. At
the charging end a sealed off gas outlet 5' is provided,
through which the non solid products of combustion arrive at
a multi-stage gas cleansing process 6'. At the opposite
firing end there is a burner nozzle 7', via which both oil
and air combined are blown into the rotary furnace 4'. At the
firing'énd the rotary furnace 4' is provided with a sealed
off discharging device 8'. This first rotary furnace 4' is
operated, at least in the region of the input end, preferably
up to the middle of the furnace, below that temperature which
can lead to dioxin formation, namely below 720 °C.
Temperatures between 500 °C and 700 °C are customary, and a
combustion temperature of about 600 °C is especially



‘preferred. At these tenperatures it is ensured that the organic
constituents burn away conpletely and that water as well as any nercury
that may be present is extensively vaporised. In the region of the output
end of the first rotary furnace the tenperature can be increased to 900
[err] in order to ensure a conpl ete vaporisation off of nmercury to |ess
than 1 ppm This first treatnent step_lgpds to a weight reduction of 30 %
to 50 % according to experience. As a consequence 50 to 70 % by wei ght of
the quantity supplied | eave the rotary furnace 4' through the firing end.
The 30 t ophe Sérinedieirghtt hefsev dlentpera torm@oientis Ieesue'etihehjaut &he furnace 4'
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components are filtered out, which can in turn be fed back

into the process, e.g. via the shredder 2. The remaining

gases are passed through.a wet cleaner 61 in which about 0 to

1 % by weight of mercury, if present, as well as 15 to 20 %

by weight of water are separated off. The thus cleansed gases

are finally released through an active charcoal filter as

cleansed exhaust gases.

The solid products of combustion of the first treatment step
enter from the first rotary furnace 4' into a second rotary
furnace 9. The second rotary furnace 9 corresponds completely
in construction to the first rotary furnace 4'. At the
charging side a sealed off gas outlet 10 and a multi-stage
gas cleansing process 11 are again provided. At the firing
gside a sealed off discharging device 12 is correspondingly
provided. Again a burner nozzle 13 protrudes through the
sealed off discharging device 12 into the rotary furnace 9.
Here again the burner nozzle 13 introduces oil as well as air
into the combustion chamber of the rotary furnace 9. By means
of a reducing agent supply 14, a reducing agent is introduced
into the second rotary furnace 9 at the charging end. This



‘-~ 12 .- can be done separately or together with the solid products of
conbustion, which are fed fromthe first rotary furnace 4' into the second
rotary furnace 9. In the case of a joint supply the solid products of
conbustion fromthe first treatment step can be mixed prior to charging

wi th the reduci ng agent before these are introduced jointly. Coal is
especially suitable as a reducing agenty,This is an especially econoni cal
reduci ng agent which sinultaneously serves as an energy carrier. The solid
product of conmbustion of the second treatnent step still anobunts to 20 to
40 % by weigghtbeofddrtee sepaytataly amtogminded weitghtthef sold b giricehue tsc o).
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The combustion in the second treatment stage proceeds at a
higher temperature than in the first treatment stage, namely
at a temperature from 900 °C to 1200 °C. At this temperature
the slag present in the rotary furnace 9 is reduced and the
zinc, cadmium and lead constituents are vaporised. Due to air
blown in via the nozzle 13, the zinc, cadmium and lead
constituents which are present in the gas phase above the
slag oxidise and thus form the corresponding oxides in
finest, solid form and are blown out of the rotary furnace 9
with the remaining air via the sealed off gas outlet 10 into
the multi-stage gas cleansing process 1l1. Here as well, the
volatile components blown out first arrive at a hot filter
111, in which the now solid zinc, cadmium or lead oxides are
separated out. These form an oxide mixture which form a
product designated as P1l. This product represents
approximately 30 to 50 % by weight of the batteries or
battery scrap initially input. The exhaust gases separated
off in the hot filter 111 are again here in turn led through
a wet filter 112 before they are finaliy released into the
atmosphere. The third cleansing step by means of an active
charcoal filter can be dispensed with here.



‘a wet. filter 112 before they are finally released into the atnosphere. The
third cleansing step by neans of an active charcoal filter can be dispensed
wi th here. - 13 - The slag discharged fromthe firing end of the second
rotary furnace 9 contains nostly iron, nickel .and manganese netals as wel |
as oxides and a residual conponent of inpurities. This slag forns a second
reutilisable product which is here degiggaged as P2. This product P2 is

hi ghly wel cone as an input product for direct reutilisation in the netal

Wi nning industry. It may however be the case that a relatively considerable
conponent ,Theansllay ahicdhayder] Erionb\theeifgtingf ende dfnithiealsesiond iriag afyoduct ,
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P éurther product ﬁ% u ééep of the process is especially

worthwhile if a relevant portion of the soluble salts can be
reutilised economically. This is especially the case for
lithium salts. The femaining insoluble product is designated
by P2' and has essentially the same composition as the
product P2 and is reduced in weight merely by the amount of
the soluble components.

The exceedingly economical process in accordance with the
invention yields in ﬁrinciple merely two end-products. The
product P1l, consisting of a mixture of zinc, cadmium or lead
oxides, serves as starting prbduct for the common winning
procegs of zinc and lead in the known cupola furnace process
of the Imperial Smelting Corporation. The cédmium oxides also
contained in the product Pl can also be separated off without
changing the process. Consequently the product Pl represents
a saleable output product for the metal winning industry.

Whereas the product Pl represents the oxidation product of
the second treatment step, the product P2 is the reduction
product of the second treatment step. The product P2, the
quantitatively largest constituents of which are iron, nickel
and manganese, can be sent directly to the steel industry
without further separation of this mixture. The utilisation



*Whereds the product Pl represents the oxidation product of the second
treatnment step, the product P2 is the reduction product of the second
treatnment step. The product P2, the quantitatively |argest constituents of
whi ch are iron, nickel and manganese, can be sent directly to the steel

i ndustry without further separation of this m xture. The utilisation -
14 - of the product P2 in the steel indugtry corresponds to absolutely
conventi onal nethods and need not be described further here. The sane
remark hol ds of course for the product P2' as well. The product P3 only
occurs if dff tlse mwudthat2 ars wisd adeedl ipeiustafy idorreeipablds €@l ts contain
val uabl e {4 S | Al e qf I I rinciple.th r t. P3 can
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known procedures. The reasons for this _are many and varied. Fiirstly the
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since the process can then
J%mparlson with the known procedures. The reasons for this

are many and varied. Firstly the installation costs are
extremely low in comparison with the known processes,
secondly the process is completely nontoxic, and finally the
requirement of expensive ehergy is extremely modest. This
results from two causes, the first of which is namely that in
the first treatment step diverse metals oxidise exothermally,
and the second of which is that in the second treétment step
the reducing agent is an economical energy carrier, namely
coal.

.The process in accordance with the invention can be operated
continuously as represented and described here by working
with two rotary furnaces arranged in series, where the
handling costs are extremely low, since the process can then
run practically fully automated and almost without
attendants, which represents a considerable advantage in high
wage countries. The process can however also be operated with
a single rotary furnace, in which case the operation is
carried out in batches. In this case of course the second hot
filter and the second wet cleanser can be dispensed with.
This represents yet a further reduction in the already very
low investment costs, which makes the process acceptable in
developing countries as well, although the amount of work to



*run practically fully automated and al nost wi t hout attendants, which
represents a consi derabl e advantage in high wage countries. The process can
however al so be operated with a single rotary furnace, in which case the
operation is carried out in batches. In this case of course the second hot
filter and the second wet cleanser can be dispensed with. This represents
yet a further reduction in the already ygry |ow investment costs, which
makes the process acceptable in devel oping countries as well, although the
anount of work to - 15 - be perforned manually is increased. In sumary
t he fol | owenparfotedateanially drdemdreasediice the installation costs for
carrying out a process of recycling unsorted batteries, a substantially
sinplified process is proposed. In it the unsorted batteries as they arrive

from t he dimspousnanyy|ihe il awing awy dgmnetiegedilng dndetetq reduaeodie a
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which the & é@mqnﬁ}ur@jﬁtqué% o°dhd10 c$r00c°&rbﬁ§>§t |aori>ec:awdag>a‘+ Prefemablo t he
metal W NG Praressndtds. The resulting combustion gases are led over

a gas cleansing installation (7) consisting of the known
elements dust filter (4), wet washing filter (5) and active
charcoal filter (6). The oxidised product of combustion (P)
resulting from the combustion is fed to the metal winning
process (8). The product of combustion (P) can be burned once
again in a further or later step by the rotary furnace (3)
after mixing with a reducing substance, coal, after which the
resulting reductive product of combustion can again be fed to
the metal winning process (8).



'+ 167 - Clains 1. Process for the recycling of dry batteries or '
batteries containing cadm um zinc, lead or alkaline netals using pyrolitic
met hods, wherein the batteries need not be sorted, characterised in that
the batteries are put into a shredder which continually charges a furnace;
in that in the furnace an oxidative conbustion is per "u mlL st 30 -
mnutes at a tenperature or tenperatureggbetween [erérl m I mnﬂﬁmnﬂeby

a) Mercury evaporates and is separated off by known nethofis,t b)* paper and
pl asti c conponents are burned, and c) a product of conbustion (P) is
produced during oxidation of netals; and in that the oxidi s&dg&8yd®Etptof
conbustion (P) is fed directly or indirectly as a raw material to a process
for the winning of netals. 2. Process in accordance with claiml
characterised in that the oxidation takes place at a tenperature between
6000C and di§fids 3- Process in accordance with claim1 characterised in
that the oxirdafilon occurs at a tenperature increasing in the direction of
passage through the furnace. 4. Process in accordance with one of the
claims 1 ti0, 3 EiyRaisLiciedle ddiclliiigy e@riaist et teakes pradatdedirg
continuous notion. of. t.he p uct of .conblist idon an kC(inti nyous ]_suml):pl.yf1 of a
gas mixture coﬁ%ﬂﬁﬂﬁﬂ}ﬁ%qf 1lm,” zifg,” lead or-alkaline metals Using

pyrolitic methods, wherein the batteries need not be

sorted,

characterised in that the batteries are put into a
shredder which continually charges a furnace; in that in
the furnace an oxidative combustion is performed for at
least 30 minutes at a temperature or temperatures
between 400°C and 900°C, whereby ‘

a) Mercury evaporates and is separated off by known
methods, .

b) paper and plastic components are burned, and

c) a product of combustion (P) is produced during
oxidation of metals;

and in that the oxidised product of combustion (P) is
fed directly or indirectly as a raw material to a

process for the winning of metals.

2. Process in accordance with claim 1 characterised in that
the oxidation takes place at a temperature between 600°C
and 700°C.

3. Process in accordance with claim 1 characterised in that
the oxidation occurs at a temperature increasing in the
direction of passage through the furnace.

4. Process in accordance with one of the claims 1 to 3
characterised in that the combustion takes place during
continuous motion of the product of combustion and

continuous supply of a gas mixture containing oxygen.



+5. -.Process in accordance with one of the clains 1 to 4 characterised in
that the conbustion is perforned in a rotary furnace. 6. Process in
accordance with one of the clains 1 to 5 charact eri-sed—n—+that—the_oxidi sed

product of conbustion (P) is fed to the zinc/cadm u r l.ead w nning
process. 7. Process in accordance with one of theWH ",t" uu
characterised in that the oxidised prodygt_of conbus * cted

to a second, reductive conbustion on adgltion of coal at an increased
tenperature of [err] to [err], however preferably between [err] and [err],
wherein the gaseous conponents are renoved and the remaining reductive

product of_ co stion P ). 0 _f.h t al M _nni cess. 8.
Process for rg?yrcﬂc%er%k bat taedrclsoé-‘fs(fa\%n(’fecr‘f}lctgln{ggﬁen c)c’:fa %%u%}qag:;"%c? ﬁ;ga% or

al kal i ne net al shastaafepyimmdetial [thadi ddle eombydgs ionhdse peydormedeines need
not be sorted gng RAefy&sent in shredded or unshredded form
characterised by t follow ng procedural steps: - the batteries,

constituents of the batteries or of the scrap forned therefrom are oxi di sed
?t t]errper aé.]y_rea:xiutae%t [ia1 {a]cctcﬁrd%frﬁfeabﬁ)tlﬁbn{eemekgieurcﬂ%ih@ veewr [serr] atnd
err] inafirs r eat nen ep, erein water any nercur onpanent s
Lhat | may be pr CHATSCRARIBIEG CIb R G SRS ROt i FoEURtia
gaseous and vol @) lis dedbtid ushe ziofc Adaenfiiums tand/eat deeid stiemiage cl eaned;
- the solid pn§¥g§ ég conmbustion resulting fromthe first treatnent step
i arter

Is treated aga addition of a reducing nedium at tenperatures
between [err] and

7. Process in accordance with one of the claims 1 to 5
characterised in that the oxidised product of combustion
(P) is subjected to a second, reductive combustion on
addition of coal at an increased temperature of 500°C to
1300°C, however preferably between 700°C and 1100°C,
wherein the gaseous components are removed and the
remaining reductive product of combustion (P') is fed to
the metal winning process.

8. Process for recycling batteries which contain cadmium,
zinc, lead or alkaline metals using pyrometallurgical
methods, where the batteries need not be sorted and can
be present in shredded or unshredded form, characterised
by the following procedural steps:

- the batteries, constituents of the batteries or of the
scrap formed therefrom are oxidised at temperatures
below 9200°C, preferably at temperatures between 500°C
and 850°C in a first treatment step, wherein water and
any mercury components that may be present evaporate and
organic components are burned;

- the gaseous and volatile constituents of the first
treatment step are cleaned;

- the solid product of combustion resulting from the
first treatment step is treated again after addition of
a reducing medium at temperatures between 900°C and



“r 18" - [err], where the slag is reduced and the evaporating zinc,
cadmum |ead or al kaline netal conpounds are oxidised in the gas phase
above the slag and bl own out; - the oxidised co
reduced conponents (P2, P2') of the second treathent step are separately
delivered to different netal wi nning industries. Qum“mm “l’ﬂﬁﬁcordance
with claim8 characterised in that the pgocess i$ CEmEM By A tches by
repetition in a single rotary furnace (4). 10. ProcCces$ in accordance with
claim8 characterised in that the process is carried out successively in
two rotary furn2009d,4where the Blagedis medacedr dadcthei erapbaatni b
characterised i at, .t o] i r.ats hn 2 Process in
accor dance wﬁtﬁﬁé%giE?ﬁinéﬁﬂl?%%ﬁafgbgggﬁggggi%g?hgtggpikégg% PRE first
rotary furnace oidgmeskdas $ihge gaenphiase abovesthesglag aAndeRdoWn QHE /i s
operated with a @3RI RtiHentsoNBIe a8 thel ¢edueelhe entrance
side. 13. Process in accor@ggcgg&%th one of the clains 9 to

c

12
charact eri sed iGPURTRERAY p&falBe PSPPI EECALBRTENECEBNAES! of the
rotational speedpairatedy dedriwenedaee dif fatrentasictalewdhntife rotary
furnaces and bgidﬁ%éf¥2grwuion. 14. Process in accordance with one of the
claims 9 to 13 &ffaracteri'sed in that in both treatment stages the slag and
the air are noved in counterflow to one another. -19- 15. Process in

accordancey W t by dy ithedAdmR Wtdl claim 8 characterised in that

the process is carried out in batches by repetition in a

gsingle rotary furnace (4).

10. Process in accordance with claim 8 characterised in that
the process is carried out successively in two rotary
furnaces (4, 9).

11. Process in accordance with claim 10 characterised in
that the process is operated continuously.

12. Process in accordanhce with claim 10 or 11 characterised
in that at least the first rotary furnace is of
excessive length, i.e. 25 - 50 m in length, and is
operated with a temperature gradient from the exit side
to the entrance side.

13. Process in accordance with one of the claims 9 to 12
characterised in that the process parameters result from
the control of the rotational speed of the rotary
furnace or at least one of the rotary furnaces and by
its inclination.

14. Process in accordance with one of the claims 9 to 13
characterised in that in both treatment stages the slag
and the air are moved in counterflow to one another.



:characterised in that the netals (Pl) evaporated and oxidised in the second
treatnent stage are fed to the |l ead and zinc wi nning process. 16. Process
in accordance with one of the clains 8 to 15 characterised in that the
reduced slag (P2, P2') of the second treatnent step 1S fed to the steel
and/ or manganese Wi nni ng process. 17. Process in dac | of the
clains 8 to 16 characterised in that. thgcgnbusti_dnTﬂ“B@@E"ﬂ"&lHﬂilst
treatment stage are successively |ed over a hot fillter ) «Cl eaner
(61) and an active charcoal filter (62). 18. Procéss in accordance with
claim 17 dtar acreydesad iim dduairdaneeC orpbnenies ofetthieniclgims Bheohai fil ter
(60) are fed b Q,,t i reat t ) Pr I.n ;accaor dance
with one of the'C Ité—’}crtr:ser]%%eé ]S.ltt? C h%%ag?%r imgeté:%aisn](%%&t et?’%g%zrﬁggdo%nt%he second
treat ment st ageXidisss dn die wesiend dngativensolstioige saet £e@PRp &he
separated of f. 12009 RHRCESHid RrideQk oWt h one of the clainms 8 to 19
characterised in that the netals ( 1? evaporated and oxi dised in the second
treatment stage are separated out of the exhaust gases by a hot filter

(111). 21.3d nsteddcedePid Qiccxrdatided wilth e REFOEHSS caad@isdisngd asone of

the clainms ]'t(%ﬁg%acterised in that the reduced slag (P2, P2') of the

second treatment step is fed to the steel and/or

manganese winning process.

17. Process in accordance with one of the claims 8 to 16
characterised in that the combustion gases of the first
treatment stage are successively led over a hot filter .
(60), a wet cleaner (61) and an active charcoal filter
(62) .

18. Process in accordance with claim 17 characterised in
that the components remaining in the hot filter (60) are
fed back to the first treatment step.

19. Process in accordance with one of the claims 8 to 18
characterised in that the slag of the second treatment
stage is cooled and washed and the soluble salts (P3)
are separated off.

20. Process in accordance with one of the claims 8 to 19
characterised in that the metals (P1l) evaporated and
oxidised in the second treatment Stage are separated out
of the exhaust gases by a hot filter (111).

21. 1Installation for carrying out the process according to
one of the claims 1 to 20.



