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ANTIMONY LEAD ALLOYS (71)   We, VARTA AKTIENGESELLSCHAFT. unless the
antimony content is higher than a Company organised under the Laws of  6%.
Germany, of Neue Mainzer Strasse 54.   British Patent Specification No.
622,512 6000&  Frankfurt am Main, Germany, do  proposes to construct
positive grids for lead 5 hereby declare the invention, for which we
accumulators from a lead alloy containing 50 pray that a patent may be
granted to. us,  1.0-5% Sb and an admixture of 0.005 to and the method by
which it is to be per-  0.5% Se. The purpose of adding selenium formed, to
be particularly described in and  is to reduce or suppress the tendency to
by the following statement: -          crack when the grids cool after
casting. *10  The invention relates to a low-antimony    It has been shown
that such low-antimony 55 lead alloy suitable for the manufacture of
alloys containing from  1-3.5%  antimony accumulator grids.
do not crack after casting, but the grids are As is known, lead accumulator
grids are  too soft to be used in the manufacture of usually made from a
Pb-Sb alloy containing  accumulator plates. If the  grids are 15 6-11%
antimony. The antimony gives the  hardened by subsequent heat-treatment,
e.g. 60 required strength and casting properties to  by solution heat
treatment and subsequent lead which, when pure, is very soft and
precipitation or aging, there is a decrease in unsuitable for manufacturing
accumulator  toughness and the grids become brittle and grids. The antimony
in the alloys is expen-  break under mechanical stress. 20 sive and
considerably increases the cost of   Consequently, alloys according to the
65 manufacturing the grids. Self-discharging  said British Patent
Specification are too of the accumulator and gas formation in-  soft and,
more particularly, take an exces- crease with increasing antimony content,
sive time to harden and become too brittle and antimony ions migrate to the
negative  if heat-treated in order to obtain the re- 25 electrode of the
accumulator and poison it  quired strength.                 70 during
operation.                        British Patent Specification No.
1,105,548 Attempts have therefore been made to  describes antimony-free
alloys for lead reduce to a minimum the antimony content  accumulator
grids, the alloys comprising Pb, of grids for lead accumulators.        Te,
Ag and As. These alloys are, however, 30  Although the required strength
can easily  usually too soft and have therefore not been 75 be obtained, it
is impossible to manufacture  used in the manufacture of accumulators.
satisfactory accumulator grids containing    It is an object of the
invention to provide lead and 1.0-3.5%  antimony only, since  a
low-antimony Pb, Sb alloy suitable for they  are  brittle and  tend  to
crack, casting into accumulator grids which can 35 apparently as a result
of coarse dendritic  *be given an appropriate hardness, tensile 80
solidification and the resulting flaws in cast-  strength and toughness
merely by cooling ing (such as cavities and microporosity).   the cast
grids in air or by cooling them As an example of an' attempt to reduce
with a water spray, and without the use of the 'antimony content to a
minimum, U.S.  an additional solution heat treatment. Such 40 Patent
Specification No. 2,148,741 discloses  additional heat treatment, while it
will im- 85 an alloy containing Sb, Sn and As or Cu or  prove hardness upon
aging has the disad- Se. However, an alloy containing e.g. only  vantage
that a reduction in toughness As and Cu' has a considerable tendency to
occurs. cracking and brittleness, whereas Se ad-   It is a further object
of the invention to 45 mixtures cannot give the necessary hardness  provide
a low-antimony Pb, Sb alloy which 90 (Price 33p]'            SPE(:tFIGAC#D
--SEE, ATTACHED  SUP  
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2 retains its casting properties and casting  has hardly any effect on the
strength. The performance even in the production of thin  arsenic obviates
the need for subsequent accumulator grids, e.g. for starter batteries,
heat treatment, which may reduce tough- and which gives, grids having high
resistance  ness. The tin considerably improves the 5 to corrosion when
subjected  to severe  casting properties and casting performance, 79
electrochemical stress.                 and the silver stabilises the
structure, in- According to the invention, the alloy  creases the toughness
and improves the comprises 1.0-3.5% especially 1.5-3.5% Sb, resistance to.
corrosion. 0.025-0.2%  As, 0.005-0.1%o Se, and 0.01-   In order to ensure
that the accumulator 10 0.5%  Sn, the remainder being Pb and  grids are
manufactured in an efficient 75 impurities.
manner, they have to be given the re- It will be understood that the alloy
quired strength in a short time. An ad- according to the invention may be
given a  mixture of about 0.05%  arsenic has an heat treatment subsequent
to casting when-  excellent effect in increasing the speed and 15 ever such
heat treatment is found to be  extent of age hardening. This is because 80
desirable or necessary.                 the aforementioned proportion of
approx- In the case of alloys for positive grids of  imately 0.05% is the
maximum solubility industrial accumulators and thin positive  of arsenic in
the lead crystal lattice, which starter grids, from  0.025-0.11%  Ag may
has an excellent effect during age hardening. 20 with particular advantage
be added to the  If the proportion of arsenic is much higher 85 alloy. The
silver stabilises the structure of  than 0.05% it is retained as a
heterogeneous the alloy, increases resistance to corrosion, phase, which
interferes with the age harden- suppresses the formation of coarse grains
ing, thus reducing the resulting increase in during any heat treatment to
which the  strength. 25 alloy may be subjected and suppresses dis-    The
optimum proportion of tin is 0.02%. 90 continuous precipitation which would
other-  If the tin content is between 0.01 and wise result in a reduction
in toughness.    0.03%, the fluidity and the casting per- Good results, in
the case of severely-  formance are considerably improved. If stressed
industrial and starter grids, have  the proportion is less than 0.01%, the
tin 30 been obtained with alloys comprising 1.5-  no longer has a good
effect, whereas a 95 2,8%o e.g. 2.2-2.8%  Sb, 0.03-0.06%  As, proportion of
more than 0.03%1b results in 0.01-0.1%   e.g.  0.01-0.04%    Se,  and  an
alloy which is too fluid during casting 0.015-0.03% Sn, the remainder being
lead.  and in the formation of fibre-like structures As before Ag may
advantageously be added,  in the alloy. 35 preferably in an amount of
0.03-0.06%.    As already mentioned, the arsenic in- 100 In order to be
suitable for lead accumu-  creases the rate and degree of age harden- lator
grids, the alloys need a minimum  ing. In the case of alloys not containing
hardness on the Brinell Hardness Test  arsenic, the required temperature of
the Specified in British Standard Specification  heat treatment for
obtaining the required 40 No. 240: Part 1: 1962 using 25 "Kilo-  hardness
is 2250C, whereas in the case of 105 ponds" (Kilogram force) with a 5 mm
dia-  alloys containing arsenic according to the meter ball for 30 seconds,
of 11-13 kg/mm2.  invention, the required hardness is obtained Pb-Sb alloys
need to contain at least 6.'5%   by carrying out a solution treatment at a
Sb if the natural hardness of the grids is  temperature of 2000C. Since the
grids have 45 to be greater than the required hardness. a temperature of
200-225C 'on leaving the 110 The term  "natural hardness" denotes the
casting mould, the reduction in the harden- hardness of the cast grid when
not sub-  ing temperature to 2000C has considerable jected to heat
treatment after casting. In  economic advantages, since an additional the
case of known alloys containing be-  subsequent heat treatment can thus be
50 tween 1.5 and 6.5% antimony, the difference  omitted. Consequently,
alloys containing 115 between the natural and the required hard-  arsenic
can 'be given the required hardness ness has to be made up by heat
treatment.  in a reasonable aging time. If the grids are Thus, in the known
low-antimony Pb, Sb  sprayed with water immediately after re- alloys, the
difference between the natural  moval from the mould, the extent and speed
55 and the required hardness can be compen-  of hardening can be further
improved, or 120 sated by a heat treatment including a solu-  the antimony
content can be further re- tion treatment, that is by heating  at duced.
within the* range 1-3.5%. Grids temperatures above 2250C, followed by
containing arsenic and selenium and up to aging for a suitable time, e.g.
approximately  approx. 2%  antimony can be given the 



60 1 week. The solution treatment is e.g. required  hardness by  aging  at
room 125 carried out at 225-250o C for 30-60 minutes  temperature after
casting, and grids contain- iporder to obtain the required hardness  ing up
to 1.5% antimony can be given the dbtng the subsequent- aging.
-required hardness 'by spraying with water The selenium added to the alloy
of the after casting and subsequent aging at room 65 present invention
decreases cracking but temperature. The aging time required to 130    3
1 401479                                      3 produce the desired level
of alloy hardness  coarse grains are still formed during heat is moderate,
being approximately 1 week. treatment. rhe tin also improvcs the casting
properties    WHAT WE CLAIM IS: - and increases the casting performance.
The    1. An antimony lead alloy which com- 50 5 silver, when present,
stabilises the structure,  prises 1.0-3.591o Sb, 0.025-0.2% As, 0.005-
increases the toughness (ductility) and im-  0. 1% Se, 0.01-0.5%o Sn, the
remainder being proves the resistance to corrosion.     lead and
impurities. The combination of Pb, Sb, As, Se, Sn    2. An antimony lead
alloy which com- and Ag can increase the strength of low-  prises 1.5-3.5%
Sb, 0.025-0.2%  As, 0.005- 55 1 10 antimony alloys without impairing  the
0.1% Se, 0.01-0.5 Sn, the remainder being ductility by more than 5%;`b, and
without lead and impurities. impairing the toughness. There is also a    3.
An antimony lead alloy according to considerable improvement in the casting
Claim 1 or Claim 2 in which the selenium properties and casting
performance, and an  content is 0.01-0.1%.             60 15 increase in
the resistance to corrosion. A    4. An antimony lead alloy as claimed in
hardness of up to approximately 28 kg/mm2  Claim 1 or Claim 2 or Claim 3
which in- can be obtained by solution treatment sub-  cludes 0.025-0.1% Ag.
sequent to casting, for 15-60 minutes at   5. An antimony lead alloy as
claimed in 200-2451C followed by spraying or quench- in Claim 1 which
comprises 2.2-2.8%  Sb, 65 20 ing the grids with water, and aging at room
0.03-0.06% As, 0.01-0.04o Se, and 0.015- temperature.
0.03% Sn, the remainder being lead and The higher temperature and longer
dura-  impurities. tion of heat treatment during such subse-   6. An
antimony lead alloy as claimed quent solution treatment, followed by aging
in Claim 1 which comprises 2,2-2.8% Sb, 70 25 at room temperature, reduce
the ductility  0.03-0.06% As, 0.01-0.04% Se, and 0.015- and toughness of
the low-antimony Pb-Sb  0.03%  Sn, the remainder being lead and alloys
containing As, Se and Sn admixtures.  impurities. The reduction in
ductility is due to the    7. A low-antimony lead alloy as claimed
formation of coarse grains during the solu-  in Claim 4 which comprises
1.5-2.8% Sb, 75 30 tion treatment, and to discontinuous pre- -0.03-0.06%
As, 0.01-0.04% Se, 0.015-0.03%0 cipitation during aging. By using the alloy
Sn and 0.03-0.06% Ag, the remainder being according to the invention the
speed of  lead and impurities. migration  of grain  boundaries during    8.
A low-antimony lead alloy as claimed solution heat treatment is reduced as
is the  in Claim 4, which comprises 2.2-2.8% Sb, 80 35 speed of
discontinuous precipitation during  0.03-0.06% As, 0.01-0.04% Se,
0.015-0.03% aging is reduced. The decrease in the migra-  Sn and 0.03-0.06%
Ag, the remainder being tion of grain boundaries limits the forma-  lead
and impurities. tion of coarse grains. Since the rate of   9. An
accummulator grid when made discontinuous precipitation is reduced, con-
from an alloy as claimed in any one of 85 40 tinuous precipitation usually
anticipates and  Claims 1 to 7. consequently prevents discontinuous pre-
10. A lead acid battery in which the cipitation. Discontinuous
precipitation can  grids are as claimed in Claim 9. also be appreciably
reduced by aging at relatively high temperatures, e.g. up to       EDWARD
EVANS & CO. 45 1000C, even in the case of alloys not con-     Chartered
Patent Agents taining silver. If no silver is added, however,  Agents for
the Applicants. Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent
Office, 25 Southampton Buildings, London. NVC2A IAY, from which copies may
be obtained.    
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11 111s  3 produce the desired level of alloy hardness  coarse grains are
still formed during heat is moderate, being approximately 1 week.
treatment. The tin also improves the casting properties    WHAT WE CLAIM
IS: - and increases the casting performance. The    1. An antimony lead
alloy which com- 50 5 silver, when present, stabilises the structure,
prises 1.0-3.5% Sb, 0.025-0.2%o As, 0.005- increases the toughness
(ductility) and im-  0.1% Se, 0.01-0.5% Sn, the remainder being proves the
resistance to corrosion.     lead and impurities. The combination of Pb,
Sb, As, Se, Sn    2. An antimony lead alloy which com- and Ag can increase
the strength of low-  prises 1.5-3.5%  Sb, 0.025-0.2%  As, 0.005- 55 10
antimony alloys without impairing the  0.1% Se, 0.01-0.5 Sn, the remainder
being ductility by more than 5%, and without  lead and impurities.
impairing the toughness. There is also a    3. An antimony lead alloy
according to considerable improvement in the casting  Claim 1 or Claim 2 in
which the selenium properties and casting performance, and an  content is
0.01-0.1%.              60 15 increase in the resistance to corrosion. A
4. An antimony lead alloy as claimed in hardness of up to approximately 28
kg/mm2  Claim 1 or Claim 2 or Claim 3 which in- can be obtained by solution
treatment sub-  cludes 0.025-0.11% Ag. sequent to casting, for 15-60
minutes at   5. 'An antimony lead alloy as claimed in 200-2'450C followed
by spraying or quench-  in Claim  1 which comprises 2.2-2.8%  Sb, 65 20 ing
the grids with water, and aging at room   0.03-0.06%1o As, 0.01-0.04% Se,
and 0.015- temperature.                            0.03%  Sn, the remainder
being lead and The higher temperature and longer dura-  impurities. tion of
heat treatment during such subse-   6. An antimony lead alloy as claimed
quent solution treatment, followed by aging  in Claim 1 which comprises
2,2-2.8%  Sb, 70 25 at room temperature, reduce the ductility  0.03-0.06%o
As, 0.01-0.04% Se, and 0.015- and toughness of the low-antimony Pb-Sb
0.03%  Sn, the remainder being lead and alloys containing As, Se and Sn
admixtures.  impurities. The reduction in ductility is due to the    7. A
low-antimony lead alloy as claimed formation of coarse grains during the
solu-  in Claim 4 which comprises 1.5-2.8%  Sb, 75 30 tion treatment, and
to discontinuous pre-  0.03-0.06% As, 0.01-0.04% Se, 0.015-0.03% cipitation
during aging. By using the alloy  Sn and 0.03-0.06% Ag, the remainder being
according to the invention the speed of  lead and impurities. migration  of
grain  boundaries  during    8. A low-antimony lead alloy as claimed
solution heat treatment is reduced as is the  in Claim 4, which comprises
2.2-2.8%  Sb, 80 35 speed of discontinuous precipitation during  0.03-0.06%
As, 0.01-0.04% Se, 0.015-0.03% aging is reduced. The decrease in the migra-
Sn and 0.03-0.06%1o Ag, the remainder being tion of grain boundaries limits
the forma-  lead and impurities. tion of coarse grains. Since the rate of
9. An accummulator grid when made discontinuous precipitation is reduced,
con-  from  an alloy as claimed in any one of 85 40 tinuous precipitation
usually anticipates and  Claims 1 to 7. consequently prevents discontinuous
pre-    10. A lead acid battery in which the cipitation. Discontinuous
precipitation can  grids are as claimed in Claim 9. also be appreciably
reduced by aging at relatively high temperatures, e.g. up to       EDWARD
EVANS & CO. 45 1000C, even in the case of alloys not con-      Chartered
Patent Agents taining silver. If no silver is added, however,  Agents for
the Applicants. Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1975. Published at the Patent
Office, 25 Southampton Buildings, London. WC2A lAY, from which copies may
be obtained.    SPECIFICATION NO 1401479 By a direction given under Section
17 (1) of the Patents Act 1949 this application proceeded in the name of
VARTA BATTERIE AG. A German Company of Stockener Strasse 351, 3000
Hannover, Federal Republic of Germany, formerly of Gendelhardtstrasse 72,
6233 Kelkheim/Taunus, Germany. THE PATENT OFFICE
R 24032/11    


