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METHOD FOR CLEANING ALUMINUM AT LOW TEMPERATURES

PCI/US93/04316

Technical Field

This invention relates to the cleaning of aluminum surfaces. In particular, it
i directed to the cleaning of the surfaces of aluminum cans formed by a cold forming
operation.

Background Art .

After can formation by cold forming, aluminum fines, lubricating oils and
other contaminants remain oa the surface. It is nrecessary to clean the surface
thoroughly prior to the further treatment which often includes the application of one
or more surface coatings.

Early cleaning compositions for aluminum surfaces proposed the use of aque-
ous acidic compositions either alone or with added fluoride a¢ temperatures in the
range of 185 to 200 ° F (85 to 93 ° C). 1In United States patent 4,009,115 and its
Re-Issue No. 32,661, Binas proposed the addition of 0.05 to 0.1 grams per liter of
hydrofluoric acid as a means of reducing the processing temperature to within the

‘range of 90 to 135 ° F (32 to S7 ° C). The compositions proposed by Binns

preferably contain 0.1 to 10 grams per litec of a surfactant which could be anionic,
cationic or nonlonic.

King et al. in United States patent specification 3,969,135 proposed the use
of an agueous acidic cleaning 'composiﬁon containing a blend of two surfactants. This
composition was also suitable for relatively low temperature use and preferably con-
tained 0.01 to 0.4 weight percent of a fluoride accelerator. The surfactants proposed
by King et al. (hereinafier abbreviated as simply "King") were a polyalkoxylated
straight chain alcohol and a polyalkylene glycol-abietic acld surfactant. The King
compositions are currently used in one or more, preferably at least two, cleaning
stages in the commescial production of aluminum cans, but not usually ir the first |
stage. Normal current practice is to provide most of the acidity in the precleaning
stage, immediately before washing the cans with a cleaner composition as taught by
King, by directing part of the acid cleaner washing solution into the pre-cleaner wash-
ing solution, which otherwise consists largely of tap water, with optional additions
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of acid. When a second sﬁgs acxdwashmg solution as taught by King is used in this

. manner, the ratio between the two kinds of surfactants normally will be the same in

the first stage as in the second, if nothing else is added to the first stage solution,
inasmuch as'no preferential dragout of one type of surfactant has been observed.
Washing operations with solutions that include nonionic surfactants are nor-
mally. pbndncwd at or al}ghtly below the cloud point of thé washing sofution, which
is the temperature at which the surfactant comes out of or gées into aqueous solution

. with changing temperature. Itisa chiractr.ﬁstic of most nonionic surfactants, includ-

ing those taught by ng as noted above, that they become less soluble in water as
the temperature of an aqueouuurfantant composition is raised. At temperatuces sig-
nificantly below the cloud point of 2 particular composition, foaming of the aqueous
solution. generally occurs quite’easlly, and it is desirsble to avoid foaming in the
present washing operatiens. If the temperature of the composition is too far above
the cloud point, separation of the surfactant from the hqueous medism occurs and

leads to a loss of detergent ability and a loss of the actual surfactant material.

Accordingly, the present washing opexattons are norm!ly conducted at or below the
cloud point where the detergent ability of the composlt:on is still effective and
foaming can be minimized. :
- Problems fo e Solved by the o

While the methods described above are effective in cleaning the aluminum sur-
faces, removal of oll from thé used 'waslﬁng_ solutions is necessary to prevent environ-
mental pollution upon discharge of the used solutions. It is therefore an object of the
present invention o provide a method which will not only be cost effective but will

 also allow an easler separation from the used washing solution of the.oil which that

solution has removed from the washed surface.’ Another objeet. of the present inven-
tion is to proudeamethod ofcteaumg surfaces which will use the improved cleaning
method in conjuncuon with the composition and équipment of the kind currendy used
in the production of aluminum cans. Still anothér cbject of the invention is to provide
a pracess for satisfactory cleaning at a Jower temperature than prior art processes,

thereby making more eeonomical operauon possible. - Other objects will be apparent

from the descnpnon befow.
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In one of its major embodiments, the present invention is based on the discov-
ery that the ratio of the concentration of polyalkoxylated alcohol surfactant to the
concentration of polyalkylene glycol-abietic acid surfactant (this ratio being
hereinafter briefly denoted "the surfactant ratio®) that is optimum for the acid cleaner
smge as taught in the King patent already noted above is not usualiy optimum for the
pre-cleaning stage used immediately before the acid cleaner. In addition,
independently, it has been discovered that the acid composition normally used in an
acid cleaning solution as taught by King can usefully be supplemented with additional
sulfuric acid for the pre-cleaner stage. Accordingly, one embodiment of the inveation
is the provision of a prewashing solution composition with these improved
characteristics before, preferably immediately before, a conventional acid cleaning
sojution in a cieaning operation with at least two stages.

Both these improvements in the pre-cleaner solution can convenientdy be
achieved by adding to it during the course of the washing process a replenisher com-
position that comprises, more preferably consists essentlally of, or still more
preferably consists of water, sulfuric acid, and a polyalkoxylated straight or branched,
but preferably straight, chain alcohol sucfactant. The content of sulfuric acid in the
replenisher composition is preferably determined by the pH required in use of the
composition, and the content of surfactant is adjusted to maintain the stability of the
composition. In particular, the composition may contain S to SO per cent by weight
of sulfuric acid and 0.5 to 40 per cent by weight of said surfactant.

In the method of one embodiment of the invention, such a composition is add-
ed to a washing solution as a replenisher composition in d stage preceding, preferably
immediately preceding, a conventional acid cleaner stage, such as is taught by Binns
or King. The use of such a composition as a replenisher is another aspect of the

PCT/US93/04316

present invention.
Detalled Description of the invent
The pre-cleaner stage of a process according to one embodiment of this. inven-
tion preferably contains both of (i) a component of polyalkoxylated straight or
branched chain, preferably straight chain, alcohol surfactant and (ii) a component of
polyalkylene glycol-abietic acid surfactant as taught by King. However, the ratio be-
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nveentheéetwn-typesh_ﬂlepte-clenncr stage c;fapro;:ess according to this invention
prefarably is within the range from O.4: ; 0 3.0:1, miore preferably withini the range
from 0.7:1 to-2.0:1, still more preferably within the rangs from 0.9:1.0 to 1.3:1.0,
and most preferably within the range from £.0:1.0 to 1.2:1.0. (In contrast, the most
s  preferred range for the second acid cleaner stage as tanght by King, and as preferably
used as the next subsequent process in this invention, afler the pre-cleaner stage as
described above, is ahout 0.3) Independently, the pH of the pre-cleaning solution in
a process according to this i;:vénﬁpn is preferably within the range from 1.4 to 2.0,
more preferably within the range from 1.6 to 2.0, or still more preferably within the
o - range from 1.75 to 1.85, ‘and this pH is preferably achieved by adding to. the water
- used for the pre-cleaning solution only sulfuic acid, in addition to whatever acid is
added by countercurrent flow from the subsequent cfeaner stage solution.
In a preferred embodiment, the values as described above for the pre-cieaner
stage solution are achieved by adding fo the original solution during the continued
1% operation of the process a pre-cleaner replenisher composition, in addition to a
' counterflow from the su!mﬁuent acid cleaner solution stage. A pre-cleaner
replenisher composition for the present invention comprises, more preferably consists
essentially of, or still more preferably consists of, a stable aqueous solution of
sulfuric acid with a polyalkoxylated straight or branched chain alcohol surfactant.
20 This improved composition is formulated to be used as a zeplenisher for the pre-
cleaner washing solution which is actually applied to the aluminum surfaces. It may
be used alone but is preferably formulated for use in co-operation with the type of
 composition proposed by King et al., using successive cleaning stages in the can
washing equipment. ‘The relative concentration of the components in the composition
ze of the present invention will preferably depend upon the type of system in which the
composition is to be used, that is whether the composition is to be used alone ot in
| conjunction with one of the known cleaning compositions.
It has been found that a stable and satisfactory pre-cleaner replmisher compo-
sition in accordance with thepresent invention can be prepared containing 5 to 50 per
@ cent by weight of sulfuric acid and 0.5 to 40 per cent by weight of surfactant.
Preferably, the composition contains 30 to 41 per cent by weight of sulfuric acid and
4 t0 10 per cent by weight of surfactant; most preferably 41 per cent by weight of
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sulfuric acid is used. The sulfuric acid content can be varied depending on the way
in which the composition is to be used and any such variation will preferably be ac-
companied by a corresponding variation in the range of surfactant material present.
However, once the acid content has been determined, the surfactant content to provide
an optimally stable and usefvl composition can also readily be determined. )

The acid content may require variation depending upon the amount and type
of material to be cleaned from the surfaces being treated. This will vary with the
type of lubricant used in the can formation and with other factors such as the
condition of the forming equipment.

Suitable polyalkoxylated straight or branched chain alcohol surfactants are
known in the art as nonionic surfactants, They include those sold uader the trade
names Antarox LF 330, Teric 165 and Trycol LF 1. These surfactants are known
to have a low cloud point and their use in the present compositions assists in further
lowering the temperature at which the washing operation is conducted.

1t has been found that the compositions of the present invention can be used
to sipnificantly tower the pH of the pre-cleaner washing solution in use from the
value that it would have if acidified by counterflow from a subsequent acid cleaner
stage alone. The reduction in pH which can be thus achieved has been found to
improve the cleaning efficiency of the washing solution and the efficiency with which
oil can removed. : .

In a preferred application of the present invention, the improved composition
is used in the first of two stages of a washing operation, the second stage using either
a known composition of the type proposed by King et al or a composition of this
known type modified to co-operate with the composition of the present inveation.
The following comparison exampls and example of this preferred use of the invention
will further assist an understanding of the benefits which the invention provides.
Comparison Example

In a can processing plant including a multi-stage washing section, cans leaving
the body maker-trimmer operation section travel on a perforated mat through a pre-
cieaner washing stage (stage 1) and then through a cleaner stage (stage 2). In ac-
cordance with the known wa.shing procedure, washing solution is initially made up
with the desired proportion of active ingredients. The composition of the washing so-
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lution is maintained by the addition of appropriats replenishér compositions to com-
pensate for the depletion of active materials as the washing procedure continues. The
washing solution is sprayed oves the can surfaces in the second section and a portion
of the washing composition; carrying aluminum, oils, and other materials removed
5 from the can in stage 2, nave!:inconnmrmxttozhamovementofﬂmcansm_
mge I.
Ina typlcal operatiori using a compouuon of the type suggested by King et al,
the washing solution used in thie stage 2 process contains a polyalkylene glycol-abietic
" acid surfactant blended.with a polyalkoxylated straight or branched ch‘ain alcohol. A
10 typical washing solution containing approximately 0.06S per cent of the abietic acid
derivative sold under the trade designation Teric RA 1315 and ayproximately 0. 023
per cent of the polyalkoxylated straight chain alcohal sold under the trade name
Antarox LF 330, as well ax slfuric acid and hydrofiuoric acid; provides eight points
of free acid in stage 2 at a pH of approximately 1.2. The amount of surfactant blead
® . andaudsusedmaccoxdmcewmuhi:pmcessmaybsvaﬂedtoptovidebmeen 3
to 20 points of free icid. :
The washing solution from stage 2 is counterflowed to stage 1 at a rate deter-
mined by measuring the amount of dissolved aluminum in the solution. The amount
~ of sulfuric acid in the washing solution i3 depleted because the acid dissolves alumi-
20 num in the course of its cleaning action. The balance of active components in the
" acld cleaner washing solution is maintained, most preferably by the addition of
appropriate amounts of & replenisher composition. (This replenisher composition for
the acid cleaner will normally have different composition from the pre-cleaner
replenisher that is part of this invention.)

. In a typical can washer, for a flow rate of washing solution from stage 2 to
stage 1 of five liters per minute, the amount of active acid cleaner replenisher compo-
sition is approximately 65 milliliters per minute. The rats at which the washing

-golution from stage 2 is added to the stage 1 washing process is- also controlied to
determine the amotnt of ftee acid¢ remaining in the washing solution used in pre-

30 cleaner stage 1. If the acid washms solution is added to stage 1 to provide one point
of free acid, thepH is appronmaﬁelyz.l If two points of free acid are added by the
srage 2 washing solution to stage 1, the pH is approximately 1.8.

6
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Example According to the Prescnt Invention
The known process described above can be improved by using a pre-cleaner
replenisher composition according to the present invention. Thus a pre-cleaner re-

§ plenisher composition as described above can be added to stage 1 to supplement the

s free acid content of the total washing solution in this stage. For example, if
- approximately one point of free acid in stage 1 is contributed by the counterflow of
the washing solution from stage 2, and approximately one point of free acid is
contributed by a preferred pre-cleaner replenisher composition for the present
invention, the additional polyalkoxylated straight or branched chain alcohol added by

10 the composition of the present invention changes the ratio of the concentration of
polyalkoxylated alcohot surfactant to the concentration of polyalkylene glycal-abietic
acid surfactant (“the surfactant ratio”) from approximately 0.3 to approximately 1.1,
thus significantly lowering the cloud point of the stage | washing solution. This
addition also alters the pH from approximately 2.1 to approximately 1.8.

18 It has been found that changing the surfactant ratio, by the addition of polyal-
koxylated straight or branched chain alcohol surfactant, to the stage 1 wathing
solution can lead to a reduction of approximately 10 ° C in the cloud point. The
extent to which the cloud point is lowered will directly influence the extent to which
oil is separated from the washing solution,

F Based on the use of approximately 65 milliliters of active replenisher composi-
tion per minute in the counterflowed stage 2 washing solution being required to main-
tain one point free acid in the stage one process, the amount of pre-cleaner
replenisher composition according to the present invention required would be
approximately 32 milliliters per minute or 50 liters per day.

] Use of an improved pre-cleaner replenishing composition of the invention as
described in the preceding example can be modified in accordance with the required
flow rates necessary to achieve efficient cleaning of the particular cans being
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1 processed and more efficient oil removal from the washing solution. In addition, the
' composition of the (generally different) replenisher solution added to the stage 2
¢ a0 cleaning process can be varied to take into account the effect of the improved

cleaning achieved in the stage 1 process by use of the cleaning composition of the
present invention. The composition of the replenisher added to the stage 2 processing
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may also be varied to allow for the effect, on the concentrations and ratios of its

" active materials, of the materials which may be carried over into-the stage 2 process,
by the cans moving from stage I, When an improved composition accarding to this
invention is used for the wash_ing solution in p:e-cl_eana' stage [.
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1. A can washing process comprising passing inidally soiled aluminum cans
through a pre-cleaner washing stage and a subsequent acid cleaner stage,
characterized in that the washing solution in the pre-cieaner washing stage comprises

s both of (i) a component of polyalkoxylated straight or branched chain alcohol
surfactant and (ii) a component of polyalkylene glycol-abietic acid surfactant, which
are maintained during the course of the process in a ratio of component () to
component (ii) within the range from 0.4:1 to 3.0:1.

2. Aprocess according to claim 1, wherein the ratic of component (i) to compon-
10 ent (ii) is within the range from 0.7:1 to 2.0:1.

3. A process according to claim 2, wherein the ratio of component (i) to compon-
ent (ii) is within the range from 0.9:1.0 to 1.3:1.0, and component (@) is selected
from polyalkoxylated straight chain alcohols.

4, A process according to claim 3, wherein the pH of the washing solution in the
. pre~cleaner washing stage is maintained during the course of the process within the
range from 1.75 to 1.85.

5. A process according to claim 2, wherein the pH of the washing solution in the
pre-cleaner washing stage is maintained during the course of the process within the
range from 1.6 t0 2.0.

%0 6. A process according ta claim 1, wherein the pH of the washing solution in the
pre-cleaner washing stage is maintained during the course of the process within the
range from 1.4 t0 2.0. '

:. This Sheet Has Been Replaced .
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7. A process according to any one of claims 1 to 6, wherein the washing solution for

the acid cleaner stage comprises both of (i) 2 component of polyalkoxylated straight

or branched chain aicohol ‘surfactant and Gif) 2 component of polyalkylene gly-
col-abietic acid surfactant, which are maintained during the course of the process in

a ratio’ of companent (i) to component (i) less than 0.4:1; during the course of the -

procass, a portion of the washing solution from the acld cleaner stage is countercur-
mnﬁy introduced into the pre-cleaner washing soiution; and during the course of the
Pprocess, 2 pre-cleaner replenisher composition consisting essentially of water, sulfuric
acid, and a comporient of potyalkoxylaned straight or branched chain aIcohol

* surfactant s also introduced into the pre-cleaner washing aoludon

8. A process accarding to-claim 7, wherein thepxe-elaner replenisher composi-
tion contains S to 50 per cent by weight of sulfuric acid and 0.5 to 40 per cent by

: ﬁeight of surfactant.

9. . A process accordmg to claim 8, wherein the pre-cleaner replenisher composi-
tion contains 30 to 41 per cent by weight of sulfuric acid and 4 to- 10 per cent by
weight of surfactant. '

10.  The use of a stable aqueous solution consisting essentially of water, sulfuric
acld and a component of polyalkoxylated straight or branched chain alcohol
surfactant as a pre-cleaner replenisher compogition to lower the pH of the washing
solution in the pre-cleaning stage of 2 washing process containing at least two stages,
including an acid cleaning stage followmg said pre-cleaning stage, for cleaning
initally soiled aluminum cans.

11. A use according to claim 10, wherein the pre-cleanet replenisher composition
contains § to SOpercentbywdghtofsulﬁ:ﬂc acid, and 0.5 to 40 per cent by weight

of surfactant. .

12. A useaccording to claim 11, whersin the pre-cleansr replenisher composition

" contains 30 to 41 per cent by weight of sulfunc acxd and 4 to 10 per cent by weight

of surfactant,
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