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[57] ABSTRACT 
Acid cleaning of aluminum surfaces is accomplished 
employing a composition comprising hydrofluoric acid 
and sulfuric acid. More specifically. this invention re 
late: to a composition and method for treating alumi 
num containers at low temperatures. 

9 Claims. No Drawings 
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CLEANING ALUMINUM AT LOW 
TEMPERATURES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in itallt: indicates the additions made 
by reissue. 

BACKGROUND OF INVENTION 
This it a continuation of reissue application Ser. No. 

189. 741. ?ied Sept. 23. 1980. now abandoned. 
This is a Continuation-ln-Part Application of Appli 

cation Ser. No. 442.726 filed on Feb. H». 1974 and now 
abandoned. 

Containers comprised of aluminum and alloys thereof 
are produced in a drawing and forming operation. re 
ferred to as drawing and ironing, which results in the 
deposition of lubricants and forming oils on the surface. 
in addition. residual aluminum ?nes. i.e. small particles 
of aluminum. are deposited on the interior and exterior 
surfaces of the container during the forming operation. 
Ordinarily. the exterior surface of the container will 
have smaller quantities of aluminum fines since during 
the drawing and ironing step the exterior surface is not 
subject to as much abrasion from the die as the interior 
surface. 

Prior to any processing steps. such as conversion 
coating and unitary lacquer deposition. the surfaces of 
the aluminum containers must be clean and water 
brealt-free so that there are no contaminants which 
prevent further processing and which render the con 
tainers unacceptable for use. 

Acid cleaners have been employed to clean the alumi 
num surfaces and to remove aluminum ?nes deposited 
on the interior walls of aluminum containers. Acid 
cleaning is ordinarily accomplished at temperatures 
from 185' F. to 200' F. in order to remove or dissolve 
the aluminum fines and to remove the lubricants and 
forming oils so that the surface is rendered water-break 
free. The cleanliness of the aluminum surface is mea 
surcd by the ability of the interior and exterior surfaces 
of the formed aluminum container to support a continu 
ous break-free film of water. that is to be water-break 
free. 
Due to the high temperatures at which cleaning is 

accomplished. that is from 185' F. to 200' E. and the 
acidity of the cleaning composition. the processing 
equipment employed to heat the cleaning composition. 
particularly the fire tubes of gu tired heat exchangers. 
are susceptible to corrosion. Furthermore. the high 
temperatures increase operating costs and fuel con 
sumption. 
Chromicacidoraaltsthereofhavebeenutilizedto 

minimise the corrosion of the processing equipment by 
inhibiting the corrosive attack of the acid cleaning com 
position on the processing equipment. An important 
shortcoming which cleaners of this kind possess is the 
inherent toxicity of the hexavalent and trivalent chro 
mium compounds contained therein and the resultant 
waste disposal problem created by the presence of chro 
mium in the cleaner effluent. 

Attempts have been made to include other additives 
in the cleaning compositions to provide e?lcient clean 
ing. Such additives have included ?uoride. Mainte 
nance and control of acidic cleaners at low pH's has 
proven impractical. especially when ?uorides are pres 
ent. Furthermore. as such cleaning is effected at high 
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2 
temperatures. the ?uoride when present in high concen 
trations can attack the metal surface and etch the sur 
face which is undesirable. especially when cleaning of 
containers is to be effected. 
The principal object of this invention is to provide a 

cleaning composition for aluminum for removing and 
dissolving aluminum ?nes and for cleaning lubricating 
oils from the aluminum surface. 
An object of this invention is to provide a process for 

cleaning aluminum surfaces at low temperatures 
thereby reducing corrosion and attack of processing 
equipment and reducing heating costs and heating fuel 
consumption. 
An added object of this invention is to provide a 

cleaning composition possessing good cleaning ability 
and preventing corrosive attack of processing equip 
ment while having no chromate therein. 
Another object is to provide a cleaning solution 

which produces no sludge during operation. 
A concomitant object of this invention is to provide a 

cleaning solution having relatively low concentrations 
of hydro?uoric acid. which can be easily controlled and 
which enables the cleaning of aluminum surfaces with 
little or no etching of the surface. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I have discovered a composition and process for the 
cleaning of aluminum surfaces. said composition com 
prising from about 0.005 to about 0.1 grams/liter of 
hydro?uoric acid and from about 1 to about l0 grams/ 
liter of sulfuric acid. When an aqueous cleaning compo 
sition comprising hydro?uoric acid and sulfuric acid is 
employed at the concentrations specified above. the 
aluminum surface is cleaned of lubricant and metallic 
fines at temperatures as low as from about 90‘ F. to 
about US‘ F. 

it should be understood that the term aluminum sur 
face used herein includes aluminum and aluminum al 
lays in which aluminum is the principal constituent. It 
should be understood that by "cleaning composition." 
or “cleaning solution" 1 mean the aqueous acidic clean 
ing bath of the present invention comprising hydro?u 
uric acid and sulfuric acid. 
The surprising results obtained with the use of the 

cleaning solution include the removal and dissolution of 
aluminum lines from a formed aluminum container. 
both on the interior walls and dome of said container. at 
temperatures within the range of from about 90‘ F. to 
about US‘ F. In addition. it has been found that with the 
use of the cleaning solution of the present invention 
corrosive attack of the processing equipment. particu 
larly the tire tubes of gas fired heat exchangers. is re 
duced considerably. This is accomplished without the 
use of any inhibitors in the cleaning solution. such as 
heaavalent chromium. 

I have found that active ?uoride is a necessary con 
stituent which is responsible for assisting in dissolution 
of the aluminum ?nes and oil film removal. in the pres 
ent cleaning process it is essential that the active ?uo 
r'lds be maintained within specified limits. since the 
active ?uoride affects the aluminum ?ne dissolution and 
oil film removal. 
The term “active ?uoride" means the ?uoride present 

in the operating cleaning solution and measurable at a 
given pH by a ?uoride sensitive electrode of the poten 
tiometrlc type. For example. electrodes of this type and 

“Mme-T. 
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their use are described in U.S. Pat. No. 3.43l.l82 which 
is hereby incorporated by reference. The electrodes 
described therein are known to the art as ?uoride spe 
ci?c ion electrodes. . 
Due to the low concentration of hydro?uoric acid in 

the cleaning solution of this invention, a potentiometric 
type electrode is found to be preferable for measuring 
active ?uoride. Other measuring devices that are not of 
the potentiometric type are insensitive to the concentra 
tion of hydro?uoric acid in the cleaning solutions of the 
present invention. as they are useful only in concen 
trated solutions or solutions having higher concentra 
tions of hydro?uoric acid. 

with the use of the potentiometric type electrode, the 
active ?uoride measurement is measured as a potential 
which is proportional to or related to the actual ?uoride 
ion concentration in the solution. 

It is known that in acid solutions containing ?uoride. 
hydrogen ion complexes a portion of the ?uoride form 
ing undissociated HF and "Fr. In addition. when 
aluminum is dissolved in such solutions. Al+1 also com 
plexes ?uoride. Due to the presence of these complex 
ing agents. it is difficult to measure actual free ?uoride 
ion concentration without extensive sample manipula 
tion. However. by the use of the potentiometric type 
electrode. once a reference point has been arrived at by 
measuring a make-up cleaning solution potential and 
taking this potential as the zero point. it is inconsequen 
tial how much ?uoride is actually completed. The po 
tential increases negatively in more concentrated solu 
tions. that is when the active fluoride concentration 
increases. and the potential increases positively in more 
dilute solutions. that is when the active ?uoride concen 
tration decreases. When aluminum ions enter the solu 
tion as aluminum fires are removed from the surface. 
the electrode poter al becomes more positive as the 
amount of active fluoride decreases. When additions of 
hydro?uoric acid are effected, the potential becomes 
less positive and approaches the zero point again. Since 
the potentiometric type electrode will measure the ac 
tive ?uoride in the solution. taking no account of any 
compleaed ?uoride. additions of active ?uoride. prefer 
ably as hydro?uoric acid. can be made to the operating 
cleaning solution to return the potential measurement to 
the original zero reference point. 

it has been discovered that as a cleaning solution is 
used. aluminum is dissolved off the surface being truted 
at a speci?c rate. in general. cleaning solutions of the 
present invention will have operating characteristics 
such that at make-up the aluminum dissolution rate is 
from about 8 to about 25 milligrams per square foot 
(0.0)9 to 0.027 mglcmz) of aluminum surface treated. it 
hasbeenobaervedthatbestresulta. withminimaletchof 
the surface. are obtained when the aluminum dissolu 
tion rate is from 9 to 20 milligrams per square foot (0.0] 
to 0.022 mgjcrnz) of aluminum surface treated. This 
dissolution rate occurs at make-up of a cleaning solution 
having from about 0.0)! to about 0.1 grams/liter of 
hydro?uoric acid. By atabliahing a zero potential point 
with a potentiometric type electrode at make-up of the 
cleaning solution. and by recording the potential mea 
surements as metal surfaces are processed and cleaned. 
the aluminum dissolution rate is maintained within the 
preferred range by additions of active ?uoride. prefera 
bly as hydro?uoric acid. So. the potentiometer elec 
trode is used as a guideline for deter-mining when to 
adjust the amounts of active ?uoride in solution. and 
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4 
also to maintain sufficient active ?uoride therein to 
effect a desirable aluminum dissolution rate. 

‘?re active ?uoride suitable for use herein is prefera 
bly added to the cleaning composition as hydro?uoric 
acid. A simple ?uoride salt can also be utilized. for 
example. an alkali metal ?uoride or bi?uoridr: such as 
sodium ?uoride. ammonium ?uoride or bi?uoride. 
Complex ?uoride can be employed. However. greater 
concentrations of complex ?uoride will be necessary to 
yield desirable amounts of active ?uoride. as the hydro 
lysis of complex ?uorides is not as substantial as with 
the simple ?uoride. to liberate the required active fluo~ 
ride. 
The amount of active ?uoride in the cleaning solution 

is expressed herein as a concentration of hydro?uoric 
acid. This means that the active ?uoride is in the form of 
dissociated ?uoride whose concentration is expressed as 
the concentration of hydro?uoric acid. 
The active ?uoride in the cleaning solution aids in the 

removal of aluminum ?nes on the metal substrate which 
have formed during the forming operation. A surprising 
aspect of this invention is that the cleaning process can 
be effected when the amount of hydro?uoric acid pres 
ent in the solution. is as low as 0.005 grams/liter. I have 
found that by employing the preferred amount of hy 
dro?uoric acid. resulting in the presence of sufficient 
active ?uoride. removal of the aluminum fines is accom 
pliahed without vigorous attack of the underlying alu 
minum surface. Of course. should the active ?uoride be 
depleted in the cleaning solution. preferably it can be 
replenished by addition of hydro?uoric acid. 

Sulfuric acid in the cleaning solution should be pres 
ent in an amount of from about I to about 10 grams/ 
liter. It is preferred that the sulfuric acid be present in an 
amount from about 3 to about 5 grams/liter. 

"Rte hydro?uoric acid should be present in the clean 
ing solution in an amount from about 0.008 to about 0.! 
grams/liter. For optimum results. it is preferred that the 
hydro?uoric acid be present in an amount from about 
0.0l to about 0.03 grams/liter. 

in the preferred embodiment of this invention an 
operating cleaning solution is employed comprising 
hydro?uoric acid and sulfuric acid wherein the concen 
tration of constituents. at the beginning of operation as 
well as upon replenishment. is maintained such that the 
sulfuric acid is present in amount from about 3 to about 
5 grams/liter. and the active ?uoride is maintained at 
the level measured at maltesup. that is when the hydro 
?uoric acid concentration at make-up is about 0.01 to 
about 0.03 grams/‘liter. When a cleaning solution is 
operated and maintained within these preferred limits it 
has been found that eacellent cleaning of the aluminum 
surface will result. A most surprising result is that the 
surface will be free of oils and aluminum lines without 
the corrosive attack of processing equipment occurring. 
The cleaning solution preferably is prepared by em 

ploying aqueous concentrates consisting of sulfuric acid 
and water. and hydro?uoric acid and water. The aque 
ous concentrates can be added to an appropriate amount 
of water to prepare a working cleaning solution having 
constituent concentrations within the operative ranges 
set forth herein. Alternatively. the hydro?uoric acid 
and sulfuric acid can be prepared as a concentrate and 
can be added simultaneously as one component to water 
to form the aqueous cleaning composition at concentra 
tions for use. 

Surfactants are desirably included in the cleaning 
composition. Such materials enhance the cleaning per 
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formance considerably. It has been observed that the 
use of surfactants in the cleaning solution assist in more 
rapid wetting of the surface and the removal of lubri 
cam and oils. The surface active agents to be employed 
herein can be anionic, cationic. or nonionic. Preferably 
nonionic or anionic surface active agents are used. Ex 
amples of surface active agents that can be utilized are 
Tergitol 08 (sodium Z-ethyl hexyl sulfate), Triton 
DF-l6 (a modi?ed polyethoitylated straight chain alco 
hol). Polytergent 8-505 LF (a modi?ed polyetltoxylated 
straight chain alcohol). Surfonic LF-l'l (an alkyl polye 
thoaylatcd ether). Plural'ac RA-3O (a modified oxyeth 
ylated straight chain alcohol). Triton X-l02 (an octyl 
phenoity polyethoay ethanol). Plurafac 0-25 (modi?ed 
oxyethylated straight chain alcohol) and Antarott BL 
330 (a modi?ed polyethoaylated straight chain alcohol). 
The surface active agent present in the cleaning compo 
sition can be a combination of one or more particular 
surface active agents. The surface active agent can be 
present in the cleaning composition in an amount from 
about (H to about 10 grams/liter. 

Cleaning compositions having the following formulas 
can be employed: 

Grants 

FORM LAl 
Hydrot‘luoric Acid 0.02 
Sulfuric Acid ‘.0 
Antonie Surfactant (Tergstol DI) L0 
Water to make I liter 

FORMULA ll 
Hydrofluortc Acid .005 
Sulfuric Acid U7 
Nomontc surfactant i‘l‘rt‘tton DF lb) 1.0 
Water to mate i liter 

FORMULA lll 
Hydro?uortc Acid .01 
Sulfuric Acid ‘.0 
Nomontc Surfactant (Plurol‘ac RA )0) 1.0 
Water to mass l liter 

The metal surface should be cleaned employing tech 
niques that result in a completely water-break-free sur 
face. The cleaning solution can be applied to the alumi 
num surface utilizing any of the contacting techniques 
known to the art. Preferably. application will be ef 
fected by conventional spray or immersion methods. 
The time of treatment of the surface with the cleaning 
solution need only be long enough to insure complete 
wetting of the surface and can be as long as l0 minutes. 
Preferably. the surface should be treated for a time from 
about l5 seconds to about 2 minutes. 
The aluminum fines and forming oils are removed 

from the aluminum surface by the cleaning solution at 
temperatures lower than ordinarily expected. The 
cleaning process can be 0 ted at temperatures from 
about 90' F. to about 135‘ F. It is preferred that the 
cleaning process be operated at temperatures from 
about llO‘ F. to about 125' F. Optimum results are 
obtained when the cleaning procas is operated at tem 
peratures from about l20' F. to about l2!‘ F. This is a 
distinct advantage of the present invention over prior 
art processes. as the low operating temperatures with 
good cleaning results prevents accelerated corrosion 
and attaclt of processing equipment. 

In accordance with the invention the cleaning solu 
tion is highly acidic. having a pH below 2.0. The 
amount of sulfuric acid and hydro?uoric acid can be 
varied within limits in accordance with the ranges set 
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6 
forth hereinabove so that the pH of the cleaning solu 
tion can be adjusted. Preferably the pH of the cleaning 
solution is adjusted to from about 1.0 to about LB, and 
optimum results, that is excellent cleaning with minimal 
etching. are obtained when the pH of the cleaning solu 
tion is adjusted to from about 1.2 to about 1.5. 

In accordance with broader aspects of the invention. 
there is considerable ?exibility available with respect to 
portions of the overall processing of the aluminum sub 
strate. in particular. chemical processing steps can be 
effected prior to cleaning such as. for example. a hot 
water prerinse of the surface. Following application of 
the cleaning solution. the surface can be rinsed with 
water and then dried. Ordinarily a water rinse is neces 
sary to remove any remaining residues which may have 
remained after the cleaning step. After the rinse step. 
the aluminum surface may be contacted with conver 
sion coating solutions or siccative ?nish coating compo 
sitions well known to the art. Generally. the coating 
solution will be applied directly after the cleaning oper 
ation or a short period of time thereafter. However. as 
speci?ed hereinabove. the cleaned surface can be dried 
and the coating steps may be accomplished at a later 
time. 
The following examples are illustrative of this inven 

tion and are not considered as limiting for other materi~ 
sis and operating conditions falling within the scope of 
this invention which might be substituted. 

EXAMPLE I 

Aluminum container test specimens of 3004 alloy. 
drawn into single piece containers. were employed in 
this procedure. The containers had been subjected to a 
drawing operation and were covered with aluminum 
fines and drawing oils. 
The test specimens were treated as follows: 
I. Treated for 60 seconds by spraying the interior and 

exterior of the specimens with the solutions listed in 
Table l. 

2. Rinsed with water by immersion in cold water for 
30 moods at ambient temperature. 

Control specimens were treated with aqueous com 
positions comprising acids. as indicated in Table i. such 
as sul?trlc. hydrochloric. phosphoric. and nitric acid. as 
well as specified combinations or mixtures of these 
acids. The concentrations of the aqueous solutions and 
the constituents therein are listed in Table l. The tem 
perature of each of the respective solutions when em 
ployed to treat the test and control specimens is listed in 
Table l. 

Except when an anionic surfactant (T ergitol 08) was 
employed in the solutions as indicated in Table 1. all 
other compositions contained 0.! grams/liter of a non 
lonic surfactant (0.1 gram/liter of Triton X-lOZ). 
The aluminum surfaces were tested for water-break 

following cleaning. '?'te container surfaces were treated 
by measuring the percent of water-break on the surface, 
that is the percent of the total surface area which did 
not support a continuous film of water. The results are 
listed in Table 1. 

‘Use results reported in Table l include a determina 
tion of the presence of aluminum ?nes remaining on the 
surface after processing was completed. The brightness 
and appearance of the test specimens at the end of the 
processing procedure was also observed. The bright 
ness quality was determined by visually rating the de 
gree of brightness of the surface from 1 to 5 wherein the 
brightness rating of i represents best performance and 
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appearance and rating of 5 represents poor appearance. 
The presence of aluminum ?nes on the interior surface 
was determined by rubbing the surface with a clean 
white cloth and observing the ?nes deposited on the 
cloth. The presence of ?nes is evidenced by a dark black 
residue on the white cloth. The amount of fines present 
is expressed in Table l in gradations from excellent (E) 
for no residue. good (G) for very light residue, fair (F) 
for moderate residue, to poor (P) for very heavy resi 
due. 

TABLE 1 

8 
fluoric acid, and 1.0 gram of a nonionic surfactant (Tri 
ton DF-l6) to each one liter of water. The temperature 
of the bath was elevated to and maintained at 120' F. A 
?uoride speci?c ion electrode and a saturated calomcl 
reference electrode were coupled to a potentiometric 
meter capable of discerning changes in electrode poten 
tial of :tLO millivolt. The electrodes were immersed 
into the bath and the meter adjusted. the the zero offset 
control, to read on the center of the scale. 
Aluminum containers of 3004 alloy drawn into single 

Mist-‘m!- Interior 1mm 
Temperature Eaterior Interior Wipe Appearance 

2 g/‘l H1504 lSO' F. 80 I) 0 4 
4 g/l HzSOs I50‘ F. 60 10 F 4 
6 g/l H1504 150' F. 30 i0 P 4 
1 M "Cl 150’ P. ill) 90 O 0 
4 M HQ 150‘ F. 100 so 0 s 
6 |/\ NC! I50‘ P. It!) I) G 4 
1 g/l “)POd I50‘ P. 90 I] Q l 
s |/] HJPOe I50‘ F. 50 .0 E 4 
e m mm. ISO‘ F. 10 so a l 
1 M HNO; ISO‘ F. ii!) I“) E 5 
4 m mto, [50‘ F. 100 to e s 
6 M HNO) I50‘ F. ii!) 90 O 9 
1g/lH1SOs4-2g/lHCl lSO‘F. M 30 P ) 
lgfllhsoss'lgllHCl IJO'F. I0 )0 P 3 
mm 
2m also. + t m mm. Iso- F. 70 s P z 
Jg/‘l "150s + l M H)PO4 I50‘ FY 70 S 0 l 
1 g/l R180‘ 0 Ig/l HNO; I50‘ I‘. W 30 P J 
Jul mso. + 1m KNO; no‘ F. so 5 P t 
lg/l “130a # 1 g/l "1P0. I20‘ F. ii!) l0 P l 
am also. + 1 v1 meo- I20‘ F. 100 ill r s 
4 g/l HzSOs 4- 0.01 g/l MP1 in‘ F. I) 50 P 4 
I g/l "1.50s 4- 0.02 g/l NHaHFI 120’ F. 50 \O P s 
4 g/l H150‘ 4- 0.01 g/l NHdiFi I20‘ F 20 O O 1 
4 g/l H350. + 0.0! g/l NRJiF; 120' F. l0 0 E i 
smmsotwmmtom I20‘F. o o e | 
surfactant 4- .02 g/l HP 
no.0 m also. + i.0 g/l utlonsc us‘ P. o o o 1 
sudactaru + 0.11)! g/l HP 
LOg/lHzSOq-r LDg/laniorttc H0’ F. O 0 B l 
surfactant e QIO g/l HI’ 

EXAMPLE ll 
An aqueous acidic cleaning bath was prepared by 

adding 4.0 grams of sulfuric acid. 0.02 grams of hydro 
?uoric acid. and 1.0 gram of an anionic surfactant (T er 
gitol 08) to each one liter of water. The temperature of 
the bath was elevated to and maintained at I20‘ F. A 
?uoride speci?c ion electrode and a saturated calomel 
reference electrode were coupled to a potentiometrlc 
meter capable of discerning changes in electrode poten 
tial of $1.0 millivoit. The electrodes were immersed 
'mtothebsthandthemeteradjustettbytheaerooffset 
control. to read on the center of the scale. 
Aluminum containers of m alloy drawn into single 

piece containers were sprayed with the prepared bath 
and the meter readingsbecarne more positive. When the 
electrode potential reached +3 millivolts from center 
scale. hydrofluoric acid additions were made to restore 
the electrode potential to center scale. Electro metric 
pH measurements. and sulfuric acid additions were 
made to maintain the pH at 1.3 to L5. 
The containers were observed to be water-breek-free 

and bright in appearance. 

EXAMPLE ill 
An aqueous acidic cleaning bath was prepared by 

adding ‘.0 grams of sulfuric acid. 0.02 grants of hydro 

45 

65 

piece containers were sprayed with the prepared bath 
and the meter readings became more positive. When the 
electrode potential reached +5 millivolts from center 
scale, hydrofluoric acid additions were made to restore 
the electrode potential to center scale. Electro metric 
pl-l measurements. and sulfuric acid additions were 
made to maintain the pH at about 1.2. ‘ 
The containers were observed to be wster-brealt-free 

and bright in appearance. 
I claim: 
[1. An aqueous cleaning composition for removing 

and dissolving aluminum fines and cleaning lubricating 
oils from aluminum surfaces comprising of from about I 
to about 10 grams/liter of sulfuric acid and from about 
0M5 to about 0.l grams/liter of hydro?uoric acid] 

[2. The composition of claim I. wherein the pH is 
from about L0 to about l.8.] 

[3.Tl1e composition of claim l. further comprising a 
surfactant in an amount from about 0.1 to about 10 
grams/liter] 

[4. The composition of claim 3. wherein the surfac 
tant is selected from the group consisting of nonionic 
and anionic surfactants] 

[5. The composition of claim 4. wherein the surfac 
tant is selected from the group consisting of sodium 
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l-cthyl heityl sulfate and an alltyl polycthoxylated 
ether] 

[6. An aqueous cleaning composition for removing 
and dissolving aluminum ?nes and cleaning lubricating 
oils from aluminum surfaces consisting essentially of 
about 3 to about 5 grams/liter of sulfuric acid, from 
about 0.01 to about 0.03 grams/liter of hydrofluoric 
acid. and from about 0.l to about 10 grams/‘liter of an 
alkyl polyethotylatecl ether nonionic surfactant] 

7. An acidic aqueous cleaning solution having a pH of 
less than 2.0 and consisting essentially of about I to about 
10 g/l of sulfuric acid. about 0.00.! to about 0.1 g/l of 
hydro?uoric acid. and about (11 to about 10 g/l of a sur 
factont selected from the group consisting of nonionic and 
anionic surfactants. wherein the sources of said acids are 
respectively sulfuric acid and hydrofluoric acid. wherein 
said solution it free of a corrosion inhibitor in a corrosion 
inhibiting amount and of a sludge-fanning material. and 
wherein said solution is effective in removing and dLmlving 
aluminum fines and in cleaning lubricating oilsfl'om the 
surfaces of drawn and ironed aluminum cans of .1604 alloy 
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at a temperature within the range ofabout 110‘ F. to about 
135' F.. said cleaned surfaces being water-break-free. 

8. A cleaning solution according to claim 7 wherein the 
concentration of said sulfuric acid is about 3 to about 5 3/1. 

9. A cleaning solution according to claim 7 wherein the 
concentration of said hydro?uoric acid is about (101 to 
about 0.03 g/l. 

1a A cleaning solution according to claim 7 wherein the 
concentrations of said sulfuric and said hydro?uoric acid 
are respectively about 3 to about 5 g/l and about 0.01 to 
about 0.03 g/L 

ll. A cleaning solution according to claim 7. 8. 9 or 10 
wherein said pH is about 1.0 to about 1.8. 

12. A cleaning solution according to claim 7. 8. 9 or 10 
wherein said pH is about 1.2 to about 1.5. 

I}. A cleaning solution according to claim 7. 8. 9 or I 0 
wherein said surfactant is a nonionic surfactant. 

[4. A cleaning solution according to claim [3 wherein 
said pH is about 1.0 to about 1.8. 

15. A cleaning solution according to claim 13 wherein 
said pH Lt about 1.2 to about 1.5. 
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