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AND CONPOSITION POR DESMVUTTING SURFACER OF ALUKIMOM
FrAcess AND IT8 ALLOYA

BACRGROUND OF THE INVENTION
Field of the Invention

This invention relates to a pracess for desmutting
aluminum and aluminum alloy surfaces, especially those of
high silicon aluminum alleys, by contacting the surfaces

" with a particular aqueous liguid compomitioen,

Statement of Related Art

Common chemical and even mechanical treatments of
aluminum often leave the surface with a dark ccating that
must he removed before subsequenl‘. surfaca finishing steps
can be satisafactorily comphtnd. This process is generally
known in the art as “desmuytting” or sometimes am "deoxidig-
ing%. Current compercial desmutting practice normally uses
oxidizing acid soluticns containing soms form of chrom-—
fum(VI). This material, of course, has severe pollution
potential, so that an alternative, equally effective de-
smutting composition and/or process would be highly desmir-
able,
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Scma desmutting compositions witheut chrosiuzm have

previously besn known in the art. For exaampla, "Ressarch
Disclosure® 273,037 mccording to an abstract thareof teach-~
es desmutting in concentrated nitrie acid; Japanese laia-
Open Patent Application 59-1,699 according to an abstract
thereof teaches desmutting in a mixture of nitric and hy-
drochloric acids; published British patent application ¢B
1., 399,111 according to an abstract thereof teaches desmut~
ting with a solution af ammonium parsulfate, sodi{um bisul-
fata, and ammonium nitrates U. B. Patent 131,634,262 scoord-
ing to an abstract thareof teaches desmutting in a goluticn
containing slkali, alkaline earth, or ammonium peroxydisule-
fata{s); acid salts of sulfuric acid: and, epticnally,
fluorides: U, 5. Patent 1,647,498 according to an abstract
thereof teaches desputting with & solution ¢f urea nitrate
and ferric sulfate, opticnally also including boric acid
and/or fluoride ions; and U. 5. Patent 3,510,430 according
to an abstract thereaf teaches desmutting with a sgelution
of ferric sulfate, alkali metal hisulfate, alkali wmetal ni-
trata, and alkali metal silicofluoride. None of these

teachings is believed to have achieved substantial cozmer—~
c¢ial success.

DES TION OF THE INVENTICGN
Excapt in the claims and the oparating evamples, or

where otherwise exprassly indicated, all numerical quant-
itiea in this deseription indicating amounts of material or
conditiocns of reaction and/oxr use are to be understood as
modified by the word ¥about® in describing the broadest
scope of the invention., Practice within the exact numeri-
cal limits stated 1ls generally preferred. Also, in this
dasoription and claims, except vhere tlhe context implies
ctherwise, the torm "aluminum® is to be understocd to in-
clode all the alloys of aiuminum that contain at least 45
t by weight of ajuminum.
Summary of the Invention

It has surprisingly been found that the presence of
manganase(IV) in dasmutting solutions improves their per-
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formancs. More specifically, a desmutting composition ac~
cording to this invention includes an oxidizing inorganic
acid, phosphoric and sulfuric acids, simple and complex
fluoride ions, an orgunic carbaxylic acid having from 1 =
10 carbon atoms, and manganese in its +4 oxidation state.
A process according te this invention comprises & step of
bringing a composition according to the invention into con-
tact vith an aluninum surface under conditions that result
in removal of swuut or other oxide or acil frow the aluminum
surface.

bescription of Preferred Embodisants

The preferred oxidlzing acid is nitri¢ acid. -Other
sultable oxidizing acids are perchloric and paroxy acids.
In a vorking composition according to this invention, {.e.,
one puitable for direct use in desmutting, the concentra-
tion of oxidizing acid is praferably in the range from 151
to 251, more preferably from 174 te 228, or atill nore
praferably from 191 to 211 grams per liter (harainafter
"g/Th) .

The preferred source of simple fluorlde ions is hydro-
fluorie acid and the preferred source of complex fluoride
ions is fluesilicic acid (H,5iF,), but fluotitante (TirF;%),
flucborate (BF"), and fluozircanate (2xf,%) iona,
preferably from their correspending acids, are algso suit-
able. The preferred ratio by welght of mimple fluoride
iong to oxidizing acid in a compoaition accorxding to this
invention 1s frow 0.103:1 to 0.114:1, more preferably from
0.108t1 to D,112:1, or still morxe preferably froem 0,107:1
to 0.111:1. The preferred ratic by weight of complex
fluoride ions te oxidizing acid in a composition according
to this invention is from 0.011:11 €0 0.016:1, wmore pref-
erably from 0.01211 to 0.015:1, or still more preferably
from 0.013:1 to 0.0)41l.

The preferred ratio by weight of sulfuric acid to oxi-
dizing acid in a composition accerding to this invention is
from 0.45:1 to 0.55:1, more preferably from 0.47:1 to
0.82:1, or still more preferadbly from 0.49:1 to 0.51:1.
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The preferred ratio by weight of phosphoric acid to oxidiz-

ing zcid in a composition according to this invantion is
from 0.086:) to 0.095:1, more preferably from 0.088:1 to
0.09371, or still more preferably from 0.089:1 to 0.091:).

The preferred organic carboxylic acid in a compesiticn
according to this invention is acetic acid. The preferred
ratio by veight of carbaxylats groups to oxidizing acid in
a composition according to this invention is from 0.082:1
to 0.153:1, wmore preferably from ¢.082:)1 to @O,.14311, or
still more preferably from 0.106:1 ta 0,128B31.

No malts af Mn{IV} are commerclially availahle at a
reagenable price, and manganesa dloxide has not proved con-
venient tov wee in practica in preparing coupositions ace
cording to the invention. Tharefore, the preferred sourcs
of Mn{IV) is an in situ reactioh between Mn{II} and a suit-
able oxidizing agent, most preferably hydrogen peroxide.
Manganese nitrate is the preferred source of the Mn(Il)
starting material, primarily bevause it ig the most sclubla
of the readily available salts of Mn(Il); manganese
acstate, manganese formate, manganese sulfate and/ar
fluogilicate are also suitabla. In order to minimize the
chances of precipitation or other undesired ipatahility of
the compositions according te this invention, it is
preferrad to oxidize the manganese content of a partially
conpluted cowposition to tha ¢4 oxidation state defore
adding any significant fraction of the intanded eventual
siwple fluoride ion content of the compoaition te it. This
ig {llustrated in the exanples below,

The ratio by weight of the Mn*! ions, later to be
oxidized to Mn™, te the inorganic oxidizing acid pressnt in
the working compositione according to this invention
preferably is 0.047:1 to 0.087:1, wmore preferably from
0.057:1 to 0.077:1, or still more preferably from 0.062:1
to 0.072:1.

In all the ratios above, vhen Kitrxic 2cig is the
inorganis oxidizing acid, its weight is te be taken as that
of 100% voncentrated nitric acid (ENQy). If another
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inorganic oxidizing acid is used, the ratios should
preferably be adjusted to provide the same amount of strong
acid protons from the inorganic oxidiging acid as would be
obtained with the ratios stated abova when using nitric
acid.

Working compositions according to tha invention pref-
erably have from 8.8 to 11.8, more proferably from 9.8 to
12.8, or still more preferably from 10.4 ta 11.3 Ppoints of
tree acid" and, indepandently, preferably have from 10.2 to
15.2, more preferahly from 11.2 to 14.2, or still more
praferably from 11,7 to 12.7 “polnte of total acid®. Theme
wpaints? are determined as followa: 1 milliliter (hereain-
after "ml*) of the composition is diluted to 50 ml with da~
jonized water and titrated with 1,0 N strong hage solution
(usually sodium hydroxide), using a bromphenol blue indi-
cator for “free acid" and a phenolphthalein indicater for
ngota) acid*. The number of points equals the numbar of
milliliters of the titrant reguired to the and point.

Working compegitions according to this inventien are
more concentrated in active ingradients than are many other
types of treatment solutions. Nevertheless, it may be eco-
notically advantageous to ghip the compegitiang in concen~-
trated form, which can be made ready for use by dilution
with water at the point of use. Such concentrated composi-
tiong, aither concentrates of complate working composie
tions, or of two or more separate partial compositione that
can be mixed with water and one ancther to form working
compositions, are within the contesplated scope of thig
invention.

The compositions according te the invention have
proved to be particularly affective in desmutting and/or
deoxidizing aluminum casting alloys containing from 5 - 12
¥ by weight of ailicon, and also on certain other alloys
cantaining not more than 98 % of aluminum hy weight. A
group ©of praferred alloys to be treated according to the
invention i= given in Table 1. Among these the first nina
ligted are most preferrsd. A tenth zmember of this rpogt
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Tabls 1
COMNPOSITIONS OF PREPFERRED ALIDYS TO BE TREATED
AA FPormer Forwmar Content in Peycent by ht ofs

No. AMANo. ASTM No. eogy Mg Mn Si 2Zn Cr FPe

336.0' A332,0 SN122A 1.0 1.0 = 12.0 = = =
354.0 354  §C92A 1.8 .80 -~ 8,0 ~ - =
35%.0 3155  SC61A -1.2 .50 .%0° 5.0 .3t - g.¢
©356.0 C35%  SC618 1,2 .50 .10? 5.0 .10% - 20t

356.0 396 SG70A .25% .32 ,352 7,90 .35t - 0.6t
A356.0 A3S6 SG708 .20° .38 308 7.0 .10t - 208
A57.0 357 - - 50 - 7.8 - =~ -
A357,.0°A357 - - 0.6 « 7.0 = = o=
359.0 2359 S5GS1A -~ 0.6 =~ 9.0 =~ - =
2024 - - 4.4 0.5 0.8 = - = -
6061 - - 28 1.0 = 0.6 = 0.2 =
7075 - - 1.6 2.5 - - 5,6 .23 =~

Footnotes for Table 1

Also centaine 2.5 & of Ni Indicates maxixum amount
32180 containg 0.16 L of Ti and 0,006 & of Ba

other Notes for Tabla 1

AA numbers are assigned by the Aluminum Aasxociation, which
has a mailing address of 818 Connecticut Avanue, N.W.,
washington, DC 20006.

The balance of the composition not shoun foy each alloy is
aluminun,

iyt S —— A, iyt

praferred group is an alloy designated § 713 by the Qut-
board Marine Corperation, 100 Sea Rorse Drive, Waukegan, IL
60088. <This containa 11 - 13 parta by weight of silicon,
not more than } parts by welght of iron, not more than 0.6
parts by welght of coppar, not more than 0.5 parts by
waight of zinc, not more than 0.35 parts by weight -of
magnesium, not more than 0.1 parts by weight of manganese,
and not more than 0.5 parts by weiqhi: of nickel, with the
balance aluminum. )
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The compositions lecordinq to the invention are ef-
factive at tepperatures within the range of at leaat 10 -35
= ¢, which includes the amblent temparature in almont any
encloadd spacs in which the temperature is controlled for

" human comfort. Moat preferably, & process sccording to the

invention, which in its simplest form consists of con-
tacting an aluminum workpisce with a composition acceording
to the invention as dascribed abave, is performed at a tem~
perature in the range from 18 - 21 * C. The contact #ize
chould be sufticient to produce the desired matte white and
staln-free appearance on the surface of the aluminum
workpiece(s) to be treated. Times from 1% - 120 meconda
have proved effective in practice.

Bafore using a desmutting compesition aceording te the
invention, the aluminust workpiecss are praferably freed
from any gross surface contamipation such as burrxs, ghav-
inga, and chips and cleaned with a conventional cleaner as
known in the art. Preferably the cleaner used ig of the
silicated alkaline immarsion type. After treatment with a
composition according to this invention, the workplecas are
praferably rinsed with water, more preferably including a
rinal rinse with delonized water, Tha workpleces may then
ke subjected to further surface treatments such ag
conversion coating, anodfzation, painting, and the like, as
known per se in the art.

The compositions according to the invention am de-
goribed abovas are those prepared fresh for use and are
generally colorless, As the compositions are used, they
gradually develop s pink coloer, presumably because of the
reduction of Mn{IV) te Mn(lI}. It is advantageous in a
process according to this invention to add a suitable ox-
idizing agent, preferably hydrogen peroxide, occasicnally
during use in a sufficient amount to remove the¢ pink coler,
In long term usa, all components of the composition will
eventually need replenishment.

The practice of the invention may be further appreci-~
ated from the following non-limiting examples.
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Exanples
A first component composition for use in the invention

wvas made by mixing the follewing ingredients in the order
given: '

Ingredient Amcunt
. in Parta
by
Height
Delonized water - 267.3
concentrated nitric acld (42° Baums) §61,0
73 & aqueous orthaphosphoyic zald (B,PO,) 45.4
Glavial acetic acid 3.2
50 3 agueous solution of Mn(NOy), 93.0

A second compenent composltion for use in the lnvan-
tion was made by mixing the following ingredients in the
order given:

Ingredient Amount
in Parts
by
Weight
Concentrated sulfuric acid (66° Bauma) 105.9
A nixture of 50 % by weight delonized water and 202.4
50 ¥ by woight of 66° Baumd sulfuric acid .
70 % agueous hydrvofluoric acid (HF) 144.0

2% % agueous solution of fluosilicie acid (H,SiF,)

anT

To 70 parts by welght of the firat component noted
above were added 2 parts by waight of 35 % agueous hydrogen
peroxide solution, with stirring. A vigoreaus evolution of
gas bubblens, indicating the oxidation ¢f the manganese con-
tent of the copponent to its +4 oxidation state, then oc-
curred., After the evolution of gas was complata, 30 parts
by weight of the second component noted above was added to
this mixture, with stirring, to produce z working composi-
tion according to this invention.

Workpieces of each of the types of aluminum allay
shown in Table 1 and of Outboard Marinme Corporatien Alloy
# 713 as describad waere cleaned by immersion in a commer=
cial silicated alkaline cleaner formunlated foyr such uses,
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rinsed with water, and then dipped into a container of the
composition accarding to the invention made as described
above., The compositien was maintained at a temperatire
between 18 and 21 * ¢, and the workpleces were maintained
in contact with the composition for periods of time ranging
from 15 ~ 200 seconds. In each case, an apparently clean,
white matta Burface that was free from any visual evidence
of pitting or intergranular attack was produced cn the
warkpleces. The surfaces were well suited for conventional
organic coatings. '

what is claimed is:
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1. A liquid soluytion composition ¢f matter consisting ea-

sentially of water and:

{A) an oxidizing inorganic acid:

(B} phosphorie acid;

(@) sulfuric acid:

(D} a source of simple fiucride ions;

(E} a gource of compleX fluoride ions;

(¥ an organic carboxylic acid having from 1 - 10 carbon -
atoxg per uoleculer and

(G) & source of wanganese in ite +4 oxidation state,

2, A composition accoxding to claim 1, wherein the inor-
ganic oxidizing acid is nitric acid, the source of simpla
fiuoride ions iz hydrofluoric acid, the source of complex
fluoride ions is fluosilicle acid, the organic carboxylic
acld is acetic acid, and the manganese ln its +4 oxidation
state is produced in situ by oxidizing Mn*? ions with hydro-
gen peroxide.

3, A composition according to claim 2, wherein the gon-
centration of oxidizing incrganic acid is from about 151 to
about 251 g/L, the ratio by welght of simple fluoride lons
to oxidizing inorganle acld is from about 06.103:1 to about
0.114:1, the ratio by weight of complex fluoride ions to
oxidizing acid is from about 0.011:1 to akout 0,016:1, the
ratio by weight of aulfuric acid te oxidizing inorganie
acid is from about 0,4531 to about 0,%5:1, the ratio by
weight ot phosphoric acid to oxidizing inorganic acid is
from abhout 0.08611 to about 0.095:1, the ratic by weight of
carboxylate groups tc oxidizing inorganie acid is from
about 0.082:1 to 0.153:1, the ratio by welght of manganase
to oxidizing inorganic acid is from 0.047:1 to 0.087:1, the

points of free acid are from €.8 to 13.8, and the points of
total acid are from 10.2 to 15.2.
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4. K& compoaltion asccording to c¢laim 3, vherein the con-
centration of oxidizing inarganic acid is frowm about 174 to
about 228 g/L, the ratio by weight ¢f simple fluoride ione
to oxidizing inorganic acid is from about 0,.305:1 ta about
0.112:1, the ratio by waight of complex fluoride jons to
oxidizing acid is from about 0.0613:1 to about 0.015:1, the
ratio by veight of sulfuric acid te oxidizing inorganie
acid is from about 0.47:1 to about 0.52:1, the ratisc by

waight of phosphoric acid to oxidizing incrganic acid is

from about 0,088:1 to about 0.093:1, the ratio by veight of
carboxylate groups to oxidizing inorganic acid is from
about 0.10%5:1 to 0.128:1, the ratio by weight of manganege
to oxidizing inorganic acid is from 0.023 - 0,027, the
pointe of free acid are from 10.3 to 12.3, and the polnts
of total acid are from 11.7 to 13.7.

5. A composition according to claim 1, said composition

having been prepared by the =steps of:

{I) mixing from 1 ~ 5 parts by weight of about 35 & aque-
ous hydrogen peroxide with 70 parts of by weiqght af a
golution consisting of 440 to 70 parte by weight aof
deionized water, 427 to 712 part« hy veight of cencen~
trated nitric acid (42° Baumk), 35 ~ 58 parts by
weight of 75 % aquecus orthoephosphoric acid (H,PO,), 25
to 42 parts by weight of glacial acetic acid, and 71 ~

118 parts by weight of 2 50 % by weight agueous
solution of Mn(NO.),;

(IT) allowing the mixture prepared in step (I) to sir until
the evolutien of visible gas bukbles therefrom has
ceased; and

(IXX) mixing with the composition from the erd of step (IX)
30 parts by waight of ansther composition consisting
of 407 to 507 parts by welght of concentrated sulfuvia
acid (68° Baumé), 418 to 227 parts by weight of deion~
ized water, 136 to 151 parts by wvaight of 70 & aquecus
hydrofluoric acid, and 40 to 58 parta by weight of 25
3 squacus solutieon of fluosilicic zcid (H,S1F,).
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6. A composition sccording to clalm 5, said composition

having been prepared by the steps of:

{I} mixing 2 parts by weight of 33 ¥ aqueous hydrogen per-
oxide with 70 parts of by weight of a solution con~
gleting of 267.3 partg by veight of deionized vater,
561.0 parts by welght of concentrated nitric acid (42°
Baumk), 45.4 parts by weight of 75 % agqueous ortho-
phogphoric acid (HP0,), 33.3 parta by weight of gla~
cial acetic acid, and 93.0 parts by weight of 50 &%
aqueous solution of Mn(NO.).:

{I1) allowing the mixture prepared in step (I) to sit until
the avolution of visible gas bubhles therefrom has
ceased; and

(IrY} wixing with the composition from the end of step (IX)
30 parts by weight of another compositfon consisting
of 457 parts by weight of concentrated sulfuric acid
(66* Baumd), 351,2 parts by weight of deionized water,
144.0 parts by weight of 70 % aqueous hydrofluoric
acid, and 47.7 parts by welght of 25 % aqueocus solu-
tion of fluosilicic acid (HSiF).

7. A% agqueous solution composition of matter, consisting
essentially of 442 - 70 parts by weight of watex, 427 to
712 parts by weilght of concentrated nitric acld {42°' Bau-
mdj, 35 - 58 parts by weight of 75 & aqueous orthophos—
phoric acid (HPO,), 25 to 42 parts by weight of glacial
acetic acid, and 71 ~ 118 parte by weight of a 50 % by
weight agqueocus solution of Mn(NQ.)..

8. An agqueous solution compositien of watter, consisting
essantially of 407 to 507 parts by welght of concentrated
sulfuric acid (65* Baumé}, 418 to 237 parts by weight of
deionized water, 136 to 151 parts by weight of 70 X agueous
hydrofluoric acid, and §0 te 58 parts by weight of 2% %
aquecus solution of fluocailicic aclid (H,SiF,).
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9. A process for desmutting, deoxidizing, or Both desmute
ting and deoxidlzing an aluminum surface, sald process con-
prising contacting said aluninum surface with a compamition
according to elain 6 for a sufficlent tise at a sutficient
temperature to be effective for desmutting or deoxidizing.

10. A pracess for desmatting, deoxidizing, er both desmut-
ting and deoxidizing an aluminum surface, said process com-
prising contacting said alusinum surface with a compasition

Il

according to claim 5 for a sufticlent time at a sufficlent

tenparature to be sffactive for desmutting or deoxidizing.

11. A process for desmutting, decxidizing, or both desmut-~
ting and deoxidizing an aluminum surface, said process com-
prising contacting said aluainum surface with a composition
according to claim 4 for a sufficient time at a dufficient
temperature t¢ be sffactive for desmutiing or daexidizing.

12. A proacesa for desmutting, deoxidizing, or both desmut-
ting and deoxidizing an aluminum surface, sald process com=
prising contacting said aluminum surface with a cosiposition
according to claim 3 for a sufficient time at a sufficient
temperature to be effective for desmutting orx deoxidizing.

13. A process for desmutting, deoxidizing, or both desmut-
ting and devxidizing an aluminum surface, said process com-
prising contacting said aluminum surface with a composition
according to claim 2 for a sufficient time at § sgufficient
temperature to be affective tor desmutting or deoxidizing.

14. A process for desmutting, deoxidizing, or both desmut-~
ting and deoxidizing an aluminum surface, said process com~
prising contacting =aid aluminum surface with a composition
according to claiw 1 for a sufficient time at a sufficient
temperature to be effective for desmutting or deoxidiring.

15. A process according to ¢laim 14, vherein the aluminum
surface im the surface of an aluminum alloy sd¢lected from
the group consisting of alloys with from 5 - 12 § by weight
of gilicon and the tamperature during 'the process is in the
range from 10 to A5 * C, )

A
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16. A prucess acaording to claim 13, wherein the zluminum
surtace is the surface of an sluminum alloy ¢elected from
the group consliting of alloys with from 5 = 12 t by veight
of silicon and the temperature during the process is in the
ranga from 10 to 35 * C,

17. A process according to claim 12, wherein the aluminum
surface is the surfacs of an aluminum alloy selected from

the group consisting of alloys with from 5 ~ 12 & by welght

of gllicon and the temperature during the process is in the
range from }0 to 3§ * C.

18, A process accopding to claim 11, wherein the alupinum
surface 1s tha surface of an alupinum alloy maelected fronm
the group consisting of alloys with from 5 - 12 § by weight
of silicon and the temperatura during the process is in the
range from 10 to 35 * C.

19. A process according to claim 10, wherein the aluminum
surface is the surxface of an aluminum alloy selected from
the group consisting of alloys with from S — 12 & by weight
of silicon and the temperature during the process is in the
range from 10 to 315 * C,

20. A process according to claim 9, wherein the aluminum
surface iz the surface of an aluminum alloy selected from
the group ¢consisting of alloys with from 5 - 12 § by weight
of silicon and the temperature during the process iz in the
range from 16 ta 35 * &,
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