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PRQCESE AND CONPOSITION FOR DESMUTIING SURFACES OF ALUMINLM
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-
Current compercial desmutting practice normally uses
oxidizing acid solutions containing soms form of chyom~
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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10 " nmust be renoved before subsequent surface finishing steps can be
sathsfacforily conpl et ed. This process is generally known in the art as
"desnutting' or sonetinmes as deOXIdIZ- ing". Current comrercial desmutting
practice normally uses oxidizing aci solutlons cont ai ni ng sone form of
chrom 15 iumV )smmd@m@gn | coppostiions withewt cchrosiumt have

potential, so Lhghiadesit Bamt:bv&m qgUehkyaetf eCi'b!‘eT%pﬂmt‘tﬂﬂQnrch
composition ang ot BaEES 2857 Becording t3°5n 'anstTact thareot teach-
es desmutting in concentrated nitrie acid; Japanese laia-
5 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
i,399,111 according to an abstract thereof teaches desmut~
ting with a solution af ammonium parsulfate, sodi{um bisul-
10 fata, and ammonium nitrates U. B. Patent 131,634,262 scoord-
ing to an abstract thereof teaches desmutting in a golution
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
15 thereof teaches desputting with & solution ¢f urea nitrate
and ferric sulfate, opticnally also including boric acid
and/or fluoride ionsy and U. 5. Patent 3,510,430 according
to an abstract thereof teaches dasnutting with a solution
of ferric sulfate, alkali metal hisulfate, alkali wmetal ni-
20 trate, and alkali metal silicofluvoride. Kone of these
teachings is helieved to hava achieved substantial cozmper—

¢ial success.

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

25 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-

30 cal limits stated ils generally preferred. Also, in this -
desoription and claims, except vhere the 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.

35  Sumary of the Invention

It has surprisingly been found that the presence of
manganase(IV) in dasmutting solutions improves their per-
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2 -Sone .desnutting conpositions wthout chrom um have previously been known
I n-the art. For exanple, "Research D sclosure"” 273,037 according to an
abstract thereof teach- es desnutting in, concentrated nitric acid; Japanese

ey eof t eachormoriee, oHE Spalitaleyy s Huptiilal, gﬁﬁ?%ﬁ#‘%f‘i% aci ds:
publ i shed Briticdvdingeto ghiki inventices includeslanaoxtdlning t tnangamdst r act
ther eof t eaches, ¢f, M prodghdt18! 'wha MAldr1E" 2018 MRndTuP Wndt! el 0 Ol UM
fluoride ions, an organic carboxylic 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
19 surface.

Degcription of Prefarred Embodipants
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.,

15 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/EM) .

20 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-

25 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

a0 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-

3s 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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10 fate, and amoniumnittate; U S. Patent 3,634,262 accord- ing to an
abstract t-hereof teaches desmutting in a solution containing alkali,

al kal i ne earth, or ammoni um peroxydi sul - fate(s); acid salts of sulfuric
acid; and, optionally, fluorides; U S. Pdtent 3,647,698 according to an
abstract 15 Therposfarradhvat e dyuveioht vt pbaspbooic aold tor enidig=at e
and ferric sulf , i I | ' | €0 bk fla a ogLde
ions; and U. S ﬁP tg§?&$ﬂg%ﬁ%@°}?§$ |lr#g!c?gd§§6a gtregg? ?ﬂg%%ié#e‘!\%hes

desmut ting wi t hEEOEQPrPB&HF RO 1UA8%: Ig mOTEe PrOLRERPLYoEEem L0 <O £ cto
al kali nmetal nig.89371, draatildntord iprdterabay gidu Rideseni €8 o.0dope, Of

these 5 The pretorred organic carboxylic acid in a composition
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
10 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

16 of Mn{IV) is an in situ reactioh between Mn(IIj and a suite
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

20 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

25 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

30 oxidized to Mn™, te the inorgunic 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.

35 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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teachings is believed to have achi eved substantial comrer- cial success.
DESCRI PTI ON OF THE | NVENTI ON Except in the clains and the operating

exanples, or 25 where ot herw se expressly indicat ed all nuneri cal
condi 11 'o?,'seif' losrmmatcarerilaing adeido 8 NiRdr: §58 aandasr  Showld ne
word "about” 'i:z‘ilﬁ!%@hhhyrlﬂstiﬁuhtﬁade&t sodda nfmtmu nmm'aon: #teong ce
0 e oot OO e W, bt SR ASAR, b BHELR 4"
obtained with the ratios stated abova when using nitric
5 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, independently, preferably have from 10.2 to
10 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
15 (usually sodium hydroxide}, using a bromphenol blua 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
20 pore 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-
26 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 tha contemplated scope of this
invention.
30 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
s 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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otherwi se, the term"alumnunt is to be understood to in- clude all the
all oys of .alum numthat contain at |east 45 % by wei ght of alum num 35
Summary of the Invention It has surprisingly been found that the presence

of manganese(IV) in desnutting solutiofs inproves their per- 3 formance.
More specifi CallmmSeadaS il e CONRES b QD)oo .
Tablas 1
COMPOSITIONS OF PREFERRED ALIOYS TO BE TREATED
AA Pormer Formaer Content in Percent by Wejght of:

5 —BHo. MUNo. MMM No. oy Mg Mn 54 ZIn G Fe
336.0' A332,0 SN122A 1.0 1.0 = 12.0 = = =
154.0 354  §C92A 1.8 .50 - 9.0 ~- - =
35%.0 3155  SC61A -1.2 .50 .%0° 5.0 .3t - g.¢
©356.0 C35%  SC618 1,2 .50 .10? 5.0 .10% - 20t

10 356.0 396 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 S5GIIK -~ 0.6 =~ 9.0 =~ - =

13 024 - - 4.4 0.50.8 = = = =
6061 - - 28 1.0 - 0.6 = 0.2
707% - - 1.6 2.5 - -« 5.6 .23 -~

Footnotes for Table 1

20 Also centaine 2.5 & of Ni Indicates maxixum amount
3algo containg .16 t of Ti and 0,006 % of Ba

other Notes for Tabla 1

AA numbers are assigned by the Aluminum Aasxociation, which
25 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
35 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. )

30
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cording to this invention includes an oxidizing inorganic acid, phosphoric
and sul furic acids, sinple and conpl ex fluoride ions, an organic carboxylic
acid-having from1 .- 10 carbondptons and manganese in its +4

bringi ng & campos ¢ Ci%@ﬁ&ﬁﬁggéﬁ phfotdiny, €8 VHd Aiveitlon: Fed, ¢40
al um num sur f achackiies mmwmmvltbimthq h‘lhmfalﬂoldeﬂt 10r~1% her
E)F(T{)ggl (r)nranfgl !I'hfe‘ génbferred OXI| Z%gthgcfﬂfﬁﬁ-ﬁiﬁg%\fﬂ%‘ilﬂ’éﬂ eﬁfd
enclosed space n uh h the temperature l1s untrollad 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
10 should be sufficient to produce the desired watte 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

i5 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

20 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
conversien coating, anodfzation, painting, and the like, as

35 KItoWn 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

30 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

s eventually need replenishment.

The practice of the invention may be further appreci-~
ated from the following non-limiting examples.

mlmi \‘i‘iiff i \’i\’i‘if ]



sui‘t abl e oxidi zing acids are perchloric and peroxy acids. In a working

conposition according to this invention, i.e., 15 one suitable for
direct use in desnutting, the concentra tion of oxidizing acid is
preferably in the range from 151 to 25 referably from 174 to 228,
or still nore preferab from 191 to 27 per liter (hereinafter
"g/L") . 20 mpenpwebmmitépnpt@ pgoin dehe diventignir o
fluoric acid andaihinaéewriﬁek Wi £ 10UTREEknditadlionda 19 Thes ordar
fluosilicic amd%err] but fluotltante [err], fluoborate [err], and
fluozirconate f I ons,
5 ngrgieg Amcunt
. in Parta
by
Weight
- Delonized water - 267.3
10 concentrated nitric acld (42° Baumd) 561.0
73 & aqueous orthaphosphoyic zald (B,PO,) 45.4
Glacvial acetic agid 33.2
50 3 agueous solution of Mn(NOy), 93.0

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

Ingredient Amount
in parts
by
20 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
25 2% % agueous solution of fluosilicie acid (H,SiF,)
47.7

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

30 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-

a5 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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preferably fromtheir corresponding acids, are also suit- 25 abl e. The
preferred ratio by weight of sinple fluoride ions te oxidizing acid in a
conpoesition according to this invention is from 0.103:1 to 0.114:1, nDre

PoT0c1in 1. | Phaspdovirs dntan andy Shen flontd SR B, EaBealnpE gt e
to oxidizing agiogpbaitieanmocatding amotﬂln@mmums nade rne oduerlbodn
E)m?élprle;E gr gb%%PP'Bm Orﬁigrﬁﬂf%"e%f} f&ﬂphie)‘m‘%ler redr g‘tl%; i..e&
sulfuric aci d foetemen 18 and 21 * €, and the wo:kplcccl vere ma ntﬂign
5 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 on the
warkpleces. The surfaces were well suited for conventional
10 organic coatings.

what iz claimed is:
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35-  dizing acid in a conposition according to this invention is from
0.45:1 to 0.55:1, nore preferably fromO0.47:1 to 0.52:1, or 'ﬁtiSiShbetﬁurmenRTlaced

preferably from0.49:1 to 0.51: 1. 4 The preferred ratio byu!ﬁuﬁm mm ",
phosphoric acid to oxidiz- ing acid in a cohposition accordin
I nvention is fMO%: 1to 0.095:1, nore preferably from0.088:1 to
0.093:1, or sti 1 Iy Gl d's21301n ' EHPch1tE3h ot nletst ‘cbnststing en-

gentially of water and:

{A) an oxidizing inorganic acid:

5 (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 -

10 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

15 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-
20 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 acld is from about 0.011:1 to about 0.016:1, the
25 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
carhoxylate groups to oxidizing inorganie acid is from
30 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.

e



5 The preferred organic carboxylic acid in a conposti criaced
to this invention is acetic acid. The preferred ratio by wei l
carboxyl ate groups to oxidizing acid in a qqnposition accord )

invention is fromO0,082:1 t .153: 1, re,preferably from.0.092:1 to
0.143:1, or 10%estiM| cmﬁ?&wss#ﬂ# oED GbaiR 1. whersdiv thaocomr s of

(I;/h( | _sz aL e congehtratiynayniddaieing margandechild (s CRomadiSoy AN EHE
composi t1ons REBREY B cIf%, U ERULRY Neldh sRchikRy Ilichide Bdne, .
15 of M(I Vkoi oxtdiagmitnomési suldctmduomAbrrt Gt0%: Is fix 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
10 fron about 0.088:1 to about 0.093;1, the ratio by weight 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
15 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

20 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 ~

25 118 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

30 (IXX) mixing with the composition from the end of atep (II) .
30 parts by waight of ansther composition consisting
of 407 to 507 parts by welght of concentrated sulfuric
acid (68° Baumé), 418 to 227 parts by weight of deion~
ized water, 136 to 151 parts by wvaight of 70 & aquecus

35 hydrofluoric acid, and 40 to 58 parta by weight of 25
3 squacus solutieon of fluosilicic zcid (H,S1F,).

W



abl e oxi di zi ng agents nost preferably hydrogen peroxi.de. Nﬁsmgedﬂﬁ&ese&i}t ﬁ&eﬁ

Is the preferred source of the Mi(ll) starting material,

it is the nost soluble of the readily avaijable salts of m

20 acetate, nmanganese formate, mnanganese .sulfate an

fluosilicate ar@ al %o compeatdon | scanrddngt &onﬂﬁ!hzﬁitM(trmnml&fion

precipitation Gy ‘Htrnf%%ﬁdﬁf g@&d rﬁt tha! stap@foshe conpositions according
n

to this |nvent|o I S pr rre xi di e t he ane content of a
vartially 25 120" 8 PAFER By ARLEHY 124§ A BAOHS SR Fa5
addi ng any si gm f | ca:mld‘or adthonooparte ontisndweighvierdfiad solution con~

5 gisting of 267.3 partas by weight 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 &
16 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)
15 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-
20 tion of flucsilicic acid (H;SiF).

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—

25 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 aquecus solution composition of matter, consisting
essantially of 407 to 507 parts by welght of concentrated

30 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,).

(LT



sinmple fluoride ion content of the conposition to it. This This h ced
in the exanpl es below. The ratio by weight of the [er¥] ion |
30 - oxidized to [err] to the inorganic oxiﬁzing acid pre

wor ki ng compositions according to this inventYon preferably |s 0 047:1 to

0.087:1, nore grefe o 0 dAheidi BngSt bl pdit @ grably
fromO0.062:1 t abi-&:f P%QWI\*!‘. ﬂ?? exr iil(?s?%atg* Wn(g%aﬁlf:trlc

acid is the i ngﬂ‘&gnfﬁ d’(‘fﬁstﬂ%d'“ﬂcfﬁ ‘qu&"\%lm fGe . 88 Q%’%@Wﬁat of
100% concent r aprdsiingy tontaiting satd atusifuanmittsce with a composition

according to elain 6 for a sufficlent tise at a sutficient
5 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 sald aluminum surface with a compasition
according to claim 5 for a sufticlent time at a sufficlent
10 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 sald aluminux surface with a composition
according to claim 4 for a sufficient time at a dufficient
15 temperature t¢ be affactive for desmutting or deoxidizing.

12, A process fét 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
20 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
as 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
30 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
35 range from 10 to A5 * C, )

| R O A



5 imorganic oxidizing acid is used, the ratios should preferably be

adj usted to provide the sanme anount of strong acid protons fromthe

i norgani ¢ oxidizing acid as would be obtained with the ratios stated above
when using nitric 5 acid. Wirking conﬁ%sitions according to the

i nvention pref-j6erafl grbovde fdiorBifgt o el din MO, CwvRELALAEHY X BNINIWS (O
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

5 ranga froem 10 to 35 * €,

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 $ — 12 % by weight

of gllicon and the temperature during the process is in the
19 range from 30 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
15 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
20 ranga 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
25 range from 16 ta 35 * &,

This Sheet Has Been Rerlaced
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12.8, -or Still nore preferably from10.5 to 12. 3 "points of free acid" and,
|ndependently preferably have from10.2'to 10 15. 2, mor e preferably from

11.2-t0°'14.2, or still nmore preferably from11.7 to 12.7 "points of total
acid". These "points" BBHFREEtermi ned as fol{pws: 1 nmilliliter (herein-
after " ') of t@@ﬂ@)@m%b{b'mmﬂﬁbk YigRdpt MupLING SNRF%@EQ'QJF AWIR?@M WRbeITS

and titrated with AL OYS\i St rong base solution 15 (usual 'y sodi um

hydroxi de), using a Br BAGRER AL Eachive, deoxid] perfdnsautias é@l'!‘dﬂ-aﬁan\al
phenol pht hal ei nnuﬁﬂacehprpiﬂicdlﬁtrak thode . of hﬁdﬂ"ﬁlﬁﬁcﬁfn RAuRE AuOypLs the

number of i 111 8" S yT 401G bbbk "ol SEA SSbrit1hE5°0% B2 Mzing dnm

[ orxgania acid, phosphorie and sulfurie acids, sismple and
complex flucride ilons, an otganic carboxylic acid having
from 1 - 10 carbon atoms, and manganese in ites +4 oxidation
atate. | '

is Sheet Has Been Reﬂlaced
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Wor ki ng conpositions according to this invention are 20 nor e
concentrated in active ingredients than are many ot her types of treatnent

solutions. Nevertheless, it may be eco- norg cal |y advant ageous to ship the
conpositions in concen- trated form which Tan be made ready for use by
dilution wth ninsad adthhwaperntand than ddppedcintone reontainem f -tRb

tions, either W | ' OyimAal | wo or
nore separate eart i algﬂﬁﬁg(gﬂr‘iagag %tﬂ%ﬁi ﬁ:mq@gi\/‘md?h%?e.r%ﬁl one

anot her to for «i nahBoRFsEPRELELEN YHps AEn e ARReEAtUES e of

this inventi onbetween 18 and 21 * €, and the workpleces wetre maintained
5 in contact with the composition for periods of time ranging
from 15 ~ 200 seconds. In each case, an apparently clean,
white matte surface that was free from any visual svidence
of pitting or intergranular attack was produced on the
vorkpieces. The surfaces were well suited for conventional
10 organic coatings.
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30 The conpositions according to the invention have proved to be

partigularly effective in desnutting and/pr deoxidizing al um num casting
alloys containing from5 = 12 % by weight of silicon, and also on certain

ot her alloys containing not nore than 98 % of -al um num by wei THi Sheet Aas3Eeen Replaced
group of preferred alloys to be treated according to the I nven

in Table 1. Anobng these the first nine |isted are nost.tpreferr

menber of this nost
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- PROCES8 AND CONMPGSITION FOR DEBMUTTING SURFACES OF ALUXINUM
AND ITS ALIOYS

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates to a process for desmutting
alurminum and aluminum alloy surfaces, especially those of
5 high silicon aluminum alloys, by contacting the surfaces
with a particular aqueous liquid composition.

Statement of Related Art
Common chenmical and even nechanical treatments of
aluminum often leave the surface with a dark coating that
10 must be removed before subsequent surface finishing steps
can be satisfactorily completed. This process is generally
known in the art as "desmutting" or sometimes as "deoxidiz-
ing®. Current commercial desmutting practice normally uses
oxidizing acid solutions containing some form of chrom-
1is ium(VI). This matenal of course, has severe pollution
potential, so that an alternative, equally effective de-

smutting composition and/or process would be highly desir-
able.

This is the replacement sheet
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6 Table 1 COVMPOSI TI ONS OF PREFERRED ALLOYS TO BE TREATED AA  Forner Forner
Content in Percent by Wight of: 5 No.a AA No. ASTM No. Cu My vh
Si Zn Cr . Fe 336.01 A332.0 SN122A 1.0 1. 0 - 12.0 - - - 354.0
354 SC92A 1.8 .50 - 355 SC61A 1.2
.50 .502 5.0 [err]Some [Q#ﬂ“"e%’m ocesassiumlyithwtz chxpmiumohave o

[err] - [errpréPiouddd. BeeRSknownSEROAhe afrtlr] Foi? akamble, 7 "Resh&rel -
[err] A356.0 A3 ?acloggz'na 273£855]n¢§§t45{4 ]to Znoahséggct _ther.‘czootztaach-—
ea desputting in concentrated nitric acid: Japanese Laid-
5 Open Patent Application 59-1,699 according toc an abstract
thereof teaches desmutting in a mixture of nitric and hy-
drochloric acids; published British patent application 6B
1,399,111 according to an abstract thereocf teaches desmut-
ting with a solution of ammonium persulfate, sodium bisul-
10 fate, and ammonium nitrate; U. S. Patent 3,634,262 accord-
ing to an abstract thereof teaches desmutting in a solution
containing alkali, alkaline sarth, or ammonium peroxydisul-
tate(s); acid salts of sulfuric acid; and, optionally,
fluorides: U, S. Patent 3,647,698 according to an abstract
15 . thereof teaches desnutting with a solution of urea nitrate
and ferric sulfate, optionally alse including boric acid
and/or fluoride ions; and U. S. Patent 3,510,430 according
to an abstract thereof teaches desmutting with a solution
of farric sulfate, alkali metal bisulfate, alkali metal ni~
20 trate, and alkali petal silicofluoride. None of these

teachings is believed to have achieved substantial commer-
clial success.

DESCRIPTION OF THE INVENTION
Except in the claims and the operating examples, or
25 where otherwise expressly indicated, all numerical quant-
ities in this description indicating amounts of material or
conditions of reaction and/or use are to he understcod as
modified by the word "about" in describing the broadest
scope of the invention. Practice within the exact numeri-
30 cal limits stated is qeneraliy preferred. Also, in this
description and claims, except where the context implies
otherwise, the term "aluminum®” is tc be understood te in-
clude all the alloys of aluminum that contain at least 45
R by weight of aluminum.
35 Summary of the Invention
It has surprisingly been found that the presence of
manganese (IV) in desmutting solutions improves their per-

Sheet Has Been & nis is the replacement sheet
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357.0 . 357 - - .50 - 7.0 - - - A357. 03A357 -
- 0.6 -- 7.0 - - - 359.0 359 3SXP1A - 0.6 - 9.0 -
- - 15 2024 - 4.4 0.5.0.8 - - - 6061

5.6 23 Tormapad:oMeEy ﬁ%%?’e”lg%i' '1d&‘?@‘?&ﬁ%"af’ﬁgpﬂsgé""o$¢'N.
2 | ndi cat es maciemdimgntenthisAipyvensieni Ascdudesoanpr oxidisdng. doorganic Be

Sts 232. gflt es fo cl A SrbephdtiiEedna ApR12516N8E 1%, AN & complex

' “fluoride ions, an organic carboxylic acid having from 1 -

5 10 carbon atoms, and manganese in its +4 oxidation state.

A process according to this invention comprises a step of

bringing a compesition according to the invention into con-

tact with an aluminum surface under conditions that result

in removal of smut or other oxide or scil from the aluminum
10 surface.

Description of Preferred Embodiments
The preferred oxidizing acid is nitric acid. Other
suitable oxidizing acids are perchloric and peroxy acids.
In a working composition according to this invention, {.e.,
1S ' one suitable for direct use in desmutting, the concentra-
tion of oxidizing acid is preferably in the range from 1S1
to 251, more preferably from 174 to 22B, or still more
preferably from 181 to 211 grams per liter (hereinafter
/vy
20 The preferred source of simple fluoride ions is hydro-
fluoric acid and the preferred source of complex fluoride
ions is fluosilicic acid (H,SiF,), but fluotitante (TiF,?),
fluoborate (BP,"), and fluozirconate (2rF,?) ions,
preferably from their corresponding acids, are also suit-
25 able. The preferred ratio by welght of simple fluoride
ions to oxidizing acid in a composition according to this
invention is from 0.103:1 to 0.114:1, more preferably from
0.105:1 to 0.112:1, or atill more preferably from 0.107:1
to 0.111:1. The preferred ratio by weight of complex
3o fluoride ions to oxidizing acid in a composition according
to this invention is from 0.011:1 to 0.016:1, more pref-
erably from 0.012:1 to 0.015:1, or still more preferably
from 0.013:1 to 0.014:1.
The preferred ratio by weight of sulfuric acid to oxi-~
3s dizing acid in a composition according te this invention is
from 0.45:1 to 0.55:1, more preferably from 0.47:1 to
0.52:1, or still more preferably from 0.49:1 to 0.51:1.

cet Has Been Reilaoed This 1 *re ,-,-;D!,a.:‘:er";(;‘ﬂi sheeat
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25 has a mailing address of 818 Connecti cut Avenue N. W, Washingtor, DC
20006. The bal ance of the conposition not, shown for each alloy is alum num
30 preferred group is an all oy de5|gnalted # 713 by the Qut- board Marine
Cor poration, 100 Sea Horse Drive, Waukegan, IL 60085. This contains 11 - 13

parts by wei githeoprateirrad ratie bryomitqha:not photmdm;ddﬂcgﬂu - oixfdd x~not

B e R

than 0.1 part W%,q}m 101‘%@&%&’8 norc pre erably zroa 0.088:1 to
0.093:1, or still moxre preferably from 0.089:1 to 0.091:1.

s The preferred organic carboxylic acid in a composition
according to this invention is acetic acid. The preferred
ratioc by veight of carbaxylate groups to oxidizing acid in
a composition according to this invention is from 0.082:1
to 0.153:1, nmore preferably from 0.092:1 to 0.143:1, or

10 still more preferably from 0.105:1 to 0.128:1.

No salts of Mn({IV} are commercially available at a
reasonable price, and manganese dioxide has not proved con-
venient to use in practice in preparing compositions ac-
cording to the invention. Therefore, the preferred scurce

15 ° of Mn(IV) is an in situ reaction between Mn(II} and a suit-
able oxidizing agent, most preferably hydrogen peroxide.
Manganese nitrate is the preferred source of the Mn(II)
starting material, primarily because it is the most soluble
of the readily available salts of Mn(II); manganese

20 acetate, manganese formate, manganese sulfate and/or
fluosilicate are also suitable. 1In order to minimize the
chances of precipitation or other undesired instability of
the compositions according to this invention, it {s
preferred to oxidize the manganese content of a partially

25 completed composition to the +4 oxidation state before
adding any significant fraction of the intended eventual
simple fluoride ion content of the composition to it. This
is illustrated in the examples below.

The ratic by weight of the Mn'? ions, later to be

30 oxidized to Mn™, to the incrganic oxidizing acid present in
the working compositions according to this invention
preferably is 0.047:1 to 0.087:1, more preferably from
0.057:1 to 0.077:1, or still more preferably from 0.062:1
to 0.072:1.

35 In all the ratios above, when Nitric acid is <the
inorganic oxidizing acid, its weight is to be taken as that
of 100% concentrated nitric acid (HNC). If another

This Sheet Has Been Ru
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and not nore than 0.5 parts by weight of nickel, with the bal ance al um num
7 The canpositions according to the invention are ef- fective at

tenperatures within the range of at least 10 -35 C, which includes the
anbi ent tenperature in alnbst any encl osed space in which the tenperature

is control |l edihefganic NeRbSi£DRGOrheidDsiaspresed pblehe @ PEOL66S SE i Ng
to the preferably be adjusted to provide the same amount of strong
acid protons from the inorganic oxidizing acid as would de
obtained with the ratics stated above when using nitric
L] acid,
Working compositions according to the invention preg-
erably have from 8.8 to 13.8, more praferably from 9.8 to
12.8, or still more preferably from 10.5 to 13.3 "points of
free acida" and, independently, preferably have from 10.2 to

10 15.2, more preferably from 11.2 to 14.2, or =still wmore
preferably from 11.7 to 12.7 “points of total acid®. Thase
"points" are determined as follows: 1 milliliter (herein-
after "ml") of the composition is diluted to S0 ml with de-
jonized water and titrated with 1.0 N strong base solution

15 - (usually sodium hydroxide), using a bromphenol blua indi- .
cator for "free acid" and a phenolphthalein indicater for
"total acid®. The number of points equals the number of
milliliters of the titrant required to the end point.

' Working compositions according to this invention are

20 more concentrated in active ingredients than are many other
types of treatment solutions. Nevertheless, it may be eco-
nomically advantageous to ship the compositions in concen-
trated form, which can be made ready for use by dilution
with water at the point of use. Such concentrated composi-~

25 tions, either concentrates of complete working composi-
tions, or of two or more separate partial compositions that
can be mixed with water and one another to form working
compositions, are within the contemplated scope of this
invention.

30 The compositions according to the invention have
proved to be particularly effective in desmutting and/or
deoxidizing aluminum casting alloys containing from 5 - 12
% by weight of silicon, and also on certain other alloys
containing not more than 98 % of aluminum by weight. A

35 group ©of preferred alloys to be treated according to the
invention is given in Table 1. Among these the first nine
listed are most preferred. A tenth member of this most

This Sheet Has BeenReplaced
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i nvention, which in its sinplest formconsists of con- tacting an al uni num

wor.kpi ece with a conposition according t
is perforned at a tem perature in the range from18 - 21 [err] C The
shoul d be sufficient to produce the desired matte white

to be
120 seconds hpawierpved effective in practice.

Before using a desa%ﬁbbamieﬁsow PREFERREDIANEOTS dCn é5mp
al um num wor kpi eces _ar era Iy fre OL”OT any ross surface
cont ami gat i on agc ’g&% m" ant in dent b Neight of:

contact tine 10

and stain-fr

treated. Tinmes from 15 -

io

- 158

20

25

30

35

Bg ¥n Si 2Zn Cr e
336.0' A332.0 SN122A 1.0 1.0 - 12.0 =~ - -
354.0 354 SC92A 1.8 .50 - 9.0 = =« 9«
355.0 358 SC61A 1.2 .50 .50 s.0 .3s? - og.¢
©356.0 C355 SC61B 1.2 .50 .10? s.0 .102 - 302
356.0 356 SG70A .252 .32 .3582 7.0 .35 -~ o.¢
A356.0 A3S56 SG708 .20% .35 ,102 7.0 .10% - .20%

357.0 357 - - .50 - 7.0 - - =
A157,.0°A357 - ~ 0.6 - 7.0 =~ - -
359.0 359 £GS1A - 0.6 -~ 9.0 - - -
2024 - - 4.4 0.5 0.8 - - - -
6061 - - .28 1.0 = 0.6 = 0.2 =
7078 - - 1.6 2.5 - - 5.6 .23 -

Footnotes for Table 1

Alsc contains 2.5 £ of Ni IIndicates maximum amount
3A1s0 contains 0.16 § of Ti and 0.006 % of Be

Other Notes for Table 1

AA numbers are assigned by the Aluminum Association, which
has a mailing address of 818 Connecticut Avenue, N.W.,
wWashington, DC 20006€.

The balance of the composition not shown for each alloy is.

aluminun,

preferred group is an alloy designated # 713 by the Out-
board Marine Corporation, 100 Sea Horse Drive, Waukegan, IL
60085. This contains 11 - 13 parts by weight of silicon,
not more than 2 par{s by weight of iron, not more than 0.6
parts by weight of copper, not more than 0.5 parts by
weight 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 weight of nickel, with the
balance aluminum.

This Sheet Has Been Relilaced
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i ngs, and chips and cleaned with a conventional cleaner as known in the
art. Preferably the cleaner used is of the silicated al kaline i nmrersion
type. After treatnent with a 20 conposition according to this invention,
t he wor kpi eces are preferably rinsed with water, nore preferably including
a final rinse withnei conpest tidres . agterding ptecthendinvehtiohe axwbjei ed to

pai nt' ng,  anct AR 1AL CaBpaeabuFpe SRVALN' e il dr FOERt 0509
according to tHe iwhiehibckuden. ‘%&r?ﬁ%ﬁ‘ﬁ%&?ﬂ@%@ dmpadnonti snesh
for use and agfclosed mpace in which the teamperature is controlled for

S human comfort. Most preferably, a process according to the
invention, which in its simplest form consists of con-
‘tacting an aluminum workpliece with a composition according
ta the invention as dascribed above, is performed at a tem-
perature in the range from 18 - 21 * C. The contact time

10 should dbe sufficient to produce the desired matte white and
stain-free appearance on the surface of the aluminum
workpiece(s) to be treated. Times from 15 ~ 120 seconds
have proved effective in practice.

Before using a desmutting compesition according te the

15 - invention, the aluminum workpieces are preferably freed
from any gross surface contamination such as burrs, shav-
ings, and chips and cleaned with a conventional cleaner as
known in the art. Preferably the c¢leaner used is of the
silicated alkaline immersion type. After treatment with a

20 composition according to this invention, the workpieces are
preferably rinsed with water, more preferably including a
final rinse with deionized water. The workpieces may then
be subjected to further surface treatments such as
conversion coating, anodization, painting, and the like, as

25 known per se in the art.

The compositions according to the invention as de-
scribed asbove are those prepared fresh for use and are
generally colorless. As the compositions are uszed, they
gradually develop a pink color, presumably because of the

30 reduction of Mn(IV) to Mn(II). It is advantageocus in a
process according to this invention to add a suitable ox-
idizing agent, preferably hydrogen peroxide, occasionally
during use in a sufficient amount to remove the pink color.

In long term use, all companents of the composition will
k3] eventually need replenishment.

The practice of the invention may be further appreci-
ated from the following non-limiting examples.
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generafly colorless. As the conpositions are used, they gradually develop a
pi nk; col or, presumably because of the 30 reductlon of Mi(1V) to Mh(Il).
It is advantageous in a process accordina to this invention to add a

suitabl e ox- idizing agent, preferably hydrogen peroxide, occasionally
during use in a sufficient anmount to reE!&!EEﬁi pink color. In’ong term

use, all conponents yofpiLge m&&t% wpdd i ton :oeveaaumlewm-ntian
repl eni shnent. The prac |ce of rngggi q_naﬁ.be firthrinP reci - ated
fromthefolloﬁ‘ﬂg m’%’ﬂ’é‘ %ﬂﬁ) ovwing ents e order

given:
s Ingredient Amocunt
in Parts
by
Weight
Deionized water 267.3
10 concentrated nitric acid (42° Baume) 561.0
75 & aqueous orthophosphoric acid (H,PO,) 45.4
Glacial acetic acid 33.3
50 % aqueous solution of Mn(NOy), 93.0

A second component composition for use in the inven-
15 tion was made by nzxing the following ingredients in the
- order given:

Ingredient Amount
in Parts
by
20 Weight
Concentrated sulfuric acid (66° Baume) 105.9
A mixture of 50 t by weight deionized water and 702. 4
50 %t by weight of 66° Baumé sulfuric acid )
70 % aquecus hydrofluoric acid (KF) 144.0
25 25 % aqueous solutlion of flucsilicic acid (H,SiF,)
47.7

To 70 parts by weight of the firast component noted
above were added 2 parts by weight of 35 § aquecus hydrogen
peroxide solution, with stirring. A vigorous evolution of

30 gas bubbles, indicating the oxidation of the manganese con-
tent of the component to its +4 oxidation state, then oc-
curred. Aftear the evolution of gas was complate, 30 parts
by weight of the second component noted above was added to
this mixture, vith stirring, to produce a working composi-

35 tion according to this invention.

Workpieces of each of the types of aluminum alloy
shown in Table 1 and of Outboard Marine Corporation Alloy
# 713 as descrided were cleaned by immersion in a commer-
cial silicated alkaline cleaner formulated for such uses,

Sheet Has Been Reﬂlaced This is the replacement sheet
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8 'Exarrpl es A first conponent conposition for use in the invention was nade

by mxing the following ingredients in the order given: 5 I ngr edi ent
Amount in Parts by Weight .9

rinsed with vater, and then dipped into a container of the
composition according to the invention made as described
above. The composition was maintained at a temperature
betveen 18 and 21 ° €, and the workpieces wvere maintained
5 in contact with the composition for periods of time ranging
from 15 ~ 200 seconds. In each case, an apparently clean,
vhite matte surface that was free from any visual svidance
of pitting or intergranular attack was produced on the
workpieces. The surfaces were well suited for convantional
10 organic coatings.
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Dei oni zed wat er 267.3 10 Concentr at ed

nitric acid [err] Baume) 561.0 75 % aqueous OFH gplaced
acid [err] 45.4 d acial aceti® acid I
33.3 50 % aqueous solution of [err] 93.0 A

conponent c@uARMSion for use in the inven- 15 tion was made by m Xxing
the following ingredients in the order given: |ngredient
Anpunt in Pak¢s dyliquid solution compos tion of matter consisting es-

sentially of water and:

(A} an oxidizing inorganic acid;
5 (B} phosphoric acid:

{€) sulfuric acid;

(D} a source of simple fluoride ions;

(E) a source of complex fluoride ions;

(F) an organic carboxylic acid having from 1 - 10 carbon
10 atoms per molecule: and

(G) a source of manganese in its +4 oxidation state.

2. A composition according to claim 1, wherein the inor-
ganic oxidizing acid is nitric acid, the source of simple
fluoride ions is hydrofluoric acid, the source of complex
15  fluoride ions is fluosilicic acid, the organic carboxylic
acid is acetic acid, and the manganese in 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 con-

20 centration of oxidizing inorganic acid is from about 151 to
about 251 g/L, the ratio by weight of simple fluoride iones
to oxidizing inorganic acld is from about 0.103:1 to about
0.114:1, the ratio by weight of complex fluoride ions to
oxidizing acid is from about 0.011:1 to about 0.016:1, the

25 ratio by weight of sulfuric acid to oxidizing inorganic.
acid is from about 0.45:1 to about 0.55:1, the ratio by
weight of phosphoric acid to oxidizing inorganic acid is
from about 0.086:1 to about 0.095:1, the ratic by weight of
carboxylate groups to oxidizing inorganic acid is from

30 about 0.082:1 to 0.153:1, the ratio by weight of manganese
to oxidizing inorganic acid is from 0.047:1 toc 0.087:1, the
points of free acid are from 8.8 to 13.8, and the points of
total acid are from 10.2 to 15.2.
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20 ' ]ﬁ(?‘m Been Replaced
Concentrated sulfuric acid (66[err] Baune) l
50 % by wei ght dei oni zed wat er and 708L 4 50 % by wei ght
sul E/uri c acid 7|0 E/(I) gﬂug?usl B)C/)glrlo:‘!:uorl C aC|[d (HFZ1 , , ts 144WgI Zﬁt
of the TirsieconBoReRPORSESARABEVErALRT Ko Saosm, 3o, whErada’ Thie® sihns®y]
aqueous hydcegtnap&bnxoﬂeoxhiuinm indnganka mlﬂg isAfyogonbout b Id m on of
30 gas byphlesyakngiytat tAY +0E18°5F e LGN of NELEBIW FRRE 1A tona
to oxidizing inorganic acid is from about 0,105:1 to about
5 0.112:1, the ratio by weight of complex fluoride ions to
oxidizing acid is from about 0.013:1 to about 0.015:1, the
ratio by weight of sulfuric acid to oxidizing inorganic
acid is from about 0.47:1 to about 0.52:1, the ratio by
weight of phosphoric acid to oxidizing inorganic acid is
10 from about 0.088:1 to about 0.093:1, the ratio by veight of
carboxylate groups tc oxidizing inorganic acid is from
about 0.105:1 to 0.128:1, the ratic by weight of manganese
to oxidizing inorganic acid is from 0.023 - 0.027, the
peints of free acid are from 10.3 to 12.3, and the points
" 15 ' of total acid are from 11.7 to 13.7.

5. A composition according teo claim 1, said composition
having been prepared by the staps of:
(I) mixing from 1 - S parts by weight of about 35 § aque-
ous hydrogen peroxide with 70 parts of by weight of a
20 solution consisting of 440 to 70 parts by weight of
deionized water, 427 to 712 parts by weight of concen-
trated nitric acid (42° Baumd), 35 - 58 parts by
weight of 75 § aqueous orthophosphoric acid (R,PO;), 25
to 42 parts by weight of glacial acetic aclid, and 71 ~
25 118 parts by weight of a 50 % by weight agueous
solution of Nn(NO,),; '
(II) allowing the mixture prepared in step (I) to sit until
+the evoluticn of visible gas bubbles therefrom has
ceased: and
30 (ITI) mixing with the compesition from the end of step (II)
30 parts by weight of another composition consisting
of 407 to 507 parts by welght of concentrated sulfuric
acid (66° Baumd), 418 to 227 parts by weight of deion-
ized water, 136 to 151 parts by weight of 70 § aqueous
35 hydrofluoric acid, and 40 to 58 parts by weight of 25
%t aqueous solution of fluosilicic aczid (H,SiF,).

I lllllll llllll Illll Illll ll llll This s the roplacement sneet
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evolution of gas was conplete,

30 parts by weight of t
. noted above was added to this mxturet? with stirring, t
conposi - 35 tion according to this invention. Wrkp S 0

each of the

tent of the conponent to its +4 oxidation state, thenTkiCShes tilag Bein Redlacasr t he

nent
r ki ng

types of alum num alloy shown in Table 1 and of Qutboard Marine Corporation

Al loy # 7136as JRSeshPEFLVEIE fdc?BeHg Yol BTRAA 8 1A SOEPEHLtiora!

8 of:

si 1 cat ed akgh L0ey Sl AL LU, ALRS Lelps USh: USCs,

10

20

25

30

(IIT)
15 -

(I} =mixing 2 parts by veight of 35 % agueous hydrogen per-

oxide with 70 parts of by weight of a solution con-
sisting of 267.3 parts by veight of deionized water,
$61.0 parts by welght of concentrated nitric acid (42°
Baume), 45.4 parts by weight of 75 % aqueous ortho-

phosphoric acid (H,P0,), 33.3 parta by weight of gla-
cial acetic acidq,

and $3.0 parts by weight of 50 %
aqueous solution of Ma(NO,),:

(I1) allowing the mixture prepared in step (I) to sit until

the evolution of visible gas bubbles therefrom has
ceased; and

mixing with the composition from the end of step (II)
30 parts by weight of another conposition consisting
of 457 parts by weight of concentrated sulfuric acid
(66° Baumé), 351.2 parts by weight of deionized water,
144.0 parts by weight of 70 % aquecus hydrofluoric

acid, and 47.7 parts by weight of 25 § aqueous solu-
tion of fluosilicic acid (H,SiF,).

7. An agueous solution composition of matter, consisting
essentlally of 442 - 70 parts by weight of water, 427 to
712 parts by weight of concentrated nitric acid (42° Bau-
me), 35 - 58 parts by weight of 75 % aquf.ous orthophos-
phoric acid (4,PO,) , 25 to 42 parts by weight of glaciall
acetic acid, and 71 - 118 parts by weight of a 50 ¥ by
weight aqueous solution of Mn (NO;) 5.

8. An aqueous solution composition of matter, consisting
essentially of 407 to 507 parts by weight of concex:ntrated
sulfuric acid (66" Baume), 418 to 227 parts by weight of
delonized water, 136 to 151 parts by weight of 70 ¥ aqueous
hydrofluoric acid, and 40 to 58 parts b¥ wveight of 25.
aqueous solution of fluosilicle acid (H,SiF}.
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rinsed with wat er, and then dipped into a contai ner of the c “Re laced
according to the invention nade as desgglbed above. . The conp lu”
mai nt ai ned at a tenperature between 18 and 21 [err] C, and th

were mai ntai ned 5 in contact with the conposition for perlods of time

ranging frgm 15 x .aecaaé%.baueefnky.cmxm@ﬁ@f

Ite
matte surface thatp was fr from an sual evj dence ? pit e/\/n
i nt er gr anultMRand: deexd F&&Ge@ﬂ ﬁ#: ’Tm AR "i‘ﬂeﬂf&F’&!e‘?ﬁ%re wel |

sui ted for peiuiang icontackling mgallmwlmacc with a composition
according to claim 6 for a sufficient time at a sutfficient
5 temperature to be effective for desmutting or deoxidizing.

10. A process for desmutting, deoxidizing, or both desmut-
ting and deoxidizing an aluminum surface, said process com-
prising contacting said aluminum surface with a compasition
according to claim S for a sufficient time at a sufficient
10 éemperature to be effective for desmutting or deoxidizing.

11. A process for desmutting, deoxidizing, or both desmut-
ting and deoxidizing an aluminum surface, said process com-
prising contacting said aluminum surface with a composition
according to claim 4 for a sufficient time at a sufticient
15 temperature to be effective for desmutting or deoxidizing.

12. A process fér desmutting, deoxidizing, or both desnut-
ting and deoxidizing an aluminum surface, said process com~
‘prising contacting said aluminum surface with a composition
according to claim 3 for a sufficient time at a sufficient
20 tenperature toc be effective for desmutting or deoxidizing.

13. A process for desnutting, deoxidizing, or both desnut-
ting and deoxidizing an aluminum surface, said process com-
prising contacting said aluminum surface with a compesition
according to claim 2 for a sufficient time at a sufficient
25 temperaturs to be effective for desmutting or deoxidizing.

14. A process for desmutting, deoxidizing, or both desmut-
ting and deoxidizing an aluminum surface, said process coa~
prising contacting said aluminuz surface with a composition
according to claim 1 for a sufficient time at a sufficient
30 temperature to be effective for desmutting or deoxidizing.

15. A process according to claim 14, wherein the aluminum
surface is the surface of an aluminum alloy selected from
the group consisting of alloys with from § - 12 § by weight

of gilicon and the temperature during the process is in the
35 range from 10 to 35 * C,

This is the replacement sheet
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Been Replaced
10 CLAI M5 1. Aliquid solution conposition of matter consisti e T I R
sentj al | y of water and: (A) an oxidizing inorganic acid; 5 jﬂﬂﬁmmmmm‘
phosphoric acid; (C sulfuric acid; (Df*a source of si rrpl e flu

16. A process according to claiz 13, wvherein the ~alulimm

surface is the surface of an aluminum alloy selected froa

the group consisting of alloys with from S - 12 3 by veight

of silicon and the temperature during the process is in the
5 ranga from 10 to 35 ° C,

17. A process according to claim 12, wherein the aluminum

surface is the surface of an aluminum alloy selected from

the group consisting of alloys with from 5 - 12 t by weight

of silicon and the temperature during the process is in the
10 range from 10 to 35 * C.

18. A process according to claim 11, wherein the aluminum
- surface is 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 is in the
1s range from 10 to 35 * C.

19. A process according to claim 10, wherein the aluminum

surface is the surface of an aluminum alloy selected from

the group consisting of alloys wvith from S - 12 % by weight

of silicon and the temperature during the process is in the
20 range from 10 to 35 * C.

20. A process according te claim 9, vwherein the aluxinum
surface is the surfaca of an aluminum alloy selected from
the group consisting of alloys with from 5 - 12 ¢ by veight
of silicon and the temperature during the process is in the
25 range from 10 to 35 * C, .

) O Tris i the replacerment sheet
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(E) <a source of conplex fluoride ions; (F) an organic carboxylic acid
having from1 - 10 carbon 10 atons per nolecule; and (G a source
of manganese in its +4 oxidation state. 2. A conposition according to
claim 1; wherein the A%RACyani ¢ oxidizinglfcid is nitric acid, the source
of sinple fluors PROCESTS ANS UMADSITIIONTHOR BESMUTTINE SHRRACES OF ALUMINIEM AND ITS

heiar and the mangdhReunfY feffdckiy GebRIARERs /B RRINIAE A8 SliRiR L)
oxi di zi ng [ er rdurtmces; tpargisulaxiynthesexolchigh silicon aluminum al-
loys, 1is an agueous solution contalpning an oxidizing ine
s organic acid, phosphoric and sulfuric acids, sisple and
complex fluoride ions, an organic carboxylic acid having
grom 1 — 10 carbon atoms, and manganese in its +4 oxidation
atate.
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3.

A conposi tion according to claim2, wherein the con- 20

JLoxrse S5
centration

of OXIdIZIng I norganic acid is from about 151 to about 251 g/L, the ratio
by wei ght of sinple fluoride ions to oxu}zmg inorganic acid is from about

0.103:1 to about 0.114:1,

the 25

the ratio by weight of conplex fluoride ions to
oxidizing acid is from about ‘0.011:1 to about 0.016:1,

rati o by

wei ght of sulfuric acid to oxidizing inorganic acid is fromabout 0.45:1 to

about 0.55:1,

carboxyl ate groups to oxidizing inorganic acid is from

»

the ratio by weight of phosphoric acid to oxidizing inorganic

acid is fromabout 0.086:1 to about 0.095:1, the ratio by weight of

e
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PROCESS8 AND COMPOSITION FOR DESMUTTING SURFACES OF ALUMINUM
AND IT8 ALLOYS

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a process for desmutting

aluminum and aluminum alloy surfaces, especially those of

5 high silicon aluminum alloys, by contacting the surfaces
~with a particular aqueous liquid gomposition.

Statement of Related Ax:t
Common chemical and even mechanical treatments of
aluminum often leave the surface with a dark coating that
10 must be removed before subsequent surface finishing steps
can be satisfactorily completed. This process is generally
known in the art as "desmutting” or sometimes as "deoxidiz-
ing". Current commercial desmutting practice normally uses
oxidizing acid solutions containing some form of chrom-

15 ium(VI). This material, of course, has severe pollution
potential, so that an alternative, equally effective de-

smutting composition and/or process would be highly desir-
able.

This is the replacement sheet
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3Q . .about 0.082:1 to 0.153:1, the ratio by weight of nmanganese to
oxidizing inorganic acid is fromO0.047:1,to 0.087:1, the points of free
acid are from8.8 to 13.8, and the points of total acid are from10.2 to
15.2. 4, A conmposition according to claim3, wherein the con-
centration of oxidéemeg dexmyanirey acodpositiomsabeithdilt tchxmium 2B8ve/ L,

;he ratio by qggeg&?giXSBQBhexhbuﬁr&%eeua“%fka OXp &t ZLRANbTR!, I8ReEeBELH | S
rom about O. . 0 about
Disclosure" 273,037 according to an abstract thereof teach-
es desmutting in concentrated nitric acid; Japanese Laid-
5 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 GB
1,399,111 according to an abstract thereof teaches desmut-
ting with a solution of ammonium persulfate, sodium bisul-
10 © fate, and ammonium nitrate; U. S. Patent 3,634,262 accord-
ing to an abstract thereof teaches desmutting in a solution
containing alkali, alkaline earth, or ammonium peroxydisul-
- fate(s); acid salts of sulfuric acid; and, optionally,
fluorides; U. S. Patent 3,647,698 according to an abstract
15 thereof teaches desmutting with a solution of urea nitrate
and ferric sulfate, optiocnally also including boric acid
and/or fluoride ions; and U. S. Patent 3,510,430 according
to an abstract thereof teaches desmutting with a solution
of ferric sulfate, alkali metal bisulfate, alkali metal ni-
20 trate, and alkali metal silicofluoride. None of these
teachings is believed to have achieved substantial commer-
cial success.

DESCRIPTION OF THE INVENTION

Except in the claims and the~operating examples, or
. 25 where otherwise expressly indicated, all numerical quant-
' ities in this description indicating amounts of material or
conditions of reaction and/or use are to be understood as
modified by the word "about" in describing the broadest
scope of the invention. Practice within the exact numeri-
30 cal limits stated is generally preferred. Also, in this
description and claims, except where the context implies
otherwise, the term "aluminum" is to be understood to in-
clude all the allo;s of aluminum that contain at least 45

% by weight of aluminum.

35 Summary of the Invention
It has surprisingly been found that the presence of
manganese(IV) in desmutting solutions improves their per-

This is the replacement shesat
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5...0:112:1, the ratio by weight of conplex fluoride ions to oxidizing
acid is fromabout 0.013:1 to about 0.015:,1, the ratio by wei ght of

sul furic acid to oxidizing inorganic acid1s fromabout 0.47:1 to about
0.52:1, the ratio by weight of phosphoric acid to oxidizing |norgan|c aci d
is 10 from abmnanee088ndzreosaegliltinaDDSB, la desmubtipgbgompogiition ac-

car boxyl at e greai}aibg N AVEHOUN G REldhdsS 44 08 3R946ng 10rbakc
0.128:1, the ratio we q&%& manganese t o oxi di zi ng |norgan|c acid_is
%&L o]

from 0.023 - 0agid, tpho Pnﬁiréé‘lgc‘:‘?'d-car%c’f‘?%m Fimple, 3pd3compdepe
points 15 Of1hi8k3heaGicthsAl Anf [d¥gahlic’ darbbokylic acid having from 1 -

5 10 carbon atoms, and manganese in its +4 oxidation state.
A process according to this invention comprises a step of
bringing a composition according to the invention into con-
tact with an aluminum surface under conditions that result
in removal of smut or other oxide or soil from the aluminum

10 ¥ surface.

Description of Preferred Embodiments

The preferred oxidizing acid is nitric acid. Other
suitable oxidizing acids are perchloric and peroxy acids.
In a working composition according to this invention, i.e.,

15 one suitable for direct use in desmutting, the concentra-
tion of oxidizing acid is preferably in the range from 151
to 251, more preferably from 174 to 228, or still more
preferably from 191 to 211 grams per liter (hereinafter
ng/L").

20 The preferred source of simple fluoride ions is hydro-
fluoric acid and the preferred source of complex fluoride
ions is fluosilicic acid (H,SiF,), but fluotitante (TiF.?),
fluocborate (BF,"), and fluozirconate (Zngz) ions,
preferably from their corresponq;ng acids, are also suit-

. 25 able. The preferred ratioc by weight of simple fluoride
ions to oxidizing acid in a composition according to this
invention is from 0.103:1 to 0.114:1, more preferably from
0.105:1 to 0.112:1, or still more preferébly from 0.107:1
to 0.111:1. The preferred ratio by weight of complex

30 fluoride ions to oxidizing acid in a composition according
to this. invention is from 0.011:1 to 0.016:1, more pref:
erably from 0.012:1 to 0.015:1, or still more preferably
from 0.013:1 to 0.014:1.

The preferred ratio by weight of sulfuric acid to oxi-

35 dizing acid in a composition according to this invention is
from 0.45:1 to 0.55:1, more preferably from 0.47:1 to
0.52:1, or still more preferably from 0.49:1 to 0.51:1.

This ia the replscement shest
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5..++A-eonposition according to claim1, said conposition having been
prepared by the steps of: (1) mxing from1l - 5 parts by wei ght of about
35 % aque- ous hydrogen peroxide with 70 parts of by weight of a 20
solution consisting of 440 to 70 parts by wei ght of deionized water, 427 to
712 parts by vehemrefemmnt ertitr biyewedghti ofaphdspi2iércr hcBdute) ox$81z2-58
parts by weigh f % agque : S L &sAci d [ : pagts
by wei ght of g % i3%§%c%?i % g}(ﬁ%ﬁ{ stalﬁ%%l) E?@g%i.&lﬂ& to q'{Ll.{:LJJSS p%?‘t’%ﬂﬁf/gnme?ght
of a 50 % by WEFgmt CafB6ols o095 lof B¥e | preferably from 0.088:1 to

0.093:1, or still more preferably from 0.089:1 to 0.091:1.
5 ‘ The preferred organic carboxylic acid in a composition

according to this invention is acetic acid. The preferred

ratio by weight of carboxylate groups to oxidizing acid in

a composition according to this invention is from 0.082:1

to 0.153:1, more preferably from 0.092:1 to 0.143:1, or
10 ° still more preferably'from 0.105:1 to 0.128:1.

No salts of Mn(IV) are commercially available at a
reasonable price, and manganese dioxide has not proved con-
venient to use in practice in preparing compositions ac~
cording to the invention. Therefore, the preferred source

15 of Mn(IV} is an in situ reaction between Mn(II) and a suit-
able oxidizing agent, most preferably hydrogen peroxide.
Manganese nitrate is the preferred source of the Mn{(II)
starting material, primarily because it is the most soluble
of the readily available salts of Mn(II); manganese

20 acetate, manganese formate, manganese sulfate and/or
fluosilicate are also suitable. In order to minimize the
chances of precipitation or other undesired instability of
the compositions according to this invention, it is
preferred to oxidize the manganese content of a partially

25 completed composition to the +4 oxidation state before
adding any significant fraction of the intended eventual
simple fluoride ion content of the composition to it. This
is illustrated in the examples below.

The ratio by weight of the Mn'? ions, later to be

30 oxidized to Mn**, to the inorganic oxidizing acid present in
the working compositions according to this invention
preferaﬁiy is 0.047:1 to 0.087:1, more preferably from
0.057:1 to 0.077:1, or still more preferably from 0.062:1
to 0.072:1.

35 In all the ratios above, when Nitric acid is the
inorganic oxidizing acid, its weight is to be taken as that
of 100% concentrated nitric acid (HNO;). If another

This is the replacement sheet
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(I't) .all-oming the m xture prepared in step (1) to sit until the evolution
of visible gas bubbl es therefrom has ceasedl; and 30 (I'1'1) mxing with the
conposition fromthe end of step (I1) 30 parts by wei ght of another
conpoesition consisting of 407 to 507 parts by weight of concentrated

sul furic acid [iavexigaBdione )oxidliz itrgy 22 ighr tis bysesl ghtthe  dedthesi zebiould

, . o . :
S e ol SR B S 15 H 0580 End o amo B LRGRT
acid [err] acid protons from the inorganic oxidizing acid as would be
obtained with the ratios stated above when using nitric
5 acid.

Working compositions according to the invention pref-

erably'have from 8.8 to 13.8, more preferably from 9.8 to

12.8, or still more preferably from 10.5 to 12.3 "points of

free acid" and, independently, preferably have from 10.2 to

10 * 15.2, more preferably from 11.2 to 14.2, or still more
preferably from 11.7 to 12.7 "points of total acid". These

"points“ are determined as follows: 1 milliliter (herein-

- after "ml") of the composition is diluted to 50 ml with de-~
ionized water and titrated with 1.0 N strong base solution

15 (usually sodium hydroxide), using a bromphenol blue indi-
cator for "free acid" and a phenolphthalein indicator for
"total acid". The number of points equals the number of
milliliters of the titrant required to the end point.

Working compositions according to this invention are

20 more concentrated in active ingredients than are many other
types of treatment solutions. Nevertheless, it may be eco-
nomically advantageous to ship the compositions in concen-
trated form, which can be made ready for use by dilution
with water at the point of use. Sucgh concentrated composi-

» 25 tions, either concentrates of complete working composi-~
tions, or of two or‘more.separate partial compositions that
can be mixed with water and one another to form working
compositions, are within the contemplated scope of this
invention. '

30 The compositions according to the invention have
proved to be particularly effective in desmutting and/of
deoxidizing aluminum casting alloys containing from 5 - 12
$ by weight of silicon, and also on certain other alloys
containing not more than 98 % of aluminum by weight. A

35 group of preferred alloys to be treated according to the
invention is given in Table 1. 2Among these the first nine
listed are most preferred. A tenth member of this most

This is the replacement shest
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12. 6. - *A conposition according to claimb5, said conposition having been
prepared by the steps of: (1) nixing 2 pafts by wei ght of 35 % aqueous
hydrogen per- oxide with 70 parts of by weight of a solution con- 5
sisti'ng of- 267.3 parts by weight of deionized water, 561.0 parts by wei ght
of concent r at € chitaimhmGmgrintha@mi e geHAIBmpmmel DSt St B bl e Qe B U
aqueous ortho- phosphoric acid [err] 33.fawpets by wei ght of gl a-

COMPOSITIONS OF PREFERRED ALILOYS TO BE TREATED

AA  Former Former Content in Percent by Weight of:
5 No. AA No. ASTM No. Cu Mg Mn si Zn Cr Fe
336.0' A332.0 SN122A 1.0 1.0 - 12.0 -~ - -
354.0 354 SC92A 1.8 .50 ~ 9.0 - - -
355.0 355 SC61A 1.2 .50 .50 5.0 .35¢2 - 0.62
C356.0 C355 SC61B 1.2 .50 .10%2 5.0 .10% - ,20%
10 . 356.0 356 SG70A .25% .32 .35% 7.0 .35 -~ 0.6°
A356.0 A356 SG70B .20%2 .35 .10 7.0 .102 - 202
357.0 357 - ~- .50 - 7.0 -~ - -
- A357.0%A357 - - 0.6 - 7.0 = - -
' 359.0 359 SG91A - 0.6 - 9.0 - - -
15 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

20 Also contains 2.5 $ of Ni 2Indicates maximum amount
3Also contains 0.16 % of Ti and 0.006 % of Be

Other Notes for Table 1

AA numbers are assigned by the Aluminum Association, which
25 has a mailing address of 818 Connecticut Avenue, N.W.,
Washington, DC 20006.

The balance of the compdsition not shown for each alloy is
aluminum.

30 preferred group is an alloy designated # 713 by the Out-

board Marine Corporation, 100 Sea Horse Drive, Waukegan, IL
60085. This contains 11 ~ 13 parts by weight of silicon,.
not more than 1 parts by weight of iron, not more than 0.6
parts by weight of copper, not more than 0.5 parts by

35 weight 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 weight of nickel, with the
balance aluminum.
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cial .acetic acid, and 93.0 parts by weight of 50 % 10 - aqueous
solution of [err] (11) allowing the mxtlre prepared in step (1) to sit
until the evolution of visible gas bubbles therefromhas ceased; and (I111)
m xing with the conposition fromthe end of step (1) 15 30 parts
by wei ght of anotfther comprssiticns caasording ¢io A3e phn?enbg'zonwaimteb-f

e LB B SRS R R N S
parts by melgﬁb mbient temperature in almost any
enclosed space in whlch the temperature is controlled for
5 human comfort. Most preferably, a process according to the
invention, which in its simplest form consists of con-
tacting an aluminum workpiece with a composition according
to the invention as described above, is performed at a tem-
perature in the range from 18 ~ 21 ° C. The contact time
10 ‘ should be sufficient to produce the desired matte white and
stain-free appearance on the surface of the aluminum
workpiece(s) to be treated. Times from 15 - 120 seconds
- have proved effective in practice.

Before using a desmutting composition according to the
15 invention, the aluminum workpieces are preferably freed
from any gross surface contamination such as burrs, shav-
ings, and chips and cleaned with a conventional cleaner as
known in the art. Preferably the cleaner used is of the
silicated alkaline immersion type. After treatment with a
20 compesition according to this invention, the workpieces are
preferably rinsed with water, more preferably including a
final rinse with deionized water. The workpieces may then
be subjected to further surface treatments such as
conversion coating, anodization, painting, and the like, as

25 known per se in the art.

The compositionS'aécordimg to the invention as de-
scribed above are those prepared fresh for use and are
generally colorless. As the compositions are used, they
gradually develop a pink color, presumably because of the

30 reduction of Mn(IV) to Mn(II). It is advantageous in a
process according to this invention to add a suitable ox--
idizing égent, preferably hydrogen peroxide, occasionally
during use in a sufficient amount to remove the pink color.
In long term use, all components of the composition will

35 eventually need replenishment.

The practice of the invention may be further appreci-
ated from the following non-limiting examples.
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conposition of matter,

of water,

tion of fluosilicic acid [err] 7. An aqueous sol ution
consisting essent8ially of 442 - 70 parts by weight
427 to 712 parts by weight of concentrated nitric acid [err]

Bau-

nme), 35 - 58 parts by weight of 75 % aqueous orthophos- 25 phoric acid

[err] 25 to 42 parts by wei ght of ¢l aExampdestic acid, and 71 -

118 parts

by wei ght of a 50,% | '
A %?¥§’Aﬁ%§x§'%?ﬁ£ﬂ€°&§m§8££{:ieﬂ £br [lﬁéy ]15}8%167&?;0 i Q:ggrts

sol ution conposition o

by wei ght of Yagn&@ater dYe®ixing the felloving ipgredigntfelin Abhe @ydex;

, consisting essentla

parts by wei giitredf:

5

10

15

20

25

30

35

Ingredient Amount
in Parts
by
Weight
Deionized water 267.3
Concentrated nitric acid (42° Baumeé) 561.0
75 % aqueous orthophosphoric acid (H,PO,) 45.4
Glacial acetic acia . 33.3
50 % aqueous solution of Mn(NOy), 93.0

A second component composition for use in the inven-
tion was made by mixing the following ingredients in the
order given: ’

Ingredient w Amount
' in Parts
by
Weight
Concentrated sulfuric acid (66° Baume) 105.9
A mixture of 50 % by weight deionized water and 702.4
50 % by weight of 66° Baumé sulfuric acid *
70 % aqueous hydrofluoric acid (HF) 144.0

25 % aqueous solution of fluosilicic acid (H,SiF,)

47.7 -

To 70 parts by weight of the first component noted
above were added 2 partsiby weight of 35 % aqueous hydrogen
peroxide solution, with stirring. A vigorous evolution of
gas bubbles, indicating the oxidation of the manganese con-
tent of the component to its +4 oxidation state, then oc-
curred. After the evolution of gas was complete, 30 parts
by weight of the second component noted above was added to
this miiture, with stirring, to produce a working composi-
tion according to this invention.

Workpieces of each of the types of aluminum alloy
shown in Table 1 and of Outboard Marine Corporation Alloy
# 713 as described were cleaned by immersion in a commer-
cial silicated alkaline cleaner formulated for such uses,
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derori-zed water, 136 to 151 parts by weight of 70 % aqueous hydrofluoric
acid, and 40 to 58 parts by wei ght of 25 % aqueous solution of fluosilicic
acid [err] 13 9. A process for desnutting, deoxidizing, or both desnut-
ti hg and deoxi di zi ng an al um num surface, said process com prising

cont acti ng s&tBseAuwWikbnv¥atieracandi then dénrpedi inse aceendriferood &he 6

for a sufficiefpokitBont atcotding &d the invention made as described
above. The composition was maintained at a temperature
between 18 and 21 ° C, and the workpieces were maintained
5 in contact with the composition for periods of time ranging
from 15 - 200 seconds. In each case, an apparently clean,
white matte surface that was free from any visual evidence
of pitting or intergranular attack was produced on the
workpieces. The surfaces were well suited for conventional
10 ° organic coatings.
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5., .t.enperature to be effective for desmutting or deoxidizing. 10. A
process for desmutting, deoxidizing, or beth desmut- ting and deoxi di zi ng
an alum num surface, said process com prising contacting said al um num
sufface with a conposition according to claim5 for a sufficient tine at a
sufficient MLAIMS enperature to be effective for desnutting or deoxidizing.
11. A process for desnutting, deoxidizing, or both desnmut- ting and
deoxi di zi ng lan & diigwid SEEHOD KnPRidean ebhmatres; %gn%bﬁg&eei ®9-sai d
al um num surdape Aty ¢ GRS da@n according to claim4 for a sufficient

time at a sufficient 15, ,tenperaturg to pe effective for desmutting or
deoxidizinng) an oxidizing 1lnorganic acid;

5 (B) phosphoric acid;
(C) sulfuric acid;
(D) a source of simple fluoride ions;
(E) a source of complex fluoride ions;
(F) an organic carboxylic acid having from 1 - 10 carbon
10 atoms per molecule; and
(G) a source of manganese in its +4 oxidation state.

— 2. A composition according to claim 1, wherein the inor-
ganic oxidizing acid is nitric acid, the source of simple
fluoride ions is hydrofluoric acid, the source of complex

is fluoride ions is fluosilicic acid, the organic carboxylic
acid is acetic acid, and the manganese in 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 con-
20 centration of oxidizing inorganic acid is from about 151 to
about 251 g/L, the ratio by weight of simple fluoride ions.
to oxidizing inorganic acid is from about 0.103:1 to about
0.114:1, the ratio by weight of cqulex fluoride ions to
oxidizing acid is from about 0.011:1 to about 0.016:1, the
- 25 ratio by weight of sulfuric acid to oxidizing inorganic
acid is from about 0.45:1 to about 0.55:1, the ratio by
weight of phosphoric acid to oxidizing inorganic acid is
from about 0.086:1 to about 0.095:1, the ratio by weight of
carboxylate groups to oxidizing inorganic acid is from
30 about 0.082:1 to 0.153:1, the ratio by weight of manganese-
to oxidiéing inorganic acid is from 0.047:1 to 0.087:1, the
points of free acid are from 8.8 to 13.8, and the points of

total acid are from 10.2 to 15.2.
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12: Asprocess for desnutting, deoxidizing, or both desnut- ting and

deoxi di zi ng an al um num surface, said prdtess com prising contacting said
al um num surface with a conposition according to claim3 for a sufficient
tihe at a sufficient 20 tenperature to be effective for desmutting or
deoxi di zi ng.4.13. 2A qompesitfon amsordinggtodednidi 3i,nwhexeirotthelecont-

ting and de%r&ﬁ%rﬁ%@'o&%&%%%?&%&%’an&@ dAPGES B8 hHBGES i‘??' to
cont act | ng sail al um num surt ace a “composl t1 on accordi ng to Cclharm 2
for a suffi ckont 1328 gALq the matiiamby weightembrsinple tflperidectonge for

desmut ting Qfo 45epd 1 Zid Ginoklan} O R St d O réif SABBUE M@ 1660K1 €5248Gut 0"
both dessrmt -0.112:1, the ratio by weight of complex fluoride ions to
oxidizing acid is from about 0.013:1 to about 0.015:1, the
ratio by weight of sulfuric acid to oxidizing inorganic
acid is from about 0.47:1 to about 0.52:1, the ratio by
weight of phosphoric acid to oxidizing inorganic acid is
10 from about 0.088:1 to about 0.093:1, the ratio by weight of
carboxylate groups to oxidizing inorganic acid is from
about 0.105:1 to 0.128:1, the ratio by weight of manganese
to oxidizing inorganic acid is from 0.023 -~ 0.027, the
points of free acid are from 10.3 to 12.3, and the points
15 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) wixing from 1 - 5 parts by weight of about 35 % aque-
ous hydrogen peroxide with 70 parts of by weight of a

20 solution consisting of 440 to 70 parts by weight of
deionized water, 427 to 712 parts by weight of concen-
trated nitric acid (42° Baumés , 35 - 58 parts by
weight of 75 ¥ aqueous orthophosphoric acid (H;PO;), 25
to 42 parts by weight of glacial acetic acid, and 71 -

- 25 118 parts by weight of a 50 % by weight agqueous
e solution of Mn(NO;),;

(II) allowing the mixture prepared in step (I) to sit until
the evolution of visible gas bubbles therefrom has
ceased; and

30 (III) mixing with the composition from the end of step (II)
30 parts by weight of another composition consisting
of 407 to 507 parts by weight of concentrated sulfuric
acid (66° Baumé), 418 to 227 parts by weight of deion-
ized water, 136 to 151 parts by weight of 70 $ aqueous

35 hydrofluoric acid, and 40 to 58 parts by weight of 25
% aqueous soclution of fluosilicic acid (H,SiF).
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t.i-ng -and deoxi di zi ng an al um num surface, said process com prising
contacting said alum num surface with a Yonposition according to claim1l
for a sufficient tine at a sufficient. 30 tenperature to be effective
for desmutting or deoxidizing. 15. A process according to claim 14, wherein
the al uni numesur f ac edupddlit ioi farsordim €buslatm 3l,| aw idelaupsbifyivh t he

Penporature BAVIRS B rarersd B e, afere Yoo O 115 1% T

(I) mixing 2 parts by weight of 35 % aqueous hydrogen per-
oxide with 70 parts of by weight of a solution con-

5 sisting of 267.3 parts by weight of deionized water,
561.0 parts by weight of concentrated nitric acid (42°
Baumé&), 45.4 parts by weight of 75 % aqueous ortho-
phosphoric acid (H;PO;}, 33.3 parts by weight of gla-
cial acetic acid, and 93.0 parts by weight of 50 %
10 aqueous solution of Mn(NOs),:

(II) allowing the mixture prepared in step {(I) to sit until
the evolution of visible gas bubbles therefrom has '
ceased; and

(III) mixing with the composition from the end of step (II)
15 30 parts by weight of another composition consisting
of 457 parts by.weight of concentrated sulfuric acid
(66° Baumé), 351.2 parts by weight of deionized water,
144.0 parts by weight of 70 % agqueous hydrofluoric
acid, and 47.7 parts by weight of 25 % aqueous solu-
20 tion of fluosilicic acid (stiFé) .

7. An aqueous solution composition of matter, consisting
essentially of 442 - 70 parts by weight of water, 427 to
712 parts by weight of concentrated nitric acid (42° Bau-
mé), 35 - 58 parts f:y weight of 75 % aqueous orthophos-
- 25 phoric acid (H,PO;), 25.to 42 parts by weight'of glacial
acetic acid, and 71 - 118 parts by weight of a 50 % by
weight aqueous solution of Mn(NOg),.

8. An aqueous solution composition of matter, consisting
essentially of 407 to 507 parts by weight of concentrated

30 sulfuric acid (66° Baumé), 418 to 227 parts by weight of
deionized water, 136 to 151 parts by weight of 70 % aqueous
hydrofluoric acid, and 40 to 58 parts by weight of 25 %
aqueous solution of fluosilicic acid (H,SiF,).
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14:16.--A process according to claim 13, wherein the alum num surface is the
surface of an alum num alloy selected fradthe group consisting of alloys
with fromb5 - 12 % by weight of silicon and the tenperature during the
process is in the 5 range from 10 to 35 * C. 17. A process according to
claim12, wmareim.p&ecdsmnfﬁmndesmﬁﬁtén@s deexiditing, obrabothudesmut-al | oy

sel et ed |7 ¥R S BUBANNST B8 1ufthBN°sMkERCL] OB By pRBclblYcdgL O

of silicon an era ure r oOCess
prising contacting sald a umlnum surface with a composition

according to claim 6 for a sufficient time at a sufficient
5 temperature to be effective for desmutting or deoxidizing.

10. A process for desmutting, deoxidizing, or both desmut-
ting and deoxidizing an aluminum surface, said process com-
prising contacting said aluminum surface with a composition
according to claim 5 for a sufficient time at a sufficient
10 temperature to be effective for desmutting or deoxidizing.

11. A process for desmutting, deoxidizing, or both desmut-

- ting and deoxidizing an aluminum surface, said process com-
' prising contacting said aluminum surface with a composition
according to claim 4 for a sufficient time at a sufficient

15 temperature to be effective for desmutting or deoxidizing.

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

13. A process for desmutting, deoxidizing, or both desmut- "

ting and deoxidizing an aluminum surface, said process com-

prising contacting said aluminum surface with a composition
. according to claim 2 for.a sufficient time at a sufficient
. 28 temperature to be effective for desmutting or deoxidizing.

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

15. A process according to claim 14, wherein the aluminum

surface is 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 is in the
35 range from 10 to 35 * C. '
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16- -+wsange from 10 to 35 [err] C. 18. A process according to claim 11,
wherein the alum num surface is the surfé&e of an alum num all oy sel ected
fromthe group consisting of alloys with from5 - 12 % by wei ght of silicon
and the tenperature during the process is in the 15 range from 10 to 35

[err]C. 109. pr cess accord| cl,ai m,1Q ere| a%un1n n1surface
Is the surface o %‘#W t(ﬂ é:é‘taelal dm‘fkh%r%’re% 2oh %H’
al | oys w t h suxfiace - 1sjkneb§uméaghtoﬁfaalhlnunnamdamipxe§$kcetedequm|ng

the process dpp ighddlf &sist‘fﬁ{@%f’c 69bYR LRtROfrofr 5 - 12 % by weight
of silicon and the temperature during the process is in the
5 range from 10 to 35 °* C.

17. A process according to claim 12, wherein the aluminum
surface is 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 is in the
10 range from 10 to 35 ° C.

18. A process according to claim 11, wherein the aluminum
- surface is 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 is in the
15 range from 10 to 35 ° C.

19. A process according to claim 10, wherein the aluminum

surface is 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 is in the
20 range from 10 to 35 °* C. '

20. A process according to claim 9, wherein the aluminum

surface is 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 is in the
25 range from 10 to 35 ° C.
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with fromb5 -

12 % by weight of silicon and the tenperature during the
process is in the 25

20" A*process according to claim?9, wherein the al umi num surface is-the !
range from10 to. [err] C

surface of an alum num all oy sel ected froftthe group consisting of alloys

- -— e aimey

D T

Abstract of the Disclosiire

PROCESS. AND COMPOSITION FOR DESMUTTING SBRFACE OF ALUMINUM
_ " AND 'ITS ALLOYS

vy frvatmioses wrace 4R

¥ e

A highly effective deoxidizer/desmutter for aluminum

surfaces, particularly those of high silicon aluminum al-
loys, is an aqueous solution containing an oxidizing in-

organic acid, phosphoric and sulfuric acids,
complex fluoride ions,

simple and
an organic carboxylic acid having

from 1 - 10 carbon atoms, and manganese in its +4 oxidation
state.

ey
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