20 April 2006 1 Conposition for Desnutting Alum num I|R 3596 NP Background
of the Invention Field of the Invention [0001] The field of this invention
is conpositions for desnutting alum num and al um num al |l oy surfaces prior
to electroplating by the controlled renoval of netals and oxides that
woul d interfere with el ectroplating processes. Description of 2A&pPH2¥E Art
[0002] It has | ong been recognized that alumnumand its alloys require
specific surface preparation processef to ensure successful

el ectropl ating. The main reason for his is the high affinity that

al um num has for oxygen and, as a result, the relatively quick rate at-
which a clean, oxide-free alum numsurface will re-oxidize. This oxide

| ayer has been shown to negatively affect adhesion of electroplated
coatings on alumnumif it is not properly controlled. [0003] Pretreatnent
of alum numnetal prior to electroplating generally involves steps
including 1) cleaning, 2) etching, 3) desmutting, and 4) zincating. 20
April 2006 2 [0004] Cleaning is perfornmed to renove the various oils,
greases, grits, soils, and dirts that are present frommmaterial handling,
corrosion protection, or other surface preparation. O eaning can involve
an array of chem stries and processes including aqueous chem stri es,

sol vent degreasing, vapor processes, enulsions, ultrasonics, thermnal

oxi dation, plasma discharge, etc.

Composition for Desmutting Aluminum
IR 2596 NP

Background of the Invention

Field cf the Invention

[0001] The field of this invention is compositicns for
desmutting aluminum and aluminum alloy surfaces prior to
electroplating by the controlled removal of metals and

oxides that would interfere with electroplating processes.

Description of the Prior Artc

[0002] It has long been recognized that aluminum and
its alloys require specific surface preparation processes
Lo ensure successful electroplating. The main reason for
this is the high affinity that aluminum has for oxygen
and, as a result, the relatively quickArate at which a
clean, oxide-free aluminum surface will re-oxidize. This
oxide layer has been shown to negatively affect adhesion
of electroplated coatings on aluminum if it is not
propexly controlled.

[0003] Pretreatment of aluminum metal prior to
electroplating generally involves steps including 1)

cleaning, 2) etching, 3) desmutting, and 4) zincating.
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surface 1s thought to promote adhesion by increasing the
surface area and providing better mechanical interlocking
between the ccating and the aluminum substrate. Removal
of the oxide layer further improves the electroplating
process by making the surface more electrochemically
active and by removal c¢f a potentially weak intermediate
oxide layer between the metal coating and the substrate.
[0006] The type of etching employed depends on the

aluminum allcoy, processing conditions, and the condition

of the surface. Generally, alkaline etchants are designed

to be more aggressive, produce a rougher surface to
promote adhesion and are particularly effective for
heavily oxidized alloys. Acidic etchants, in contrast,
are significantly milder cn the aluminum surface. They
reduce the potential for expcsure of large metal
inclusions or sub-surface casting voids within an allcy
and generally minimize the amount of smut to be removed
downstream since there is less etching.

[0007] An examinaticn of the aluminum surface after
etching typically reveals the presence of a loocsely
adherent film cr smut on the surface, which negatively
impacts adhesicn of subsequent plating to the aluminum.

The composition of this smut depends on the impurities or

alloy constituents in the aluminum, and generally contains



the smut |ayer. [00081 Desnutting is generally followed by a zincating
process, where the alumnumis imrersed in an alkaline zinc bath to
deposit a thin zinc-containing |layer. The zincate |layer controls and

m ni m zes oxidation of the netal surface since zinc does not oxidize
nearly as rapidly as alumnum A typical process sequence aft &P April 2006
desnutting includes water rinsing, zincating, chemcal stripping of the
zincate layer (in a solution which tacks the zincate, typically nitric
acid-containing), zincating the surface again, foll owed by coating the
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zincating the surface again, followed by coating the
surface with an electrolytic nickel strike. Subseguent
plating cperations (e.g. Cu/Ni/Cr) can follow the nickel
strike. Practice has shown the benefit of the double
zincating process generally described above to further
improve coating adhesion over that which would result from
a single zincate process.

[0009] Experience has shown that desmutting is often
the most critical step in the aluminum pretreatment
process. Historically, nitrie acid solutions, with acid
concentrations of 25% to 70% typically, have performed
well to desmut etched aluminum alloys. WNot all smut is
easily removed with nitric acid-alone, thus cften
additions are made to improve the effectiveness of the
desmut. For instance, for aluminum alloys containing high
concentrations of silicon (e.g. 356A and 380 series cast
alloys), additions c¢f fluoride-containing compounds such
2s ammonium biflucride or sodium fluoride, have been added
such that fluoride lons are available to dissolve and
remove silicon from the surface. Alternatively, a
scluticn of nitric acid, sulfuric acid and a fluoride-
containing salt has gained popularity cver the years,
because of its ability to chemically attack a wider

variety of metallic smuts. This composition is




because of its ability to chemically attack a wwder variety of netallic
smuts. This conposition is 20 April 2006 4 particularly useful for alloying
netals such as Cu, Fe, Mgy and Si, since the sulfate is an effective
"solvent. [00010] While nitric acid has been very effective for desnutting
etched al uminum there has been increased resistance to its us@AREtad¥e of
safety and health concerns. For instance, devel opnent of toxic NOx funes
in nitric acid-containing baths has Eeen of particular concern. To
obviate this concern, there has been "significant effort to devel op and use

non-nitri I { i ni esgyut - 29Rp h, enpl oyed to use
of chrom gp%gél g?%%r%lﬁ;eQg%gagnt%gya%%}O%H?gsn%l%ﬁeggw&?ﬁﬁ s%la(?uljrirpc%’a%fl%d and a
f1 uori de- cOH aini g OSAl EREVAREe2Ehis® ApREdachinasspeesuccessful for

desmut ti nqoend] avoi s, iNeXnicreatiom wse el cheopi gracid Jwrisngs with it
toxicity concerns of i S ;0. [QPOl%%Eﬁn %?’eﬁt of.thgﬁpre ent invention
is to provide 4 cghﬁgs[?loﬁ PR s F1%6E SFSnPEFT 1 ATi RS chromc acid,
thus el i mrraisigndee theakehussapetyusamd sedetyoman@ntedloncer ns associ at ed
\é\ﬂ th th_eSQ:cﬁ“gc!éiﬁal _ s.bugorm@hgba?§eﬁad@ml l%gﬁ{enlge%jggtoc?éﬂ@!rb%bﬁfﬁu%tsl Vg Inits
esmutting abllity. .Su ry_of the . |nyention JThis 1 nvention :
provi des grhlatﬁ’?ﬁr %é&l'(?gﬁg%?w%nba% iﬁ’ﬁoé’&%‘ PorPpretdddtent of al umi num
prior to weirestaropl 8bi pgvidhe timventdrgress aheagueassconposi tion
conpri sed &Hifgar idGind, 2Rc0¥1 db zhhee agent,g 3ad, ngRLA ONAld Yuei g2 hal ogenat ed
conpound. 40001%1 Thi,s conposi L1 on_i useful in_ a process that
ontalming desmuts. ne such approach has employed to use
of chromic acid as the oxidant, again combined with
sulfuric acid and a fluoride-containing salt. While this
approach has been successful for desmutting and avoids NOx
creation, use of chromic acid brings with it toxicity
concerns of its own.
[00011] En object of the present invention is to provide
a composition that is free of nitric acid and chromic
acid, thus eliminating the health, safety, and
environmental concerns associated with these acids, but
which is capable of being highly effective in its
desmutting ability.

Summary of the Invention

[00012] This invention provides an improved composition
and process for pretreatment ¢f aluminum prior to
electroplating. The invention is an aqueous composition
comprised of an acid, an oxidizing agent, and, optionally,
a halogenated compound.

(00013} This composition is useful in a process that
effectively removes smut that results from the etching
step of the aluminum pretresatment process.

[00014] Alternatively, the composition can be used in a
process which combines the etch and desmut steps in Al

pretreatment.



effectively renoves snut that results fromthe etching step of the

al um num pretreat nent process. [00014] Alternatively, the conposition can
be used in a process which conbines the etch and desnut steps in A
pretreatnment. 20 April 2006 5 Detail ed Description of the Invention

[ 00015] The conposition of the present invention provides a f8PAREEI®n to
treat alum num surfaces, prior to netal coating(s), for the purpose of
nmeking al um num surfaces acceptable gor the adherence of subsequent
coatings. The treatnent is sonmetines referred to in industry as a

desnutting or deoxi dpzi At & aeedui @ 1bA00E6f hd heagieers conposition for
desnutti ng{ al um num surface which includes: a- an oxidant, b -an acid,

and c- opt PQf}rJra] ly, ADRaFPBRCTUN-TbriaithEngrE8rPOURIS06F17] The oxi dant
can be on@mlmrseamﬁpmunaisiomldo afreawhiathmbave eudisglesaf birdiotry f or

addi ti onal of i his group are
the so- catl | e Q%gerpag%lq%r?% n fcgj‘)g;etglaemp% %BEE ncl %&%sgg% S%lplblrgrsul fate;

pot assi umPErFeFareCaAADHT uﬁﬁrpér%la@é’teéem@o‘élf Uy Sul furic;

pot assi umdearaxysul el creapedborial e®mepenear bonatesl w@ndnper oxi des. Ot her
oxi dants .that . y aRe, 'Qgéé@f@i eorargg%gglg nj %r;?}oczed?&%' um nitrate; :
pot assi um RitT At coppeéer ni ra iron ni alfl magnesi um nitrate; and
manganese [MI016ht e, Ahot ﬁ@mew@w@mltmyl lber depehudddicasinoxi dants are the

aromati ¢ dirur&nlubd zuselsti nted Gpnpeurds such as meta-, ortho-, or para-
nitro aryI aci dsklgr Qltro aryl sulfonic acids and their

b -an acid, and

c- cptionally, a halide ion-containing compound.

{00017] The oxidant can be one or more compounds; all of
which have a high affinity for additional oxygen. A group
of oxidants that are included in this group are the so-
called "per” oxidizing agents which include sodium
persulfate; potassium persulfate; ammonium persulfate;
sodium peroxysulfuric; potassium peroxysulfuric;
perborates, percarbonates, and peroxides. Other oxidants
that may be included are ammonium nitrate; sodium nitrate;
potassium nitrate; copper nitrate; iron nitrate; magnesium
nitrate; and manganese nitrate. Another group that may be
included as oxidants are the aromatic di- & tri-
substituted compounds such as meta-, ortho-, or para-
nitro aryl acids; or nitro aryl sulfonic acids and their
salts. Included in this group are 1-,2- ,and 3-
nitrobenzenesulfonic acids, 1-,2-, and 3-nitrokenzene
acids, and the sodium, poctassium, and ammonium salts of
these acids.

[00018] The preferred oxidants are meta-, ortho-, or
para- nitro aryl acids, nitro aryl sulfonic acids,
benzenesulfonic acids and their salts, esters and amides.
These include benzenesulfonic acid, 4-ethylbenzenesulfonic

acid; 3-nitrcbenzenesulfonic acid, and their salts.



salts. Included in this group are 1-,2- and 3- nitroberzenesul fonic acids,
1-,2-, and 3-nitrobenzene acids, and the sodium potassium and anmoni um
salts of these acids. [00018] The preferred oxidants are neta-, ortho-, or
para- nitro aryl acids, nitro aryl sulfonic acids, benzenesulfonic acids
and their salts, esters and am des. These include benzenesul f &% &PTAéPee

4- et hyl benzenesul fonic acid; 3-nitrobenzenesulfonic acid, and their salts.
20 April 2006 6 [00019] The nost prefgrred are neta-, ortho-, or para
nitro aryl sulfonic acids, particularly, nitrobenzene sulfonic acids.

[ 00020] {trob e i cid _( _h en oupd.to be
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stabl e at s&th€onpd scfaend useful for desnmutting, whereas conpounds such as

Na persul f st be stabjlized to prevent breakd roducts. This
stability@%@0 he eRFééfnb?r?QﬁﬁﬁﬁﬂenéuﬁﬁgnlEoﬁ%} t@ﬁgv Se#%ﬁnover time,
t hus ext erdivng tle bespbut ichidelofdashiecagésnuempMRS alcsghies “worfpati bl e with

hal ogenat ed, ;cONROMNGSRLEh, AS: MR UNLLELLLUET L 48, QlnasSedi-um fl uoride. This
al lows stable incorporation_of halogenated salts, which are often needed-

for succesSiiralde&RaPEFng OF T | 18 BHCR opotintf@PlHaPbgehat ed
conpounds @re ofireh neifulecomeaded: { Dig UseewiebB tpepoxys waMpewnds

because ofy.{ he. gt goti.ahfor prezkiqun.q LLbergtign of. alide gas and

subsequent decrease i n the concentration of”a . e congound over
time. Saf étypPcicssanolhéf ebmRl deratioén “h8dréssed by WRSCHASH Ebfpared to

consistency of etch over time, thus extending the useful
life of the desmut. MBS alsc is compatible with
halogenated compounds such as ammonium kifluoride or
sodium fluoride. This allows stable incorporation of
halogenated salts, which are cften needed for successful
desmutting of =siliccn rich compounds. Halogenated
compounds are often not recommended for use with “peroxy”
compounds because of the potential for breakdown,
liberation of halide gas and subsequent decrease in the
concentration of active halide compound over time. Safety
is another consideraticn addressed by MBS when compared to
the "per"” oxidizing agents or the nitrate-based compounds
since exotherms upon mixing are a commcn problem with the
latter compounds. Finally experimental evidence exists
that MBS-based desmuts are more tolerant to copper in the
bath compared to “peroxy” or nitrate-based desmuts, since
the bath can hold more copper in solution before immersicn
plating of copper occurs. Again, this feature extends the
life compared to the competitive baths.

[00021] The acid function in this chemistry can be met

using either mineral or organic acids.
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the bath can hold nore copper in solution before i mersion pl a4 Al 8pos
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phosphori c_aci d, poI osphorlc acid, hosp orous aci d, netaphosphoric
aci d, pyr&%ﬁgﬁﬁﬁﬁﬁlB éEFH“ %%ﬁfLHHQ?QaEPHSPB?r¥$u%?6%or|c aci d. [00023]
Organi ¢ apdydmebhdeiacetié, lghugonrisphorghyceatid c nehipteatetie,.
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this function include anesul f'oni ¢ aci d, anesul fonic "acid,
propaneSLH?Qﬁﬂ ‘c acid, and butanesul fonic acid. [00024] Sulfuric acidis

preferred [b(mapse obrgaﬁlcay@id@mﬂcuwe g@@éléndgﬁkaﬂﬁ%rd use in processes
of this tur 000%?% The pgﬁgﬁgé t hese acids either alone or in '
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Sul furic aci erinments to perforn1me|| for
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[G6024] Sulfuric acid is preferred because of its
availability, cost and standard use in processes of this
nature. -

[00025] The purpose of these acids either alone or in
combination with an oxidant is to remove, dissclve, or
complex any smut or metal impurities formed on the
aluminum surface. The removal of these metal impurities
and oxides will insure goocd adhesicon of metal coatings.
Sulfuric acid has been shown in laboratory experiments to
perform well for the acid function of the formulation for
a range of aluminum alloys including 356-A, 2024, and 6061
alloys.

[06026] When the formulation is employed for cleaning
the surface of an aluminum-silicon alloy by the contrclled
removal of silicon, other minimal alloying metals, and
oxides from the surface, a compound having a halide ion,
preferably, fluoride, is also included in the formulation.
The source of the ion may be any halide salt including
either mono- or di- halogenated sodium, potassium or
ammonium salts such as ammeonium bifluoride, sodium
pifluoride, potassium bifluoride, sodium fluoride,

ammonium fLluoride, or hydroflucric acid.




a range of alum num alloys including 356-A, 2024, and 6061 alloys. [00026]
When the formulation is enployed for cleaning the surface of an

alum numsilicon alloy by the controlled renoval of silicon, other m nimal
alloying netals, and oxides fromthe surface, a conpound having a halide
ion, preferably, fluoride, is also included in the fornulati orél Ani&006
source of the ion may be any halide salt including either nono- or di-

hal ogenat ed sodi um potassiumor a nium salts such as anmoni um

bi fluoride, sodium bifluoride, potassium bifluoride, sodiumfluoride,

anmoni um f foggsde, osyhydrofluonbg el the 20401 5%9995&1[00027] The

conposi tion of the aqueous sol ution  conprises: oxidant: 0.5 to about
200 g/ L b) “8&F 0% to about 50% by vol. c¢) hallde cont ai ni ng
conpound: 0. O atlocabhdatit 100 g/ L. A preferred. 50ﬂ@0§$dddﬂ2aﬂ gyme agueous

sol ution COHEJI% §d 20-40 g/L oxidant 5-20,% Db &1xn%cpf gﬁntrated _
(97-98% acid /L Fluoride contalnln conpoun refe conposition
is: a) mmtr%bélﬁ%é &8 SoTFdit BaGwrossdi OnP sip tabois J{O@ gd%ut 200 g/L b)

Sul furic acid: 1%to about 50% b y vol ume c¢) Fluorlde ion: 0.2 to about 100

9L P07 gL egncster e BbLIED 13 compr L, sbou
20-40 g/L ox1dant
5-20 % by volume of concentrated (97-98%) acid
2-3 g/L Fluoride containing compound
A preferred composition is:

a) m-nitrobenzene sulfonic acid, sodium salt: 0.5 to

about 200 g/L

b) Sulfuric acid: 1% to about 50% by volume

c) Flucride-ion: 0.2 to about 100 g/L

[00028] A particularly preferred embodiment is comprised
of '

about 20-40 g/L MBS

-about 5-15 % by volume of concentrated (97-98%)

sulfuric acid

about 1-5 g/L Ammonium Hydrcgen Fluoride
{00029] The advantages of this formulation are that it
is an excellent remover of oxide in combination with
alkaline/acid etch or as a single step, produces
relatively low dissolution of the aluminum substrate, does
not impede on adnesion when EN plating, and is much safer
than alternative chemistries.
[00030] Changes in the formulation are possible, however
it should be noted that at lower concentrations of acid,

cxilde removal is poor (on castings and wrought alloys) but

achesicn is not a problem. The acid levels can be varied
anywhere petween 1%---50% to cbtain maximum removal of

oxides with no leoss in acdhesion.
[00031] The amcunt of MBS in solution is also very

critical, in that any concentrations less than 15 g/L



sul furic acid about 1-5 g/L Ammoni um Hydrogen Fluoride [00029] The
advantages of this fornmulation are that it 1is an excellent renover of
oxide in conmbination with alkaline/acid etch or as a single step, produces
relatively | ow dissolution of the alum num substrate, does not inpede on
adhesi on when EN plating, and is nmuch safer than alternative cHbApdtzpPes.

[ 00030] Changes in the fornmulation are possible, however it should be
noted that at |ower concentrations ofgacid, oxide renoval is poor (on
castings and wought alloys) but adhesion is not a problem The acid

| evel s can_he .var.ie nywher e..bet ween. 1% - - 50% t o_obt ai n .maxi renova
of oxide§J$§%Q#_ﬁg%Q%§S¥nogd %Eﬁ%ﬁ%a F&883Efe he dﬁ%dﬁ?ﬂiﬁlqﬁB§q¥ﬁ]solution
i s al so veryfugriict p€an, anpA ehaenahy hodaeantr &l onsid esBiitshan 15 g/ L 20

April 200Gdeesuzt ibA Bak0ssedfamfivsaonoWAesh Us@E/ 1l RyikaNjgeat i on with

sul furic acid,and aggﬁggyn1hygéggﬁgékkuoride This concentration has been
adj usted 0 High "Go§PESR tH' gdod ~TesiPEERt CadhasT o Bt TR4vVaRt ages of
thi s concerft MaS oweroftoNBE overls oere hevekhppsee®rt not apparent. [00032] The

practice qfogshj s i nyent Lon- oY be: fuither . APPLechAl ed by,,.congi deration. of
the follow ng, non- Iimting exanples. Exanple 1 [00033] Three different -

I . ! L
aIuninun1éﬁﬁ%ﬁ?léFédthtﬁan?hde¥ Bk Fer FRent @1 36208 ( BNS “nunber 13560) ,
2024 ( UNS Inunitemg A22024%s. 6061 (UNS nunmber 96061) . These all oys are three

of the nmost common al |l oys used in:&g%uggaiing i ndustry, and are good
representatives of the two categorres tor
[00033] Three different aluminum alloys are tested in

the expesriment; 356-A (UNS number 13560), 2024 (UNS number
A92024), 6061 (UNS number 96061). These alloys are three
of the mest common alloys used in the plating industry,
and are good representatives of the two categories for
aluminum alloys {cast & wrought).
[00034] Each experiment includes 7 to 10, 1" x 4"x 1/8",
strips of the respective alloy, to confirm the observed
results. Etch rates reported are an average of the rates
measured on all strips. All strips are pretreated
according to the steps below:

Rinsed in DI water

Immersed in acetone for 10 minutes

Rinsed w/ DI water

Immersed in 2-propanol for 10 minutes

Heated for 30 minutes @ 250°F

Cocled to Room temperature

[60035] Processed through Zlklean 77 & Degmut

Erandec products and processes used in the examples are as
fecllows:

[00036] ALKLEZAN 77, marketed by Atotech, Rock Hill, NC,
is a 100% active alkaline etchant containing chelating

agents and an inhibiting grain refining agent.



al um num al | oys (cast & wought). [00034] Each experinment includes 7 to 10,
1" x 4"x 1/8", strips of the respective alloy, to confirmthe observed
results. Etch rates reported are an average of the rates neasured on all
strips. Al strips are pretreated according to the steps below. Rinsed in
DI water Inmmersed in acetone for 10 minutes Rinsed w DI water2q Api2086 in
2-propanol for 10 mnutes Heated for 30 m nutes @ 250F Cool ed to Room
tenperature [00035] Processed throughgAl kl ean 77 & Desmut Branded products
and processes used in the exanples are as follows: [00036] ALKLEAN 77,

mar ket ed Hyoostpt echarBRekuty! ImaNacds 13 200% akt ié’c?c]@']%&%'ﬂ,”%c‘?t chant
containing chelating agents and an inhibiting grain refining agent. 20
April 2006Lsl@n [p@0637] . ALUMEGH dgnamartketred byudbed ecdiutReek Hill, NC,  is
an acidic , highly concentrated aqueous solution fornulated to deoxidi ze,
desmut and CEndEtESntohdegwidiae dsfsmedr eaincahdhi fmmtdld eysthoe subsequent
pr ocessi n%é%ooo38] LUVSEAL ACTI VATOR BD, marketed by Atotech, Rock

Hill, NG r§dSofv Bl inT YS if9Ta SHP§RAYERE ANasEssdgti on for

oL1 PBi S htgrt e TLomelum jum, £00030) ATUNEEA, Mo, kot ed by atotcch
Loy ot et hog ofAetallic denosiio 00 &l Akgys. (09040 N CHEM
solution for stripping zincate from aluminum.
[00039] ALUMSEAL NCY, marketed by Atotech, Rock Hill,
NC, is a non-cyanide zincate process designed specifically
to facilitate plating of metallic deposits on aluminum
allovys.
[00040] NICHEM 2500, marketed by Atotech, Rock Eill, NC,
is an advanced electroless nickel-plating process
specially formulated to deposit a bright, medium
phosphorus-nickel alloy on aluminum and ferrous based
substrates by means of autocatalytic reduction.
[00041] Etch rates are determined from the weight
changes of the strips, and the etch rates represent an
average of all strips exposed to the same conditions. Two
types of weight change tests are run.
[00042] All experiments use a composition comprised of,
for the oxidant, meta-nitrobenzene sulfcnic acid (MRS),
for the acid, sulfuric acid, and for the fluoride-
containing compound, ammonium hydrogen fluoride (ABF) .
[00043] Alklean 77 is used as the etchant (for Example
1), and all experiments are run at room temperature. The

immersion time in the atchant is 1 minute, and the




is an advanced el ectrol ess nickel-plating process specially fornmulated to
deposit a bright, nmedium phosphorus-nickel alloy on alum num and ferrous
based substrates by nmeans of autocatal ytic reduction. [00041] Etch rates
are determ ned fromthe weight changes of the strips, and the etch rates
represent an average of all strips exposed to the sane condi ti&h8prilReé
types of weight change tests are run. [00042] All experinents use a
conposition conprised of, for the oxi,dant, meta-nitrobenzene sulfonic acid
(MPS), for the acid, sulfuric acid, and for the fluoride- containing
conpound, &mmensimn hydrcoden theudesdet (ABRor o AQ0438LsAl kl ean 77 is used as
the etchant (for Exanple 1), and all experinents are run at room

t enper at urgleaheelssametisiken t(ENe LA tdrd etchdmst fiisal opautey and the 20
April 2006 11 immersion tinme in the desput is for 2 mnutes. Electroless
ni ckel (ENjY3$'UsEtf ad'% REFRRARCE odl T i 195108y APtiagi hgEX#Er tfpear ance and
adhesion feor qiuigﬁqnples (1, 2 & 3) . [00044] EN is deposited after the
desnmut step by a process sequence consisting of: 1) Zincate Al unseal NCY
(at roomtpg atur ' t [LP unseal ED (sodium
nnnopersul%g?ﬁ§, (a?ﬂ$é%n?%%%%gféflééfg%gﬁgbggg Ek 3 e%n%yi?ncate Al unseal -
NCY, (at roomdenpesataice, c2dsiseconds). 4) El ectrol ess Nickel N chem 2500,
(170-1800F, 60 mnutes, 0.001" thickness) [00045] The adhesi on of the

el ectrol ess Ritketeirs oisecketCYViat timorbertpkest 8re baseds @b ASIM et hod: B
571-91.

2) Zincate Strip Alumseal BD (scdium
monopersulfate), (at room temperature, 20 seconds)

3} 2™ Zincate Alumseal NCY, (at room temperature, 20
seconds)

4) Electroless Nickel Nichem 2500, {(170-180°F, &0

minutes, C.001" thickness)

[00045] The adhesion of the electrocless nickel is checked
via the bend tests, based on ASTM method: B 571-91.

[00046} Example 1 data represents potential candidate
desmuts investigated experimentally in order to obtain a
final and most successful formulation. The first two names
are current existing products that have been used as
control formulations. These two products contain nitric
acid, along wich other components, and have proved to be
successful. The cthers are zll experimental non-nitric

formulations.



[ 00046] Exanple 1 data represents potential candidate desnuts investigated
experinentally in order to obtain a final and nost successful fornulation.
The first two names are current existing products that have been used as
control fornulations. These two products contain nitric acid, along with
ot her conponents, and have proved to be successful. The et her S20awil 2006
experinmental non-nitric formulations. 20 April 2006 12 Desnut

Chem stry. 35620246061Act i veCopper i Ny | I oyal | oyal | oyOxygenSol uti on-

(mg/ sec) (ng/ sec) (ng/ sec) Val ues plunme tTch GL. 010. 250. 25N AN A (p), (P) (p)
Tri aci d: nh%g¥g_an|dﬂ 060, 250 20N/ AN/ A 50%  sul furi acid 25% water 25%

esmu: ChEemi s D24 t ¥ - H
209/ 1(p) (p) (p) ABF Per sylifat e/ Bl f af6). 09LL190. OTSH .G/ L with 5%
sul furic(p)(f)' (p) acid) "Persul ‘fate/ Birgid-f ateB: 0804 030. 03Val ue is2. 5| gramns
di ssol ved w6007 Tt 2spt e onaresu-tsoi i th-5%-su-ur-e{pE(p) Af ter 3
.imrersion plate on Al al]loy amd)housafter 2 Hs
Per sul f at ¢/ Bi sul f at e0. 14J. 050.[04 120 d’) L (ymMth 5%sulfuric(p)(p)(p) gcid)
ri3c i i ¥ 5 R
Per sul f at eLBI*§il F it €0. 000rC70.|F7 0-20 N/a N/A
25%; watexr 25% 20g/1 {p) {p) (p}
AE3F
Sersulfate/Bisuifate 0.09 0.0% 0.07
3¢ g/L
{with 5% sulfuric (p} () (p}
acid)
Persuliate/Bisulfate 0.08 0.03 0.03 Value is 2.5 grams dissclved in
60'?/L ] 1/2 sclution results in
(w?hh 5% sulfuric (p) {f) (p) After 3 | immersion plate on Al alloy
acid) hours afver 2 Hrs
Persulfate/Bisulfate 0.14 0.05 0.04
120 g/L ‘
{with 5% sulfuric (p) (§=H (p)
acid)
Persulfate/Bisulfate 0.05 0.07 0.17
30 g/L
{w/ $% phosphoric (p) {p} (p)
acid}
Persulfate/Bisulfats 0.13 0.07 0.15 Value is 2.5 grams dissclved in
?0 g/L 1/z solution results in
w{ St phosphoric (p) (p) {p) After 3 immersion plate on Al alloy
acid) hours after 2 Hrs
Persulfate/Bisulfate 0.15 0.18 0.22
120 g/L
{w/ 5% phosphoric (p) {p} (p}
acid)
FPersulfata/Bisulfate Q.12 0.0% 0.08
30 g/L
(with MSA) (p) {p) {p)
:;rsulfate/Bisulfate 0.15 0.ls 0.14 Value is 3.5 grams dissolved in
(wi?£L5° SRy 1/2 soclution results in
= = tp} (p} (p} After 3 immersion plate on Al alloy
hours after 2 Hrs
Persulfate/Bisulfate d.186 0.6 0.13
120 g/L
{with 5% MSA) {p) (e} {p}
Phosphoric acid Q.11 0.C4 Q.06
Gluccnic acid e
150-160°F (g) tp} tp}
Phosphoric acid 0.10 0.05 0.04 N/A
Sulfuric acid
Glycolic acid {p) (p) (p)
150-160°F
\




30 g/L (W 5% phosphoric(p)(p)(p) acid)

Per sul fat e/ Bi sul fat e0. 130. 070. 15Val ue is2.5 grans di ssolved in 60

g/ L1/ 2solution rplates in (w 51 phosphoric(p)(p)(p)After 3inmersion plate
on Al alloy acid)hoursafter 2 Hs Persul fate/Bisulfate0.150.180.22 120 g/L
(W 5% phosphoric(p)(p)(p) acid) Persulfate/Bisulfate0.120. ogo.mmﬂgpg
(with MSA) (p)(p)(p) Persul fate/Bisulfate0.150.160. 14Val ue is3.5 grans

di ssolved in 60 g/L1/2solution resulyg in (wWth 5% MSA) (p) (p)(p)After
3imersion plate on Al alloy hoursafter 2 Hrs

Per sul f at efcBrsulfatet 166160 1B 120 Tgrs - (wintche 59 VB () (p)—Phosphori ¢
i DYl 31 by al e 3 A i
aci d0. 110./040. 06N A G ug Qmﬁggsgc) acjﬁ%sec 30 (m]g;'ﬁgl]: grep) (p) sPhesphoric .
aci d0. 100./{050. 04N A Sul fluri c aci coliclacid(p)(p)(p( 150-1607 20|April
2006 . 13 C@SlmgiC_a@Iﬁ%m st ny:*35620246061A¢t | veCopper i i¥*
CEBhor aci . .

al | oyal | oyal*FF8Y Oy genSol|udi on: | ®

MBS 30 g/l -0.05 -0.05 -0.04 N/& N/A

Sulfuric acid 0%

KBF 2.5 g/L [£) (£ ()

MBS 20 g/l 0.07 0.08 0.04 N/A N/A

Bulfuric acid 5%

ABF 2.5 g/L (§=3} (p) [p)

MBS 30 g/l 0.35 0.44 0.24 N/A N/A

Sulfuric acid 5%

ABF 10.0 g/L [§3] {p} {(z)

MBS 30 g/l 0.51 0.5¢ 0.26 N/A H/A

Sulfuric acid 5%

RBF 25 g/L (p} {(p}) [§:2]

MBS 30 g/ G.07 0.08 ©.04 N/A N/&

Sulfuric acid rp0%

ABF 2.5 g/L {p) (p) {p}

MBS 30 g/1 0.09 0.08 0.06 N/ N/R

Sulfuric acid 20%

ABF 2.5 g/L {p} {p) (p)

MBS 30 g/1 0.043 0.04 8.02 N/ N/R

Sulfuric acid L0%

ABF 0.0 g/L (£} tpl {p}

Msé 60 g/1”" 0.09 D.08 0.04 N/a N/A

Sulfuric acid 10%

ABF 2.5 g/L {p {p) (p)

MBS 10 g/1" 0.058 0.09 0.05 N/A N/A

Sulfuric acid 10%

ABF 2.5 g/L ip) {p) (o)

*note: {(p) or {(f) are ncted for adhesion passed and/or
adhesion failed, respectively.

**note: The 10 g/l MBS formulation has adequate adhesion
of EN, but incomplete smut removal. The 60g/l MBS
formulaticon has both adequate adhesion of EN and
sufficient smut removal.



(mg/ sec) (ng/ sec) (ng/ sec) Val ues Sul furic aci d0.090. 060. 05N/ AN A Phosphoric
acid F-(P)(P)(P) NIBS 30 g/1-0.D5-0.05-0. 04N AN A Sul furic acid 02 ABF 2.5
o/ L(f((f)(f) MBS 30 g/10.070.080. 04N AN A Sul furic acid 5% ABF 2.5
g/ L(p)(p)(p) MBS 30 g/10.350.440. 24N AN A Sul furic acid 5% ABF 10.0
9/L(p)(p)(P) NIBS 30 g/10.510.500. 26N AN A Sul furic acid 5% ABFRQApril 2006
g/L(p)(p)(p) NIBS 30 g/10.070.080. 04N AN A Sul furic acid 102 ABF 2..5
g/L(p)(P)(P) MBS 30 g/10.090. 080. 06N/.I N A Sul furic acid 204 ABF 2.5
g/ L(p)(p)(P) MBS 30 g/10.0430.040. 02N'AN' A Sul furic acid _D2 ABF 0.0
g/ L(f)(P)(P) MBS 60 g/1"0.090. 080. O4fW-ANLA Hul furic acid 102 ABF 2.5
g/L(p)(P)(P) NIBS 10 g/10.050.090. 05N/ AN A Sul furic acid 102 ABF 2.5
g/ L(p) (P)(P) WABt7e: Tp)s dixab)easowsoredh forteadhéseonmpassedn and/ or
Etch [(Alkleen 77)& the desmut compositions. |

Formulation 156 alloy (mg/sec) 2024 alloy (mg/sec) E061 alley {mg/sec)

Process: E+ D adhesion E+D adhes.icn E+D Adhesion

MBS: 30g/L

Sulfuric: 0% 0.08 Fail -0.C1 Fail -0.01 Fail
RBF: 2.5 g/L

MBS: 30g/L
Sulfuric: 5% a.23 Pass 0.15 Paes 0.10 Pass
RBF: 2.5 g/L

MBS: 30g/L
Sulfuric: 5% 0.738 Pass 0.55 Pass 0.32 pPass
ABF: 10 g/L

MBS: 30g/L
Sulfuric: 5% 1.24 Pass 0.63 Pass 0.33 Pass
ABF: 25 g/L

MBES: 30g/L
Sulfuric: 10% 0.28 Pass 0.18 Pass 0.10 Pass
ABF: 2.5 g/L

MES: 30g/L
Sulfuric: 20% 0.26 Pass a.1s Pass 0.10 Pass
ABF: 2.5 g/L




adhesion failed, respectively. **note: The 10 g/I MBS formnul ati on has
adequat e adhesion of EN, but inconplete snmut renoval. The 60g/| MBS
formul ati on has both adequate adhesi on of EN and sufficient srmut renoval.
20 April 2006 14 Exanple 2 [00047] This Exanple shows etch rates after

imrersion in Etch (A kleen 77)& the desnut conpositions. For mibapd 2886
all oy (ng/see)2024 alloy (ng/sec)6061 alloy (ng/sec) Process:E +

Dadhesi onE+Dadhesi onE+DAdhesi on MSS: gOQIL Sul furic:

0%0. 0O6Fai | -0. O1Fai | - 0. O1lFai | ABF: 2.% g/L MES: 30g/L Sulfuric:

5%0). 29Pass0. 15Pass0. 10Pass ABF: 2.5 g/L MBS: 30g/L Sul furic:

59%0. 78Pass0. 55Pass0. 32Pass AEF:. 10 g/L MBS:. 30g/L Sulfuric:

59%1. 24Pass0. 63Pass0. 33Pass ABF: 25 gkiamyBs:330g/L Sul furic:

1099. 28Pass0. s0,.10Pass ABF: 2.5 g/L MBS: 30g/L Sul furic:
20%. 26Passo.f}’gg‘g@soﬁbﬁoﬁé‘émﬁgﬁﬁ‘?}*’% %F‘Lh G- “ASr ?gt%(}@mzssmn in

desmut compositions without use of a prior etch.

Fermulation 356 alloy (mg/sec) 2024 alloy img/s=c) 6061 alloy (mg/sec)
Process: D Adhesion D Adhesion D Adhesion
MBS: 30g/L

Sulfuric: 0%

ABF: 2.5 g/L ~-0.05 Fail -0.08 Fail -0.04 Fail

MBS: 30g/L
Sulfuric; 5%
BRBF: 2.5 g/L 0.07 Pass 0.08 Pass 0.04 Pass

MBS: 30g/L
sulfuric: 5%
ABF: 10 g/L 0.35 Pass 0.44 Pass 0.24 Pass

MBS: 30g/L
Sulfuric: 5%
ABF: 25 g/L 0.51 Pass Q.50 Pass " D.26 Pass

MBS: 10g/L
Sulfuric: 10%
RABF: 2.5 g/L 0.07 Pass 0.08 Pass 0.04 Pass

MBS: 30g/L
Sulfuric: 20%
ABF: 2.5 g/L G.o8 Pass 0.08 Pass c.06 Pass




Exanpl e 3 [00048) This exanple shows etch rates after inmmersion in

conpositions without use of a prior etch.

desnut

For mul ati on356 al l oy (ng/sec) 2024

: [ i onDAdhesi on MBS:

1oy | my/sec)6061 alloy (ng/sec) Process: DAdhesi onDAdhesi on :
209/{ SHPfurié: 0% ABF: 2.5 g/L-0.05Fail-0.05Fail-0.04Fail M5: 3ng/L 060
5% ABF: 2.5 g/ L0.07Pass0. 08Pass0. 04Pass MBS: 30g/ L Su?d Apiil 2006 %

Sul furic;

ASP; 10 g/ L0. 35Pass0. 44Pass0. 24Pass MBS. 3Cg/ L Sul furic:

. H . . 2-5
0. 51Pass0. 50Pass0. 26Pass - MBS: 3094 Sulfur!c. 10% ASP
g/ LO. 07Pass0. 08Pass0. 04Pass MBS: 30g/L Sul furic; 20% ABF; 2.5

g/ LO. 09Pass0. 08PassC. 06Pass 20 Apri

adhesi on

Is an inportant criterionEtaicla 4asuccessful fornul ation,

certainly ﬂﬁaﬂﬂhe only one.

Although adhesion is an important criterion for a

successful formulation, it is certainly not the only cne.

The level of smut {(oxide) remaining after etching &
desmut, as well as the amount elemental copper present in
solution (after prbcessing 2XX.X and 2XXX series alloys)
are two important factors to consider. From all of the
different formulations above (Example 2 & 3), it is
observed that those with an acid concentraticn of > 5%
remove the smut/oxide (both original and newly formed)
entirely. The formulations with acid levels cf 5% or less
leave an appreciable amount of smut on the sample surface.

Even though adhesion is not an issue in the laboratory
with compositicns containing low acid levels, the
robustness of the process over time could be questioned
for formulations that consistently leave a smut on the
surface.
[00050] Determining the amount of elemental Copper
remaining free in solution was essential in providing a
final formulation. When pProcessing high copper level
aluminum alloys (2X¥.X or 2XXX), it is imperative cthat the
desmut sclution does not spacifically attack the copper in
the alicy. If an appreciable amount of Cu is removed from
a high Cu alloy the desmut solution can guickly become
rich of free Cu. This free Cu in soluticn will result in
immersion plate-out of Cu onto any alloy processed

afterwards. With all of CLhe above formulations the Cu in

It

5% ABF: 25 g/L

2006 16 Exanple 4 [000491 Al though

S



The | evel of snut (oxide) remaining after etching & desnut, as well as the
anount el enental copper present in solution (after processing 2XX X and
2XXX series alloys) are two inportant factors to consider. Fromall of the
different fornul ati ons above (Exanple 2 & 3), it is observed that those
with an acid concentration of > 5% renove the snut/oxide (both2bApi2ha6
and newly fornmed) entirely. The fornulations with acid | evels of 5s or

| ess | eave an appreci abl e amount of ;gmut on the sanple surface. Even

t hough adhesion is not an issue in the | aboratory with conpositions

cont ai ni NgsbDY¢ 864 & 4 evealss hhgftépbquﬂgg§ %f th grocess over tine could
be questioned for fornulaglons t hat consistently Feave®a snut on the

surface. [DOG5URiRetgron nikagtipe @Em&ugmﬂg%r§lgggatg&rcggg@gSSJﬁfaln|ng free
in solution was essential in providing a final fornulation en ‘ ‘
processi ngi#ighl e dppér g/ével - al ung Aumfalfreys c2XX. Xe@Ei 22@0)n it is
|nperat|ve that. th desnut sol ution does not specifically attack the
copper in Sthe 1 Kpiore éﬁmﬁﬁﬁ%%%l%ﬂﬂqisanoantEG$YCME$S remaed from a

hi gh Cu ahhgylhgg d % %lon gan ui ckly become rich of free Cu. This
free Qu in sol utlon resu £ 6h pFate? dtit BfSTTu onto any

al | oy proqa&&&@atgjtgrwggdg f apov o nulatlons the Cu |nv
20 April 2006 17 sol ution igﬂ!}rbfgde ; Pégge Qﬁoﬁ?s ot “Hrddessitig.

Dependi ng unﬁndddmmttwpeu@ﬁoﬁhenkﬁﬁdﬂ/dﬁ%@@ Earnprocessinge usually 0.75 g/L
--- 2.0 g/L of free Cuis required in solution before inmersion occurs. An
easy test ¥JHeen \fyerhdh. al@Pverr dulwutiuoh dixssed viiss Sl fadmracCu rich
substrate |%¢£g%n3|nply pl ace a piece of 101 Cu alloy into

Formulation: Cu in solution:

30 g/L MBS After 1 Hr------ 2.7 ppm
18 % Sulfuric Acid After 2 Hrs------ 7.1 ppm
2.5 g/L ARF After 3 Hrs------ 8.9 ppm

After 4 Hrg------ 10.4 pRm




the desnut sol ution. After about an hour check the solution (via AA, ICP) to
how much Cu was dissolved into solution. Formulation:Cu in solution: 30 g/L
MBSAfter 1H ------ 3.7 ppm 100 Sul furic AcidAfter 2Ms ------ 7.1 ppm 2.5
g/L ABFAfter 3H's ------ 8.9 ppm After 4Hrs ------ 10.4 ppm 20 April 2006 18
CLAIMS 1. A conposition for desnmutting an al umi ni um surface, fre@Apfil 3406ric
acid and chromc acid, which contains: a) an oxidant selected fromthe

ni trobenzene sul fonic acids, benzenesulfonic acids or their salts, an acid
sel ected fromthe group phosphoric acid, polyphosphoric acid,
hypophosphoric aci d, netaphosphoric acid8 orthphosphoric acid,
pyrophosphoric acid, sulfuric acid, sulfurous acid, fluoroboric acid,
acetic, gluconic, glycollic, chloroacetic, di chloroacetic, and tri-

chl oroacetic acid, and c) optionally, caalaki de ion-containing conpound. 2.
The conposition of Claiml wherein thé oxidant is Benzenesul fonic acid, 4-
et hyl benzenesul fonic acid; 3 nitrobenzenesulfonic acid, or their salts. 3.

A s : : ‘ v . NI,
SUF?ZEP?EE?S%EE%%% ﬁ‘*ﬁﬁvg Aibnl" 8 BudrA B ke, oo B AR g r o
sul furic acid. °BPTHC&S 8@'\’ *7 5’@ ording to Caiml where the oxidant is
ta-nitrob | f oni i d, d th idi | furi jd. 6. A
conposi i on ack ?diég (B oty oo it | BREeboREPTTIc LORME: nieids
conpound i s anmoni URFPRRNESHENIE pGIFRiIENeISallR conposi tion according O aim 1

where the optional halide containi n% . o
b) an acid selected from the group phosphoric acid, polyphosphoric acid,

hypophosphoric acid, metaphosphoric acid, orthphosphoric acid,
pyrophosphoric acid, sulfuric acid, sulfurous acid, fluoroboric acid,
acetic, gluconic, glycollic, chloroacetic, di chloroacetic, and tri-
chloroacetic acid, and

c) optionally, a halide ion-containing compound.

2. The composition of Claim 1 wherein the oxidant is Benzenesulfonic acid, 4-
ethylbenzenesulfonic acid; 3 nitrobenzenesulfonic acid, or their salts.

3. A composition according to Claim 1 where the oxidant is. meta-nitrobenzene
sulfonic acid.

4. A composition according to Claim 1 where the acid is sulfuric acid.

5. A composition according to Claim 1 where the oxidant is meta-nitrobenzene

sulfonic acid, and the acid is suifuric acid.

6. A composition according to Claim 1 where the optional hafide containing
' compound is ammonium hydrogen fluoride.

7. A composition according Claim 1 where the optional halide containing
compound is sodium hydrogen fluoride.



conpound i s sodi um hydrogen fluoride. 20 April 2006 19 8. The conposition
of Claim1 wherein the conposition is an aqueous solution conprising:
a)oxidant: 0.5 to about 200 g/L b)acid:1.0%to about 50% by vol. c)halide

cont ai ni ng conpound: 0.0 to about 100 g/L. 9. The conposition of Caiml
conprising: 20-40 g/L oxidant, 5-20 % by vol une of concentr at e20 APil-28%)
acid, and 2-3 g/L Fluoride containing conpound. 10. The conposition of
Claim9 conprising: a) mnitrobenzene sulfonic acid, sodiumsalt: 0.5 to
about 200 g/L b) Sulfuric acid: 1%to dbout 50% by vol une c¢) Fluoride-ion:
0.2 to about 100 g/L. 11. The conposition of C aim 10 conprising about
20-40 g/L mnitrobenzene sulfonic acid, about 5-15% by vol une of
concentrated (97-98% sulfuric acid, and about 1-5 g/L amoni um hydrogen

fl uoride. . . . I
8. The composition of Claim 1 wherein the composition is an aqueous solution
comprising:

a) oxidant: 0.5 to about 200 g/L

b) acid: _ 1.0% to about 50% by vol.

c) halide containing compound: 0.0 to about 100 g/L.
'The composition of Claim 1 comprising:

20-40 g/L oxidant,

5—'20 % by volume of concentrated (97-98%) acid, and

2-3 g/L Fluoride containing compound.

The composition of Claim 8 comprising:

a) m-nitrobenzene sulfonic acid, sodium salt: 0.5 to about 200 g/L
b) Sulfuric acid: 1% to about 50% by volume
c) Fluoride-ion: 0.2 to about 100 g/L.

The composition of Claim 10 comprising about 20-40 g/L m-nitrobenzene
sulfonic acid, about 5-15% by volume of concentrated {97-98%) sulfuric acid,
and about 1-5 g/L ammonium hydrogen fluoride.




