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The preseniyd g3xsdlj on relates to strippi ng pcaassyssed
conpositions for stripping electroless pigkel froma substrate. An

el ectrical stripping process can be described as the reverse of

el ectroplating. Wiile electroplating applies a coating of netal to a
substrate, an electr] | ' NQPORe substrate.
The coating is di éﬁ@bhw 9 c%se}g%dl)ni ng with negative
chenical ions in a bath, wWh 0 1tS surface by its
positive potential. While the object of a stripper is to renove a coating
wi t hout danmage to the underlying substrate, nost anodic reactions cannot
differentiatemEMg and the substrate resulting in etching
of that LSubst . ckel is a very chem cal resistant coating
and is difficult to attack. An illustration of its chemcal resistant is
the "nitric acid drop test”. A drop of concentrated nitpi ot d _ies. appl i ed
to the el ect rThegesent mk@lﬁoeé%l@tpﬁ@'%“i‘?fm HrIpRIpE Bwe%tagﬁ F‘?lnglp%g%o%rs E&w thin a
set time perio he tes | e Aficfo @i Mristing Sloddss ¢al e déstiibedheni cal
f or nul at F@Egm&ﬁgbt%?%@é%ﬁ#%gsﬁtaha Shvlm&f ﬁﬂreapleiézl y s riép_ﬁl'lt hese very cheni cal
resi st anjg G0 aveR Sf blsctipling aWiikeletbplatingappies aeoating of mefsbiei diubsiralé, ye

when the stripping process can be pade enyiraon tal l.y fri safe

to use i an eleetrical sTippenreMPVesCORERE, KON thy SHOSHALY 4 [ e coa gﬁé%&qﬁ?@%: THE

RELATED i nce the.i.nyemi AdthReIabAd Mlal Hath; Reidhaé atractbdto itseposi ti on
RSHFRERY S ity SR B BRI e

(now co ss nickel plating), the excellent chemi cal
resi st ang@fak biite pesitaspotentiab Whilethewwbjtet efpestripper 1510 FRBVe A LOAMEVIRG of
manuf actured articles. .Thig chem cal resi tihideesstheover the
years t hidamage tpirgideslyas F’ﬂ?sgﬂoﬁigééﬁg??@?%@gﬁructure of the
deposit t A G%Faﬂn@ﬁﬂﬁn Rk Uf that sebvemiecal attack. Not
surpri si ﬁg?@&ﬁﬂéﬂ"tsé‘s of str igrppi ng el ectrol ess P&cﬁ%&mﬁi I ei‘ﬁsgv ng the
substrat e has Hietoless nickel isasvenythemical reststant coabRe ALY N RMEG e Been used
to attempt t0:StIiR Shabil 2Lises: Pk Alrthdild otk 9a Hrop of concentrated nitric

acid is applied to the electroless nickel coating’s surface. If any etching occurs within a set

time period, the test fails. The discovery of relatively mild chemical formulations and

procedures that will rapidly strip these very chemical resistant coatings is of great economic
value. This is especially true when the stripping process can be made environmentally friendly

and safe to use in the recovery of defectively plated parts.

2. DESCRIPTION OF THE RELATED ART

Since the invention of autocatalytic chemical nickel deposition (now commonly called
electroless nickel plating), the excellent chemical resistance of the deposit has found wide use
in protecting a variety of manufactured articles. This chemical resistance has been improved
over the years through innovative formulations that modify the structure of the deposit to make
it even more resistant to chemical attack. Not surprisingly, the task of stripping electroless

nickel while saving the substrate has become increasingly difficult.
Various methods have been used to attempt to strip electroless nickel with varying

‘ .
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SUBSTI TUTE SHEET (RULE 26) WD 03/035944 PCT/ USO1 /32607 degrees of
success. One of the earliest nethods tried was an electrolytic stripper
whi ch was {v'i')osfb?mn use for stripping electrolytic nickeper/ieyk¢7 pper
was nmade from concentrated sulfuric acid, utilizing reverse current.
Typically, a part to be stripped was i Mmersed in a stripping bath and

connected to the I k& neifRAs wasG@heRetrolgtic steipperswhictcwas itur r ent
traverse QWOPMF%‘%’T ?“?ﬁfe&ggggﬁiv)‘% el egﬁode ((?at hggg) V\E?i:rh wa aggual |y

made of é&iﬁo@ﬁse&bﬁiﬂ‘i%lbiﬁg eletteolytivatitket! The stiippstwasimags fromjcoagengpte ity,
i. e., when the nickel deposit . hgad bee I ss0l v . Walal e

sul f at e acid, utiliging keverssSupenti bypPIC M@ﬁ&ﬁgﬁéﬁr’pg?f‘;&%%@%g% %gtsgﬁﬁi?%;bag{’eel
substrate .in the or G0 BlttenfiRBces WWifrtent gavaesed theoul d
make thea‘&@@%@s@i‘@%&.}%ﬁ'gﬁné’g{f?gﬁﬁw%xygen woul d be evolved. This method
fail ed WhgH té theinBgative eltitode (palbadepivbich wab ssllyimade pf lead pogrrplitep b8 use, j ust

teel, th | ectrol i ckel, ' : t 69
( Cunni ngeihpdagles) BRgLRPHIOLRRR IR - ir MG DE kel depttit N BB atsoflath®

concent r gf e Shbf HE bArACiof, wiike fi¥inickl i, chamitahstraoyeistigse thei stiw] sublstraje
formul ation clarmed to strip chromumas, well _as_ nickel fram{oergg;u?sxrd

subst r at @sthe Phdstretoli theparyeroncentratod suifuris agidwould grake fhe ses} pATPILe

strip electroles i ckel .deposi | ] oo Higees of
hi gh di sﬁw‘wi‘i e%@?Y@sqﬁﬁﬁbeéﬁﬁa@gm%h@%r%‘?h%g}ﬁ‘gﬁsé(asul furic acid
gggtstep;t éi@;gﬁ(}]@tw&aﬁ&g t asSteRD 1 eldbRicnonitice] bevameassiveoxi de | ayer fromthe

oloct 1| cal ni Ekel PebsiAdo0es (CommurmhaEbiy e Seprp kel ftignd oftpBRC, )
And"soi aReoearF wifiis opg SR ARY, fid i5iropd REbRACTRS IR TS of
T e o e k. Stms Lot ot
the use dhatifs formuletiomwibitdp F?‘_@&Sﬁéﬁ’@kelﬂ"gﬁgg’d s rss%%lﬁgﬁ) % %@B%t%gg at hg
INRAARI: 51 GBUE of fis [a?g% ks U 6m 36 Sulfioteid contdnt, Snd o taddud

4,664, 76 en et oses an aqueous stripping solution
CONpri Si Ngeptdfhaving terimbve tn bxide fyerduine theisvestptefiefore g Sanybe alfeppled. o

bot h the anode and cat hode, pf l.ectr Ol Vi r4i 0ning - cal aool Vi n
an alternati ngAquhqr@hqong%%gBaspﬁ%lec%cﬁmc?;eﬁtr‘xﬁwﬁsde?o‘?ib@@up'@. $. mapglt appl yi ng

4,647,352 (Cook). This patent states that the combination of chromic acid, phosphoric acid,
and sodium bisulfite can be used to electrically strip electroless nickel. The formulation

suffers from its sensitivity to the introduction of sulfate ions to the bath which caused it to etch

the substrate mandating the use of barium carbonate treatment. Disposal of spent stripping
baths is very expensive due to the high chromic acid content.

U. S. Patent 4,664,763 (McMullen et al.) discloses an aqueous stripping solution
comprising chromic acid utilizing defectively plated parts as either or both the anode and
cathode of an electrolytic stripping cell and applying an alternating current across the
electrodes to strip the nickel coatings. Electrolytic and electrolysis nickel coatings are said to
be stripped by this method. This stripping method cites several optional etch inhibitors, such
as potassium iodide, to help prevent etching of the substrate. This method suffers from the
possibility of etching and the high disposal cost of the high chromic acid content.

Other electrolytic stripping processes utilize nitrates, normally ammonium or sodium
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el ectrodes to strip the nickel coatings. Electrolytic and el ectrolysis
ni ckel coatings are said to be stripped by this nethod. This stripping

met hod citgg o3R¥BE4! optional etch inhibitors, such as petassewsmdrodi de,
to help prevent etching of the substrate. This nmethod suffers fromthe

possibility of etching and the high disposal cost of the high chromc acid
content..Qther el ectrol yi| kYA PP §ARRE Thudd rocteses ke everse dinext mal | y
amoni umﬁte’g{)ﬁmﬁéé#%@%wEET (|3UEE 26) V\Dﬂ03/ 035944 PCT/ USD1/ 32607
Ni trat e gu@bntdo FRUHVE Blecmbplated aickeland somélonephosplivaanssiscirgless Heke %@é

di t t . to.r ' d
Cone. | oGophsspimshasel. A¢ Biskridlissolon RPN HulErEt FRR S EEmLotl, o)
ni ckel dissolye Yol it passieEtosTa s ¢ arcbsiofhisirippedmickd] loa¢ur
pr oducePﬁ%‘i\?g’/ﬁge}wa%@%ggg%bgﬁﬁﬁ?&@or adi c passigviclgy of, | grge areas, of
unst ri ppgehdtxpbet baseanetal beasmesssixpunietiths irnfluches i thPedhe SR SR Eunder

the influence of the electrigc current causi | qﬂm &l Stripped
part. Tha :moaml@phyismpﬁﬁciBﬂlbf@ﬂ{ﬂ‘&‘&’a”ww&f%“ﬁ‘g&i‘}éﬁ@t Fi pfioerﬁebct rol ess

ni ckel d i . heeRtntphoshbouaus. | nmersi on ni ckel
stri ppere‘i&?:ﬁktss;?lg%?}i?%%ﬁggjoﬁr@ g‘?ﬁrﬁfﬁdgﬁ? l\l/vgr g@;hn r oduced t%\%m&é i zed

sol ubl e ni t r Jagmzseenickelsuippes (melewtical Fyrenhpeededywee firody FS strip
ni ckel depogsits., These strippers f i i dRBl its.
el ect r ol &bl RIERRMZEHE GEIPOPY %ﬁ%g%‘g%émggﬁ%ﬁ?&%%ﬁﬁbﬁ/e 7 %;?osﬁtoswever ,

the hi ghPﬁesé’&tﬁggé}Qfdﬁua liEaRe8S fof beipping| detolsckickel wipadowphosthors di d not
strip or 'stripped

at such low rates that the process ove .
i pr act i comkent, i), i %-7 fle haweest the highen RhgsRbGFPUE § ‘?‘gﬁgﬁc“’?‘:‘?ﬁs "Hgl‘e"i g g‘}/sani de
becane mar.e and nor.e expens; hidld by ' mipracticsleased.
&ﬂ WQ{T%BP AL é&ﬁﬁg?sd a %mﬁlslowtr}i’t@s thhiahé *)l'oEéﬁs ploveil S Rpr S

Ni ckel s®Mep utilize water sofuble nitrobenzene coppounds,
ei ther AN advdRCofpoliationidontals] the ase aftcygrideteccane morRan AP €XPESIVR 3P| 0gs,
have gained wi de acceptance. These baths work well on deposits of

el ect r ol theilizbility-edalispepal mEeased-ow phosphor ous el ectrol ess ni ckel s have

achi eved stri @E‘#‘glﬁ LE@%% Bz il sdliiditebénzend eongpoands, titleer hi gh

phosphorous c ess deposits slowed the rempval t{o,, ap average,
| ess t hagmehoRHddiafedonium kaltsror eBylspediaginepod/ar ithhomelegs hggpp@énegfmg? ‘i ppi ng
paths 1s agc%;)t%nce. These baths work well on deposits of electrolytic nickel and some low

phosphorous electroless nickels have achieved stripping rates of about 0.001 inch/hour,

however, the high phosphorous content electroless deposits slowed the removal to, on average,

less than 0.0003 inch an hour. Proper disposal of these types of stripping baths is very

expensive because of their toxicity and high chelating power. These baths operate at about

160 - 190 ° Fahrenheit to strip electroless nickel coatings and are very vulnerable to damage by

heat through loss of volatile chemicals components as well as thermal chemical
decomposition.

U. S Patent 4,554,049 (Bastenbeck) discloses an immersion nickel stripper which uses
sulfamic acid, hydrogen peroxide, nitrates, and chlorides. The patent claims to strip low
phosphorous electroless nickel (less than 7%) but cannot effectively strip deposits of greater
phosphorous conternt.

U. S. Patent 4,720,332 (Coffey) describes a nickel stripping bath that utilizes soluble

nitrobenzene compounds, Zwitterions (as chelating agents), sulfide producing compounds,
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expensi ve because of their toxicity and high chelating power. These baths
operate at about 160 - 190 Fahrenheit to strip electroless nickel

coatings aRe i3jossoyery vul nerable to damage by heat througbriusess26d7
vol atil e chem cals conponents as well as thermal chem cal deconposition.

U S Patent 4,554,049 (Bastenbeck) discloses an i mrersion nickel stripper

whi ch u S;fe_rg??ééjslf %n%{s%h(‘r; P%é:&%)fjrevé}&ﬂ&.@&ﬁf‘fopﬁk(Iﬁ denovl 6f Mctrdlesmidket Abmwsitsles. The

patent & ow phosphorous electroless nickel (less.than 7%
but cangprilehisaséthostipseledtplete pwkeltfast G1p 9rlQi2dnch BT BkEWEG At ent . U,

S. Patent 4,720,332 (Coffey), describes | ckel Wele] 4 dahat
utili zesomepmes QJJCTHFWP%Q)’]E?EH%“B cfﬂﬁ&‘g,dgﬂﬁt %arilh{éirl]]gg z % }clﬁ)ﬁelF%% ng
agents)ﬁal%ul i de produci ng conpounds, 3 SUBSTI TUTE SHEET (RULE 26) WO

03/ 0359 / US01/ 32607 carbonates, and the use of reverse current for the
fast renoval Tofs,dl ietheabjertise of thisdhvention & improvehe pr of STIEPIRE elEEHPIESS, i ps

el ectrol ess nickel fast (up tq 0 002 Lngh/ lobh :

sonet i mascke] by E@Wﬁ&@@a&ﬁsﬁ% §I°F‘ﬁ°%%‘i‘°6ﬁy 8%&%@%?8%%%%% e re gés(’f u Ih} %o?]vg

hi ghl'y ' CBStent RIS equial hibB effitfenoppmidasece of this invention to
[ mrove%h@%ﬁoﬁgﬁ ppi‘aﬁg el g%t rQngs ni.ckel [ rovi d%{lﬂﬁf g&/ | ations
to el ectrol ymisalsbpnsabjacgvmﬁbxsme@g@nWiM\sﬁeﬁwmg s 19 LIFEIRITAN ST ond hi gh
phosphor gus cont ent, wt.h equal__Rhi SARTCIN ease. It is also an

obj ect i W&%%&W&hﬂﬂ%&%&%ﬁ’%@?ﬁc O’ﬂuﬁ@aé}l?%%?se to electrolytically
strip el ect rp|EsHirirdefictivé toprovine uiRsice efaltemativeestiipping formulgtionsdhat are
substrate. It Is a further ;giective_ to provi de[ﬁﬁ ch%' ce of glltgrnative
stri ppi regfdroo ne intheomerkplage angt moresayismmentally fendly by.clpupgtme cuglalesy - o
environnental ly friendl v.hy, el m |cBSA i€Solutidis! rates, chromates,
cyani de,mgﬁt&s’ﬁ\ﬁﬂme&;esc%%%‘%?ngﬂé@]ggéﬂ& C SO utions].1 It is yet an objective
to provide fogfEyethh jectivedo providedemmlations and proedseesto siripsiechiplersenickel r om

el ectrolytically deposited hright .ni ckel, el.ectrol vti Lyt '

sul f armt Zomielsegplytigally deapawgﬁﬂgﬂ'eqmq‘&g ﬁf%ﬁ?lyﬁ?ﬁﬁgﬁp%sﬁ% afha gﬁ‘g?%"tﬁgﬁdarmge
to the Sﬁ%ﬁ WicREFeontent alloys with little or no damage to the substrate.

SUMMARY OF THE INVENTION

The electroiytic stripping baths of the present invention are made from oxoacids,
and/or oxoacid salts, and hydrogen peroxide. It has been discovered that electroless nickel
deposits can be dissolved at the anode of electrolytic baths containing oxoacids, and/or
oxoacid salts, and hydrogen peroxide. The substrates of iron, cast iron, steel alloy, stainless
steel, and titanium are protected from attack during electrolysis if the hydrogen peroxide/acid
mole ratio is maintained above a minimum preferred mole ratio of about 3.75 for strong
oxoacids with one ionizable hydrogen and about 7.5 hydrogen peroxide/oxoacid mole ratio for
strong oxoacids with two or more jonizable hydrogens. Peroxide/oxoacid ratios as low as 1.5
may be used when combining weak oxoacids with weak oxoacid salts to construct a stripping
bath. To prevent attack on aluminum substrates only sulfuric and sulfamic acids and/or their
salts may be selected from the strong oxoacids while any of the hydrogen peroxide compatible

weak oxoacids and/or salts may be used. Only combinations of weak oxoacids and/or oxoacid
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SUMMARY COF THE | NVENTI ON The el ectrol ytic stripping baths of the present

I nvention are nmade from oxoacids, and/or oxoacid salts, and hydrogen
peroxi de. W objgszedyeen di scovered that el ectrol ess nickel pcumsogizte can be
di ssol ved at the anode of electrolytic baths containing oxoacids, and/or
oxoaci d salts, and hydrogen peroxide. The substrates of iron, cast iron,
steel al|oy, i nl s | 88N R eRcRsplited hieelf castnnicktel, ac k
during %ﬁ%é?’ié@%wﬁiv&e?ﬁsﬁbn&%%gﬂ{ép%r oxi del aci d Iﬂm)l e ratio i s maintained
above aud¥iap{ifohiekelf esbattdlloy), end sifamatsfnicksbut 3. 75 for strong oxoaci ds

wi th one ionizable hydrogen and about.7.5. . | id nole
ratio for sFermugpasspeicihisdnygopipn 9%‘51@}5 ng&g%%blfg hﬁ%?ﬁgﬁgﬁg.@&

Per oxi de%ﬁm g{(e%ey ﬁﬁnaago%tz’ﬁt(%'l 1 ExamPRY¥ obStrongestoudidyincloddxulfurig weak

oxoaci d¥° oxoaci S to construct a stripping b@th. To prevent
attack giridsyifdie/alkylntfonicaylonlfynis, Andmanoaligiestan ¢ %84%s and/or their

| t b | ected f th t ' | d
AR e
conoi natj ons o s

shePh R TS RGHAE sfttalh xaRRa br

WO 03/0 ts shoul d be used when 'trilﬁ i.ng frq%rénthe
SUbSt I abhhalé, citiehrtarn, atatid, malobiel malsis; butyriesapcinicigyeqlicy gINEHC, FHRS

cobalt allay), and sul famate nickel <k Qi eticNdn¥inb BoetiBfdndn an aci d
is consi@éﬁléd?%‘ﬁr%z‘e‘?qﬁar@nﬁtﬁgaag&m%ngglgﬁlg?%’ﬁﬁﬁggwsteani (K1) greater than
about 2 X!;,%'g,}ﬁ,]@ﬁ?{g};li&s of strong oxoacids include sulfuric, nitric,

sul fam (?,OIa ylI sulfonic, aryl sulfonjc, ﬁgél rrgnoal Kyl .estgi %gnﬁﬁgéuric
aci d. Exanpl efheebnevatritioxefydmmgen nerpride OrHBEHR Pz«}t&noé'g,lp%w t'E)ﬁlorl ¢, cal kyl

phosphoric, . gl ucophosphoni c. ~@xali G, [ AT cight Serdent 3anol
pr opanoifrom ghQit pge Hﬁ?‘ﬁﬁ%g@,mg% %%ng’,buftgﬁt, &acfltlrf:ﬁ citr i.c:el%al?et_ aric, malic,
mal oni ¢, o@lek c g%ﬁmﬁ@xﬁsﬂiJ:lesedghi;ahmlmwrogidatoapﬁcutmoyl%ﬁh%, adi pi c,

bori c, &ryeneiamnetetraacetic and no s,.nitrilotriacetic, amno
aceti c, axodcidpod/proxnacidsalts may vary o 0'$ﬂ§‘°h"8ﬁ8’ke??tsra§ﬁd8§' of hydrogen

peroxi de for the L L G5l B 8f {he ViVehiieHis @Bout0a8) gehile ftlieprefetredipH one
percent to ab p}ggﬁﬁé?%e@%%&?ha concentration of about eight percent is

range is about 1-7, and the most preferred range is about 1.5-4.5.
The oxygen free halogen acids (hydrofluoric and hydrochloric) are excluded from the

invention because there seems to be no hydrogen peroxide/acid ratio that will prevent attack

on iron o steel substrates when these acids and/or their salts are used in the stripping bath in

amounts above about 0.1 mole/liter. Iodic, bromic, and chromic acids and/or salts are

excluded because of their incomparability with hydrogen peroxide either upon mixing with

peroxide or during the stripping process.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses that electroless nickel deposits can be electrolytically
stripped from substrates of iron, cast iron, steel alloy, stainless steel, aluminum, and titanium
utilizing stripping baths made from selected oxoacids and/or oxoacid salts and hydrogen
peroxide. Surprisingly, electrolytically deposited nickel, cast nickel, kovar, and high nickel
alloy ‘substrates can be stripped of electroless nickel deposits without significant substrate
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preferred. Wile maintaining the disclosed m ni mum peroxi de oxoacid nole
rati os the oxoacid and/or oxoacid salts may vary fromO0.01 nole/liter to
sat urati oRyo §9)gsspdd range for inplementation of the inventpowussy/abayut O0- 8,
while the preferred pH range is about 1-7; and the nost preferred range is
about 1.5-4.5. The oxygen free hal ogen acids (hydrofluoric and

hydrochl oric) are excl.ude h ek bkeueidseadis exdabidrseltseens to be no
hydrogewaﬁtpéﬂ%g}%%sﬁﬂpQ%gP%tﬁ?{%t&&ﬁ?P prevent attack on iron_.or . steel

subst r afRSyYE&hidKeESS trcstiisped ficshoaluininyin subsirates witkouh§ cantaftackenly §oi ng

bath in anounts above about 0.1 mole/liter I \fn subfuRBlaid afd its SAHsOM C
aci ds aM/onnsQangld_&@éd@Ré‘F?RﬂeQPng%fﬂté °fs°¥°ﬁ4§??‘l°?’n%onpg‘? AbiTity with

hydr ogen per oxi de rs oké {drb foxidedmnyratiblgrwealy oxeasidst r i ppi ng
processf‘m‘g%"ls}alﬁ'ﬁ %&@lﬁsﬁ%ﬂlm d')I'ﬂrl—‘I%cPKIVE efﬂlqg\l The_ presen i€vent' )
di scl 0sgsy/bheoaitl 88lts mhybsused ekstip dispiselpssickshiem aéltf@e’c‘ﬁno{"{)? aéﬁﬂe??

stripped fromsubstrates _of iron,,cask,.i ; ; bpAtlSs St eel,
al Um nure mokdcted frams atterk durng ei?q’?:ﬁlys?’tsl"f %‘B ?‘ﬁ%‘oﬁéi Igeg’xr%géd/g%f g%ﬁ?g IBéect ed

O0ae e RghRd g8 RGhisRah bPares iy dageng pakils hath orGdomrets ngrggen
eposite

el ect r o A% P ni ckel , cast nickel, kovar,

_ ] am@ hi gh r&}eckel

al | oy suhghbbaitgs 3drogen patoridpfoscacid melesato fr sgang oxoakids WA SRR PTWOIE 1ot
significant substrate SUBSTI TUTE S a8f¥inin
T USOimazeidmmatessh BrOVRaOr TR BT IO g TBaC Taemde T r om woek
oxoaci ds, apd/ or. SxAak: edlRbkdacid saltewi donbtars a siripking betn be stripped from
al um num SsubStrates w thout significant attagck onh*/ .i$ teQau%gdrﬁ) gRxoaci ds
and /or stror@emgmiﬁbb&gma%@%@éﬁog@?%‘ﬂ“&ﬁyﬂf% oGt & *A¢ an(ggl ts salts
and/or sulfam ¢ acid,and it I ghaioxdllgeeventpat i bl e

eghire o o e Rt Bom Rl o et ro) co

weak oxd&lémn S may be used to strip elegtrol ess nickel
fromal ug StebAaRy Bidaheninameaupstates othed tieseavids at present iy thy

B ixdhd)
el ectrolysrs |]1‘r the hydrogen peroxi de/ pxoaci d e Rati Q. | i ned
Sbove & stiipping hatbt aaeeniapS Breaier B RO e sk, VoY malt e BRANE

hydrogen and.about . GEMe RRSsiicdpiRuMPSiiel Hisoution by oelétivelyslargsng
oxoaci dshWQq?l?’%ﬁc#éd}ozﬁ%ern{;%%gnl ngl e hydr ogeng. . Per oxisgle/ o§oacibgl r a{ii 0S as
| ow as 1,50k ofkoléi donsh For exaniple; thepmount of chloride ion resulfing from chlorination

of drinking water does not seem {0 affect the substrate, however, if the concentration of

chloride ion rises above about 0.1 mole per liter, some attack of the substrate may result. .
Practical considerations such as bath conductivity and operator safety have leadto a
preferred working range of about 5 - 20 % by volume hydrogen peroxide (10 - 40 % by
volume using 50 % hydrogen peroxide) and a most preferred working range of 7-10 % by
volume hydrogen peroxide (14-20 % by volume usipg 50 % hydrogen peroxide). Using the
proper hydrogen peroxide/acid mole ratio for this range of hydrogen peroxide concentration
allows stripping at current densities up to about 100 amps/sq.ft. There is no maximum

concentration limitation for the hydrogen peroxide except for the practical considerations of

operator safety, disposal considerations, etc.
The concentration of oxoacid and/or oxoacid salts may vary over wide limits as long as

the minimum peroxide/acid mole ratios are maintained. The acid and/or salts may vary from
0.01 mole/liter to saturation. However, since the current that flows throngh the bath
determines the amount of nickel stripped during a time period, it is preferred that the stripping
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weak oxoacids and/or weak oxoacid salts to construct a stripping bath. The
oxygen free hal ogen acids (hydrofluoric and hydrochloric) are excluded from
this invagpipgpsshmcause there is no apparent concentrati orcufushyssogen
peroxide that wll prevent attack of iron, steel alloy, and al um num
substrates when these acids are present in the stripping bath at ads)
concent g at i, on eab el i t éff@?hélédtioh%&"the\&iqunsmﬂypemfnmd f

hal ogenLP%‘ﬁgvﬂgfoﬁ’oﬁlecsme‘téa?n?%g?%?%{ag%rt ﬁe substrate if acconpani ed i ol ution
by el atj el ddaSit@8its tafiHettase dic comduantivity o6 ths. solugien dsofigseal Impoytang © of
chloride ion resulting from éhl ri nﬁti o‘gk ofatgri nki ng wat er does not seem
to affecapidmﬂ@&m@mﬁé?@@’ﬂ ectrpiesy e&S%ceﬁtrati on of chloride ion"’

ri ses above ahout . rahgd BF operatity tBé bteippingbathb of thidisventios isray
result.. Pr a??‘f’géef‘%}%r@%ﬁ%?tgﬁ ongs §uc€1 as bath conducti \{i te\;_ agld olger at or
saf ety hgya §0sAg *Famd the medstpreteredis sbontB0-100y eF o Pf seRSH 15Ver % 5y vol une
hydr ogen peroxide (10 - 40 %b vol u I 0q - Sfiéhebdlg) and a
nost précmpmﬁﬁmaﬂlibﬁg‘s?daga e#, l?wir(fofg?%wtggfl‘g?r%h{?}ggrogen B‘Er oxi de (14-20
% by vol.une .u fgﬁl 20 Shd lag@apgﬁ,yméidéeampddﬁdngna}mmumtdﬁ@er hydr ogen

per oxi dé?‘gsrit‘a&l% e ‘?Qé%ﬁio or this range of hydrogen peroxide concentration
al | ows skmpéplufeg. at current densities up to about 100 anps/sq.ft. There is
no maxi mum concentration limtation for the hydrogen -peroxide except for
the practical considerations of operator safety, disposal considerations,
etc. TheEmgati on of oxoacid and/or oxoacid salts may vary over w de
limts as Tong as the m ni num peroxi del acid nole ratios are maintai ned.
The acid and/or salts may vary from 0.01 nole/liter to saturation.

ot of i o oo v samplet fls gl 5 dbbAMAR (hgpgelior e iy Aafonithe

amount of ni ckid atine period, it is preferred that the

stri ppi ngottimﬁpﬁ%}i& Fhe¥d5pd of tbidvetin: WO 03/ 035944 PCT/ US01/ 32607 bat h

have a | ow el ectrical resistance. Therefore, selection of the anpbunt and
type of oxoacids and/or oxoacid salts that increase the conductivity of

t he sol uEi on llé of great inportance for the rapid and econom c renoval of
the el ec ni ckel coating. The preferred tenperature range for
operating the stripping baths of this invention is

The following bath was not chelated which makes waste treatment of spent stripping
baths of this formulation simple and low in cost. It contained only about three times the acetic
acid content of ordinary vinegar which makes it very safe to use. While the peroxide content

was high enough to bleach hair, itisnota high enough concentration to be a serious hazard to

workers.
CHEMICAL AMOUNT
Monosodium Phosphate 20 grams
Acetic Acid (68%) 20 milliliters
Hydrogen Peroxide (50%, v) 25 milliliters

Water (Tap) to make a total volume of 140 milliliters
Peroxide/Acid Mole Ratio: 1.82
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about 60-115 OF, and the nost preferred is about 80-100 OF. O course,

| ower or higher tenperatures nay be used, however, |ower conductivity and
sol ubi I'i t ww#iobhsshfa experienced at | ower tenperatures, angcpuselzaset ed

per oxi de deconposition may occur at higher tenperatures. EXAMPLES The
foll ow ng exanples are given to denonstrate the application of the

| nvention buf, 0ot LMl ¥d 1 Raleconal sSlutidievilmve of 140milklitersp| e 1
The follow n eoagl’f)ﬂe%? %aé%&gx%e g?@d whi ch nakes waste treaf nent af, spent
Strippi Age tdiageRamelof e soltion sl adjusted tr 6] Eahegmbeit. olwe AU BSE W1 & staglithi ned
only about three tines the acetic. acid.,co hedohtaiedqBAr Whi ch
makes i steslgnthodesiwere plagaddnt FF@“?%O%%PS&Q%%%%%%%%MS hi gh enough to

bl each hair, 1t | ' FaQafSH¢é véltage direat chmrent power pplynazar d
to wor @P@énﬁqﬁm}%ﬁ&%&&%ﬁ@&i um Phosphagte 20 %?E"P ég&}l c Acid
f e

§$8°/g 20, dieibitl Wide usild wpmmﬁ%bmﬁwwe%ﬁw _ er
ap) to nake a total volune o mlliliters MaReRat i o:
1. 8F2) 7 mmmmml?@gﬁﬁpgeff%ab% KZ;P %&ﬁﬁﬁﬂg ?f@fflg%é?ﬂll:he ate)lone
cher calie W& 6 flha 3l Ghddds. TRiicpifed pirdl wasbatinbard todhe pesitive ddif the
mllili fkbertgv.os & tenperature of the solution was, adj usjed

S t.o 90
Fahr enhgbiver stipplyo ASTEFCON®I @elymﬂmreg@ylem)&eﬂe‘ééﬁfﬁaﬂé%‘{ m@mgﬁg&&b& into
the solution on eith id f ot \\6xdh . Thé ution and
connect dgakey @%ﬂ%ﬁ‘ﬁq ’Kj%wg'i S@é%%%‘%@ﬁ’ﬁ?@%%@é? dir eécitmtclur rent. power
suppl y. B@e&%ﬁia Vi eheWdlidgs drep lacrossithe stripping frath wascadjusted o s HB8T at ed
with O. 6 I nc ectroless nickel contain ngi Eq%ut JTZ%SDI‘;IQ‘?BR&)E&US was
suspendecmomertiny fomsitibn ofbubbles asdhxplated pathagickel began 1o Q1SS

stripping bath and all bubbling at the anode stopped. The starting current was 0.75 amps.
After about thirty minutes, the steel base metal began to be exposed at the 90-degree angles on
the bottom of the plated part. Unlike nitrate based.clectrolytio strippers, the exposed steel
substrate did not gas. The electroless nickel cogting continued to dissolve, and as it receded, it
assumed a parabolic shape as it shrank from all sides of the panel. Only when the remaining
electroless nickel coated area covered about 30% of the area of the panel exposed to the
solution did gassing slowly began to occur from the base metal. After about forty-five
minutes, no electroless nickel could be seen on the panel. An additional fifteen minutes of
time was allowed to insure complete stripping and to see if any etching would occur on the
steel panel. Examination revealed no etching. The mild steel panel was bright and polished
just as it was when first immersed into the electroless nickel plating solution.

Aluminum test panels were also stripped in this solution with equally good results.

The following examples were constructed as in Example 1 and illustrate the varied

oxoacids and/or oxoacid salts that may be used in this invention:
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the two stainless steel cathodes. The pl ated panel was connected to the
positive side of the power supply. A TEFLON(r) (polytetrafluoroethylene)
coated stiwpB@sdoesd Was placed in the beaker and was usegctrasel/sby stir
the solution to prevent stratification of the bath. The current was
applied and the voltage drop across the stripping bath was adjusted to
four. After nmonentary formation of bubbles on the plated part, the

ni ckel di ssolve into the stripping bath and all bubbling at the
anode stopped. The starting current was 0.75 anps. After about thirty

m nutes, the steel base netal be&airbémbe exposed at the 90-degree angl es
on the bott@h@ﬂfd& pl at ed par ke nitrate based el ectrolytic

stri ppers, e ex % Seuﬂate e did not gas. The el ectrol ess nickel
coating cont , as it receded, it assuned a parabolic
shape as it gbﬂl@ﬂﬂg\ﬂfawn all si deBSgrthhe panel . Only when the remaining

el ectrol ess nickel coated area c about 30% of the area of the panel
exposed to tlllb’dr(@onﬁﬁﬁome(ﬁw%bas B BW y began to occur fromthe base
netal. After t Hnfso {1psedrg ol ess ni ckel coul d be seen
on the panel ﬁ%ﬁl’% }a)cg%tfa"%ﬁmf tgle’gn m rlftjlltags],ﬁof time was allowed to insure
conpl ete StrlPEfoiE}/ﬁéideleReﬁo.lﬁfl any etching woul d occur on the steel
panel . Exam nation reveal ed no etching. The mld steel panel was bright and
pol i shed just as it was when first imersed into the el ectrol ess nickel

plating sol utje wqe&%%&tmt@%eﬂosv YFuerend than Bampip&dnd thestartingsol ut i on
wth equally goo results

The foll ow ng exa w?re const uc(ieg{} sin
Exanpl e curfithvas 1.025amysres 4t astavting \@étagqﬁ@@aé?regsr{gﬁg?tb LG AL éﬁl‘ WoHat may
be used in th| S invenjl BST A
Exanpl e BaneHeth W“ﬁ\’ﬁcﬁf‘?‘n ESGJ 4%@%'5 ogen u ﬂgmiléggzllﬁg?g Sodi um

Sulfateﬁl,’g\p grams Hydrogen Peroxide (50% 35 mlliliters Water to nade a
t ot al lon volume of 140 milliliters Peroxide/'Acid Mle Ratio: 6.1
Example 3
CHEMICAL AMOUNT

Sulfuric Acid (66° Baume)  2.35 milliliters
Hydrogen Peroxide (50%) 35 milliliters

‘Water to made a total solution volume of 140 milliliters

Peroxide/Acid Mole Ratio: 15.0

This bath was constructed as in Example 1. This bath had very good conductivity. It
stripped from the substrates of steel, aluminum, and titanium with no visible attack. 2.35
grams of nickel were introduced into the bath and calculations showed that 97.9 % of the acid
had been used to react with nickel. Additional use of this bath caused the pH to rise rapidly
from the 4.8 pH that was measured when the nickel content reached 2.35 grams. Continued
stripping caused precipitation of nickel hydroxide and rapid decomposition of the hydrogen
peroxide as the pH reached about 6-7. No additions of hydrogen peroxide were necessary

during the test.

9
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PCT/ US01/ 32607 This bath had | ess resistance to the flow of current than
Exanple 1 and the starting current was 1.02 anperes at a starting voltage
drop acros&oto%_,,ggg;h of four volts. An identical panel tectrhsopeused in
Exanple 1 was stripped in about thirty mnutes with identical good
results. Exanmple 3 CHEM CAL AMOUNT Sulfuric Acid (66 Baune) 2.35
mlliliters Hydrogen Peroxide (50% 35 mlliliters Water to made a total
solution volune of 140 mlliliters Peroxide/Acid Mdle Ratio: 15.0 This
bath waiﬁ#?ﬁr ucted as in Exanple 1. This bath had very good conductivity.

strippe romthe substrates of steel, alumnum and titaniumwth no
VI sible attack. 2.35- grans of nickel were introduced into the bath and

cal cul ations s hat 97.9 % gjsdieraci d had been used to react with
ni ckel . Addi tFot e of this bath caused the pHto rise rapidly fromthe

4.8 pH that wgicadured when tthglamISeI content reached 2.35 grans.
Conti nued stripping caused prec itation of nickel hydroxide and rapjd
deconposi t i offrisedium 1H’9*Gr ogen B ¥e as the pH reached about 6-7. No

addi ti ons of %6 wWeh silieessary during the test. 9
SUBSTI TUTE Sllﬁég‘{g?ﬁgﬁrgq%g V\D?OBI 035944 Exanpl.e 4 CHEM CAL AMOUNT Citric
Aci d 10 gr ansyatér fosvadielartotal solution vodurge ‘H@&}B‘ﬁen peroxi de (50% 20

mlliliters Water _t .0t solutlon volume of 140 mlliliters-
Per oxi de/ Aci &emwgﬁmelezh% &9

Good results on substrates of steel, aluminum, titanium, and cast iron were obtained.

Example 5
CHEMICAL AMOUNT
Ammonium sulfate 14 grams

Hydrogen Peroxide (50%) 20 milliliters
Water to made a total solution volume of 140 milliliters

This bath stripped electroless nickel well with no apparent attack on steel, however, the
bath became turbid with nickel hydroxide as the pH climbed to 6-7. Peroxide became more

unstable as the pH climbed above 5.5.

Example 6
CHEMICAL AMOUNT
Magnesium Sulfate 15 grams

Hydrogen Peroxide (50%) 25 milliliters
Water to made a total solution volume of 140 milliliters
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& e SN auIl il

PCTI USO01/ 32607 Good results on substrates of steel, alumnum titanium and
cast iron were obtained. Exanple 5 CHEM CAL AMOUNT Ammonium sul fate 14
grams  HydyepRmssas oxi de (509 20 nmilliliters Water to nmadCTAUSIOBEDT
solution volune of 140 mlliliters This bath stripped el ectrol ess nickel
well with no apparent attack on steel, however, the bath became turbid

wi th nickel droxi de ' 1 on Re¢lphovisvel) peraride nor e

unst abl e as %@hﬁ@%w@e%&gg%\%eﬁ%%%%gﬁbﬁ 6 CHESI\)/I CAL A%/UJNT Magnesi um

Sul fated%&n%o%iﬁéndﬁééﬁplddﬂeﬁahehigﬁ@ﬂmdmsnﬁrﬁhpltqst-i ters Water to nade a
total solution volune of 140 mlliliters 10 SUBSTI TUTE SHEET (RULE 26) WD
03/ 035944 PCT/ USOL/ 32607 This bath stripped el ectrol ess nickel wthout -

attack SE Stﬁﬁ’ however, peroxide deconposition was rapid due to the high
pH of 6 g the test. Exanple 7 CHEM CAL AMOUNT TrisodiumCitrate 10
grans Citric Acid 10 grans Hydrogen Peroxide (50% to nmake 140 mlliliters
of bath Peroxide/ Acid Ml e Rati%:ééémmis bath was used to test the

upper limt CHEMICABen peroxide rati on. "The bath worked well wth

no di scernabl.g. di.ffe fromt tai ned in Exanple 4.
Trisotinm CHAE 9
Citric Acid 10 grams
Hydrogen Peroxide (50%) to make 140 milliliters of bath
Peroxide/Acid Mole Ratio: 44.4

This bath was used to test the upper limit of hydrogen peroxide concentration. The
bath worked well with no discernable difference from those obtained in Example 4.

Example 8
CHEMICAL AMOUNT
Monosodium Phosphate 15 grams
Citric Acid 10 grams

Hydrogen Peroxide (50%) 20 milliliters

Water to make a total solution volume of 140 milliliters

Peroxide/Acid Mole Ratio: 7.4

This bath stripped well to 60 amps./sq.ft. Some heating of the solution was noted due
to the bath’s electrical resistance. The bath stripped 3.25 mills of electroless nickel in one
hour and ten minutes. No attack on steel substrate was noted. No discernable attack on steel

or aluminum substrates was observed.
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Exanpl e 8 CHEM CAL AMOUNT Mbnosodi um Phosphate 15 grans Citric Acid 10
grans Hydrogen Peroxide (50% 20 mlliliters Water to nake a total

sol ution :,/@b%@sg%‘ 140 mlliliters Peroxide/ Acid Ml e Rapi@usdyherni s bath
stripped 10”60 anps/sqg.ft. Sone heating of the solution was noted due

to the bath's electrical resistance. The bath stripped 3.25 mlls of

el ectrol ess nickel in one hour and ten mnutes. No attack on steel
subst r atExample Sot ed. No di scernabl e attack on steel or al um num substrates
was observed. 11 SUBSTI TUTE SHEET (RULE 26) WO 03/ 035944 Exanple 9 CHEM CAL
AMOUNT Sul fam c Acid 10 grans Trisodi um Phosphate 10 granms Hydrogen
Peroxi de (50%QHENOGAL! i liters WaAMOUNLmke a total sol ution vol une of 140
mlliliters Pefoxide/Acid Ml e R3 Lo, 3.4 PCT/US01/ 32607 This bath was
tested to 60 %\ﬁ%@ﬁ%g?‘dft. No attack on steel, alumnum or titanium base

nmetal s was obggs phosphi@tee 10 (QoighdoiAL AMOUNT  Formic Acid 10 milliliters
Sodi um For nat e f gr ams dr ogen Peroxide (50% 25 mlliliters
Hydrogen Peroxide 50%) 20 milliliters '

Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio: 3.4

This bath was tested to 60 amps./sq. ft. No attack on steel, aluminum, or titanium base

metals was observed.

Example 10
CHEMICAL AMOUNT
Formic Acid 10 milliliters
Sodium Formate 10 grams

Hydrogen Peroxide (50%) 25 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio: 2.1

This bath gave good results stripping nickel from steel, aluminum, and cast iron

substrates.

Example 11
CHEMICAL AMOUNT
Acetic Acid (68%, v.) 10 milliliters
Sodium Acetate 10 grams

Hydrogen Peroxide (50%) 20 milliliters
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Water to make a total solution volunme of 140 mlliliters Peroxide/Acid
Mole Ratio: 2.1 This bath gave good results stripping nickel fromsteel,

al um num %%ﬁﬁ%& iron substrates. Exanple 11 CHEM CAL Alggdhiko/Heeti ¢ Acid
(68% v. 1|ters Sodi um Acetate 10 granms Hydrogen Peroxi de (50%
20 m |1 I iters 12 SUBSTI TUTE SHEET (RULE 26) WO 03/035944 Water to make a

total soluti E55140R8eEtede/ Acid Mole Ratio = 3.1

PCT/ USO1 /328@?&4‘? tﬂ[]aggj ope(?hdn%out 10 tinmes slower at four volts than
the bath in BxagmhdAdid M6leRétie=a(1 poor bath conductivity. The bath does not
attack steel substrate. Exanple 12 CHEM CAL AMOUNT Sodium Sul fate 10 grans

G utaric Aci d 10 gram; Hydr ogen Peroxide (50% 22 mlliliters Water to
make a total O oL Al 1! ot e 96 Hs the @R badei/Rxathpl] e Ratio =
5.1 This bath FW@BQAZ tg}%ﬂr%sép%&e | ectrol ess nickel before the test

was termoataeds N?Borﬂatﬁ ébn&ucﬁ\ittyaﬁ‘hahdthdoesstoeeﬂtack@tﬁgl fulstEatewas obser ved.
Exarrpl e 13 CHEM CAL AMOUNT Sodi um Chl or| de 5 grans

Example 12
CHEMICAL AMOUNT
Sodium Sulfate 10 grams
Glutaric Acid 10 grams

Hydrogen Peroxide (50%) 22 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio = 5.1

This bath dissolved 2.51 grams of electroless nickel before the test was terminated at
pH 4.4. No attack on steel substrate was observed.

Example 13
CHEMICAL AMOUNT
Sodium Chloride 5 grams
Acetic Acid (68%) 10 milliliters

Hydrogen Peroxide (50%) 20 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio = 3.1

With this bath, steel base metal etched because of the high chloride content.
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Acetic Acid (68% 10 mlliliters Hydrogen Peroxide (50% 20 mlliliters
Water to neke a total solution volune of 140 mlliliters Peroxide/Acid

Mol e Ratio, = 0%,% yth this bath, steel base netal etched pggaissH3Reé7 t he
hi gh chl or "EE3REent . 13 SUBSTI TUTE SHEET (RULE 26) WD 03/ 035944 Exanpl e

14 CHEM CAL AMOUNT Sodium Chlorate 8 grams Acetic Acid (68% 20

milliliters %drogen Peroxide (50% 20 mlliliters Water to nake a total
solutio of 140 mlliliters Peroxide/Acid Mole Ratio =1.5
PCT/ US01/ 32607 This bath stripped very well and did not etch steel,

contrary to the results in Exanple Exanple 15 CHEM CAL AMOUNT Citric
Aci d (MW 210 CHEMICAEE Sodi um 10 grams Hydrogen Peroxide (50% 30

mlliliters er e a tota ution volunme of 140 mlliliters
Per oxi de/ Aci ﬁgm&&é’ﬁ?o =11.1 T%g Eath stripped 4.2 grams nickel which is
the stoi chi ongletit AcRD68YY! ent of 2amdlilitetsi ¢  acid in the bath. The pH of

the bath began to rise rapidly a f, test was termnated. No attack on
steel,  al um riiudctogeaﬁequﬂﬁ{?o%sl tE@H‘HiT‘ﬁWSSubstrat’es was noted. Exanple 16

Water to make a total solution volume of 140 milliliters
- Peroxide/Acid Mole Ratio=1.5

This i)ath stripped very well and did not etch steel, contrary to the results in Example

13.

Example 15
CHEMICAL AMOUNT
Citric Acid (MW=210) 10 grams
Sodium Sulfate 10 grams

Hydrogen Peroxide (50%) 30 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio=11.1

The bath stripped 4.2 grams nickel which is the stoichiometric equivalent of the citric
acid in the bath. The pH of the bath began to rise rapidly and the test was terminated. No

attack on steel, aluminum, cast iron, or titanjum substrates was noted.

Example 16
CHEMICAL AMOUNT
Maleic Acid 10 grams

Hydrogen Peroxide (50%) 22 milliliters
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CHEM CAL AMOUNT Maleic Acid 10 grans Hydrogen Peroxide (50% 22

mlliliters 14 SUBSTI TUTE SHEET (RULE 26) WO 03/ 035944 Water to nake a
total sol u%,'gggmwj‘ me of 140 milliliters Peroxide/ Acid MpkgmSeiizer 45
PCT/ US01/ 3 th this bath, good performance and reduced conductivity

wer e observed. Exanple 17 CHEM CAL AMOUNT Sulfuric Acid (66 Baune) 3
mlliliters Borax 12 gra dr agen E 0% 22 mlliliters Water
to make a t oWater &omake dip épl?ﬁénaﬂﬁg"ﬁ@?ﬂq)ﬁq |ﬁtte£es§s Per oxi de/ Aci d Mol e
Ratio = 7.4 Jhi %gﬁd:wgl |. No attack on steel or alum num
substrates ?oﬁgg@icgie@ﬁé I gh bath conductivity was noted. The bath
stripped at 100 anp./ft 2 with no visual attack on steel or alum num
substrates. Exanple 18 M CAL ANVOUNT L GivAG bl SRBpvB4.Ci al ) 10
mililiters %Sggﬁrha@ab’? Bﬂ%’l@?%?r?ﬁdrﬂ}‘ rocég‘gﬁ‘%é'ﬁgxi ﬁée (50% 22
mlliliters Water to nake a total solution volume of 140 mlliliters

Peroxide/Acid Mole Ratio = 2.9 This bath stripped well. No attack on steel
or al unippmmpledge netal s was observed. 15

CHEMICAL AMOUNT
Sulfuric Acid (66° Baume) 3 milliliters
Borax 12 grams

Hydrogen Peroxide (50%) 22 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio =7.4

This bath stripped well. No attack on steel or aluminum substrates was observed.
High bath conductivity was noted. The bath stripped at 100 amp./ft.> with no visual attack on

steel or aluminum substrates.

Example 18
CHEMICAL AMOUNT
Glycolic Acid (commercial) 10 milliliters
Sodium Sulfate 10 grams

Hydrogen Peroxide (50%) 22 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio=2.9

This bath stripped well. No attack on steel or aluminum base metals was observed.
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SUBSTI TUTE SHEET (RULE 26) WD 03/ 035944 Exanple 19 CHEM CAL AMOUNT
Phosphoric Acid (85% v.) 15 mlliliters Hydrogen Peroxide (50% 25
mllilitergoRigsess 0 nmake a total solution volune of 140 mddgdon/sE0s

Per oxi de/ Acid Mole Ratio = 2.9 PCTIUSO1/ 32607 This bath stripped well. No
attack on steel or alum num base netals was observed. Exanple 20 CHEM CAL
AMOUNT _Bor i cid 5 grans Sodium Sul fate 10 grans Hydrogen Peroxi de

(50% 2 &+ ters Water to make a total solution volume of 140
mlliliters Peroxide/Acid Mole Ratio = 4.4 The beginning pH of this batch
was 5.32. Wen the pH reached S.gm;eci pitate began to formin the
bath. The ni ent of the 0.6 grans. Although nickel

hydr oxi de was,, pr eci.pi,t af i tri ﬁ'im]gteﬁ;é)nti nued with no attack on steel or
al um num su%&gﬁp‘z‘f’g Ac@(aSr@r%{,\eh%le EM CAL AMOUNT Sodi um Hydrogen Sul fate
10 grams  Sodiyiioged Pefideiio¥y 105 gillititers Hydr ogen Peroxi de (50% 25
mlliliters P 16 1 16 SUBSTI TUTE SHEET LE 26

[WatztizgJ t?) make]a total solut%n vo'lJJme OFE'I:) nu'QhFi\L%ers )

Peroxide/Acid Mole Ratio =2.9

This bath stripped well. No attack on steel or aluminum base metals was observed.

Example 20
CHEMICAL . AMOUNT
Boric Acid 5 grams
Sodium Sulfate 10 grams

Hydrogen Peroxide (50%) 20 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio =4.4

The beginning pH of this batch was 5.32. When the pH reached 5.84, a precipitate
began to form in the bath. The nickel content of the bath was 0.6 grams. Although nickel
hydroxide was precipitating, stripping continued with no attack on steel or aluminum

substrates.

Example 21

CHEMICAL AMOUNT
Sodium Hydrogen Sulfate 10 grams
Sodium Pyrophosphate 10 grams
Hydrogen Peroxide (50%) 25 milliliters

[ Page 16 ]
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WO 03/035944 Water to make a total solution volune of 140 mlliliters
Per oxi de/ Acid Mole Ratio = 5.3 PCTIUSOL/ 32607 This bath stri pped

el ectrol esg r@gﬁ well. No attack on steel or alum num plpgatragor/swetst r at es
was observeg anple 22 CHEM CAL AMOUNT Citric Acid 15 granms Sodi um

Tri pol yphosphate 10 granms Hydrogen Peroxide (50% 25 mlliliters Water to
make a total Mﬁag%tft L on_ Yol HTE Bbn vaidmElokh4d milfiigers Per oxi de/ Acid Mole Ratio =
_MFEDY 1“?5 Wh | ppi

6.2 This bat resu en stripping fromel ectropl ated ni ckel,
cast ni ckel , pagide@iEMotd Ratio.= E8anpl e 23 CHEM CAL AMOUNT Acetic Acid
(68% 20 mlIliliters SodiumNitrate 15 granms Hydrogen Peroxi de (50% 20
mlliliters Water to nmake a total solution volune of 140 mlliliters

Per oxi de/ Aci I e efe i ' Rb laitadkesh stdek of alaminum platedel
deposits at Wﬁwﬂe@fe{%?@ﬁ%&l&ﬁgﬁwsi ble attack on steel substrates
was obseqnsdtes Rias Gbdervedect rol ytical ly deposited nickel was slomMy (oxygen
| i berated at nickel's surface) dissolved in this bath because of the
nitrate content. 17 SUBSTI TUTE SHEET (RULE 26). WD 03/ 035944 Al umi num
subst ratlfs Wer S slow y attacked.

xample

CHEMICAL ' AMOUNT

Citric Acid 15 grams

Sodium Tripolyphosphate 10 grams

Hydrogen Peroxide (50%) 25 milliliters

Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio = 6.2

This bath gave good results when stripping from electroplated nickel, cast nickel, and

Kovar alloy.

Example 23
CHEMICAL AMOUNT
Acetic Acid (68%) 20 milliliters
Sodium Nitrate 15 grams

Hydrogen Peroxide (50%) 20 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio=1.5

This bath stripped electroless nickel deposits at near 100% efficiency. No visible
attack on steel substrates was observed. Bright electrolytically deposited nickel was slowly
(oxygen liberated at nickel’s surface) dissolved in this bath because of the nitrate content.

17
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Exanpl e 24 CHEM CAL AMOUNT Citric Acid 15 grans Amonium Nitrate 50 grans
Hydr ogen Peroxide (50% 25 mlliliters Water to nake a total solution

vol ume of \%6%3/935’9“ liters Peroxide/Acid Mble Rati o = 6. 1pPgikbis#déer 32607
This bath stripped bright electroplated nickel with |ess efficiency, i.e.,
some gassing occurs as the electroplated nickel was dissolved. However, 12
%0 high hosphor us . el ectrol ckel deposits were stripped at near 100
% ef fi ct ‘ﬁﬁﬂﬁ?ﬁ? §h%?g&?n i mprovenent over prior art because it
all ows the use of an acid to keep the pHfromrising to a point where

ni ckel hydroxide precipitation causes sludging of the bath which is an

i nher engxad@ple@dency of prior art nitrate electrolytic strippers. It also
allows the nitrate based formulation to strip high phosphorous el ectrol ess
ni ckel and bright electroplated nickel in one stripping bath with no

attack on st egipMfcaggst iron subAMGIINT. Al um num substrates are attacked.
Exanpl e 25 VI CAL AMOUNT N|tr|c ic Acid (68@6 v.) 6 mlliliters Hydrogen
Per oxi de (50%ittRAard | | iliters Wal:®am§ nake a total sol ution vol une of 140
mililiters erOX|d d Mle = 3.7 This bath stripped bright
eIectropIateJ“WP q&fﬁ% ga55|ng@%5 oxygen It stripped electroless

ni ckel very rppireher Pefkide(50%) h2§imillititesict i vity. Wth this bath, al um num

18 SUBSTI TUTE SH RULE 26) 035 01/ 32607 substrates, but
not steel or Waﬂeamrués @f?@\‘ ‘\i‘l@% gﬁ@é@ﬁ&é{éaaml e 26
Peroxide/Acid Mole Ratio = 6.1

~This bath stripped bright electroplated nickel with less efficiency, i.e., some gassing
occurs as the electroplated nickel was dissolved. However, 12 % high phosphorous electroless
nickel deposits were stripped at near 100 9% efficiency. This formulation is an mprovement
over prior art because it allows the use of an acid to keep the pH from rising to a point where
nickel hydroxlde precipitation causes sludging of the bath which is an inherent deficiency of
prior art nitrate electrolytic strippers. Tt also allows the nitrate based formulation to strip hxgh
phosphorous electroless nickel and bright electroplated nickel in one stripping bath with no

attack on steel or cast iron substrates. Aluminum substrates are attacked.

Example 25
CHEMICAL AMOUNT
Nitric Acid (68%, V.) 6 milliliters

Hydrogen Peroxide (50%) 20 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio =3.7

This bath stripped bright electroplated nickel with gassing of oxygen. It stripped
electroless nickel very rapidly because of high conductivity. With this bath, aluminum
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The follow ng exanple has a volume of one liter. This bath illustrates a
very | ow peroxide/oxoacid concentration of 0.3/0.04 noles. CHEM CAL AMOUNT
Sul furic %b&gﬁ&g‘f;aune) 2.3 mlliliters Hydrogen Peroxi geraReis2ds’
mlliliters ter to nake a total solution volune of one liter

Per oxi de/Acid Mole Ratio = 7.5 Although its conductivity was reduced, this
bath stripped el ectrol ess. ni.ckel, of 9 hor ous content with no

di scer neubsEates, baiot sieelerditgniyp s&‘?sgrﬁ*er;fu%"n?{% gs%gré)gnel s. Exanpl e 27 CHEM CAL
AMOUNT Met hane Sulfonic Acid 9 milliliters Hydrogen Peroxide (50% 20
mlliliters Water to nake a total solution volume of 140 mlliliters

Per oxi dBk#apld 26Dl e Ratio = 3.75 This bath had high conductivity. It
stripped el ectroless nickel fromsteel, cast iron, titanium and cast

ni ckel wi thout discernable attack. Al um num substrates were slowy

attacked. 19 k,.,;;,kg aﬁgfgﬂhs@%hﬁze@onwﬁsmammmm@mbwmw CAL
AMOUNT Benzgﬁgﬁgél 0|5§: cid 14.8 grans Hydrogen Peroxide (50% 20

mlliliperogidéixeacid convetteationto03/0. leson vol ume of 140 nilliliters
Peroxi de/ Acid Mole Ratio = 3.75 The results obtained were identical to
t hose obtained in Exanple 27. PCTIUS01/ 32607

CHEMICAL AMOUNT

Sulfuric Acid (66° Baume) 2.3 milliliters
Hydrogen Peroxide (50%) 17 milliliters

Water to make a total solution volume of one liter

Peroxide/Acid Mole Ratio=7.5

Although its conductivity was reduced, this bath stripped electroless nickel of 12 %

phosphorous content with no discernable attack on steel or aluminum test panels.

Example 27
CHEMICAL AMOUNT
Methane Sulfonic Acid 9 milliliters

Hydrogen Peroxide (50%) 20 milliliters
Water to make a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio =3.75

This bath had high conductivity. It stripped electroless nickel from steel, cast iron,

titanium, and cast nickel without discernable attack. Aluminum substrates were slowly

attacked.

19

SUBSTITUTE SHEET (RULE 26)



The follow ng exanples illustrate attack on the substrate because of |ow
peroxi de/ oxoacid ratios: Exile 29 CHEM CAL Sulfuric Acid (66 Baune)

Hydr ogen P\@P%,'b{rjsg“( 5099 AMOUNT 5.4 milliliters 20 mllipctraser/ddédrer to
made a total solution volune of 140 mlliliters Peroxide/Acid Mole Ratio =
3.75 A one-inch wide tinplated steel test panel was immersed into the
solution and was immediately attacked before electrical connection was
made t oExample28t panel. This panel was replaced with another steel panel
that was plated with 0.001 inch electrol ess nickel. The panel was
connected to the positive | ead of th_ﬁ_ Eower supply as in Exanple 1 and
vol t age was CHEMIEAdd to four v . e electroless nickel was rapidly
di ssol ved because Qf _.the, hi.gh cufyr density. After the panel was
stripped of BF’&?P‘?g CAFS el and The part was being removed fromthe
stri ppi ng ba dm'bgnp&gxiagpjo%)i vedgymililitarsked by the stripping sol ution
remai ning on rts- surface. 20 SUBSTI TL%I; @H . (RULE 26) WO 03/ 035944
Exanpl e 30 CMEttr@hmakeotawl sohgien velume;of I ﬁlﬁ mililiters Sodium

Sul fate 10 grans, d oxi-de (5099 10 mlliliters Water to nmke a
D paroyeliead RGBTSR, (D2

total soluti® I'Tliters Peroxidel/Acid Mble Ratio = 0.77

The results obtained were identical to those obtained in Example 27.

The following examples illustrate attack on the substrate because of low

peroxide/oxoacid ratios:

Example 29

CHEMICAL AMOUNT

Sulfuric Acid (66° Baume) 5.4 milliliters

Hydrogen Peroxide (50%) 20 milliliters

Water to made a total solution volume of 140 milliliters
Peroxide/Acid Mole Ratio = 3.75

A one-inch wide unplated steel test panel was immersed into the solution and was
immediately attacked before electrical connection was made to the test panel. This panel was
replaced with another steel panel that was plated with 0.001 inch electroless nickel. The panel
was connected to the positive lead of the power supply as in Example 1 and voltage was
adjusted to four volts. The electroless nickel was rapidly dissolved because of the high current
density. After the panel was stripped of clectroless nickel and the part was being removed
from the stripping bath, it was explosively attacked by the stripping solution remaining on its
surface.
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PCT/ US01/ 32607 An unpl ated test panel identical to that of Exanple 29 was
imrersed into the stripping solution without electrical contact. The test
panel was wefodosdopgM Y attacked by the solution. As in Exagplusoidideort he
panel was replaced by a plated one and stripped. Wen the panel was
removed, the steel base nmetal was attacked but was not explosive inits
rate ofgattﬁllé0 Addition of 15 mlliliters of hydrogen peroxide (50% to

t he abo stopped all the etching and produced results identical to
those obtained in Exanple 1. While the invention has been described in
connection with what is present IMdered to be the nost practical .and
preferred enSHBEMIGAL it is to rstood that the invention is not
limted to the discil enbodi ?yﬁlﬁmi t on the contrary is intended to
cover vari ou?‘ce%&%flgég@ ons and equi vtgl:dent arrangenments included within
the spirit agddismofdfats the appdgiadsclains. Thus, it is to be understood
that variations in the pr t inventlon can pe made w thout departing
fromthe novéiydmgﬁ@xl#??sq(%ss i]{h/ré‘ g

%% as defined in the clains. All

patents cit | dke tGia \BION vbRGRIGTNGEMlibys 1 ef ererice in their
entirety and%?aetpﬁetégbdt}gon. 21 SUBSTI TUTE SHEET (RULE 26) WD 03/ 035944

PCT/ US01/ 326@érckideAAcid MalelRetie =8¢77i ppi ng el ectrol ess nickel deposits froma
substrate selected from the group consisting of iron, cast iron, steel
al l oy, stainless steel, alum num electroplated nickel, cast nickel,

i ron/ ni ckel / q%p@l{r#raéadi and YidnBoA ke that ciExamphe2 whsinirersed into thesthipping
conprising: a) | I

O o 0 Sh bt B S5tk
conci o Ainbaibl 25 e e PR b At i R e P and b)
Stri ppi NGndol&a, Bleitdel BAse Bfetdlinals eltacktading iwtas nbt explasive i ith sate of ajtapk;
el ectrol chlhflon of 15 milliliters of hydrogen peroxide (50%) to the above bath stopped all the etching

and produced results identical to those obtained in Example 1.

While the invention has been described in connection with what is presently considered
to be the most practical and preferred embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but on the contrary is intended to cover various
modifications and equivalent arrangements included within the spirit and scope of the
appended claims.

Thus, it is to be understood that variations in the present invention can be made
without departing from the novel aspects of this invention as defined in the claims. All patents

cited herein are hereby incorporated by reference in their entirety and relied upon.
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wherein a hydrogen peroxidelacid nole ratio of at least 3.75 is maintai ned
for strong oxoaci ds having one ionizable hydrogen and a di ssociation
const ant o{ygidsios@ast 2x 10'', wherein a hydrogen peroxi deczajsdi/smée ratio
of at least 7.5 is maintained for strong oxoacids having at |east two

I oni zabl e hydrogens, and wherein a hydrogen peroxidel acid nole raﬁtxinc; of at
least 1.5 is nai ' tppilEdkctidleaasiticts dbsveltnfom adkubstoaté sefléotad st ant
| ess than 2 xqﬁdilﬁl%\?\n&?%;ﬁpg progcihgo t hat , .mn alum numis, the supstrate

and strongemm%ﬁﬁ&gefﬁme&thnmmldbﬂp%@kﬁiﬁﬁ?el:mBlﬁﬁtr%l% ids are
selected fromthe, group consi sti of | §ur: 140 f A jd, their
ol £, - armiekel i ek O ERErLpal i, el pichcPaldtiaiiin, BEUEER L,

substr at .Iﬁ)é%@gect ed fromelectropl ated nickel, cast nickel,

i ron/ ni ckel 1t alloy, and sul famate nickel ?ubst rates, .weak oxoaci ds,
oxoacid salts, and aymmensmgithmbsmwtman&am%mwsmge S BN, 2. The

met hod of claim1, wherein,.said strong. ' cted fromthe group
consi sting of cemPPi}Fl%l,nﬁﬂ?W%?M%F@a%@é%%ﬁféﬁn%‘ﬁ?%ﬁ >, aryl sulfonic and

nonoal kl yl esters of Slﬂiwﬁﬁuﬁehdwtﬁaidwwwglﬁ@dﬂmadiwéﬁmﬁ The
met hod of claim1, whereln said weak oxoacids are selected fromthe group

consi sting of phosshlty, aud coybingiess fsesef,and 5| kyl phosphori c,

gl ucophosphoni ¢, oxali c,...f oL m R i c, bis methanol propanoic,
acetic, butanoic, benzoilgfhy%%]gﬁna?lc,&g?‘gﬁr)ic, tartaric, malic, rmalonic,

malhe: c, l(:j)gt yric, su)girpping thé gleﬂidlcsls nigkel tdepasits lﬁ'gmLtb@sﬂb@i_;ratabb’p}eé';fOlB%iﬁ,i c,
et enedi anm net etraaceti ¢ and honol ogs, nifrilotriacet . ami:-no: ic,
andypol yvi nyl - sulwhese¢ig aéwd@genpero:dgegacld mo{e ratio of at &t 3.75 is mmﬁgm%&%r

strong oxoacids having one jonizable hydrogen and a dissociation constant of at least

2x 107,
wherein a hydrogen peroxide/acid mole ratio of at least 7.5 is maintained for

strong oxoacids having at least two ionizable hydrogens, and
wherein a hydrogen peroxide/acid mole ratio of at least 1.5 is maintained for
weak oxoacids having a dissociation constant less than 2 x 107,
with the proviso that, when aluminum is the substrate and strong oxoacids are

used in the composition, said strong oxoacids are selected from the group consisting

of
sulfuric acid, sulfamic acid, their salts, and combinations thereof, and
with the proviso that, when the substrate is selected from electroplated nickel,
cast
nickel, iron/nickel/cobalt alloy, and sulfamate nickel substrates, weak oxoacids,
oxoacid

salts, and combinations thereof are used in the composition.
2. The method of claim 1, wherein said strong oxoacids are selected from the group

consisting of sulfuric, nitric, sulfamic, alkyl sulfonic, aryl sulfonic and monoalklyl esters of
sulfuric acid.
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4. The nmethod of claim 1, wherein said hydrogen peroxide is present in said
conposition at a concentration between 1 and 99% by vol une. 5. The net hod
of clai m4ywodiRs@iy sai d hydrogen peroxide is present at pcTARHESBET ation
of about 8% by volunme. 6. The nethod of claim1, wherein the conpound
selected fromthe group consisting of oxoacids, oxoacid salts and

combi nati ons th | t wi |afll WeHEREAdidsQite Sdlected fea drigrowgd | on
between 0.01 #bﬁglﬁﬁettﬁeor%%?@gfﬁpgﬁeiﬁ?r# 7. The nethod of claim,1, %,erei n
sai d compesdistingrof phosphonit, piyroptosphoric, plitybphdsphorisegluepphpgphgnicoxalipformichod of
claim?7, wherein said composition i.s i ntain nH. 4.5 and
4.5. 9. pn@ane@hb;am&rhaeplanrﬁvaﬂ%m&ﬁ%%gﬁ ?%%ﬁggq@g#lﬁ%’ Bngtl n ’gllghrllléﬁ at a
tenper at %gomp%mgm,ﬁﬁi@e&cﬂé gffcolid, Qlutakles gluediqddipic, boréd,m 9, wherein said

*mal ntalned at a tenperature between 80 an -éOO,F. 11. A

conposition is ature b
conposi t iethylénediamfiretdtraateticiand hbmologs,inglotdaceiie 4ming A0EHC, APER yvigghosits from

a substrate,. c%gpri sing: 23 WO 03/035944 PCT/ US01/ 32607 a) a cqnpound
sel ect ed SpHopc @ group consi sting of  oxoacids, oxoacid salts, and
conbi nati ons thereof; and b) hydrogen peroxi de, wherein a hydrogen

peroxi de/acid nole ratio of at least 3.75 is nmuintained for, strong
oxoaci ds havi ny Theenéthod efdiim hyhersifespidiiregenperogide i3 presentisdidant of at

| east 2 x 10',.. wherein hydr ogen Lo id nole ratio of at least 7.5
i s maint aﬁ°HE’(S‘s‘F18P%Wﬁ“%ﬁ@?%ge%g\%(%égt%?gas ® two i oni zabl e hydrogens,

and wherein a hydrogen peroxide/acid nole ratio of at least 1.5 is
mai nt ai ned for weak L. vy
5. The method of claim 4, wherein said hydrogen peroxide is present at a

concentration of about 8% by volume.

6. The method of claim 1, wherein the compound selected from the group consisting
of oxoacids, oxoacid salts and combinations thereof is present in said composition at a

concentration between 0.01 mole/liter and saturation.

7. The method of claim 1, wherein said composition is maintained at a pH of between

0 and 8.

8. The method of claim 7, wherein said composition is maintained at a pH of between

1.5 and 4.5.

9. The method of claim 1, wherein said composition is maintained at a temperature

between 60 and 115°F.

10. The method of claim 9, wherein said composition is maintained at a temperature

between 80 and 100°F.

11. A composition for electrolytically stripping electroless nickel deposits from a

substrate, comprising:
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oxoaci ds having a dissociation constant less than 2 x 10'1. 12. The
conposition of claim1l, wherein said strong oxoacids are selected fromthe
group cons@gtoi:,)aggggj sul furic, nitric, sulfamc, alkyl sul fegrusor/seyi

sul foni c and nonoal kyl esters of sulfuric acid. 13. The conposition of
claim11l, wherein said weak oxoacids are selected fromthe group

consi sting of phOS@%OJohﬁm Spunasidin fieCorow donbistifipsfioixosdids, oxoacid salts,

gl ucophosphoni c, oXalic orm c, propanoic, bis methanol propanoic,

acetic, g anoic, benzoic, phthalic, citric, tartaric, malic, malonic,
mal ei ¢, butyric, succinic, glycolic, glutaric, gluconic, adipic, boric,

et hyl enedi am erankinations thereof, honol ogs, nitrilotriacetic, am no aceti c,
and pol yvi nyl SU'ﬂﬁBjd?o ﬁhgroxijd@; The conposition of claim1l, wherein said
hydr ogen peroxide 1's present i1n said conposition at_ a conceerht’{ﬂﬁtion
between 1 andwlefbnyhydvogemperokisle/atidamelempinsofiat krasth /5df Fammtame B said

hydr ogen peroxi de, i s ptese at._ a__conc rakl f@foa‘t'ieaﬁ%:pl/ﬁ‘{m une. 16.
The com@%?%ldéﬁaﬁpgepgf%@g,emlg@?P‘{]%@Q%:og%gﬁﬁodg{sag ected fromthe group
consi sting of ax0ael ARirogqRfdxilicfatid Moleastib efutidastal.s smsainthimed o strong pr esent
in said conposition at a concentration between 0.01 nole/liter and
sat ur at | oRoacitts haGingat 238 wd iqeizeblodydrogeeh?0d 7. The conposition of claim 11,
wherein said conposition has a. Bis nidintaihe® for reapSi ti on
of claim 17, ]%E}ﬁi‘%%f’%re“cpc?“ 6@%@%%18%%@@6% e ean 1.5 and 4.5. 10,
A met hod O}Qa{ci&tﬂamgianﬂssséieﬁéﬂ@ne@ﬁt1e§sakai2ﬂecrbsi ts froma substrate
selected from the group consisting of iron, cast iron, steel alloy,
stainless steel, alumnum electroplated nickel, cast nickel,
[ ron/ni ckel /cqhali . alh 0sGid BRI, Whék safi b bdikidShrelserRotBE Eoatthe
conprising: a)“i e g a substrate containing an el ectrol ess nickel
deposit ighgu @nsiﬁﬁl%mhlﬂ;ﬁa) nitric,asnlfemirs slkgl spifonicaylsulferic andwapratinl i on
consisting essentially_ of:

esters of sulfuric aci

-

13. The composition of claim 11, wherein said weak oxoacids are selected from the
group consisting of phosphoric, pyrophosphoric, alkyl phosphoric, glucophosphonic, oxalic,
formic, propanoic, bis methanol propanoic, acetic, butanoic, benzoic, phthalic, citric, tartaric,
malic, malonic, maleic, butyric, succinic, glycolic, glutaric, gluconic, adipic, boric,
ethylenediaminetetraacetic and homologs, nitrilotriacetic, amino acetic, and polyvinyl

sulfonic acid.

14. The composition of claim 11, wherein said hydrogen peroxide is present in said

composition at a concentration between 1 and 99% by volume.

15. The composition of claim 14, wherein said hydrogen peroxide is present at a
concentration of about 8% by volume.

16. The composition of claim 11, wherein the compound selected from the group
consisting of oxoacids, oxoacid salts, and combinations thereof, is present in said

composition at a concentration between 0.01 mole/liter and saturation.
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i) a conpound selected fromthe group consisting of oxoacids, oxoacid
s?lps,.and conblnatlors thereof, and ii) hydrogen peroxide; and b)
stripping % trol ess nickel deposits fromthe substr
electrolyé&@,/ﬁ§§éreln a hydrogen peroxide/acid nole ratigtg?@g¥nﬂzast 3.75
hs nalnt?!ned for strong oxoaci ds having one ionizable hydrogen and a

| Ssocl atl on qongd an Al Jrepsh 14 Xwhérerh saitf @hfplokitian By sl @fbereeaxd de/ aci d
nol e ratlo_ofSZT%ﬁ%gé?&##gkis %%%ntarned fbr g??ong oxoaggds ﬁgsing at

| east twand@ni zabl e hydrogens, and wherein a hydrogen peroxidel acid nole
ratio of at least 1.5 is maintained for weak oxoacids having a dissociation
coBsEanE Iesz than 2 x 10'1, with the proviso that, when alum numis the
substrate and gt nR0G QYOGS i 17%@Eheinaldhonigotion axospHd bemeas ES ect ed
fron1the_groyd tgﬁ3|% ﬁng of sulfuric acid, suﬁ¥anic acig, their salts,
and conbiggauisons thereof, and with the proviso that, when the substrate is
sel ected fromel ectropl ated nickel, cast 25 WO 03/035944 PCT/ US01/ 32607

ni ckel, iron/nickel/cobalt alloy, and sulfamate nickel substrates, weak
oxoaci ds, 0X38c! 2hbli Yor s’ﬂﬁt{b SR EIBi sk Aitkelldepbsie ffrones substrer sélected itom
conposi tion. : e conposition according to claim1l1l, wherein th
conposi t ithegdap somsisting ofiiren,vastiranhseel alloy, stainless sieek alvgpoum. Slegoplaied o1 A

conpositiogn for elecfrolyticaglly, strippi ol [ '
OO el o ik kDb Ehes SR ELRA B 8 hEisposT Lo 1o
gr oup Corb%hﬁ)trfsﬂx%: of oxoaci ds, oxoacid salts,

a) immersing a substrate containing an electroless nickel deposit into a
composition in an electrolytic bath, said composition consisting essentially of:
i) a compound selected from the group consisting of oxoacids, oxoacid
salts, and combinations thereof, and
ii) hydrogen peroxide; and
b) stripping the electroless nickel deposits from the substrate by electrolysis,
wherein a hydrogen peroxide/acid mole ratio of at least 3.75 is maintained for
strong oxoacids having one ionizable hydrogen and a dissociation constant of at least
2x
107,
wherein a hydrogen peroxide/acid mole ratio of at least 7.5 is maintained for
strong oxoacids having at least two ionizable hydrogens, and

wherein a hydrogen peroxide/acid mole ratio of at least 1.5 is maintained for

weak
oxoacids having a dissociation constant less than 2 x 107,

with the proviso that, when aluminum is the substrate and strong oxoacids are
used, said strong oxoacids are selected from the group consisting of sulfuric acid,

sulfamic acid, their salts, and combinations thereof, and |
with the proviso that, when the substrate is selected from electroplated nickel,

cast
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and conbi nations thereof; and b) hydrogen peroxide, wherein a hydrogen
peroxide/acid nole ratio of at least 3.75 is maintained for strong

oxoaci ds Raybixdssyge i oni zabl e hydrogen and a di ssoci at i onecwostisrd7 of at

| east 2 x 10-1,

wherein a hydrogen peroxide/acid nole ratio of at least 7.5

I's maintained for strong axoacids having at |east two ionizable hydrogens,
and wher ei n_ & 0fliQ0RRcIRNEDA A6 Ghd siTRinfté itkd salfstrates, vesakoxdackdsj s
mai nt ai ned for wak o

10-1. 26oxoacid

xoacl ds having a dissociation constant | ess than 2 x

salts, and combinations thereof, are used in the composition.

20. The composition according to claim 11, wherein the composition does not contain

a chelate, a chromate nor a cyanide. ,

21. A composition for electrolytically stripping electroless nickel deposits from a

substrate, consisting essentially of:

and

a) a compound selected from the group consisting of oxoacids, oxoacid salts,

combinations thereof; and

b) hydrogen peroxide,

wherein a hydrogen peroxide/acid mole ratio of at least 3.75 is maintained for strong

oxoacids having one ionizable hydrogen and a dissociation constant of at least 2 x 107,

wherein a hydrogen peroxide/acid mole ratio of at least 7.5 is maintained for strong

oxoacids having at least two ionizable hydrogens, and

wherein a hydrogen peroxide/acid mole ratio of at least 1.5 is maintained for weak

oxoacids having a dissociation constant less than 2 x 107
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