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i nventi orwoaisas®s4to an el ectrical stripping process and eomosisicons for
stripping electroless nickel froma substrate. An electrical stripping
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t he cggtln%@ éﬁf@mﬁﬁfmesulting in etching of that substrate.

El ectrofess "firckef Ts a very chemcal resistant coating and is difficult to
attack. An illustration of its chemcal resistant is the "nitric acid drop
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to attenpt to strip electroless nickel wth varyi n% 1 e
illustration of its chemical resistant is the “nitric acid drop test”. A drop 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) WO 03/035944 PCT/ US01/ 32607 degrees of success.
One of the earliest nethods tried was an electrolytic stripper which was in
conmon uswofn3dus i ppi ng el ectrol ytic nickel. The strippercaasomszer f r om
concentrated sulfuric acid, utilizing reverse current. Typically, a part
to be stripped was imersed in a stripping bath and connected to the

posi ti V&gﬁe@é‘ gl beds e @heF i ddilicdtinethuds eietl was an electrGlytic etnipperwhich swd it he
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strip chromumas well as nickel fromferrous substrates., Wijle the patent
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deposits, it suffers fr he di sadvant age f ' ' of its
o ge. HAREFRBGELL GG BE Rarrar B aten b e A il SREBatka DL of
havi ng. §QoGRIRSudueKisdie MEHledtiem: ivkoBudoaine phsiveef ore repl ating can be
attenpted. Another ‘chrom c acid based electrical nickel stripper is

descri bed i nULS. Bitera 35610694Cenringsen)(deswibes am pleatrisalmicie] sEippacopmesed he

mbi nat | fch i.d, phosphor | id i.um bi i b
FTCIERET e e e
fromitg s‘ﬁt%géliu%i‘r%ﬁrﬁ%éﬁmlltag @idkBt fr O Y&k bR RuBdtrasdsl Wahige the patehbddeb@obehim whi ch

caused It etc e substrate mandating the use of barium carbonate
t r eat methiat thBifsypadationofilsymeptlestrolegspiicky] dépmsits it suffersrfore disedisddyantages of o t he

hi gh chromic acid content. U S Patent. 4 664, 763 (MM N
(i S0l oSBEhAeDREI O OLRT BTG LBN RO Ut B AT R AT B e LI 0 | 11 ng
def ect i %’t}@/ﬂ{ ¥ RAALEH BRLS af ik LR 50 ORbskite banadRpRRds carbhadinntd an

el ectro I'c stripping ce applying an alternating current across the
el ectrodes t @nsthiet ghrbhdc miid kased elzatricalys cketbtaippeids desceibedtn €1 ediatdt ysi s

ni ckel 2,%%:[7:32 %Cc?ork%. ST%isdpaEce%t 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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be stripped by this nethod. This stripping nethod cites several optional
etch inhibitors, such as potassiumiodide, to help prevent etching of the
subst r at ewoThiossonet hod suffers fromthe possibility of etpchiusgi/awed?t he

hi gh di sposal cost of the high chromc acid content. Qther electrolytic
stripping processes utilize nitrates, normally ammoni um or sodium 2
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concentratron of about three pounds per gallon. These processes, use reverse
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These stri ppensrdieunidkélistrippets (os elebwicakturieppasged| e uﬁwélggefﬁhe%&hzw?t h a
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such | %([egeaétﬁg%etr@ﬁtu]ng ﬂﬁ%iﬁg%g 5t sRIDHRM efebtrélBss HiEkeR &iithAbw phéégHoréuse advent

of pol I"'utTon ntro use of "Ccyani de becane nore and nobre expensive as
the Ii @billﬂettﬁ, y.eol%at ﬁ/cp heaevérnthe dighedphdspldres enntens slegjolsesrekel HeROSUE i | i ze
wat er sol ubl e nitrobenzene conpounds i ther anmmnia | salts or
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about

acceptance. 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 content.

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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160 - 190 Fahrenheit to strip electrol ess nickel coatings and are very

vul nerabl e to damage by heat through | oss of volatile chem cals conponents
as wel | awotosessvad chemical deconposition. U S Patent 4pP63A]90432607

(Bast enbeck) discloses an inmmersion nickel stripper which uses sulfamc
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envi r ongRAtehdeyn flid vetrdtblacoyndiniord enairomgenthlly fiendly byrglimiagiéng chelaesmat es,
cyani de, and highly concentrated acidi sgl u.tioiﬂf Is yet an objective

2 ¢ . ns... |t
glo p[ owt@?é&:éﬁﬁmaﬁ’? @f%ﬂdénép ighlysoncenfrgted aFide SOMURS 6| ess ni ckel  from
ectrol yti« ' ' b Gtaib| hi
sul fanat e nﬁg Sé’% t a‘ﬁﬁ&th’i%gﬂ Bil:.]dl C eﬁoa{(}glﬁﬁlé%st ﬁgﬁjli%{/egée\\é\n&? ﬁtﬁ iegletclqgﬁggrsmﬁlgadanage
to the miihslceRbsticabyNBRItedbribhnitRelFaEd Ol tically deposited sulfamate nickel, and

high nickel content 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 ionizable 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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The electrolytic stripping baths of the present invention are nmade from
oxoaci ds, and/or oxoacid salts, and hydrogen peroxide. It has been

di scover ewotomssoed ectrol ess ni ckel deposits can be di ssolpeadisai/3zehe anode
of electrolytic baths containing oxoacids, and/or oxoacid salts, and

hydr ogen peroxi de. The substrates of iron, cast iron, steel alloy,

stai nl 653 shB Bl us@indd dARSiHETREARS basaateedf tleamoptittdnickelycdstgickel,
el ectrolysis i t|§|e hydr ogen peroxide/acid nole ratio is maintai ned above

a i ni xawar pired, aidkel cotmlieallog), iand sflfamasanicgelys for strong oxoacids with one
i oni zabl e hydrogen and_about 7.5 hydr.ogen. ' ysb I g - hatio for
strong ox oaé?’d@rﬂ?ﬁeﬁ ogg%s 1Byenona, ﬁiilfg%ﬁlsé&%(ggr%oggﬁgﬁ (Bgiérl glflmggal%gg oaci d

" 811 OScdRyd Pl §3rehic? thdPiboRier KSRH VRin IO diong oweadidsinclade sldfomict h weak
oxoaci d sa

construct a stripping bath. To prevent attack on al um num
subst r aites satfhyics alkfLsulonanarybsilfontd, endimonealiiylesisrs efipalfpric addt s naybe

sel ected fromthe strong oxoacid il e .any of t ide
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el ect r ginati€ditat Clehric, aeic, malbkie, malkioyutyrid, seseinin Byelic, BiBaet glreng) | and

sul famate ni ckel . For purposes of this invention_ an acid. sj der ed
' ong advipibonasctiylarebiePeeratr e s pompiogie Sy alelE s LRI 010. 1
Exanpl es; of acids include sulfuric, nitric, sulfamc, alkyl
sulfonip8l,yvglry§%lhgou %?f](?c, and nonoal kyl esters of sulfuric acid. Exanples of

weak oxoaci dSeicoadauttatiphotiphesden pemxidephotehpplicationlok {his Nerfiorsen gange

gl ucophosphoni c, oxalic, form.c, propanoic, bis nethanol. iC, acetic,
but anoiftom #eait ene percegh it alpqué 99 @P?F?%,Buttaa“rofnﬁ?q%@%oﬂﬁ%? o,u?ﬁl&ﬁf)ﬁ#gé,}l?#al ei c,
butyric, succigi l ' | Qini@RLHGRA S de/oRcHcRI BoledStidsth
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the application of this invention can range frgm ut .ane percen 0

about 99 perBwmt rapge f@}@(@}?é@ﬁﬁtl&flioé ﬁledpv‘g’&‘%fs ?j?oé‘ﬂ{}%pgpﬁgﬁle Rrgt%gf){l g#{er red.

While mintaipl ng 4 e, diSehas At RldiALERBEAX Slg/xoaci d Ml e ratios the
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 or 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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oxoaci d and/or oxoacid salts may vary fromO0.01 nole/liter to saturation.
The pH range for inplementation of the invention is about 0-8, while the
pr ef err edwptiz/osage i s about 1-7, and the nost preferred ramgssoi/s2cabout
1.5-4.5. The oxygen free hal ogen acids (hydrofluoric and hydrochloric) are
excluded fromthe invention because there seens to be no hydrogen
\F/)Vﬁr oxl %t?e{cﬂ%'rgmg&f th@ (#@?in%‘ffﬂa!tﬂ iSRRG dehla6koachil ahd/onoxsackt sfih. substrates
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arrF ;J nt Ele@treleesl m'gloa] tafbd stnipped fromedtuming sbstitesvithous ﬁ’@n@@ﬁ@rﬁ%@"%e‘? éfétnand/ or
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stripping bath is de f ' '
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S
and/ or oxoacid salts may be used to strip el.ectrol ' . '
The bageventivabscausg @ewrlépe@Pvﬂaerftﬁ@ﬂ?e&ffﬁ%@w’fgﬂﬁ%ﬁng’?@&‘ﬁrﬁg‘@g‘(‘@rp?&eﬁkgm e
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bat h. g o . L
amounts of oxoacid ions. For example, the amount of chloride ion resulting from chlorination

of drinking water does not seem to 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 lead to 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 using 50 % hydrogen peroxide). Using the
proper hydrogen peroxide/acid mole ratio for this rénge 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 through the bath

determines the amount of nickel stripped during a time period, it is preferred that the stripping
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The oxygen free hal ogen acids (hydrofluoric and hydrochl oric) are excl uded
fromthis invention because there is no apparent concentration of hydrogen
per oxi de wia/osdokd prevent attack of iron, steel alloy, @ad/@ousienum
substrates when these acids are present in the stripping bath at a
concentration greater than about 0.1 nole/liter. Very small anmounts of
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by relatively large anpounts of oxoacid ions. Faor exanple, the a%%%()f
t
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to affect the substrate, however, if th eptration of chloride ion

ri ses é%@én‘gmf)méf TWFQO%? %FF?(&?S,S n%%r?gg%?l? ck of the substrate may
result. Pr a%%g%feﬁ%h%fﬂ& e Foidbenginpahdstrippidgdethy of hisindensiveriat or
safety have Tead to a preferred worKi ng&g)rang)e of about 5 - Zg_ % by vol une
hydr ogebowai0okisder, @hd the mostpréforred/islabomt §9s108g BoOTENY SR LYEH opBIEIST de) and a
nost preferred working range of . 7-10 % by. . vo j 14- 20
Vo by \RTRES SRS B Gyen e Servin B Sy IHEr AR RBhRicaTal

per oxi el ackoBRheed #d RecbRfarkdptotiabasonipobirith aggmoperavbigher concent rat i on
al l ows "stripprng at current densities up to about 100 anps/sq.ft. There is
no maxiteaperatuesscentration limtation 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 w de
IimtsM S the mninmum peroxide/acid nole ratios are maintained.
The aci'd and/or salts may vary from 0.01 nole/liter to saturation.
However, since the current that flows through the bath determ nes the

T % " e s o T 1
have arllogﬁggée%&i\%&g?%%%hétom%gméeapgﬁzefore, sel ection of the anmount and

type of xoacl ts that increase the conductivity of
the solution is of great inportance for the rapid and econom c renoval of
the el ectrol ess nickel coating. The preferred tenperature range for

oper at iExpmmle Ist ri ppi ng baths of this invention is about 60-115 F, and
the nost preferred is about 80-100 F. O course,- |ower or higher

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, it is not a 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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tenperatures may be used, however, |ower conductivity and solubility will
be experienced at |ower tenperatures, and accelerated peroxide
deconposiwioa/oBay4 occur at hi gher tenperatures. EXAMPLESPCThesof/sishpwi ng
exanpl es are given to dermonstrate the application of the invention but not
limt in any way the scope of the invention: Exanple 1 The foll ow ng bath

was not Che*rgé a5b vehh 6 ARk o WRSSI9ed foanileNotad bolsiemtolateiofpitdimillilitarhs of

this fornulation sinple and lowin cost. It contained only abqut three -

Elo nes mwalﬁﬁr?hﬁl‘e @fthel sdgmrewtas atjuseditorR) YFalrenbeihr TWAi0RR MehEde F?“@?Fy saf e
use. Ile e per oxi ontent ~ was. hi ' it

ot a HegiPaRatgRo R aee et iomsi gk fi SRR ADue upL EFfllogeme 11 1o

CHEM Aﬂ\mgj RGOSRt R 9S8 Blag b a 20righl @ubliaghdébitcudehithodnes
mlli Iclé%hérls ar ogen Per oxiéc:.i)e (50% 3) 2§ﬂrri I Iaigléi tedr:g: V\ﬁb r %m?ﬁto make
a tot aj otelivdewide a0 steel panki therted been prevwasix@latedith Op@é)tlilﬁﬁi ffeg@&?ss

SUBSTI TUTE SHEET (RULE VWO 03/ ( ] !
wer e dniskecoetprusS BRE 1274 ISP LB F PO Eh BF TR0 R eRRE EnRRRT: cal <
t enper f}{e%% s?ginl'é&este%? k%%?ﬁ%d%% pBfbdisdnetwhPcMectbdty the pesitive sidoodthe i nch

w de stainless stee es were placed into the solution on eith [
he ) er side
of the Fbﬁa;kgﬁpplyhaft TEPRON® Gublythizaflwooathylene) speed simas redvenplasid Bdifat i ve

i 1'd obeer pahBRS Hiedo MRl Th SO P BL G Bk G R of O pARn apRe M e
e e i A oA
panel wasoenRasTbethtion dffvabiples ot thb@laxbﬁaarlbfr;h; ;igkesltb%ga{n t%%%sgggg Sir'lto-!c-lrl]ee pl at ed

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 electrolytic strippers, the exposed steel

substrate did not gas. The electroless nickel coating continued to dissolve, and as it receded, it

assumed a parabolic shape as it shrank from all éides of the panel. Only when the remaining

clectroless 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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power supply. A TEFLON(r) (pol ytetrafluoroethylene) coated stirring rod was
pl aced in the beaker and was used to slowy stir the solution to prevent
stratifi capDiodn3di4t he bath. The current was applied and traa/usoi/smge dr op
across the stripping bath was adjusted to four. After a nonentary
formati on of bubbles on the plated part, the nickel began to dissolve into
t he sg&ig&%&g bath and all bubbling at 'the anode stopped. The starting
curren as 0. 75 anps. After about thirty mnutes, the steel base netal
began to be exposed at the 90-degree angles on the bottom of the plated
part. Unlike_nitrate based 6|ecbi&b§§@f strippers, the exposed steel
substrate d s. The el ec ni ckel coating continued to

di ssol ve, amndias, + Sﬁﬁﬁﬁ o It gﬁ@ﬂned a parabolic shape as it shrank
fromall sigggﬂ%ﬁﬂ%?% pane?#eChﬂi when the renai ning electroless nickel
coat ed ar eaSediverSudfasbout 30% oflSgtamsar ea of the panel exposed to the
solution did gassing slo eg t.0..occur fromthe base netal. After about
forty-five Eh%ﬁﬁ@%??”ﬁﬁkﬁ$é%$rogg§§ﬂﬂﬁ?§el coul d be seen on the panel. An
addi i onal G fib6 M fHeib&Psdtitior JdTEmues 18} idilird 0 | nsure conpl et e
stripping a 0 See if any etching would occur on the steel panel.

Exam nat i onpepwer/ dddMoleRatibngl The nil d steel panel was bright and
polished just as it was when first imersed into the el ectrol ess nickel

pl ati ng solution. Alum numtest panels were also stripped in this solution
with equall ' f ' AiRinSSxanwil€e andderstetiegl as in
Exanple 1 aﬁg%ﬁﬁﬂhé%f%%%%ﬁﬁgﬁggpﬁ%%heggggggﬁg and/gﬁﬁgxoacid salts that may
be useguirbnitwiiss .0NuBRreata sartif RATICT i rss The iRt of

Sy volts.
PCT/ US01/ 32607 Exanpl e 2 CHEM CAL, AMOUNT . Sodi um r Qaen. 2 grans
Sodi umpsulfteiths ons ugechisEx e byen Sﬁﬂé’%%}nd%’%%é}é"y 'SIV?iiﬁf ng%cfsa?%@cfdér to

made a totlal solution volume of 140 mlliliters Peroxide/Acid M e Ratio:
6. 1 results.
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.
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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 across the
bat h of fworo3wsdoss. An identical panel to the one used i PCEAmOPB®OL was
stripped in about thirty mnutes with identical good results. Exanple 3

CHEM CAL AMOUNT Sul furic Acid (66 Baune) 2.35 mlliliters Hydrogen
Peroxide (50% 35 mlliliters Water to nade a total solution volunme of 140
mlliliters Peroxide/Acid Mdle Ratio: 15.0 This bath was constructed as in

Exanpl ExdmpléHdi s bath had very good conductivity. It stripped fromthe
substrates of steel, alumnum and titaniumwth no visible attack. 2.35
grans of - nickel were introduced into the bath and cal cul ati ons showed t hat
97.9 % of tper@AgicAr had been usgdiOUNTeact with nickel. Additional use of
this bath caused the pHto rise rapidly fromthe 4.8 pH that was neasured
when the ni Cktelc Axddit ent reached 19 g8Bagyrams. Continued stripping caused
precipitatian &I. niq?ke hydr oxi 38 andS rapi d deconposition of the hydrogen
per oxi de as 11§ 13 H3Ched about &% No additions of hydr ogen peroxi de
wer e necessg%é;mg(égpgfbgddek@o%zst 20illgBSTI TUTE SHEET ( RULE 26) WD 03/ 035944
PCT/ US01/ 32 anple 4 CHEM CAL AMOUNT Citric Acid 10 grans Trisodium
Citrate 10 3Vatamsto nrdsradgtihsdtuiioxyelemeodigo pdlifHas i |iters Water to made a

total sol ut IP%POXY%/K%I\%EJRA@O%.%I liters Peroxide/Acid Mle Ratio: 6.79

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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Good results on substrates of steel, alumnum titanium and cast iron were
obt ai ned. Exanple 5 CHEM CAL AMOUNT Ammoni um sul fate 14 grans Hydrogen
Per oxi de wB03)32@ m | liliters Water to made a total sol utipom/usoi/saee7 of 140
mlliliters This bath stripped electrol ess nickel well with no apparent
attack on steel, however, the bath becane turbid wi th nickel hydroxide as

the pH_cl i e vhih dfpedBcabldenioRaamoIDAteick bnstseh hovaser peroxite cl i mbed
above 5. 5. anpl e CHEM CAL AMOUNT Magnesium Sul fate 15 grams Hydrogen
Per oxi decofpd¥fyioR Svaniratid dire torthe Wighat] efp-Freng thedesi sol uti on vol ume of 140
mlliliters 10 SUBSTI TUTE SHEET (RULE 26) WD 03/ 035944 PCT/ USO01/ 32607
This bath stripped el ectrol ess nickel without attack on steel, however,
peroxiﬁQ osition was rapid due to the high pH of 6-8 during the test.
Exanpl CAL AMOUNT TrisodiumCitrate 10 grans Citric Acid 10 grans
Hydr ogen Peroxide (509 to make 140 mlliliters of bath Peroxide/ Acid Ml e

Ratio: 44.4 This bath was used t the upper Iimt of hydrogen peroxide
concentrat i SAEMKALKat h wor kedm th no discernable difference from

those obtai ged Linfesaarl e 4. Blagplss 8
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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CHEM CAL AMOUNT Monosodi um Phosphate 15 grans Citric Acid 10 grans
Hydr ogen Peroxide (50% 20 mlliliters Water to nake a total solution
vol ume ofwdaB/sidd i liters Peroxide/ Acid Mole Ratio: 7.4 Parsusoasisostri pped
well to 60 anps./sqg.ft. Sone heating of the solution was noted due to the
bath's electrical resistance. The bath stripped 3.25 mlIls of electroless
ni ckel @n.00eg9 hour and ten minutes. No attack on steel substrate was
not ed. "NO Scernabl e attack on steel or alum num substrates was observed.
11 SUBSTI TUTE SHEET (RULE 26) WD 03/035944 PCT/ US01/ 32607 Exanple 9
CHEM CAL Al 8 | famc Acid 1 Tri sodi um Phosphate 10 grans
Hydr ogen PerE&%—éé()% 20 m Il Water to make a total solution
vol unme of 1éﬁllfgrﬂi5i loid ers Peroxjgghafei d Ml e Ratio: 3.4 This bath was

q

tested to 60 anps./sqg. ft. No attack on steel, alum num or titanium base
met al s was dbgexditan Phésphatel e 10 THERMSAL AMOUNT Formic Acid 10 milliliters
Sodi um Formate_ 10 grans, rogen. Per.aoxi de (50% 25 mlliliters Water to
make a t ot al H¥prgs OWFZ%&"& g%@%ﬁfﬁﬁrﬁ liters

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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Peroxi de/Acid Mole Ratio: 2.1 This bath gave good results stripping nickel
fromsteel, alumnum and cast iron substrates. Exanple 11 CHEM CAL AMOUNT
Acetic Acwo o384 v.) 10 mlliliters Sodium Acetate 10 gramSoHymnpgen
Peroxide (50% 20 milliliters 12 SUBSTI TUTE SHEET (RULE 26) WD 03/ 035944
PCT/ USO01/ 32607 Water to nmake a total solution volune of 140 mlliliters
Per oxi de/ AciyfplemRas 4 @tat sdlufiod hokmbeattl 46 tmilliiped about 10 times sl ower at
four volts than the bath in Exanple 1 because of poor bath conductivity.
The bath dodRerewide/AcidaklesRaiol=3dbst rate. Exanple 12 CHEM CAL AMOUNT

Sodi um Sul fate 10 grans dutaric Acid 10 granms Hydrogen Peroxide (50% 22
mlliliters Water to nmake a total solution volune of 140 mlliliters

Per oxi de/ Aci-phi bR siRpk® aboud 10 tifkbs s1dwak bt fhus solks/than theBbatigindixample 1

el ectrol ess nickel before the test was term nated at H4.4. No attack on
st eel shebsise af poardmtlobadnotivty. %@t@@@n@%@@fﬁew@%ﬁ- Sodi um Chl oride 5

grans Acetic Acid (68% 10 mlliliters
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 Chioride 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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Hydrogen Peroxide (509 20 mlliliters Water to nake a total solution
volume of 140 mlliliters Peroxide/Acid Mle Ratio = 3.1 Wth this bath,

st eel baswomsaio4et ched because of the high chloride conteatr/usol/32607

SUBSTI TUTE SHEET (RULE 26) WO 03/ 035944 PCT/ US01/ 32607 Exanple 14 CHEM CAL

AMOUNT Sodium Chlorate 8 grans Acetic Acid (68% 20 mlliliters Hydrogen
Per oxi geariple%y 20 milliliters Water to make a total solution volume of 140
mlliliters er oxi de/ Acid Mole Ratio =1.5 This bath stripped very well and

did not etch steel, contrary to the results in Exanple 13. Exanple 15
CHEM CAL AM ifric Acid ( O grans Sodium Sul fate 10 grans
Hydr ogen Pe-aﬁﬁké%%%owo 30 ml %@Mter to make a total solution
vol une of 1404 Chibkders Per oBigdghs\cid Ml e Ratio = 11.1 The bath

stripped 4.2 grans nickel which is the stoichionetric equivalent of the
citric aci dcetic Abid (68%h. The pROsHllKESpath began to rise rapidly and the

test was term.nated. No $ack . , alum num cast iron, or titanium
substrat es ?%%8?%8’?“%&@%% 1%8%1-]@{\1/]%%& AMOUNT
Water to make a total solution volume of 140 milliliters

- Peroxide/Acid Mole Ratio = 1.5

This bath 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 titanium substrates was noted.

Example 16
CHEMICAL AMOUNT
Maleic Acid 10 grams

Hydrogen Peroxide (50%) 22 milliliters
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Mal ei ¢ Acid 10 grans Hydrogen Peroxide (509 22 mlliliters 14 SUBSTI TUTE
SHEET (RULE 26) WO 03/035944 PCT/ US01/ 32607 Water to nmake a total solution
vol ume ofwdAB/ossod i | iters Peroxide/Acid Mole Ratio = 4.5 Wirlusbhsxobat h,
good performance and reduced conductivity were observed. Exanple 17

CHEM CAL AMOUNT Sul furic Acid (66 Baune) 3 milliliters Borax 12 grans

Hydr ogen P Livoil§s S Mtmamititersreke a total sol ution
vol ume of %%(ergﬂngﬁg?%orté%o etrooxf?te/ Acid Mble Ratio = 7.4 This bath

stripped wepdroxille/Arid Bolke Ratictded or al umi num substrates was observed.
Hi 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 CHEM CAL

AMOUNT G y tgles'%%g‘g%&ggm&ﬁaﬁ 3 mﬁ&e&&deh'cbh&&h&t{%ﬁﬁ sb¥eedf ate 10 grans

Hydr ogen Pe Iters Water to nmake a total solution
vol une of 140 mlliliters Peroxide/Acid Mle Ratio = 2.9 This bath
stripped well. No attack on steel or alum num base netals was observed. 15

SUBSTI| ExArEpISHFEET ( RULE 26)

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.2 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.

15
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WO 03/ 035944 PCT/ USO1/ 32607 Exanple 19 CHEM CAL AMOUNT Phosphoric Acid
(85% v.) 15 mlliliters Hydrogen Peroxide (50% 25 mlliliters Water to
nmake a towelosmesouti on volunme of 140 milliliters Peroxide/iaiuboMsice7 Rati o =
2.9 This bath stripped well. No attack on steel or alum num base netals was
observed. Exanple 20 CHEM CAL AMOUNT Boric Acid 5 grans Sodium Sul fate
10 graﬁﬁam@éqrgogen Peroxide (50% 20 mlliliters Water to nake a total

sol utiom v of 140 mlIliliters Peroxide/Acid Mole Ratio = 4.4 The

begi nning pH of this batch was 5.32. Wen the pH reached 5.84, a

precipitate began to formin t The nickel content of the bath was
0.6 grans. mm ckel hyd@;&mj;ﬂkas. precipitating, stripping
conti nued Wﬁpﬂggg%ltcgﬁga%@t egk QMiigtAdm num substrates. Exanple 21

CHEM CAL Al gen Sulfate 10 granms Sodi um Pyrophosphate 10

grams Hydr ppydroges Peoixitie (56%Y) 25 miililitedsi t ers [ Page 16 16 SUBSTI TUTE SHEET

(RULE 26) WD 03/035944 PCT/ USQ1/ 32607 rrere
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.

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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Water to make a total solution volunme of 140 mlliliters Peroxide/Acid Mle
Ratio = 5.3 This bath stripped electroless nickel well. No attack on steel
or al um mwmoploatsed substrates was observed Exanpl e 22 CHeRIT@A1/A00UNT
Citric Acid 15 grans Sodi um Tri pol yphosphate 10 grans Hydrogen Peroxi de
(50% 25 mlliliters Water to nmake a total solution volunme of 140

m | 1ilitersyRenoxidehisthtsoMloa Bathof140. illllitess bat h gave good results
when stripping fromelectroplated nickel, cast nickel, and Kovar all oy.
Exanpl e 23 PeMdeNcidMliRatigedtd ¢ Acid (68% 20 nmilliliters Sodium
Nitrate 15 grans Hydrogen Peroxide (50%9 20 mlliliters Water to make a
total solution volune of 140 mlliliters Peroxide/Acid Mole Ratio =1.5
This bath Sﬁ“ﬁfs@)ﬁﬁf&t&%}%ﬁtd&k@%s RicEM &bl e sitdck oalstoebar alk@@Mnepliedi ency. No
visible attack on steel substrates was observed. Bright electrolytically
deposi bwdtrates was obsesvedl owl y  (oxygen |iberated at nickel's surface)

di ssolved in this bath because of the nitrate content. 17 SUBSTI TUTE SHEET
(RULE 26) WO 03/035944 PCT/ US01/ 32607 Al um num substrates were slowy

attac kggm@%pl e 24

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.
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CHEM CAL AMOUNT Citric Acid 15 granms Ammonium Nitrate 50 grans Hydrogen

Peroxide (50% 25 mlliliters Water to nake a total solution volunme of 140
mllilitewso3@s3v9axi de/ Acid Mole Ratio = 6.1 This bath stripopatbobsieght
el ectroplated nickel with less efficiency, i.e., sonme gassing occurs as

the el ectropl ated nickel was dissolved. However, 12 % hi gh phosphorous
e'eCtrﬂ#ﬁﬁﬁuudﬂdBK%hmgﬁg%%kkﬂ WRi&e8l ri pped at near 100 % efficiency. This
formulation 1s an |nprovenen¥ over prior art because it allows the use of
an acid to keep the pHfromrising to a point where nickel hydroxide

preci pitation causes sludging of the bath which is an inherent deficiency
of prﬁéﬁmakﬁﬁhitrate electrolytic strippers. It also allows the nitrate
based fornulation to strip high phosphorous el ectrol ess nickel and bright
el ectropl ated nickel in one stripping bath with no attack on steel or cast
i ron substr @HEEMIGALN num subst AMMOYNI¥ e attacked. Exanple 25 CHEM CAL
AMOUNT Nitric Acid (68% v.) 6 mlliliters Hydrogen Peroxide (50% 20
mllilitersGiticekcido make a totégk§%P%tion volune of 140 milliliters
Peroxide/AcQQn&BE%Hﬁﬁ j Qe = 3.7 Ebk&mﬁ@th stripped bright electroplated

ni ckel with gassing of oxygen. It stripped electroless nickel very rapidly
because of IHydfogaPdtotide/(50y) VW2Smilliditsrsbat h, al uni num 18 SUBSTI TUTE SHEET
(RULE 26) WD 03/035944 PCT/ USQ1/ 32607 &stg@%es, but not steel or

titani um sub¥etenioaBakegeiogal splulen ¥ Pnﬁ&éﬁ% B2 e fol | owi ng exanpl e has a

vol ume. of "ong, | 465 Wb gk 61 Ust rates a very | ow

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 % efficiency. This formulation is an improvement
over prior art because it allows the use of an acid to keep the pH from rising to a point where
nickel hydroxide precipitation causes sludging of the bath which is an inherent deficiency of
prior art nitrate electrolytic strippers. It also allows the nitrate based formulation to strip high
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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per oxi de/ oxoaci d concentration of 0.3/0.04 noles. CHEM CAL AMOUNT Sul furic
Acid (66 Baune) 2.3 mlliliters Hydrogen Peroxide (50% 17 mlliliters

Wat er to weke/assuot al sol ution volunme of one liter Peroxipda/thoi/skehbl e
Ratio = 7.5 Although its conductivity was reduced, this bath stripped

el ectrol ess nickel of 12 % phosphorous content with no discernable attack

on st eﬁbsﬁ%’t:a%'bgmrln&lléf@le} §ctitaRRREduBstrdda MRt LattibkédiEM CAL AMOUNT  Met hane

Sul foniC Iters Hydrogen Peroxide (5099 20 mlliliters Water
to make a total solution volunme of 140 mlliliters Peroxide/ Acid Ml e
Ratio = 3.75 This bath had high conductivity. It stripped el ectroless

ni ckel EXxample2beel , cast iron, titanium and cast nickel without

di scernabl e attack. Al um num substrates were slowy attacked. 19

SUBSTI TUTE SHEET (RULE 26) WO'03/ 035944 PCT/ US01/32607 Exanple 28 CHEM CAL
AMOUNT  BenzhelBwihgatanpe has dvolBmgodnse litey.d¥big dathplpssatese Y50 20
mlliliters Water to nake a tot%r gol tion volume of 140 mlliliters

Per oxi pepxide@xneaié cpapeppationdf 3/908 MUy t s obt ai ned were identical to
those obtained in Exanple 27. The follow ng exanples illustrate attack on
t he substrate because of |ow

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.
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per oxi de/ oxoaci d ratios: Exanple 29 CHEM CAL AMOUNT Sulfuric Acid (66
Baune) 5.4 mlliliters Hydrogen Peroxide (50% 20 mlliliters Water to
made a towelo3medoud i on volune of 140 milliliters Peroxi de/P8aiusoivsicer Rati o
3.75 A one-inch wide unplated steel test panel was inmersed into the
solution and was imedi ately attacked before el ectrical connection was
made tﬁ) étng]qe gst panel . This panel was replaced with another steel panel
t hat vva%—pQ—atied with 0.001 inch electroless nickel. The panel was
connected to the positive |lead of the power supply as in Exanple 1 and

vol tage was adjusted to four vol The el ectrol ess nickel was rapidly

di ssol ved bﬁmé‘ét t he high chensity. After the panel was

stripped of%%%%%?mf&ﬁ§&&fkel and ghﬁﬁ‘s part was being renoved fromthe
b ]

stripping was expl osively "attacked by the stripping solution
remai ni Ny ORyiliogen Betokaed502P SWBEINTE SHEET (RULE 26) WD 03/ 035944
PCT/ US01/ 32607 Exanpl e 30 CHEM CAL Al ‘w .ﬁﬁteti c Acid (68% 20
m'||i|itersWa@rdparmksa|t¢>ta¥%>hﬂPng‘fOé%egg§J BYEHBer oxi de (50% 10

milliliters,Water L aty@ds sol ution volune of 140 milliliters

Per oxi de/ Acpam%e/e&cg%ﬁéi%%g&?ﬁm unpl ated test panel identical to that of
Exanple 29 was imersed into the stripping solution wthout electrical
contact. The test panel was very. slo attacked t he,solution. As in
Exanpl e 29, Thhtesplimebtainad Wieé"plldﬁ%té—‘&{ W\}%és%tbiacl @8@%@5 ‘?37ts'ri pped. Wien the
panel was

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 electroless 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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renmoved, the steel base nmetal was attacked but was not explosive inits
rate of attack. Addition of 15 mlliliters of hydrogen peroxide (50% to

t he abovewbath3suopped all the etching and produced resulrca/isdesdenral to
those obtained in Exanple 1. While the invention has been described in
connection wth what is presently considered to be the nost practical and
prefer dinments, it is to be understood that the invention is not
IiniteEﬁgg @%g di scl osed enbodi nents, but on the contrary is intended to
cover various nodifications and equival ent arrangenents included wthin

the spirit apd of the apgﬁggﬁﬁpglains. Thus, it is to be understood

that vari at EEEMGAY K pr esent n can be nade w thout departing

fromthe nowg;lsﬁ@ggﬁc(gg%yf this ppwaniiit@s as defined in the clains. All
patents cited herein are hereby incorporated by reference in their
entirety an@odieh Sufatipon. 21 SUBSEMBUTE SHEET (RULE 26) WO 03/ 035944

PCT/ US01/ 32607 1. _A ne or .str.i,pping el ectrol ess nickel deposits from
a substrat_e@@i‘%@’i@ﬂ@‘?‘i?&?&ﬁ; grlﬁl’fﬂ)lhﬁﬁ?{gi sting of iron, cast iron, steel

al oy, stai Wﬁ%%o?ﬁﬁ@c'wtoﬁl WTh SR oleke oF L APhaliGicbrs ni ckel , cast ni ckel ,
iron/nickel/cobalt alloy, sulfamate nickel and titanium the nethod

conpri si ng: Pajoxideikeid MgjeRatio subgi rat e cont ai ni ng an el ectrol ess ni ckel
deposit into a conposition in an electrolytic bath, said conposition
conprising: i) a conpound selected fromthe group consisting of oxoacids,

oxoaci d  salgS,,afdy &ggﬂ%ha%&mal tohBARRTExaMBE 19 WadiihaseNinRehoXirppingand b)

stripping the elfectroless nickel deposits fromthe substrate by
el ect r ghysbs withodueslitricad contaeto Jbn testpancl wes wery dlovdy ettacked by dte sglutioBast 3. 75

is maintained for_ strong oxoacj ds, having .one ioni.zab a
di ssociftinéagplistatic FCaYay rgplaged By @(pli‘%_fl pne \ﬂﬂ‘g thfﬂe‘iaew;%lg éh%g:%ﬂelavl?%
per oxi def 8¢l Ayl L1 bk it ffwRlaith@&3tbut was hét XBlodivalinRslrdt@bf attack.

Addition 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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strong oxoaci ds having at |east two ionizable hydrogens, and wherein a
hydrogen peroxide/acid nmole ratio of at least 1.5 is maintained for weak
oxoaci ds wewBmgsa4 di ssoci ation constant |less than 2 x 10- PCTwisbiv3zehe
proviso that, when alumnumis the substrate and strong oxoacids are used
in the conposition, said strong oxoacids are selected fromthe group
consisting of aspbfhya ifsr stghiing slebticledsmickel depositefromsedubstratasdedtahisomat i ons
thereof, and with the proviso that, when the substrate is selected from

el ect r offieagreup erinsisting of iters tcastiiranestecliatloyy/stRlRes ¢S nym, § ?“%é’.@feéul f amat e

ni ckel substrates., weak oxoacid ' ; j ' th f
are use8SAb £ n@gﬂpgg?/ﬁcgﬁ.co%’?ﬁ?%%ﬁ)é@?%{a%e g%lkgllsaélldiﬂ ,181\%2%6) gﬁéhth(gmaisd s'? { ggg
oxoaci dgoﬁgﬁsiﬁgl ected fromthe group consisting of sulfuric, nitric,

' kyl sul fonic, aryl sulfonic and monoal kl y| e}lséﬁ%r s.of sulfuric

sul fam
acid. 22 WO 03/ 035pudmesinetisDaybstzae zontainingan gleqtioless gic ASI IR er ei n

sai d weak oxoacids.are selected. frgmt.he gr i sting of phosphoric,
pyr ophosphor f’%{np%ﬁlﬁ%?}}l e%c%rg?)ﬁ{&ba ’ﬁ%loﬁﬂ%lggﬁﬁ%ﬁg&ﬁ%@éﬁlgc, f or mi cl,O
propanoi ¢, his methanol Qé&ﬂﬁ?&ﬁﬁ%ele@t@@%ﬁ} thb gicp@onsistienafaixoacifd) oiraidic,
citric, tartaric, malic, malonic, maleic, butyric, succinic, glycolic,
ﬁl ut i’il’l c, gl ucolm calisadiipcambipatidns thereafhgiidenedi ami net et raaceti ¢ and

onol ogs, nitrilotriacetic, amno acetig, and polyvinyl sulfonic acid. 4.
The nethod of claim1, 1&;}3@@{%?}12%{?’&% ogen peroxide is present in said

conposition at a %9 %@Pﬁ{g%é ORciRNL BRI d g8 mbNe Mdstie byBleciblsispt hod

of claim4, wherei d "hydrogen peroxide is present at a concentration
of about 8% by volwheesin 6 hydiogemperhwideietidanele natm, ofightaast 172 isenaisimsd der

selected fromthe group,consistin D
strong ogoacijdg having ong 5ongzable 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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of oxoaci ds, oxoacid salts and conbi nations thereof is present in said
conposition at a concentration between 0.01 nole/liter and saturation. 7.
The net howoaB/osivad m 1, wherein said conposition is maintaipeaddisat/3mopH of
between 0 and 8. 8. The nethod of claim7, wherein said conmposition is

mai ntai ned at a pH of between 1.5 and 4.5. 9. The nethod of claim1,

wher ei n sai d3cqmpasdliddsr dlsmTeiweadineald ateala ok envjilsraat salesctedofeomtleng®lp and 115

F. 10. The nethod of claim9, wherein said ortposli tipgn Ihé mai ntai ped. at a
t enper ateisestingex ﬁb@qﬁhgﬂ%mpi@ﬂﬁm%l@mﬂpéewgﬁgﬁtg BPPABTPIe e |y

stripping el ectr.ol ess nj ck e j t €,i11-0 LSigic 23 WO
031 0350 PRREF D T30 el BEls nf  mrdly TR e RS Rl 0
of oxoagidishic, axN&e] whtHad, seciniandystiohilo@tic,aghsconive ndipfc, bamig b) hydr ogen
peroxi de, wherein a hydrogen peroxide/acid nple ratio.of at least 3.75 is
mai nt ai ndyldhediaminetairpacasicadihgmolnsi Hiilewacstisn R 3@6%&?‘23@%“&% a
dissociaHjon gﬁastant of at least 2 x 10', wherein a hydrogen

per oxi d&P4PE3%U e ratio of at least 7.5 is maintained for strong oxoaci ds
having at | east two ionizable hydrogens, and wherein a hydrogen
peroxide/acid nole ratio of at least 1.5 is maintained for weak . oxoacids
havi ng a di sdodihameshotofalaiant, whesen sid hydrogen peroxido Is preeent Brssski t i on of

LM et SRS R B APl 1o (he o our

sul fonic, aryl sulfonic and
nonoal kyl esters of sulfuric acid.

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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13. The conposition of claim 11, wherein said weak oxoacids are sel ected
fromthe group consisting of phosphoric, pyrophosphoric, alkyl phosphoric,
gl ucophoswbaniosy94oxal i c, form c, propanoic, bis nethanol poTapansico?
acetic, butanoic, benzoic, phthalic, citric, tartaric, malic, malonic,
mal ei ¢, butyric, succinic, glycolic, glutaric, gluconic, adipic, boric,

et hyl enedi ani net ef)rAa@gidutd aslectbdiromals gronp tondisiing closoacids, axdassl wliet i c,
and polyvinyl sulfonic acid. 14. The conposition of claim1l, wherein said
hydr ogemndper oxi de is present in said conposition at a concentration
between 1 and 99%.by vol urpe, 15. The conposition of claim 14, wherein said
hydr ogen per%&? 8“?%“&?%%%%?“%t a concentration of about 8% by volune. 16.
The conposition of) gldebgdnberoxidegr ei n the conpound sel ected fromthe group
consi sting of oxoacids, oxoacid salts, and conbi natiqons there [ resent

, S
in said conpbetk phydipgen pepnddicGdmolstaiie phaldsash3 3 IprEranedior sip

saturation..24 WO 03/ 035944 .P S A itippgof claim
11, whePXqanids hpgng 8%6%#%”%@%%@@%9 cé%t&'glecﬁﬁg%tgﬁgp B ke
conposi ti on @helAd Mdtdgenresgidiad@dle@tipos atloasn 7/5ds nainikined fhetromgen 1. 5
and 4.5. 19. A nethod for stripping electroless nickel deposits froma

subst r abxoasils igvipd af leashtwo fenizabdeydsegens.s0fing of iron, cast iron, steel

al l oy, stainless. stee al um .el ect I iC: e i |,
" on ni okel | wBnRite Brdest RPRdRn SRR oRhE s s HlaintAS o oS
conpri SjAtheid@hal DG @dspsiaforbsistahtless BONL &I 10N an el ectrol ess ni ckel

deposit 1nto a conposition in an electrolytic bath, said conposition
consisting essentially of: i) a conpound selected fromthe group consisting

g];r giioggl' d;ha?.xﬁlﬁec !:cgmposm %(;[nsdf c?aI}rcril 1(319%{31%%} daid! arc;[n%ec{x%%ids %@%l‘e&t@d HXH{tﬂge”
group consisting of sulfuric, nitric, sulfamic, alkyl sulfonic, aryl sulfonic and monoalkyl

esters of sulfuric acid.

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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b) stripping the electrol ess nickel deposits fromthe substrate by

el ectrolysis, wherein a hydrogen peroxide/acid nole ratio of at |east 3.75
i s mai nt aWwoed/osm4 strong oxoaci ds having one ionizable hydragensmnd a

di ssoci ati on constant of at |east 2x 10-1, wherein a hydrogen
peroxide/acid nole ratio of at least 7.5 is nmaintained for strong oxoacids
havi ng at | east Thewoinpositiahbéclaindi byenseinaaid onmposition hahydHegbatween 0
peroxide/acid nole ratio of at least 1.5 is naintained for weak oxoaci ds
havi ng #0di8ssoci ati on constant | ess than 2 x 10-1, with the proviso that,
when alum numis the substrate and strong oxoacids are wused, said strong
oxoaci ds are selected fromthe group consisting of sulfuric acid, sulfamc
acid, their s@.tFhe cengosiviohiofelino?, wineeiachid cangbowitivh hahepHrofbietrcenid
when the substrate is selected fromelectroplated nickel, cast 25 WD

03/ 035948dESF/ US01/ 32607 nickel, iron/nickel/cobalt alloy, and sul fanate
ni ckel substrates, weak oxoacids, oxoacid salts, and conbi nations thereof,
are used in the conposition. 20. The conposition according to claim1l,
wherein the comuosidliddfossieippingtelectrolessd mcke depusitafiom asubistratraelectnd from

cyanide. 21. A conposition for electrolytically strippi.ng electroless
ni ckel dbpemupsonsigingof iwapeast Fetk steeh#lays staimlpsg sleeln ﬁhﬁ&m D?I?Ctré’}’?aéedi onmpound

e e o ST R GOEA R o BAPAE 5 SRR kL Bt
comprising:
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 10,
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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wherein a hydrogen peroxide/acid nole ratio of at least 3.75 is maintai ned

for strong oxoacids having one ionizable hydrogen and a di ssociation

const ant wb aw339east 2 x 10"1, wherein a hydrogen peroxi éefasod3wte ratio
of at least 7.5 is maintained for strong oxoacids having at |east two

I oni zabl e hydrogens, and wherein a hydrogen peroxide/acid nole ratio of at

| east 1.5 i spiskbiMirah/mettel@balbaby, 208 sd€inige hkelnybstratéss woal axdacidsconst ant
| ess than 2_({( 10-1. 26
0oXoacl

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:
a) a compound selected from the group consisting of oxoacids, oxoacid salts,
and
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 1074,
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 10,
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