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Orthophosphite ions produced by oxidation of hypophosphite in an electroless nickel plating bath can be removed by precipitation
with an alkali metal or alkaline earth metal cation such as calcium. In order to avoid the precipitation of calcium sulfate and the generation
of large amounts of particulates in the bath, nickel sulfate can be replaced by a nickel salt of an alkylsulfonic acid or hypophosphorous
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reductlon process for depositing the desired nickel netal and IS

sinply achieved by i mersion of the desired substrate into WO
908/ 21381 PCT/ US97/ 20781

2 an aqueous plating solution under appropriate el ectrol ess

pl ati ng condigdbfHnsst I n conducting el ectrol ess nirdualsopiondt ng,
particularly froma bath which utilizes a hypophosphite as the

reduci ng 5 agent, the bath basically contains a source of nickel cations
such as nickel sulfate and a hypophosphite reduci ng agent such as

sodi um hypophosphite. The deposition reaction takes place in the bath
and generally involves the reduction of a nickel cation to forma

ni ckel netal alloy as a deposit on the 10 desired substrate surface. The
reduction reaction is generally represented by the foll ow ng equati on:
[err] It is seen ghgivatner cbelidpRbEBRTTEaRNsON Produces

phosphite ions, hydrogen ions and hydrogen gas; it also 15 produces a
counterion of the ni ckéﬁR%@Lﬁ‘éT%QirﬁﬁéuﬁaC&%Te(fLATmG ByPital ly a sulfate,

SJ err]. The nickel and hypophosphite are consuned in the reaction and
t hey, accordingly, nust be frequently replenished. In addition, as the
hydr ogen i ons produced in the reaction accunul ate they result in a
lowering 20 of the pHfromthe optinmumplating ranges. |In order to

mai ntain the desired pH range, and in usual practice, a pH adj ust or
such as a hydroxide or carbonate especially of an

SUMMARY OF THE INVENTION
This invention relates to electroless nickel plating
baths which employ a hypophosphite reducing agent. More
particularly, this invention relates to iﬁ;roved electroless
5 nickel plating baths which are made long running by(a)
controlling and removing undesirable phosphite anions produced
as a by-product during the electroless plating reaction (b)
minimizing the formation of sludge in the bath and (c)
minimizing the presence and effect of undesirable ions. The
10 invention also relates to nickel deposits having low porosity

and low compressive stress.

GRO I Ol
Electroless nickel plating is a widely utilized plating
process whiéh provides a continuous deposit of a nickel metal
15 coating on metallic or non metallic substrates without the
need for an external electric plating current. Such a process
is described generally as a controlled autocatalytic chemical
reduction process for depositing thé desired nickel metal and

is simply achieved by immersion of the desired substrate into



al kali metal such as sodiumis added frequently during the plating
reaction. TFhis &ignificantly increases the nonoval ent 25 sodiumcation

concentration of the el ectroless plating bath. Addi tionally,

ni ckel usually in the form of nickel sulfate is added to maintain the
opti mum ni ckgb ogr@MBgEENt r at i on t hereby increasing the ceowesstreesi on of
undesirabl e sul fate anion. As the reaction continues, the by-products
and bath ' WD 98/ 21381

PCT/ US97/ 20781 3 conditions
created thereby present problens which adversely affect the desired
pl ati ng process. These problens are the buil dup of the

phosphi te anpgnagueoud’ pUHESSL fdaMt b Wdedabppromidhe e hypophesihi te
reduci ng 5 agent, the buildup of the anion of the nickel salt enployed,
typi cal |y suPlatEng gondéFton®: t he i ncreased concentration of

extraneous cationg, £3REEtHd Y1308k MRl HiSKBYi HitUROr particullglease in
the concentrati on of such anions and cations as tﬁey accunulate in

the bath profuers dagsl whieh ol lérrack lporhosplepiagt Fhg ¥eduaingn and al so
adversel y; af Lgcls thg gH@ﬁ'%}ée/si@(ally %%%%J&h%spkaéédk%ed%oﬁiéf& UaliBfs

substrate. In parti cular, t Ite anli on causes an I ncrease in
stress of theurhceehickel suldiade andml hpcpbhespiig e tredussifhy Grgendinpneksi ve

to tensile; this | str t he LrOsSign resistance of
the 15 nickef T e%ltc‘)lénl ?’ ?’pi\gké%%ﬁﬁhg 'acrgt?f?ru S t(g %%ﬁ&cﬁ riec?%l éogp%%eéss%liﬁce t he
bat h degr ades$nttie daahi tyd ofertedraly clastoldepsothe w@mbhcndkesof a niickel

U eDt oDl €L Lo 5 e AU AP L% S e T
t he phosphi t gesircansubdvease|gurghtect THwe reduction reaction is :
generally represented by the following equation:

3H,PO,~ + Ni*2 - 3/2H, 1 + HY + 2HPO3"2 + P + Ni©®
It is seen that the electroless reaction produces
phosphite ions, hydrogen ions and hydrogen gas; it also
15 produces a counterion of the nickel source compound used,
typically a sulfate, 504'2 .  The nickel and hypophosphite are
consumed in the reaction and they, accordingly, must be
frequently replenished. Ih addition, as the hydrogen ions
produced in the reaction accumulate they result in a lowering
20 of the pH from the optimum plating ranges. In order to
maintain the desired pH range, and in usual practice, a pH
adjustor such as a hydroxide or carbonate especially of an
alkali metal such as sodium is added frequently during the
plating reaction. This significantly increases the monovalent
25 sodium cation concentration of the electroless plating bath.
Additionally, nickel usually in the form of nickel
sulfate is added tb maintain the optimum nickel concentration
thereby increasing the concentration of undesirable sulfate

anion. As the reaction continues, the by-products and bath



20 bath by often reacting with and precipitating the nickel cation as

ni ckel phosphité&; this slows the rate of deposition of ni ckel,
prevents long lasting baths and results in the bath becom ng

unsati sfactory and thus term nated at |ow | evel s of metal turnover,
I.e., the nuwbegr@g tines that the original 25 nickel sourcmRUsSI#20781
repl eni shed. Thus the accumnul ati on of phosphite as well as added

al kali nmetal cations and sulfates prevents the | ong-term and
econom cal use of the expensive pl ati ng solutions and adversely
affects the nickel deposit. Thagse del eterious factors and

particularly the build-up 30 of phosphite and sul fate ani ons have been
addr essed t htontiitions created the¥€bP&Akdlt problems which adversely

PCT/ US97/ 20781 . i 4 use of a
variety of t pEERGtefbendefibiRd PERELRI (RRAGSRENt s are illustrated in the
prior art in such 'ﬁh%E@rﬁf&ﬂ%n@SaQe fhe buildufSo¥ idhavph&henieabnhbgkel
Plating, Portcullis Press, England 1974; Wi -chi and Robert R
Bonk, Metal PFofusigdngromsthe 9§1d231%ﬂ.°?IB§6 HRH?FPSPElt%Vrgéaﬁéﬁson and W

A Neff, gPl ahbdit, a@ﬂe build roffaegeFarﬁo'ilhbegthg%mk@lZéam I\%ﬁt}yé&%) and
K. Parker Platin Surface Finishing, 67, 48-52, rch 1980).

Typi cal |y t heseiqediyr sa fa¢RﬂI%§d§ehhv%F|ﬁ¢@0#9%%?%ﬁﬁ§a9ﬁ%¢ﬁntrat1°no¢fthe

plating bat heS0lAn Wi d fbddl @gagepgnrpa%amm Sﬁ'ltssbmﬂ@u fgLric chloride
and ani on exchange resins. The use for exanpl e of cal €i um.and

magnesi um r esngneasienip hehgarrncgnroatoin of suthrapdoasoend scasfiopsudge in the
bath caused by e LRIPLUP i ke bach YrddiSeR PR E- ML WelaL copal 15 Of

the al kaline e
10 the plating reaction and also adversely affects the quality of

the plating deposited on the substrate. In particular, the
phosphite anion causes an increase in stress of the nickel
deposit and shifts the stress from compressive to tengile;
this increased stress reduces the corrosion resistance of the

15 nickel deposit. Also, the accumulation of ionic species in
the bath degrades the quality of the nickel deposit and makes
it unacceptable for such high-level applications as hard discs
for computers, as well as CD-ROM and other optical disc
storage. Further, the phosphite anions adversely affect the

20 Dbath by often reacting with and precipitating the nickel
cation as nickel phosphite; this slows the rate of deposition
of nickel, prevents long lasting baths and results in the bath
becoming unsatisfactory and thus terminated at low levels of
metal turnover, i.e., the number of times that the original

25 nickel source is replenished. Thus the accumulation of
phosphite as well as added alkali metal cations and sulfates
prevents the lohg-térm and economical use bf the expensive
plating solutions and adversely affects the nickel deposit.

These deleterious factoxrs and particularly the build-up

30 of phosphite and sulfate anions have been addressed through



metals. Ferric chloride addition |owers the pH and introduces 15 iron to
the bath. ¢ ¥ Mal lory, in U S Patent 5,338, 342 renoves by-product
phosphite anions by precipitation with |ithium hydroxi de.

DESCRI PTI ON OF THE | NVENTI ON It has now been di scovered, however,
that the by-wodghsgs 20 phosphite anions may be readily reonusdnésom the
pl ati ng bath solution w thout generating |arge anounts of sludge and
wi t hout the di sadvantages of the prior nethods, while achieving a bath
free of added cations, such as sodium frequently introduced through

t he hypophosphite reducing agent 25 or pH controls. This discovery

all ows | ong runni ng nickel bat h operati ons whil e maintaining high

plating ratesise of a varidty bRCEredthedRenathadl.i t THase hagachanpg glgsirabl e
to keep the stress of the nickel alloy deposit |ow because at high

stress | evel stlilpsteaiedsitobeeBrieamed on Freh fedREPNZES GF G- G.

WO 98121381 Gawrilov, Chemical Nickel Platin%, Portcufi&gFgggé@goéﬁg%snd,
5 deposit declines. The |level of orthophosphite in the ba S

an i nportant i¥dter Wehaehi giinghand tRobeytoR. t Brnkie Metal ;Fingsbdeg, 85, from
t he Exa €S, 54l S S her dgposi ro ive to
mpkes,, st he, gl?gé g 7h heg dap %hhé@?ﬁ‘%@ o Neff S?Q?{ﬁfan]‘é

tensile en the orthophosphite (phosphite I"'evel t'he ele ol'ess
ni ckel pl ati riprifatd Fieksddsgs. 79, 18-26, (NémecH G198gdi mpd &suPaskean be

senl ove Y, SR 1B Boce eip ARABEEL o BRI OTR TS St o
phosphite Typically these prior art methods have involved treatment
of the plating bath solution with calcium or magnesium salts,
10 ferric chloride and anion exchange resins. The use for 
example bf calcium and magnesium results in the generation of
large amounts of sludge in the bath caused by the insolubility
of the phosphite and sulfate salts of the alkaline earth
metals. Ferric chloride addition lowers the pH and introduces
15 iron to the bath.
Mallory, in U.S. Patent 5,338,342 removes by-product

phosphite anions by precipitation with lithium hydroxide.

DESCRIPTION OF THE INVENTION
It has now been discovered, however, that the by-product
20 phosphite anions may be readily removed from the plating bath
solution without generating large amounts of sludge and
without the disadvantages of the prior methods, while
achieving a bath free of added cations, such as sodium,
frequently introduced through the hypcphosphite reducing agent
25 or pH controls. This discovery allows long running nickel
bath operations ﬁhile maintaining high plating rates.
Further, in operation it has been found desirable to keep
the stress of the nickel alloy deposit low because at high

stress levels the corrosion resistance of the nickel alloy



which can readily be renoved fromthe bath. It is preferred 10 that the
al kali or alkalfne earth netal cation be added to the bat h when a
substrate to be plated is not within the bath. This treatnent can
be further enhanced by incorporating the alkali or alkaline earth
met al cationghegdag formof a hypophosphite salt, whiwirdsensrs
formati on of the insoluble 15 phosphite salt w thout causing the build-up
of extraneous cations in the system This process allows the al npost

I mmedi at e renoval of orthophosphite as it is forned, permts formation
of lowstress nickel alloy deposits, avaqids the bui | d-up of extraneous
cations and allows a continued high 20 rate of plating even after as nmany

as 30 or mMoigpABi@ldeclinekUl NAENSvel of orthopRSshtteP8aNtid QHRUSLY
nmenti oned the sul fate ani on tends to forminsoluble salts wth the

sanme al kal | apeimpoxfipart detemniqintnef cthe Istyesal ocE dilicodepesil; il Iseen
recipitate t hi f h ' formation
precip £ron i E!mggag, fife koo Nk Q?%ed%%%—{lﬁ;étcﬁgiié%? £40%

a | ar ge anount particulates I n une of sludge
makes it di kbinpressive opetanseileherhehethe gxsbophdskeitebdphodmhrite) nor e

than about 7, %aéf .tt‘ﬂl%”f%XSE rolHAE" ﬁi%& d1es b%lPriﬁEﬁ”seeds.e”bOdi ment of
t he invention e nickel cation Is |ntroa%ce Into ?ﬁe system as t he
salt of an ani onthehefiorkegpimg results can be\GcBB8¢PdBBly the addition of
Calt wi (- tAB RHETHn FsBATH SETERIEY FRNOn WBIBRpito.
DETAI LED DESCBttHdXdNs nickel plating bath, forms an insoluble phosphite
which can readily be removed from the bath. It is preferred
10 that the alkali or alkaline earth metal cation be added to the
bath when a substrate to be plated is not within the bath.
This treatment can be further enhanced by incorporating
the alkali or alkaline earth metal cation in the form of a
hypophosphite salt, which favors formation of the insoluble
15 phosphite salt without causing the build-up of extraneous
cations in the system. This process allows the almost
immediate removal of orthophosphite as it is formed, permits
formation of low-stress nickel alloy deposits, avoids the
build-up of extraneous cations and allows a continued high
20 rate of plating even after as many as 30 or more metal
turnovers.
As has been previously mentioned the sulfate anion tends
to form insoluble salts with the same alkali metal and
alkaline earth metal cations that will precipitate
25 orthophosphite from the bath. This causes the formation of a
large amount of particulates in the bath; the volume of sludge
makes it difficult to operate the electroless nickel bath for
more than about 7 metal turnovers. Therefore, in

a preferred embodiment of the invention the nickel cation is

30 introduced into the system as the salt of an anion that forms



In one aspect this invention relates to novel electroless 5 nickel plating
bat hs and t'o a process for operating such bat hs. I n

anot her aspect, the invention relates to a process for t he renoval of
phosphite anion and the prevention of the accurul ati on thereof in an
el ectrol ess WhekphsP! ati ng bath. 10 In yet anot her asdiags208l S

i nvention re ates to a process for operating an el ectrol ess nickel

pl ati ng bath which m nimzes the formation of insoluble materials in

t he bat h. In yet another aspect, this invention relates to the
use in an el ectrol ess nickel platinggbath of the nickel salt of an 15
anion that forns a soluble salt with the cation used to renove t he

or t hophosphi § s ARiLa8 550414 RBENcat fbrARseADOSligRAL pOEate tHehi S aspect,
the invention relates to snooth, |ow porosity Fectroless ni ckel

deposi ts. orthophopphi/kg - another aspect, this invention relates to a 20
conti nuous process for operating electroless nickel baths. In one
enbodi ment, the invention relates to the nakeup solutlons used to

repl eni sh nlckel and hypophosphiBEs aspects of the

nvention will be,agpargnledy gpigh 18100 epglae@ggateeﬁ dgperopiion. 25

The invention which I'S relate electro batnhs co i ses
hypophosphi teickel, phatked baiis ahate anprekess for opkkatime seaht h net al
ion, an ion %q{lved froman al kyl sul fonic acid, and optionally,
buffers, sta I Zers, WO 98/ 21381

PCT/ US97/ 20781 1In another aspect, the lnventlon relates td a proceﬁ@ﬂﬂhﬁXlng

agents, chel ef cc%éTl at or.s F ﬁ% i ght eners.
In one errbod?akf?eﬁt%mf’ﬁ% ar ke é? o'y ﬁﬁ é’a‘Ft’ﬁntlon OEmEE’ conmpound
is added to idhﬁmh&hb16ﬂftﬁ§¥ébﬁ€lﬁ|&mtdlﬂcessleséinlﬂkékeﬁldﬁﬁﬁgtb@ﬂhiO form
t he corrg)spondl n% i nsol ubol %er agl Iect th:l.smia';[nzrient%ronalrléfl éense te)art h net al
phosphi t'€; t he i n8o¥EbI ¥t p a
process for operating an electroless nickel plating bath which
minimizes the formation of insoluble materials in the bath.
In yet another aspect, this invention relates to the use
in an electroless nickel plating bath of the nickel salt of an
15 anion that forms a soluble salt with the cation used to remove
the orthophosphite anion from the bath. In an embodiment of
this aspect, the invention relates to smooth, low porosity
electroless nickel deposits.
In yet another aspect, this invention relates to a
20 continuous process for operating electroless nickel baths. 1In
one embodiment, the invention relates to the makeup solutions
used to replenish nickel and hypophosphite. These and other
aspects of the invention will be apparent from the following
detailed description.
25 The invention which is related to electroless nickel
baths comprises hypophosphite ion, nickel ion, alkali metal or
alkaline earth metal ion, an ion derived from an alkyl

sulfonic acid, and optionally, buffers, stabilizers,



phosphite is renoved fromthe bath using appropriate filtration

and/ or sepdrati dn procedures. I n anot her enbodi nent a | ess than
stoichionetric 10 (conpared to the orthophosphite) amount of an al kal
metal or al kaline earth netal conpound is added to the bath after the
el ectrol ess QloW$eissf €action and the renoval of any substrapermwsoomnsi o be
deposited with nickel; the alkali netal or alkaline . earth netal
conpound forns an insol uble phosphite; the 15 insoluble phosphite is
removed fromthe bath using appropriate filtration and/or separation
pr ocedur es. I'n either way the.orthophosphite content of the bath
IS mnimzed. The alkali nmetal or alkaline earth netal conpound

is selected Eempfe,a%uggenw téﬁl@.@iﬁ? biYfenkq, f&éé@l@}an:%gl L!i}hgblzgrs

orthophosphite salt. way of i1l ration, the alkali
al kal i ne eareh m%tee‘}eﬁﬁounds can be the oxides, hydr oxi des and

carbonates of 11U4 U RREASRIY ABUASTera) oxb%&ktﬁm,g@d%]a%hca' cium In
oauc at

order to avoid infr I ng extraneous 1ons into t
preferred t haetaheompkahd iPmddedt b e dachl dweina bk ﬁbeca!irq:'l@tsson be

i ntroduced aﬁh&b& reacﬁff%;mpm%gqg. Efie S %még ?%ﬂ'x# h&.BL & gypodi ment

cal ci um hos eis he ca C|un1 oM t he
hypophosphi t eetasl aazaanablmet Geamacmemﬂ Ipholsphibrd hdaghleo s phdlweblas it

f orns, there gre undegéégd “l{héqg% ed lnt%_tge bahp 30 and the
stress of th ék eposi- URifl9 appropriate o 98/ 21381
PCT/USQ?/ZO?Biltratlon and/or separatlon procedures 8

Alternatively, i'&ﬁ?%%%@ﬁer 1&ggtegﬂ1essngﬂaﬂ sggichlometrlc

10 (compared to the orthophosphite) amount of an alkali metal or
alkaline earth metal compound is added to the bath after the
electroless nickel reaction and the removal of any substrate
to be depogited with nickel; the alkali metal or alkaline
earth metal compound forms an insoluble phosphite; the

15 insoluble phosphite is removed from the bath using apprdpriate
filtration and/or separation procedures.

In either way the orthophosphite content of the bath is
minimized. The alkali metal or alkaline earth metal compound
is selected to be soluble in the bath but to form an insoluble

29 orthophosphite salt. By way of illustration, the alkali metal
and alkaline earth metal compounds can be the oxides,
hydroxides and carbonates of lithium, potassium, magnesium,
barium and/or calcium. In order to avoid introducing
extraneous ions into the bath, it is preferred that the alkali

25 metal or alkaline earth metal cation be introduced as the
hypophosphite salt and in the preferred embodiment calcium
hypophogphite is added to the bath; the calcium from the
hypophosphite is available to react with the orthophosphite as
it forms, there are no undesired ions introduced into the bath

30 and the stress of the nickel alloy deposit is minimized.
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or alkaline earth netal cation can be added partly or

s the salt of an al kyl nonosul fonic acid or al kyl

acid. These sulfonic acids are 5 described in detail bel ow
n with the nickel salt. For exanple, part or all of the
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uble. In such case the hypophosphite can be supplied as

ous aci d. Further, when one chooses to use

ous acid, 10 the pH can be controlled by addition of an

th metal carbonate to pyecipitate out the orthophosphite
and adjust pH Here too, the stress of the nickel alloy deposit

: AlternatibB1{, PirEf@bE Ry epadirpeat efodap@nespae of this

n, the nickel conpound is a water soluble nickel salt
rakatbriatad 95| abfling eaRFR TR EaEiYh G3Fele added o

rpagtwtcypm%méﬁ{farsorﬁhtehsaf@td’f- an alkyl monBSul@hiReeRiq
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se of nic
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the pH can be controlled by addition of an alkaline earth

metal carbonate to precipitate out the orthophosphite and
adjust pH. Here too, the stress of the nickel alloy deposit
is minimized.

In a preferred embodiment of one aspect of this

invention, the nickel compound is a water soluble nickel salt

of a counterion that forms a soluble salt with the cation used

to precipitate the orthophosphite from the bath.

As has been desdribed, use of nickel sulfate in a bath
where an alkaline earth metal is used to remove the
orthophosphite results in the formation of an alkaline earth
metal sulfate; these are insoluble and create an undesirable
sludge in the bath.

It has been found that introduction of the nickel cation
as the salt of an anion that forms a soluble alkali or
alkaline eaxrth metal salt reduces the buildup of gludge and
allows for the continuous removal of orthophosphite and the
continuous operation of the bath.

- Although the nickel can be introduced as the salt of an
acid such as hypophosphorous acid, nitric acid, acetic acid,

sulfamic acid, hydrochloric acid, lactic acid, formic acid,
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9 propioni ¢ acid, trichloroacetic acid, trifluoroacetic acid,
gycolic acid, aspartic acid, pyruvic acid or m xtures thereof, in
practi-ce these salts are not wi dely used, either because (a) they

cause hi gh s{pagssgieposits,. (b) they deconpose at the 5 pdaingsomigTed
operating tenperatures of the baths or (c)their solubility in water

does not allow their use for practical and econoni cal industrial
appl i cation. In one preferred enbodi ment the nickel ion is
I nt roduced as the salt of an alkyl gulfonic acid. N ckel salts of 10
nmet hanesul fonic acid are particularly préferred and the entire ni ckel

lon cont ent é&{] gtl'a&slggf olt%a%hﬂbl%aeéetm abEhg, bc%&lﬁapoaceucbscwppl ied in

t he form of sulfonic acid sal I n anot her enbodi nent,
t he ni ckel |mla|ceacmr cpeatigsacid, beh‘évm mdsartmmtmsachdrmﬁ:h as

YPOPROSPNO! QU6 doe AGEIIE ealB A6 docoULAENY G26) Chy liac! bacagd, formic

acid, or propionic d an oni c acl
f or mul a By (a) thagdcawsn hoight hewéi;dmlsﬁbm c(kacitdsaytdtm:cmpbablét tyheof t he

ni ckel lts of, for exa ophqosphor ous, .acid | ncreased
si gnifi c nt BFeFe3ged opexr ngOL‘X&? lfa(%‘r%fé: se?gc %% 3§§ n k(cﬁ) tB?ﬂ”ﬁs t he
operating solummkej; imwatenc aoés atdtothsthmmahby fomprabeptall 4@ about

18 rams t 4‘% z) th co entrations of fromabout 3 to
about 9 g/I Slﬁ? i lgw& W 8Pently, the concentration of
ni ckel cation w lth bge |ﬁdﬂﬁréangﬁ:dﬂm‘eherrthéalc&emmxo iabadtréadcd®! es per
iter, preferally Loh&Ng 3989 suifonikOlfPOU &l &.3,803¢t O- 15 moles
per liter.
' 10 methanesulfonic acid are particularly preferred and the entire

nickel ion content of the electroless nickel plating bath can

be supplied in the form of the alkyl sulfonic acid salt.

In another embodiment, the nickel ions are introduced as

the mixed salt of an acid such as hypophosphorous acid, acetic
15 acid, sulfamic acid, lactic acid, formic acid, or propionic

acid and an alkyl sulfonic acid of the above formula. By

addition of the alkylsulfonic acid, the solubility of the

nickel salts of, for example, hypophosphorous acid can be

increased significantly.
20 In conventional electroless nickel baths the operating

nickel ion concentration is typically from about 1 to about 18

grams per liter (g/l) with concentrations of from about 3 to

about 9 g/l1 being preferred. Stated differently, the

concentration of nickel cation will be in the range of from
25 0.02 to about 0.3 moles per liter, preferably in the range of

from about 0.05 to about 0.15 moles per liter.



WO 98/ 21381 | PCT/ US97/
10 r The ions derived fromthe al kyl sul fonic aci
f or mul a: [err] wher e: a, b and c

20781
d are of
each

i ndependently is an integer from1l to 3; 10 y is an integer from1l

to 3; wooesMisgi S hydrogen, or lower alkyl that is un
substituted by oxygen, d, F, Br or I, CF3 or -
R and R each independently is hydrogen, C, F, Br, |I; CF
| ower al kyl that is unsubstituted or substituted by

F, Br, I, CFlerr] or -SOerr]OH; 19 and the sum of
4 Representative sul fonic acidg i nclude the a

SpFbsod7ed Or
SAerr] OH,
[err] 15
oxygen, C
a+b+c+y
Kyl

monosul f oni ¢ aci 49,5 Y6hs AgerRiRaResSH | AN LG Ky Bt AANYLT 20{ & ARdo£20

propanesul foni c acids and the al kyl polysultonic acids su
met hanedi sul fe¥mwlagci d, nonochl or onet hanedi sul f oni ¢ aci d,
di chl or onet hanedi sul fonic acid, 1,1-@thanedisulfonic acid
chl oro-1, 1- et hanedi sul foni ¢ acid, 1,2%dichloro-1, 1-

aci d, - propanedi sul f oni ¢ acigd, 3tPhQ§6§b)'25 1, 1-prop
aci d,
Because of availability, the sulfonig acids of choice are
met hanesul f oni ¢ and met hanedi sul f oni ¢Paci ds.

1,
1,

where:

ch as

1 2-
et hanedi sul f oni
anedi sul foni c

a, b and c each independently is an integer from 1 to 3;

10 v is an integer from 1 to 3;

R” is hydrogen, or lower alkyl that is unsubstituted or

substituted by oxygen, Cl, F, Br or I, CF3 or

‘SOon;
R and R’ each independently is hydrogen, C1,

F, Br, I; CFy

15 or lower alkyl that is unsubstituted or substituted by

oxygen, Cl, F, Br, I, CF3 or -S0,0H;

and the sum of a + b + ¢ + y = 4.

Representative sulfonic acids include the alkyl

monosulfonic acids such as methanesulfonic, ethanesulfonic and

20 propanesulfonic acids and the alkyl polysulfonic acids such as

methanedisulfonic acid, monochloromethanedisulfonic acid,

dichloromethanedisulfonic acid, 1,l-ethanedisulfonic acid, 2-

chloro-1, 1l-ethanedisulfonic acid, 1,2-dichloro-1,1-

ethanedisulfonic acid, 1,1l-propanedisulfonic acid,

3-chloro-

25 1,l-propanedisulfonic acid, 1,2-ethylene disulfonic acid and

1,3—propylehe disulfonic acid.

Because of availability, the sulfonic acids of choice are

methanesulfonic and methanedisulfonic acids.

The hypophosphite reducing agent employed in

the baths

30 according to this invention may be any of those conventionally

c

or

- et hyl ene di sul fonic aéia'qnd ¥1, 3-propyl ene disul fonic acid.
i



The hypophosphite reduci ng agent enployed in the baths 30 according to

this invention fmy be any of those conventionally WO 98/ 21381
PCT/ US97/ 20781 11 used for
el ectrol ess nickel plating such as sodi um hypophosphi te.

However, in woRgsisscul arly preferred enbodi ment accordi ng pcrusyrkérsi he
present invention, the hypophosphite reducing agent 5 enployed in the
reaction is a nickel salt or an alkali netal or alkaline earth netal
salt such as cal ci um hypophosphite whi ch further serves to minimze

t he extraneous introduction of sodi cations into the reaction bath.
The use of cal cium hypophosphi-te further provides an additional source

of calcium J$Qeqifh0etberbidsd afickarididiabnsudihed apa@hhon of the desired
cal ci um phosphi te. The amount of the reducing agent enployed in

the plating hypomwmsphiiseat |east sufficient to stoichionetrically reduce
t he nickel caldllek 106 qlofibalany Diekel-dLAkAMLA: LeBBraln

ni ckel netal and such concentration 1s Us y wthin range Bf from
about 0. 05 t toawuprésénhoinventden| j thy hySpphespbhite dgefbeirmntalgentt he

hypophosphi t I 0g | .0t 0 [ .h osphite
i on concgjhnt r%ﬂglgo gf ggbgﬁgsl’?%cgllfg igdéj%gggﬁ% il%)lttg/o?r g%r%&a?léb?“ggggout 12
to 25 g/l w th a#lX20ineoazetrit metikdnsalt sneht agScdleizpobyp@thapphibei ng

optimum The, . ific concentratian o he nickel ions and .
nypophosphi t grich SBEEeE SR ER RAMAEAChuk (olebtBis O MErson o
concent r at i oaf cfodilnes eat ivon dmsbi thenteadtiohhieatttat hThehese of cpaeiwgul ar
operating conditions. of the hath_and, t he types,and 25 concentratipns of
other bath cOVpEHErPE: ?eslélhttq".erAgr%lVlées a@o%@é’rﬁ’i%ﬁ | SPPETT iCe “PhE ¥ Rduci ng
agent wild béentephenbstRdfor facdlitagindeheefsimaiion of the deVAkk@ t he

f or egoi ng di scussi on. co terrepl ates formng a bath fromthe start, it is
possible to F%Jpcf‘dﬁ“ypE‘Sﬁgléﬁ an 30 existing nickel sulfate bath. This is

acconpl i shed by The amount of the reducing agent employed in the plating
bath is at least sufficient:to stoichiometrically reduce the
nickel cation in the electroless nickel reaction to free
15 nickel metal and such concentration is usually within the
range of from about 0.05 to about 1.0 moles per liter. Stated
differently, the hypophosphite reducing ions are introduced
to provide a hypophosphite ion concentration of about 2 up to
about 40 g/l, preferably about 12 to 25 g/l with a
20 concentration of about 15 to about 20 g/l being optimum. The
specific concentration of the nickel ions and hypophosphite
ions employed will vary depending upon the relative
concentration of these two comstituents in the bath, the
particular operating conditions of the bath and the types and
25 concentrations of other bath components present. As a
conventional practice the reducing agent will be replenished
during the reaction.
While the foregoing discussion contemplates forming a
bath from the start, it is possible to rapidly convert an

30 existing nickel sulfate bath. This is accomplished by
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12 i ficorporating an al kaline earth netal salt of an al kyl

sulfonic acid (e.g., calciumnmethanesul fonate) in an anount to

precipitate the alkaline earth nmetal sulfate and | eave the al kyl

sul fonat e asywd@npigekel counter ion. Thereafter, 5 calciuwchysopbgsphite
is slowy added to precipitate the or t hophosphi te. The
baths according to this invention nay contain in addition to the
sources of nickel and hypophosphite other conventional bath additives
such as buffering, conplexing, 10 chelati,ng agents, as well as

accel erators, stabilizers, i nhi bitors and bri ghteners. The
tenperature %nyoQ}Osgﬁaxfﬁig tablea@kaiiﬁw eQ‘Eﬁ:ﬁ hStdiN BRELof an a1 ;unct' on of
the desired rate ating as well as the conposition o t he bath.
Typi cal | y t hesuldéppie aaceprde lies 9wk trhah:lm mﬁhbam#énnabﬂ)alm angesowit fioom
about 25[err] er n ] in a
preferred e 9 c%g ?ér[‘%ﬁ:@@ Ilﬁ?)]éﬁrtlel c%ljth H g%Ji rj?gﬁ%%f'%t%)dn l%é%%e&%]ure is
usual |y aboutamesm}ﬁnate agnthe nivkelt heum:mgeogt f Thymealfoat. 30[ err] to

95 C g Th I I Ih ted
over 20 & brake b PRRIERRES, TSR b R R T O e

at a pH of fnnnmabhumpnﬁuqo to about 10 For an aci di ¢ bath, t he pH can
general ly range f ut H of about 4.3 to
about 5.2 being p ‘Fe‘??&gbs aIESF’ :é%‘?'iﬁ mventb‘ﬁf‘hmafrfémﬁﬁ“&aﬁlrange from

about 7 up t addheibn 1fb witHeh s&uﬁHaQEDf mapkel cind hegpophasihi@et otdwut 9 bei ng

preferred. Since the a tend beconme nore acidic during
i ts operati of°RVeRG ¢ b[aﬁg‘ Fggﬂh‘t <5 S8F ?%P&Séﬁr?%s,c%ieﬁﬂq's

periodi cabl y chelatDiig Cojeiritialj Ou8 | we Xid jalss hede hyraadtb ngstxdin izekspl e and
conpati bl e ) al kal i ne %ggtgnces such as alkali nmetal and ammoni um 30

hydr oxi des, cAPHBAEPER garptidtes. Stability of the

The temperature employed for the plating bath is in part
a function of the desired rate of plating as well as the
compogition of the bath. Typically the temperature is within
15 the conventional ranges of from about 25°C. to atmospheric
boiling at 100°C., although in a preferred embodiment the
particular plating solution temperature is usually about 90°C.
and within the range of from about 30° to 95°C.
The electroless nickel plating baths can be operated over
20 a broad pH range including the acid side and the alkaline side
at a pH of from about 4 up to about 10. For an acidic bath,
the pH can generally range from about 4 up to about 7 with a
PH of about 4.3 to about 5.2 being preferred. For an alkaline
bath, the pH can range from about 7 up to about 10 with a pH
25 range of from about 8 to about 9 being preferred. Since the
bath has a tendency to become more acidic during its operation
due to the formation of hydrogen ions, the pH is periodically
or continuously adjusted by adding bath soluble and compatible
alkaline substances such as alkali metal and ammonium

30 hydroxides, carbonates and bicarbonates. Stability of the
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13 operating pH can al so be provided by the addition of various

buf fer conpounds such as acetic acid, propionic acid, boric acid or
the like in anmbunts up to about 30 g/I Wi th anounts of about 4 to
about 12 g/ | wiossnfssi ypi cal . 5 In practicing the precge®7e078t hi s

I nvention the specific node or procedure enployed i s dependent upon
whet her the stabilization is perfornmed as a batch or as a continuous
process. I n general, however, when the conventional plating 10
operation has been continued under apprqulate el ectrol ess ni ckel
plating conditions, the plating is term nated by w t hdrawal of the

substrate b%ﬁ&a&hﬁgegﬁ ddit aR@bNbe Gfrovided bErdHeNabii9Pis dHukatiohs of the
plating will depend upon several factors such as the quantity of

ni ckel ~net al P¥esy sgmpaunds Guchhas qgssdet acHlatrrEirat e atichpbesiare and

bat h COPRBI Bhe 1ikd SrPbRbSEELGpAE6058HURY 3b°g9ﬂ%ﬁfpgﬂbﬂﬁ9§ H
this invention to add an al kali nmetal or alkaline earth netal cation

such as cal ciiRHt ¢ EBnRPAHt thFe IEbrREMS: AYPHRRI0f ort hophosphite after
the platigng is t%%@é&@iﬂcmgmhe procd3eBY ety Qf &b@ﬁﬁ;ﬂ'&f@ gpééﬁﬂia et al

or alkaline earth met al” phosphite fornmed na I eved” usi ng
appropri at e mode Qgepa@gs¢unﬁﬂempé@Yﬁﬂ(yﬁeéesemﬁﬁnésuaeaaﬂm¢uk;r sbatrifuging or

filtration. Eildnathpeg, \é?‘crforé? % gité}g%re%e aOontinuoREration is a

preferred procedure an be perfor passing the plating
sol ution t hreragessn approprlate filter medi um having a pore size

approxi mate t0 et gR.Lhe  nowebloOhill 2L RNORRELLS Sl ET I Lers having

capture size in e r'ange ow a 5 M T Ons ar Pdbl e for such
pur pose.10 operation has been continued under appropriate electroless

nickel plating conditions, the plating is terminated by
withdrawal of the substrate being plated. The point of
termination or duration of the plating will depend upon
several factors such as the quantity of nickel metal degired

15 for the deposit, plating rate, temperature and bath
composition. It is preferred according to one embodiment of
this invention to add an alkali metal or alkaline earth metal
cation such as calcium to control the concentration of
orthophosphite after the plating is terminated.

20 Removal of the insoluble alkali metal or alkaline earth
metal phosphite formed may be achieved using appropriate
separational techniques such as decanting, centrifuging ox
filtration. Filtration, hoWever, because of the ease of
operation is a preferred procedure and may be performed by

25 passing the plating solution through an appropriate filter
medium having a pore size approximate to entrap the
insolubilized phésphite salt. Filters having capture size in
the range below about 5 microns are suitable for such purpose.

A particularly preferred and advantageous feature of the

30 present invention permits the bath to be operated on a



A particularly preferred and advant ageous feature of the 30 present

I nvention permts the bath to be operated on a WO 98/ 21381
PCT/ US97/ 20781 14 cont i nuous
basis. In conducting a continuous process for the el ectrol ess ni ckel

pl ating bat hgo9fnbhsi S i nvention, the pl ating bath copiradsstsdsit he
desired bath conponents, but preferably with no nore than very | ow

| evel s of the al kali 5 netal or alkaline bath metal cations, is
maintained in a - suitabl e plating vessel or bath zone such as a gl ass
or plastic tank. The plating is al/owed to proceed upon a

sui tabl e substrate under el ectrol ess nickel plating conditions. A

stream porti QhtQhubhis DAL i S ThhetndHingURUSIM inhBus Wt i@ Weof ram the
pl ati ng vessel and passed by appropriate npi ng means to a separation

( pu ,
zone such asckeafasdess griakgdkplating Rakheapt GianipHereien. them the plating
vessel may até.ntc_(hﬁgt% ' QU39 Py THY (s BEa LRA O RARPAL & &£ OBGENE r AL ON

bui | dup an e Wwthdrawal Tate increased or decreased to maintain the
15 desired piefeghble widhitc @ot mare orhageveryl 1w Heivehs apbiithe adkali  nol es

per litep. T onge t.i on phasphite Lss cant okl ed . by the
addi ti onsof 'gﬁecl?gl Pgn%%%lél% g?&%l I ne eacr%fe"ﬁ&r%r%'t g% %gkng%ﬁﬁdoﬁg %o t he
separ ati on zsng&abdefplahigysperdel ¢mdsithbkene suchahkad iglwetsabror al kal i ne

earth nmetal phosphite whi [ .20 to_a remyval zone where the
I nsol uble p osap%lR egiarék‘ cﬁesé]ﬁ%?lz'gbecf%f ra%?ng‘ﬁ‘g 5aPR°%o %?’ipc‘)’ﬁ.aSuch r enoval
zone nmay suigppile psukdtelagebender idfeatrolesomieheil opkd tidesi gn havi ng t he

ability to S:ﬁe&%ri%tigng ar t]—i Cslt%eguinZgosrt:bieolnovovf(’j“gl('x)é'l tba%hSigi t re%n%ogginuously
10 withdrawn from the plating vessel and passed by appropriate
pumping means to a separation zone such as a vessel or tank.
The rate of withdrawal from the plating vessel may be
controlled by monitoring the phosphite concentration buildup
and the withdrawal rate increased or decreased to maintain the
15 desired phosphite concentration generally below about 0.4
moles per liter. The concentration of phosphite is controlled
by the addition of alkali metal or alkaline earth metal
cations to the separation zone to form suspended insoluble
alkali metal or alkaline earth metal phosphite which is then
20 passed to a removal zone where the insoluble phosphite is
separated from the bath solution. Such removal zone may
appropriately be a filter of conventional design having the
ability to separate particle sizes below about 0.5 microns on
a continuous basis. The stream portion of the bath is then
25 continuously returned to the bath zone to continuously add
back to the bath solution replenished bath solution that is
substantially free of phosphite anions.
The continuous process may be thus operated over long

periods of time with the conventional replenishment of the



a continuous basis. The streamportion of the bath is then 25

continuousl:y returned to the bath zone to continuously add back to the
bat h sol ution repl enished bath solution that is substantially free of
phosphi te ani ons. The conti nuous process may be thus operated
over long wooflgs0ds of tinme with the conventional repl eppgdgRsgisof the
WD 98/ 21381 PCT/ US97/ 20781

15 sources of the nickel and hypophosphite plating materials to

achi eve a bath capable of |long plating runs. The i nprovenents

descri bed above had reference to the - ;5 operation of a bath fornulated
fromthe start with the 5 necessary ingredients. However, one can use the

materials  sourcd®Ssf idkRdnhekEl NarddO Qf%l%ﬁﬂﬁté siandry daBLekel s sy fate

bat h and realize the benefits, beit slowy and over a period of

time. Thus, ashdrEe 3 Pakhscandatel HalAng Mlardngepieni shed wit h t he
ni ckel salt of agnal i eWehenis &@c@abwea@vléyhéwé&@x%nég eGGuk 1S
conpatible with the other ingredients in the bat the sane tine

t he hypophospeirebienmiest Pathofrdaped from thepis‘éafﬁtsmahv\x:hm cal ci um
hypophos hi ol Lawi f f by | lustrate
PNl LRees ary lngredﬁ:gx‘??sté i rﬁi%%%@&ﬂf%@kﬁﬁ HE P {%&E&'r g.st

electro ess nicke I's 1 nvention an he 15
nodes of Caﬂhypngbqﬂﬂhamggh tgvxgnhegnsh a standard nickel sulfate bath

EXAVPLE 1 nd. realnyée t‘la‘xf f ?&tt%r X ét begﬂﬁ 51‘109,5! O:me%vcérum pg:p ¢ [fenove

phosphite i ST noVarious el ec Ss ni Y h™%0I1 Ut T on &?pom tions
(NiSgerr] vwdmpi VBfhuss Nikkeb)imm Bhenqhxmé:athesamfbez&epléﬁlm WAGR Was

st udi ed. E 1CLE | ess_ ni spl ut.i ons r when possi bl e
by using cofmer HETY a\}gl %ab?eacﬁ 1é’liz%o(’rméfn lg\e H@?Ey SubfeNgges, such

as t hoseo narkaétetls onjaatibta wiSA thacot;heﬁodhgredléﬂdé inSthé¢ seluh.ungder the
trade nane NIhCh sol d under the trade

5 fe
nane Nikl ad "&¥sTans tlme%k%hh}mog%os V%%orogﬁéﬁtrw §PB Bhder the

tradenanes bepa@osdidHed with calcium hypophosphite.

The following Examples are offered to illustrate the

electroless nickel plating baths of this invention and the
15 modes of carrying out such invention:
EXAMPLE 1

The effects of the addition of calcium ion to remove
phosphite jon in various electroless nickel bath solution
compositions (NiSO, vs NiMSA vs NiHypo) on the properties of

20 the coatings was studied.

Electroléss nickel solutions were prepared, when possible
by using commercially available complexor and/or buffer
packages, such as those marketed by Atotech USA, Inc., Rock
Hill, SC (sold under the trade name Nichem), MacDermid,

25 Waterbury, CT (sold under the trade name Niklad systems),
'Shipley, Marlborough, MA (sold under the tradenames Duraposit,
Niculloy systems), Fidelity, Newark, NJ (sold under the
tradename Fidelity EN systems) and Ethone, New Haven, CT (sold
under the tradename Enplate systems). In the examples Nichem

30 2500 products were used.



Ni cul l oy systens), Fidelity, Newark, NJ (sold under the tradenane

Fidelity EN systens) and Et hone, New Haven, CT (sold under the
tradenane Enpl ate systens). In the exanpl es Nichem 30 2500 products
wer e used. WD 98/ 21381

PCT/ US97/ 207%98/2 16 PC'I'/US97120781 The
el ectrol ess nickel solutlons ver e formul ated as f ol

Sol ution 1A: Based on N ckel Sulfate A connerC|aIIy avai l abl e
make- up and repl eni shnent 5 sol utions from Atotech USA, Inc. sold under
t he trade nane Ni chem 2500 were u . The nickel sulfate was the

Ni chem 2500 A solution; fromthis stock solution, 80 m /| was added
on make- up.pyi 6DES: A5 B ¥eRe AU 8bnd 5L, Asbn%mﬁaeéaeay nal

vol ume was 1000 m. During plating, the concentration of the

conponent s weallewisnt ai ned using 80 mi /I Nichem 2500 A and 80 m /|

Ni chem 2500 £ RgY; | & l Nic Lion 1B: Based on N cke

Met hanesul f onate stoc | sol uti on was prepared by

di ssolving 150 A comygetrciiIdy evellalnicomaBe- \F@/dndoft“E?D%i\.Bmenfo this

Same SN eSO e el Dot Epke Y, £AS Haad Hell "t TN

same conponent s ‘were use %

Ni chem 2500 Wjcteamd 2sepl weshmerit (B9 Nickein 2B(atE) was the rnaspemtzm y.
Sol ution 1C , Base p h st.ack

Ni (Herr] Pq er rﬁs")“gé??] utthlc_)% \%g‘;s]&é%é)ll%rgéan’b 8Odlmsl %)Iv\"/asnga d °% gms

ni ckel car bomtee-upnt ONiaﬁemnzs@fo ): | W/oatdxipdphoapﬂmmlﬁlamdj the final
vblume was 1000 ml. During plating, the concentration of the

16 components was maintained using 80 ml/l Nichem 2500 A and 80
ml/)l Nichem 2500 C per metal turnover.

Solution 1B: e i 1 L e
A stock Ni(MSA), solution was prepared by dissolving 150
g/l NiCO5y into 360 ml/l of 70% MSA. To this solution was

15 added 0.031 g/l Cd(OEs),; and 0.025 g/l thiourea. The same
Nichem 2500 B and C components were used for makeup (15%
Nichem 2500 B) and replenishment (8% Nichem 2500 C),
respectively.

td : se i H ite

20 A stock Ni(H,PO,), solution was prepared by dissolving 70
gms nickel carbonate into 156 ml of a 50% hypophosphorus acid
solution followed by dilution to one liter. The final
concentration of Ni*2 was 35 g/l and HoPO,~™ was 78 g/l. To
this solution was added 0.014 g/l cadmium ethanesulfonate,

25 Cd(OEs),, and 0.009 g/l thiourea. A total of 171 ml/l of this
stock solution was added on make-up of the electroless nickel
solution. By adding the Ni*2 as Ni(H,PO,)5, 13.6 g/l of
HyPO,~™  (22.5 g/l as NaHyPO,.Hy0) is also added from this 2
component. Therefore, it was necessary to modify the B

30 component to compensate for the hypophosphite addition from



solution followed by dilution to one liter. The final concentration of
Ni[err] was 35 g/l and Herr]PJerr] was 78 g/l. To this solution was
added 0.014 g/| cadm um et hanesul fonate, 25 Cd(CEs)[err], and 0.009 g/l
thiourea. A total of 171 m /I of this stock sol ution was added on

make-up of tREegd8&t r ol ess ni ckel sol ution. By addi ngpdyissotbdrgy r] as
Ni (Herr]POJerr])[err], 13.6 g/l of Herr]PJerr] (22.5 g/l as

NaH err]PJerr].Herr]O is also added fromthis A conmponent .
Therefore, it was necessary to nodify the B 30 conponent to conpensate for
t he hypophosphite addition from 17 WO 98/ 21381

PCT/ US97/ 20781 17 the A

conponent . Thge tmlc%{asae@@dﬂé[emuﬁ&n%at tat? WnlREFac ions waks0 nodi fied
to account for the added volune of the A nponent during make-up and

repl eni shnenglso modified tq\ aGswpBhefRT Bheopdded Wp‘@ﬁh@%p‘met & bath was

duced t0 gobdin | on the fol |
Conpos ti on: Coboent! BB iyl b Qc Adplopt ppidie 1 (01 7 "

Lactic Acid - 20® gpmbonent B for the Hypaphppphifs dbath]1@@s rdydduced to

E;&E’" oni AC#% s:.m%iam (:J) Nﬂcq{EM EB?% or rt] %er : _foi.égvblglllré composition: A

Corrponent C (for repl BaEsPOpAP 050 td¥d Hypophosphite bat h was

produced to be siml |.Ch (fS&It had the 15 follow ng
conposi tion: “La é&é\lzgﬁg %) /err] Herr]O 95 g/l ,

Acetic Acid - 100 ml/1

Propionic Acid - 15 ml/l
10 Glycine - 35 g/1

NaOH - 125 g/1

Pb(NO3)5 - 15 ppm

A Component C (for replenishment)for the Hypophosphite
bath was produced to be similar to NICHEM 2500C. It had the
.15 following composition:
NaH,PO, .Hy0- 95 g/l
Lactic Acid - 5 ml/1l
Acetic Acid - 2.5 ml/1
Propionic Acid - 1 ml/1
20 Glycine - 2 g/1
NaOH - 30 g/1
NHy - 3 ml
Pb (NO3) > - 150 ppm
CA(OEs), - 150 ppm

25 The volumes of the B and C components remained the same,

15% and 8% v/v, respectively as in Solutions 1A and 1B.



. Lactic Acid - 5 nl/lI Acetic Acid - 2.5 m /I

Propionic Acid = 1 m /I 20 A ycine -.2 g/l

NaOH - 30 g/l NH[ err] -3 m

Po(NgJ err])[err] - 150 ppm Cd(OEs)2 - 150 ppm 25

The vol unes vah oddiss1B and C conponents remai ned the same, pcrwseiisiand 8%
v/v, respectively as in Solutions 1A and 1B. ; WO 98/ 21381
PCT/ US97/ 20781 ' 18 Resul t s of
the Addition of Ca+2 to Each of the Sol utions A-Ef fect of Solution
Age (Metal Turnover) on Deposition Rate;g The rate was determ ned
from wei ghi ng Iow carbon steel coupons before and after plating. The
wei ght of thggeu1bs & 6 856idh eelass 1 24 ubyotde pl ated
surface ar ea to gl ve gr ans of ni ckel phosphor us coat| ng per

A-Ef§ solatien AgeryiMetad) Turnoye

centineter density

of this CO%@. nﬂateh,%sgéeaéﬁﬁlrnled E:Porglv)é%gﬁlﬁ? féwe:%%bbﬂ &@é&ﬂ meters
whi ch was then converted to mcrons. 10 hree coatings were

smoot h and tduglns upefare fpdeatter plRFERg- Iﬁ['hgewemﬂlt athé&hsur f ace
mor phol ogy Qfy Bkl oiddLGickel LAEPAY uaswgmd%a Ol,aéh@splga@&agﬁlefageed usi ng

scanni ng el ectron m croscopy. At three MK surface nodul es are
seen in arephbo sgirfeagranFhef enynkgd-phosphoraloaratzing pefrerefminatesi ze. At

square (g/cm?). This value was then divided by the density of
this coating, 7.9 g/cm3, to give a thickness in centimetérs
which was then converted to microns.

140 All three coatings were smooth and bright up to three
MTOs. In general, the surface morphology of all three
deposits were similar as characterized using scanning electron
microscopy. At three MTO, small surface nodules are seen in
the surface. These nodules are about 2 - 5 um in size. At

15 about 4 MTO, the small surface nodules are increasing in size
to about 5- 10 pm. Several small nodules are often seen lying
adjacent to or on top of existing surface nodules. At 5 MTO,
large nodules are still dispersed throughout the surface but
numerous smaller nodules, 1 - 3 um, completely cover the

20 surface of the EN deposit. At 6 MTO, the smaller nodules grew
to about 2 - 6 uh. Many smaller nodules are again seen
growing on existing nodules. These rounded-mounds are
surround by crevices. At 7 MTO, the crevices surrounding the
nodules appeared to have deepened. Small cracks are started

25 to propagate throughout the surface of the EN deposit. At 8
MTO, large nodules with smaller superimposed nodular
structures cover the surface. The crevices were deep.

After 8 MTOs and analysis for orthophosphite, HyPO3~, a

stoichiometric amount of Ca*? was added to the solution as



15 about 4 MIO, the small surface nodules are increasing in size to
about 5- 10 [err]m Several small nodules are often seen |lying

adj acent to or on top of existing surface nodules. At 5 MIQ | ar ge
nodul es are still dispersed throughout the surface but nuner ous

smal | er noduly@dspribst 3 [err]m conpletely cover the 20  perbssoeorsi t he EN
deposit. At 6 MIO, the smaller nodul es grew to about 2 - 6 [err]m
Many smal | er nodul es are agai n seen growi ng on exi sting nodul es.
These rounded- nounds are surround by crevices. At 7 MIO the crevices
surroundi ng the nodul es appeared tgg have deepened. Snall cracks are

started 25 to propagate throughout the surface of the EN deposit. At 8
MO, | arge noslwigzg ,wich hs swredd & aaupsero mp@ﬁeﬂaﬂ@@unf@hate) HAfteeWdi@s cover
the surface. The crevices were 8 MIGs and anal ysi s
f or orthophoElb?nth?ClPlf‘E?'F?'P(ﬁae(rHﬂ]?%%Q was ceupvatl %Fﬁ%&rmt of Ca*2 was
added to the sol yfir@R fBe ca*? treatment, YRe88/KdRAts present after 8

PCT/ US97/ 20781

Ca( MBA) [ er r | M¥A. o thrtaf539PeaTd COmPL et RANERER f%ﬁ&tlé}carmltYemﬁva%d

the precigpi t §f &3 fcabhheiddHideLhbh) trdsd ma\éaanrﬁm\é%gebynfaéﬁors%wﬂ

After the Ca+2 treatnent, these nodul es present after MIO ei t her
di sappear coﬁ?ﬂ%teé:lc?P‘érf%rfé"-esF‘gﬁl‘ﬂ catiRyer eyrikasy T51$ nside BAd density
and there wﬁ@hglgs:_ée@é@om depegé tih o becé@stee BXeeHt Jrfy cgb&\m ckel
sul fate system This is due %nc“o l ete renoval of

H err] PQ er r jobétguseasoing (S*fltthhéh%aﬁ‘tlif@\#ﬁ ion. jon was reactl ng with the

sulfate ion. papye 1 T8l oE dAGH 185 A UMeRD1 ABE-HNVRES! od UWdARLEE) 08"

Deposition
10 Rate
Deposition Rate (microns per hour)
IA 1B 1C
MTO NiSO, NiMsSa NiHypo
0 20.3 20.7 19.3
15 1 20.7 18.8 21.4
2 19.3 18.2 20.5
3 19.8 18.1 19.3
4 18.8 17.4 18.9
5 18.7 18.1 18.8
20 6 17.9 17.7 19.6
7 18.2 16.5 17.9
8 17.2 16.2 18.5
9 17.1 18.5 19.9
10 16.2 18.7 19.2
25 - Bffect of Solutio e t \'4 on Stre in Nicke

The internal stress was measured using stress strips
obtained from Specialty Testing and Development Co, Fairfield,

PA. The stress tabs were cleaned by immersion in a mildly



10 Rat e

Deposition-.Rate-(m crons per hour) I A 1B

1C MIoO Ni SO err] Ni VSA Ni Hypo

20. 3 20.7 19.3 15 1 20.7 18.8

21. 4 : WO 9821383 19.3 18.2 20.5 PCT/US97/20781 3

19.9 18.1 19.3 4 18.8 17. 4 18.9
5 18. 7 18.1 18.9 20 6 17.9 17.7
19.6 7 18.2 16.5 17.9 8

17.2 16. 2 18.5 %0 17.1 18.5 19.9
10 16. 2 18.7 19.2 25 B- Effect of Solution Age (Metal

Turnover) on Si-898ei SoNitch®l at 50°c @2t EDfteen seconds. TAEtePl LA sStress
was neasured using stress strips obt ai ned from Specialty Testing and

Devel opment Goinsegi r the|tpbs were gniedrgadsyeighed-ab3 iRy elatdanethoy

i mrersion in & m.ldly,; re-weid@ad®8h4 138! weigh of th ti
PCT/ USO7/ 20781 © 0~  be Wers ¥e 10iid SR OF b CORTIRT B8 ne

sol ution at FErlcufigked| f tBen s§zesndRs Aheprdekarained frow theegtrime t abs
vere dried and,welabedye At Goshl ahd eddli®y of thetbEPEnd!dd BRUPISe
re-wel ghe and the wei g?’n of "t ﬁe coati1 ng was cal cul at ed. e stress
was t hen det eimithedappbimatiensbpipetin from Specialty Testing and
Development Co.
Initially, the stress in all deposits was compressi&e
which increased in magnitude through 2 MTOs. BRBetween 2 - 7
10 MTOs, the stress gradually increased in all the coating but
remained compressive until about 7 MTO.
After 8MTOs, when the stress was tensile, and after
analysis for orthophosphite, HyPO3”, a stoichiometric amount
of ca*2 as Ca(MSA),, was added to the solution and the
15 precipitate was removed by filtration. Complete removal of
HoPO,;~ in the NiMSA and NiHypo solutions caused the stress to
revert back from tensile to compressive. The NiSO4 solution
gtill exhibited a tensile stress because of the difficulty of

removing all the HyPO3 . Note the stress after HyPO3™ removal

20 is about the same as in the original solutions.



5 constant, weigh gain and density of the coating as descri bed in the
application bulletin from Specialty Testing and Devel opnment Co.
Initially, the stress in all deposits was conpressive whi ch i ncreased
in magni tude through 2 MICs. Between 2 - 7 10 MIGCs, the -stress gradually

i ncreased i nwalegiske coating but remai ned conpr essi VicrAiNstbo7gdoout 7
Mro After 8MIGCs, when the stress was tensile, and after

anal ysis for orthophosphite, Herr]PdJerr], a stoichionetric anount

of Ca[err] as Ca(MsSA)[err], was added to the solution and the 15
precipitate was renoved by filtration. npl ete renoval of

Herr]PJ err] in the Nl MSA and N Hypo solutions caused the stress to

revert back &8 tengicksct %ﬁ%‘&ﬁﬁ@%‘é@h ThecdN %%%Lrﬁ%ytét%ss jn Still
exhibited a tensile stress because of e difficulty of removing al

t he H[err]F(FE@kql Quaténghe stress after Herr]PQJerr] renoval 20 is about
the sanme as in the original sol yhiQNS 1 arress (PSI) WO 98/ 21381

PCT/ US97/ 20781 21 Tabl e 2.
Effect of Solution Age (Metal Tulhover) on StBess in I ckel Coating
|1?;t ergal gStress (PSI)I\%'[18 Nﬁlls%‘bél NiM% VEA 1A NiHypo \ H;l/go
0 -10500 0 -509710500 - SB00 ~7300 1
9%, i S VRN
- 7200 . 2 -9250 -13800 -8500
3 -8700 -8400 - -7200
10 4 -8200 -7500 -5000
5 25400 -3200 -3800
6 -2800 -1050 -2100
7 -1100 - +550 -150
8 +850 +1025 +2000
15 9 +1700 -8345 -5100

10 +3200 -7450 -6100



10 4 - 8200 - 7500 - 5000

5 - 5400 - 3200 - 3800 6
- 2800 - 1050 -2100 7 -1100
+550 -150 8 +850 +1025
+2000 15 WO 98/21381 9 +1700 - 8345 pcT/US9720781 5100
10 : +3200 - 7450 -6100 WO
98/ 21381 ' PCT/ US97/ 20781
22 Exanpl e 2 No Buil d-Up of
Extraneous lons Such as Sodium Sul fate gad Met hanesul f onat e.
The follow ng solution conpositions were prepared: 5
Sol uti on Sol uti on Sol uti on S
2B
.- BuildaUp. of A4ixtrea long Su NEURERLe 1 apr )
o/l --- Methanesulfonate. 19.2 . 19.2 10 MSA m /1
--- ' --- --- 14. 4 as Ni[err g/l 6
6 Bhe followigg solutijof. CPEPAFIEONS KWeYe Py$pPare 30
30 5 30 Acetic §516¥10n ”‘ébl&éﬁon Solution® Solution15
15 Proplonlc Acid m/ 5 5 15
H[err]PC{err] n1/| 4£A 234 2C 17.4 2D 17.4
! dyg., 025 1 25 .__ 25 -_.. 30 __._
Pb(l\lqerr])[err?4q 2 ?/ 0. 003 0. 003 0. 003 .0. 003
Ni (MSA) .XH,0 g/l -—— 27 -——- -
Ni (HyPO5) g/l --- --- 19.2 19.2
10 MsA ml/1 --- --- --- 14.4
as Nit+2 g/l 6 6 6 6
Lactic Acid ml/1l 30 30 30 30
Acetic Acid ml/1l 15 15 15 15
Propionic Acid ml/1 5 S 5 5
15 H3PO, ml/1 44 44 17.4 17.4
NaOH g/l 25 25 25 30
Pb (NO3) 5 g/1 0-003 0.003 0.003 0.003
Cd(OEs) 5 g/l 0.0024 0.0024 0.0024 0.0024
Thiourea g/l 0.0016 0.0016 0.0016 0.0016

20 NH3 g.s to ph 4.8
Notes:
1. The nickel sulfate solution was prepared using nickel
sulfate crystals (333 g/l1); the final concentration of Ni+2
was 75 g/l. To this solution was added 0.030 g/l cadmium

25 ethanesulfonate, Cd(OEs),, and 0.020 g/l thiourea. From this
stock solution, 80 ml/l was added on make-up of Solution A.
2. The nickel methanesulfonate solution, Solution B, was
prepared by dissolving 150 gm of nickel carbonate into
approximately 360 ml of 70% methanesulfonic acid and water so

30 the final concentration of Ni*2 was 75 g/l. To this solution



Cd(OEs)[err] g/l 0.0024 0.0024 0. 0024 0. 0024

Thi ourea - g/l 0.0016 0. 0016 0.0016 0.0016 20 NHerr]
g.s to ph 4.8 Not es: 1. The nickel sulfate solution was
prepared using nickel sulfate crystals (333 g/l); the final

concent r at i owodsridsi err] was ‘75 g/l. To this sol uti opcwess7acged 0. 030
g/l cadm um 25 et hanesul fonate, Cd(OEs)2, and 0.020 g/l thiourea. From
this stock solution, 80 m /I was added on make-up of Solution A

2. The nickel nethanesul fonate solution, Solution B, was prepared by
di ssol ving 150 gm of nickel carbonate injp approxi mately 360 m of

70% net hanesul fonic acid and water so 30 the final concentration of

Ni[err] was ¢&s Hdded §0088i $/1S @adhi @R ethanesulfonate V\Qig&és%3238¥nd
PCT/ US97/ 20781 was added

0.030 g/ cafmMfnFhiReSursnafEon CicESFPekrgoluign. 86 “‘10(.102'699/ I

t hi our ea. Frggag&no% ggggkuﬁcgfjtgoQﬁtlépgﬂ /'l was added on nake-up of
Sol ution B. . The ni ckel l?éop hosphite sol ution, Solution C, was

prepared 53- bqujlné%P;\'nh@omm@ ite edntéanboirlusiont @ M56 wirephred 50%
hypophosghor ys &gsgl%eh%twws%hew@ﬁ mb@hguéu[e”?semﬁl 9 2 sb%t% The

final concentration of [erT] and s 78
g/|. To thishgepricsghovns agidegodupien g‘-/ollleaﬁlﬂlmdllutlmetﬂmmsul f onat e,

C(CEs) 2, angs 0,009 rfle! el UL WURRenrd I o8 widD wasl il O} larl ulBbS- Stock

sol uti on was d to ectroless nic sol
The m xed coum €18- igdh - soTattihdrs, sShhthdmowaBb, addesd [or. @pargdl asdmium

ethanesulfonate, Cd(OEs),, and 0.009 g/l thiourea. A total of

10 171 ml/l of this stock solution was added to make the
electroless nickel solutiomn.
4, The mixed counter-ion solution, Solution D, was prepared as
in Note 3. To this solution was added 14.4 mi/1
methanesulfonic acid.

is 5. The reducing agent, hypophosphite (H,PO,”) was added as the
acid, hypophosphorus acid. The addition of 44 ml/1l of a 50%
solution yielded 22 g/l as HyPO,~ (30 g/l as NaH,PO,).
6. A calcium hypophosphite solution was prepared by dissolving
75 g calcium carbonate, CaCO5, into 196 ml of a 50%

20 hypophosphorus acid followed by dilution to one liter. This
gave a final Ca*2 concentration of 30'g/l and H,PO,” as 97.5
g/1.
7. A stock solution of thiourea was prepared containing 1 g/1.
8. A stock solution of cadmium ethanesulfonate was prepared

25 containing 14 g/l.
9. A stock solution of lead nitrate solution was prepared
containing 11.2 g/l.
10. The pH of all solutions was 4.8 - 4.95 and the operating

temperature was held between 89 - 92°c.



in Note 3. To this solution was added 14.4 m /| met hanesul foni ¢ aci d.
15 5. The .reducing agent, hypophosphite (Herr]PJerr]) was added as the

aci d, hypophosphorus acid. The addition of 44 m /I of a 50% sol ution
yielded 22 g/| as Herr]PJerr] (30 g/l as NaHerr]PJerr]). 6. A

cal ci um hypoghpsmBiHsi € sol uti on was prepared by di ssol ving peruser2brse
cal cium carbonate, CaCJerr], into 196 m of a 50% 20 hypophosphorus acid

followed by dilution to one liter. This gave a final CaJerr]
concentration of 30 g/l and Herr]PJerr] as 97.5 o/ l. 7. A
stock solution of thiourea was prepared gpntaining 1 g/l. 8. A stock

sol ution of cadm um et hanesul fonate was prepared 25 containing 14 g/1l.

9. A stock SQiUtA Os'%o%fc ES&Q\::[BI{ gt Ba BAIL QBsVESe ng%EaﬁﬁddlssolnﬁBnt ai ni ng
11.2 g/l. The pH of all solutions was 4. . th

operating 150 Q/énﬁéﬁﬁia utRE AP Oh L dnefdiapesnlBonic gpig. The solution WD

98/ 21381 SCHU g?é 0781 -
filt d fingl trat £
24 11. WaASs ock sol %ﬂlor?lg gf Ca ccmce&/alsﬁ-=l plf epar e§ b /Zdlasson ng

150 g/ CaCCpedr3se ov'd m@@hmea@tﬁh_awesul fonic acid. The sol ution was
filtered gi nggnoithega' gf&xf}gahtsrekhafeso 6@ géad@&esagsrré lenishndd 286

g/l met hanesu ate ese solutions studies re &Rt ed on
repl eni shmenand removafdof emnka:lphoépbxttmdpﬂgegph) te (Herr]P(Jerr])
Exanpl e 2A - N Sulfate Sol ution St eel coupons were cleaned in'a
m | d al kal i ne cl eaner

E ~ NiSulfate So i

Steel coupons were cleaned in a mild alkaline cleaner
followed by immersion activation in 10% hydrochloric acid
10 solution, room temperature for five seconds. The coupons were
weighed before and after plating in Solution A.
Coupon #1 -
weight before plating - 7.9243 gms.
Weight after plating - 10.028 gms.
15 Total weight of deposit - 2.1037 gms.
(Represents about one-third of a metal turnover)
With no coupon in solution, added 26 ml of stock nickel
sulfate solution, 1.87 ml stock thiourea solution, 0.30 ml
stock cadmium ethanesulfonate solution, 0.30 ml stock lead
20 nitrate solution, 75 ml stock calcium hypophosphite solution
and 5 ml ammonium hydroxide. Let golution mix for thirty
minutes then filtered. Reheated solution to 90 C.
Coupon #2 -
weight before plating - 8.0211 gms.
25 weight after plating - 10.0728 gms.
Total weight of deposit - 2.0517 gms.
{(Represents about one-third of a metal turnover)
With no coupon in solution, added 26 ml of stock nickel

sulfate solution, 1.87 ml stock thiourea solution, 0.30 ml



foll owed by inmmersion activation in 10% hydrochloric acid 10 solution,

roomtenperature for five seconds. The coupons were wei ghed before
and after plating in Solution A Coupon #1 -

wei ght before plating - 7.9243 gns. Weight after plating -
10. 028 gns. wbDsn13s1 Total wei ght of deposit - 2. 10Bcrrgsd8,20781
(Represents about one-third of a netal turnover) Wth no coupon
in solution, added 26 m of stock nickel sul fate solution, 1.87 m
stock thiourea solution, 0.30 ni stock cadm um et hanesul f onat e
solution, 0.30 mM stock lead 20 nitratg solution, 75 m stock cal ci um
hypophosphite sol ution and 5 m ammoni um hydroxi de. Let solution mx
for thirty stocmicaaﬁ@ﬁmtémntaishlﬁéﬂie Behasli&d, okt hONstk90eba

Coupon #2 - i ght before platlng - 8.0211 gns. 25

wei ght aftern¥ﬂ€ﬁFﬁn§°1“%}PqJ7?§ Bhsstock calcium hypophegphiteysicghtien deposit

- 2.0517 gMBand 5 ml ammonium hy(i?éﬂiﬁemb%taggﬂltl%emagl f&' Q:fhlilt{mt al
t urnover) Wth no coupon in solution, added of stock nickel

sul fat e sol unimiresithon nfildeyer - th*?hﬁaé&dsépmtim tQ. SD Chd
WO 98/ 21381 Coupon # PCT/ US97/ 20781

25 stock ca n1un1ethanesu|fonate solution, 0.30 nl stock |ead
nitrate solution, 75 W¢l§hﬁnﬁ€féaﬁcPlﬁﬁﬂ?gpopﬁd@ﬁHJE@Ssolution and 5 ni

ammoni um hydroxi de. Lgl; $f) Yead Feddy L7837 gme.
Total weight of deposit - 2.0916 gms.
(Represents about one-third of a metal turnover)

10 With no cbupon in solution, added 26 ml of stock nickel
sulfate solution, 1.87 ml stock thiourea solution, 0.30 ml
stock cadmium ethanesulfonate solution, 0.30 ml stock lead
nitrate solution, 75 ml stock calcium hypophosphite solution
and 5 ml ammonium hydroxide. Let solution mix for thirty

15 minutes then filtered.

After three coupons, approximately 6 g/1 Ni*2 was plated
from solution representing one metal turnover. The total
amount of calcium hypophosphite added after the three coupons
was 225 ml/l. Therefore, 6.75 g/l of Ca*2 (0.17 M) and 22 g/l

20 of H,oPO,~ was added. Analysis for hypophosphite (H,PO,~} and
orthophosphite (H,PO3~ ) was done using a standard iodine and
thiosulfate procedure. Analysis showed the electroless nickel
solution contained 23.8 g/l HpPO,™ and 14.7 g/l HoPO3~. For
one metal turnover, approximately 27 g/l of HyPO3~ (0.33 M)

25 are formed in solution Therefore, enough calcium was added
from the calcium hypophosphite stock solution to theoretically
precipitate all the H,PO;~ from solution. However, a fraction
of the calcium must have reacted with the sulfate since there

is still a considerable amount of H,yPO3~ in solution.



m nutes then filtered. Reheated solution to 91 C 5 Coupon #3

wei ght befere plating - 7.9461 gns. wei ght after plating -
10. 0377 gns. Total wei ght of deposit - 2.0916 gns.
(Represents about one-third of a nmetal turnover) 10 Wth no coupon
in solution,wgdgads26 mM of stock nickel sul fat e solpdTi@er2038187 ™M
stock thiourea solution, 0.30 m stock cadm um et hanesul fonate
solution, 0.30 m stock |ead nitrate solution, 75 m stock cal cium
hypophosphi te sol ution and 5 m amoni um hydr oxi de. Let solution mx
for thirty 15 mnutes then filtered. After three coupons,
approximately 6 g/l Ni[err] was plated fromsol ution representing one

nmet al turnoEEamg%jgezépt@n!se So%lz%%ﬂ[!nt of cal ci um hypophosphite added after
t he three coupons was . Therefore, 6.75 g/l of Ca[err] (0.17
M and 22 g/ 28teel aqumonkPetrs rleansdatied mildnalkeadliinef glesygophosphite
(Herr]PQ te{ch)loagg by imn;[%rhrgtﬂgzq &Q@a%?o#!{(f?%kpﬁgfééhﬂor Sag:(L) e using a

standard i odi né "an I osul fate procedure. ysi s showed t he
el ectrol ess suleitébn, roonmsglempeoatwenttarnéive 3egogds . HTher cP@Gpens Jweard 14. 7

/1 H P - I imately 27 g/l of
a[e”][gr Earr e%%é%Sb%orezgndgggt%ﬁ%&tjh}{%nlg}g%)ﬂlgggﬂ%’L?Eelfgrg, engugho

cal ci um was addedoupon #ir om t he cal ci um hypophosphite stock solution to

theoretically precipitate all the Hery]lPO,err] from sol ution.
However, a fraction weleﬁ’c? %f: 2T l&tﬁﬁ?ws{'sﬁaveg?;eact ed with the sulfate
since there i s steidghtaatoasigletdbye- aammmok ghsH err] PO err] in
E’(C):[I';JUS(QJQI 20781 Totalvvvaegéggﬁtzj'osz%eposit - 1.9758 gms.

10 (Represents about one-third of a metal turnover)

With no coupon in solution, added 26 ml of stock nickel
methanesulfonate solutibn, 1.87 ml stock thiourea solution,
0.30 ml stock cadmium ethanesulfonate solution, 0.30 ml stock
lead nitrate solution, 75 ml stock calcium hypophosphite

15 solution and 5 ml ammonium hydroxide. Let solution mix for

thirty minutes then filtered. Reheated solution to about

90°C.
Coupon #2
weight before plating - 8.2246 gms.
20 weight after plating - 10.3369 gms.

Total weight of deposit - 2.1123 gms.
(Represents about one-third of a metal turnover)
With no coupon in solution, added 26 ml of stock nickel
methanesulfonate solution, 1.87 ml stock thiourea solution,
25 0.30 ml stock cadmium ethanesulfonate solution, 0.30 ml stock

lead nitrate solution, 75 ml stock calcium hypophosphite
solution and 5 ml ammonium hydroxide. Let solution mix for
thirty minutes then filtered. Reheated solution to about

o
90 C.



26 Exanmpl e 2B. Ni MSA Sol uti on ' St eel coupons were cl eaned
in a mld al kal i ne cl eaner foll owed by imersion activation in 10%
hydrochl ori c acid solution, roomtenperature for five seconds. The
coupons were 5 weighed before and after plating in Solution B.

Coupon #1  wo es21381 wei ght before plating - 7.8244 owa/us9e7/20781

wei ght after plating - 9.8002 gns. , “~ Total weight of deposit-
- 1.9758 gns. 10 (Represents about one-third of a netal

t urnover) Wth no coupon in solution, added 26 ml of stock

ni ckel net hanesul fonate sol ution, ,4.87 nl stock thiourea solution,
0.30 m stock cadm um et hanesul fonate solution, 0.30 m stock | ead
nitrate sol uti oneojlﬁx{ﬁmst ock cal ci um hypophosphite 15 solution and 5 m
ammoni um hydr oxi de.” Let solution mx for thirty mnutes then
filtered. Reheated soledghbnbefrrsh@dating - DEFER rIG- Coupon #2

wei ght before plating,o;Bt2260-9%atidd - 9.7808 _weight after plating -
10. 3369 gns. eig T%tgiavxé%ght of depdsit - 2.1123 gns.

(Represents about oné&athilrweidhta ofetdabosily novep346 gms. Wth no coupon
i n sol ution, added 26‘5%5?&3{9%%%055%'%“ get hapgsyl EQ%\%EM ution,

1.87 m stock thioure ut1 on, m stock cadm um
et hanesul f onat e €othutnocoeupeBOinrisodubiém, added| 2adndnicfr steckolidlkiedn, 75 ni

stock cal ¢y AYRORNGSRNLL Cootutions OLUbY QY ARAR (Il AIIBNL AT My OXi de. Let
solution m X r ?Il’?y m nut es en 11 FEI’Edl. enea EdtSC?lUtIOI’l to
about 096p et |stlock cadmium ethanesulfonate solution, 0.30 ml stock
lead nitrate solution, 75 ml stock calcium hypophosphite
10 solution and 5 ml ammonium hydroxide. Let solution mix for
thirty minutes then filtered.

After three coupons, approximately 6 g/l Ni*2 was plated
from solution representing one metal turxrnover. The total
amount of calcium hypophosphite added aftex the three coupons

15 was 225 ml/l. Therefore, 6.75 g/1 of Ca*2 (0.17 M) and 22 g/1
of HyPO,~ was added. Analysis for hypophosphite (H,PO,”) and
orthophosphite (H,PO3~ ) was done using a standard iodine and
thiosulfate procedure. Analysis showed the electroless nickel
solution contained 21.3 g/l H5PO5,” and 1.4 g/l HyPO3~. For

20 one metal turnover, approximately 27 g/l of HyoPO3™ (0.33 M)
are formed in solution Therefore, enough calcium wags added
from the calcium hypophosphite stock solution to theoretically
precipitate all the H,PO;~ from solution. It appears that
most of the calcium reacted with the orthophosphite and the

25 phosphite was removed from solution via filtration.

e 2C - Ni sphit lut]

Steel coupons were cleaned in a mild alkaline cleanerx

followed by immersion activation in 10% hydrochloric acid

solution, room temperature for five seconds. The coupons were

30 weighed before and after plating in Solution C.
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27 ' . Coupon #3 wei ght before plating - 7.8562 gns.
wei ght after plating - 9.7808 gns. Total wei ght of deposit
- 1.9246 gns. 5 (Represents about one-third of a netal

t ur nover) wo0982138t Wth no coupon in solution, added 26 mCTWRI7TRIBLK

ni ckel net hanesul fonate solution, 1.87 m stock thiourea solution,
0.30 m stock cadm um et hanesul fonate solution, 0.30 m stock | ead
nitrate solution, 75 nl stock cal ci um hypophosphite 10 solution and 5 ni
ammoni um hydroxi de. Let solution m x foks thirty mnutes then
filtered. After three coupons, approximately 6 g/l N [err] was
pl at ed f r oncewpatt ifan representing one netal turnover. The total
anount of cal cium hyp hosphjte add d after hree coupons 15 was 225
m/l. Therefore, ?‘@ %%‘[ ]a &69174@33%9‘2% g/ | of

Herr]POerr] was add%lgﬁlﬁahyﬁéﬁ dlek ihypopimwaphbtgnd H err] P err]) and
ort hophosphite (H err] Pq err].). was done usi ng a_standard i odi ne and
C

thiosul fate procedur e.T%f YSHESHEIWEEPPRES €1 éctrHBF % ni ckel

sol ution gontai ned 21. &@erséﬁeé rddddee6hé - Gl of Q/rhedélheEﬁl-xE’&Ié?cr)r] For
20 one netal turnover, approximately 27 g/l_of Herr] errl 33 M
nic

are formed in sol B MOTIGENBPRrE S248GEPR ¢ A9dednT hadl éifdéﬂ"c k1“-‘|="-om t he

cal ci um hypopgg ?ﬂaéxﬁns_ieogk»la@iw QN 9bOmi NAURL bEdbhYea solut BhECIRbbate all
the Herr]Pgeérr] fromsolution. It appears that nost of the cal ci um

react ed w t h"heteek rasesphetangrplfprateoFolykdsphit Snad seemvdeafir om
sol ution via fl't&:&ﬁét%&r\'ztlon, 30 Exla/rpbstﬁcpongl prepf%@%aehﬁs)}&&dgn

St eel coupons were cleaned in a ml kA cl eaner
10 and 5 ml ammonium hydroxide. Let solution mix for thirty

minutes then filtered. Reheated solution to about 90°C.
Coupon #2 -
weight before plating - 8.1278 gms.
weight after plating ~ 10.0821 gms.
15 Total weight of deposit - 1.9543 gms.
{Represents about one-third of a metal turnover)
With no coupon in solution, added 57 ml of stock nickel
hypophosphite solution, 1.90 ml stock thiourea solution, 0.28
ml stock cadmium ethanesulfonate solution, 0.34 wml stock lead
20 nitrate solution, 30 wml/l Ca(HyPO3) 45, 2 g/l sodium hydroxide
and 5 ml ammonium hydroxide. Let solution mix for thirty
minutes then filtered. Reheated solution to about 90°C.
Coupon #3
weight before plating - 8.0566 gms.
25 weight after plating - 10.1354 gms.
Total weight of deposit - 2.0788 gms.
(Represents about one-third of a metal turnover)
With no coupon in soclution, added 57 ml of stock nickel
hypophosphite solution, 1.90 ml stock thiourea solution, 0.28

30 ml stock cadmium ethanesulfonate solution, 0.34 ml stock lead



foll owed by inmrersion activation in 10% hydrochloric acid sol ution,
roomtenperature for five seconds. The coupons were 30 weighed before and

after plating in Solution C WO 98/ 21381

PCT/ US97/ 20781 28 Coupon
#1 wo 9sn13syel ght before plating - 7.9246 gns. PCT/US9720781

wei ght after plating - 10.1349 gns. - Total weight of deposit
- 2.2103 gns. 5 (Represents about one-third of a netal

t urnover) Wth no coupon in solution, added 57 m of stock

ni ckel hypophosphite solution, 1.90,m stock thiourea solution, 0.28

m stock cadm um et hanesul fonate solution, 0.34 m stock |ead nitrate
sol uti on, 30&&&&%@&@&5& Pq(ﬁml/).[(%( ,p02>g/ P s_;taql WBa VARG 1ad0  and S
m anmmoni um hydr oxi de. solution m ¥ f6r 4t m'nut es then

filtered. Rehe@t%dnls@mmpnbwntkwdér%m@e 90[Letr ]selutlon mix for Qdupdy #2 -

wei ght bef or ns er plating -
10. 0821 gns. Rifufld Men Bireddbdl R ?l‘éeb°5‘s|t°mgb%‘k‘%§%h P °

(Repr esents aboutAfiree- thiree ofupenmetappraxinevely 6 g/1 Nit2 way phanedcoupon

5ol ution. cadded Sl L850k BLCR] mogay olQENOSERI 4 solut ion,

m stock thiourea so m um et hanésu fonate
sol ution, O. fﬁll o tSteoskobleasda(I—&G’OZhgtscam&lsnl w3 (mldeSOtm tHe nickel

Ca(H err] Pq sodi um dr.oxi de nd m_.apmoni um
hydr oxi de. ‘133% SERETSR %1%“?8%‘ thirty o sfiSwed the EYP°E§‘°SPhlggD

concentratlon was 24.2 g/l and orthophosphite was 18 g/1l. The
total amount of calcium added was 2.7 g/l as Ca*2 (0.067 M).
10 For one metal turnover, approximately 27 g/l of H,PO3~ (0.33
M) are formed in solution Therefore, insufficient calcium was
added from the calcium hypophosphite stock solution to
theoretically precipitate all the H,PO3;~ from solution. It
appears that all of the calcium reacted with the
15 orthophosphite and a fraction of the phosphite was removed
from solution via filtration.
m i sphi Soluti + M foni id
Steel coupons were cleaned in a mild alkaline cleaner followed
by immersion activation in 10% hydrochloric acid solution,
20 room temperature for five seconds. The coupons were weighed
before and after plating in Solution C.
Coupon #1
weight befofé plating - 8.1342 gms.
weight after plating - 10.2652 gms.
25 Total weight of deposit - 2.1310 gms.
(Represents about one third of a metal turnover)
with no coupon in solution, added 57 ml of stock nickel
hypophosphite solution, 1.90 ml stock thiourea solution, 0.28
ml stock cadmium ethanesulfonate solution, 0.34 ml stock lead

30 nitrate solution, 30 ml/l Ca(H,PO,)5, 2 g/l sodium hydroxide



m nutes then filtered. Reheated solution to about 90[err]C

Coupon #3 - . wei ght before plating - 8.0566 gns. 25

wei ght after plating - 10.1354 gns. Total wei ght of deposit
- 2.0788 gns. (Represents about one-third of a netal
turnover) wooszizst Wth no coupon in solution, added 57 wtrokerabmek

ni ckel hypophosphite solution, 1.90 ml stock thiourea solution, 0.28
30 m. stock cadm um et hanesul fonate solution, 0.34 m stock |ead

WD 98/ 21381 PCT/ US97/ 20781

29 nitrate solution, 30 M/l Ca(H gpr]PJerr])[err], 2 g/l sodium
hydr oxi de and 5 m ammoni um hydroxi de. Let solution mx for thirty

m nutes thenghisl § efedmmBaReat BF.SHidk] ONLdtO RNAHEoP QS EbE: thirt
After three coupons, approximately 6 g/l N[err] was plated 5 from

sol uti on repfMésekes rfdegnéitbergd + uRgBORESd BAlygkarn dgio Gpout 90 Gy of the
stock Ca(H err] PC}&{E;OID) [sgrr] solution was added to the nickel

hypophosphi te sol ution. Analysis showed the hypophosphite

concentration was 24. ¥egght gbrifaxe RdphtaPhi t7e 8QAE d®s.g/|1. The t ot al

amount ofgcal ci um addggr%é?gl %f%efg?/lf@% &‘al egHsE_)%O%'Q@Y M. 10 For one

nmetal turnover, approxi H er rr] (0.33 M are
forned in sol uti on Th&oshoreeights offf depesitt cakeP o3 vomes . added fromthe

cal ci um hypophosphite t t e wqt heoretical reciipitate all
the Herr]POJerr] fr on@%gl%??rgéng tgqt She a%‘ﬁé’&r gEt%STEEt%?I L%?P Vﬁé"’cal cium
reacted with the Wh oot hopbos pin tselahiom faddetli 5 wif odfhetediosphiked was

removed fromsolution via filtration. anpl e #2D. .
Ni Hypophosph'¥B° o?sﬁhlltgﬁ on)é%hoélriegu ?o‘ﬁlflcStﬁglkth(oquegt 38%%%‘:%0& 28er e
cl eaned it amii $ttoal kcakimbem ceétdamesull fbhavee dsolution pyo .i3@mel sstairkadkhdat i on

The coupons REFEvEigHEaton SOasre ateRiar B MR hn It
Coupon #1 and 5 ml ammonium hydroxide. Let solution mix for thirty
minutes then filtered. Reheated solution to about 90°C.
Coupon #3 .
15 weight before pléting - 8.0784 gms.
weight after plating - 10.2049 gms.
Total weight of deposit - 2.1265 gms.
{(Represents about one-third of a metal turnover)
With no coupon in solution, added 57 ml of stock nickel
20 hypophosphite solution, 1.90 ml stock thiourea solution, 0.28
ml stock cadmium ethanesulfonate solution, 0.34 ml stock lead
nitrate solution, 30 ml/l Ca(HzPoz)z, 2 g/l sodium hydroxide
and 5 ml ammonium hydroxide. Let solution mix for thirty
minutes then filtered. Reheated solution to about 90°C.
25 After three coupons, approximately 6 g/l Nit2 was plated
from solution representing one metal turnover. A total of 90
ml of the stock Ca(HyPOj), solution was added to the nickel
hypophosphite solution. Analysis showed the hypophosphite
concentration was 22.9 g/l and orthophosphite was 17 g/l. The
30 total amount of calcium added was 2.7 g/l as Ca*2 (0.067 M).



wei ght before plating - 8.1342 gns. wei ght after plating -

10. 2652 gns. 25 Total weight of deposit - 2.1310 gns.
(Represents about one third of a netal turnover) Wth no coupon
in solution, added 57 ml of stock nickel hypophosphi te sol ution, 1.90
m stock thi@¢eaisspl ution, 0.28 . mM stock cadm um et hapessyzkegat €
solution, 0.34 m stock lead 30 nitrate solution, 30 m /I _ ,

Ca(H err]POerr])[err], 2 g/l sodium hydroxide WO 98/ 21381
PCT/ US97/ 20781 30 and 5 m
ammoni um hydroxi de. Let solution mx forgthirty m nutes then
filtered. Reheated solution to about 90 C. Coupon #2

wei ght bef or eopl ghd Nebral’ 3SASVEHTS appré:umately 27 g/‘l/VQ:lfgIY%P@];"E efo Bating -
9. 9918 gns. Tot al ht of deposit - 0

(Represents dBoareofmmeas ia BeLlutinst agh?mﬁﬂﬁ?er}nsufflclent C%’i?qwﬂhé’aéoupon

in solution, ﬁ@qufﬁ?m r@heof::a§£-ﬂ9\l§ %QBﬁJasphlte sB¥eRPRASRALLe SOl ution, 1.90

m stock th| ourea sol uti on, ) st ock cadm um et hanesul f onat e
sol ution, 0. 3depreticdidyl @aécmltaten?ﬂ athke SPER I ofromB@odhtfion.

Ca(H err ] Eq %I‘O(A,LQ,%EI‘ rJJt’ a%pgé% Sﬁgdtu g‘.’l'i'ygf c\'zﬂed%alc:mm gﬁégﬁ%%@ um

hydr oxi de. Let solution or thirty m nut es

Reheat ed sol @gritbaphesrdtidet aQO[@rﬁfI]a@tlon of the Phénmipﬁma #3s g&noved

wei ght bef or a 8 ﬂg}lh; wei ght after plating -
.10. 2049 gns. B b5 sord v #1 t\kgl ght of deposit - 2.1265 gns.

Example 3 In-Situ Removal of Orthophosphite
This study shows the calcium addition preferably is done
10 off-line in a separate plating tank or is done in the main
plating tank only if there is no substrate in the plating
tank.
Solution 2B above(nickel methanesulfonate) was used in
this study. After plating to two metal-turnovers with ongoing
15 replenishments, the solution was analyzed for hypophosphite
and orthophosphite. The operating solution contained 23.5 g/l
as H,PO,~ and 57 g/l as HyPOy~. While a piece of low carbon
steel was immersed in the electroless nickel solution and
being coated with the nickel-phosphorus deposit, 50 ml/l of
20 the stock calcium methanesulfonate solution was slowly added
to the operating solution. A white precipitate was seen
floating in the solution. After plating for thirty wminutes,
the steel coupon was removed from the electroless nickel
solution, dried and examined in a scanning electron
25 microscope. The deposit surface was rough with large nodular
and irregular protrusion. Elemental analysis showed these
rough regions were high in calecium and phosphorus. It is
likely these large protrusions are occluded calcium phosphite.
Therefore, the in-situ method of removing the phosphite does

30 - not appear to be the preferred method of the invention. The



(Represents about one-third of a nmetal turnover) Wth no coupon
in solution, added 57 ml of stock nickel 20 hypophosphite solution, 1.90

m stock thiourea solution, 0.28 m stock cadm um et hanesul f onat e
solution, 0.34 m stock |ead nitrate solution, 30 m /I

Ca(H err] PO odspisir], 2 g/l sodi um hydroxi de and 5 mtTrassmoensum

hydr oxi de. Let solution mx for thirty m nutes then filtered.

Reheat ed solution to about 90[err]C. 25 After three coupons,
approximately 6 g/l N [err] was plated from solution representing one
metal turnover. A total of 90 m of, the stock Ca(Herr]PJerr])[err]
sol ution was added to the ni.ckel hypophosphite sol ution. Analysis

showed the hypaphasRRiLs of phospRIESHredh8P1 Poshotda9o8bhr Afdn there
ort hophosphite was 17 g/1. The 30 total amount of cal cium added was 2.7

g/l as Caler j,? r(q)p@gt;im_occurring in the pharbgpe tawk or it must be done
PCT/ US97/ 20784¢ 4 ; . te tank. E lci in3dn For one
nmetal turnover, eﬁ?gr &i?rasteegl’ayraﬁ g'—7ul1 of Iilt[cg??]%qcelrup‘] lI(10. 3e3 M are
formed in soeledtowlTihes efiirkel ispdutioriiennot desinad\hscause ofgfied fromt he
cal ci um hypophasphi S L SQLULLON 4 @t hooh Qetigald recipitate all
the Herr] P BT %grsn é]g%}tlfior?. & 5 \févg?,oéé}lqagﬁears t%ziitgsgﬂego#ét he
cal ci um r eachaxk Wiltight hexcess phoephifpghodplbt e 2ud MaHHPAgT ikmraoket he
phosphite was, renoved . from solution vig filtration '
Exanple 3 1 n-}éel < RBREVE ato e ? ﬁolg tyosh|5’ﬁ’iet(E'-’:l gEtrmen%iTﬁfsecs ﬁ)ayt]%%ows t he
cal ci um addi praperpriebeofibthe ied edoneledd niokél |¢arring.a separate plating
tsﬁgls(t :‘);t Iesi ﬁo?ﬁelvﬁﬂig??ﬁggl J{]nventtigﬁﬁl'llaaé[ Ibré nt stcroir})le%. |1I1 El’rl]eerc%nltgx Oof

10 nickel deposgits, it is possible to deposit other metals to

form phosphorous alloys; such metals include iron, cobalt

tungsten, titanium and boron.



Sol uti on 2B above( ni | l nate) was used in this study.
After plating to tvvo[] IH“Q& “M‘“wth ongoing 15 replenishnents, the
*10

sol uti on was anal yze ¢ paphésphite and orthophosphite. The
operating solution contained 23.5 g/l as Herr]P(Jerr] and 57 g/l as
H[ err] PJ er rdvo od¥uiskre a pi ece of | ow carbon steel waspaTnsyv/ZEsk i n t he
el ectrol ess nickel solution and being coated with the _

ni ckel - phosphorus deposit, 50 m /I of 20 the gtyrt T '

met hanesul fonate sol uti on was sl owly added W§t$@tt§%{§aPF% sol ution.
A white precipitate was seen floatjyg in tlhe soRBPLAGED Afted plating
for thirty m nutes, the steel coupon was renpbved fromthe el ectrol ess
ni ckel cEQimg. on, dried and examined in a scanning electron 25

m croscope. The deposit surface was rough with | arge nodul ar and

i rregul ar prétruditoslecrepdarsamigkal RId SRBRERHE Mese rough regions
were high inggal giumaadoRiasplagrus. It is i kely these |arge
protrusions are occl uded cal ci um phosphite. Therefore, the in-situ

met hod of rehbvi mjckké pPesphite does 30 not appear to be the preferred
met hod ofg thgy i nugathon, .. ; a8 31381

PCT/ U897/5207 )1 aq.rlga'lg? metaf'%r alkaline eart tanL b a9

preci pi tati o of gghasphieriyadkffapmnby aikyll dubtenic whed, tHey don of is no

pl ati ng occuEﬂégﬁﬁ%&lghe plating tank or it nust be done off-line in a
separate tank. cesS calciumin the el ectrol ness nickel solutiqgn is
not desired because of the 5 sp8figaneous precipitation of

ort hophosphite. It is desired to | have slight excess phosphite, 0.05 -

2.0 MHarr]PJerr] because Ry — C -(S020)y~

R'b

where:
a, b and ¢ each independently is an integer from 1 to 3;

15 vy is an integer from 1 to 3;

R" is hydrogen, or lower alkyl that is unsubstituted or
substituted by oxygen, Cl, F, Br or I, CF3 or

-S0,0H;

R and R’ each independéntly is hydrogen, Cl1, F, Br, I; CFy

20 or lower alkyl that is unsubstituted or substituted by

oxygen, Cl, F, Br, I, CF5 or -S0,0H;

and the sum of a + b + ¢ + v = 4; and
e) optionally, buffers, stabilizers, complexing agents,
chelating agents, accelerators, inhibitors or brighteners.

25 2. - The composition of claim 1 wherein the alkyl sulfonic
acid is an alkyl monosulfonic acid or an alkyl polysulfonic
acid.

3. The composition of claim 1 wherein the alkyl sulfonic
acid is methanesulfonic acid, ethanesulfonic acid,

30 propanesulfonic acid, methanedisulfonic acid,

monochloromethanedisulfonic acid, dichloromethanedisulfonic

This Sheet Has Been Re

LT



t hese concentrations do not have a detrinental effect on the

properties. of the el ectl @ lu l} " I'ﬂatl ng. Wil e the invention
has been described in ni ckel deposits, it is possible

to deposit other netals to forn1phosphorous al l oys; such netals
i ncl ude i r oRyo sxPREEL L . tungsten, titanium and boron. pcrusero7s:
33 CLAI M5: 1. An electroless ni ckel bath conprising a)
hypophosphite ion, 5 b) ni ckel ion, c) al kali metal or alkaline
earth metal ion which is present in less than a stoichionetric anount
conpared to orthophosphite ion producedsguring el ectrol ess nickel reaction
of the bath and which forns an |nsolu le salt with the orthophosphlte
ion producedc;gq, 11)1 ethaﬂeapgm%hwegcid om_an S, 1sgkﬁ93é&éﬁlf@m£he ion
of the formula: [err] wher e: a, b and c each
|ndependenthlﬁs %M?1dﬁpé§@F°f#dﬂFEh?EﬁQ}Sulfonlc acid,id,an integer from1l to
3; phiediliORfle Lid,CYCERRLIO L BEoda H&%HF?&M&‘ %f[ldor
substituted” y of@gen , CF * 540ﬂ ﬁ efr]OH, 20
R and R ea@hZremhxﬁﬁmﬁedt$ylﬁqnﬂ¢ydpa@e¢r lGB PFbpx&eneIdlSFﬁtnnqc ecifiower
al kyl that is i ed; or d X Qﬁﬂu F, Br,
I CF[e??] & e C?Feﬁg§fqgﬁ quE 1&’1 %QgggiﬁLgﬁi agkgg bt nlgL 4 and
e) opt|oaahﬂy;stmﬁthenssuxﬁQHNCIazedsqr(manphnadﬂgybigamcsacxﬂmeIatlng
agents, accel erafors L hhi bi to hten
conp05|t|onE0f 2$%ﬁ Tpmﬁe€%3r13?hgf%}$‘ﬁ F?%nﬁ%mbglgagl A 1°P
nonosul f oni és litciwh opoaassddmﬂ mpghqs&ﬂﬂ(abarlumndi calcBum. 'The
conposition_of claim1l wherein al kyl Ifonl S net anesulfonlc
o h o Ranectit GeptBttfod "SR Berplh heSifiay § AR
nethanedlsuhéoaarcnma0|d monochl or omet hanedi sul f oni ¢ aC|d
dichloronetganedisulfo
. Th comp051t10n of claim 6 wherein the calcium ion is
introduced as salt of hypophosphite or alkyl sulfonic acid.
8. The composition of claim 1 wherein the nickel ion is
introduced as salt of hypophosphite or alkyl sulfonic acid.
15 9. An improvement in an electroless nickel bath which has
been used to plate a substrate, wherein the substrate is no
longer within the bath, the bath comprising:

a) hypophosphite ion,

b) oxrthophosphite ion,
20 c) nickel ion, and

d) an ion derived from an alkyl sulfonic acid, the ion of

the

formula:

n
25 | ©
Rq — C -(8030) "
R'p
where:

30 a, b and ¢ each independently is an integer from 1 to 3;

Yy is an integer from 1 to 3;
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34 acid, 41, 1- l!ﬂg i ’!’lﬂﬂ'ﬁm d, 2-chloro-1, 1-ethanedi sul fonic
acid, 1,2-di chl or o- i ic acid, 1,1- pr opanedi sul foni ¢

acid, 3-chloro-1, 1- propanedlsulfonlc aci d, 1, 2-ethyl ene disulfonic

acid or 1, 3%%5@% di sul foni c acid. 5 4. The conpegiriuseihosh Claim 1l
wher ei n the al kyl sul fonic acid is nethanesul fonic acid or

met hanedi sul f oni ¢ aci d. 5. The conposition of claim1l wherein the

al kali metal ion is lithium potassium nmagnesium bariumor cal cium
6. The conposition of claim1l wherein t al kali metal ion 10 is calcium
7. The conposition of claim®6 wherein the calciumion is I ntroduced

as salt of hypophesphiyg.Q eal kot 19MlefOR By AEd e is uns%bstllg_ & £Yosi tion

of claim1l wherein the nickel ionis I ntroduced as sa

hypophosphi t e or subgyitusigd i exeas. C1p Fo Br omnIj ngffoverent in an

el ectrol ess ni ckek, b@ﬁh whi ch has been used to plate a substrate,
wherein the substra?e IS no | onger within the bath, the bath

conpri si ng: Raynd Riypaphogpiepradenrly is hbﬁrogamt Boph®sHy.t @;i ofy 20

[ | i |yl d,
f%}e i glncg]? I on %nfiower faq')kmlj @ﬂaﬂ c.{ré @%&hﬁ!&& urt%gl 8‘ &bs){::l.tageécg“ :,:] a(2:|5

where: 30 axyderandlc E‘achrl nde@Fgdeot | 480,9Han i nt eger from 1to 3;
i's an integer fr m.l to 3; 98/ 1381
PCT/ US97/ 20781 8 the sum of a + b + ¢ + ¥ V\q g .
e) optionally, buffers, stabilizers, complexlng agents,

chelating agents, accelerators, inhibitors or brighteners,
10 the improvement comprising an additional component in the
bath, the additional component being an alkali metal or
alkaline earth metal ion in less than a stoichiometric amount
compared to the orthophosphite ion, wherein the alkali metal
or alkaline earth metal ion forms an insoluble salt with the
15 orthophosphite ion.
10. The composition of claim 9 wherein the alkyl sulfonic
acid is an alkyl monosulfonic acid or an alkyl polysulfonic
acid.
11. The composition of claim 9 wherein the alkyl sulfonic
20 acid ig methanesulfonic acid or methanedisulfonic acid.
12. The composition of claim 9 wherein the alkali metal ion
is lithium, potassium, magnesium, barium or calcium.
13. The composition of claim 9 wherein the alkali metal ion
is calcium.
25 14. The composition of claim 13 wherein the calcium ion is
introduced as salt of hypophosphite or alkyl sulfonic acid.
15. An improvement in a process utilizing an electroless
nickel bath employing a hypophosphite reducing agent and
operated under electroless nickel conditions, wherein

30 orthophosphite is produced,



R' is hydrogen, I S unsubstituted or
substi tuted byo rﬂm“"ﬁ !EH!E I, CFlerr] or -Sqerr] OH
R and R each i ndependent rogen, d, F, Br, |I; CFerr] 5

or lower alkyl that is unsubstltut ed or substituted by oxygen,
A, F, Br, Ilwookkggsr] or -SQerr]OH . and t he supafsetvers + C +
y = 4; and e) optionally, buffers, stabilizers, conplexing agents,
chel ating agents, accelerators, inhibitors or brighteners, 10 the

| mprovenent conprising an additional conponent in the bat h, the

addi ti onal conponent being an al kali net or al kal i ne earth netal

lon in less than a stoichionetric anmount conpared to the

or t hophosphi [ i metal or alkaline earth netal
ion forns an&lﬁ\ensl% mw%ﬁégtli {Eg\r\n@?ﬁg}fﬁ% 15 orthophosphite ion. 10. The
conposi ti on addigicarneolvihks ailkal hemellddy lorsalkakine earth mgliad compourad kyl
nmonosul f oni ¢, f(‘é d Qbe gn al kyl pol ysul fonic aci d. 11. The
conposition 0O al m 9 wherein the alkyl sulfonic 20 acidis

met hanesul f ofpmniag dnoinseitdecdlikal i metelacr dalkaline d@rthlimetednpositi on
of claim9 whenein the. al k [ hj t assi um

magnesi ur% bar |hu °Sp§5 Ci %Jnﬁmgegﬁé Aff%tfﬁless r&o%’le?l 16%;% I%gll’ai m 9 wherein
t he al kal i rmt&lremomng the |:sxsoahbleumrthzﬁhoéyhlteﬂfeamotrmosbian:hon of claim
13 wherein th ciumion uced as salt hypophosph| te or
al kyl sul font® %h& process_L? ﬁaf‘rﬁp]r \Vg’ﬁﬁﬁf‘n %’ lBFS%%%]s utilizing an

el ectrol ess orthopxmbetsaité)atéw reaplrey i fHipma thy peadiosphingef 1adieibg agent and
operated under electrol ess nickel conditions, wherein 30 orthophosphite

| S pr OdUCEd separation procedures.

10 17. The process of claim 15 wherein the soluble alkali metal

or alkaline earth metal compound is an hypophosphite,
methanesulfonate, oxide, hydroxide or carbonate salt of
lithium, potasgsium, magnesium, barium or calcium.
18. The process of claim 17 wherein the soluble alkali metal
15 or alkaline earth metal compound is calcium hypophosphite or
calcium methanesulfonate.
19. An improvement in a process utilizing an electroless
nickel bath employing a hypophosphite reducing agent and
operated under electroless nickel conditions,
20 the improvement process comprising:
adding a calcium hypophosphite to the bath during the
electroless nickel reaction;
forming an insoluble calcium orthophosphite;
and removing the insoluble calcium orthophosphite from the
25 bath.
20. The improvement of Claim 19, the improvement comprising:
adding calcium methanesulfonate and calcium hypophosphite to
the bath during the electroless nickel reaction;

forming an insoluble calcium orthophosphite;



\?f\g 98/213% I“‘l“u“lm ““LM“ si ng, adding a SPSF{JLJIS?QIZ(Q;?} metal or

al kal i ne earth nbtat dbnpound to the bath; form ng an insol uble
al kali metal or alkaline earth netal 5 orthophosphite during the

el ectrol ess wbegghsr eacti on; and renovi ng the insol ubdernsotsmghosphite
fromthe bath. 16. The process of claim 15 wherein the insoluble

ort hophosphite is renmoved fromthe bath using filtration or separatlon
procedures. 10 17. The process of claim 15 wherein the sol uble al kali

met al or alkaline earth netal conpgynd is an hypophosphite,

nmet hanesul fonat e, oxi de, hydroxi de or carbonate salt of lithium
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wherein the soluble alkali nmetal 15 or alkaline earth nmetal conpound is

cal ci um hypdpdsphite or cal ci um net hanesul f onat e. 19. An
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enpl oyi ng a i te reduci ng agent operate
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addi ng a cal CI QYQIQ hl. hls&ffér?:.cl lelgﬁlgdgl goé%\'??ﬁ?us agg.(%i ct roI ess and

ni ckel reactlon I nso
renovi ng t headendel alcbida (milcfamm'oad:ld)pﬂlespm tac:.ﬁr, Ofivtrinis a&id bat h 20.
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t he el ectrolpssiueed keiddreadticondless conditions, the process further
comprising:

10 adding calcium methanesulfonate or calcium hypophosphite to
the bath during or after the electroless nickel reaction;
forming an insoluble calcium orthophosphite;
and removing the insoluble calcium orthophosphite from the
bath.

15 22. An improvement in a process utilizing an electroless
nickel bath employing a hypophosphite reducing agent and
operated under electroless nickel conditions to plate nickel
onto a substrate, wherein the process produces orthophosphite;
the improvement comprising:

20 adding é less than stoichiometric amount, compared to the
orthophosphite, calcium methanesulfonate or calcium
hypophosphite to the bath during a period when no electroless
nickel reaction is occurring;
forming an insoluble calcium orthophosphite;

25 and removing the insoluble calcium orthophosphite from the
bath.

23. An improvement in a process comprising using an
electroless nickel bath to plate a substrate, the bath
comprising:

30 a). hypophosphite ion,
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PCT/ US97/ 20 m]ﬂuﬂ‘ M 37 and renovi ng
t he i nsol ubl e cal osphlte fromthe bat h. 21. A process
which utilizes an electroless ni ckel bath enpl oyi ng a hypophosphite
reduci ng agestosendas m xed ni ckel 5 salt of an al kyl sul feerusomesd and
hypophosphor ous aci d, acetic acid, sulfamc acid, lactic acid, formc
aci d, propi onic acid or m xtures thereof, wher ei n orthophosphite S
produced under el ectrol ess conditions, the process further conpri si ng:
10 addi ng cal ci um nmet hanesul fonate or CE kcium hypophosphite to t he
bath during or after the el ectroless nickel reaction; formng an

i nsol ubl e cagglungfgﬁdﬁggggﬁpggtfgn, and renovi ng the insol ubl e cal ci um
ort hophosphite fromthe .15 22. An inprovenent in a process
utilizing ancel ece¥eledsdon, nlckel bat h enploying a hypophosphite
reducing ageny anghica1s nAPE] AL%L14AIER. CLERY ALESE MLLYE! 1 condilons to

pl at e ni ckel onto a substrate, erel n the process produces
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e) an ion derived from an alkyl sulfonic acid, the ion of

the formula:

R"c
10 |
Ry —C -(Sozc)y'
R'p
where:
15 a, b and ¢ each independently is an integer from 1 to 3;
y is an integer from 1 to 3;
R"” is hydrogen, or lower alkyl that is unsubstituted or
substituted by oxygen, Cl, F, Br or I, CFy or
-S0,0H;
20 R and R’ each independently is hydrogen, Cl, F, Br, I; CF3

or lower alkyl that is unsubstituted or substituted by
oxygen, Cl, F, Br, I, CF3 or -SO0,0H;
and the sum of a + b + ¢ + ¥y = 4; and
£) optionally, buffers, stabilizers, complexing agents,
25 chelating agents, accelerators, inhibitors oxr brighteners,
the improvement comprising,
removing the substrate from the bath;
adding a less than stoichiometric amount, compared to the
orthophosphite, of calcium methanesulfonate or calcium
30 hypophosphite to the bath during a period when no electroless
nickel reaction is occurring;

forming an ingsoluble calcium orthophosphite;



form ng an insol uble c Emﬂﬂu rtho hosphlte 25 and renoving the

i nsol ubl e calciumorth ’Mul bat h. 23. An
i nprovenent in a proces ng an el ectrol ess nickel bath

to plate a substrate, the bath conprising: 30 a) hypophosphi te
ion, wo 98/2138Y\0 98/ 21381 PCT/US97/20781

PCT/ US97/ 20781 _ 38 b)

ort hophosphite ion, c) ni ckel ion, d) al kali nmetal or

al kaline earth netal ion in less than a stoi chionetric anmount
conpared to the orthophosphite ion and, 5 wherein the alkali netal or

al kaline earth netal ion fornms an i'nsol uble salt wth the
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acid, the ion The tormil a: [err] 10
mhere 15 Dbath.a, b and ¢ each independently is an integer from1l to 3;

y is an integer from1l to 3; R' is hydrogen, or |ower alkyl that
is unsubstituted or substituted by oxygen, C, F, Br or |
CF[err] or -Sgerr]OH 20 _ R and R each independently is
hydrogen, O, F, Br, |; CFlerr] or |lower alkyl that is

unsubstituted or substituted by



ox eFG;—EMerr or -SQerr] OH; and the sumof a_+ b
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optionally, buffers, stabilizers, conplexin
agents M U “ments, accelerators, inhibitors or brighteners, 17og
the i rrp ng, removi ng t he sSobstitite sheemn-t2E Joacht 999
adding a |l ess than st0| chionmetric anount, conpared to the
ort hophosphite, of cal ci um net hanesul fonat e or calcium 30 hypophoshl te
to the bath during a period when no el 88trol ess
occurring; form ng an insol uble cal cium orthophg
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1. An electroless nickel bath comprising
a) hypophosphite ion,

5 b) nickel ion,
) alkali metal or alkaline earth metal ion which is present in less than a stoichiometric

amount compared to orthophosphite ion produced .durinielectroless nickel reaction of the
bath and which forms an insoluble salt with the orthophosphite ion produced,

d) an ion derived from an alkyl sulfonic acid, the ion of the formula:

10

15 where:
| a, b and ¢ each mdcpendently is an mteger from 1 to 3;
yisan mteger from 1 to 3; )
R” is hydrogen, or lower alkyl that is unsubstltuted or substituted by oxygen , Cl, F,
Br or-l, CF; or -SO,0H; '
20 R and R’ each independently is hydrogen, Cl, F, Br, I; CF; or lower alkyl that is
unsubstituted or substituted by oxygen, Cl, F, Br, I; CF; or -SO,0H;
and the sumofa +b + ¢ + y = 4; and
e) optionally, buffers, stabilizers, complexing agents, chelating agents, accelerators,
inhibitors or brighteners. ' '
25 2. The composiﬁon of claim 1 wherein the alkyl sulfonic acid is an alkyl monosulfonic
acid or an alkyl polysulfonic acid. '
3. The composition of claim 1 wherein the alkyl sulfonic acid is methanesulfonic acid,

ethanesulfonic acid, propanesulfonic acid, methanedisulfonic acid,

monochloromethanedisulfonic acid, dichloromethanedisulfonic
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