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Title: | RON-PHOSPHORUS ELECTROPLATI NG BATH AND METHCD
TECHNI CAL FI ELD OF THE I NVENTION Thi s invention

W0 edoaexr3s o i ron- phosphorus el ectropl ati ng bat bcT/@smos/e0791

durabl e all oys el ectrodeposited from such bat hs.
BACKGROUND OF THE | NVENTI ON El ect ropl at ed

Titiai IBOREPFETS BHbRUS sl HETRDPLATKRG Bat ARn WiEtHeD

been known to plate alum num all oy pistons, cylinders,
etc. with an iron phosphorus allo t0| rovethe
abrasi on resi sTECHNIGAL GHELD &) ‘ N t hese

ﬁ;t,le B’giwv!ﬁh%P rIlé)]tse E(g{rérﬁlp lp%ﬁfn%r?%&i%#t% %ﬂ*ﬁ%ﬁ@ gég go durable
a@g% %}é%tﬂoeepoﬁtéw@mmh%th,s acid or a hypophosphite

may contain other optional materials such as
boric aC| d al um num chl ori de, amoni um chl ori de,

compl exing’ agentg, R0 G Bl TAE MVENFIAN! o

associated with

el ectp|gplr@blbftd iPsH-PRosIsFSTUS fiRtls igenthallyfiravera higher fardness than
cracki ng of the deposited al]oy and | oss of

alectropiatednan filres. méo@wnwagfb%mwn to rlSagyum alloy
mﬁt@%é%l}qﬂj&g gfc q% %PE‘;"? C:gg)t@ggb &ﬁ&fjﬁo iMpr&® %% abrasion

rAsistirfbednd/gallihg vesistdnbe ofl Hmseaézheletso IMVMQgph@ms elentroplating
phosphorus el ectroplat jng bath

Sathagnadtpbave bean kot Bebrar el GoRaTon, CEmBERF iy egrous fon, @
4@@@%@5’#%&8 & n%q{‘g?) nghbé%lkeSWd @hay ldontain other optional

I'n one e |S|nvent|on relates to
raatazlesuch asiboric acid, Ehusinuon chloridat ammmriamceiprde complexing

éq%ﬁ?i oy (98 a6 B0eH e apoy SRy Wi S8 LU on-phgephorus
%tfr?)%lﬁﬂhé Bétt%odés%'rlﬁbﬂ% HITBRHH i%QirQ@ltlﬁg of tmmleposned alloy and

ol yethyl ene im nes, sulfonated
Isaé mradnedm toatha substrate. o TheipsReence elicrasks dn dag @doy results in

%@ﬁ%}e{g ha(é;?psasﬁajlg%ﬁgt hercgsﬂ&’r%%?ﬂfe% gBé‘?ﬁs of Hg%gﬁy coated work

bis¥&Nhkesrdingly, it would be desirable to develop an iron phosphorus electroplat-

ing bath which would produce alloy deposits which exhibit little or no cracking or loss

of adhesion on annealing.

SUMMARY OF THE INVENTION

In one embodiment, this invention relates to an aqueous acid iron phospho-

rus bath which comprises

(A) at least one compound from which iron can be electrolytically
deposited,

(B)  hypophosphite ion, and

(C) a sulfur-containing compound selected from sulfoalkylated polyethyl-
ene imines, sulfonated safranin dye, and mercapto aliphatic sulfonic acids or alkali

metal salts thereof.



10

16

20

25

30

al so may conprise alum numions. The invention al so
relates to a process for el ectrodepositing an

wo easpysasphorus all oy on a conductive substrat BCTIsmNS/000791

conprises (A) providing an aqueous acidic
el ectropl ating bath as descri bed above, and (B)

GsEeiuBeiatisnyh sehkie (R PBP RS iastaeByrirhal] i invention
algemaly| rspridel sldnARemdenesi ted on the substrates by
the process of the present invention are characteri zed

by t Hdepinvention alsoi relatesplfo @pREFGESSafRT elgcirgdepositing an iron-
SCRI PTI i
RS EheregrToy o A copf DT e el BRRACBBHEBLL oo hor us

bat h (aprprgrévidhg(# aguedenstidicratectesmatingbathoas dbsatbed above,
iron can be electrolytically deposited, (B)

angpophosphite ion, and (C) a sul fur-containing

Co”pgé?‘dssﬁte%ﬁﬁg‘#hé reﬂ%Etr%“éié itfoH @‘itt‘idﬁ@ rég@gycﬁ{ {he sub¥rate through

imn ul't'onated satrani ye, an rcapto
tae i yseaiof csaidl| dlectraplatinglbath. aTkel allayst whichalates deposited on the

SRRTBESaRY e PIRAESSSELMRPrerert BYSKfiohm BootHaCi £ed by the

@P%&%}%ﬁofi%ﬁ,%@s Hbht £nd E@furous chloride, ferrous

or at e, errous sul famate, ferrous nethane
sul fonate, and m xtures thereof. |In one enbodi nent,

bnd forroussul { DESCRIBTIOK AETdE INGENHDN ) O ¢

and ferrous sul f : : ' ons in the

pl at ijggoRat BmboRRHESt, DRel thvieRtoh afrliitest td raPMagiaebls 24cidic iron
grans to about 120 granms per liter or fromabout 0.5

praisphotus bathiiapapriging he saturation linmit for ferrous

ot ar Wer (et it RpAHGE el foh o2 b electralytially

{ gfration of the ferrous ions in the plating bath
Is fromabout 20 to about 80 grans per liter of the
bat h. (Bl pdpiephiespbite iasiedd( H3PC2) and al kal i net al

hypop@s phé g&ﬁu@é&tﬁﬁﬁd@ompound selected from sulfoalkylated polyethyl-

ene imines, sulfonated safranin dye, and mercapto aliphatic sulfonic acids or alkali
metal salts thereof.

The source of iron in the electroplating bath can be any of those sources of
iron known to the art such as ferrous sulfate, ferrous chloride, ferrous fluoroborate,
ferrous sulfamate, ferrous methane sulfonate, and mixtures thereof. In one
embodiment, the source of iron is a mixture of ferrous chloride and ferrous suifate.
The amount of ferrous ions in the plating baths should be in the range of from about
20 grams to about 120 grams per liter or from about 0.5 molar to as high as the
saturation limit for ferrous ion and the plating bath which may be up to about 2 molar
ferrous iron. In another embodiment, the concentration of the ferrous ions in the
plating bath is from about 20 to about 80 grams per liter of the bath.

Hypophosphorous acid (H,PO,) and alkali metal hypophosphites are useful
as sources of hypophosphite ions in the electroplating baths of the present

invention. In one embodiment, the source of hypophosphite ion in the bath is a

-2-
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as sources of hypophosphite ions in the electroplating
bat hs of the present invention. In one enbodi nent, the
weousoe31ed hypophosphite ion in the bath i s anP&/Us®o®600791
hypophosphorus acid and an al kali netal hypophosphite
salt. Exanples of useful hypophosphite salts include

RS SheyRRRTOSRhPRR a5 a 00 DU B DUl el Examples

of IS oS3 msng ka5 2071 prss o

(ElpPOBL), ett. f Thercoheentrationsgfiibe hypaplosphiteriondn the plati%g bath of

g praseae R aniRedei ritesia ARGy Sy ERIS e Grpgnosehorus
all8y aéﬁéﬁéitéﬁr&h‘iﬁé pRetihglbatier Th@ashduneobimophosphorus acid or alkali
phosphorus contained I'n the plating baths of the

metalynophesehite salthegntaineddn thehathypay varyirern ahout,p-0d to about
3 s IR ERIHS ok of Bpoginci e cEhaiAgBrRelall pat o

the/ pesens ivention Aiydtange from @it Or@jtoatidut Begrains di ghaepiorus per
about 0.005 and

ieanssdhereletina g ARG GEDBUTANS. ine o) ohByRRRhospyte fon and
rﬁ@éébﬁgé%rlu?wtm e E»Yaf%ﬁﬁ?ﬁ&ﬁﬂh%g% detweéndbout 0.005 and 0.1

. e 1 ncl ude e eleCtroplating bath
rMélar esndiint yettametiverss mbodiptend piramiabatd Bt &hto albout{b07 molar. The

bt St R BRSSaRebS S Bhe BB B pcea i e
%gﬁ‘,’tgcg%lgfgﬁq B‘étﬁ%ﬁegm@hédéﬁkéw;ﬁhm@&:meﬁmmneldéposited iron-

rom sul foal kyl ated pol yet hyl ene inines and
prexsphptus allayshat i ¢ sul fonic acids or al kali netal

salts, the fo It b [

261 1 ohS B oot EshERls RO AL HheBBROAT SR SR presen
iRGAMMN 88 domtaIh RPE@faEIntdininghcorapewtd spleatedfiotrasiifalkylated
superi or iron-phosphorus alloys are deposited fr

( . . th
;bxflyefchyiein@ isines and rescartor altrhatic stfonice aeidsnpl @ﬁg& metal salts
o) re obtaj I i i ng:
ey 13 SRR el WhEn s SARIEIMERY dinBounds, as
AERIHbRdneig RNy below, iaré iredrporated iato tret electeaplating bathsgsuperior
baths. In one enbodinent, e nerca to aliphatic
@Qmﬂpbﬁsnh@wsaﬁom%%%ﬁe‘&g?m t §§aﬂéoﬂf&ﬁog‘9“c{“’e substrates, and
[ f .S . ;
FERE T ol s A EaB w1 nE b FRTY vlpesimod prsen
peBhBomiwricH heay be tfreeabbaomplexing agents ordinarily utilized in prior art

electroplating baths. In one embodiment, the mercapto aliphatic sulfonic acids and
alkali metal salts may be represented by the formula
Y-S-R'-S0O,X I

wherein X is H or an alkali metal, R' is an alkylene group containing from 1 to about
5 carbon atoms Y is H, S-R'-S0O.,X, C(S)NR,”, C(S)OR" C(NH,NR;", or a
heterocyclic group, and each R” is independently H or an alkyl group containing
from 1 to about 5 carbon atoms.

In another embodiment R' is H or an alkylenic group containing 1 to 3 carbon
atoms and R” is H or a methyl group.
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5 carbon atons Yis H S- Rl - SBX, C(S)NR2" ,

C(S)OR" C(NH2) NR2" , or a heterocyclic group, and each
wosoosmoitsdependent |y H or an al kyl group cont aP@i/mg2005/000791

from1l to about 5 carbon atons. In another embodi nment

Rli s Horan al kyl eni cgroup containing 1 to 3 carbon

Csor th vanaty g il meepio Al Sitarici gt angd alkpli metal sats
trﬁ&é‘% ?F@‘Ebéiléﬂlﬁggﬂf rﬁs%hﬁj{ aishakifie é%a‘hﬂbl@?ﬁiﬁélbde mercapto propyl

eci fic exanp icl ude” nercapto propyl sulfonic
salfonic sk wodamh tsalti (dentifiedeas A4PHRDis-(podius suifepropyl)-disulfide

| | ) - di syl fi . o .
(iﬁﬁs:gﬁ:{@%ﬁt’gﬁh%mnfglggfb@&r?g%rspgpwIfcgm; f%‘\q’ Csoadétlna salt (DPS); 3-
( %gidflﬁﬁhiélgLZ(n%@hbto'é=prop¥l sulfonic acid, sodium salt (ZPS); O-ethyl

nzot hi &zol yl - 2- mercapt o) - propyl sul fonic acid
diibid:icammto)-$£9$qlfogmml1)y¢steﬁ por'ggssium salt (OPX); 3-S-isothiuronium

di t hi ocar bon 1S (B sy - £S5 SEi .
bl SRR, e IBRLERANS Lfoodt SF{gHTo the ron
phBSpR&fusUEleeROplating bt op then thvaitied dlso thay beam sulfopropylated
phosphorus el ectropl ating baths of the invention also

polyethydere Smine maable: dar SRy peRD AGUARUS\SYIYGY Ynder the
S IR P 7OUSEb Fhien A B suty epaining
ceMdaUndUieTsuifonated safrguinidyle iavattablé pioaeadmpis frami Glatipet.

? }']Zi LTﬁ]%qemofggyrgfgji%(q]agﬂbﬁ- o mgﬁg%bb’?ﬁrggingggﬁ}q?nn%ﬁgtthg électroplating

tgtt% bf g@u@ééﬁgbqﬁﬁeﬂﬁoﬁ%éﬁ\?rgrf&?ﬁ RibouD BT toralTal (VBgyams per

roma about grams per liter of bath.
liter cfizithe in antther embodirert, thepamoupt oksy!fuscoptainiag ¢PApound in

d.ir I ' _
(BB ecitorsating, BaISC Y08 bk 02T Yo PBRRCR:  im per tter of
pt her enbodi nment, the electroplating baths of the

Invention may al so conprise al um numions. Exanpl es of
al uni Iniandtber embodiraenth the elegiroplating iz gf the invention may also

SHRtSE R b JEhES LRSS, B UTLAUDNE ] etices wich may be
PSR HaLshe npis el o, o
Pae amount off algaimim|ign IMHER dPay SoR% ?# :‘Lrp]%%laqlrn%ngaths of the
iglvgﬁti%% ﬁr'aﬁg? z&%gébgﬁtﬁomﬁ gﬁ%ﬁpg% i (‘5 BrAAS PeF litkr bPbathOUh another
embodiment, the electroplating baths may contain from about 1 to about 5 grams
per liter of aluminum ions.

The electroplating baths of the present invention may contain compounds
which act as complexing agents and/or stabilizers. However, one of the characteris-
tics of the plating baths of this invention is that alloy deposits having excellent
properties can be obtained without any stabilizers or complexing agents in the baths.
In some instances, stabilizers and complexing agents known in the art may be
included in the baths. Examples of such compounds include glycine, B-alanine, DL-
alanine, succinic acid, L-ascorbic acid, gluconic acid, oxalic acid, etc.

The plating baths of the present invention may further contain one or more

water-insoluble materials selected from metals, water-insoluble inorganic and

4-
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The el ectroplating baths of the present invention may
contai n conpounds which act as conpl exi ng agents

wapaso93134 abi | i zers. However, one of the char aPtBUSE05/000791

tics of the plating baths of this invention is that
al | oy deposits having excellent properties can be

qoraéﬁiiﬁ rﬁa‘aﬁ"ﬂfg‘tn:%rﬂeggmg tﬂﬁb' i ?gérchpi% éf l S nrgwagl%me materials

igel0Be ﬁhemﬂma@amethnstwvder@ subR a8powtiy's bﬁanShUldI@dclr 'Si, Mo-Ni,
t he bat hs | es of such conpounds |nclude C|ne

A-Si) BaiGre Phaﬁalnghr&m;Sbs E’@c$'ﬂnQ!J &8¢ dOX'Qe§§@§hkﬁSCA b,SI0,, ZrO,,
'Iq uc:ﬁ%c Vi dCe@(aE{ rﬂﬁlo‘é]s s%tcﬁ -asTSENPIAN BY k@éltlset%f carbides

redertt 3 nvert | cdnf’ai n’ one or
mh@ls TiG,oWD)| SIOTE(EI%CE 6iB,;I3 SBrlanéted Horidesnsichl as ZrBz, CraBz, etc.;

Wahtacpn @[ﬂr)]tgé)pléegsbé%ae I ne? gr?rlmoacte%géq.&;ﬁor amq‘ﬁﬁ%rﬂcgdlamond sulfides such as

er-.in bl i nel d t
Mpg%ers éflycéﬁl a@og%émﬁér?lo rpﬂé aféﬁb’ f‘({Z'Irdii'dg , %Hﬁ ,asl'UCh as
p@lytstraﬂmoethylm,SapoRbJ&;msb anébrt&be@l,at@tes otbg'r crganic fine
Slf'ﬁgulg%stA:aizgseglaSI eé% @r@m flg%rle cﬁqﬂné%}%gﬁcgg es, "various metal
WIRERErde Safdi CHthas -Flo?‘gar\‘l‘@ aﬁUCoré%’ri’r@zflb&%Cmclﬁ&ngetrﬁétal -polymer

bori des such as 2, etc.; carbon allotropes

arophiphies.| Amqrmatl@m M@mrﬂtdormaangmaienamnay beugeaddeayticularly

PG TR irNEEo . b0 L BN, A1 eBAblert! E1E8Tu uggae resin
;fc%déisw FigdoroUABS0 lant eyasoudt psiytediafiadioetiiyléRe dispersion from
articulates; and glass fibers, carbon fibers

PR knteahatieal imeosporaied.ous metal whi skers, and ot her
BB A e B Figon v

ﬁrleieé'bblyu?g@ a)ﬁfdancpéraclbysuzmmﬁo ot to200npren dextetpreferablg 0.1 to 20
f ful fl
LBB:,@rgq ?rf%fltnrgép@y p‘%gr " Ogéﬁ 2 2000 MM Igr?gr;,l rﬂgrer Srselferably 0.1to

aoLitIehG Fﬂ”ﬁg‘%@ﬁ%‘?‘ﬁt&?‘%wﬁﬁ Ry pretEiaBlAge 4eq to the plating
hdte im aacamcumtcﬂf & imeSQﬁ genfiternmene preferabjy g0do6 éDngrgm/hter

h f 0.01

oot ot piatel i SusGiri ot eaindsferdadd balfohying, gspersed
pfégtlgulgﬂest 8r BER E@de‘%ﬁﬂbed'@b@v@rrﬁb@éﬁhbﬁ Qhésﬁrfbrﬁg d@ESbSIt as a

ng. parti cul at es and/ or bers may preferably
radtixphasetimwhighdhie pgriicadates nr&beramﬁ@nodwosﬁetdcarwnspersed The

SieiPontef prriiaidieR o el oo e dyiren Db RBertpla e Sverall fim

Wi NBe dinaB®t §Ahse of iron-phosphorus deposit maintains its own good

mechanical properties.

Further, awater-soluble titanium compound and/or zirconium compound may
be added to the plating baths of the present invention to produce composite plated
films having improved abrasion resistance. The titanium and zirconium compounds
used herein may be, for example, Na,TiF,, K,TiFg, (NH,),TiF,, Ti(SO,),, Na,ZrF,,
K,ZrFg, (NH,),ZrFg, Zr(SO,),.4H,0, etc. and mixtures thereof. The amount of the
titanium or zirconium compounds added may be 0.05 to 10 grams, more preferably
0.1 to 5 grams calculated as elemental titanium or zirconium per liter of the plating

-5-
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particul ates or fibers as described above has an

i ron- phosphorus deposit as a matri x phase in which the
w@aoosiguBat es orfibers are codeposited and di SPeT/E8m05/000791

The codeposited particulates or fibers add their

I nherent properties to the overall filmwhile the

sgm’qigggﬁﬂ%gﬁgg%ég 8&?188 hlﬁrré‘gosr z%(é ﬁﬁ'gt} &ﬁpgﬁr‘%g Sre At effective
|H"% Fov?rgé Fdsf&ﬂiéé‘@té@é@@ﬂﬂ% @%d(tmbzplété@nﬂllﬁm Larger amounts

e added to the plating baths of th
qaueedah& t|tanumommwwrp|c@mno@m@l§m@bg suspendadia the bﬁﬁl rather than

CE%aVI ti\g\é%gnﬁgegtaﬁbggle‘%(? g% Eﬁ@gceotyb%f% %\ bgrg)é{'g{ihﬂ%qjetractmg

fWThé: 8pp&arbinte an@Wa&Bhﬁ@msﬂér(o‘éOJ 2, Na2Zzr F6,
(NH4 2Zr F6, Zr (SO4) 2. 4H20, etc and m xtu

+ her Giffe. phivef tneuRlaEtiaplatig Deinal e BressHT Myran during plating
1
TRURE PRHTe GEG bt &5 10-dtout 3, ) BRFSmIIents, the pH of the
ﬁl?ﬁ@bmq!mtngl mamg tmi!ypangé froe': abxﬁuttﬂtwﬁto about 2.5 or from about 1.5
atl ngsol uti1 on. anoun e m, Ok
t5iahst o dorasATbosBe e e BERraury ot Pt fing,plating is
tﬁ&w@éh%oﬁ?% Satn?ing(?COfaRB hRofeesid, ii§ ol ab@ﬂ 40 tombout 60°C.

rger annun S cause the tltanlun1or zirconi um
conpdusefal iran-phospispesdboys can be dppositaddroraithe plating baths of the

Sseel e A 0 L L LU L ! M e e
F&gt r‘(ﬁ@pﬁl@daﬁéﬁsﬂh@nelé@ﬁbﬁlbﬁﬁg dhati$1of pire ireédrd invention at a
rop

ating baths of the present invention duri nt%
@uregnitignshypof tomeatisat Ato abait 300 AJdmS ok fiem aBout 5P o about 100

& ef embodi ments, the pH of the plating bath during
ng may range fromabout 0.8 to about 2.5 or from

about THe fhitiheaB@fthedréh pHasphiveusaltuygideposited frem the electroplating
tenperature of the bath during pla

aamﬁtoflrce iaNene mayspagetiee A, tou@%PFéﬁ’g MigEns 4 ig another
t. 60 | b
AEpBurTet fretR Ak 1630 MIERERRC “0r “t he”present -

i nVentl'h@rfoﬂd\ﬁrngaemrdplelsalﬂgsiraté ther electroplatisg thases afthe present
one enbodi nent, the al]oys, a

sited fr
emolariese AYioese s uRfe SERTRIdR, Gl pPAR oh Peroentages are
L Ardng at
/" ety I St roghoy WA ATE at or oo
bhﬁowmlqobmphm u§ha|dxayrmle|sepo@ illustrative) gndrare not intended to be

el ectropl ating baths of the invention may range from
HFHING INt8$ORBout 250 microns, and in anot her

Example 1 all
FeS0,.7H,0 400
FeCl,.4H,0 80

H,PO, 2.24

MPS 0.05
Water Remainder
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enbodi nent, from about 10-150 microns. The follow ng
exanples illustrate the el ectroplating baths of the

w@e®@sesdid4 nvent i on unl ess ot herw se indi cat ed PET/UE®05/000791

exanpl es, all parts and percentages are by weight,
tenperatures are in degrees centigrade and pressure is
E%?’Mar at nospheric pressure. The exanples are
tive and are not intended to be limting in
FeSqperHExanpl e 1 QH3BESO4 H20 400 FeCl 2. 4H20 80 H3PQ2
sz'gff; Nﬁzo. 05 Water Remai nder Exanpl e 2 FeSO4J H20 300
O 60 H3PQO2 MPS 0. 05 Wat er Renmi nder Exanpl e
Fﬁp@rrous fl uoroborate 60 FeSO4J H20 400 H3PO2 8 SPS
d. 08 Water Remai nder Exanple 4 FeSO4J H20 300 -
MRS 2. 4H20 60 H3PO2 O10%PS 0. 05

Water Remainder
Example 3

Ferrous fluoroborate 60
FeS0,.7H,0 400

H,PO, 8

SPS 0.05
Water Remainder
Example 4

FeS0,.7H,0 300
FeCl,.4H,0 60

H,PO, 1

MPS 0.05
Al,(S0O,);.18H,0 60

Water Remainder
Example 5

FeSO,.7H,0O 300
Na.H,PO,.H,0 3

H,PO, 4

DPS 0.03
Water Remainder
Example 6

FeSO,.7H,0O 300
FeCl,.4H,0 50
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Al 2(SQJ 3.18H20 60 Wt er

Rermai nder

Exanple 5 FeSO4J

H20O 300 Na. H2PQ2. H2O 3 H3PO2 4 DPS 0. 03 Water

woreovsiossdes Exanple 6 FeSO4J H20 300 Fed 3. 4H2 PEOHR#0@R000791
3 SPS 0.06 Al 2(SQJ 3.18H20 60 Exanple 7 FeSO4J H20 400

FeCl 2. 4H20 80 H3PO2 2.24 MPS 0.05 Ti Q2 2 Water

Remai nder

Exanpl e 8_FeSO4J H20 400 FeCl 2. 4H20 80 H3PQ2

HaP94 MPS 0.05 Si C 23water Remai nder Exanple 9

SPS

Al,(SO,),.18H,0

Example 7
FeSO,.7H,0

FeCl,.4H,0
H,PO,
MPS

TiO,

Water

Example 8
FeSO,.7H,0

FeCl,.4H,0
H,PO,
MPS

SiC

Water

Example 9
FeSO,.7H,0

FeCl,.4H,0
H,PO,
MPS

MoS,
Water

Example 10
FeSO,.7H,0O

FeCl,.4H,0
H,PO,

0.06
60

400
80
2.24
0.05
2

Remainder

400
80
2.24
0.05
2

Remainder

400
80
2.24
0.05 .
2

Remainder

400
80
2.24
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FeSJ H20 400 FeCl 2. 4H20 80 H3PO2 2.24 MPS 0. 05 MbS2

2 Wat er Renai nder Exanple 10 FeSO4J H20 400 FeC 2. 4H20
w@oslo9X4 2. 24MPS 0. 05 Fl uoro A650 2 Wat er RenmiTUg2005/000791

Exanples (qg/l) 11 12 13 14 15 FeSO4 H20 400 400 400

400 400 FeCl 2. 4H20 80 80 80 80 80 H3PC2 1.56 1.65 2.31

3. 17. 4.29 MPS 0 05 % 0?5] 0 05 0.05 0.05 Water Renmi nder
i nder Renmi nder i nder Renmi nder I n one

Fﬁﬂﬂ}?%@t the plating baths of this invention are
userul tor depositing an iron-phosphorus alloy on a
Watarety of conducti \Remsainder at es i ncl udi ng iron,

steel, alum numalloys, etc. Thus the plating baths of
the invention are useful in depositing an

i #@i%‘@&hor usjqal l oy on 1mal |l partqg, | am natled 15
nmateri a pl ates, wire rods, slide nenbers et A

thﬁ&D;;HHz@xarrpl 408 a sl i d@0renber 490y skirt 400
Proﬁcaw@p@h' ch i perat ed pr slidingin a basg of a 80

i con al m num al oy cylinder. Slider materials
pehude nmagnesiupgal | oys,1.6bay cast2. Bn on, spri.hg 4.29

st ee2I t ool st eeI and st ess st e Q her I
MPSs| i de menber&0Rhi ch ngwlée pl at Wi t h the(%grrp ® 0.05
\&I S%Q'Or opl ating F&%aﬁ%epf tnib%})ahr{a}é.e”t 'I'-@Hilndlrﬂ@ll Uderdphahid@NS, Remainder

n rings, piston rod earings, bored cylinders,
shafts, clutch housings, clutch diaphragns, springs,

In one embodiment, the plating baths of this invention are useful for
depositing an iron-phosphorus alloy on a variety of conductive substrates including
iron, steel, aluminum alloys, etc. Thus the plating baths of the invention are useful
in depositing an iron-phosphorus alloy on small parts, laminated materials, plates,
wire rods, slide members etc. A typical example of a slide member is a skirt of a
piston which is operated for sliding in a base of a high silicon aluminum alloy
cylinder. Slider materials include magnesium alloys, gray cast iron, spring steel, tool
steel and stainless steel. Other examples of slide members which may be plated
with the electroplating baths of the invention include pistons, piston rings, piston
rods, bearings, bored cylinders, shafts, clutch housings, clutch diaphragms, springs,
etc.

To demonstrate the improvements obtained with the baths of the present
invention containing the sulfur-containing compounds, comparative plating baths are

prepared similar to Examples 1 and 4 above but without the sulfur compound MPS.

Comparative Example 1 all
FeSO,.7H,0O 400
FeCl;.4H,0 80

H,PO, 2.24
Water Remainder
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etc. To denonstrate the inprovenents obtained with the
bat hs of the present invention containing the

WG oSH093180Nnt ai ni ng conpounds, conparative pl at PaQUEADHSN0791

are prepared simlar to Exanples 1 and 4 above but
wi t hout the sul fur conmpound MPS. ConDarative Exanple 1

FeSO4J, . H20Q 400 FeCl 3. 4H20 80 H3PO2 2. 24 \Water
%ﬂ%&i@é&ﬂ@‘—%&«' i ve Exanple 2 FeSO4J H20 300
Flég@4_37,4l-@o 60 H3PO2 1 Al 20804 3.18H20 60 \Water
Rensi nder Work pieces of 4032 al uminum alloy, or AlSI
FECI{UNST 3 1501 ) oil h&Odening tool steel alloy rods
I_gﬁgp_drel s) with di ameters.I between 0.8 and 1.2 cm or
2inch by 2.5 inch stationary cast al um num ADC 12
ml(g%)sm@ are electrogoated with the plating baths
of exanples 1 and 4 and Conparative Exanple 1 and
Waigfar ati ve Exanple 2 at RemaiRger at ure of about 50 C
with an applied direct current density of 10 A/ dnR.
The mandrel s are rotated at about 1000 rpmto provide
sol utWork pipeesisf 403 2dlomninugn élloy,wir AlS EQ 1 ddN St Tha1 3ehdéhardening

tGaltle) ik 1o (maod S Pmssaes Setweehl) Aebg 7 . or sxinch

BN sthfdisry @hsBAaHindd ATSE 12QMby PEM_@isCa?é electroplated with the
rocessi ng sequences for steel and al um num are:

pating bathdraflexaetplesidiardd 4 andtGorpperatiyeExarapleobagd iqlo)mparative
B b PSR JTAREE ok PSB! densiy o
W Adrie PhéhRfhdrels are rotated at about 1000 rpm to provide solution speeds
of about 3.6 m/minute, and the anodes are polypropylene bagged steel strips. In all
the tests, the solution is continuously circulated with turnover rates of about 10 per
hour.

Typical processing sequences for steel and aluminum are:

(1)  sand mandrel sequentially with 320, 400 and 600 grit sandpaper,

(2) weigh mandrel,

(3) tape areas that will not be plated, and carefully measure the area that
will be plated,

(4) prepare steel mandrels for plating by standard immersion in a hot
alkaline electrocleaner followed by cold-water rinse (CWR), brief immersion in a
dilute hydrochloric acid solution, and a second CWR,

(5)  prepare aluminum mandrels and panels for plating by a standard
double zincate treatment.

After plating is completed, the mandrels or panels are removed, rinsed, the
tape removed, dried and then reweighed. Alloy morphology is observed by scanning
electron microscope (SEM), composition is measured by energy dispersive
spectroscopy (EDS) and in some cases by x-ray photoelectron spectroscopy or
proton induced x-ray immision. Current efficiency is calculated based upon

determining the theoretical weight gain from the measured alloy composition andthe

-10-
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(4) prepare steel mandrels for plating by standard
imrersion in a hot al kaline electrocl eaner foll owed by
weododovEser rinse (CWR), brief imersion in a BCT/US®S000791

hydrochl oric acid solution, and a second CAR, (5)
prepare al um num mandrel s and panels for plating by a

wEigH BREe PReSwRRrLcty auraeng hB By PO o such an
atrlr%f%ﬁggifa?é‘d@@@w aid ©d tapds ihedervEicgtieglatiAb| 4YEdition. Crack

ogy I's observed by scanning el ectron m crosco

e
coGEls)gre obigoed byabsesving tha swiags, UERS OYical rajsEpsgopy (OW). The

RS SATEESR T, A BT o s
AdRESRINOR: ad3dskeatbyektiikiFigessypdrs craimandasle chdaissich uptating sharp

determning the theoretical weight gain fromth ,
arisdstinad QRRBING BAFIBHEN RN-SIRICKRUABITgHR 15 XRoseadiacent to the

o
58 URSaReG iy ] B i IR0yl iy st room
tégeratuid eeftenpamd iobgerdnd theli cdating for agigns afnblisterirg or other

ooeeted Pheaber il e SUch o6 4oL, 2B Skctggraphi ross
SEcligy Saggz‘s{}gagﬂg%é [sAftOnminel b rk@astringithe erisessechighes teating with

'S as’ y striking coupons or nmandrels against a,

a niiebhagineisartpsigri fder OdhandSEVaraptainegftyepresentative cross
non- struck substrate is exposed adjacent to the struck
s€GHP$-at e, or by heating the coupons to 300 C,

quencly nEsbheThi Nhffe ctOSMiiE MRFUA Mot iesctrophating baths to the
observing the coating for signs of blisterjing or ot hc?r
CempheativerExarpleshafieaniaiaingothe; sidfulgentaininggampounds, several

obt ai ned et al ranhi [
ERARE B AL K By 38 B a2 gns ot
Mridnlingri G OMRToHRESS the sdratealifigefuBhbeads Siktkeated, samples are
obtai néd of representative cross sectign

i
inttedueedand semeHbasiner DRICAtR EPRETalke o3 BnHES AfRssamples
{ h {} i ni . .

§r§| %BW%W?\ Hkelly {':Réaﬂ}?hgée BAk Q&g{é@i ) Belistially cool in a room

I'ning conpounas, seve tests are

RAfIaRE eMvroanidnt placelt enhstopr obanimaxawateregtass. The Vickers
before and after .an

hardegp$ ﬁ@ttquqimt iﬁg%gérﬁﬂg%l ig%lrlgg S@@hg%g?ests are summarized
)t 0RI oA Wl 5B i e rpdies i itamegundss of e coposts
6 biairaewitn thebathssof Exarbplel 1 and &xanple dois higher thapthe hardness
obtained in the Comparative Examples containing no sulfur compound. When the
deposits of the Comparative Examples are annealed, there is a significant increase
in hardness. In contrast, annealing of the deposits obtained from the baths of

Examples 1 and 4 does not result in a significant increase in hardness.

11-
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tenperature environnment placed on top of a Kinmax watch
gl ass. The Vickers hardness of the deposit is

waledosioodiped. The results of these tests are SUPCEUSZEER000791

in Table I . As can be seen fromthe results, the

initial hardness of the deposits obtained W|th t he

bat hs of Exanple 1 and Exa IeI is higher than the

har dness obtained in the Co tive Exanpl es

cont ai nHaginess Yalus! (kgiranPpasEunciibe of Atreeatieg dsinpsratire

the Conparative Exanples are anneal ed, Et Egéﬁ I8 ﬂ erature (C)

significant increase in hardness. In c

%agabf ng of the deposit gnitidit ai ned 300om t he _th of 500
es 1 and 4 does not esult gni fi

ﬁxﬁﬂ}png%\%e i n hardness. Tabl8<§r7| Har dngggséal ues 1?)29/ nmp) 70

Gmparaslel Banple Anneal i ng 7hergper at urig1Anneal i M@oe 1075

Tenperature ("C) Deposit af Jnitial 350

E<eEIRR 4 1 887.4 1015. 2 L 639%00 Corﬁ?g%tlve %%anpl e 1 993

OokfpfathblExah@P21075 Examabe 4 679.723800. 2 69828 653 725

Conparative Exanple 2 445 713.6 732.2 725 As nenti oned
above, the alloys which are deposited fromthe

el eCtAé’ﬂ{eﬂn R84 BBble, thk é||B9s Wh‘?c%\eé‘ﬁe ddPEtt FFons v Sledtroplating

iron osp orus and sul fur. The amount of phosphorus
tsdihe oYt pmsehtanaerhtagn eentaiesirafi, phesphorstand 18 fqgna'lnﬁtamount of

f h hosphi t d
S ABROLSREINAS B0 S T SRR H Brggorosont
%d?’ﬁ?]lﬁée tHESYIStiGHANd e Survdritidehbigy. eTI@lstcaﬂFHe&Ieeng’rom the results

the I nvention containin varyl ng anouynt

dithe prpariments. andtesteayiil the electmop) attr}gé)qjhgpf tﬁ& np,\équon containing
d
GBS f) T PAABE LS50 g ban prpares

§@|r€l§xé}ﬂblé 1 i$fmodified tblmneilﬁ@rmmpﬂabf pbosphcnba wvarnyimg from 0.016
rods or mandrels is carried ou

i DGBMalenSET Hes, amhmq&eﬁt@pl@tmwraﬁ@?'m 457 @85 05 manarels
Wy d 2. 2
Wg\grﬁecg‘p’@tsé@cﬁﬁé?e'n?&ﬁr SHARlek? 6 Al dth= DRV AR and 30 Aldm?. The

e resu are sunmmari zed in Table
Yepbsid 6btainddate tahalypé@sfphpemnt@lhoephor@s t Flee results which are

g;%f%p\égh :agqu m%qﬁﬁatggh#’ tP\oDh OISEEIE%L{GS é:og\r@%gt 5f'tRd d%osﬂs varies
ﬁ/ﬁﬂ‘%ﬂé B&h{)%ltet %déff\'ir‘éﬂslﬁ% ffe bleetrdprEipgtbaarN ARl tesults also

creas ncreasi ng
demonstrate that the hardness of the deposit generally increases with increasing

oo

phosphorus contents at the levels studied.
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phosphorus contents at the |evels studied. Table Il
Variation in P Content in Deposit is H3PO4

w@onsesdisat i on on Bath and Current Density CurP@nus2005/000791
Density Bath of Bath P Content P in Deposit Vickers
Har dness A/ dn2 Exanple noles/liter % (Kg/m2) 10 11

0.016 3.4 946 12 0.025 4.7%% 7“13 0.035 5.3 1128 14
0.048 7.3 767 15 0.065 6 1 110.016 2.2 843 12

ridich 4n P Sodtdnt iR O8posit i

V%. %%‘gh 4.3 1064 30 11 %901% gggéé?éo'{%fggggggbzn.lgggég&fscu"em
Denedp 2.9 919 14 0.048 4.2 1081 15 0.065 5.2 990 In

one enbodi nment, the iron-phosphorus alloys which are
obtained utilizing the electroplating baths of the
Coir@#Baisity nvent Baih ocont ai BathPoCongdnout 70 PtimDedsstit  Ykers Hardness
Asirdrmi ¢ per cent Egémple on, fmosdigbout 1 to%bout 30 (Kg/mm?)
atom c percent of phosphorus and from about 0.1 t

1@bout 0.5 atom’¢ percegt 06 sul fur. In &fot her Sas

embodi ment, thd2al | oy co toégns from aboult, 92 to aﬁ%%t

98% atomi ¢ perggnt of ir lg%from 1.7 to7€§bout 7.5 7g7

atom c percent gf phosphgiggs and from algout 0.1 tQqosz

about 1.2 atomc percent of sulfur. EDS is used to

ogeterm ne the phosphoruscane sul fur coneentrati ongdd a

12 0.025 2.9 823
13 0.035 3.8 1064
14 0.048 5.1 1168
15 0.065 43 1064

30 11 0.016 2.3 866
12 0.025 2.4 835
13 0.035 2.9 919
14 0.048 4.2 1081
15 0.065 5.2 990

In one embodiment, the iron-phosphorus alloys which are obtained utilizing
the electroplating baths of the present invention contain from about 70 to about 99
atomic percent of iron, from about 1 to about 30 atomic percent of phosphorus and
from about 0.1 to about 0.5 atomic percent of sulfur. In another embodiment, the
alloy contains from about 92 to about 98% atomic percent of iron, from 1.7 to about
7.5 atomic percent of phosphorus and from about 0.1 to about 1.2 atomic percent
of sulfur.

EDS is used to determine the phosphorus and sulfur concentration of a
cross-sectioned deposit from the plating baths of Examples 1 and 4 deposited onto
4032 aluminum mandrels. The deposits obtained with the plating baths of Example
1 and Example 4 exhibit excellent uniformity throughout the cross section, and sulfur
is detectable in the alloy. Confirmation of sulfur in the alloy is performed using
proton induced x-ray immision spectroscopy (PIXE) and x-ray photoelectron
spectroscopy (XPS).

The adhesion of the deposited alloy deposited from the baths of Examples

1 and 4 is improved by the presence of the aliphatic sulfur-containing compound

-13-
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cross-sectioned deposit fromthe plating baths of
Exanples 1 and 4 deposited onto 4032 al um num

worovdnedis4 The deposits obtained with the platpPemusmbiieno7ol
of Exanple 1 and Exanpl e4 exhi bitexcellentuniformty
t hroughout thecross section, and sulfur is detectable
' te,allo.Conflrrmtlonof frln

w&fﬂw SbpngtpeortRedng splibsipfer 1 fepct dotained from

Piéiﬁugocpéth RlokFthepatns-dfaxaphsibgel 86d Uab the deposits obtained

s ectros S). The adhesi on of the deposited

wauhltbg baﬁpofs@omoafat&m ExampletiranbEompanglives=xample 2 respectively.

oved b t he pres
T BRPS o AU aP PR B e ks Sidh e ebinum mandrgls, The firs
R GREdhRGidnE obdBRaLiIen oﬂbllsttém\ggﬁmowmg leduitirigrte 400 ©and plunglng
el ectroplating baths fromthe baths of _Exanpl es

the thot re andpesating iBta waterdatrept HE Coaf he gyecond adhesion test is
Sggg%il?f\ \?i%ézé%mc%y%%@qﬂ?lgﬁ%éééfhﬁ’ifr %2%{%15% ﬁ’om the edge ofa

régiealthatthshesn subjecteddo el grindingewheels tAftersentd expenmentatlon to
adhesion i s observation of blisteri folla
iz g et BIGPATAAEYRIa SGITRFTEAE ok BTe GROSIhiOTbath gf Example

q \Eﬁf?tﬁ\%@@ﬁoﬁt frGRNE géﬁm%f J&ﬁpﬁﬁa‘ﬁ%‘t)é%‘tﬁé HQAdicBeds that over 85%

oBServaton of The distance from wh e coatin
df thek steehwagiufmioumtrbds edbibit@ood adhgisiom wh@tealsmly)ég% of the steel

%s%ﬁ%ﬁﬁ%@ﬂp&%p%ﬁ%%?cﬂhﬂﬂ e RR 6L CoTpla Exgmels o) gihibit good
Rightthe aﬁ&P@éﬂ)ésﬂeﬁqmrﬁ #dbath ofﬂﬁﬁip’rte 1\Motab not exhibit

ep03|t Promt he of Conparative Exanp
gcmdll a:ﬁtesmrtd'msteel; goosm@swﬂm ajwr@murﬁmaﬂdﬁﬁhsrmth thécﬂ%at'ng bath

cgﬁ{ ;ta]ﬁ]gzﬁ %Eﬁe%' @aqvgg%@?/aﬁf ?rf;g Yeg?%%%%ﬁ %ﬁp(zé gt@hesmn of the
|mﬁth1thé>bbtﬂpbtcampdra%®4amp|e Rlis bbtagried inendy 3@% of the tests.
deposited fromthe bath of npl e. 4 does  nat P
good HMGWSMquﬁa@]k@f theggB@y ggﬁgglﬁ obtained with ﬁlﬁ'rp ating bath of
ndr ﬁh%tb%\gbr@g&ﬁﬂeﬂ @(ﬁ[ es%fsth\%@‘rgégcgatéd 'vath iron-phosphorus

(ﬁijfh%?cbalﬁ o@Exhhfg)tleie:l@o;sj obsawellj usg'@ TE;AD(I@PD@IM)SEM iand the results
is obtajned in on 0% th
gt agRRos ey ot fire g2 (R Wrpkaena iron

iﬁh%ﬁ | 150rdAbl qfdeWke Wriplﬁﬁ % pB8it 95 MHIRAEd @%ﬁéﬁdﬁat room

are‘coa I ron orus on the bath of
texspgrbturé \altleolﬂbamne/aimlgu&]rrrg/eTmne(RBm' athe dempsibdemanstrates a

sg,éc;’;.laqts; H{EQS{OC%@.@ s;;g%qlzﬁr}\ed( %rﬁi)no%{et%?q $lgﬁla w#ﬁﬁgr%l ||qten51ty when
@%Eg@fé?‘ﬁgﬁ] 2 SBindatd x\Wa§hdvder difRRtbimetsr and @ortbared to fresh
deposits. Both fresh and room temperature aged deposits show dramatic changes
in crystallography after annealing. Annealing studies are carried out attemperatures
of 200°C, 350°C, 500°C and 600°C. Samples annealed at temperatures above
350°C with annealing times in excess of 30 minutes followed by cooling, do not
exhibit further crystallographic changes.

It has also been demonstrated that microcracking of the deposit is affected
by the presence of the sulfur-containing compound in the electroplating baths.

When the sulfur containing compound is absent (Comparative Examples 1 and 2)
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tenperature w thout annealing for over one year, the

deposit denonstrates a decrease in anorphous signal
wa@nasassidyncr ease i n al pha iron signal intensitBpCTHIgIN05/000791

nmeasured using a standard x-ray powder diffractomneter

and conpared to fresh deposits. Both fresh and room

te. erature a s sho mat i ¢
ST RSl eRpsts aist eRhAlY ARk LR RAEs e gagk count
aﬁarérb§§| s@é‘ﬁor%t oﬁtﬁ@B@ﬁé&é& G&n@ﬁsﬁ@l@%aﬂﬁ@@ra&%@%nealmg are
600C. Sanpl es anneal ed at tenperatures above 350C wit

nwuh\eadldefgamd eften axpossethe stibsatel ndihesdersitsweltained With the

efer?grﬁagagl’ng(hattﬁ%éf tiéfsﬂrg%%%t u\\loérn%'h fdrr)é?tag'lp{l %)?a(?ﬂbl%1 and Example

4B s’ oW agdvafationeindre @sack csuraféf&;rtamdahnghme average crack

presence of the sul fur cant ai ni ng Eo@%) ﬂ?
vmtaétar@pphtrﬁcr@aaﬁ@t Aad ojeks eftendilg fiom &y @%ﬁ ﬂ{sbstfate are rare.
con‘pﬂuE ﬁ s%BUBn%rdaiﬁéfethgxﬂff@eﬁ%e Tof2iHE %belecontalnlng
ron- phosphor us deposits, ter anneal1ng, have large
cbRfpodmessini thec phatikgcbaths afthe @resesntsueuenm asf deseribed above

pzéjéf%(ﬁ% g;@oépﬁfgﬁgé%vtpgﬁtt@g% Sagﬁé E t‘?\?Hgvgntlon after

e

oh, stdnngloin stmirast, the |piaat|n@rbath af {eoropattive suamples drand 2 which

S B BB g sl s o o

féﬁrcqonlohsqja,q@m?as been di scovered that the presence of
the sul fur-contai ning conpounds .in the plating bat

hs
of t wahm éb@mmveni@@nhafohea@ explained &y relglioR tpitsyyatioys embodi-

r’%.ﬁqrgts ﬁ né%@ gpgé :rﬁést%ffslca-{@gsﬁll(\)?r'e' E/llgﬁé&ﬁné’%pparent

t¥&hbsé 'sRﬂleUﬁnCtﬁbCﬁrt @bonrlesemgetl"(essmaﬁca‘non Therefore, |t is to be

deconposition) on storin In contras pl atin
Lumemst@pdcﬂ@aﬁiaeanv%%&a pgad ﬁem'szmgﬁﬂdt@ﬁ’ a‘%Pé(ebég‘FP modifica-
ec éﬁp& ant oxi dation
HL’J‘ ftaﬁgw{rhgrbgrlleleg%cf% é{fﬂg | gﬁugﬁn]élfsﬂtsgndl ng. Wile
t he |nvent|on has been explained in relation to its
vari ous enbodi nents, it is to be understood that other
nodi fi cations thereof wll becone apparent to those
skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention
di scl osed herein is intended to cover such nodifica
tions as fall within the scope of the appended
cl ai ms. CLAI M5
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1. An aqueous acidic iron phosphorus bath conprising

(A) at least one conmpound fromwhich iron can be
webmesoynBytical |y deposited, (B) hypophosphit erd¢Drs20a51600791

(C a sulfur-containing conmpound sel ected from

sulffoa! kyldat ed pgl yet hyl ene i m nes, sul fonated

safranin dye, and nercapto tic sulfonic acid

al kali metal salts thereofif'ﬁe bath of claim 1S o

e g e erq ous me%nlﬁﬁghgmse‘%tw%éﬁﬁ@us

chlori de, ate, ferrous fluoroborate
ferrous méAhanet fast onatcompaanddremswhichireneaine electrolytically
m xtures thereof. 3. The bath of claim 1l wherein the

deppsited. of hypophosphite ion is hypophosphorus acid, an

al kal'i nmeygl hy liteGoB2Ahd Or a mxture thereof
4. The ba{(h} of gPal m 1 wherein the sul fur-containin

conmpound i(€) a mesum@rﬁammﬂappmwlnﬂoﬁ?'@d@@u Horrhﬁ;u?foalkylated

pﬁ;h@%@rﬂe %ﬁ'llngggﬂ“o&\ggéggg%ﬂarﬁﬁ ng tﬁ:é?%é&ﬁ? iantbCSSU”OHIC acids
oggqumgtd| §a|’t§ﬂ1’e@é@|ﬂt ed by the forrrul aY- S Rl - SBX
wherein X i H or an al kali netal

gr ouﬁ contTai‘Ienl'Jﬁtjj1 of slaim 1 yharsln the Hﬁﬁlﬁéﬁﬁ%gﬁl'%%ggerb?ed from
fﬁf’&)lé? 8Efg>£lppt%u§§ﬁd}§2fermu I{@o%ou@(é\"'i@rbﬁg methghe%ulfonate

and each I's 1 ndependently H
faftoas kuifamataiand eiktares thgréofom 1 t o about 5 carbon
atons. 6. The el ect rq? ] at| ng bat h,of claim,l

conprd-si ng The bath@h heqgn the $OYFe quapﬁéoip%osphite ion is
rﬁ@%ﬁﬁbgpﬁcﬂ'ﬁs %id %neérlgmn ﬁﬁéﬁéelth)fabtoﬁhb@pﬁﬁéégélg i)rcagrrrr\rl;?Tgl% tr?greof
agentd. 9.THebabaoh ddimcl avihereimithe suKuf-gantaining cogppound is a
r]ég;qrg%iltj(ggllgﬁatﬁ:os fonEScitt S5h QHSITHEGRE St AfebE OF Qiixture thereof.

5. The bath of claim 1 wherein the sulfur containing compound is
represented by the formula

Y-S-R'-S0O,X I

wherein X is H or an alkali metal, R" is an alkylene group containing from 1 to about
5 carbon atoms Y is H, S—R'-SO,X, C(S)NR,”, C(S)OR" C(NH,)NR,", or a
heterocyclic group, and each R” is independently H, or an alkyl group containing

from 1 to about 5 carbon atoms.

6. The electroplating bath of claim 1 also comprising aluminum ions.

7 The bath of claim 1 wherein the pH is from about 0.5 to about 5.

8. The bath of claim 1 wherein the bath is free of complexing agents.
9 The bath of claim 1 wherein the source of ferrous ion comprises

ferrous sulfate and ferrous chloride.
10.  An aqueous acidic iron phosphorus electroplating bath comprising
(A)  from about 20 to about 120 grams per liter of ferrous ion,
(B)  from about 0.2 to about 8 grams per liter of phosphorus, said
phosphorus being supplied as hypophosphite ion, and
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10. An aqueous acidic iron phosphorus el ectroplating

bath conprising (A) fromabout 20 to about 120 grans
w@eoosiopiies of ferrous ion, (B) from about 0.2 pOT/@BmN$/000791

8 grans per liter of phosphorus, said phosphorus being

supplied as hypophosphite ion, and(C) from about 0.001

to about 0.5 grans 8 liter of sul fur E&esen

sul fur- Coﬁ@h| nfieg @ %t&,ﬁm e pheut@ 998 perllier osf sulfur present
a§Laéf%Lgﬂllr-l&3h?§|ﬁ ﬂg‘&glrﬁ’ 's%“@ctiag‘fr'&ﬁ?'suIﬁiﬁllﬁﬂé‘l@ﬁ%lyethylene imines,

rcapto a hatic sulfonic acid
s@lfsedted rm:almnsaye sartdmeecm‘pto hmphaﬁreswfom acids arialiali metal salts
bat h_of claim 10 wherein the ferrous ion is present as
thgrepbast one salt selected fromferrous chloride,

ferrqys sul feaérléctr&ﬂéﬁ BafH SFUIARPI @Ivbierdif RO BsrrdRs iBANS present

sul f onat e, rous su amat e, and m xtures thereof.
a2 at Teastebeet saih|saléated Haom éerr@waauthqrme\mf@rrauls sulfate, ferrous

BRI Sal o8Bl A SRR YA gy oreo

13. e elpd sleethrdblatieg bathofefaisl @ WMéJféer\tW;moa;phbms is present
sul fur-containing conpound is a nercapto al

mvmhosabowsmcamalkah metpk hxméph'tqaa'lt ﬂfem'X%UfeS thereof.

gloﬁélo Olbla‘l;her %;‘)‘?Cg o%n{ﬂe Oggﬁfh?'cﬁ)r ?PS\Hb&‘éﬁn QH@ts'{‘Jlfﬂhﬁgntalmng

dorMbGUIrRi 13 aXmiefcaptoraliphatid kallfmnmat:mil cormiolird ansall Hyarenfe
group conta| ni mt:lnfrom 1to a ut 5 c bon fatoms
I

H S-14/1 -Thegha g;(bgjh@fzelalm hgontalrglpg 8ompound
OGRS S ey n?néaﬂ‘ofﬁ 1' to 2‘335?”2622%0? >
atoms. 15. The el ectropl A-+$eRB&MXof claim 10 wherein |
whrein 8as HaearaIGR el RS aromieng rauiofRating fipm fto about
§'eipah e Y 17, S LSO ISR}, IO COHINR, o 2
Méteraiyelit geoumtand gadh BE |s)1|ndﬁﬂe@p§;atly1@-| or an alkyl group containing
from 1 to about 5 carbon atoms.
15.  The electroplating bath of claim 10 wherein the bath also comprises
from about 0.1 to about 10 grams per liter of aluminum ions.
16.  The plating bath of claim 10 wherein the bath has a pH of from about
0.8 to about 2.5.
17.  The plating bath of claim 10 wherein the bath is free of complexing
agents.
18. A process for electrodepositing an iron-phosphorus alloy on a
conductive substrate which comprises
(A)  providing an acidic aqueous electroplating bath of claim 1, and
(B) effecting the electrodeposition of the alloy on the substrate
through the use of said bath.
19. The process of claim 18 wherein the substrate is a cylinder of an

internal combustion engine.
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agents. 18. A process for el ectrodepositing an
i ron- phosphorus all oy on a conductive substrate which

w@oosndEes (A) providing an aci di ¢ aqueous PCT/US2005/000791

el ectroplating bath of claiml1, and (B) effecting the

el ectrodeposition of the alloy on the substrate

through the use of said bath. 19. The process ,of ¢

18 WBGr i A prasessbir BlEETPIOROBYNG e HOTDRSHIRTES naloy on 3

Cégﬁdﬁ)ﬁg SR Wﬁrc?u%qnﬁ;r%re‘%cess for el ectrodepositing

on-phosp orus on a conductive substrate
whi ch corrptk) seprc(vmm@anacdlcm}qm&maleﬂtmp&@tmh of claim 10, and

:: 22: {83'6 - pg‘%&g}go I}gee%qt Qggiggﬂgif %g(cg)utg %g&t LA 9hé ibstrate
tﬁraggﬁ'%et&% éf%%,@f)aﬁ‘al d bath. 2 1. A conductive
su

trate having an iIron-phosphorus alloy deposited
t her @6n, facondiebivei substratd bavipgi afg lmarmpbyrus alloy deposited
el ectrodeppsition fromthe bat
tiasRabCI IS apsLen a1BY By iy &) sfésRoBkbosifn, eSS the bath of
i ses fromabout 1 to about 30 atomic percent of
phosphorus. 23. The conductive substrate of claim

wher @2n t Adegondyciivrpiisiiate ohcdamabiherain the 2oy &P"@'Ses from
oBpOEh So ABLEES) ARrale PR o R pBBR o P om about. 0. 1
to abgut O He cndottversubstmate ofclaim 2 Lwherein the alloy comprises from
about 70 to about 99 atomic percent of iron.
24. The conductive substrate of claim 21 wherein the alloy comprise from
about 0.1 to about 0.5 atomic percent of sulfur.
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