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may include: fluorinated plastics, such as polyvinylidene fluoride (PVDF) and
polytetrafluroethylene (PTFE); polysulfone (PSU); polyether ether ketone (PEEK) and

polybisimidazole (PBI) among others.

Constant solution exchange at the surface of every disk is essential to refresh the
plating chemistry at the surface and to produce a plated article of uniform and consistent
composition which is of considerable importance in the memory disk industry. This is
afforded by physical movement of both the plating fixture within the bath and vigorous
solution mixing. The continuous mechanical movement of the plating fixture (on which the
disks are mounted) can be translational, e.g., up and down or side-to-side, rotation and orbital
motion of mounting spindles and mandrels, or that provided by some other means, e.g.
ultrasonic motion. Solution movement or mixing can be provided by any type of fluid
movement, e.g., due to recirculation pumps, cascading flow, jet nozzles, inductors, air
sparging or any other means known to those in metal plating art and practice. The tank
design can be of any physical shape, size or design as would be needed so that the parts can
( be contacted with the plating chemistry in such a manner that the metal required is built up

and deposited on the object to be plated.

These different types of movement will cause the articles being plated to continually
rub and potentially abrade small particles of plastic off the racking fixtures. These particles,
having been created within the bath, or even introduced to the plating solution from some
other source, be it internal or external, now have the possibility of being directed toward the
plating surface. If this particle remains at the surface long enough, it now has the possibility
of being encapsulated by the metal being deposited, i.e., built into the deposit and reducing

the absolute purity of the coating due to the presence of an undesired, i.e. foreign, particle.
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polishing. A plastic particle located at the surface of the NiP layer can then become
completely or partially dislodged when the final magnetic media is applied during the

sputtering steps where heat (ca. 200 — 250°C) is momentarily encountered.

When an asperity such as this is produced (i.e., a plastic protrusion or inclusion), hard
disk reliability cannot be guaranteed because of the extremely low fly heights of the
read/write heads over the surface of the spinning disk and the potential for head crashes. The
head crash can be the result of either direct physical contact with the particle or a protrusion
caused by it or due to a turbulent air flow pattern, as might be produced from a cavity or
depression in the surface wherein a particle that once resided in the deposit as a foreign object
has been produced due to a subsequent production step in the manufacture of the hard disk
prior to the completed assembly of the final product. When this type of plating defect is
found, even in just one disk from a plating batch of several thousand, the entire batch of disks

is discarded and substantial losses are incurred.

To substantially avoid this type of inclusion, or vestige of its former presence,
indicates that substantially no particles are detected in any article examined. In the hard disk
industry “substantially” indicates no particles are allowed, i.e., the count frequency must be
zero among those parts that are mspected. [n other industries where particle dimension are
even smaller than those encountered in the memory disk industry, e.g. some nano-
engineering industry wherein foreign particles on a nanometer or picometer scale are of great
commercial concern, the term “substantially” allows for a finite frequency of particles but it
would be demonstrably, and statistically less than the number of foreign particles found when
compared with a metal plating process by any commonly used statistical method for

determining the purity (i.e., absence of the foreign particle) of the plated deposit.
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phosphorus alloy as in the manufacturing procedure used to produce rigid memory disks. As
an enhancement to the present state of the art, the electroless nickel chemistry is modified

with certain additives to nearly completely prevent the likelihood of co-depositing plastic

particles in the coating.
SUMMARY OF THE INVENTION

This invention relates to the use of certain additives in a metal plating bath to improve
the quality, i.e., the purity of the deposited coating. In one particular application, the
manufacture of rigid memory disks, a certain sulfated fatty acid ester additive, e.g., of castor

oil, has been found to be exceptionally useful. It is represented by the formula

SO, M+

OR?

wherein R' is selected from the group consisting of OH, OCH,, OCH,CH;, C1-Cy
alkyl, linear or branched;

R? is selected from the group consisting of H and C,-C; alkyl, linear or branched;
m is an integer ranging from 1 to about 5;

n is an integer ranging from 2 to about 30;

0 is an integer ranging from 0 to about 10;

M* is a metal or pseudo metal ion or H”,
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applied, is usually in the fornfof an alloy with the other materials
present in the bath. Thus, if hypophosphite is used as the reducing
agent, the deposit wll contain nickel and phosphorus. Simlarly, if
an ani ne bor arerdisReigselsgied romybe gepp sersisiing pf @onPeith. GEEE:. Endr
boron as Sho‘Mk:Ir?ﬁHar%rbB%Eh gNo. 3,953,654, supra. Thus, use of the
term ni ckel i qg 'udes the other el ements nornal | y deposited therewth.
The ni ckel i &Y inselecizd fpmothe gediplrgntifimgws & ot QAY; dlofi Libleer gdirdncBaich as
ni ckel sul fate,. g\iictkgel,]_(:lryl(%rfi,dntla,l ni&l&% acetate, nickel nethyl
(zul fonate and WiR{HFES TS 1 e 2010/ 045559PCT/ US2009/ 061011
concent r ati om i9fn inf@eniagiiak fioh B0lbbitdA0; may vary widely and is about
0.1 to 60 g/1, preferably ahout 2 %o 50 g/1, e.g., 4 to 10 g/l.
The reduci ng Sdy@hinteseiBBENG oY ¢ Graba¥nid y di sks, is usually the
hypophosphi t ert QR ARk bedds etddBnRAHY. by any suitable source such as
sodi um potassi um anmoni um and ni ckel hypophosphite. Oher reducing
agents such as am ne boranes, borohydrides and hydrazine may al so
sui tably be | . i : dei ng. Wl Se
gencral 1y i n ostatey MGRNE RN Pl Db PTG A380ha &
t he bat hickel and nickel alloys comprising,

(i) a source of nickel ions,
(ii)  at least one reaction product additive from a mixture produced from the
sulfation and esterification of a fatty acid or mixtures and salts thereof used in

a metal plating bath in an amount effective for substantially avoiding co-



The baths nmay be acid, neutral or alkaline and the acid or alkaline
pH adj ustor may be selected froma w de range of materials such as
anmoni um hyadreaxigessesodi um hydr oxi de, hydrochl ori ¢ aci de@ndsiulrguchdike.
The pH of the bath nay range fron1about 2to 12 mﬁth aci d baths
bei ng preferred. H.ran e of 5, .eq., 4.6, being
preferred. %?EO%W &RytY E%ﬂftlﬁﬂav?%@ ésrf@eftowff*rc&sﬁhaéfow de
variety of materiagbg e@ﬂ@ﬁb?%uymgﬁﬁacontalnlng ani ons such as acetate,
citrate, glycollate, lacta mal at e, succi nate, pyrophosphate and
the like, with m xtures thereof being suitable. Ranges for the
conpl exi ng agent, based on the anion,3gaysvary widely, for exanple,
about 1 to 300 g/L, preferably abput tg 50 g/ 1. The

el ectrol ess nickel plating baths s,say aksfd contain other ingredients
known in the art such as buffert Lh stabilizers, rate
pronoters, brighteners, etc. Stabili Zé “as conpounds cont ai ni ng

| ead, antinony, bismuth, nercury, , salpgnium sul fur, and oxy
conpounds such as iodate nmay bé®%enpl oyed. A suitable pl ati ng
conposi tion nay be formed by dissolving the ingredients in water and
adjusting the pHto the desired range. The zinc coated al um num

part pay be phlatd Rt ¢ heted €@ thd gtoap chimdsiag ahOHI ©QhE] OCHWEHS, IQyC-by
i mrer si ng th 1 i keI pl ati ng bath which is naintained
over a tenper rBWWéHEB“6 about 30 to 100C, e.g., boiling,
ET ef erably 8R%iosd@td fforh HicGkbgs@nbiptidef ¥0adll CLONHkyl Ofinddi §Rfinchey. be
npl oyed, with a range of about 6 to 14 m crons being used for nost
appl|catlons‘n‘W@NQ@&EF@E@GB@@E#ﬁ@SQB@§/061011 It will be
appreci at ed %ﬁﬁﬂﬁ&él&hHﬁ%Mz idWopfdo;t hat the rate of plating may
be influenced by many factors including (1) pH of the plating
sol ution, (2)°igendweger pngioa fio @ topbortlally, (3) tenperature of the
pl ati ng bath {4) bl e nickel, (5) ratio of
vol une of baﬁﬁ #arﬁﬁBQSﬁg%éphﬁﬂﬁﬂj‘%qipresence of soluble fluoride
salts (rate giionoteasziengketZ) the nmet hod and design of sol ution
agitation, and. that the.above aneters are only provided to give
general gui dahde f‘iﬁ’}“PEer’%ﬂbt‘ifPtng“‘{ he invention. A hi gh
phosphorus N al kécing abariei n defined as a netallic coating
containing less than 90% Ni and nore than 10% P. (However, the
invention is not limted to Ni P coatings of this conposition only.
Coat i ngs Wi t Fryhasqiek a8 fod f%ng%ﬁagmm leegscﬁ edrB e Wi alise
benefit equally well.) A nickel-phosphor oy contal ning
nmor e t ham safybiitatelor a%%fah@@bmpulsng - d@mwnomfsf r@nhnﬁgarihp hosphoeoumisNigP
coati ng o ).
3t ng esfc ARLATRANTHE bPAPRrRTE PR R & Sour Holhraginer
nmount ed) both cﬂ“}ﬂlmdnlnemalﬁlammeslspmd dieqsalmbeutfgmidfaid syibsiasirad atiedatdlyom
a chemcally.inert plastic such ol y\ I|d e fluoride (PVDF) or
ol yt ot it BeltipFauRE beb e « e o Rt ek
The Al dirsdkige@frémtRpiulBeppial S@rifit AP oNE fa&i}QfE:iﬂlQ:ﬁ 1ﬂ¥tu9d’s%i@§al@ﬁh&&ﬁ
spindles. To keep the disks into their respectlve groves and prevent
them fromjunping out of their grove and -mating" with the next di sk,
a |l ong polys S I e center
hol e of the XFﬁﬁﬂéﬁ&P%nhﬁgbggﬁE% ?ﬁ?ﬁgﬁgga%ﬁgﬁhoggggf%??€93%pthe t wo
adj acentcothipgkisg. fdeptmltbtgml alangy omﬁmagfeévemtkahgllacmssg af a substragheni stry
to both s e.cont act y
nature oPPy R el b steetion ot Bor REHR el B PG BT B
al um numickebdsickeDalloyaviie!iysdetinone iGiBSthardcont of e@ohendidllis paacleasid.the

and the caontinuous r | ving notion of the spindle_ on its own axis,
the or biSEaicekthe Pi%fe‘f ﬁg)swﬁ 3'9184110 4hgrebh @em@ﬂew Pt WopHoRRtalate ¢ he

di sks duygattn@ bhRPIE plakiaBbRahafihghdedst oY% @hctiol §rdaheClagiive ok Wniia t he

produced from the sulfation and esterification of a fatty acid or mixtures and salts thereof,



This additive is the reaction product obtained fromthe sulful ation
of butyl oleate. The butyl oleate is itself a reaction product from
t he esteri{iocatimessef a naturally occurring fatty acid, pér€sxodids@ity
castor oil. For sinplicity, the additive will herein be referred to
as sulfated, butyl oleate or nore generally, as a sulfated fatty acid
ester. This additive is actually a conplex mxture as it is derived
froma nat ur abyiOikeldbftalsh Sehik S & dn rdbhekiyHE B1af et g
unsat ur at ed fatlt;l %ct{&gs 5'an‘c(:jl tﬁe r?i xturef))idsﬁ\?ery %ﬂbﬁlﬁ%u ?ﬂt%lgcogheri fy
into a sfubgfiae sybsmastiadiyriyse wh don-Teladlicaudidiés\rectheasl Hyegmodenomgtrisaiged t o
provide the benefits. described above at.a.concentratio rang bet ween
b 5" ana HOT S SRERROLIP B BV e st AT SRR SRR Co10
ppm Seecdntasing Ron-Beatid prticiRand edestsnd ictoh ipedduar lditive from a mixture
sel f - expl anat or.y. eThe additive of this ipvention is a conpl ex
i xt ur o BPOGES fiomehe switier i St e AT odpibeel] iy e %d(s%stfowofc_le
and C18)rch@hfny tRCiddSmetMic bR&Skes dfokio E@%@tﬁﬁt&li?%ﬁbip%&siﬁgﬁﬂf théEh&d i n
the additive. Two such t‘E:F%I“;Bonents t hat have sfructures consi stent

wi t h t hentglligapsicalaes within thoaatiog 559 pulgTrgseaeueleval gssentialypon- OH
sS4 M . . p LSt -
ST al ey o FroB o S e R Pl o RECA LR S BB
i on or Hpaving an avémgedRioggimesssyf abowelines e coraksibgtaid mingodsed forimaguetes
chr omat orgrcﬁgré}/ .cotlugn at different retention tines is shown. Each

ak is ASSOdPAFE™ i th a different, "pure" conpound within the

i xture. To further characterize this m xture, these eluted conpounds
wer e subsequently ionized and jintroduced into a Mass Spectronmeter to
deter i ne and their spodt T ORSHRIENIAN GeTERARAWINGS: echni que of
chem cal analysis is known as |on Chromatography (tinme-offlight) Mss
Spectronetry (ICGTOF-M5). Froman interpretation on the data using
t hi s net@ber fempggs pbthg ynvgatierowid! kernepirentiand peiatedout belewe Theidiseliptions are
m xt ure ﬁ’é’?&ﬁasiog%ﬂtliinfﬂiﬁg- The substances found in the analysis include
unsat urated and saturdited sul fo-oxy-fatty acids and esters thereof
(nost probably butyl-esters), unsaturated and saturated hydroxy-fatty
acids and esters.ihereof. (nost pr.obably butyl-esters), unsaturated
and sat H‘%iteleh'ﬁ)f‘va?%%}{e<g 1gd ?famégglg?g'ofiﬁ%lrogbf (most probably
butyl -esters), alkyl ether of hydroxyl-fatty acid-ester. Thus, the
additive is a conplex mxture of oils, fatty acid (or carboxyl ated)
oi |5 and Bt PAPEGILYIT RaTEE GrathSpbseiePBladonFa Nopgionruratsh slish P.
si gnat urgy ghitht Nee BAMRADEMSnilOmy ARtite; TOF- M5 spectra highly suggest
the starting fatty acid was castor oil. The primary fatty acid in
castor oil is ricinoleic acid. It is also the only known, natural
ource tdj : i ol O . Ity =Qf fated
Fatty acihy DEbEAor FACORRe ch e Bhare BIRATRIES AR Ry B 49
2, 743, 288ientdgrdBH CaB6midRA6yiROHEI0 mn PRitiORBGticl8r. iThie StathRét ant colain 889, 300
and the Ed@c cl opedi a of Chem cal Technol ogy (Kirk-Q hner,
Encycl op% '3 °f Chemical Technol ogy, Fourth Ed. p308-309). WO
2010/ 045559PCT/ US2009/ 061. 011

Fig. 4. Depiction of EN Coating on Al Substrate Plated from a High-P EN bath that was
Intentionally Contaminated with 200 nm Plastic Particles and the Additive of the Present

Invention (Example 1);
Fig. 5. Polysulfone Particle Embedded in Electroless Nickel Coating;

Fig. 6. Mixture Separation of the Sulfated, Fatty Acid Ester (Additive) by Ton

Chromatography Showing Retention Time on the Column in Minutes;



The G M (lon Chronmat ography - Mass Spectrum) shown in Figure 6 for
this additive is consistent with a starting material of ricinoleic
acid as thgosvarnkissag fatty acid. Wien this fatty acid igcesdesidinad
and then sul fated, a conplex m xture of conmponents can be expectedi.
Ricinoleic acid is found naturally in castor oil. This oil is
believed to be the only naturally occurring source of ricinoleic

aci d. Atgbhe gl ﬁ%ﬂfat&cldﬁﬁ (thﬁe b?ﬂﬂﬁi} M&Q‘S’ %’oﬁ!&hﬂr?@cﬂfﬂs Qpe@%m of certain
fractionsy of the parént additives responsi bl e for the benefit

ef f ect edractionswonEimedan pdditbve mixeitreter it is the entire mixture itself.
Further testing will be done with related materials to help identify
the mechanism At the present tine, it is believed that a high zeta
pot ent i afigi& Cattot dikischaonlpkndvire nhtoyad pduradof ricinoleic ey acipot ent i al
relates to the ionic charge (sign) and nmagnitude of a surface in a

| iquid nmedium Negatively charged species are referred to as anionic.
Posi ti vetiy. £ hatagsh MRFhes ANRIEHRM PHhidp as cationic. Zero charged
species are referred to as non-ionic and there is another class,
whi ch has both a positive center of charge and a negative center of
charge. These doubl y 9ﬁ@gg§$?m@}gpqw 1€ OF I th gﬂﬁl%ﬁrl c or
zwitterions. IS known t at speci es having the same
charge on them are eI ectrostatically repelled from each ot her and
o o R B SPuRE PP ARyl PR SR B

reat es the pe.g@dtiou ef cibiamgemean dtsha(:RMDE feog Gmacﬁdii:l Stdl‘ﬂgbahé(i?a fdr haidhiisk
addltlveJntr dyced into the EN sol ution ad he net al
sur f ace ArvFO PRORBREBAEK dRYRare Magfes Hed sy i'ew?tst’ of appr ma I e
of this r!nlil\{%nEHeQiktﬁlﬁg betwe6 the PIGANRG ke Akad £I%hd ‘]}ﬁxﬂmﬂf ;@gﬂ@ic h@d dAR. V.
This classifies it as an anionic species with a fairly strong

negat i vedwirampaniazayyoiibessdiskalan chtnipem rebidateduplaist g ainrqémbgﬁ%encl@s
from Mal o cles as

i nduced a‘lgl§§ t@ﬁl]e aﬁdﬂ ? F@g@%ggﬂ%gﬁeﬁa dtﬂtﬁg%ﬁl\%t’;@%? %%glaltq %rel}gt's
effectl veness for enhancing the qual ity of the deposited netal.

Zeta potenti to.d th ) h
clectrical potenbral Pt PRI et Rl PP SRR BT by e
changes mwn igthehanae pheh y\@eaestda;amd &mmﬁmna Ak debeivked qwmdnermd;l um it

ol osc@Biectohl BORAEN- DR ro HED: bart 14! 2yere 58 51eUer

the zeta potoentd abs 233 Aadlumobuen of several parameters, sone of whi ch

are tenperature, pH conduct i vi ty, solution viscosity, particle size,

concent r at | ol 28wiAb NiPsleRgsiioRtsOBMOBTRPINEHD PeleareBunmaraginntstiseeg in For
his re f [

ompar i g eneDBisBERAREAnERaeTE 0t or ARG M () S BIARRRH, ('

The zet alcplan damnﬂnomlds pHegprstee td frovide the recplaiied plrle)sd (4) atcoeplexercagphtder wer e

nmeasured_w,t lvern er Z

soi ut 1 oo it Peli Pk RRERaF Birciiolfi g EShy B BE: of e

Hi gh- Phespiplking,aseltefd Nop @(ﬂﬁud]is@l‘cﬁies&rﬂieh iidthe 2b&veMbad plibkdatibns. It will be

turnovers) to 1 liter of wate The resul ti g)?hel ectrol yte had

conduct i*pPiEgiage by thpsgliligd 13|“?§h%?1‘§“%ﬁ?1“‘§kﬂl-f’i %%F%k?‘ﬁ&f‘%qlg?ddﬁ gsuafly

test sanphg f@asof daeMop Rﬁ@Qﬁ@&hQMnﬁQ@ﬂ@ﬂegenmn R4 bt rn@é lif RPERShite is

solution of the test additive to of the stock electr | yte, thus

produci nged a thoGdying wnuthempowlir@mmn nisket mde)hworrén&umhdxeﬁ aln a

15 m pl |

as suppl i Byt oRPSydTieRRbaR U Bl HLRESR AR Sl VD P,

sol ut i oNo. é@dhéﬁﬂ sappr Okismese e yhe3emd mc}mﬂn&llsias:mesmevelbmemasmﬁﬁly

t hrough a ?PZ m cron syringe filter (ANOTOP 6908-2002 al um num oxi de

menbr andFPAHE BHESHSh the flow through dip cell. After inspection, to

The nickel ion may be provided by the use of any soluble salt such as nickel sulfate,

nickel chloride, nickel acetate, nickel methyl sulfonate and mixtures thereof. The

10



-48.3 Et honeen C25 -4.8 Petro Powder 22 -13.3 Plurafac Cl17 +11.5
Triton DF-20 -16.4 Mrataine JC-HA -24.5 Cheneen C2 +29.4

Non- et al | v Bandiksbes which can be created in a plati ngRgdbioddarii 0
mechani cal abrasive action of plating fixtures and the articles being

pl ated can becone coated with the . , i
concentration of the nickel in solution may vary widely and is about 0.1 to 60 g/, preferably

about 2 to 50 g/1, e.g., 4 to 10 g/L.

The reducing agent, especially for memory disks, is usually the hypophosphite ion
supplied to the bath by any suitable source such as sodium, potassium, ammonium and nickel
hypophosphite. Other reducing agents such as amine boranes, borohydrides and hydrazine
may also suitably be employed. The concentration of the reducing agent is generally in

excess of the amount sufficient to reduce the nickel in the bath.

The baths may be acid, neutral or alkaline and the acid or alkaline pH adjustor may be
selected from a wide range of materials such as ammonium hydroxide, sodium hydroxide,
(- hydrochloric acid and the like. The pH of the bath may range from about 2 to 12, with acid

baths being preferred. A pH range of 4to 5, e.g., 4.3 to 4.6, being preferred.

The complexing agent may be selected from a wide variety of materials such as those
containing anions such as acetate, citrate, glycollate, lactate, malate, succinate, pyrophosphate
and the like, with mixtures thereof being suitable. Ranges for the complexing agent, based on

the anion, may vary widely, for example, about | to 300 g/L., preferably about 5 to 50 g/1.

The electroless nickel plating baths may also contain other ingredients known in the
art such as buffering agents, bath stabilizers, rate promoters, brighteners, etc. Stabilizers such
as compounds containing lead, antimony, bismuth, mercury, tin, selenium, sulfur, and oxy

( compounds such as iodate may be employed.

A suitable plating composition may be formed by dissolving the ingredients in water

and adjusting the pH to the desired range.

The zinc coated aluminum part pay be plated to the desired thickness and deposit
quantity by immersing the part in the nickel plating bath which is maintained over a
temperature range of about 30 to 100°C, e.g., boiling, preferably 82 to 93°C. A thickness up
to 50 microns, or higher may be employed, with a range of about 6 to 14 microns being used

for most applications.

11



WO 2010/ 045559PCT/ US2009/ 061011. additive (or a conponent of the
additive) which shrouds this particle wth a negative charge. Since

both the anig®iwbsbng plated and the non-netal |ic partpcles@aseiort
sufficiently negatively charged, these two solid bodies have a
tendency to avmﬁipeach ot her. Al so, bhecause the nunber of

non- et al | i ¢ HEiH Perrpeccitepefioskiled inde qeghas hedpigof plagng pay b ng| |

amount  ofyahBRe€h§ 8fahy Ya%to@@i‘n@l'ﬂﬁﬁo $PSH @ﬁh@ﬁbﬁu@rﬁscﬂﬁgﬂ' ZEgoncIrlﬂ?ﬁ%n of
negatively charged particles aré repelled fromth ew se

negat i veteguaitndy(degmaetaiiet ef theplagnpbaik.dd) condentiarion ﬁf aombidfeclt@bl(ﬁ) ratio of
| ut th
sol ution,J; ﬁ]? P@%ﬂg%%é ?e tp?%mé) %n%gnec%%%%lg héﬂiﬁc{eﬁsfeﬁ glfét% ﬁgol%ﬂéia) :{nd €

pl ating so y SO enove rom
t he pl at{7hhesodthudd amd ddsipm st sobaion Iaglta‘tloht :mdtthz@ theCote padgesers are only
Because t her,e re sone E$u1§act d oil t.he additive, there is an

upper | |1i"ﬁ°f”d% S FFEER tpf”éflflﬂ CAPYEH8™hi gh a concentrati on,

gas pitting on the plating surface occurs One such industrial trial

wherein the additive concentrati on was %C? pm produced an
unaccept abl e 4 8ig8|phgphgag N3p fldoy lTh@eWﬁ?fm Fsgcprtglic s septaningress

range i SthQ?bO‘,@Y\‘?anﬁ RoRanheiggen (SI:!IO\@E'\Q'J 3R ﬂQQtIOIH@nm iRt ENRS 50%911&2501‘

concentration is between 2 to mof the sulfated, fatty aci
whi ch wa$iscemperidemagrily. Csnapm with Idtml@mwhtedg rangfveg foeth@rto 35%&13@;1@191@0

wat er. E‘ggA'\ﬁ elc:‘;§al eyn\%feil) %r%fke? 1195%0195 192:11'1 ? ?am%tggen&eq}?' na BStdzot %

escri be the 1NV on Iment’s.
he conpd®kthioousds brmivrpzrqmdegsmmﬁpltdn@mphﬁsemm gl anyd édybair mgneﬁd (nB@Wialgeetic)

more fully il]ustrated by the follown ific | es, ich are
TPl Cst Rt R e pralthe opeialicn, Ho iR S iy, fE AR e Eitged
per cent ag@sm@d Lorb m@'@asgmesaqqndl@mef tddN @ sonshubledibRs GehihipineR! €ss
ot herw se not ed. MPLE al umi num al | oy di sks were

doubl e ZilFftiated aarﬁalmanahé@e\ﬂ%deeﬁﬁw REgioagobreaflenpesiyleny (BAEE2 AU tey a
col d wat LI nohAe@od Qlﬂagéf\%ﬂ ”I‘ﬁ@gd dﬂfﬁ; &Qﬁe]ﬁtﬁgﬂﬁz}tcd §:31)1 oh 8 bS/ 3R on the

al kal i ne soak cl eaner for m nut es at | nmerse 1n"&n acid
cl eaner spowle3. T kagp ez @sksaﬁ}@’twla)%ﬁemrg@vm nntsg%ww theot fuore juN@Be Datraf

m nut e arhelf ) J‘*?Eirl%%ﬁh tl eV\Qx? / cA>'115055 Olys éi%s%gq)sgnsez 9 %éllw(eg'r} the
3

| merse 1Th an alkKal'i nhe* zmcaeso on“f secon
t enper atsprrﬂle 4nB)hd dener Bele bﬂthE@%dbsj( (\miam& e]riﬁslﬁiatefs dte pbsmmtyt(ﬁ' tl&t twioO0M

t enper at ra% gh%‘ hm’rer S n nxe%letlft%}rrl arclx(:aes% !cnp t%gtc}?en?l?tll u%ol b%rh sné)ers o%gver

seconds FUGHTE ERPECHR tﬂ*éCL p Y Y
disk.) Thus, there is intimate contact, by nature of the racking operation, between the center
edges of the aluminum disks and the polysulfone (PSU) rod. Due to this contact, and the

(' continuous revolving motion of the spindle on its own axis, the orbital axis of the mandrel
and the side-to-side movement of the disks due to rapid, laminar fluid flow of the EN

chemistry within the plating tank, plastic particles of PSU can be abraded off the polysulfone
rod or the PVDEF spindle.

These plastic particles are now free floating in the EN plating solution and can
approach and touch the plating surfaces of the substrate. If the particles maintain contact with
the surface of the disk long enough they may be plated into the NiP alloy. If this occurs, it
causes entire loads of parts to be reduced to scrap. The incorporated particles are known to
render the RMD vulnerable to “head crashes” and unreliable data retrieval. An example of an
embedded polysulfone particle is shown in Figure 5. Preventing the inclusion of these plastic

particles and other forms of minute contamination into the EN coating, is of absolute concern

12
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(7) Imerse in EN plating without the additive for 110 - 120 m nutes
at 86C. (pH 4.4 - 4.5). Specific exanples of pretreatnent chem stry
in steps (Wodos&secan be found in a standard nmetal fipeshi& 061011
handbook. The EN bath contains nickel sulfate hexahydrate, sodium

hypophothl te, and other ingredients as discussed above, EXAMPLE 2
v

Exanpl e 10 lagkdislepbsy zéfalr@ﬁ\tféﬁtneﬂnétpaemu@aé@qlw Hiorpge bewgir Pyelinted By
sul fatin

pl astic %{ﬁ %L?%Fg%wmeg?%hg ((E)boﬁ5 b?tﬁtﬁ% gaﬁ(?l!(j:ke - pﬁ%@ﬁﬂg{?dg&g (g'?ﬁ% r?gd}bThe
addi t i veensapsubatide)bf glastic phrbiclss éo BN codtimgpl ating tank to a commerci al
EN chem stry. It was found to produce a dramatic and benefi ci al
property of excluding small particles in the deposited Ni P all oy.
This benefit Tig adfitistgricdidirant thegiresent inveappn hmtﬂaﬂi&alamfoeattsﬂﬁﬁﬂeh. They

particle incor ratl or sou of u acc ef ects,
e.g. in W%‘ﬁﬂ&e‘rgr@ﬁﬁily“ af Lﬂl&g‘aﬁ sP%%bW%ﬂﬁb]ﬁﬁt ”11 Bé‘gelB‘F““’jY less
"forei gnthmrstol lﬁveﬁhe 1@5@%11@@&1115 @sdth& Qloﬁ@oﬂi&@[bh‘g&@i d‘uw@:ﬁ@ﬁe%pﬁmﬁfﬁq EN
coating. article use of this invention, these particles can
i ncl ude, thﬁ&taleafrfé hisreien phiec @ baexchided frpmdhaenatinabessley eyer soaker, the
PO YL et LgHLAHEA 08k PYLANS wiPOL-SL [gtxédhﬁgg%n&wg&mg)su, ROLYRLORVSIR the
non- plas I CS suc n|c terr errous
or t hophospteat ieyentios hayairtic eltebytescdiffoontdceo that citrtht additrant s, etc. The
reduction in these inclusions, specifically, polysulfone and
| uorinated plastics is essentially conplete. That is 100% excl usi on
f these t ypashﬁfbeaﬁfohh@ trasthe Tikd & tM\i@Sdcﬂttﬁeeﬂltld’c&BEQimifl&[ (ENID dpﬁatmcr yields
chenlstr¥ %rln the pro?uctlon trials_ where rl%@ sks, were
pl at ed. 4%High N GCREGI TR TOr hEE AEmIradiel RYIRe [1Jysten n T bdnetit Ryppdsq | oy
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hexahydrgteddinmostly C16 and C18) fatty acids. At least 15 components have been identified in

the additive. Two such components that have structures consistent with the MS data are:
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(salt) Sodium Othophosphite60.0 (pre-aging salt) Lactic acid

(90% 14. 4 (conpl exor/chelator) Malic Acidl9.8 (conplexor/chel ator)
Succi ni ¢ Agipdaiclo4sonpl xor/ chel ator) Sodi um HypODhOSphlﬁ@rrusmow{mum
Monohydr at e24. 0 (reduci ng agent) Lead Nitrate0.00076 (stabilizer)
Tabl e 1. Conposition of the Electroless N ckel Bath The bath pH was
adjusted to 4.8 with anmoni um hydr ox8k Meated to 88C A ground

al um num di sk of the type used in the manufacturing of |jrigid nmenory
di sks was used. oR?

7

_!r:)
ORe
GH B0, M

wherein R” is selected from the group consisting of H and C-C; alkyl, linear or branched,

and M" is a metal or pseudo metal ion or H',

In Figure 6, a series of peaks eluted off a liquid chromatography column at different
retention times is shown. Each peak is associated with a different, “pure” compound within
the mixture, To further characterize this mixture, these efuted compounds were subsequently
ionized and introduced into a Mass Spectrometer to determine and their specific molecular
weights. This technique of chemical analysis is known as Ion Chromatography (time-of-
flight) Mass Spectrometry (IC-TOF-MS). From an interpretation on the data using this
method (Figure 7) various chemical species in the additive mixture were identified. The

( substances found in the analysis include unsaturated and saturated sulfo-oxy-fatty acids and
esters thereof (most probably butyl-esters), unsaturated and saturated hydroxy-fatty acids and
esters thereof {most probably butyl-esters), unsaturated and saturated fatty acids and esters
thereof {most probably butyl-esters), alkyl ether of hydroxyl-fatty acid-ester. Thus, the
additive is a complex mixture of oils, fatty acid (or carboxylated) oils and sulfated/sulfonated
fatty acid oils, Furthermore, the signature of the components from the IC-TOF-MS spectra
highly suggest the starting fatty acid was castor oil. The primary fatty acid in castor oil is
ricinoleic acid. It is also the only known, natural source this fatty acid (see Figure 8). The
complexity of a suifated fatty acid (or its esters) is further described in U.S. Patents
2,743,288: 4,086,256; 4,226,796; 4,261,916; British Patent No. 999,300 and the
Encyclopedia of Chemical Technology (Kirk-Othmer, Encyclopedia of Chemical
Technology, Fourth Ed. p308-309).
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par ti cl 8syential is att@é‘@w&‘oﬂﬂe ihdealioRf an aqueous dispersion of
pol . ysultTone (PSU) particles was added to the remaining 1900 m of EN
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produced, 20 1gileleiape(3|u¥ﬁl"él %189911&9 cr%imr{d macn (gfl}tesu{ cebm Middia
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I ncor poratdiani Megaheeiﬁbhﬂmectue{h:e rafgrddne apuardohic.tRosinvelly chirgedspeeinoary

dis f th lib t nt am nat.ed EN bath from
Cboye wdEHE B it o el PR g e etie i R Ay PRGBS ¢ pypdher

addi ti veclmgsviaeified toth NpdiRivelcedtenoilcBadee 80 Mhdgaive cehRr 8tléhatdeVehasas
added to the tenth solution and this was the second control bath

cont ai nifYLYIFBAgSHhEnsEiE eigIcRednRiGEEg opBYitiedesani nat i on particl es.
Ni ne additives were evaluated at a concentration |evel of 10 ppm

These are shovx_/n in Table 2 be_I ow. WO 20. 10/ 045559PCTI US2009/ 061011
Tabl e 2. Sur flais wghtkooTa drapebecies EviBathh s@hedtiasgeron théix preAdatiostutécaREV

PParti Clr@_ﬁcll’é‘gﬂg% &thn !}{(ﬂgleand those of opposite charge are attracted. In the EN plating bath,
chemical reduction occurs at the plating surface. This process creates a negative charge on
that surface. Additionally, if the additive introduced into the EN solution adsorbs to the metal

surface, it will become further negative charged.

(7 The additive of this invention has a zeta potential less than or equal to -40 mV. This
classifies it as an anionic species with a fairly strong negative charge. Zeta potential can be
measured using a NanoSizer ZS from Malvern. Having a high zeta potential on the particles
as induced by the additive is believed to gives rise to its effectiveness for enhancing the

quality of the deposited metal.

Zeta potential has to do with how large and how quickly the electrical potential at the
surface of a substrate or particle changes over distance between that surface and the liquid
medium it touches. This property influences the ability of particles to coalesce or avoid each
other in that particular system. As a result, the zeta potential is a function of several
parameters, some of which are temperature, pH, conductivity, solution viscosity, particle size,

concentration, sample preparation and sample measurement history. For this reason, a
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standardized method of measuring this property for comparing one surfactant or additive to

another is necessary.

The zeta potentials reported for the additives in these examples were measured with a
Malvern NanoSizer ZS in the following way: A stock solution electrolyte was prepared by
adding 5 ml of the High-Phosphorus, electroless nickel bath at 2.5 MTOs (metal turnovers) to
1 liter of water. The resulting electrolyte had conductivity of 1.5 milli-Siemens and a pH of
approximately 4.8. A test sample was then prepared by adding 1 ml of a 1 g/} aqueous
solution of the test additive to 9 ml of the stock electrolyte, thus producing a 100 ppm
solution. The 10 ml mixture was hand shaken in a 15 ml piastic vial and introduced into a
disposable, I ml zeta cell as supplied by Malvern. Three aliquots of the 100 ppm additive test

( solution, each of approximately 3 ml, were successively passed through a 0.02 micron
syringe filter (ANOTOP 6908-2002 aluminum oxide membrane) and through the flow
through dip cell. After inspection, to ensure no bubbles were in the “u” tube, the zeta cell was
placed into the NanoSizer ZS for measurement, The measurements were taken at 25°C and

the fluid viscosity is essentially that of water.

The measurement routine consisted of a subroutine of one particle size measurement,
one zeta potential measurement and one 30 second pause which was repeated for two
consecutive cycles. The particle size measured is that which is produced from the first zeta
measurentent cycle. The zeta potentials measured on the second run were selected for

comparisons and are reported in the Table below. (Triton DF-16 and allyltriphenyl

( phosphonium bromide were not measured.)

Zeta
Additive Potential,

mV
Sulfated butyl oleate -48.3
Ethomeen C25 -4.8
Petro Powder 22 -13.3
Plurafac C17 +11.5
Triton DF-20 -i6.4
Mirataine JC-HA -24.5
Chemeen C2 +29.4

Non-metallic particles which can be created in a plating bath due to mechanical

abrasive action of plating fixtures and the articles being plated can become coated with the
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act form XesxioAkisyl tdnyi -.'<1-0.nplionitam brom de YasyuEMowidiine
JC HA fAlitylartprooi Nl atel : Yes.

additive (or a component of the additive) which shrouds this particle with a negative charge.
Since both the article being plated and the non-metallic particle are sufficiently negatively
charged, these two solid bodies have a tendency to avoid each other. Also, because the
number of non-metallic particles created over time may be small, only a small amount of the
effective anjonic species may be required. These negatively charged particles are repelled
from the likewise negatively charged article being plated and remain in the bulk solution long
enough for them to be completely transported out of the plating solution by solution turnover.

They can then be removed from the plating solution downstream by filtration cartridges.

Because there are some unreacted oils in the additive, there is an upper limit to the
useful concentration. At too high a concentration, gas pitting on the plating surface occurs.
One such industrial trial wherein the additive concentration was 30 ppim, produced an
unacceptable level of gas pits. The most effective concentration range is believed to be
between 1 and 30 ppm. The most preferred is concentration is between 2 to 10 ppm of the
sulfated, fatty acid which was commercially supplied at 65% solids. The other 35% being

water.
EXAMPLES

The following experiments are considered to describe the invention but are viewed as

non-limiting embodiments.

( The compositions and process of the present invention will now be more fully
illustrated by the following specific examples, which are illustrative and in no way limiting
and wherein all parts and percentages are by weight and temperatures in degrees Celsius

unless otherwise noted.

EXAMPLE 1

5056 aluminum alloy disks were double zincated and plated with ENP using the
following procedure (a cold water rinse followed each of the steps):

{1} Immerse in an alkaline soak cleaner for 5 minutes at 60°C;

(2) Immerse in an acid cleaner for 2 minutes at 60°C;

(3) Immerse in 50% by volume HNOs for I minute at room temperature;
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(

Example | was repeated except that a reaction mixture derived from sulfating the
butyl ester of castor oil was added at 10 ppm. No plastic particles were found in the nickel-
phosphorus coating. The additive was added over the side of the plating tank to a
commercial EN chemistry. It was found to produce a dramatic and beneficial property of
excluding small particles in the deposited NiP alloy. This benefit is of significant value in
applications where small particle incorporation is a major source of unacceptable defects, e.g.
in rigid memory disks. In this application, all types of “foreign particles™ are desired to be
excluded from the deposited EN coating. In the particle use of this invention, these paiticles
can include, but are not limited to, plastics such as polysulfone, polytetrafluoroethylene,
poly(vinylidene fluoride), polypropylene; non-plastics such as, nickel orthophosphite, ferric
or ferrous orthophosphate, dust particles, carbonaceous contaminants, etc. The reduction in
( these inclusions, specifically, polysulfone and fluorinated plastics is essentially complete.
That is 100% exclusion of these types of particles. This was a requirement for this chemistry
during the production trials where rigid memory disks were plated. In the event that even one
plastic inclusion to the NiP alloy was found, the entire 1ot of plated aluminum substrates were

scrapped and not processed any further.
EXAMPLE 3
Example 1 was repeated except that a reaction mixture derived from sulfating the

butyl ester of castor oil was added at 30 ppm. The plated aluminum disks had an

unacceptable high amount of gas pits. Analysis for included particles was not done.
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EXAMPLE 4

An electroless nickel coating composition comprising nickel, a reducing agent, a
complexing agent, a metallic stabilizer and a non-metallic, pre-aging salt may be improved
by a chosen additive as a particle, co-deposition inhibitor, preferably in an amount from about
1 to about 10 milligrams per liter (mg/l). The non-metallic, pre-aging salt may or may not be
added and the effectiveness of the invention is not compromised. This orthophosphate salt is
a natural by-product of the chemical reduction process when hypophosphite is used as the
reducing agent. The amount of this by-product in the EN bath is related to how long the bath
has been used. This bath age is referred to in the plating industry as the number of metal
tarnovers or MTOs of the bath, When an electroless nickel bath is used, nickel salt and a

( reducing agent must be replenished as nickel is plated, so as to continue the effective use (or
life) of the bath. When the amount of the nickel salt added back is equal to the initial amount
of nickel contained in the original plating solution, the bath

is said to have plated one metal turnover, MTO.

To test the effectiveness of various additives to be used as a particle, deposition

inhibitors, an electroless nickel bath was used containing:

Component g/l

Nickel sulfate hexahydrate 224
(salt)

Sodium Orthophosphite 60.0
(pre-aging salt)

( Lactic acid (90%) 144

(complexor/chelator)

Malic Acid 19.8
{complexor/chelator)

Succinic Acid 6.1
(complxor/chelator)

Sodium Hypophosphite Monohydrate 24.0
{reducing agent)

Lead Nitrate 0.00076

(stabilizer)
Table 1. Composition of the Electroless Nickel Bath

The bath pH was adjusted to 4.8 with ammonium hydroxide heated to 88°C. A

ground aluminum disk of the type used in the manufacturing of rigid memory disks was used.
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It was first prepared by carefully cutting it into 12 pie-wedge pieces having essentially the
same dimenstons. All 12 pieces had a small 1/8 inch hole punched in them and were
suspended from a plastic rod using a short piece of aluminum wire. These same 12 parts were
then identically pretreated using a typical, double zincate process well known in the metal
finishing industry. This process consists of immersing the parts in a mild alkaline soak
cleaner, an acid cleaner, an alkaline zinc bath (first zincate), a nitric acid strip, and finally a
second alkaline zinc bath (the second zincate). The parts were rinsed with running water after
each pretreatment process step. After the final rinsing step the parts were placed into an

electroless nickel bath.

( Two liters of the EN bath shown in Table | were prepared and filtered through a 0.45
micron filter. Inside a laminar flow hood, 100 ml of the EN bath was poured off into a 100 ml
graduated cylinder and placed in a water bath regulated at 88°C. This was the first control

bath which contained no deliberately introduced polysulfone particles.

One milliliter of an aqueous dispersion of polysulfone (PSU) particles was added to
the remaining 1900 ml of EN bath chemistry. The dispersion was a suspension of
synthetically produced, 200 nanometer polysulfone particles. Thus, the remaining bath was
deliberately contaminated with a material known to be incorporated in the EN deposit during

the production of rigid memory disks.

One liter of the deliberately contaminated EN bath from above was portioned out into
(_ ten, 100 ml graduated cylinders. One additive was added to nine of ten test solutions. No
additive was added to the tenth solution and this was the second control bath containing the
synthetically produced PSU contamnination particles, Nine additives were evaluated at a

concentration level of 10 ppm. These are shown in Table 2 below:
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Table 2. Surfactants Tested in EN Bath Chemistry

Exantple Aglditive BSU Particles
' Addead
1 MNens Mo
[ Mons Yes
i Reaction mixture »f sulisted butl gleate rom caskor Yes
oil¥
= Ethomizen U285 Yes
[Tert-amines of fatty acids)
& Petry Powdesr 22 Yoo
iSodium sliod rachthalane sulfonatad
4 Plirsiac O-17 Yes
{Alomshols, OH-12, ethoxyl}
3 Titen DF-16 ¥as
{Acohdls, G-8-C10 sthoxylated propoxviaiesd
, & Triton DF-20 Yeg
( {Modifisd ethaxylate. asid form)
' 7 Allyltriphenyl shosphordun bromide Yes
& Mirataine JU HA Yes
{&lkylaminopropionats’
EH Chemesn 023 ¥es
{Ethawylaied coce amine}

All eleven test solutions were placed in a water bath regulated at 88°C. The
aluminum parts pretreated as described above were then immersed in the test solution and
plated for 15 minutes, rinsed, dried and examined by eye as well as 5,000x magnification

using a SEM.

Under simple visual examination, the deposit plated from the bath of Example 1 was
very noticeably brighter than all ten other deposits. The other ten deposits had a slight haze

to them. Example deposit 1 had none.

Photomicrographs of the different, as-plated deposits ( shown in Figures 2, 3, and 4)
are magnified 5,000 times in a SEM and compared. Again, there was a striking difference
noted for the deposit plated from the bath in Example I of Table 2. Compared to all other
surfaces, this surface was remarkably free of tiny, circular asperities measuring
approximately | pumn in diameter. These asperities are believed to arise from encapsulated,
particles of contamination. A rough counting of the number of asperities observed within

1,500 square pm area was made and the results are shown in Table 3:
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Table 3. Surface Asperities Counted in Plated Deposits per 1,500 pm®

Sample Additlve BRLE Pardckes oo Asparity Count
Added Character

3 Reaction mbidure of sudiatad boty] Yes Anioric 18
oleats from castor o}

2 Ethomesn GE5 Yag Cationis =
(Tert-amines of fatly acids sulfonate}

3 Patre Powder 22 Yag Ardonic 60
{Sodium sliwi naphthalens sdfonats)

4 Pluraias 0-17 Yeog Fon-lonic 850
fAlochalg, C19-12, athoeyl}

5 Tritem DF-18 Yoa Nen-iorde B
{Akohols, C&-018, ethaodsted
stopouyiated:

5 §riton LF-2F ¥ag Ardanic G40
Modified sthoxylate, acid fomy)

7 Allyiriphenyl phosphardums bromide Yes Catianiz o

3 Mirataine JG HA Yeas Amphotens G0
Alkylandinonrapionatel

) Chemesn T2 ¥og Cationie H0
(Ethaxylated coco aming?

1 one Mo NiA 360

Tt Mona Yoo A )

A significant difference is observed between sample 1 plated from the formulation

containing the sulfated, fatty acid ester compared to all other samples, including the two

controls, one of which had no PSU particles added to it (sample 10). Because the stock

solution that all baths were plated from was only filtered through a 0.45 pm filter, the stock

could have contained other none PSU particles. If this was the case, the additive in the bath

used to plate sample 1 also prevented those particles from co-depositing.

Another distinction between sample | and all other samples can be made. The
grooves from the preparative grinding of the aluminum substrate were much less pronounced
in that deposit. That is, the surface of the deposit appears smoother for this sample than all of
the others. This smoothness can be quantified by measuring the average roughness, Ra, for
each of these coatings. Average roughness is a measure of the average distance between low
points and high points on the surface of the sample over a given area of surface. The lower
the Ra, the flatter the surface. Using interference microscopy, five roughness measurements
for each of the eleven samples in Table 4 were recorded. The area examined on each sample
measured 62.4 um x 62.4 um area. The average roughness, Ra, was then calculated. The raw

measureinents are shown in the Table 4 and the average value is plotted graphically in Figure

o
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the invention, it is intended that all matter contained in the above description and shown in

The above cited references are hereby incorporated by reference.

the accompanying drawings shall be interpreted as illustrative and not in a limiting sense.



OR2 wherein R is selected fromthe group consisting of OH OCH2,
OCH2CH3, Cl1-C2 al kyl, linear or branched; R2 is selected fromthe
group consisting of Hand Cl1-C2 alkyl, linear or branched; mis an
integer ranging from1l to about 5; nis an integer ranging from2 to
about 30; o is an integer ranging fromO to about 10; Ivr is a netal
or pseudo netal ion or having a zeta potential between -40 and - 150
my; (iii1) stabilizing agent; (iv) conplexing agent; and (v) reducing
agent. n-propyl, isopropyl, n-b#AMSor jsobutyl, and nixtures

t her eof 3. Metal plating conposition according to clains 1 -2,

wherein mis 1, 2 or 3.
What is claimed is:

1. Metal plating composition for deposition of nickel and nickel alloys
comprising,

)] a source of nickel ions,

(ii)  at least one reaction product additive from a mixture produced from the
sulfation and esterification of a fatty acid or mixtures and salts thercof used in a metal plating
bath in an amount effective for substantially avoiding co-deposition of non-metallic particles

during deposition of nickel and nickel alloys represented by the formula:

SO, M+

wherein R' is selected from the group consisting of OH, OCH,, OCH,CHs, C;-C;
alkyl, linear or branched;

R? is selected from the group consisting of H and C;-Cy alkyl, linear or branched;
m is an infeger ranging from 1 to about 5;

n is an integer ranging from 2 to about 30;

o is an integer ranging from 0 to about 10;

M is a metal or pseudo metal ion or H;

having a zeta potential between -40 and -150 mV;

(iii)  stabilizing agent;

(iv)  complexing agent; and

{(v)  reducing agent.
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4. Metal plating conposition according to clains 1 - 3, wherein n is

8 to 22. 5. Metal plating conposition according to clains 1
-4, wherein M+ is H+, Li+, Na+, K+, Ca2+, M2+, or NE14+. 6.
Met al plating conposition according to clains 1 - 5, wherein die
additive is represented by the fornul ae: H O OH SO 4 Ma

wherein R2 is sele r.omthe group consisting of H gnd Cl-C7

al kyl, |inear or bﬁfﬁ%ﬁ’% ng %PHH’OR%&OI} %C%%Fgwg?%‘fslmﬂlrgb"géﬁﬁlﬁ‘ﬁr’r%’?ﬁ Wk ghvlor
H. 7. Metal plati conposition according to clains 1 - 6,
Wher ei 1 (WEORAPPOR T, GORDEMb P BRGS0 o 1000 pprm

8. Metal plating c sjtion accqording to claim?7, erein, the

addi ti ve has é'cong}é%&%?‘%‘f?nws%‘?rﬂafc?@ng@ chgpes 1 -2, mer@‘?‘%tla? or 3.

pl ati ng conposition according tq,claim7, wherein the additive has a
concentrationff oMgt Biatiigg(ﬁ)mppsmonaccordmgtoclalms1—3,wheremn138t022.

5. Metal plating composition according to claims 1 - 4, wherein M" is H', Li*,
Na', K¥, Ca®*, Mg®, or NH,*,
6. Metal plating composition according to claims 1 — 5, wherein the additive is

represented by the formulae;

SO, M- 5
/WNAN\AK OR?
OH
or
Q)
QR
OH SO, M

wherein R? is selected from the group consisting of H and C,-Cy alkyl, linear or branched,
and M" is a metal or pseudo metal ion or H*,

7. Metal plating composition according to claims 1 — 6, wherein the additive has
a concentration of 0.001 to 1000 ppm.

8. Metal plating composition according to claim 7, wherein the additive has a
concentration of 0.01 to 30 ppm.

0. Metal plating composition according to claim 7, wherein the additive has a

concentration of 0.1 to 15 ppm.
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10. Metal plating conmposition according to clains 1 - 9, wherein the
reduci ng agent i s hypophosphate in a concentration of 10 to 50 g/l.
11. Metal plating conposition according to clains 1 - 10, wherein the
ni ckel concentration is between about 2 and about 25 g/l. 12.
Met al plating conposition according to clainms | - 11, wherein the

reduci ng agent for _th i.ckel is .hypophosphite, f | dehyde, .

hydr azi ne, borlghydﬁeéazgﬁi}?g %pﬁgtlg%%gﬁrgg{g %ol xt ugggre’PR%errégﬁcmg

13. Metal platin 0 sition accordj t | aim 12, wherein the
reduci ng %%@Hfhﬂgmﬁ§gggﬁﬂ§ﬁwg?@rhﬂnakg%ﬁéﬁﬁﬁration of about 10 to
about 50 14, A net.hod for depositing an electrol ess nickel or
ni ckel alloy di-a M%SEH‘E%COP@PSIE %fﬂ‘flgéﬂcflﬂi)mégml i‘ﬁB"’r‘t‘:‘%ﬁ’& &ition
of non-netallic, parficles_ conprisin A plating the substrate with
netal or FABERFERIM t\?(ﬁﬁnia@"‘ft@r?aéﬁl?%g'*sa%{-ani oni c character to either
or both of the _non-petallic particles and the plating surface of the
substrate in dR aul5EAPatiRE oEPRHLQN 3560THAE FP Cl4ima | pilde Whrseih e sedyaipe ng
at | east one reactjon, product additive froma m xture_ produced from
the sul f dAgFRdorthgnisks shyperasphiss femalichyses By duging bgrohyirdes peaniagd

salts thereof, wherein at | east one reaction product additive is
r epr esent RENEY apdBEAEesinereof. sor mr 1310 wherein Rl is selected

fromthe group_consisting of OH _OCH2, OCH2CH3, Cl1-C7 al kyl, |inear
or branched; R3- i sMsis platneFompesitianysceidiag o domdLsvhergin B r¢dugingagent C7
allcyl, linear or branched;

is hypophosphate in a concentration of about 10 to about 50 g/1.

14, A method for depositing an ¢lectroless nickel or nickel alloy on a substrate for
substantially avoiding co-deposition of non-metallic particles comprising, plating the
substrate with metal or metal alloy while rendering an anionic character to either or both of
the non-metallic particles and the plating surface of the substrate in an autocatalytic plating
bath, the plating bath having at least one reaction product additive from a mixture produced
from the sulfation and esterification of a fatty acid or mixtures and salts thereof,

wherein at least one reaction product additive is represented by the formula:

SO, Me

wherein R' is selected from the group consisting of OH, OCH,, OCH,CH;, Ci-C;
alkyl, linear or branched;

R? is selected from the group consisting of H and C,-C7 alkyl, linear or branched;
mis ;m integer ranging from 1 to about 5;

n is an integer ranging from 2 to about 30;
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mis an integer ranging froml to about 5; n is an integer ranging
from2 to about 30; o0 is an integer ranging fromO to about 1 0; Mt
is a netal or pseudo netal ion or 11+; having a zeta potenti al

bet ween -40 and -150 nV; wherein the substrate is iron, nickel or

al um numor an alloy of such netal or netals; wherein the netal is
ni ckel and a plated nickel or nickel alloy |layer has a thickness of
about Ito about 7 5 IIm wherein the tenperature of the plating bath
i s between about 40 and about 95C, wherein the plating bath further

i ncl udes it aibintegez rangingfyen 0 to abarmpl0exi ng or reduci ng agent, or m xtures
thereof. 15. The nethod according to claim 14, where the plated
subst r at e & aanept erpsudometilgen Bt gi d nenory di sk.

having a zeta potential between 40 and -150 mV;

wherein the substrate is iron, nickel or aluminum or an alloy of such metal or metals;
wherein the metal is nickel and a plated nickel or nickel alloy layer has a thickness of
about 1 to about 7 5 1lm;

wherein the temperature of the plating bath is between about 40 and about 95°C;
wherein the plating bath further includes stabilizing agent, complexing or reducing
agent, or mixtures thereof.

15. The method according to claim 14, where the plated substrate is a precursor

for a rigid memory disk.
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