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WD 2004/ 095436 PCT/ JP2004/ 005678 DESCRI PTI ON
SUBSTRATE FOR PERPENDI CULAR MAGNETI C RECORDI NG MEDI UM

wo4/0WEBEOD FOR PRODUCTI ON THEREOF 5 Cross RePerapme4/005678

to Rel ated Applications: This application is an
application filed under 35 U S.C. 111(a) claimng the
benefit pursuant to 35 U.S.C. 119(e)(1) of the filing
date of Provisional Application No. 60/465,223 filed
April 25, 2003 pursuant to 35;U.S.C. 111(b). 10
Technical field: This invention relates to a substrate
for a perpendi cul ar magn@ESCRIPTIONiI ng nedi um to be
used for what is called a hard disk and a nethod for

t he production thereof. 15 Background Art: As an

L STRATENPOR PERPENERCURIAR NAEhEEHE ORECORDIBIGRIEDIUM AND
ARRRIGH HORSPROBPCATENIBFERNogOMPUt ers, a fixed type

magneti c recording device (magnetic disk drive)
popularly called a hard disk is used. Cenerally, as
Groes Referende togRekeed Appliaatigmet i ¢ recordi ng medi un) for

this fi.xed.type .ma or di j |.ank

S Ubet ViR SR SR s Sgad ndi 38 b Lo 1 1108) e the benesis
piitenPhards subet reat e)(@? REOEHE CRlthe WRRNoMN PERESHSMAY - A¥plichtion No.
various filnms sequen formed thereon. In the case

Q3 ridehapiic2y: 2eeY mrﬁ'ganﬁ@oﬁ 5UhS-GHild hblises an

al um num substrate, it is generally produced by having
a nonmagnetic netal primary coat, a magnetic film a
TPechhiealtfield fil mand a lubricating filmsequentiall y

for . on n aI num nk whi ch nder one th )
steps Pl B2 Bt ® Sxip el ster g ehyding medium
tbfb%ltséﬂi‘fbfr wthtr is dea@'a&&?d@@k aitf a dletiod ﬁﬁh@pﬁdd@&dﬁfmereof
electroless N-P alloy filmand surface polishing.

Wth reference to the case of the al um num substrat e,

ion "substrate for the nmagnetic recording
BigabRpa pe .

efers to a substrate which results from

fornmiAg an eNterrFal aietnoyy fdevipeofiort hize salestrohien edotvhaiok apparatuses
representea(f gy computers 5 A4 ed %}lf'lpbé r%%érlxert]l rtecboerd&lg S&élzlwtcg rtnagrp c{j sk drive)
popularly called a hard disk is used. Generally, as the recording medium (magnetic
recording medium) for this fixed type magnetic recording device, the blank substrate of
aluminum, glass or silicon is used. This blank substrate is produced, when necessary, with
various films sequentially formed thereon. In the case of the magnetic recording medium
which uses an aluminum substrate, it is generally produced by having a nonmagnetic metal
primary coat, a magnetic film, a protective film and a lubricating film sequentially formed
on an aluminum blank which has undergone the steps of smoothing by grinding, surface
cleaning, treatment for displacement of zinc, formation of electroless Ni-P alloy film and
surface polishing.

With reference to the case of the aluminum substrate, the expression “substrate for
the magnetic recording medium” refers to a substrate which results from forming an Ni-P
alloy film on the smoothened blank substrate of aluminum, subjecting the resultant coated
substrate to the step of surface polishing and smoothing the surface (refer to JP-A 2001-

209925, for example).
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30 substrate to the step of surface polishing and
snoot hing the surface (refer to JP-A 2001- 209925, for

wexenpbeié WO 2004/ 095436 PCT/ JP2004/ 005678 - BCTAIP2004/005678

recent years, the trend of the electronic informtion
apparatuses toward the enhancenent of perfornmance has

been posing the inprovenent of recording density as a
pressing need to the apparatus nmanufacturing industry.

Even the hard disks formno exception to this sway of
situation. As a way of solviﬁ&'this task, the

f easilni teiceryt pdarsalthe tend) ob thd @ledabhio dnfirmbeeD bpparguded toward the

been bei ng.stydi ed. The efforts are directed_at . i
aREsTIRt B BertrRiaRs Pr5 brer meting the mpspysmeent oF grogrding depsity as a

%@%iﬂ'ﬂfh@é?&jt&fthepﬁfp%%%i b Ehcth S6P hHuBgy. JRERTBE IR ARES form no

ave.qbeen proposed for the prospective perpendicul ar

eregpiei to this sway af Hipatiomohya siax of pelopgdhik $asks the feasibility of altering
i j r t hi n f .

BERTLPRE TR 180 bl R e g changing e

EdigtingdestBod yfihglatd&e.edo@dmg' mﬂf mﬁdfodaafﬁ@rgaﬁdhiMMleﬁorﬂﬁg

magneti c recoydj yer and t net hod that uses_a .

Si ngl S Fetheds e Ber BtpPgFed Ro s Rroseesivg pemeRdipylar magnetic

85I ARBnS YReH pdb&aR! Rl upLpsdBl dhéiim tRit i¥$6tmied Yyhitaching a

per pendi cul ar magnetic recordi ng nedium the substrate

wit magnetie ifdmmesiesvingabighgsaturated magnetimiduy density ta the loveat side of a

i - . filmi T 1 f -
S5 o Ll 1y S i o
bead ae nbty taieghhigls afinitieet eade 0h drectubstrdte wf aberignmhyblankhfdr use in the

technique for formng the soft. magnetic filmby . .
PREPOH R graEngfig£eteg MEdBh dhe e Bate IR it gfien Bving a soft
mRsiR TR REEANIP2abpEad ifusefer to JP-C 2911050,

for exanple). Incidentall attenpts are al so being

made The sofy magnasicsimy is pigfped to passess athjgh megngsicaermepbility and a
LB R 539 LA g o
Tpesiihg biNiBe imthampordint toithstrhsle nfjsfutierifig ha ipendiscleskd (refer to

t at.ing nmet hod has poor surface snpot hness as
@%ﬁé&é@g%\}qr 9"t“ﬁBI_tes]'i | m produced by the sputtering
met hoghcRRAtall@ CARRPIALE 218 Rd MBdND fr@Pthe @Qﬂﬁﬁﬂ%ﬁ&t& layer by the
the situation that the optinmm polishing netho

platieg methpdt (elestrplytie platipg ios Islegtrolesst plating) thas-ia leggiexpensive than the
. f [ ' .
B aR Rl MRSt Rl ARG [y progypyti e plaing

tlethot dagipeay surface smoothness as compared with the film produced by the sputtering

method and necessitates a polishing step, conﬁpnts the situation that the optimum polishing
method remains yet to be established (refer to JP-A HEI 10-158869, for example).

Further, since the perpendicular magnetic recording method still suffers the head to
reveal a small ascending value (glide height), the substrate for use in the magnetic
recording medium has been requested to possess such surface smoothness as has never
been attained to date.

This invention has been initiated in view of the true state of affairs mentioned above
and has for the object thereof the provision of a substrate for the perpendicular magnetic

recording medium which enjoys a highly smoothed surface in spite of adopting the plating
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25 reveal a small ascending value (glide height), the

substrate for use in the magnetic recordi ng nmedi um
waasodmesser equest ed t o possess such surface snBOTHPESE005678

as has never Dbeen attained to date. This invention

has been initiated in view of the true state of

affairs nenti oned above and has for the object

t hereof the provision of a substrate for the

per pendi cul ar magnetic 30 regordi ng nmedi um which

enjoys a highly snoothed surface in spite of adopting

nidtd dind toeBitd ¥ dARA46 BRBARG: d¥adity BRODA:A88 @Jr&he ?I%ductlon thereof,

met hod and permts addition to recordi ng densi
met hd@ fesomphish pﬁh@ d@hﬁqt onentinape ofbova,o thie devgtios hheeSh adopted the

o this invention has adopted the
f@%ﬁ%\}t&%‘%r%@ !

tens for t " construction. 5 Disclosure of
the Invention: The present i nvention provides a

strat use in a perpendi cul ar magnetic
Df‘?g c?féh?‘rﬁ’d'?%ﬂﬂ ‘conprising a blank substrate and a
fil mrat péeap BeEHSm ProviiRE ANsub&@Ait FbN ey irf Al dendichBRY magnetic
formed on the bl ank substrate by el ectrol ess plating,

reqeEding @pqdiwn.e sempnsing achlanky subskate randcw Hidmt ofyphesphorus-' or boron-
?ﬁ%}hnﬁ%l%ﬁft A&y f]e s% gfz t%l?eal?%lléf Qnkife 5? @fé@tr@ltessgalggjlggfﬂe ae?ectroless

use 1n a per
pirteghiEtini of the cobaiiu allgy irevihg syrfage mughaesscﬁa in dief mogesof 0.05 nm to 1 nm.

OCCULT|.Nn n urface of t | ectr Iess | at e

of 1 Bt B BB % P e Cfar Fabbebe TRCoging i, 2 Bumber of
defeeRBéRurraiad o 2N Brice NI Bel dlechRORsh Iﬂz&ed Q‘ﬂﬁl bh@ie SotR@r alloy and
surface. In the first nentioned substrate for use in a

msarEd- b umenr mefg iedipmetepasy BRm@T meselin At dese than g per surface.
nunb 0 0
ol ot ofe SRSOPERIRR yBIA Rl & JorHbichRE st e recording
nmedasnrwhegeif anuprbenof projestions odewrmg en thermirficeon tbe elgoradess plated
i N ight .is,less than.5 r rface. 0 of )
i ot Bt QlovraR itk & ek SEREFE i PR, 4887 4 or more in
he &0 dése ¢h bagQurfackhe el ectrol ess plated filmof the
cobalt alloy has a phosphorus content in the range of

1 mis 3oy oo ofphasubsysteo T use iy PRendigul ftrﬁréag@e%t%ngg medium,
O PSR A BN 16001 ST e of
nipes6rio 30miass?t. i n t he range of 0.1 nmass%

In any one of the substrates for use in a perpendicular magnetic recording medium,
the electroless plated film of the cobalt alloy has a boron content in the range of 0.1 mass%
to 10 mass%.

In any one of the substrates for use in a perpendicular magnetic recording medium,
the electroless plated film of the cobalt alloy has a thickness in the range of 0.1 um to 5 pum.

The invention further provides a method for the production of a substrate for use in
a perpendicular magnetic recording medium, comprising a step of forming on a blank
substrate a film of phosphorus- or boron-containing cobalt alloy by electroless plating and
a step of polishing a surface resulting from the step of forming the film by the plating.

In the method for the production of a substrate for use in a perpendicular magnetic

recording medium, the polishing step removes the electroless plated film of the cobalt alloy
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to 10 mass% In any one of the substrates for use in a

per pendi cul ar magnetic recordi ng nedium the
wehentmwsizess plated fil mof the cobalt alloy hasTar2004/005678

thickness in the range of 0.1 gmto 5 gm 25 The

i nvention further provides a nethod for the production

of a substrate for use in a perpendi cular magnetic

recordi ng medium conprising a step of formng on a

bl ank substrate a film of phosphorus- or

bor on-cont ai ning cobalt all oy-by el ectrol ess plating

inaN@eptld S i@ Rafde HOH. *1§Firﬂ‘% 80 ST ARCBidseBE leldcRBiely ﬂﬁ%eﬁ |Tﬁm of the
step of formng the the plating. In the net

copalt aﬂ%@O@ﬂb@lﬁl&Sﬁ @hﬂlétalmegﬁ%tmat@ E®r use in a
t
e M5 S B bR BTy b e o e
1ntd1pe1@emh¢\ﬂarahag;euwae&ﬁﬂmgeﬂ@&3ﬁ ﬂl@'lﬂohﬁﬂﬁ@%te@&%?@oh&lﬂng liquid

in.a de e ra e of O mto 10 inn and t
coppiieg SBLS PACTPT S, B Ao e Fonagish e P g selected

frélﬁ 'tl(é%}@@ cdRistiR€ of éﬁ&ﬁdﬁﬁmg%géntpzﬂ%ﬁe@dtﬁg Rgéht ahd a%ﬁlacﬁﬁk%mg agent.
net hods mnenti oned above f he production of
s ubsIﬂrth‘t aethed jusianenitipngd p@vgéﬁﬂﬂﬂ@mraciuc?#a@ i9E gjsgbstrate for se in a
o I Bk S RO T340 HARER Ui e e
offuptofer contains at | east one menber seI ected fromthe

gro consi st an o 2|n el atin )

TR S Bk i i Kh pOSioR e Beh s (AT RS piduction of 2
suBBiHié Fhe ds@h}?\éepé@éndi&lﬁarpﬁlﬁgf%kl RBor@ing@medhat raé thfe@fve grains

use in a pendi cul ar magneti c recording medi um th

coatﬂmeﬁnn ﬂg nolhé}mla ligizid hgverangenteation in the range@é 1 megss?% te éO mass%.
ne t h Oéﬁy e %%‘1 3[% n&&ﬁoﬁela' a%gvmg 61‘13%5&11& BE' 5 Qlﬂgg'ate for use

ction of a
inaa gmp:eadﬂulaulnaugnﬁmg medording emdndn,nglerrelotamm grahes contamed in the

R RE LT g B A P BBl G bls By a0 nm or s,

mas SHoany Bn@Bthe AtRfds itatisRideeee foR fid ;ﬂ&ﬁﬂ:tlaﬁ o¥ £siidirate for use
the production of a substrate for use in a

inpe meBeadicupRMagagiife fcording srefitny thedprifizingheseabrcasieiped in the
p(g{sﬂ]!ng% ﬁ{aqgﬁg,d}g &g 4H§. 15 polishing liquid are Si02

grai aving a verage particle dianeter (D50) of 20
nm dn ahgsese of the arejhods eneptionddebmes foo the mrediictiom efla substrate for use

for the,production of a subs ate f or
i ARG EHRG PARRGH FTRe e QPG eGP, REvBk cqnagy in the
pelBBRE [k ebrigids iaf 1dase one compound selected from the group consisting of

EDTA, citric acid and succinic acid.

In any one of the methods mentioned above for the production of a substrate for use
in a perpendicular magnetic recording medium, the pH-adjusting agent contained in the
polishing liquid contains at least one member selected from the group consisting of
aqueous ammonia, water-soluble organic acid and salts thereof.

It is assumed that why the surface of the plated film produced by the
aforementioned plating method is flattened and smoothed to a high level owing to the
selection of a pH-adjusting agent optimum for the cobalt alloy that would prevent

formation of polishing pits.
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polishing liquid is hydrogen peroxide. In any one of
t he nmet hods nenti oned above for the production of a

weubsimwssze for use 20 in a perpendi cul ar magneCTaP2004/005678

recordi ng medium the chelating agent contained in the
polishing liquid contains at |east one conpound.
sel ected fromthe group consisting of EDTA citric
acid and succinic acid. In any one of the methods
menti oned above for the produgtion of a substrate for
use in a perpendicular magnetic recording nmedium the
PdefAbsarsption@f dgddtawdmnt ai ned in the 25 polishing

ntai ns at .| east .one nenpey selected fromthe
grouﬁq@bg

4 SPORRSGHON shArEBe enesmpntiment/pl s swsirylp pecording to the
&éﬁﬁﬂ:ﬁﬁerﬁi@h@bﬁd‘ﬁerﬁ@d’i&ul&%fgﬁ& o rebdrding ndRHARd that why

the surface of the plated | m produced by the
af orenenti oned plating nethod is flattened and

%ﬁ?g&c?lagﬁorcgr@mgog Iti%( 2l QM Ng to the selection of a

usti ng” agen Imumfor the cobalt alloy that
woul dA Lsubsxmm of 3ke fpmfsnm inventih o0l dss hthnzg nighnstic \f@ordlng medium
2004/ 0954 PCT/ JP2 056 rie I pt
GRS HFURRITHG MAtFTE ?9 @naez‘?f’%?és Rlated fﬁw %ﬂnga QHss or boron-

@ibadhgedtalt Qﬁoﬂ' hemed Qﬁ R AduBstARCRARALAN, b sARG inAIESENt

i nvention for per pendi cul ar magneti ¢ recordi ng
nedi ks ths ra@wt%?d% 1qrcsy subairaty ithag cerube vsrsl inrthisrinvention seluminum,
S n n u a
%’gkghtéi{il?%r?r%% OL.\% %refe%%g éxaHBY gh%lro% eso%gersr%gteklglg t %o not need to be
pastilarky] rebtravoed. arFoeI metsahé effsfophaigednfelédnno&ss}blated film 3 of the
or boron- cobal.t

BORRERE b BB ey Faf 210 i e b BRtR L ofal kinds
dr& enva b 1 RERAiled t6 uh@érpd aSHAEhEAR LS c&:ﬁ@ﬁe BRAk RELHARA Wikh a prime
this invention, alumnum_ 10 glass, silicon, etc. are

rbRer When dhe material 1§ rbumiums et empé@ i #IrequiEss reotreatment for the
&1 l%meﬂtanfftzh‘{%u l\ﬁﬁé thE Gk riaﬁs%ﬁja? P{egﬁlpﬁ Slﬁcbgn areatment.
of the

rmng an e ectro ess- p at e
p hos piherelestroless-plated filmchofxha pmy;phmium dr bakrdmgontdining celsalt alloy to

AR SR L S B DB ot i e
&dipaiy’ dlfted fid h @eﬂfew@ £0f@in Him\haifdiengdr®d eﬁ'lhé{etlbs property
al um num_ for exanpl e, requires a treatnent for th
unexceptionally possesses a magnetlc wall.  This invention derives partlcularly
advantageous characteristic properties from using a thin film showing no discernible
magnetic wall.

For this purpose, the film is preferred to rely on the electroless plating method to
contain phosphorus therein. The reason for this discrimination is that the film of
phosphorus- or boron-containing cobalt alloy, when formed by the electroless plating
method, enjoys such fine division of particles as induces disappearance of a magnetic wall.
Incidentally, the electrolytic plating method attains such inclusion of phosphorus only with
difficulty. The sputtering method encounters the same difficulty. The electroless plated
film of the phosphorus-containing cobalt alloy is required to possess a high, saturated

magnetic flux density. The saturated magnetic flux density preferably falls in the range of
0.5T to 2T. In order for the film to acquire this saturated magnetic flux density, it is



10

15

20

25

30

15 di spl acenent of zinc. Wen the material is glass,
it requires a Pd/Sn treatnent. The el ectrol ess-pl at ed

woi2bew085436 t he phosphorus- or boron-cont ai ni ngPCoAR1004/005678

alloy to be used in this invention is preferred to be

peculiar in lacking a nmagnetic wall unlike the

ordinary plated film Generally, a thin film

mani festing a magnetic property unexceptionally

possesses a magnetic wall. This invention derives

particul arly 20 advant ageous “Gharacteristic properties

prefefred & Mtala? ] hiagnéﬂdhlﬂbtsl kﬁmrn@mbﬁ]lt S%@Fmdiéw examples ofdthe metal
gnetic wa thi s purpos the filmis preferre

thef G by ugsl foRthisaddition, Pyt E:F A agd fepaybs gte gj He spptent of this

ROAFR BRAFed ) 86 Ob MasFG pig@sON for this discrimination

is that the filmof phosphorus- or boron-containin )

cobal TheaRaopf %eﬂﬂﬂbﬁtﬁtﬁe"ér e t prepesidicelar omegetis| sacpidgng medium

c%gt 100 lfﬂgcfj b ﬁlné 1?1¥/§nt§0% |§' efe[}?edqo\ﬁ %)' (Bnnan Hm%rré 51% FRAmE less. More
PRauces drsap 84 i Walf

ﬂrﬂﬂétﬂ;@]ﬁtﬁlk [)35 nnt bheleﬁ Giﬁﬂfedlayémceed@ﬂairﬂx nle erbdsodilldictaah dsadvantage

su i nclusion of p orus only wth difficulty.

USEAFANRGTRRS ReitR G Sikommeie e l%mer&mbﬁ%@a{e@ﬁf the step of

ﬁb@udﬂ@ﬁkf MrpaiidlaRtBsbnefit [r8ofding Bfedium and compelling the recording
phosphor us-contai ning cobalt alloy is requir ecP

1pa@é dusng thelgpeye ofthe actuelavrengigreseidingftp prodyenan tugsfaﬂm@n

? ﬁéu:rgﬁnge n“%ggghéﬁ%%l ? 33 %gﬁi%#&n egcgy?ﬁpxl t¥% o {rﬁ’leésnplated film of

the qphiosgholris- &rslﬁrum-abzﬁmnmgmucalfdyuxomimlsla’ey by this Slﬂmtlon and
2004/ O9i§436 PCT/ JP2004/ 005461; ref b ﬁ f b
BERUEHLL AED GNP T OREIEIT AR, GO Pore A8 S OF bighr i prétéired to be

R¥AHhes @f at ﬂ]@ce”?&r@l surfabé)t oicﬁfé H®st8 dof He b&“ﬁlg&ndlcular magnetic
addi ti on, and Zn may be cited

r@wmmgtmeﬂlum hMpre n@t‘mbly,sthqg mamberisd of despelfZys pumber exceeds 5, the
| bsit f
Sk LA, RO HBS i I, EGEET g rson

¢dmeepﬁndmg ﬂostha rseésedsﬁ defedto aimds dé)grﬁ):ﬁng I‘hheOl‘ecnIdliIEg capdcify pen substrate.

l %ies é@éNb T%J(}eﬁfﬁ?&?sglé g;@@g S}Iggjﬁ(:)‘rqum% Jgserve weicome because

Wy BEEANS AESIbIliLP ofmlﬁgsh%wale &Bad R@AIE wablly Bestlogdahddevice.

t he magnetic recordi er to be forned at the step

of  pFerielertrjess idatpd ffanel el phosphgwetqrcbarar-spripigg cobalt alloy
i

S M0y BRS040 B

amisssablfehis ithickdes Tails shortixgr0. b eeestostage will bp et ki dssagvantage in

Im{fecntgmgctﬁ itilm rflr hﬁmcjagl%é gé gségft %llaagtngt(;c Iagfclarnghgr{ng the course of actual

recording and consequently allowing no writing. If the thickness exceeds 5 pm, the excess
will prevent the characteristic properties from enjoying a generous change and
consequently prove wasteful economically. The amount of abrasion of the phosphorus-
containing cobalt alloy is preferred to be 0.15 um or more and 10 um or less. If the amount
of abrasion falls short of 0.15 um, the shortage will obstruct the acquisition of expected
surface smoothness and prevent the film from being used as the substrate for the
perpendicular magnetic recording medium. If this amount exceeds 10 um, the excess will

result in increasing the waste of the expensive cobalt alloy film from the economic point of
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t he phosphorus- or boron-containing cobalt alloy
contenplated by this invention and neasure 0.1 pm or
wounom/mm3di ameter and 7 nmor nore in depth or POEUBIW4/005678
is preferred to be less than 5 per a piece (one
surface) of the substrate for the perpendicul ar
magnetic recording nmedium Mre preferably, this
nunber is 3 or less. If this nunber exceeds 5, the 15
excess will be at a disadvantage in inflicting m ssing
parts to the recording regioﬁs corresponding to the
sites of defects and degrading the recordi ng capacity
%%r substrate. Wen the defects are projections, so
Eanyrmrhp)joqﬂiom?%r@ﬁt imoc]!ae g&smshm p!laiﬁ@ ﬁhim of elesapivephdrime yor boron-
ave the possibility o ringing the head to cruysh t
copsgng cehakirallgy comemplatpd by, thipavrER 3 IFETEd § B¢ d e fo g more
an@f1 sLAGPNOSBRO HSre RERRBIO T i6 BthAsH HAnsRNAH0ahh@Y or less. If
20 contenplated by this i'nvention is preferred to have
theyphdspbéme senterft egcdedp ki orassbor the grekss wilhresplt in oyeering fhe saturated
thi hi gkness .f.alds s t of O r :
migtefic B SERES G R PR e 0 oBhy b FIR ) Bikrion ac o sof
migheeit lager @ meventindihe fiadrei altowiay expettediwriing during thres@urse of

of .act ual recordi ng and conse tl | l.owi ng,n )
oG et e e eSCa Rt Es et £ B horage win
beMt!d diRERMEALe 1 8ot @ Medondhivendds OP Bfel filef add Siffering the film to
enj oyl ng a generous change and 25 consequently prove

supeisnlefoudxidasioneatityal The bororecentent it Proferas tabe B4 mo¥ssterr more and
7 81%0$ QIO [eds én(f:Rl%glj Oﬂ}%[igg'e& PCP ? nﬁlls.i;"/%% b, @gjﬁf ?Ha?é% 'i)?lég?, for the
. m of n I { t ﬁ t o

nore a pmor | éess. e anoun
saplerregiondas ia lthescashof the phosphdrhs.p, m the shortage wil |

obstyuct the acquisition of expected .surfac

oo patshgs HaRishanien DR @S iRk ABYHRHSR hes LI yalge of fepr more
9.5 WRabdsat g hRIpH Relue FRIDGHOM S ¥ HBRLISLIT the 6VigtioAOwill be at a

medium |f this amount exceeds 10 t he excess wi |

diggiveetagd in sufferingthe lschigjesstdatodBine ogﬁlg]ﬁvh@pémén%ﬁ hpgon-containing
t all i | - ) f _

o388 iy s8oemeah) s S EafEan ol as e material for the

abphEDiie Sommintdin the polishingdiqid, nbinessan] afledlar silica a6 preferably

e PR ABE e 5 B o, 18 erarpite fh e gins

thEBDHRiRE 1igRIdeis R&ErdP 10188 1 %% 66 MrordVBiE3Phekenal l¥ss. If this

it is 5" mass%or nore and 10 mass%or less, If 5 the ,
coplerspition dallschartaftl mass¥e the shortages &l be plea disedvgatagp [ preventing

r | i i : t & cEAdd¥teati ds 30
oS5y DU B0 0t BRI et
mhbdstinthoefoasowilidre aa disadudritage in degrading the ability of the polishing liquid
to expel the part of the film loosed by abrasion.

vi

Further, the polishing liquid is preferred to incorporate therein various additives.
The additives include oxidizing agents, chelating agents, surfactants, organic solvents and
pH-adjusting agents, for example. Preferably, hydrogen peroxide is used as an oxidizing
agent; EDTA, citric acid or succinic acid is used as a chelating agent; cationic surfactants
like dodecyl quaternary ammonium salt, nonionic surfactants like polyoxyethylene lauryl
amine, and amphoteric surfactants like alkyl glycines are used as surfactants; alcohols like

methanol, and ethers like ethylene glycol monoethyl ether are used as organic solvents; and
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waamawssby, if the phosphorus content falls shorTurPmb4/®5678

mass% the shortage will be at a disadvantage in
degradi ng the corrosiveness of the filmand suffering

the filmto 10 succunb to oxidation easily. The boron
content is preferred to be 0.1 nass%or nore and 7
mass% or | ess and further preferred to be 1 nass% or

nore and 7 mass% or |ess, for-the sane reasons as in

the case,.of the phos horus h|n i_qu
oriic GRS LB oIt p RA i 4 Pl BRieoh e Shet o B afiifihe agents.
It 1® peeferfedthat theeSountsf oft these fiditkak ue bk @dﬂal shogitindfedto suit the
or_exceeds 9.5, the deviation will be at a 15

CQQﬂéﬁﬁvﬁﬁphﬂﬁpglw suffering the electroless plated film
of th%phﬁsﬁ Bﬂz@ﬁﬁ&l will bQ A8 sﬁ&ﬂﬁ@éllﬁ}' daecmeadeiov@w@yre&f&ence to
succunb to conplete chem cal “sol ution quickly.

Exeanrdes. alhis mrvextthaa is miglimsieddo gredohewingiixamples. i n t he
polishing liquid, alumna and colloidal silica are
preferably wused and silica is particularly preferably

Elé&@aessmu@mwﬁmphamhxzzan@fmﬂgwobahmrdyve grains in the

pol i shi ng. uidis referre to_be mass% qr nore
and 40> ﬁa&lgh/ﬁemereéssg Stk EoLIngOe REE AW s NP v

subliRidd @6 deidBRaHing h\%at%h%ﬁ'ﬁig{ takhed?®ad dectroless plating of a
di sadvantage 1 n preventing e abrasion from bei ng
pfm%pmedomuﬁmgcqz@nhl glloyCo riber ghyosition phehe plating liquid and the
n X ss% |
co%(agfo% %1{/ e tpggté eg,l &Sﬁgfé{ ednﬁ fﬁlS ca%@ %ve?g( & ?ﬁ%\w 1A Tla@leait-l The
phaspharhs egncknteption in the ete}ctielesst pisted &irh oﬁfhetﬁhesﬁhofmdonmnig cobalt
abr asi Fur t her h oljshing lLiquid .
oot pa Pt RRUF oG TR Gh B A mpai P ol higbaesyelghe electroless
pldfed TN oeic $Ho¥ ms%w@![ﬁn@mammg wad §éifa§1 5¢hel ating
agents, surfactants, organic solvents and
pH adj usting agents, for exanple. Preferably, hydrogen
Ei%@&@éésfpﬁat o SonRini ét%béx'c %agem EDTA, citric
C|n|c acrdii's®use chel ati ng agent;

cati An2.6 muli-daeicesntstibsthatk eesiihd:gcﬁtbmqpuameg nahmymmmmmh (NP was
n|c surfactants |ike

_ salt | I l.
subjrciid RS AHRPBEC IR er BT Farn] FRd CepRypSopiaiinl  boron-

c&ﬁﬁnﬁg edabas afdy.f aat %Bﬁrﬁesxﬁ«l)r? eh ﬁ{espllainlﬁf héf»ﬂd g8l RB¢ @bndition of the

and ethers |ike ethylene glycol nonoet et her are
platiegithat weegiaed @ thisIcossrivere 2ashovwpan 219131@/1@%51 Beboron concentration in

b ) ) .
B SAPROBARR A Br iR BRI 8 53 oty of
theglld so bel3 massYer efBier thickinbst oft the elemtohdss pidted fidra eof the boron-

additives .t qQ be added_are o timzed to suit th
contgnmg cogalt 'ﬁloy was setat 1 % P €
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condition of polishing. Now, this invention will be

nore specifically described belowwth reference to 5
wexenbese This invention is not limted to thecT/JrP2004/005678

foll owi ng Exanpl es. El ectrol ess pl ating of

Phosphor us-contai ning Cobalt Alloy: A 2.5

i nch-di ameter substrate resulting fromplating

alumnumwith Ni-P was subjected to acid washing,

wat er -washing treatment and_glectrol ess plating of a

10 -phosphor us-contai ning cobalt alloy. The conposition

of the platingablequi d and the condition of the plating

‘_t._h_a_‘_L.J.I\PJQ Ised-in Ls case were_as shown in Tabl e
Compositippf p &&Bﬂ'ﬁd s concentration iln the el ectrol ess
_Hropbodphpionstcid he | phospRanel&ingont ailni ng cobal t  al | oy

WEBHHOIHECOONehe anal ysDs mél/dnife fil

mto be 7 mass%

TOHHOKCOONDf t he elerdmol/éss pl

ated filmof the

phos QeI YsOg oNnt ai ni

ng coBahél/@h’l oy

vas set at 1.5 m

I5 T 638/ Algss DT al 1N o2 Y RRTConT

ai ni ng Cobal t

Q.)

AT OYsdy-é1,e | nch- movBsirare resulting from

pt attb%d,ﬁgflﬂ O Wit il | '(-) B subjjected to acid

T reé‘——fvaam ag—t+ | el ectrol ess
aiht Pefﬁ‘@:’e (;( on o Y no ﬂnholt a| | oy The

ﬁgmpnc.“PFﬂ-.q of the r8| l.]P ?AWF .a@ d the condition of
the 20 plating that were used in this case were as
shown in Tabl ?aﬂfegji%[ The boron concentration in the
electroless plate il mof the boron-containing cobalt

Camnponptiownsf flamgdigoid { he anal ysis of the filmto be 3

Dimeds¥mifibieorih{DMABY $ of 010ne nefldat’r ol ¢ss plated film of

tk@mgmgy(comm)@l ni hg ca@ed dmoBlihdy was set at 1.5 gm

Ra)5CT7 IPZ0QH PPabGE - 91 Table 1-1

L,oerOST 1 of ~prar] ati ng rdmgmﬂﬁfopn sphorous acid 0.2
nUT/Um)\iS{i)-ﬁ O pou pmg.m mely C2H2 0 2 COONa 2
VT FeSO, THG o T"T(ﬂ’)‘lmol/dm

NiSO46H,0 0.005 mol/dm’

CoS047H0 0.095 mol/dm’

Bath temperature (°C) 70
pH 9 (adjusted with NaOH)

Then, the polishing liquid was prepared as follows.

Polishing Liquid:

The polishing liquids shown in Table 2 were prepared using colloidal silica (an
average particle diameter (D50): 0.02 pum, made by Japan Aerosil Ltd.), a pH-adjusting
agent, hydrogen peroxide and water. In this case, citric acid and ammonia were used for
the adjustment of pH. Incidentally, the concentration of hydrogen peroxide was set at 100
g/l

Examples 1 to 3:
The 2.5 inch-diameter aluminum substrate having an electroless plated film of

phosphorus-containing cobalt alloy formed thereon was subjected to a polishing test
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FeSO4. 7H20 0. 002 nol/dm N SO4. 6H20 0. 01 nol /dm
CoSO™4. 7H20 0. 04 nol/dm Bath tenperature (C) 90 pH 9

woladj4esed with NaOH Table 1-11 Conposition oPCpUR1004#1gPS678

liquid D nethylam neboran MAB 0. 025 nol/dm

C3H4(OH) (O0O0ONa) 3 0.05 nmol/dm C2H2 O 2 COONa 2 0. 20
nmol / dm H3P04 0. 06 nol/dm 2SO4 0.005 nol /dnB

FeSO4. 7H20 0. 01 nol /dm N SO4. 6H20 0. 005 nol / dm

CoSM4. 7H20 0. 095 nol/dm Bath tenperature ('C) 70 pH 9
(adj usted with NaO 5 Then, the-polishing quui d was

epar e f ol. | ows PllShIn L uid:

PG dee o TS i eonditioRs and mERE L tngwr gt B EE Am lishty
sﬁﬁiﬂg%nba@po@mgm@ld@ﬁi&mﬁhera@leazmt er (D50) 0.02 pm
made by Japan Aerosil Ltd.), a pHadjusting 10 agent,

hydrogen peroxide and water. In this case, citric acid

El%g’ were used for the adjustnent of pH.

ncrpgent aily the concentration of hydrogen peroxide

was déie 216 m&odiagxéter abainphesubitrate MBvingSarTklect2oléss plated film of
i nch-di anet er ' strate havin tro

o et copalt SiRsan e R ich v st R0 B POt teS Pertormed
vn@&rmeR 918 cOVRSticHd DindChgith bosupeR@laht MdsiBinkeBém Vightly stirring

2004/ 095436 PCT/ JP2004/ 005678
various polishing liquids shown in Table 2.

Table 2

Concentration of abrasive grains in polishing liquid | pH | Experiment

10 mass% | 4.5 | Example 1

17 mass% | 7.5 | Example 2

6 mass% | 9.0 | Example 3

30 mass% | 9.0 | Example 4

1 mass% | 9.0 | Example 5

1 mass% | 11.5 | Example 6

1 mass% | 7.5 | Example 7

13 mass% | 2.2 | Example 8

Polishing Conditions:

Substrate: Product obtained by forming an electroless plated film of phosphorus-or
boron-containing cobalt alloy on an aluminum blank for a 2.5-inch hard disk; Polishing
machine: Double-face polishing machine (50 disks/batch); Pad: Polyurethane-based pad;
Polishing time: 5 minutes; Surface pressure during the course of polishing: 50 g/cm?:;

Amount of polishing liquid supplied: 30 ml/minute.

Method of Evaluation:

The surface roughness Ra was measured by the use of a surface roughness tester
made by Vecco Corp. and sold under the trademark designation of “TMS2000.” The
defects or the projections on the surface were determined with a disk surface defect-testing
device made by Hitachi Engineering K. K. and sold under the trademark designation of

“RS-1350.” The results are shown in Table 3. The measured values of surface roughness
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-10 performed under the follow ng conditions and using

a supernatant resulting fromlightly stirring various
woabi4gsa3g | i qui ds shown in Table 2. Exanpl es #2Caup2084/005678

5 The 2.5 inch-dianeter alum num substrate having an

el ectroless plated fil mof boron-containing cobalt

alloy fornmed thereon was subjected to a polishing test

performed under the follow ng conditions and using a

supernatant resulting fromlightly stirring various

pol i shing |iquids shown in Table 2. 10 Table 2

an%ﬂ@:%)@({éte%@%r%{%c& %ag{o%i $he rt%i))(lgrsrwp%rg a%@}a%géq b the ﬁlﬁﬁés&al values

mass% 4. - mass% 7.
obaxmdphd 02liffGemmabdtates Pobstedphder3hGnremeditiony Exanpl e

4 % 9. 0. EX le 5 1 % 11.5 Exanpl e 1

s 40 P8 st SRS i eHoNBETNY 1) AP gheaSurement of the
elePRbmsficng copnreidl Ramre Submbgriie reddfditlficdibt livireacth Hym-thick C

formng an el ectroless plated fil mof phosphorus-or )

filg Spmmedas i Riptsetie lavs an @ farmesypespengdiculsr MRERtHn 1BrLfiRe dayer using
* B P oM Bl ng e aplC Rag ol 1Rle P R g porign gund a shield
magobtjaresistaneechdad seargadulg pPdidnshi ng time: 5 mi nut es;

Surface pressure during the course of polishing: 50

g/cn2; Anmount of polishing liquid supplied: 30

m /m nute. Method of Eval uZabled: 20 The surface
—Froughness Ra was-neasured by the use of 3 surface

roughngss tester SyHase by Nuenbeoofdefgets [and sol d under
the trpdewhik deslQyshRIS®Naf profdBaR00.[" The def dcts
or t he| grrededdrmdpémon t he(wundacEdpr o HBRIMdRIG with

Ex@nPISK| SUrpgge dereghotesting g 14.5

Example 2 0.20 0.57 3.8 13.8

Example 3 0.60 0.13 2.7 15.7

Example 4 0.60 0.01 438 16.0

Example 5 0.20 1.00 5.0 13.6

Example 6 | 1.5 or more 2.01 400 4.4

Example 7 0.05 1.68 300 8.4

Example 8 | 1.5 or more 3.11 450 31

It is clear from Table 3 that Examples 1 to 5 excelled Examples 6 to 8 in terms of
surface smoothness of the plated films (surface roughness and numbers of pots and
projections), resulting in a high S/N ratio to provide an excellent recording medium.
Incidentally, in Examples 6 and 8, the measurements, the features are considerably lowered
because the polishing liquids completely dissolved the plated films of phosphorus-

containing cobalt alloy.

Industrial Applicability:

By this invention, it is made possible to provide a substrate for a perpendicular
magnetic recording medium provided with an electroless plated film of phosphorus- or
boron-containing cobalt alloy which is devoid of defect and projection and rich in surface

smoothness and, consequently, permit manufacture of a magnetic recording medium



devi ce made by Hitachi Engi neering K K. and sold under
the trademark designation of "RS-1350." The results
waneglesn i n Table 3. The neasured val ues of BATARIE4/005678
roughness WD 2004/ 095436 PCT/ JP2004/ 005678 -11 and
defects and projections shown in the table were
averages of the nunerical values obtained on 10
di fferent substrates polished under the sane
conditions. The SINratio is obtained as an NIF-S/N
rati o through neasurenent ofizt.he el ectromagnetic
conversion feature of a magnetic recordi ng nmedi um
en}?élmgﬁgm&h?cﬁﬁ?gn‘%@ﬁl% 5 filmforned as a protective
| ayer on a fornmed perpendi cul ar magneti c recordi ng
| ayer using a conplex head conprising a single
magneti c pole head as a witing portion and a shield
magneti c resi stance head as a reading portion. Table 3
Surface Nunmber of defects Anmount roughness and
proj ections abraded (inm) (nm counts/surface S/INratio
(dB) Exanple 1 0.80 0.22 1.8 14.5 Exanple 2 0.20
0.57 3.8 13.8 Exanple 3 0.60 0.13 2.7 15.7 Exanple 4
0.60 0.01 4.8 16.0 Exanple 5 0.20 1.00 5.0 13.6
Exanple 6 1.5 or nore 2.01 400 4.4 Exanple 7 0.05
1.68 300 8.4 Exanple 8 1.5 or nore 3.11 450 3.1 10 It
is clear fromTable 3 that Exanples 1 to 5 excelled
Exanples 6 to 8 in terns of surface snoothness of the
plated films (surface roughness and nunbers of pots
and projections), resulting in a high SSNratio to
provi de an excellent recording nedium Incidentally,
in Exanples 6 and 8, the neasurenents, the features
are considerably | owered



15 because the polishing liquids conpletely dissolved

the plated filns of phosphorus- containing cobalt
wabkbayossdsadustri al Applicability: By this i nveRCTAP2004/005678

is made possible to provide a substrate for a

per pendi cul ar 20 magnetic recordi ng nmedi um provi ded

wth an electroless plated filmof phosphorus- or

boron-cont ai ni ng cobalt alloy which is devoid of

def ect and projection and rlch in surface snoothness

and, consequently, permt manlfacture of a magneti c

recording medi um WO 2004/03§é§ﬁ6§CT/JP2004/005678

-12- enjoying a high recor ensity. WD 2004/ 095436

PCT/ JP2004/ 005678 -13 CLAM 1 A substrate for use in

a perpendicul ar magneti c recordi ng, medium co
2 bl ahk substPHFES e U6 1 A GETSAUE b TTRENS? "Rbording medium,
RURRISONbRLR siknaR0At s Blrh Q¥ phbQHORA- 8AbEMRE-Bh@lkng cobalt alloy

substrate by el ectrol ess platlng the el ectrol ess

forraecbon thielbianisfsubstrgtecyisd¢atroless pl@ynggglw ﬂgctgglnsﬁ alsged film of the cobalt
Jlf%g%?%g%m}f&% r&g%h%'és% RaA0 ¥ r%L .oi‘ﬁ?ntt& P{‘m 2. The
substratre 10r u

' a perpen ar nmagne
recording medi um according to Clain11 mhereln a

nunbe ofﬁgsfeﬁgs oc?urrln on a su %ce of th di di

el ect?ol es frafg | Wieof 3h BerpEaipylar P}a§§}e% decording medium
dPRaRUld tBQZIQnﬂ-l R eBdin BRLAbENofHAR ®curding of Ak fREe SRS electroless
in deg@h is less than 5 per surface. 3. The substrate

#lafied fidma of thezcopalt pl&ymnéun@surm bupconeese i fiagetes gnd) fnm or more
]gQﬁﬁ&qgﬂgsﬁgnglg}ﬂké'emhereln a nunber of projections

occurring on the surface of the electroless plated

filn1of the cobalt alloy and neasuring 0.1 pn1or nor e

in di n re in _he is |less

per s rf ac ﬁ‘%’s%ﬁ@ E‘qﬁbgﬁer & & PS?pe‘i‘fégﬂ?rn magnetic recoré‘lmg medium

AR6RBItEL bl 1egheRdid & Iﬁﬁ%f Qif PRojBEnt BecBEaL ol the sufface of the
any one of clains 1 to wherein the el ectrol ess

ﬁﬁ@t@%s plated m efifhe e@tt?éq alloy|and geasigmed). hHesqBergn diameter and 7
£R13E Eldke I heldhEis 188G pek sOBSRY0 10 30 mass%

4. The substrate for use in a perpendicular magnetic recording medium
according to any one of claims 1 to 3, wherein the electroless plated film of the cobalt alloy

has a phosphorus content in the range of 1 mass% to 30 mass%.

5. The substrate for use in a perpendicular magnetic recording medium
according to any one of claims 1 to 3, wherein the electroless plated film of the cobalt alloy

has a boron content in the range of 0.1 mass% to 10 mass%.

6. The substrate for use in a perpendicular magnetic recording medium
according to any one of claims 1 to 5, wherein the electroless plated film of the cobalt alloy

has a thickness in the range of 0.1 pm to 5 pm.



5. The substrate for use in a perpendi cul ar nmagnetic
recordi ng nmedium according to any one of clains 1 to
WG 20mves86n the el ectrol ess plated filmof therpcolrion4/005678
alloy has a boron content in the range of 0.1 mass%
to 10 mass% 6. The substrate for use. in a
per pendi cul ar magnetic recordi ng nmedium according to
any one of claims 1 to 5, wherein the electrol ess
plated filmof the cobalt alloy has a thickness in
the range of 0.1 pmto 5 pm -0 2004/ 095436

PCT/ 1P2004/ 00567 -14 7. A nethod for the production .

of aJ7§u bs éqeghc}dg Forutii & ?rﬁd‘écnﬁgr eh cflugﬂfagfr %ornlésgengt e erpendicular

hBeefi€l rdtgrdimdingdium; @oMpiising g stepSéfefpringfoararblagk @Bbsdrate a film of

FgISank substrate a fil m of ﬁhosphorus- or . o
FRIOTUSO AT BOTARSERRBIE Gobalt pligy By clepiadlesslaing g5 4y stepyof polishing

2dkae 2@ P froMGhd §t8¢ BfforRind4hd ARSLY BRWIdtnag from the

step of formng the Tilmby the plating. 8. The nethod

for the production of a substrate for use in a

per pendi cul ar et hc recordin i or di. .

Crarm 7, wierariBPRE b6 nERREh O LRl A6 Bl dependicular

migetic edcoflingmadiath ddcbfirgf tot digimchbelldrein ltheopolishing sthppiemoves the

in the range . of 0 15 pmto 10 mand thins the

eé%c&e?qsw @3 fim-afdbe potiath liovina afﬂa\awheaqafl%%p{ ¢ 13 um to 10 pm and

thitk S @6Sroldds pBRATARYE R cdBalt aD8Y 10% RickREEs iPthe Hitee of 0.1 pmto 5

nmet hod for the production of a substrate for use 1n a

Wer pendi cul ar magnetic recordi ng medi um according to

claim7 or 8, wherein the polishing step uses

polishing liquid containing water and abrasive grains

and fart héTtheceathad fier die predsdtioans a vubsbete foelwetied perpendicular

from.the group consisting of an oxidizing agent, a..
RIS Moy SIS eI 26corie 0 TR T SqabEreis ghe Aelishing step uses

poRkhiag 1faid toRaiRm@dNebl 8hd Qbradive WRshd ah® flrtHer URBtain? & least one
pergendlcular magnetic recordi ng nedi um accordi ng t

. Y . o
rmpmben sglecizf drom thetgreumpentsisting gf an quidiringsageat, grehelpfing agent and a
' : of 3to 9.5. 11. The nethod for the
i sl e

pr o a substrate for use in a perpendicul ar
magneti ¢ recordi ng medi um according to claim9 or 10,

wher ej n thﬁ}abr Si ve raina contai ned. in %pe . dicul
pol i st} ng heqRpthon 0% he Rofteion oft srPsittet it Usaipé Rypendicular
rhagdtiR$is Yo dordis® nfB8R®Yaccording to claim 9, wherein the polishing liquid has a pH

value in the range of 3 t0 9.5.

11.  The method for the production of a substrate for use in a perpendicular
magnetic recording medium according to claim 9 or 10, wherein the abrasive grains

contained in the polishing liquid have a concentration in the range of 1 mass% to 30 mass%.

12. The method for the production of a substrate for use in a perpendicular
magnetic recording medium according to any one of claims 9 to 11, wherein the abrasive
grains contained in the polishing liquid are SiO, grains having an average particle diameter
(D50) of 20 nm or less. |



12. The method for the production of a substrate for
use in a perpendicular mnmagnetic recordi ng nedi um
weacemds4zg t o any one of clains 9 to 11, wher ePaTiuP®04/005678

abrasive grains contained in the polishing liquid are
Si 2 grains having an average particle dianmeter (D50)

of 20 nmor |ess. WD 2004/ 095436 PCT/ JP2004/ 005678

-15 13. The nethod for the production of a substrate

for use in a perpendicular nagnetic recording nmedi um
according to any one of clai-d®-9 to 12, wherein the

oxi dj.zi n agept .contained in the polishi liguidis ..

b i b en s Bi6iod 508 3% Ribdutitin 3o REP BRI RS v Jo1 4 prendicutar
m@EnadicTeddsdih@ bR dfved adtsalihdtodarReinR @R diagit ako 1PBERNGEINGhe oxidizing

recordi.ng nmedi um according to any one of clains 9 to
agent coppiaipesy in thepolishiag Japidgs hydjegan Restids ned in the

polishing liquid contains at |east one conpound

selected fromthe group consisting of EDTA, citric

acid and succinic acid. 15. The nethod for the

produgcti of strate for usge in er.pendi.cul ar .

it o PaaeliolSh et bincuion 5 pg rdrBR i oRe 62 Blmendicular
mabRdtitEerdifg hbdiunh 86Biding Reanytbneadclasthé Dgo AgSWherein the chelating

contained in the palishing |liquid_contains at |east

| .P C
agsib coRipiped Insibe doliging Tt bopte g6 depstenes parppaigd gelected from the
g?%%?@%k?sﬁﬁ@@ﬂb@& WRGShcid PRl EinRr QAN ¢ acid and salts

15.  The method for the production of a substrate for use in a perpendicular
magnetic recording medium according to any one of claims 9 to 14, wherein the pH-
adjusting agent contained in the polishing liquid contains at least one member selected
from the group conmsisting of aqueous ammonia, water-soluble organic acid and salts

thereof,



