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METHOD FOR PURI FYI NG A THERMOPLASTI C NORBORNENE RESIN USI NG A LIQUI D
SELECTED FROM 2- PROPANCL AND A M XTURE OF 2- PROPANCL AND WATER, A

SUBSTRATE USI NG SUCH A RESIN, AND A MAGNETI C RECORDI NG MEDI UM USI NG SUCH A
SUBSTRATE [ Det ai |l ed Description of the Invention] [0001) [Technical field
of the invention] The present invention relates to a nethod fox purifying a
t hernopl astic norbornene resin that is raw material of a substrate of a
magnetic recording nmedium The invention also relates to a substrate of a

magnet i c (ecordin di @S| such a purified norbornene resin, a
magnetic[b Wr“ﬁg diu E]sﬁl%hggxsluch a substrate, and a nethod for

manuf act g dRgpgtic recording medium The magnetic recording
medi um i mdr?g?ﬁwgl In anqext ernal recording device of a conputer or the

ot her magnet| ¢ digital datas ! ' bRRERE RESRASHSE AUndugs the
" %}ry Al GO0 RRE%PLH?YIt%gb RE ey

i nvent i on] R Qb AR OHR oEANDWRGERBONEL i C
recording  me Bsf' UMN%%EEQ'A A8 VIONE0 SECORBG R DROwN 1 €0 o
decrease for upgrade of recor ggm Ayupsh@TEl yi ng- hei ght of a nmagnetic
"head requires a magnetic recording nmediumwth extrenely snooth and hi gh

"precision surface. For exanple, a conventional substrate-mde of

non- magndDetaited descsiptioraef the lmventiaf) needs hi gh preci si on machi ni ng.

[ 00031 An exanple of a manufacturing nmethod of a conventional substrate of

a rrag_net[[)@Ol]_ecordi ng medi um made of non-negnetic netal and a magnetic
recordi nq?e dé%%ﬁhg%f%ﬂg%&n%%%trate I's described in the following. 0 5

FEB 2004 . '
The present invention relates to a method for puxifying a thermoplastic

norbornene resin that is raw material of a substrate of a magnetic recording

medium. The invention zlso relates to  substrate of a magnetic recording
medium using such a prrified nerhornene resin, a magnetic recording medium
using such a substrate, and a method for manufacturing such a magnetic
recording medium. The magnetic recording medium is installed in'an external
recording device of 4 computer or the other magnetic digital data-recording
device.
[0002]
[Background of the invention] _
With increasing capacity of a recording device using magnetic recoxding
| medium, the flying-height of the magnetic head has been tried to decrease for
upgrade of recording density. The flying-height of a magnetic head requires a
magnetic recording medium with extremely smooth and high precision surface.
For example, a conventional substrate made of non-magnetic metal, such as
aluminum, needs high precision machining.
[0003]
An example of 2 manufacturing method of a conventional substraie of a
‘magnetic recording medium made of non-magnetic metal and 2 magnetic

recording medium using such a substrate is descxibed in the following.



15 20 25 30 (0004] A non-magnetic substrate is generally made of ﬂ glﬁr}hpé
material that is' prepared by rolling a heated and nolten netal, a ﬁ g 1€Pg,
and cutting into specified dinmensions. The blank material is subjected to
inner-and outer- dianmeter treatment and | apping for inproving surface
precision. To inprove surface hardness, N -P plating |ayer having

t hi cknesm@@‘gw pmis then formed on the blank material. The surface of

the Ni-P r is polished to surface roughness Ra=10 A, and the polished

Sop (csey £oRahpaBREE BRI HRRTANT AR of MR AL ¢
formed h ¥é;5\£:e|ta4§wraﬁi')9$5 hebtdPIn A n2élte P widt a8 oSk d iy aﬂ@@&ﬁin%&;wﬂ X

circunferential 30 gm Finally, high precision cleaning is conducted on

t he subsgpetiBedaiahimimea Thedlanek endterid issghricted teimat 9d segdérrm 10005)
On the thus obtained substrate, a chrom um under-layer 500 A thick, a
nmagnét i c dizapetercfre@tmen Cand lappo far tmipslevirgnshxfacapbensipnot B impeoayer 80
A thick are sequentially_farmed by DC sputterjng nefhod. On_the sputtered
surf ace, 8% ceixaxﬁ@ﬁpﬁgl\fré’ lﬁ@ﬁ@g Irkenh 2yng HotkRescnt diem igthemforaad o

| ayer 20,, Ayt hick is_formed by .di p-ceat.;n r. spin-goat i ng net hod,

obt ai ni n&"’ab Eﬁt@pageiﬁﬁ}ed?%a‘ﬁeg%c@ﬁllhl ?)0%(%5 ip(?%%?/%%ﬁgaﬂgltacﬁet hod for

manuf act pr.i S i j ' : :
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beconi ngshntg. dnc m@cc@fmltiamttﬁgp_@ss@izﬁhedqf whe Rhubiohbginedengtist yate,

reqxbrg E\rg@é'l n recent years. ILn addition, it _ is also.denanded to provide a
tic

mag aearAgX R Jgtovmen haaarg bump baeht 0 Handbuma densityd hi gh
functional ity.af the mediym . .T i so t fliching. .

equi r oniiel 3 KB CYEE R SO T GaBA g S B R IEERP % pos ed
that  usghudrath HEsiBdeaRi toRRSh £ sBBEE% &K or & mafiBidAbrding

medium.

5 [0005) .
On the thus obtained substrate, a chromium under-layer 500 A thick, a
magnetic layer of Co-14Cr-4Ta 300 A thick, and a carbon protective layer 80 A
thick are sequentially formed by DC sputtering method. On the sputtered
surface, tape varnishing is done. Then, a fluoxine-containing lubricant layer 20
oo A thick is formed by dip-coating or spin-coating method, obtaining a magnetic.
recording medium.
[0006)
A conventional method for manﬁfacturing a substrate of a magnetic
recording medium and a conventional method for manufacturing a magnetic
25 recorﬂing medium are becoming more and more complicated associated with
higher density requirement in recent years. In addition, itis also demanded to
provide a magnetic recording medium with less cost than usual while
maintaining high functionality of the medium.. To compromise these conflicting
requirements, a new type of magnetic recording medium has been proposed that

ag USesa substrate made of plastic material.



1000 71 A nmethod of manufacturing a plastic substrate for a magnetic
recording nedium by nolding and foam ng s CSS zone sinultaneously \5tRERtHME
mol di ng provides high productivity and thus industrially advantageous
resulting in 5 nmagnetic recording media with | ower cost. 100081 A plastic
substrate for a nmagnetic recording medi um i s nmanuf act ur ed by

I njection-nol.ding resin pellets, for exanple. The nol ding process easily
generatd&Q@Wﬁtrusion or recess defects with a few mcron size on the

b 10 face, . which i dj f ' ion f l3;
od-a cor ant & Tietbe PAPESIEH DG AL R 087 PR B R R T  or,
T aivate f . ; . ooy .
T T e e S A e
using a J@V%Qﬁjéég%iyﬁgf%%%&dﬁgj%ahHQhﬁghﬂ%ﬁ%ﬂ@ﬁ%ﬁ@mwsﬁéﬁmﬁ@hhure of

read an head crash during seeking operation. fool 0)

Fur t Ber ;3 ARl Glek6rdifgan ediagwithdiower posiduced by using such a plastic . 20
substrate mai/ cause blistering on the substrate surface when the substrate
y

is repdaped left in an environnment of high tenperature and high humdity
and an environnment of |ow tenperatur.e and J.ow humdity. The, blistering
Movers  anvih GHREHE SRDFERIRI 1 TYAEIFHET SO Bt ALY stk € Y
substrate.of. a nagnReti ¢ rec ' ' fréygm,

pol ycar BWW&‘%HJ%HQ%I] &%pgkpﬁg? ﬂyl %ﬁ%ﬁ??ﬁ?@)ﬁggﬁgﬁgr noplasti ¢

nor bor nepg eﬁ‘@ﬁaisrbﬁﬂﬂu &losiGrbec bseglefbots w2ithl afdw eispds kizat @ tHheubstrate
t hernoplast1 ¢ norbornene resin exhibits excellent characteristics including

hi gio heatfdacesviiiahde,a differbyysidsetpn direy 2 mvdayasherale spais ¢4x@gR1¢ hus,
provides a 30 favorabl e substrate f;Nj a. magnet i.C re‘gﬁr di. n%vsge%i un% Eo ver,
the thephspladesuEhnes BRshENESHELEn 11 Lo? PRVEPT BLOPHE AB SV HELRFE B8Y
conmon robl ens of .2 plasi.ic te., J;Brobl ens to
be sol Vgga%eteﬁée?%mglnaﬁ_l Um,S.leéB.{C?l i?ibhosuﬁ’fgr?@p%)cqgokqgje%]sen{na

[0009]

Produm’ng_ a m‘a_gnet,a_'c recording medium by using a plastic substrate
including such defects may cause failure of xead and write by 2head or head

crash during seeking operation.

[0010)
. Further, 2 magnetic recording medivm preduced by using such a plastic .
20 subsirate may cause blistering on the substrate surface when the substrate is
repeatedly left in an environment of high temperature .T;md high humidity and an
envixonment of low temperature and low humidity. The blistering lowers
environmental relizbility.

{0011)

25 Matexial for a plastic substrate of 2 magnetic recording medivm may be

selected from 2 polycarbonate resin and a poly{methyl methacrylate). A
thermoplastic norbornene resin may alsobe used for a plast.ic.substrate- The
thermoplastic norbornene resin é_xhibits excellent charactexistics including high
heat resistance, low hygroscopicity, and geometry stability, thus, provides a

30 favorable substrate for a magnetic recording medium. However, the

thermoplastic norbormene resin also-involves the above-descrbed common

problems of a plastic substrate.



The present invention has been perfornmedin view of the above proble and
an object of the present invention is to provide a nethod for purifyﬂﬁdEgZM&
5; thernopl astic norbornene resin. [0013) It is another object of the
present invention to provide a plastic substrate of a magnetic recording
medi um havi ng scarce surface defects afld exhibiting excellent.
environnental reliability using a thernoplastic norbornene resin 10,
purifiedgpaguch a purifying nethod. [0014] It is still another object of
the invention to provide a magnetic recording mediumusing such a plastic
subst r at ProbberhBrio biel soltddUbiy thé iikentioelent invention provides a magnetic
recording medi um hol di ng such _a high precision surface_that has scarce
surface def eChearesent mveniinam hanbgaen mestormg dn yrew aipbeathove ranblemgh
hum dity or |low-te rature and | ow.humdity as well as nor mal

Foner arait & PG Watb e AReare gV GO ThA BYoTRel E etado SR B ¢ he
present i | : ' thod for manufacturing such a magnetic
recor%iH%gﬁggﬁggguégopggﬁé#%fﬁs ans to solve the problen]. The inventors
of the {pegght invention made nunerous studies to solve the
above-descri bed problens and found that the objects can be achi eved by

i nj ecti on- nditds rgrotkengbjeet bbthe presdrdrinyghtion t® monbde neplastiesivh sthate s

purified to less thap a certain value of inpurity ncentratjqn.. The
bresent A PABRGHET s aECngom s BN BOhBIE S 655 08 a5k dHHECH a0 Rgblbng s Fep

2004 s '%xtgﬂggg’_%gldronm ental reliability using a thermoplastic norbornene resin
. 10, puxified by such a purifying method.
[0014]
It is still another object of the invention te provide a magnetic recording
medium using such a plastic substrate.
~ [0015]
1% The present invention provides a magnetic recording medium holding such
a high preci.sion surface that has scarce surface defect even after heat shock test
at high temperature and high humidity or low temp‘erature. and low humidity as
well as at normai temperature and normal humidity.
s [0018] | |
It is further objgct' of the present invention to provide a method for
manufacturing sach a magnetic recording medium.
[6017) |
[Means to solve the problem].
o5 The inventors of the present invention made numexrous studies to solve the

above-described problems and found that the objects can be achieved by
injection-molding using pellets of thermoplastic norbornene resin that is purified
to less than a certain value of impurity concentration. The present invention bas

been accomplished based on the finding.

30



The first aspect of the present invention involves a purifying nethod of a
thernopl astic norbornene resin, in which organic inpurities, ionic. (§FEB 2604
inmpurities; netallic inpurities, and particles are elimnated by cleaning
liquid. The <cleaning liquid in the invention is 2-propanol (hereinafter
also referred to as "IPA") or a mxed solvent of 2-propanol and water. The
m xed solvent is a mxture of 2-propanol and water with mxing ratio
2-propgﬂﬁhgmater of from1l:1 to 5:1 in volume- Inpurity concentration in a
|

resin ied by a purification method according to the invention is
favor abl y; T[8pitcadpepLss tHepresent hirveretiomamnvolges paxifiongonetipediofizes, not
more than 5 ppb; nmetallic inpurities, not nore than, 5 ppb..The ..

abov e- fipatrh opbdtizryahorn empresin W5 WHEGh PREPUSAMIHR S99 PRI PEfes,
deteriorated antioxidant, and. oxidi zed and, deterj orated.rasi onponent .
Favor apicsalisn SERLTRIoARd PRELE PG PER ALy e AP EHd AR, ThE Tt es

not mtre than.2Q.pph; deteri: QX ; than 6 dapb; 15
oxi Bi ZE428ARE "E‘fi‘llﬁﬁyfﬁé@v%g%q&o 0 ea‘r{{lfI (Hggéglﬁoagggia%ﬁfgeppb. [0019] The

second, G 108 doRMEBRdf PR tapai ol es dwit st The subdrsaleedvis a  magneti c
recor di gje?eécﬁ %En?ﬁgﬁeslog%/asti?qgubstrate I's produced by injection- molding a

t her mogliashi€ oNihepanokan dsiater vthinsbpagiratied-pyopan dbwaterdel&iomed! 20

purifying method of the first aspect . of.the inventi Protrusion. defects
an d ~tebekin dehwoes InpPwhlY eUBSPIERROY P%@WPP@?’@&%@“@PHW or

nore are _present . preferably in a. [ . o phan uzace
100201 meithoc ‘P‘ECPH%@&M ERL nl\r%g%? ?%arlﬂ ?hé\}%ta\fgg Elglpmag n%%?gob?l?(r%? dihng
medi u | 51 58r@ Rl A8t hfors 4Bshrspaboi cthltisiespud tispaot mbre hbhan

[ n\@n%g%}%ﬁ@? ﬁhnggﬁ?f’fgbﬁ?a%"f, a pr o?gcg ive | ayler and a liquid | ubricant
| ayer sempentiial Abovetmermtitned drigenpt mepitiasbey aneludekudtegabesl y, the

magneti ¢ ‘recordi ng nedi um does, not generat.e an i ster haying a dianeter
of not ilmgssitingrddterioraied @h@p@iﬁpto$n_agﬁltgsdé§§ %I@gaetﬁr?lft#%ﬁ t he medi um

is left under an ' 2 01 enh &40 phritiRe Ardh§veddiboor - 40C and
10% Rl-l,co%’lpogen?mﬁd‘i'z‘??r%@%g m?fng These condifpiho'ns. 0 5 FEB 2aal 6 104, [ 002

a] - impurities, not more than 20 ppb; detexioxated antioxidant, not more than 5 ppb
15 oxidized and deteriorated yesin component, not moxe than 5 ppb.

[0019]
The second aspect of the invention invelves a plastic substrate for a
‘magretic recording medium. The plastic substrate is produced by injection-

molding a thermoplastic norbornene resin that is puri:ﬁed by an above-described

20 purifying method of the first aspect of the invention. Protrusion defects and
yecess defects on the substrate surface with the diameter of Ipum or more are
present preferably in a number of not more than 100 per surface.

[ooz0]
- The third aspect of the invention involves a magnetic recoxding medium

comprising a plastic substrate of the second aspect of the invention; and a
magnetic layer, a protective layer and a ligquid lubricant layer sequentially
formed on the plastic substrate. Advantageously, the magnetic vecording
medium does not generate any blister having 2 diamgter of not less than 1 pm
and a height of not less than 0.1 pm when the medium is left under an

30 environmental condition of 60°C and 80% RH, or -40°C and 10% RH, or a

condition combining these conditions.



The fourth "aspect of the invention involves a nethod of manufacturing a
magnetic recordi ng nmedi um conprising steps of purifying a thernnplagﬁg?ﬂzwﬁ
nor bornene resin, and form-ng a plastic.substrate of a nagnetic rec i'ng
medi um by injection-nolding-the purified thernoplastic norbornene resin;
and a step for depositing a magnetic l@yer, a protective |layer, and a
liquid lubricant |ayer sequentially formed on the plastic substrate,
wherein the step for purifying the resin conprises a process for cleaning
t he ther@Rﬁlﬁstic norbornene resin in a cleaning liquid selected from

2- pr opanol & d a m xed sol vent conposed of 2- propanol and pure water.
Advant ageoustye f6hehmsgrdt sbthecimtventisnannplvies maethed of memifeptungtd pure

water of from1l:1 to 5:1 in volune. [0022 pects of . the eferred
enbodi menbgnefictreeoidingme BN GNIRENK %@gﬁtoﬁ%{gﬂ%ﬁ WlffPOBiea%}b%cr i bed in

detail i low. [Q023] ,The first i i i

ol Lows nohgppaRe 265ipnap A Pop s Rlf Ry et PHERAINCANENIR 5 50

met hod of ﬁu,;lme}r@QW-%mﬁ{é)ﬂ{mmﬁ@a%mmpnmmn@moeh@a@iregrﬁmaaesi n
condai

under 3a REME’ n lon inorder to elimnate inpurities in the -resin.
Loose AtegFondesedting 4 hepmedsdayel, averateeav ¢ bayest andpoi ywial bomacent esi n

or a poly(methyl nethacrylate).resin.that .is. commonl sed ip a substrate
of & bimemmerectbelr St or APRGIAEN SFSR IS T GEL S S I T
a thermopl asti ¢’ naorborne b0 L1 IMH; ki3 | ' gn | ow
hygr osc&grecriets’gﬂ “¥"Prgita @ ?’ﬁ(g: ur g Clég#éﬁgggﬁggl%&?{] gub#ﬁ ]?(gj%to'rl%gﬁb%gm '

t her nopl Agkhfin PRGRYA Renetddeiiom Iayobanal pod ponetihseyebbeaepesesifii-
speci fic exanples of which include ZEONEX280R and ZEONEX480 manuf act ured
by Nilapq:rroiia'nul 304 r@xe, wated. , APEL6150 and APEL6124 manuf actured by M tsui

e Al P gamispeoty, ST IR UNAGkH A B 566 8P 3HAncP 18 4R

2004 7 10
water of from 1:1 to 51 in volume.

[o022)
~ [Aspects of the preferred embodiments of the invention]
15 The present invention will be described in detail in below.
(0023]
The first aspect of the present invention is as follows.
[0024) |

20 The first aspect of the invention involves a purifying method of a
thermoplastic norbornene resin by means of cleaning the resin under a certain

condition in order to eliminate impurities in the resin.

L o035} o _
A resin used in the present invention is not a polycarbonate resin or a

poly(methyl methacrylate) resin that is commonly used in a substrate of a
25 magneto-optical recording medium. A resin usedin the invention is a
thermoplastic norbornene resin, which exhibits high heat resistance, low
hygroscopicity, a rigid structure, and geometry stability. The thermoplastic
norbornene resin may be a polyolefin norbornene resin, specific examples of
which include ZEONEX280R and ZEONEX480 manufactured by Nippon Zeon
30, Co., Ltd., APEL6150 and APEL6124 manufactured by Mitsui Chemical Co., Ltd,,

and ARTON manufactured by JSR Corporation.



In the present invention, a thernoplastic norbornene resin is used as a raw
‘material of a substrate of a magnetic recording medium However, a (05 FEB 2004
t her nopl astic norbornene resin as supplied froma nmanufacturer, different
from .a netal substrate or a' ceram c substrate such as a gl ass substrate,
rai ses a problemthat an injection-nolded substrate includes protruding or
recessed defects with a dianeter of several gm [0027] The generation of
t hese defects is considered to depend on purity and nol ecul ar wei ght

di stribufgepelf a resin pellet used in the injection-nolding. A

t her nopl asti c norbornene resin contains organic inpurities, ionic

i npurities, Inethalyresedtnpwentioesa theon@drsiicheshorfileeearganisondetpas iatises

i ncl ude, for exanple, alcohol or carboxylic acid that is a deterioration
product geatertalad aosukstiada ol arm s ¢aew ¢t Eviganediym s yHRETs aof the pel | et
and a deteriorafion prpducts of.an antiexidant of a phenol I vatiye that
o addectroi ablase ey B e it rn SRR B3  Por DufuE o o SR o
attached,f the .environment, i S i .

Fr anspor o e b ey e e @

subst ant peddlgnatlh £1cis ihjeeti gemsslde d enbsetratdmn chefaghetivdihBeratdhesseat e. 20
(0028] Because a thernoplastic norbornene resin contains these inpurities,
def ect s defests mal) a diamgtexgereyataddn a substrate made of the resin, as

discussqﬁdj@ the foll owing. [0029] 25 A thernoplastic norbornene resin is"
a non-pola Jesin in view of the nolecular structure thereof.. On the

other hand, The demeyiiibh 85 KRt HAH 14 BoridiReredasi depend ddp agitaarrxi di zed
deterioration-product of raw material of the resin, a  _deterioration
praguct wiolemlantweoghtdistribptian pharmsisinpellstarjeddn dredinggrticonbeol dimpir i4 y,

are rel ativel y shi ghl ol ar conponents.. The impurities wth.hig)-.30

ol ar 1ty G ORIa B P e s R bR rae s v ant BHPP BES P P BHHES ¢ he
resin t endiaidid inseRtkal £hd partidlbe ThsidRpeoltHaRAIHtied MiSudéhRyiekRIhbld, €S
tend to be concentrated or) the substrate surface after injection nolding
of a thesimplohsticeri@x5LiEER 2004 182 detdyprratine wediad. gefteeaiaidobe oxbd stilosit r at e

made of 4. thernoplastic norbornene resjn i,s |iahle to, generate the surface
def ect s etV GRBHRISHAPT gfntness ol the peliei, ana a getexioration products of an
15

antioxidant of 2 phenol derivative that is added for stability of the resin. The’
particles may be contained or attached from the en\drdnméntin the process of
synthesis or h‘ansporiatit)}_a of the pellet. The guntity of these impurities
substantially affects the generation of the defectsin the substrate.

20 [0028) _ .

- Because a thermoplastic norbornene resin contains these impurities, defects
are liable to be generatedin 2 substrate made of the resin, as discussedin the |
following. . l

. {0029]

25 A thermoplastic noxbornene resin is a non-polar resin in view of the

~ molecular structure thereof. On the other hand, the impurities contained in the

resin including an oxidized deterioration product of raw material of the xesin, a
deterioration pr‘o duct of an antioxddant of a phencl derivative, and an éonic
impurity, are relatively highly polar components. The impurities with high

30 polarity migrate by diffusion towards surface portion:of the bulk of the resin
tending to separate from the resin component. This, the impurities tend to be

concentrated on the substrate surface after injection-molding of a thermoplastic



[0030] In addition, the- deterioration product of an oxide of a raw,,
material 5 conponent of the resin and the deterioration product of 2&5FEB?M4
anti oxi dant of a phenol derivative have | owered nol ecul ar wei ghts than
before deterioration and contain a polar group containing oxygen, for
exanpl e, a hydxoicyl group in an al céhol or a carboxyl group in a
carboxylic acid. Thus, the nelt viscosity of ‘the deterioration product
differs fromt

he melt W ity of i detssl f . .10 It
esin caMRTkAGe Seth- | HRaERe Pea SRR R o e Tadic B Batnena by

f1ui di tyodif {£TiaBRELNRINRER: Tt el @ ddealsinbnRhREAcLaRd the resin

conponent I n the process of injection-nolding inside of the nold starting
form thd0880kr-ioration product as a core point. [0031]° A magnetic
recordi ng nmedi um . having .a plastic substrate confaining such inpurities as
descri bed ad8v shypptenarpigning o H%t§%%%9¥£ﬁ%9 sRvtRatedadi um i s

ropeat ofl Ll UAEE OV LOPIENL 1 Bor 8 BRI 00U condi il op and @

col d.mn. y con I an- stering Iowers environmenta

'0032] 20 ahe] deshiaitheth Akdyeerad Hdedmlpk ass plotsndrdoh EfoRe de s By SATHPRLY
contains various inpurities and causes problens. [0033] "Concentrations of

var i ouschntals @bolamgrobpicestaininhexygni.48% pEanpids hedroxyl asiony &1 en

det erm ned he i rity concentration,.of a:p ol gfin t-hernop] astjc 25

nor bor n@f@h"l&rrﬁ MWDMF%OW B4 %@'Nﬁbéanﬁﬁmﬁtﬂﬁwﬂtﬂ_‘?{. €an
exanpl eq.k S~ LD t 1 it I u . [ 0034]
The conggké?gxﬁtgé{gbo tct%-eﬁj]?%%ﬁe%nrr%ueﬁnt% i tz\?ggi%\llﬂewno?-ﬁm{a%f% 1\Elglarvlvfazr %Dsdgt erm ned

by an apedylsi & resinadbnit@inishrachingrapiys Bflishle toxjenae s icodeeictsicdukRatbyvas
obt althed béi oscillation and extraction of 10 g of pellets of the resin in
100 m &m tysbﬁ\ﬁemcechﬁw@gédh@fdertmméﬁaomPif?fgwr@MMemwmppmmmvity

(2)1(‘)012- fﬁhhgéggq%gsgm otf ?n}{e%{ilélgﬁ?mglad{izimg ir?gi dle %’?‘:tﬂ%tn%fdl s:tlargi%% ogmnghneuhgféligrgﬁfr? B
product as a core point.
[0031]

15 A magnetic recording medium having a plastic substrate containing such
impurities as described above causes blistering in the substrate when the
medium is repeatedly left under environments of a hot and humid condition and
a cold.and dry condition. The blistering lowers environmental reliability.

[0032]

20 As described above, a thermoplastic norbornene resin commonly contains
various impurities and causes problems. .

(0033]

Concentrations of various kinds of impurities in thermoplastic norbornene
resins are determined. The impurity concentration of a polyolefin thermoplastic

25 norbornene resin ZEONEX280R manufactured by Nippon Zeon Co., Ltd., as an
example, 15 determined. The results are shown in Tables 1 throu gh 3.

[0034]

The concentrations of the ionic impurities given in Table 1 were determined
by an .analysis on an ion chromatoéraphy of the extraction liquid that was
obtained by oscillation and extraction of 10 g of pellets of the resin in 100 ml of a
solvent comyposed of IPA and ultrapu.:re water having resistivity of 18.3 Mﬂ-cm

with volume ratio of IPA'water=1:1 for 20 minutes.



25 30 [0035] The concentrations of the organic inpurities given in T éﬁ@f
were determ ned by an analysis on a GC-MsS, in which.10 g of pellets of 2004
resin was heated at 120C, the generated gas was adsorbed on activated

carbon, then, the adsorbate was desorbed fromthe activated carbon by

means of purge-and-trap nethod, and Qupplied-to the GG Ms-anal ysis. [0036]
The concentrations of the nmetallic inpurities given in Table 3 were

determ ned by an anal ysis on an ion chronat ography of the extraction |iquid

t hat mas“ﬂﬁ%gined by oscillation and extraction of 10 g of pellets of the
resin in m of a solvent conposed of |PA and ultrapure water having
resistivity Qhe clﬁacanﬁlazro@lmoﬂthh ovghﬂmm;ﬁhmne@f WV EATELBYED whedOr 20

m nutes. [0037] [Table | oni c urltles {per NaS04NO3HC1HCOONH4 Lot
A1504020d6m@mﬁn2dum al @@91)515 Mﬁpm @356936%0@1(3:1@&&@@33]9 resfaklg 2)

Organi c uri ti deterioration product deterioration_ product
unr eact e‘r!!e fedogd gﬁgﬁg t}‘ésﬁ'eﬁer%tfe d:FAS RS B4 g?ﬂ s pectizsted earhomathenalthe

oL gnel AT s AL 0 VP bbb PR bRt
method, and supplied to the GC-MS-analysis.
[0036]
The concentrations of the metallic impurities given in Table 3 were
determined by an analysis on an ion chromatography of the extraction liquid
10 that was obtained by oscillation and extraction of 10 g of pellets of the resin in
100 ml of a solvent composed of IPA and ultrapure water having resistivity of

18.3 MQ-cm with volume ratio of IPA'water=1:1 for 20 minutes.

[0037]
. [Table 1) Jonic impurities (ppb
15 _ :
. Na SO NOs I Cl HCOO NH.,

Lot A 150 40 20 15 10 - 15 -2

Lot B - 120 60 30 15 15 10 1-

Lot C a5 50 35 20 - 10 10 2
20 [0038] _

[Table 2) Organic imypurities (ppb
deterioration product | deterioration product | siloxane unreacted
ol oxidized resin: © of antioxidant resin raw material
alcoho), carboxylic acid and solvent

Lot A 20 10 38 10

1ot B 46 18 15 20 .
25 Lot C ’ _ 60 20 13 | 40

-{0039]
{Table 3] Metallic impurities (ppb) .
Ca K ‘Fe Cr Cu -Zn

Lot A 100 40 60 10 3 5

LotB {80 60 45 30 25 10
30 Lot C 50 - 25 10 15 10 10



CaH7FeCr CuZn Lot A10040601035. Lot B806045302510 Lot (C502510151010 O ?I-FEEi
2004 10 [004 O) The results given in Tables I through 3 reveal ed theﬂ EB 2004
following. [00411 (1) In the ionic inpurities, contents of ions-of Na,
SO, NGB and K are large. lons of CIC};Q H COO . and NH4 are al so cont ai ned.

t

[00423 (2) The organic inpurities c ained in a relatively large quantity
are deterioration products of oxidized resin including alcohol and
carboxylic acid produced by oxidation of resin conponent, deterioration
products B tioxi dant added for stabilizing the resin, and sil oxanes

t hat are{g ﬁ nic silicon compounds ]fl containing oxygen. Unreacted raw

subst ance for | 1SS %};ﬂﬁj? 18P kBsduiiad resalldPiie RURwWRLE0 cont ai ned.
10043) (3) ITrye?ﬁées %%%ég\ly I C c%nponents, Ca, H 'and Fe axeﬁcont ained in

rel ativellgp4Hrge 1 quantity. [0044). 1In order to study the influence of
t hese i rities.in the thernoplastig¢. norhor e sin the surface of a
subst r at ﬂ@@%@@ﬁ@?FWP@%&PM%’F@S H:g%ﬂ}lr‘ﬁrﬁ(%a’me}{)@ ?’H%%p@’é‘? fﬁxgén PSis .
was GOfQ] tﬁq@l@f;&@ I\@_ﬁr%;eoﬂsoojo'nttgﬁegybstrate surface. The anal ysis

I*&d at 't ‘

revea e surtace defects were classified into the 25 30 foll ow ng
t hree cafemm®ji es- [0045) (1) Defects of category 1 A defect of this

category, is a projecting defect and, contai ns -urit .conponents that are
deteri or @i Bre %%ﬁ@:im&m&ﬁﬁicmlﬁﬂaéaq‘ﬁggafﬁ% q?’éﬁ?& rge?ons of Na, S
Si, and &g ndTRLALkLGs TR Ldd8R sin including alcohol and carboxylic acid

produced by oxidation of yesin component, deterioration products of antioxidant

added for stabilizing the resin, and siloxanes that are organic silicon compounds

10 . . . .
containing oxygen. Unreacted raw substance for yesin synthesis and residual

solvent axe also contained.

10043]

(3) In the metailic components, Ca, X, and Fe are contained in relatively large
15 guantity.

[0044]. |

In order to study the influence of these impurities in the thermoplastic
norbornene resin on the surface of a substrate for a magnetic recoxding medium
made of the resin, analysis was made 61’1 the defect portion of the substrate

20
surface. The analysis revealed that the surface defects were classified into the

following three categories.

[0045]

(1) Defects of category 1
25 A defect of this category is a projecting defect and contains impurity
components that are deterioration product of antioxidant added into the xesin,
ions of Na, S, Si, and Ca, and metallic impunties.
[0046) '
(2) Defects of category 2

A defect of this category is also a projecting defect and contains impunty

30 components that are deterioration product of oxidized resin, such as alcohol and

carboxylic acid compound.



(0046) (2) Defects of category 2 A defect of this category is also 1&

proj ecting defect and contains inpurity conponents that are deterior FEBn2004
product of oxidized resin, such as al cohol and carboxylic acid conpound. O
5 FEB 2004 11 5 [0047) (3) Defects of category 3 A defect of this category
I's a concave defect that is forned byéiransfornation of a ball shape

contam nant  attached on the nold surface. The ball shape contam nant is
either | ower carboxylic acid salt that is a deterioration product of the
resin conponent generated by final stage oxidation, or ions of Na, K or
Si. [0d09]47]The nunber of these projecting and concave defects was from
100 tao gg}oﬁiper one ‘surface of a substrate counting the defects not | ess
than 1 (B RARLPLGALEEM™Y 1  a magnetic recording nediumis nanufactured

using a subgtihe bl PAR eUF L o bR CaLrbPAIANG HHOLAYY failibhAAtich hen

errors int um occur "a e region corresponding to“the defects, and

t he medjpuym,wowihiaéonthBnhaadtit e venthemadd stifache e el sk aper st case,
dependi ng on the 'size of the defect. [0049] 15 20 25 30 As descri Egd ai)ove,
it is copasiminshounebhet hewenedxboixylicrgid sald thehpoadetenotlen@IPAPGE P i es

contained in_ the thernopl astic ,qorpoxpene resiyn,.are sane .
Uh- 6. c GREOIREIM SOBTPOPRBLEEPEEI A ORI So8eHEoaaHae % g Nanky e Fis
recordi[@g gedi um manuf actured by injection -nol cling the resin. This fact
suggest #ﬁ t the inpurities contained in the resin fornmed the defects on

the surfacerpé figbes o dsatfojdctimsand coheaviedefets ane ffcm XD by 50Beper
i mpurities contained in the' resin, speciffically, deterior aéi@on Erodﬁjcts
of t he gressurfane of hesvdastradricguntingdie deferlecrd Jesbilpr \ pm-ixy grameter.

U { acé BT S ebr Re e re anrorcerd soe of ReEf BB d®h s i1
10 defect-bearing surface condition, then exxorsin the medium occur at the region
corresponding to the defects, and the medium would harm the head and even
crash the head in the worst case, depending on the size of the defect.
[0049]

15 As described above, it is clearly shown by the analysis that the components

of the impunities contained in the thermoplastic noxboxnene resin are same as
th'e components of the defect porti-on of the substrate for a magnetic recording
. medium manufactured by injection-molding the resin. This fact suggesfs that

the impurities contained in the resin formed the defects on the surface of the
* substrate. Cores of the defects are formed by the imipurities contained in the
yresin, specifically, déterioxation producfs of the xesin and the antioxidant that
affects fluidity in the injection-molding process. The cores of the defects attaches
on the surface of the suhs‘trgte and the mirror surface of the mold, and results in

the protruding or concave defects on the substrate surface.

(0050}
Thexefore, if the impurities in the thermoplastic norbornene. resin are

25

eliminated, the defects on the substrate for a magnetic recording medium made

of the resin are supposed to decrease

30



the protruding or concave defects on the substrate surface. X0050] 8 2004
Therefore, if the inpurities in the thernoplastic noxhornene,r.esin@%&g
elimnated, the defects on the substrate for a nagnetic recordi ng nmedi um
made of the resin axe supposed to decrease. 0 5 FEB 2004 12 5 10 15 20 25
[ 0051] .When a magnetic recording nmediumis manufactured by depositing
magneti c recordi ng | ayers- and ot her I%&er on a substrate nmade of an
unpurifngg?{rernnplastic nor bornene resin and | eft under a hot and hum d
nt,

environ or a cold and dry environment, or repeatedly |left under these
envi ronment Swhbh iaSh&gd etd 10Uy MBdibIESs EAIATL SAd" 28 6p o sTHVE: MlabSELEET NG 1S
considered to occur caused by interaction between noisture absorbed in the
subst r atecandingyaraprapfiotherdprarion ewbshateryde of vonepurifiedthroxyinlestei d
COWPOU“%%%%%&@PQ; Pleli fndefBYol bh &S unfX estik-Danbit bPG c%PdJL‘Q%\r’%reg' on

of the substrate and the magnetic layer. The interacfion product energes on
t he 5 medinyimoaunéretcer tdpreategly ditfindsi drese enfiormmenth| hilstaing &taveeohhibe
blistering,nu tributed to inmpurities in the thernoplastic :

mor bor neneabturtien b bierste s onRlgsa 8okt bR S e by

r enovi Ngnbidau reMYsbicdas thBsdtieratesn by PRk inHhie ek Ok fmelyDRlcohpYrities in
t he thernopl astic_norbornene resin are  favorably el m nated. (06531 The

i npur i t iCAEPXYIcEId eppoynthiondF @ngimdRis dNPPRTEh&x b E in bh¢ bpupdaimheegion

inventi Qp 1R SRREAE hhE e dhakREECIal BPUF I infia c BIBP) o ck m%léh{;ési o%sw;and |
metallic inpurities.” The Tonic inpurities are Ions, suchvas, , SH, K
Cl, HCOm ediaprdsuifice tihe ghr djffmsionitorponm pibdistern&huddbe Ubsteringmasy ba product s

of MXi di ze resin, _such as, alcohol ,and carboxylic.acid. conpound produced
by oxi dAFTThutbET0 Mo ZHE: Fnd (EEHNAN GORAREL LB R IR IROIER B

ant i oxi dedecren adercdida Byear dgtr@mioint thanm@hridies irowiedaskh. such as aromatic
conpounds i ncl udi ng phenol

[0052]
Therefore, the impurities in the thermoplastic norbornene resin are
Is favorably eliminated. |
[0053]

The impurities in the resin that are discussed in the description of thé
invention are specifically ionic impurives, organic impurities, and metallic
impurities.’ The ionic impurities are ions, such as, Na, SO, NOs, K, C1, HCOO,

20 and NH.. The organic impurities includes deterioration products of oxidized
resin, such as alcohol and carboxylic acid compound produced by oxidation and
detexioration of the resin, deterioration products of antioxidant produced by
detexioration of antioxidant such as aromatic compounds including phenol
derivatives contained in the resin, siloxan thatis an organic compound

25 containing silicon and oxygen, unreacted residues from the raw material and the

solvent for synthesis of the resin, and hydrocarbon impurities such as a]jphatl:c
hydrocarbons with carbon number of 6 to 14, including isomers, namely, from
hexane CsHis and hexene CsHis to tetradecane C1Hso and tetradecene CisHos.

The metallic impurities include Ca, K, Fe, Cr, Cu, and Zn.

0 [0054)

A method for purifying the thesmoplastic norbornene resin according to the
invention will be described in the following based on the analytical studies

described above.



derivatives contained in the resin, siloxan thatis an organi c conpound
containing silicon and oxygen, unreacted. residues fromthe raw nat d¥5 EiB 2004
and the solvent for synthesis of the resin, and hydrocarbon inpurities
such as aliphatic hydrocarbons with carbon nunber of 6 to 14, including
| somers, nanely, from hexane C6H 4 aqﬂphexene C6H12 to tetradecane Cl4Hso

i

and tetradecene Cl4H28. The netallic urities include Ca, K, Fe, Cr, Cu,
and zZn. 30 [005x1] A method for purifying the thernoplastic norbornene
resin according to the invention will be described in the foll ow ng based
on the gggky)ical studies described above. 0 5 FEB 2004 13 [0055] The
anal yti cal studies show that the inpurities in the resin that causes
surface def €fihe anndytedl atthdisyshiopdtlogthibie xmpuriiesenahe resmcthati cegrseisgani ¢

i mpurities such as al cohgl .and .cayboxyli¢ acid. Acc i.ngly, c]eaning using
5 sol ut iswafase @@fpv@rﬁr%q?hhﬁégﬂl Ppgbléc Pegenerali.an Ei0yBaRYy puri fyi ng

h in.[0056] , The.i f : oo h  ound
ot hod FaPBiRes oPe 5 bR Salord IE ALET ATl BER) LiRIRY BN @
pur igf i capiRfoh Dy ReIVEHtT BRI, Bl 280 dedtenisteh feaifectiad o8 Pu¥yvoR g Fh¥adsapl vent

of IPA and water, and allow ng the cleaning 10 liquid to penetrate into

i nsi de §003GEk resin, so that effective elimnation of the inpurities is
acconpl i she 0057] Copsequent|y, |PA.or,m x sql vent, of .1 PA and. wat er
o oobd a. dbinRHOrs B PrESeRL I YRIGHET SRV TuBg S et Ok {ER SOV e o
| PA and [ X 8t b T8, } S
preferat%ﬁg{r?ro Bﬁs’fﬁpéﬁggin&%%’ wg%é%%% gbl y i#%lnto Zﬁ?ﬂngﬁiﬁgueﬁéﬁ{ﬁg

li m t edthe rebia wamGEIP Ale ntdedrsolsart ¢fSHA ehdrabter, pndealivtieny, thspelekhingl | y
ultiapure water. -1PAis preferably as pure ai p%ssi_bl e,. 20 [00581 The
thdr%osé‘t‘l‘ilﬁéomﬁnl%’fﬁ@ﬁé‘t?é%$1ﬁer?£§hbée$1ﬁ’éﬁ} abkHegiyaehsHnadionoplithe

cl eani ng}rlcan .,it%e effecti vﬂﬁ/edoerforn’med, yet a formof a pellet is

prefera g.ur[' B%b'aaccomp
[0057)

" Consequently, JPA or mixed solvent 6f IPA and water is used as cleaning

liquid in the invention. In case the mixed solvent of IPA and water is employed,

15 mixing ratio in volume of IPA to water is preferably from 1:1 to 5:1, more
preferably i1 to 2:1, although not limited to the yange. The water qsed 15
preferably pure water, spe.ciﬁcally ultéapure water. IPA is preferably as pure as
possible. '

90 10058]

The thermosetting norbornene resin may be in any configuration as long as
-cleaning can be effectively performed, yet a form of a pellet is preferable.

[0059]

A cleaning process in the present invention will be described below.

25  (0060]

Cleaning of a thexmoplastic norbornene resin in the present invention is
performed by dipping the yesin in IPA or mixed solv;ent of IPA and water and
oscillating the resin. "Oscillation” in the present invention means to make the
cleaning Liquid to penetrate into the resin by means of stirring or shaking for

90 removal of impurities in the resin. Cleaning in the invention is performed by

oscillating the resin in the cleaning Xguid and further, immersing the resin'in



A cl eaning process in the present invention wll be described below 25

[ 00601 d eaning of a thernoplastic norbornene resin in the present F 0
invention is perforned by dipping the resin in |IPA or m xed sol vem B@HH-"A
and water and oscillating the resin.  "Gscillation" in the present

I nvention nmeans to make the cl eani ngl‘ll iquid to penetrate into the resin by
nmeans of stirring or shaking for 30 renoval of inpurities in the resin.
Cleaning in the invention is perfornmed by oscillating the -resin in

the- ¢l Sl g b tidl ANCLT LI BEf: RIS AIqhk iR A8k BroddbsOtife FERR2008 14 5

10 15 e‘cleaning I'rquid. I'n a specific exanple of the cleaning

proces&hetﬂ@aﬁﬁﬁﬁ" HqaiWaxd pet teanvagel bachi ds arseppuatinpffonneldasdle such as a
separating funnel, in the volunme ratig of resin=liquid=1:2, and oscillated

by an appenye iatie obsesin i dgl-2rendoseiltaieddyan pEREP N GoEL)atRE
oscillating ting I S &;e{‘erably not shorter than 2 hr. The imersion time is
pr ef er ABEINHSVCE 513 eP2¥¥an 2 hr. In case the cleaning liquid used is | PA
al dne gb Gm xed solvent of IPA water=1:1, the imersion tine is preferably
not sh r?er than 12 hr, and incase the cleaning liquid used is m xed

sol ventTi osdiAatRigefimeSt pref@ablyneossloortes thear 8 hpr €flee abmersidn simoetier t han
2 hr. [0062]b The cl eansed t hernopl asti ¢ naorbornene resin.is Iigh?ﬂl] ri nsed
usi ng mreferably qut ghorter khas 2nkr.chnpatg thoslearnnmbavidasghiy F4A1878H al so

using. water. ., Each .the rinsjng. operatio i | Lauid and
the ri ﬁ%%"ﬁ@ %Odgfﬁfp%#)%?f% r"%\}gt g?ng&perr & gr@ﬁ%ésﬁﬁ%ggpydﬂﬁ géh?%s or
more. ARapeiEhrf 9hdtiheade hetuleanihnl lapiiden el @imddnsolesh s6d P Ayw afext8:1yD- cm
or nore may be used, for exanple.: he obt ai ned t hernopl astic norbornene
redl n ithetihmmersinsdimeiit prefenablyg otighortgnibanvdiar . for exanple, for five

m nut eTO(%ZP} ore, and dried. [0063]

The cleansed thermoplastic norbornene resin is then rinsed using xinse
‘liquid of the same composition as the cleaning liquid and also using water.. Each
. of the rinsing operation using ihe rinse liquid and the rinsing operation using
15

water is preferably conducted two fimes or more. As water for the rinse,
ultrapure water with resistivity of 18 MQ-cm or more may be used, for example..
- The obtained thermoplastic norbornene resin is then rinsed with running
ultrapure water, for examyple, for five minutes or more, and dried.
0063 |
20 [ ]

Although rinsing operation may be conducted by means of any method
known to the skilled person, the above-described oscillation in the cleaning
- process may be applied correspondingly to the nnse process. the resin is first-
oscillated in rinse liquid of the same composition as the cleaning liquid for 2 to 3
95 minutes. After stop lof oscillation, the rinse liquid is renewed and the rinse
operation by oscillation is conducted again. Then, the resin is rinsed twice with
ultrapure water, and finally, rinsed with running water for 5 minutes or more.
Drying may be performed by any means as long as capable to completely remove
cleaning liquid, rinse liquid, and water. For example, drying by heating, drying
a9 by heatingin vacuum, or an appropriate combination of these means.
Specifically, drying at 100°C for 24 hr followed by dxying in a vacuum at 100°C

for 8 hr can remove cleaning liquid, rinse liquid, and water.



Al t hough rinsing operation may be conducted by nmeans of any met hod d:g%?!]ﬂ’-
to the skilled person, the above-described oscillation in the cleani

process may be applied correspondingly to the rinse process. the resinis
first' oscillated in rinse liquid oflihe sane conposition as the cleaning
liquid for 2 to 3 mnutes. After stop of oscillation, the rinse liquid is
renewed and the rinse operation by oscillation is conducted again. Then,
the resfgpeyy rinsed twice with ultrapure water, and finally, rinsed with
running water for 5.mnutes or nore- Drying nmay be performed by any neans
as | ong as Thpabhiz inopetiph,eirghyicenpusties| srahivegallicw shritieRsH thiettissh and
wat er. For exanple, drying by heating, drying by heating in vacuum or an
appr opringithe RypfsrAanyeRtion arhbebe yeanyeddgetmpariity lessdhpinnerasinoatd or 24

hr foll db ' i n.a ) .at 100C , fQr i

T o T ReBert e BB ke e 26 5 00 5. B B 0B Bht®

| Mpur i B is r@RRably ERMTbLE &0 87H B Rlsls] TH Ptk Sﬁofg]ar}iﬁ%n{ Skilies the
present 1 nvention are to be renmoved to a quantity less an cerq al n e\?é{ ue.

The contrefirablly eantxodfedi torfilcpp rpuié dsi edhernamtie/coNant S0y AeBarkfsn O, HCOO
and 5 NH4 is preferably cont;&lrel ed to 5 gpb or | ess. The content of organic
i npur i ApsIRges s efambey lessihegongant of detesirationinroduct phendioxidaet is

cont ent, ' | L ' 0 . | es t he cqnt ent . of

doter 1 oot SHIELCURP. LHREL b Sftchl &P BARARGg BE el PRhE WP ictriehe of
al coholde@érieastion YroGuarhithC OFRAYasin Wrhebnést, ds 5481EEE At iPRe %ﬁ%&?{ of
oxi di zed resin component, is 5 ppb or less. The content 10 of each o

nme0al | iof epphp iimekadlic prpainitiescaamelyFE 2, End ecandsCpieperfabhlyl ycanitrolledd to
5 ppb Qr Jess. Th ticl attached to.the resin are nearly conpletely
enoved® P grd 5y " he PerBSIE R B DR e e RS BRe s T BIRED T The
second yamReet 19 nidig siifasherledmiuenheb dvbd thebigvdgsier bed bel ow. 15 [0066]
.20 25_30 The second aspect of the i-nvention involves a plastic substrate

made _oi{ooﬁfﬂer nopl asti ¢ norbornene resin for use in a magnetic recording
medi um [ g967] ey i L .. : '
e Second aspect of the present invention will be described below.
15 [0066] |
The second aspect of the invention involves a plastic substrate made of
thermoplastic norbornene resin for use in a magnetic recording medium.
[0067]

A plastic substrate for a magnetic recording medium in the inveniion uses a
.20 ‘ )
thermoplastic norbornene resin that is purified by the above-described

purification method of the first aspect of the invention.
[0068]
The plastic substrate of the invention is formed by the injection-molding
25 technique that is known by the skilled person. the injection-molding may be
conducted, for example, by using a commercially available injection-molding
apparatus equipped with a mold having a stamper, by employing appropriate
resin temperature, injection speed and mold clamping pressure, and by settin.g
mqld temperatures of fixed side and moving side at appropriate values. The
10 'specific examples of the paraméters of injection-molding may be resin
temperature of 350°C, injection speed of 170 mm/s, and mold clamping pressure

of 70 kg/cm?2. The mold temperatures of ixed side and moving side are 130°C and



A plastic substrate for a magnetic recording nmediumin the invention Eﬁﬁ% ﬁm‘
t hernopl asti ¢ norbornene resin that is purified by the above-describg
purification method of the first aspect of the invention. [0068] The

pl astic substrate of the invention is fornmed by the injection-nolding
techni que that is known by the skilled6person. the injection-nolding may be
conducted, for exanple, by using a commerci.ally available injection-nolding
appar at Us3 6°qlifppestaniple. &hazkdohdvtings of B1jesper-mdldiregpllowisng foppr apri at e
resin tenperatareé, injection speed and nold clanpi ng pressure, and by
setting sulsitdatehpeing diasseter of i%%enmsend T&idimﬂ:ﬁﬁiqffgl-ggd@mat appropri ate

val ues. B%% specific exanples of the paraneters of injection-nolding may
be resiﬂ g}perature of 350C, injection speed of 170 nm's, and nold

cl anpi ng pregsune / . g - -f 1 si de and
novi ng si de x5§%6%feaf§8 %%@%‘Eéﬁc}ggﬁég f@%@aﬁ g? Héggnrr\ﬁget.lé#ﬁ’gage

condi ti onRtPhdiy BF bRvDAe S WithAanidet @F Man TURetE, 3hefdall P didReet er
of 95 and thickness of 1.27 mm [0069] A substrate for a magnetic

r ecordi ngumbdirufirodt mbee tinamen00grerhasf&cepr ot rudi ng or concave defects with
di anet er,_of umor nore, preferably, in the nunber of not nore than 100
per surfl@8@0] [0070] The third aspect of the present invention will be

(IR ML RN e M

[0072] {[#omaynetic recording nmediumof the invention uses a substrate
manuf actured by injection-nolding the thernoplastic norbornene resin that

i s 15 puri fiEdehitdhespdnt\of thedseenhenl ipvelives eaniagnetietrhowrdiggorsiivm g. 1
S schemati ¢ cross. segtional \r%ew showi ng a magnetic recordi ng nmedi um

that is SRPESRERIaSHC O SLAIE A HBRIRVEI NP Re present invention. [0074] 20

Subst rat[gnﬂizg)f the magnetic recordi ng nedium of the invention is a plastic

A magnetic recording medium of the invention uses a substrate
manufactured by injection-molding the therm oplastic norbornene resin that is
purified by the above-described purification method.

[0073]

- Fig. 1 is a schematic cross sectional view showing a magnetic recording

15

medium that is an aspect of the embodiments of the present invention.
[0074]

20 Substrate 1 of the magnetic recording medium of the invention 1s a plastic
substrate manufactured by injection-molding thermoplastic norbornene résin
that is purified by the method of the first aspect of the present invention.
Intermediate layer 2, non-magnetic under-layer 3, magnetic layer 4, protective
layer 5 and liquid Jubricant layer 6 are sequentially formed on the substrate 1to

25 produce a magnetic recording medium. Conventionally used materials may be

used for materials for the intermediate layer 2, the ndn-mag'netic under-las}er 3,

the magnetic layer 4, the protective layer 5 and the liquid lubricant layexr 6. For

example, the intermediate layer 2 is a metal layer of Ni-Al, the non-magnetic
under-layer 3 is made of chromium, the magnetic layer 4 is made of an cobalt

- 30 alloy, such as a ferromagnetic alloy of Co-Cx-Ptox Co-Cr-Ta, the protective layer

5 is a carbon layer, and the ].iqﬁid lubricant layer 6 is made of a ﬁuon’ne-

containing lubricant, such as pexfluoropolyether Jubricant.



substrate manufactured by injection-nolding thernoplastic norbornene rUeSsFEB 2004
that is purified by the nethod of the first aspect of the present

i nvention. Internediate |layer 2, non-magnetic under-|ayer 3, magnetic

| ayer 4, protective layer 5 and liquid lubricant |ayer 6 are sequentially
formed on the substrate 1 to 25 producg;a magnetic recording medi um

Conventi onal Ig]aused materials my be used for materials for the

i nt er medi abR? yer 2, the non-magnetic under-|layer 3, the nmagnetic |ayer 4,

th tecti i_qui i , th
e Protect |Vl AN R LBk BT O USE o B, qBBIBe (e
under - | ay eefedrirg tElig. of tihstoaitume of Fep. MEignely anlayetpléd 2nsl vRdeuo©f an

cobalt 30 alloy, such as a _ferromagnetic alloy of Co-Cr-Pt or Co-Cr-Ta, the
prot ect i v pgaAsations pge gossablso A ar gyamplenatenkediptadayer domag ant beayer 6 i s

or Gant ProvReEE o BRP R TR Y ki TUER e, or i ng. modi urn of the

i nvent i on[p@gelpeen described referring to Fig. 1, the structure of Fig. |
is only an exampl e and various nodifications are possible. For exanple,-

i nt er medi at e Kagkapooiminagsetigaeca dnpghipednm | the ayention maskcbe gelegterbdi um
of the in I LG.I rdin di_ um_of .t he

i nventi on\éﬁg}f sggn%l{éﬁ%g%? i‘& ﬁ@%@@g&gﬁéﬁ%ﬁ Ihgség%grrgblﬁlgteﬁgfl li!ltlﬁemr?edi um
is to be limittédo aapdpesifindbrm) Fok tegdmipbe anyhgpeal 4 dis)f nambdfale@ednoke, a
shape of a disk.may be selected for a, 10 etic recordi ng nmedi um nount ed
on aleDD. m%@tﬁmreﬂ%ﬁgﬁm “Fb%’(?i"a’it%oﬁ\?ﬁgﬁ?-of the invention can

conpl etel yogwpi d Dblistering even when the medi um has been |eft under a hot
and hum d environnent or a cold and dry environnent. A magnetic recording
medi um of 15 thmagnetintrecrdpreehedabhyof doe snveotti duasen eoppldtelst #roidn t he
surface tgﬁgﬁ(ﬁ“ Most

referably there is t blister at has a
di amet er CXE &V eSS ’ﬁe'ﬁ%ﬂj?f@s %81”_’ é&% “ﬁﬁ%@? ar?b‘?tea 4@ face of the
medi um [ @Q¥Bbnmdf drQUENS 2RFNBGlerRirddiSerd VAR A @b tiM 1lécoﬂﬁn%%§sajmﬁ%fbel OW. -
20 [0079) The fourth aspect of the invention involves a method for :
manufisct uthegneention preferably does not have any blister on the surface thereof. Most
preferably there is not a blister that has a diameter of 1 ym or more and a height
of 0.1 pum or more on a surface of the medium. '
(0078]
The fourth aspect of the invention will be described below.
20 [0679) |
The fourth aspect of the invention involves a method for manufacturing a
magnetic recording medium. The method comprises steps of purifying
thermoplastic norbornene resin, forming a plastic substrate by injection-molding

the purified thermoplastic norbornene resin, and depositing functional layers on

5 the substrate, in which m.agneﬁc layer, protective layer and liquid lubricant
layer are sequentially formed. The step of purifying the resin in the method for
manufacturing a magnetic recording medium in the invention comprises a -
process for cleaning the thermoplastic noxbornene resin in ceaning liquid

; selected from 2-propancl and mixed solvent of 2-propanol and watex.

0

[0080]

The step for purifying thermoplastic norbornene resin has been describedin
the description of the first aspect of the invention. The step for forming the
plastic substrate by injection-molding has been described in the description of

the second aspect of the inventiion.



magnetic recordi ng nedium The nethod conprises steps of purifying -
thernopl astic norbornene resin, formng a plastic substrate by - 05 FEB 2004
i njection-nolding the purified thernoplastic norbornene resin, and
depositing functional layers on 25t substrate, in which magnetic | ayer,
protectk ﬁ hfyer and liquid lubricant |ayer are sequentially formed. The
step of % P ying the resin in the nethod for nmanufacturing a nagnetic

recor di ng rreﬂi,gg{%%gﬁegbg%%g]ia%ﬁ fJF)fécﬁFcﬁp% fuﬁéﬂ&gzﬁx&%;Hfaiﬁfl%nrﬁi%%%}ganm

t her nopl asti'c” nor resit ’n cleaning ['Fqui

and mi X%é‘rn%ﬁliyéﬂi)rd%ﬁs?e'swwﬁ-ﬂﬂ{%ﬁﬂ@r%ﬂ%te 139ed DQ8%hebstt SR Br purifying

t her nopl asti ¢ norbornene resin has been described in the description of
the firsputigrbet, afativyethenweatnediatd heyeat 2paflonoh anapnetit ke depHager G,
substrate by injection-nolding has heen described in the description of
t hed'sectmaniazpeeasnstialager Avantheonn der-bayes, Jogainespraestive 19her §toasptifeor

depositing | ayers for recordin nction.on t.he. pl astic substrate conprises
proc_essg’saggfég%ﬁwqf i d(e:"f‘l?@éﬁlgq Lu%%%?t %Wdt‘ﬁjétgs%ﬁgft"tegfgnb € RYRIEERYS ng,
coat i ng) e 5.”?,[‘?{6@65-%ﬁgﬂe@i&%n@ex‘%éﬂr@ﬁ'ﬁ%@%‘bﬂfa_LHPﬁi@?fﬁlJﬁYHye:}’ andithe
form ng magnetic | ayer on the undér-layer -3, form ng protectlVvé fnayer 5
on the megneiticldyeyer isdprefndbipphyiliny layer iof £ot 1401-yTad Thé bratesolwent on

the protective I'gyer 5, The non- m%gnet i ¢ under-1layer 3 is, gr eferably a
chr omi UkAvezyzmanhe a sreborpgatactiy elayer, majoy coparoseasiof vwavchimay heyer of

Co- 14Cr . .k X ' . T ;30,4 . h
prB ect?lﬁgf é"fg’?ﬂ %#%ﬁgéﬁ%%%g#ti ](J):?g;\[/:\%?% n'n’trsltl)f2 (géldg]ﬂrtﬁiﬁ'arﬁsﬁgg?rgf on‘ Ite or
di anondbé inkgd € af BouoriAe chh tildhth g Uivi€ant, shaly ak perflayrofidysBAs 10bifcan

1
fluorine-containing lubricant, such as perfluoropol yether |ubricant. [0082]
The nor{ﬂr%@qetic under-layer 3, the magnetic layer 4, and the protective

layer 5 meyrhe Lo WEnicSRRAE 1YY 38T A D80SI ANRLY, A AL EPIATHTENON-
layer 5 may be formed by sputtering when these Jayers are a‘chromium non-

15:  magnetic undexr-layer, Co-14Cxr-4Ta magnetic alloy layer, and 2 carbon protective
layer, respectively. The liquid ]ul:fricant layer 6 nﬁay be formed by dip-coating or
spin-coating. |
[0083]

o6 Thicknesses ofinterme.diate layexr 2, non-magnetic under-layer 3, magnet?c
layex 4, protective layer 5, and liquid lubricant layer 6 may be selected to be the
values that are'employed in a commeon magnetic recording medium.
{0084)
The above-described construction of a magnetic recording medium shall not
25 limit fhe present invention; the intexmediate layer, for example, may not be
provided in the recording medium of the invention.
[0085]
[Examples]
The present invention will be described in further detail referﬁng to
30 examples of preferred embodiments thereof.
[0086]
Method for cleaning pellets of thermoplastic norbornene resin was studied

‘with various cleaning liquid and-cleﬂninAg time, as shown in Table 4.



magneti c under-|ayer, Co-14Cr-4Ta magnetic alloy |ayer, and a carbon
protective |ayer, respectively. The liquid lubricant |ayer 6 may bd§ff¢Brige
by di p-coating or spin-coating. [0083] Thicknesses of internediate |ayer

2, non-magnetic under-layex 3, nmagnetic |ayer 4, protective layer 5, and
liquid lubricant |layer 6 may be selected to be the values that are

enpl oyed in a conmon magneti c recordi medi um [0084] The above-descri bed
construcilogﬂgf a magnetic recording nediumshall not Ilimt the present

i nvent i on? i ntermedi ate | ayer, for exanple, may not be provided in the
recordin m of I pvent i-on., - anpl es] The present
inventioﬂTaﬁﬂTHbe de i foh & Q% eﬁ referring to exanpl es of
preferrgd—enbodiments tn o [ Mo

t her nopljasti ¢ nor bor nene gg n %aégleleg .vé1ﬁ?ﬂhe?$@hc 8ﬁﬁg%ﬁ%g ?IQLid
and clegning tinme, as sh in Table 4 [[0087] [Table|4]

Met hods [for cl eaning resiln Dellets clehni &F)I i q i dcfbé I _ati oni nmersi ondi nse
met hod tiﬂgtclé‘ghiﬁgrp)(&ge)ssdo cl eani ng prpcess cl eqni ng net hod

lwat er 21§12 T ['eanl n thod .
21 PA watler e 8s pistRa L 1%Fat%vmfce gl vat 2}3, t celgl ear |ur%uaf§fﬁ3vdam
31 PA: wat{er=1-1212| PA- wat er=1:1___twi-ce Wat-er——w-ee mes
cleaning method 2 TPA water=1:1 2 IPAwater=1:1,
twice
& water, twice
cleaning method 3 | IPAwater=1:1 2 12 IPAwater=1:1,
twice
& water, twice
cleaning method 4 | IPAwater=2:1 2 2 IPAwater=2:1,
twice
& water, twice
cleaning method 5 | IPA'water=2:1 2 12 IPAwater=2:1,
; twice
& water, twice
cleaning method 6 TIPA 2 12 TPA, twice
' & water, twice

[0088]

5 Example ]
Two kilogram (kg) of thermoplastic norbornene resin, ZEONEX280R

manufactured by Nippon Zeon Co., Ltd., was soaked in 4 later of ultrapure water,

that is a cleaning liquid, in a separating funnel, and purified according to

cleaning method 1. Specifically, the separating funnel containing the resin and
10 the ultrapure water was mounted on a shaker manufactured by Nippon

Scientific Equipment Manufacturing Co., Ltd. and shaken at a shaking speed of

200 mm/s for 2 hr, then left stationary for 12 hu.

[0089]

After that, the cleaning liguid was drawn off, and 4 liter of ultrapure water

15 was replenished. The separating funnel was subjected to shaking for 2 to 3 min

and brought to stationary, and then the ultrapure water was drawn off. This

operation for rinsing the pellets was repeated four times in total, and further

rinsing with running water was conducted for more than 5 min. The remaining



cl eani ng nmet hod 41 PA: wat er =2' 1221 PA: water=2"'1, twice & water, tw ce

cl eani ng net hod 51 PA: wat er =2: 12321 PA:water=2.1, itw ce_. & water, twce

cl eani ng method 61 PA2121 PA, twice & water, tw ce [00881 5 Exam pl e U5 Rilol004
kil ogram(kg) of thernoplastic norbornene resin, ZEONEX280R manufactured by
Ni ppon Zeon Co-, Ltd., was soaked in éoliter of ultrapure water, that is a

cleaning liquid, in a separating funneél, and purified according to

cl eanin QHM i : 1RGN 0 resin
and 10 ?f‘] u t_rg;calrn?q% Fﬁ\%{é?éﬁ%%g ed“on grts}ﬁgkde:r'f&nrrg!%u a{(j}%%rdg _H]:hgppon
Sci ent i fygeufefidi AMRITPCNBR 8 IACt A 439 of@he phirth e@pellehtakan wleddos hadd idspeed
of 200 mm's for 2 hr, then left stationary for 12 hr. (0089] After that,

t he cl eamhpgrity qoncentestion asrdestfibedddtek.liter of ultrapure water 15 was
repl eni shed. . The separating funnel was subjected to shaking for 2 to 3 mn
and brod@l@ﬂﬁﬂo stationary, and then the ultrapure water was drawn off. This

operation for rinsing the, pellets repeated four tinmes_.in total, and
furtBer ri nénﬁ@%nmpgﬁhpwmé@%\ﬁgﬁﬁs eﬁﬁvmmsyaw&ﬁvwf@rtﬂ@&ﬁmgmﬁﬁ The
remai ni ng.,0,5 .FEB 2004 20.. |.i quid was ¢o etel vy elin nat by drying at
100C foruhptEptetty 2qpgeRgur sect Sat BB pabEe rem TR bt Bt {pe
purifie kS od- ' Q{l&g& Tamrrb
descri bggeﬁglk%s. i‘i%%gg]?ﬁd]%)@ %eot er E}éél?l%x# t gi%gyljr}iqfle E)ag l efs o a{bﬁlg

resi n wasjectioh -hooldirgbmschine grith nsatisivatia;éatioramaditet peessagondi7Ogomedi um

havi ng di aneter, of 95 nm and _ thi ckness of 1.27 mm by neans of
i nj ect i gNasMsaf egplayigaereidahred 30th RaprmpErnjBee pParamstensi® Hechi ne with

T 35 YRR RSO S8 SORLRK B ol
resin t gABRY &l Fin g tesutd Bk ERM2Y 8hAGhEM tehiferdfuge at fixed side and
moving side: 130°C and 130°C.
[0091]
Examyple 2
15 On the substrate fabricated by Example 1, sequentially formed by DC
sputtering are a chromium under-layer 500 A thick, a Co-14Cr-4Ta magnetic
layer 300 A thick, and a carbon protective layer 80 A thick, followed by tape
varnishing on the sputtered surface. Then, a liquid lubricant layer 20 A thick
was formed by spin-coating a fluorine-containing lubricant, FOMBLIN Z-DOL
- 20 manufactured by Ausimont, S.p.A. Thus, a magnetic recording medium was
obtained. |
[0092]
Example 3
Pellets of thermoplastic norbornene resin, ZEONEX280R manufactured by
25 Nippon Zeon Co., Ltd. and the cleaning liquid shown in Table 4, at the row for
cleaning method 2 were put into a separating funnel, in which the volume ratio
of the resin to the cleaning liquid was 1 to 2. The purification was performed
according to cleaning method 2. Specifically, the separating funnel containing
the resin and the cleaning liguid was mounted on a shakexr manufactured by
30  Nippon Scientific Equipment Manufacturing Co., Ltd. and shaken at a shaking
speed of 200 mm/s for 2hr, then left stationary for 2 hr.
[0093]



nmol d cl anpi ng pressure: 70 kg/cn2, and nold tenperature at fixed side and
movi ng side: 130C and 130C. [00911 Exanple 2 15 On the substrate  (§ FER 20604
fabricated by Exanple 1, sequentially forned by DC sputtering are a

chrom um under -1 ayer 500 A thick, a Co-14Cr-4Ta magnetic |ayer 300 A

thick, and a carbon protective |ayer ? A thick, followed by tape

varni shing on the sputtered surface. en, a liquid [ubricant |ayer 20 A
thick was formed by spin-coating a fluorine-containing |ubricant, FOVBLIN

Z-DOL 20 nanufdtéuited, the deshingiiquis. wapdrFhnoff, andegiietid witc thgicageredi um
was obtained. [0092] Exanple 3 Pellets of therrm’ﬁ’ll asti c nor-bornene resin,

ZEONEX28 CRoxmpmsitat as ehle ble aniy MNywimowaZeemleGashedLtThe seychrtatio scfiramélngas
liquid shown in Table 4, at the row for _ cleaning nethod 2 were put into a
separ at i nsuljected to shakingdbr 21e Svoinppdhaoreht tf stetionaey, and dhehéhellepnd ng

liquid was 1 o 2. purificatipn was performed according to cleaning
met hod 2. W8§ @Wa;ayf ﬁhlﬁﬁﬁemlr@mwwaﬁﬁ?@m smy@ﬁﬂﬁ@eawﬁetwwme%m t he

I ' L qui d .sh . f d by 30 Ni e
Sci anf 11 19t By T HRan PR AROR A oT PPt L P i SRkl ¥ ShER A2 peed
f 200 , : | L e : 21
A ter tnat 14 MO erahBR ke R MEIEE dSPpeiling R e i

conposi t i dxchdd iR st apavé. NBukiheri dnwiry witd Anmhedvatther seaa Aldied foynnel
was subjected to shaking for 2 to 3 mn and brought to stationary, and
t hen t he mpyeithlan amiolr rehfainifiy Bgeisbwasicompl etely ehimingtachby phivieg st was

repeated t tinmes jn 5.-.total. Then, the ts were rinsed, tw ce_ using
uItrapurelq\ﬁpeitog%‘;t#ﬁr pggidgﬂqupyavaf.mfg %ﬁ@rﬁiﬁ?irﬁe‘giﬂ?rﬁw thg prdader
as t r i 2sj ' E NG b Gk | ] rther,

e g T o he O R PP e e e B Rt

remai ni ng0d84Li d was conpletely elinminated by drying at 100C for 24 hr and

used for moadki G BAEhAT Hhe BOHEEABHErDA e thabe ri 54t Br FoDTOOBRE 2
substrate for a magnetic recording medium having diameter of 95 mm and
“thickness of 1.27 mm by means of injection-molding. A commercially available
15 injection-molding machine with maximum injection-molding pressure of 70 ton
was used employing a mold fixed with a stamper. The parameters in the |
injection-molding were;. resin temperature: 350°C, injection velocity: 170 mm/s,
mold clamping pressure: 70 kg/cm?2, and mold temperature at ixed side and
moving side’ 130°C and 130°C.
20 [0095] |
Example 4
A step for depositing functional layexs was conducted on the substrate
fabricated in Example 3 in the same mannexr asin Example 2, to produce a
magnetic recording medium of Example 4.
25  [0096]
Example 5
Pellets of theymoplastic norboxnene resin were purified in the same manney
asin Examyle 3 except that the cleaning method 3 in Table 4 was employed in
Example 5 in place of deaning method 2 in Example 3. A substyate for a
30 magnetic recording medium was fabricated using the thus purified pellets of the
. Yesin.
[06097]



Anot her part of the purified pellets of the resin was used for fabricating
‘a substrate for a magnetic recordi ng nedi um having di aneter of 95 ”ﬂr!iéFFBjZ[]l]f.
t hi ckness of 1.27 mm by neans of ax ection-nolding. A conmercially
avai | abl e 15 injection-nolding machi ne wi th maxi num i nj ecti on-nol di ng
pressure of 70 ton was used enpl oyi n%g? nold fixed with a stanper. The

€,

paraneters in the injection-nolding resin tenperature= 350C,

injecti Pkav@pRegty: 170 rnrn/s, nold clanping pressure: 70 kglcn®, and

nol d tenperature at fixed side and noving side: 130C and 130C. 20 [00951
Exanpl e 4 Asssep foordepepdmig funrtioned laperd whayenducked eptbiesubatretet he
substrate fabricated in Exanple 3 in the sang nner, as in anple 2, to
pr oducefabricatedan Exapyoe §ilngheetimanpan Baahin .3112519?2)(?96??0 &le 5
Pel l ets of thernopl gstic norbornene resi,n were purified in the same manner
as i n ERAHISTELRE upy 1‘%’5’?&18' nmethod 3 in Table 4 was enpl oyed

I n ag@@]S i n place of cleaning nethod 2 in Exanple 3. A substrate for a
30 gn recordi ng medi um was fabricated using the thus purified pellets
of the b, 400971 0 5 FEB 2004 22 Exanple6 A step for depositing
functioyﬁ%s was conducted on the substrate fabricated in Exanple 5 in

the sane maipedletasf tinermapipstic 2orbormpermriresin avereggnefied in dbersdinne nnastizerm of
Exanple 6. 5 [0098] Exanple 7 Pellets of thernoplastic norbornﬁg'eeé{.esi n
wer e pumisfindixampléd exgapt thatide claaning meihed d 19 tablept Wasgmp Bhni ng

2 i n BxEAEL: 50 B PLUESFIE HeThohadReer BoPLEat of AP REA L Agnds .
fabyg Ca&f&ﬂ’&@i@ﬂe&?ﬁiﬁé‘ﬂ&d@ﬂfﬂ o€ taPRkhfitughgtihe tHspirifle@Gflets of the
resin.
[0099}
Example 8
A step for depositing functional:layers was conducted on the substrate
15 fabricated in Example 7 in the same manner as in Example 2, to produce a
magnetic recording medium of Example 8.
[0100]

Example 9
Pellets of thermoplastic norbornene resin were purified in the same manner

20 asin Example 3 except that the cleaning method 5 in Table 4 was employed in
Example 9 in place of cleaning method 2 in Example 3. A substrate for a
magnetic recording medium was fabricated using the thus purified pellets of the
resin.

[0101]

25 Example 10
A step for depositing functional Jayers was conducted on the substrate

fabricated in Example 9 in the same manner as in Example 2, to produce a
magnetic recording medium of Example 10.
[0102]
30 Example 11 .
Pellets of thermoplastic norbornene resin were purified in the same manner

as in Example 3 except that the cleaning method 6 in Table 4 was employed in



Exanple 8 A step for depositing functional |ayers was conducted on the
substrate 15 fabricated in Exanple 7 in the sane nmanner as in Exanple 2
to produce a nmgnetic recordi ng medi um of Exanple 8. [0104] Exanpl® FBB 200t
Pel | ets of thernoplastic norbornene resin were purified in the sane manner
20 as in Exanple 3 except that the cleaning nethod 5 in Table 4 was
enployed in Exanple 9 in place of clekhing nmethod 2 in Exanple 3. A

substrate for_a__magneti ecordin | ri I If he t hus
puri fi edyPpks 160 HiaRe gfr‘i%‘?‘ﬁ?“g[%%%?di Mg}%?? 1’3%5@%‘(’%3‘% P%ré deposi ting
functional |ayers was conduc ' MeiExfinpt e 9
in the %ﬁ@%ﬁﬁ%@\?ﬁ@g ﬂjeéi e‘?%é)%bﬁ}%tgi}}lg%ﬁ{%ﬂge tﬁniésl?]%{iiﬁ%ggjeég%rdi ng medi um
of Exanple_10. [0102] 30 Examle 11 Pellets of thernoplastic norbornene
resin wer purified in the sane manner as in Exanple 3 except that the

cl eani ngop?g]md 6 in Table 4 was enployed in O 5 FEB 2004 23 Exanple 11 in
pl ace of cleaning nmethod 2 in Exanple 3. A substrate for a nagnetic

recosdi Brgmmglaid®was fabricated using the thus purified pellets of the
resin. [0103 5 Exanple 12 A step r depositi functional .| [S was
conduct ed ord step foxplepositing fugstiog ’qrﬁ%fﬁ(sa rngcﬁ Pﬂtﬁﬁéugﬁﬁé%ﬁanner as
I n Exanpl e .2, tpo. produc . |.C r.di | Rel?. [0104]
10 Conpng?]é’t’F%e%?'gﬁﬁF@ eilérﬁr%g? %’tgbqee #’%%%ggﬁ%gﬁ%ﬁ@eég%’rgi ng medi um was
fabri Caﬁ%&éﬁ@ge@?hﬁf‘éﬁ:e@ﬁumﬁ%ﬂmﬁ%]@ﬂi.C nor bornene resin that did not

€

experienc any cleaning process. Fabrication nethod was the sane as in
Exanpl e{d1@4tkcept that any cleaning or

10 Comparative Example 1

A substrate for a magnetic recording medium was fabricated using pellets of |
thermoplastic norbornene resin that did not experienced any cleaning process.
Fabrication method was the same as in Example 1 except that any cleaning or
rinsing process in Example 1 was nat carried out in Comyparative Example 1.

15 [0105]

Comparative Example 2
A step for depositing functional layexs was con ducted on the substrate

fabricated in Comparative Example 1 in the same manner asin Ex ample 2, to
produce a magnetic recording medium of Comparative Example 2.

20 [0106]
[Evaluation of Examples and Comparative Examples]

Impurity content of each of the resin pellets of Examples 1,3, 5, 7,9, 11 and
Comparative Example 1 was measured. The number of surface defects on each of
the substrates fabricated in these Examples and Comparative Example was also

25 measured.

0107} | |
Method for measuring the impurity content was the same as the method

employed to obtain impurity content of Tables 1 through 3 and is described on
the appropriate place of the Specificabon. Measurement of the number of

30  surface defects was performed by observation under optical microscope, and the
number of the defects not Jess than 1 pm was counted.

{0108]



;rinsing process in. Exanple 1 was not carried out in Conparative Exanple
1 1,5 [0105) Conparative Exanple 2 A step for depositing functional.

| ayers was conducted on the substrate fabricated in Conparative Ex8mFiEB 204
in the sane manner as in Exanple 2, to produce a magnetic recordi ng nedi um
of Conparative Exanple 2. 20 10106] [Evaluation of Exanples and Conparative
Exanpl es) Inpurity content of each of 2¢he resin pellets of Exanples 1, 3,

5 7, 9, 11 and Conparative Exanple 1 was neasured. The nunber of surface
defects on each of the substrates fabricated in these Exanples and

Conpar at i veV[ExaaRideinipsrisy Sonteass nbHsaresin fedlets are geverown flebledaslkeng t he
inpurity content was the sanme as the nethod epployed.to ohtain inpufity
cont entyahbeedbedelbcishomtiyh sarfapei of s}a@é@bﬁrew%ﬂcafﬁéttalmaéﬁﬁ%ﬁéo ge of
t he Specification. Measurenent of the nunber of 30 surface defects was
perfornbdxbyhbbnegvaﬂiwﬁTahh@& optical m croscope, and the nunber of the
defects not less than 1 3n was counted. [01083 0 5 FEB 2004 24 Measured
impurity contents of the resin pellets are given in Table 5. The nunbers
of defects on the surface of the substrate fabricated by injection-nolding
the resin are given in Table 6. 0 5 FEB 2004 25 L o 0 Ooa ~ U-Q VW  Em
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[0110]
[Table 6) Number of surface defects on the substrate
number of defects
per surface
Comp. Example 1 380
Example 1 360
Example 3 150
Example 5 ' 80
Example 7 50
Example 9 30
Example 11 70
5 [o0111]

It is clearly understood that the number of suxface defects of the substrate
made of the resin pellets is smallex when the purity of the resin pellets is higher.
[0112]

The measured results for Examples 5, 7, 9, and 11 show that the numbex of

10  suxface defectsis less than 100 when the resin pellets are immersed in the mixed
solvent of IPA: watexr=1:1 for 12 hr (Example 5), in the mixed solvent of IPA:
water=2:1 for 2 hr (Examples 7 and 9), or in IPA for 12 hr (Example 11).

[0113]

In contrast, the cleaning using ultrapure water alone as in Example 1

15 showed very little effect because the surface of the pellet of thermoplastic
norbornene resin is hydrophobic or repels water, so that the water does not
penetrate into the pellet. |
[0114]

Use of IPA or mixed sclvent of IPA and water according to the punfying

20 method of the invention increases v\;ettabﬂity with the surface of the resin pellet,
and facilitates penetration of the cleaning liquid into the resin. In addition,
oscillation and immersion over certain duration in this cleaning liquid further
promote the penetration and result more effective removal of the impunities. The

major defects classified in three categories as described eaxlier may be formed

D
[&1]

from the organic impurity core in ihe resin pellet, which is a deterioration
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product of an oxidized resin component that is alcohol or carboxylic acid, or a
deterioration product of antioxidant thatis detexiorated phenol derivative.
Cohsequenﬂy, effective impurity removal is facilitated by using the cleaning
Yiguid in the invention.

[0115)

Example 11, which usesthe cleaning Liquid of 100% IPA, shows relatively
poor effect to remove metallic and jonic impuxities as compared with the
Examples using the mixed solvent of IPA and water although Example 11
exhibits significant effect to remove ihe organic impurities, as shown in Table 5.
As a result, the nnmber of defects on the substrate surface ianxamp]e 11 was
slightly larger than in the Examples using the mixed solvent of IPA and water,
while Example 11 also satisfies the criterion of the invention that the numbex of
defects be 100 or less.

[0116]
Fuxrther, an environmental reliability test was conducted on each of the

magnetic recording media produced in Examples 2, 4, 6, 8, 10, 12 and
Comparative Example 2. In the test, 2 specimen of the medium was stored under
60°C, 80% RH for 4111', brought back to 25°C, 10% RH, stored undexr -40°C, 10%
RH for 4 hr, and returned to 25°C, 10% RH. After the thermal cycle, the surface
of the medium was observed under the optical microscope, and the number of the

blister that was not smallex than 1 pm in diameter and not lower than 0.1 wm in

height was counted. The resultis givenin Table 7.



Exanpl e 1360 Exanpl e 3150 Exanpl e 580 Exanpl e 750 Exanpl e 930 Exanple 1170
50111 It is clearly understood that the nunber of surface defects q]‘5 I:EBezmu
substrate made of the resin pellets is smaller when the purity of th

resin pellets is higher. [0112] The nmeasured results for Exanples 5, 7 9,
and 11 show that the nunber of 30 surfgace defects is | ess than 100 when the
resin pellets are imrersed in the mxed solvent of |PA= water=l=1 for 12
hr (Exam[)op]'ﬂ), in the m xed solvent of IPA= water=2:1 for 2 hr (Exanples
7 and 9), in IPA for 12 hr (Exanple 11). [0113) |In contrast, the

cl eani ng['l]sbhg'?]JNwmbeu' of blisters aftenenvigonmeptamslobilitvifesshowed very little
ef fect because the surface of the pellet of thernoplastic norbornene resin
i s hydrophobic or repels water, so that the water does not penetrate into
the pellfet.” [0114) Use bf;uferosf Blisted $ol vent of 1 PA and water according
to the |cur|fy| ng 20 rrethod ofmtgg.f?@/entlon I ncreases wettability with the
sur f ace pe—the—rest-r—peHet——ahd—tacttt+{at es penetrati on of the cleaning
liquid i nC@mmeExz@@plﬁ2| n_addit9%h__ ascill I ation and i nmersion over certain
duratiof in ERamplé 2ani ng | i qui4ld ur t her pronote the penetration and
result re gkl j%gége renmoval ofothe inpyrities. The major defects

cl assified IE reﬁbdl gorles a(§ described earlier may be formed 25 from
t he orglm:c g?lpﬁ\, core—+n—the—restropellet, which is a deterioration 0 5
FEB 200427 % sl 80t An oxi di Abd resi-p{conmponent that is al cohol or

car boxyli c_¥HeiagnplerlOa deteriordtion prodluct of antioxidant that is

det eri of at e®xplagslel12der ijvati ve. 20Consequéent |y, effective inpurity renoval

is facilTtated by -using the cleaning liquid in the invention. 5 10115)
Exanpl e [jojl’ls‘jl‘hi ch uses-the cleaning liquid of 300% | PA, shows relatively

5 As is apparent from Table 7, no blister was observed on the magnetic
recording medium of Examples 6, 8, and 10. This fact demonstrates that the
cleaning conditions in Examples 5,7 and 9 bring about excellent effect. That is,
the favorable conditions are: oscillation in the cleaning liquid for 2 hr, and then

_ immersion in mixed solvent of IPA : water = 11 for 12 hr or more, or in a mixed

10 solvent of IPA : water = 2:1 for 2 hr or more. In Example 12, in which cleaning
was done using JPA alone, elimination effects for metallic and ionic impuxities
are slightly less than cleaning using mixed solvent of IPA and water. As a result,
a little number of blisters was observed.

- lo119)

15 The occurrence of blistering on the medium in the above-described test is
caused by interaction between moisture absorbed in the substrate and
hydxophilic impurities, such as alcohol or carboxylic acid compound, or ionic or
metallic impurities, existing on the interface between the substrate and the
magnetic layer, and subsequent diffusion up to the medium suxface. However, a

20 magnetic recording medium of the invention uses a plastic substrate made of
specially purified therm oplastic norbornene resin, so that the Impurities existing
on the substrate surface is very little. Consequently, the blistering on the
medium can be completely suppressed. Thus, a magnetic recording medium of

the invention is excellent in environmental reliability.

[0120]

[\
4]]



poor effect to renove netallic and ionic inpurities as conpared with the
Exanpl es using the mxed solvent of IPA and water although Exanple 31
exhibits significant effect to remove the organic inpurities, as sh&&fFER 004
Table 5. 10 As a result, the nunber of defects on the substrate surface in
Example 11 was slightly |arger thanmi}l@ t he Exanpl es using the m xed

sol vent of | PA and water, while Exa e 11 also satisfies the criterion of
t he invE@ﬁ Oﬁ?f,gft the nu er of defects be 100 or less. [0116] 15
Furt her fC Mreliability test was conducted on each of the
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nunber of the Dblister that was ‘not smaller than min di aneter and not

| owsr t phen6l deBgytives, hydicgbrbopimpevitiadiombémratties| sn@verzliia Table 7.
0 5 FEB 2004 28 [0117] [Table 7] Nurrber of blisters after environnental

rel i abi 1mpynte@t ‘hheireethot for ipsrdyinpthe swnmonﬁm toEtenpiver2io0 Exanpl e
2400 Exanpl e, 450. Ex | e 60 Exanple 80 Exa 100 Exanple 1220 [o 118] 5
As is ‘b&r}g‘F :lﬁe"ﬁho %@pgn%%pgt%w B@é’@rved on the magnetic
recordlngl 3di um of Exanples 6, 8, and 10. This fact denpbnstrates that the
cleaning conditions in Exanples .5, and 9 bring about excellent effect.

That is, tResiimtesirifor 20@R¢hktioneafdn gosedindlbcad dif gtdane ﬁ%hmnl jsqui d
for 2 hr, and then immersion in m xed solvent of IPA I water = 1:1 for 12
hr 18r nfphyricatediby mjettietmolding thermoplastic norbornene resin punﬁed by the
purification method of the invention, and has a surface that bears very little
numbex of protruding or concave defects, and exhibits high precision.
[0122]
A magnetic recording medium according 1o the invention does not generate
15  bhistering in the environmental reliability test subjected to a thermal cycle
between hot and humid condition and cold and dry condition, as well as in
normal temperature and humidity environment. Accordingly, the medium
exhibits high precision and reliability.
[0123]
20 A method for manufacturing a magnetic yecording medium according to the
invention allows to produce highly precise and reliable media bearing little

surface defects in a mass production and with low cost. Hence, the

manufacturing method is of great value in industry.

25  [Brief description of the drawing)
Fig. 1 is a schematic cross sectional view showing a magnetic recording medium

of the present invention.

[Description of synﬂ)ols]
30 1  plastic substrate made of thermoplastic norhoimene resin
2  intermediate layver
3

chromium under-layer



10 solvent of IPA: water = 2:1 for 2 hr or nore. In Exanple 12, in which
‘cleanlng was done using | PA alone, elimnation effects for netallic_and
ionic inpurities are slightly less than cleaning using m xed sol V&AL &l

| PA and water. As a result, a little nunber of blisters was observed.
[0119] 15 The occurrence of blisteri on the mediumin the
above-described test is caused by intéraction between noisture absorbed in
the substrate and hydrophilic inpurities, such as alcohol or carboxylic
acid co ound, or qélc or netallic inpurities, existing on the interface
bet ween §hd the magnetic | ayer, and subsequent diffusion up
to the wever, a 20 nmagnetic recordi ng nmedium of the
inventio qggﬁgE%?gs igosubstrate made of specially purified

ther mopl @st i j QA9 resin, so that the inpurities existing L J on the
substrate surface is Very little. Consequently, the blistering on the
nmedi um can be conpletely suppressed. Thus, a magnetic recording medi um of
the invention is excellent in environnental reliability. [0120] O 5 FEB
2004529 [Effect of the invention) The inpurities that nmay be contained in
the thernoplastic norbornene resin are hydrophilic organic inpurities that
are deterioration product of oxidized resin, such as al cohol or carboxylic
acid, deterioration product of antioxidant of 5 phenol derivatives,

hydr ocarbon inpurities, ionic inpurities, and netallic inpurities. The

met hod for purifying the resin according to the invention controls each of
the inpurities below a certain value. [0121] A substrate for a magnetic
recordi ng medi um according to the invention is 10 fabricated by

i nj ection-nol ding thernopl astic norbornene resin purified by the
purification method of the invention, and bas a surface that bears very
little nunber of protruding or concave defects, and exhibits high
precision. [0122) A nmagnetic recordi ng nmedi um according to the invention
does not generate 15 blistering in the environnental reliability test
subjected to a thermal cycle between hot and humid condition and cold and
dry condition, as well as in



normal tenperature and hum dity environnment- Accordingly, the nmedium
‘exhibits high precision and reliability. [0123] 20 A nethod for

manuf act uri ng a magnetic recordi ng medi um according to the inventilnFEB 2004
allows to produce highly precise and reliable nmedia bearing little surface
defects in a mass production and wth | ow cost. Bence, the manufacturing
method is of great value in industry. 26 [Brief description of the draw ng]
Fig. | is a schematic cross sectional view showi ng a nagnetic recording
medi um of the present invention. [Description of synbols) 30 1 plastic
substrate nade of thernoplastic norbornene resin 2 internediate |ayer 3
chrom urjqlages} | ayer 0 5 FEB 2004 30 4 magnetic layer 5 protective |ayer
6 lubricant layer 5 0 5 FEB 2004 31 [Clains] 1 A nethod for purifying a

t her nopl Bst i & methyat foepanifysng acdepm opl agticnetkepnehe resinecomypg sbed d step

nor bornene resin by elimnating organic, inpurities, ionic . inpurities,
met al | i cfomiﬁmmgee@,ng aeabeenanectesy 3@%@%9?@% EWPPIEeAPRYE from 5

2- propangol and. a m xefd. sol vent. co sed..of 2- . t hod
For pur PPRTETES: s EbieRorBar aoher SuPhe BRES R MEntY Hlectef o
whegein ' ' | Feft BonihHsed &2 RolPA 0@ angbrt 0 vater of
fro?n 1:%%'?(65&) :e:{le%?]&\%o %{%ﬂ% ?A met hgd for p?rriel??ng a therrr]tf)pl astic

nor bornene resin according to claim | or 2, wherein said resin after
purification contains said organic inpurities not nore than 30 ppb, said
i oni ¢ i rdur i Airesthpsk foxmunfyimg aghespiopiahicapdorpene FESIn 24eending Bxclasn
ore t haﬂ éhgﬁ-‘gh said mixed solvent has a mixing ratio of 2-propanol to water of from

1:1 to 5:1 in volume.

3 A method for purifying a thermoplastic norbornene resin according to claim
1 or 2, wherein said resin after purification contains said organic impurities not
more than 30 ppb, said ionic impurities not more than 5 ppb, and said metallic
impurities not more than 5 ppb.

15
4 A method for purifying a thermoplasﬁc norbornene resin according to claim
3, wherein said organic impurities comprises hydxocarbon impurities of not more
than 20 ppb, deterioration product of antioxidant of not moxe than 5 ppb, and

deterioration product of oxidized resin component of not more than 5 ppb.
5 A plastic substrate for a magnetic recording medium manufactured by
injection-molding a thermoplastic norbornene resin that is purified by saxd

method defined by any one of claims 1 to 4.

25 6 A plastic substrate for a magnetic recording medium according to claim35,



15 4 A nethod for purif~ing a thernoplastic norbornene resin according to
claim 3, wherein said organic inpurities conprises-hydxocarbon i nﬁﬂ“éﬁ)ﬁ@'
of not nore than 20 ppb, deterioration product of antioxidant of

than 5 ppb, and deterioration product of oxidized resin conponent of not
nore than 5 ppb 9.0 5 A plastic substrﬁle for a magnetic recordi ng nedi um

manuf actured by injection-noldin g a er nopl asti ¢ norbornene resin tb at
is purified by said nethod defined by any one of clainms | to 4. 25 6 A

Fep 200255 4 arap hen ohdEReb e otk Salleh R Wofar eevelan Sxormgona
di anet er %&tdfr%@@uﬁstr%‘ﬂéisaﬁ&ﬁgzé%hgn %&aﬁlﬁg% not nore than 100 per

surface IC recordin i am-conp 4 pl astic substrate
defined by 5 cI aimb5 or 6; and a magnetic Iayer a protective layer, and a
liquid lubricant |ayer sequentially forned on said plastic substrate. 8 A

nmagnet i ¢ r edonehgrptiericordinganedivig cbﬁaxﬁhﬁh@%al«W@%ﬁh@s@@étﬁaf@déﬁﬂbdlﬁ does
not generate any blister having a dianmeter of not |less than 1 um and

hei ght elaimob dreGsrtchan 0-1 pm when said mediumis left in an envi ronrrent

of 60C and 80% RH, -40C and.10% r conbi nati on of t hese conditions.
9 A net @o@agaﬁhﬁelﬁu%@tmqtﬁ@%e @@ﬁewé arajéwddl g lgper sepmrentialyst eps

15 of. i.0g orbornene resin; formngaplastlc

subst ra )Elal %%%P%én%gﬁ%téasal d purified-resin; and depositing 'a
magnetic | ayer, a protective layer, and a liquid | ubri cant layer on said
plastic substrate in this order; wherein 20 said purifying step conprises a
pr ocess 8f or Acineggmietiy :eeoxiingsnadiusi mgearding ¢arlaig 7,ivherkih Raid nsedivlect ed
from 2-propanol and a m xed solvent of 2- propanol _and water 10 A nethod
forl n‘]?ra @Pﬁgpm igﬁﬁe’éatﬁ&ﬁﬁbg hster haying ﬁgdlﬁﬁtﬁt@hpée@blttﬁsﬁéapol 2% apidagm 9,

wher ei nh%?%]ﬁ é@ K§deso k‘.l?{gﬂr() Ppn‘?w@xr Bpsaa@filr&gqiq:t% l%f%t in anaenn%l)éaﬁjrrn%n oih

m xing ra propano frYom
60°C and 80% RH, -40°C and 10% RH, or a combination of these conditions.

‘9 A method for manufacturing a magnetic recording medium comprising steps
15 of:

purifying thermoplastic norbornene resin;
.forming a plastic substrate by injection-molding said purified resin: and
depositing a magnetic layer, a protective layer, and a liquid lubricant layer
on said plastic substrate in this ordex; wherein
20 said purifying step comprises a process for cleaning said resin using a
cleaning liquid that is selected from 2-propanol and a mixed solvent of 2-

propan 0l and water.

10 A method for manufacturing a magnetic recording medium according to
25 claim 9, wherein said mixed solvent of 2-propanol and water is a2 mixture with

mixing ratio 2-propanol @ water is from 1:1 to 5:1.



