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POLJMERIC PBRl'Lt10RO POLJlmlER PHOSPHA.'l'E 

LtJBRICAN'l' TOPCOAT 

Tecbpical Field 

The present invention relates to a magnetic 

recording medium, particularly a rotatable magnetic 

recording medium, such as a thin film magnetic disk and 

5 a lubrican~ topcoat for contact with a cooperat:ing 

magnetic ·transducer head. The invention has particular 

applicability to a textured magnetic recording medium 

comprising a lubricant topcoat with a high bonded lube 

ratio. 

10 Background Art 

Thin film magnetic recording disks and disk drives 

are.conventionally employed for storing large amounts of 

data in magnetizable form. In operation, a typical 

contact start/stop (CSS) method commences when a data 

15 transducing head begins to slide against the surface of 

the disk as the disk begins to rotate. Upon reaching a 

predetermined high rotational speed, the head floats in 

air at a predetermined distance from the surface of the 

disk where it is maintained during reading and recording 

20 operations. Upon terminating operation of the disk 

drive, the head again begins to slide against the surface 

of the disk and eventually stops in contact with and 

pressing against the disk. Each time the head and disk 

assembly is driven, the sliding surface of the head 

25 repeats the cyclic operation consisting of st:.opping, 

sliding against the surface of the disk, floating in the 
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air, sliding against the surface of the disk and 

stopping. 

For optimum consistency and predictability, it is 

necessary to maintain each transducer head as close to 

5 i t;s associated recording surface as possible, i.e. , to 

minimize the flying height of the head. Accordingly, a 

smooth recording surface is pref erred, as well as a 

smooth opposing surface of the associated transducer 

head. However, if the head surf ace and the recording 

lO surf ace are too flat, the precision match of these 

surfaces gives rise to excessive stiction and friction 

during the start up and stopping phases, thereby causing 

wear to the head and recording surfaces, event::.ually 

leading to what is referred to as a "head crash." Thus, 

lS there are competing goals of reduced head/disk frictior. 

and minimum transducer flying height. 

Conventional practices for addressing these apparent 

competing objectives involve providing a magnetic disk 

with a roughened recording sur=ace to reduce the 

20 head/disk friction by techniques generally referred to as 

"texturing." Conventional texturing techniques involve 

mechanical polishing or laser texturing the surf ace of a 

disk substrate to provide a texture thereon prior to 

subsequent deposition of layers, such as an underlayer, 

25 a magnetic layer, a protective overcoat, and a lubricant 

topcoat, wherein the textured surface on the substrate is 

intended ·to be substantially replicated in the 

subsequently deposited· .layers. The surface of an 

underlayer can also be textured, and the texture 

30 substantially replicated .. :in s.ubs:equently deposited 

layers. 
A typical longitudinal recording ·medium is depicted 

in Fig. 1 and comprises. a substrate 10, typically an 

aluminum (All-alloy, such as an aluminum-magnesium (Al-

35 Mg) -alloy, plated with a layer of amorphous nickel­

phosphorus (NiP) . Al tern~ti ve substrates include glass, 
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glass-ceramic materials and graphite. Substrate 10 
typically contains sequentially deposited on each side 
thereof a chromium (Cr} or Cr-alloy underlayer 11, 11', 

a cobalt (Co) -base alloy magnetic layer 12, 12', a 

S protective overcoat 13, 13 ~, typically containing carbon, 
and a lubricant topcoat 14, 14'. Cr underlayer ll, ll' 

can be applied as a composite comprising a plurality of 
sub-underlayers llA, l.lA'. Cr underlayer 11, 11', Co­

base alloy magnetic layer 12, 12' and protective overcoat 

10 13, 13', typically containing carbon, are usually 
deposited by sputtering techniques performed in an 
apparatus containing sequential deposition chambers. A 
conventional Al-alloy substrate is provided with a NiP 
plating, primarily to increase the hardness of the Al 

15 substrate, serving as a suitable surface to provide a 
texture, which is substantially reproduced on the disk 
surface. 

In accordance 
lubricant topcoat 

with conventional practices, a 
is unifortnly applied over the 

20 protective overcoat to prevent wear between the disk and 

head interface during drive operation. Excessive wear of 

the protective overcoat increases friction between the 
head and disk, thereby causing catastrophic drive 
failure. Excess lubricant at the head-disk interface 

25 causes high stiction between the head and disk. If 

stiction is excessive, the drive cannot start and 
catastrophic failure occurs. Accordingly, the lubricant 
thickness must be optimized for stiction and friction. 

A conventional material employed for the lubricant 
30 topcoat comprises a perfluoro 'polyether (PFPE) which 

consists essentially of carbon, fluorine and oxygen 
atoms. However, as employed ,herein, the expression 
11 perfluoro polyether" encompasses groups which are not 

completely perf luorinated, such as where the terminal 
35 methylene groups attached to hyd~oxyl radicals contain no 

fluorine. The lubricant is usually dissolved in an 
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organic solvent applied and bonded to the magnetic 

recording medium by techniques such as thermal treatment, 

ultra.violet (UV) irradiation and soaking. A signif:!.cant 

factor in the performance of a lubricant topcoat is the 

5 bonded lube ratio which is the ratio of the amount of 

lubricant bonded directly to the ·magnetic recording 

medium to the amount of lubricant bonded to itself or to 

a mobile lubricant. Desirably, the bonded lube ratio 

should be high to realize a meaningful improvement in 

10 stiction and wear performance of the resulting magnetic 

recording medium. 

In view of the criticality of the lubricant topcoat 

in magnetic recording media, there is a continuing need 

for improved uniform bonding of the lubricant topcoat to 

15 the magnetic recording medium, particularly to a 

protective carbon overcoat. There is also a need for 

improved lubricants for use as topcoats in the 

manufacture of magnetic recording media capable of 

achieving a high bonded lube ratio. 

20 Disclosure of the Inventien 

An object of the present invention is a magnetic 

recording medium comprising a lubricant topcoat bonded 

·thereto at a high bonded lube ratio. 

A further object of the present invention is a 

25 lubricant for use as a lubricant topcoat on a magnetic 

recording medium capable of bonding at a high bonded lube 

ratio. 
Additional objects, advantages and other features of 

the invention will be set forth in part in the 

30 description which follows and in part will become 

apparent to those having ordinary skill in the ar~ upon 

examination of the following disclosure or may be learned 

from the practice of the invention. The objects and 

advantages of the invention may be realized and obtained 

35 as particularly pointed out in the appended claims. 
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Accord1ng to the present invention, the foregoing 

and other objects are achieved in part by a magnetic 

recording·. medium comprising a lubricant topcoat, said 

lubricant· topcoat containing a perfluoro polyether 

s phosphate·polymer. 

Anot~er aspect of the present invention is a method 

of manufa,cturing a magnetic recording medium, which 

method co:mprises: forming a magnetic layer on a non­

magnetic .substrate; optionally forming a protective 

10 overcoat .Qn the magnetic layer; and forming a lubricant 

topcoat c:m the magnetic layer, or on the protective 

overcoat,'if present, said lubricant topcoat containing 

a perflUC)J:'~ polyether phosphate ·polymer. 

Addi~ional ·objects and advantages of the present 

15 invention .. ·;"1ill become readily apparent to those having 

ordinary ... Skill in the art from ·the following detailed 

descriptioI11 wherein the embodiments of the invention are 

·described,<:simply by way of illustration of the best mode 

contemplated for carrying out the invention. As will be 

20 realized,. the invention is capable of other and different 

embodiments, and its several details are capable of 

modificat;ons in various obvious respects, all without 

departing:. from the invention. Accordingly, the drawings 

and description are to be regarded as illustrative in 

25 nature, and not as restrictive. 

Brief Descriptign of Drawings 
Fig~:l .schematically depicts a magnetic recording 

medium $t:tucture to which the present invention is 

applicable. 

30 Fig. 2 represents the Fourier transform-infrared 

(FT-IR) :spectrum of a phosphate polymer of the present 

invention. 

Fig~· 3 represents the FT-IR spectrum of ZOOL-4000, 

a commercial polyether alcohol. 
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Fig. ·4' ·is a graph depicting f.h.Ei results of testing 

comparing ,the effectiveness of a lubricant topcoat of the 

present invention with that of conventional lubricants. 

Fig. 5 is a graph showing results of comparing the 

5 ef f ecti ven~ss of a lubricant topcoat of the present 

invention.with that of a conventional lubricant. 

Fig.. 6 is a graph displaying the bonded lube ratios 

for ZDOL..:4:000, Z4000/POCl3 (l:l.), Z4000/POCl3 (1:2), 

Z4000/POC13 (1:4) and 2400/POCll (1:6). 

10 Fig·. 7 is a representation of the reactions taking 

place in forming a perfluoro polyether phosphate polymer 

from a mi,xture of PFPE diols and PFPE alcohol, wherein 

the letters c - f are integers from about o to about 10 . 

. Bast Mode 'for Carry;i,pq out the :Cnventipn 

15 The· ::present ·invention is directed to a class of 

lubricants·· ··'Which can be advantageously · employed as 
: ~ 

lubrican~_::: topcoats on magnetic recording media with a 

high degree of bonding to the magnetic recording media, 

especially to a protective overcoat, such as a carbon-

20 containing protective overcoat. A particularly 

advantageous characteristic of the inventive class of 

lubricants is its high affinity for carbon, as a result 

of which the lubricant forms a tightly adherent bond to 

carbon-containing protective overcoats. Consequently, 

25 the lubricant topcoat. of the present invention desirably 

reduces . ' stiction but increases wear resistance and 

durability. 
In ·:~ccordance with the present invention, a 

phosphate<polymer can be formed from any of the various 

30 perfluoro ;polyether alcohol lubricants, such as those 

convent~onally employed to form lubricant topcoats on 

magnetic · recording media. In an embodiment of the 

present ·invention, a perfluoro polyether phosphate 

polymeric lubricant is formed having the structure shown 

35 below by the reac~ion sequence depicted as follows: 
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0 
II 

----HOCH2.PFPE-of 'o-pFPE-cH,OH 

lPFPE-cHiOH 

Perftuoro Polyether Phosphale Polymer 
.:;·'' 

wherein PFPE-{CHzOH} 2 is a perfluoro polyether diol, POCl3 

is phospb.orus oxychloride and a- f are integers from about 

o to a~out 10. 
This invention also advantageously provides a series 

s of lubricants which enables control of the bonded lube 

ratio in excess of o. 4, even in excess of o. 9, by 

adjusting the synthetic reaction chemistry. By 

adjusti~g the reaction time, reaction temperature, and 

the reaction reactant ratio, the ratio of PFPE alcohol 

10 and ph~sphorus oxychloride, the bonded lube ratio of the 

magneti,,c medium prepared from the resultant series of 
·.· ·' ': 

lubricants can be controlled from about 0.4 in excess of 

o. 9. ,;~dvantageously, the lubricants of the present 

inventi¢n are soluble in conventional solvents, such as 

15 organic\~olvents, e.g., Freon® and perfluorohexane. The 

lubrica~ts of the present invention can be applied to a 

magnetic recording medium in any convenient: manne:::-, as by 
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dip coatin~:·;fhe medium in a solutidii 6£ the lubricant in 

a conventional organic solvent. 

The ifu:>ricants employed in the present invention are 

perfluori~~~d polyether phosphates, and the synthetic 

5 reaction chemistry is adjusted to control the extent of 

ultimate direct lubricant bonding to the magnetic 

recording ~~di um. One having ordinary skill in the art, 

given the :·opjective of the present invention, could 

easily determine the optimum synthetic reaction 

10 chemistry, .~fter being apprised that it is a result­

effective "variable affecting the degree of bonding 

directly.> In accordance with the present invention, it 

has been \found that, as the PFPE diol/POC13 ratio 

decreases and the reaction temperature and time increase I 

15 the degr~~:-bf direct bonding of the polyether phosphate 

polymer '. t9~-:. ,a substrate, such as a protective carbon 

·overcoat~.iD.;creases. For :example, it has been found that 

a phosph~~J:·>polymer prepared from ZDOL-4000 and POC13 

reacted ih a. ratio of 1./6 (moles/moles) at a reaction 

20 temperat:\,if.; of about 70°C for about 30 hours provides a 

high degi~e-:of bonding, such as a bonded lube ratio in 

excess of(Q.'9. Compare Fig. 6. 

In :cm embodiment of the present invention, 

conventioriaJ.: ·perfluoro polyether alcohol compounds, such 

25 as ZDOL,_ ~~.'be reacted with phosphorus oxychloride, for 

example,· :·t:.o . prepare the inventive lubricants. ZDOL 
... , 

(Ausimont:< USA:, Thorofare, NJ) is a linear perfluoro 

polyether~i~l compound having the structure: 
. '. 

wherein mai'ld n independently are 0 or an integer of up 

30 to 100. 
ZDOL , is available in various molecular ~eights 

. -:,:.:· .. 

ranging i;o~· over about 100 to about 10, ooo prepared from 
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commercial sources by fractionation, any of which may be 
·employed· to synthesize the lubricants employed in the 

practice of the present invention. 
It should be apparent to one having ordinary skill 

5 in the sul:;>ject art that any perfluoro polyether alcohol 
can be employed to prepare the corresponding phosphate 
polymer ¥Sed in the practice of the present invention. 
Indeed, the PFPE employed in the present invention can be 
of any tl"Pe, including PFPE-l, PFPE-2, PFPE-3 and PFPE 4 

10 (Del Pesco, Perfluoroalkylpolyethers, CRC Handbook of 
Lubrication and Tribology, Vol. III, pp. 287-303, 1994, 

Booser, E.R. ed. CR.C Press, Boca Raton, FL}. 
Ano~her commercially available perf luoro polyether 

alcohol compound which can be employed to synthesize a 
15 phosphate lubricant useful in the present invention is 

Demnum SA: :(Nagase &: Co., .Ltd.) which has the following 
structure: 

20 

wherein n is an integer of about 15 to about 100. 

Demnum SA is available in molecular weights ranging 
from abollt 1500 to about 8000, and with fractionation 
techniques, such as flash chromatography or distillation, 
molecular weights of about 200 to about 10,000 can be 
obtained. In another embodiment of the present 

25 invention, Demnum SA having an average molecular weight 
from about 1000 to about 5000, such as 2000, can be 
employed. 

The lubricant topcoat of the present invention can 
be appli~d to a magnetic recording medium, either on the 

30 magnetic<laye,r or on a conventionally applied protective 
overcoat, particularly a· carbon overcoat. In an 
embodiment of the present invention, the lubricant is 
dissolved ·in a conventional organic ·sol vent, such as 

Freon@ or perfluorohexane, in a ratio of about O. 0001% to 
35 about 100% by (weight/weight), preferably about .091% to 

about o ~ 5%. A typical magnetic recording medium, for 
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example, a ,':dbfrtposite comprising a noiiimagnetic substrate 

having secl\i$ntially deposited on each side thereof an 

underlaye~;:· a. magnetic layer, and a protective carbon 

overcoat, ·,is submerged in the lubricant solution and then 

5 slowly wif~~a~ therefrom. In practicing the present 

invention'/:.·one can employ a conventional lifter-type 

dipper to> submerge the composite in the lubricant 
solution. 

One ti~ving ordinary skill in the a.rt can easily 

10 optimize th~ . duration of submergence and the speed of 

withdrawal·. ·to achieve a desired coating thickness. 

Surprisingly, it was found that the lubricants of the 

present i~yention, particularly those prepared from PFPE 

alcohols h~ving a molecular weight between about 1000 and 

15 5000, cari.:iform;lubricant topcoats with bonded lube ratios 

in excess}~f;:o~·9, at various thicknesses such as about SA 

to about. d~l-. 
The ·•-lubricants of the present invention 

qharacterist:ically form a uniformly bonded topcoat at an 

20 extremely_Jtfgh bonded lube ratio. In view of such a high 

bonded lUbe ratio, under certain circumstances it is 
advantag~-~~s to apply an optional thin mobile lube layer, 

e.g. , abo:t.tt·. lA to about lSA, to the bonded lubricant 
.. ·.· 

topcoat to. f~rther enhance stiction and wear performance . 

25 Magnetic recording media produced in accordance with the 

present ::~n.Y.ention exhibit low static friction and 
'·'· .. : ' ·. ~ 

inerease9.'4urability during css testing. 
-:~_y_· 

EXAMJtLBS'····. 

In · a :;.vial were mixed ZOOL-4 o o o ( Sg: o . 3 l mm) and 

30 phospho~s::dfychloride (O .as ml; O .53 mm) with vigorous 

stirring{_·., After about 5 hours the mixture was heated to 

about 70°'C: ·and stirred for about 72 hours, after which 

more phosp'.horus oxychloride (0.2 ml; 2.l. mm) was added 

and the m~~_ture stirred for about an additional 24. hours 

35 at about · 70°C. The mixture was then cooled and 
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chromatoS"F#Piled over Si02 • Elt:it:Lbn with Freon TF® 

provided '().3g of an off-white semi-solid. Further 

elution wl.~h Freon TA® yielded 3.3g (66%) of a clear oil . 
. ."··;, 

The reaction occurring is set forth below. 

The .FT-IR 

polymer i~ set 

spectrum of the resulting phosphate 

forth in Fig. 2 and indicates both 

phosphate> at 1292 cm-1 and carbon fluorine was about 

1200-1000) cm~1 • For comparison, the FT-IR spectrum of 

ZDOL-4 00 ()-;_is shown in Fig. 3 . 

The\·pfi9sphate polymer of ZDOL-4.000 lubricant of the 

present <~.#vention -was subjected to comparison testing 

vis-a-vi~·-L_; <ZDOL-4000 and Demnum SP3, which are 

·commercially available lubricants conventionally employed 

to form lUbr.;cant topcoats for magnetic recording media. 

15 In each ca;$e, a magnetic recording medium was prepared of 

identical ··. structure, i.e. , substrate, under layer, 

magnetic_l21yer and protective carbon overcoat, except for 

the dif;~~ence in lubricant topcoat. The results 

depicted : in Fig. 4 demonstrate that the phosphate 

20 polymeric::-:lubricant of the present invention exhibits a 

superior ·. ·i->onded lube ratio and superior stiction 

perform~i'i~e- vis-a-vis each of ZDOL-4000 and Demnum SP3. 

In iliiotber comparison, the phosphate polymer of 

ZDOL-400._o> ;lubricant produced in accordance with the 

25 present -1hvention was tested against HMW ZDOL-2000, 

another /ltibricant conventionally employed to form 

lubrican#>:topc~ats. 'As in the previous comparison, 

magnetic:<rec:ording media of identical structure, except 

for the 'l~ricant topcoat, were compared. The magnetic 

30 recording 'media according to the present invention had a 
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lubricant t_(J)peoat thickness of lSA , and l.9A; while the 

comparison media had a ZDOL-2000 topcoat thickness of 

l3A, l.6A and 19A. The results depicted in Fig. 4 

demonstrate that the lubricant topcoat of the present 

5 invention exhibits superior stiction performance vis-a­

vis the conventional ZDOL-2000 lubricant. 

The lubricant topcoats of the present invention 

advantageously achieve high bonded lube ratios and 

exhibit superior stiction performance. The present 

10 invention is not limited to any particular type of 

lubricant, in that the concept of forming a phosphate 

polymer with a controlled reaction chemistry to optimize 

the degree of direct lubricant bonding is applicable to 

a wide variety of polymers. 

15 The .present invention .is not limited to any 

particular :type of magnetic recording medium, but can be 

employed to provide a lubricant tqpcoat on any of various 

types of -:magnetic recording media, including those 

wherein the substrate or a subsequently deposited layer 

20 has been textured, as by mechanical treatment or laser 

techniques, and the textured surface substantially 

reproduced on subsequently deposited layers. Thus, a 

lubricant topcoat of the present invention can be applied 

as topcoat l.4 on the magnetic recording medium depicted 

25 in Fig. l, but is not necessarily limited thereto. 

Only the preferred embodiment of the invention and 

but a few examples of its ver~atility are shown and 

described in the present disclosure. It is to be 

understood that the invention is capable of use in 

30 various other combinations and. environments and is 

capable of changes or modifications within the scope of 

the inventive concept as expressed herein. 

/ 
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1. A magnetic recording medium comprising a 

lubricant· topcoat, said lubricant topcoat containing a 

perfluoropolyether phosphate polymer. 

2. The magnetic recording medium according to claim 

1, wherein the lubricant topcoat consists essentially of 

a perfluoro polyether phosphate polymer. 

3 . The magnetic recording medium according to claim 

l, comprising: 
a non-magnetic substrate; 

an un~erlayer on the non-magnetic .substrate; 

a magnetic layer on the underlayer; 

a protective overcoat on the magnetic layer; and 

the ··lUbricant topcoat on the protective overcoat. 

4. The magnetic recording medium according to claim 

3, wherein the protective overcoat contains carbon. 

5 . The magnetic recording medium according to claim 

1, wherein the perfluoro polyether phosphate polymer is 

derived from a linear perfluoro polyether diol compound 

having the following formula: 

5 wherein eac;:h of m and n is o or an integer of up to about 

l.00. 

6 . . 'J,'he magnetic recording medium according to claim 

1, where.i~.the perfluoro polyether phosphate polyn_ler is 

derived ·~rom an alcohol having the following formula: 

----------~- --------·--· ------ ---- --
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F (CF2CF2CF20) n CF2CF2CH20H 

:·-·------·---:---------------------
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5 wherein n is an integer of about 15 to about 100. 

7. The magnetic recording medium according to claim 

S, wherein the perfluoro polyether phosphate polymer has 

the following structural formula: 

wherein PF'PE is derived from a perfluoro polyether diol 

S , compound and a-f are integers from about o to about 10. 

8. The·magnetic recording medium according to claim 

1, wherein :the lubricant topcoat exhibits a bonded lube 

ratio greater than 0.4. 

9. The magnetic recording medium according to claim 

8, wherein the lubricant topcoat exhibits a bonded lube 

ratio greater than 0.9. 

10. The magnetic recording medium according to 
. 

claim 1., wherein the perfluoro polyether phosphate 

polymer has a molecular weight of about 1.000 to about 

50,000. 

l.l • : A,·m.ethod of manufacturing a magnetic recording 

medium, whi.ch method comprises: 
forming a magnetic layer on a non-magnetic 

substrate; and 

-------- -------- ------ - -------· 
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5 form~ng'a lubricant topcoat on the magnetic layer, 

5 

•aid lubric~t topcoat containing a perfluoro polyether 

phosphate polymer. 

12. The method acG:ording to claim 11, further 

·comprisinsi: 

and 

form:L:nsJ an underlayer on the non-magnetic substrate; 

forming the magnetic layer on the underlayer; 

forriiing a protective overcoat on the magnetic layer; 

forming the lubricant topcoat on the protective 

overcoat.•·· 

13 . ·. The method according to claim 12, wherein the 

,protective :overcoat comprises carbon. 

14.· .'The'method according to· claim 11, .wherein the 

:perfluoro·:·polyether phosphate is a polymer derived from 

a linear pE!rfluoro polyether diol compound having the 

: following-_ formula: 

5 wherein each of m and n is O or an integer of up to about 

100. 

15 . .• .TP,e method according to claim l.l., wherein the 

perfluoro• pdlyether phosphate polymer is derived f rem an 

alcohol ·ha~ing the following formula: 

F (CF2CF2CF20) n CF2CF2CH,OH 

5 wherein'n·is an integer of about 15 to about 100. 

16 . ··. The method according to claim 14, wherein the 

perfluorc::{.po.1yether phosphat:e polymer has the fol;l.owing 

formula: 
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wherein P~E: is derived from perfluoro polyether diol 
S compound and•a-f are integers from about o to about 10. 

l 7. T}le method according to claim 1.1, comprising 

controlliri9(' the bonded lube ratio of the lubricant 

topcoat b~.;9ontrolling the degree of polymerization of 
the perfl\i.pro.polyether phosphate polymer. 

· 18 ~ Y .The:· method according to cl·aim 1 7, . wherein the 
bonded. l,J,~:;.,~atio is greater than O • 4 . 

19. "°The method according to claim 18, wherein the 
bonded lube,:ratio is greater than o. 9. 

::":::;-·:; 

20. /The method according to claim 17, wherein the 

molecular ::w~±ght of the perfluoro polyether phosphate 

p()lymer :f~;i·~bout 1000 to about so, ooo . 
. · ~ ' ;. : : 

21.. , 1he method according to claim :Ll, comprising: 
forming .ai.:~bnt.ppsite of the magnetic layer over the non­

magnetic •'Stµ;st;:-ate; and submerging the composite in a 

solution:6~.··'the lubricant and a solvent • 
. :.._., .. :.; .·.· .. 

22 •.. ·(.:· f~e method according to claim 21, further 

com.prisiD.g< ··: ;,;forming a non-magne.tic underlayer on the 

non-maglleti#:::siµ)strate; and forming a· protective overcoat 
on the .. ~agrl~~;ib layer to form the composite. 

·'": 

·------·-------
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23 . ·Th~ method according to claim 22, wherein the 

protective overcoat contains carbon. 

24. A perfluoro polyether phosphate polymer. 

25. The perfluoro· polyether phosphate polymer of 

claim 24 having the following formula: 

wherein. <PFPE is derived from a perfluoro polyether 

alcohol >compound and a-f are integers from about o to 

5 about 10. 

26. The perfluoro polyether phosphate polymer 

according to claim 25, wherein the PFPE is derived from 

the compound represented by the formula: 

wherein each of m and n is O or an integer of up to about 

5 100. 

27. ·;A lubricant comprising the perfluoro polyether 

phosphatE!:polymer of claim 26 having a molecular weight 

of about ::1000 to about SO, 000. 

28. A solution containing the lubricant of cl~im 27 

and an organic solvent. 
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29. Ai;olution according to claim 28, wherein the 

solvent is perfluorohexane. 

3 O . A. , method of producing a perfluoro polyether 

phosphate poiymer, which method comprises reacting a 

perfluoro pblyether alcohol compound with phosphorus 

oxychloride ~···· 

31. A· perfluoro polyether phosphate polymeric 

lubricant prdduced by the method of claim 30. 

------- --------------------
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1. ~ '·· m9gnetic recording medium comprising a 

lubricant - topcoat, wherein the lubricant . topcoat 

comprises ·4 phosphate polymer having the following 

formula: 

(R1..1 0 •. · 0 (R5) 
~II ·.·.... 0 11/ f 
a P.-OCH2-PFPE-CH:P--11--oc~-PFPE-CH:z(J-P . 

(R2<b ·'' . . Ip 0 (R3) 'tR6) 
11/ d . e 

OCH2-PFPE-CH:P-P"'-.c._ 
rR4) 

. c 

wherein R1
, R2

, R3
, R4

, R5 and R6 are independently a. 

fluoroalky:fether-phosphate repeating unit or group or a 

fluoroalky:iether group; 

PFPE ~s a perfluoro~lkylether group; and 

a-f aJ:e integers from 0 to about _10, wherein at 

least one a-f is 1 or greater. 

· . ./ ,• 
2. The.mc:lgnetic recording medium according to claim 

1, wherein the lubricant topcoat consists essentially of 

the phosphqte polymer. 

3. Th.~magnetic recording medium acco:t'.ding to claim 

1, comprisi,ng·: 

a non-.It\Ci9netic substrate; 

an utjc{erlayer on the non-magnetic substrate; 
.·. 

a mag~etic layer on the underlayer; 

a p~otective overcoat on the magnetic layer; and 

the iubricant topcoat on the protective overcoat. 
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4. The magnetic recording medium according to claim 

1, wherein )?FPE has the following formula: 

wherein· each of m and n is 0 or an integer of up to 

5 about 100 .. · 

5 

5 

5. The magnetic recording medium according to claim 

1, wherein·: the fluoroalkylether group has the following 

formula: 

wherein n is an integer of about 15 to about 100. 

6. The: ma9netic recording medium according to claim 

1, wherein the lubricant topcoat exhibits a bonded 

lubricant ·ratio of greater than 0. 4 
~-.,· . 

7. Th~.magnetic recording medium according to claim 

·1, whereirt-the phosphate polymer has a molecular weight 

of about l; 0.00 to about 50, 000. 

8. A . method of manufacturing a magnetic recording 

medium, which method comprises: 

form~rig- a magnetic layer on a non-magnetic 

substrate;. and 

for~iD:_g a lubricant topcoat on the magnetic layer, 

wherein the lubricant topcoat comprises a phosphate 
.· ': 

polymer hav.ing the following formula: 

·.-:;. 
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wherein R1, R2, R3 , R4, R5 and R6 are independently a 

10 fluoroalkylether-phospbate repeating unit or group or ~ 

f luoroalkylether group; 

5 

PFPE is a perfluoroalkylether group~ and 

a-f are integers from 0 to about 10, wherein at 

least one a-f is 1 or gre~ter. 

9. The method according to ·claim 8, comprising: 

forming 

substrate; 

an underlayer . on the non-mag!letic 

forming the magnetic layer on the underlayer; 

forming a protective overcoat on the magnetic 

layer; and 

forming the lubricant topcoat on the protective 

overcoat. 

1 O. The method according to claim 8, wherein PFPE 

has the following formula: 

wherein each of m and n is 0 or an integer of up to 

5 about 100. 

11. The method according to claim 8, wherein the 

fluoroalkylether group has the following formula: 

(SQSS'HtBIE Sim!~ 
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wherein n is an integer of about 15 to about 100. 

12 . The method according to claim 8, comprising 

controlling the amount of phosphate polymer bound to the 

magz:ietic medi.um 

13. The method according to claim 12, wherein the 

phosphate polymer is bound directly to the magnetic'.­

recording medium at a bonded lubricant ratio of greater 

than 0.4. 

14. The method according to claim 8, wherein the 

molecular weight of the phosphate polymer is about 1,000 

to about 50,000. 

15. The method according to claim 8, 
. ~ 

comprising~ 

forming a composite of the magnetic layer over the non­

magnetic substrate; and submerging the composite in a 

solution of the phosphate polymer and a solvent. 

16. A phosphate polymer having the following 

formula: 

wherein R1, R2 , R3 , R4, R5 and R6 are independently a 

5 fluoroalkylether-phosphate repeating unit or group or a 

f luoroalkylether group; 

PFPE is a perfluoroalkylether group; and 

(SUl&WI'fit:Tolili SUER?) 
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a-f are integers from 0 to about 10, wherein at 

least one a-f is 1 or greater. 

17. The phosphate polymer according to claim 16, 

wherein PFPE is represented by the formula: 

wherein each of m and n is 0 or an integer of up to· 

5 about 100. 

5 

18. The phosphate polymer according to claim 16, 

wherein the fluoroalkylether group has the following 

formula: 

•·. 

wherein n is an integer of about 15.to about 100. 

19. The phosphate polymer according to claim 16 

having a molecular weight of about 1,000 to about 

50,000. 

20. A method of producing the phosphate polymer of 

claim 16, which method 

f luoroalkylether 

oxychloride. 

alcohol 

comprises reacting a 

compound with phosphorus 
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