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The present invention is related to lubricants, more particularly lubricants useful in magnetic

recording media.
The demands placed on exlstmg lubricants are currently undergoing significant changes. For

~ example, lubricants are needed for use in magnetic recording media such as high density rigid disks,
- ultra high density floppy disks, digital audio tapes and video tapes which can be read by a magnetic

recording head. In use of these media, a recording head is in very close proximity to the recording media
and frequently contacts the recording media. Such contact causes wear of the thin layer of magnetic
material on the recording media and shortens the useful life of the recording media. With insufficiently
effective lubricants, there are probiems including increased fncnon, scratching, and adhesion. Therefore,
new efficient iubricants are desirable.

In one respect, the invention is a magnetic recording medium, comprising a substrate, a magnetic

' recording lamina and at least one sulfonamide wherein the at least one suifonamide is pfesent inan

amount sufficient to provide desirable tribological properties.

Recording media containing a sulfonamide of the present invention are physlcally and magnetically
durable. in addition, the sulfonamides are readily processed in manufacturing because the sulfonamides
are compatible in organic solvents such as toluene, acetone, ethanol and tetrahydrofuran.

In another respect, this invention is a process useful for lubricating a magnetic recording medium,

comprising applying at least one sulfonamide to a surface of the magnetic recording medium to provide a
- sulfonamide film having an average thickness of 1 to 1000 &ngstrdms on the surface.

In still another respect, this invention is a process useful for fubricating a magnetic recording media,
comprising incorporating at least one sulfonamide into a particulate magnetic recording iamina during
preparation of the mégnetic recording media so that the particulate magnetic recording lamina contains
0.001 to 10 wt% of suifonamide. :

The invention includes compositions based on high density recording media, such as high denslty
rigid disks, ultra high density floppy disks, digital audio tape, 8 mm video tape and super VHS tape which
include a sulfonamide lubricant used as an internal or topical lubricant system to minimize wear, improve
overall performance, and to protect the media from damage from the reading anc/or writing head of a

- disk assembly.

The sulfonamides of this invention contain less than 60 carbons and can be represented by the
formuia R1-SO2NR2R3 ylherein R1 is an unsubstituted alkyl of up to 18 carbons, preferably of from 4-10
carbons; or an aromatic moiety of up to 12 carbons which can be substituted by halo, methyi, ethyl,
methoxy, ethoxy, trinalomethyl, trinalomethoxy or polyhaloethoxy. The aromatic moiety can be
substituted by up to five substituents. R and R3 are independently hydrogen, aromatic of upto 18
carbons or alkyi of up to 20 carbons, preferably methyl, octyl, dodecy! or octadecyl, with the proviso that
no more than one of Ra and Rg can be hydrogen. When R3 or Rj is an aromatic moiety, the aromatic
moiety is preferably phenyl. In R{ the aromatic moiety can contain cne or more hetero atoms within a
ring, pref_erably by one or more nitrogen atoms. in R4 the aromatic moiety can aiso be phenoxyphenyl.
In Ry the aromatic moiety can be phenyi, naphthyl, biphenyl, quinolinyl, pyridinyl, pyridazinyl, pyrimidinyi.
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Preferred aromatic moieties for R4 inciude phenyl, naphth'yl,' quinolinyi and ph'enoxyphenyl.' In R4, halo is
preferably chioro or fluoro. Preferably, for trihalomethy! and polyhaloethoxy. haio is fluoro.

Representative examples of sulfonamides of this invention are N-methyl-N'-
phenylbutanesuifonamide, N,N'-di-n-octyl-2.4-bis(2,2,2-trifluoroethoxy) benzenesulfonamide, N,N'-di-n-
octyl-3-tritiucromethylbenzene sulfonamide, N,N'-di-n-octyi-2,4-diethoxybenzenesulfonamide, N,N'-di-n-
octyl-4-(3-trifluoromethylphenoxy) benzenesulfonamide, N,N'-di-n-octyi-2, 4-d|drlorobenzenesulfonarmde,
N,N'-di-n-octyl-3,4-diflucrobenzenesulfonamide, N N'-dl-n-octyl-a-qulncllnesulfonamrde N,N'-di-n-octyl-4-
phenoxybenzenesulfonamide, N-N '-dr-n-octyl-4-chlorobenz_enesulfonamrde. N,N'-di-n-octyl-2-
napthalenesulfonamide, N,N'-di-n-octylbenzenesulfonamide; N.N'-di-n-octylbutanesuifonamide, N-
dodecylbenzenesulfonamide, N,N'-di-n-octyl-pentafiucrobenzenesulionamide; ‘N-dodecyi-3-
trifluoromethylbenzenesulfonamide and Npctadecyléaatrifluprome'thylbenz'ene'sulfonamide. One
preferred sulfonamide is when R4 is a trihnalomethyl substituted a‘rpm'atic moiety, Rz is n-octyl, and Ry is _
n-octyl. An example of this preferred sulfonamide is N,-N'¢di-’n‘-octyl-S-mﬂuoromemylben_'zenesulfonamide.

The sulfonamides can be prepared by reacting an apprd‘priate’ sulfonyi chioride and an appropriate
mono- or di-substituted amine. The (disubstituted) amine cannot be a compound that is so strictly
hindered that reaction cannot occur with the suifonyl chioride. The reaction can be run in a solvent such
as toluene. Choice of solvent is not critical so long as the redctants are soluble in the soivent in the

. presence of an acid acceptor. Reaction temperature will vary depending on the type of reactants, choice

of solvent, pressure and similar parameters and can be adjusted so that reaction occurs. Generally,
reaction temperature is in the range from 20°C to 150°C, though higher or iower temperatures can be
used. Afteran appropriate reaction time, when the desired extent of reaction has been achieved, the
desired product can be isolated and purified by conventional techmques. generally by filtration,
crystaliization, washing, distillation and the iike. :

When used as an additive or co-lubricant to a lubricant base stock, the sulfonamides of the present
invention must be compatible with the base stock. By compatible it is meant that the suifonamide is
readily dispersible or soluble in the base stock, either with or without the addition of an appropriate

‘surtactant. Examples of known lubricant base stocks useful in the lubricant compositions of this invention

include organic oils and greases. When the sulfonamides of the:preserit invention are used as additives

to conventional, compatible base stocks, it is preferred that the base stocks are poly alpha olefins,
_polygiycols, polyphenyi ethers, polyol esters or fatty acid esters. It is more preferred that the base stocks

are fatty acid esters or polyphenyl ethers such as SP4E (a polypheny! ether having 5 pheny! rings with 4
ether linkages). Other preferred base stocks include polyol esters such as pentaerythritol tetra Cs-Cg
esters (PET) and poly alpha olefins. The iubricant compositions of this invention comprise from about 0.1
to about 100 wi% of one or more sulfonamides. When the sulfonamides of this invention are used as
eomponents of lubricant compositions, it is preferred that the splfonamides; are used in amounts greater
than about 0.5 wi%, more preferably greater tfran about 5 wt%. It is also preferred that the sulfonamides
of the present invention, when used as additives, are used in amoums of less than about 50 wi%,
preferably less than about 20 wt%. ' ' '

A preferred embodiment of the present invention is a magnetlc recording media comprising a
substrate having a particulate or thin film magnetic recording lamina thereon, the ilamina comprising
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magnetic particles with a binder in the case_ of particulate hedia or without a binder in the case of thin film
media, for instance nickel-b;:‘béi't. The lamina includes a I'ubricatihg_ amount of one or more sulfonamides
used as either an internal or topical lubricant. Critical to the invention is that the sulfonamides must be
present in an'amount 's'ufficient to provide desirable tribological properties for the media. This amount,
however, is dependent upon the type of media utilized such as either thin film magnetic media or
particulate magnetic media. | _

The suifonamides of this invention are particulariy useful as topical lubricants for thin film magnetic
recording media. Thin film magnetic recording media generally include a substrate which may be a non-
magnetic metal or a piastic such as a polyester (e.g. polyethylene terephthalate). A magnetic film such
as a metal or a metal alloy such as cobalt-nickel is applied to the substrate. The thickness of the
magnetic layer is on the order of 0.20 micrometers. The one or more sulfonamides is preferably on the
surface of the magnetic layer in a thickness.of from about 1 to about 1000 &ngstroms (1010 to 10-7m),

~ more preferébly from about 5 to about 100 &ngstroms. A particular class of such recording media is

metal evaporated tape. Such tape and methods of making this tape is described by Chiba et al. in “Metal

_ Evaporated Tape for High Band 8MM Videa Sys_tefn,“ IEEE Transactions on Consumer Electronics, Vol.
- 35, No. 3, pages 421-28 (August, 1989). -

Similariy, the suifonamides are useful in partlculate magnetlc recordmg media. Particulate magnetic

recording media generally include a substrate which may be a non-magnetic metal or a plastic such as

polyester. Magnetic particie containing pigments such as cobait 'gamma Fe203, barium ferrite and iron
metal, with a binder, are applied to the substrate_. The amount of pigment can vary from about 17 to

‘about 21 wi% based on total formulation weight and a preferred range of from about 17 to about 19 wt%.
" The binder is advantageously a thermosetting resin such as urethane, vinyl or a combination thereof,
 present in an amount between about 2.5 and about 6.0-wi%, based on total formulation weight and a

preferred range between about 3 and about 6 wi%.

The amount of sulfonamide employed in the particulate magnetic recording media is from 0.001 to
10 wt% of the total magnetic recording lamina. Preferably, the sulfonamide is less than 5 wt% of the
magnetic recording lamina. Preferably, the suifonamide is greater than 0.02 wt% of the magnetic
recording lamina with an internal sulfonamide lubricant. _ .

When used as a topical lubricant for either particulate or thin film media. the sulfonamide is
conveniently applied to the surface either neat or in solution with a volatile solvent. Representative
examples of the volatile soivents for the suifonamide include aromatic hydrocarbons such as benzene,
toluene, and xylene; eﬂgers such as diethy! ether, dimethoxyethane, dioxane, tetrahydrofuran and
diethoxyethane; halogenated hydrocarbons such as chioroform, dichloromethane and carbon
tetrachioride; aicohols such as methanol and ethanol; ketones such as methyl ethyl ketone and acetone;
esters such as ethyl acetate; alicyclic hydrocarbons such as cyciohexane; dimethylformamide;
dimethyisulfoxide and silicone fiuids. | | '

Alternatively, when used as an mternal lubncant in particulate magnetic media, the sulfonamide is
included in the composition of the mixture applied to the substrate to form the recording lamina. This
mixturé inéludes binder, pigment containing magnetic particles and a volatiie solvent tog_ethef with the
lubricant. Representative soivents for the sulfonamide include those listed for topical uses.
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Alternatlvely. the sulfcnamtde is used topically i in thm fnlm or non-porous hard and ﬂexlble magnetic

media.

The following examples are provided for illustratiVe purpoéee only and shohld not be construed as
llmmng the scope of the invention or the clalms Unless stated otherwnse, all parts ratios and
percentages are by weight.

EXAMPLES

The following preparations are provided to illustrate procedures for maklng sulfonamides of this
invention. s

"-Methylaniline (21.5 g, 0.2 mol) and triethylamine (35 mL) were diluted with toluene (250 mL).
Butanesulfonyl chioride (31 g, 0. 2 mol) was added to the toluene solution at room temperature with
stirring. The reactlon was exothermic. After cooling to room temperature. the triethylamine hydrochloride
was filtered and the toluene solution washed with dilute HC!, dilute NaOH and H20 and dried over

MgSQOy4. The soluuon was treated with activated carbon (Darco™) and the toluene removed in vacuum.

Calculated for C11H17NO2S 227 found 227. 1H NMR (CDClg) 5 0.92 (t, 3, CHg), 1.43 (m, 2, CHp), 1.80

(m, 2, CHp), 298(t 2 CHgN) 335 (s. 3. CH3N) 7.10- 750(m 5, aromatic).

N N'-dl-n-octyl-z 4-d|cmorobenzenesulfonarmde (20 g. 0. 045 mol) was heated at 140°C for 3 hours
in diglyme (100 mL) containing sodium. tnﬂuoroemoxlde (0.2 mol). The product was isolated by extraction
with toluene and purified by column chromatography using alumina. Calculated for CogHg2FgNO4S 67
found 578. 1H NMR (CDCl3) 8 0.87 (t, 6, CHg), 1.22 (m, 20, CHp), 1.45 (t, 4, CH2), 3.20 (¢, 6, CHoN),
4.42(m, 4, CHoCF3), 6.59 (0, 1, H-4), 7.26 (s, 1, H-3). 7.96 (d, 1, H-5).

3-Tr|fluoromethylbenzenesulfonyl chioride (50 g, 0.20 mol) was added to a toluene solution (500 mL)
of dl-n-octylamme {48 g, 0.2 mol) and triethylamine (35 mL, 20 percent excess). After stirring at room
temperature for 2 hours, the triethylamine hydrochloride was filtered and the toluene solution washed with
dilute HCI, dilute NaOH and H20. The product was purified by column chromatography using alumina.
Calculated for CagHagF3NOS 449, found 449. TH NMR (CDCl3) 5 088 (t, 6, CHg), 1.27 (m, 20, CHyp),
1.53 (t, 4, CHp), 3.12t, 8, CHoN), 7.06 (d, 2, Ar(onho-soz)). 7.25 (1), 7.31 (8), 7.50 (m) (4, H-2, H-4, H-
5, H-6), 7.80 (d 4, meta-SOy).

N N'-Dl-n-octyl-z 4-d|chlorobenzenesulfonamlde (40.4 g, 0.09 mol) was heated at 1zo°c for 2.5 days

‘with 300 mL of a sodium ethoxide solution (0.5 mol sodium) in a Parr reactor. The preduct was isolated

by extraction with toluene and purified by column chromamgraphy using alumina. Calculated for
Coghlg7NO4S 469, feund 469. H NMR (CDClg3) 5 0.87 (t, 6, CH3)._ 1.22 (m, 20, CHo), 1.48 (t, 4, CHy),
2.47 (t, 8, CHyg), 3.20 (t. 6, CHz2N), 4.06 (m, 4, OCHo), 6.45 (d, 1 H-5), 7_.26 (s, 1, H-3), 7.84 (d, 1, H-8).
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N,N'-Di-n octyl-4-chlorobanzenesulfonamlde (83 g, 0.2 mol) and sodlum 3- tnﬂuoromethylphenoxnde

- (0.28 mol. 40 percent excess) were heated overnight in 500 mL of N-methylpyromdmone The product

was isolated by extraction with toluene and purified by column chromatography using alumina.
Calculated for CogH4oF3NO3S 541 found, 541. THNMR (CDClg) 5 0.87 (t, 6, CHg), 1.24 (m, 20, CHyp),

1.50 (t, 4, CHp), 3.14 (t, 4, CHoN), [7.64 (t), 7.79 (d), 7.98 (d) 8.06 () 4H aromatic].

A solution of dl-n-octylamme (181 g, 0.75 mol) and triethylamine (1 mol 140 mL) was added
dropwise at room temperature to a solution of 2,4-dichlorobenzenesulfonyl chioride (183 g, 0.75 mol) in -
toluene (1800 mL). The reaction was stirred for 2 hours, then filtered to remove the precipitated
triethylamine hydrochioride. The toluene solution was washed with dilute HCI; dilute NaOH and water;

~ and dried over MgSO4. The toluene was evaporated in vacuo on a rotary evaporator and the residue

diluted with hexane (1500 mL) and purified by column chromatography using basic. acidic and neutral
alumina to obtain a white solid m.p. 40 - 42°C. Calculated for CooHa7NCIoO0S 448, found 448. 1H

'NMR (CDClg) 5 0.87 (1, 6, CHg), 1.21 (m, 20, CHy), 1.49 (t. 4, CHp), 326 t 4, CHgN) (7.26(s), 7.36 (d),
750 (5). 8.02(d) (3H, aromatic).

3.4-Difluorobenzenesulfonyi chioride (80 g, 0.377 mol) was added 1o a toluene (1000 mol) solution of
di-n-octylamine (91 g, 0.377 mol) and triethylamine (57 mL, 10 percent exoess). After refluxing for 1
hour, the product was isolated by extraction and purified by column chromatography using alumina.

Calculated for CooHazFzNO,S 417, found 417. THNMR (CDClg) 5 0.90 (t, 6, CHg). 1.25 (m 20, CHy).
 150(t,4,CH), 3.10 (1 4, CHaN) 727, 7.62(m. 3, aromatic). |

Di-n-octylamine (60 g, 0.25 moi) was dissolved in toluené (500 mL) and Srquinolinasulfonyl chioride

- (25 g, 0.11 mol) was added at room temperature. The solution was refiuxed for 1 hour. After cooling, the

amine salts were removed by filtration. After dilution with water, more precipitate was formed and
removed by filtration. The toluene solution was washed with water, dried and filtered through basic
alumina. Calculated for C23H40N202S 408, found 408. GC-MS did not give a parent peak. TH NMR
(CDCI3) 5088t 3, CHg), 1.22 (s, 10, CH2) 1.48 (sb, 2, CHy), 3.42 (t, 2, CHo), 7.50 (m), 7.59(t), 8.00
(d), 8.22 (d) 8.49 (d), 9.06 (d) (6, aromatic).

N N'-Du-n-octyl-4»chlorobenzenesuIfonamude (20 75 g, 0.05 mol) and sodium phenate (11 8g.0.1
mol) were heated at 110°C for 48 hours in dimethyl sulfoxide (100 mL). The product was isclated by
extraction with toluene and purified by filtration through Gr 1 acid and basic alumina. Calculated for
CogHgoNO3S 472, found 472, THNMR (CDClg) 6 0.87 {t, 3, CHag), 1.26 (s, 10, CH2), 2.50 (sb, 2, CHy),

3.09 (t, 2, CHp), 7.02, 7.20, 7.40 7.74 (m, 4, aromatic). -
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' 4-Chiorobenzenesulforiamide (21.1 g, 0.1 mol) was added to a stirred solution of toluene (300 mL)
containing dl-n-octylamme (24.1 g, 0.1 mol) and tnethylamme (20 mL) "“The product was isolated as
described for N,N'-di-n-octyl napthalenesulfonamide. Calculatéd for CooH3gCINOSS 415, found 415. ‘1H
NMR (CDCl3) 50.88(t 3, CH3) 1.24 (s, 10, CHp), 1.50 (s. 2, CH2) 3.10 (t, 2, CHp) 7.45,7.74 (m, \
aromatic). '

2-Napthalenesuifony! chioride (25 g, 0.11 mol) was added as a solid to a toluene (300 mL) solution
of di-n-octylamine (26.52 g, 0.11. mol) and trlethylami'ne (15.0 g, 0.15 moi). After refiuxing for 0.5 hours,
the produot was 'is'olated by extraction, then dried over MgS'O4. After removal of the toluene, the product
was diluted with hexane and filtered through both acid and basic alumina. 1HNMR & 0.86 (t, 6, CH3),
1.22 (s, 20, CHp), 1.52 (s, 4, CHy), 3.17 (t, 4, CHp), 7.60 - 7.94 (m, 6, aromatic), 8.38 (s, 1, aromatic).

Benezenesuifonyl chioride (17.6 g, 0.1 mol) was dissoived in toluene (100 ntL) and added dropwise
to a toluene (S00 mL) soiution of di-n- -octylamine (24.1 g, 0 1 mol} and triethylamine (10.1 g, 0.1 mol).
After the addition was complete, the solution was refiuxed for 15 mlnutes cooled, filtered and washed
with Hp0 and aqueous sodium hydroxide (5 percent) After drying over MgSO4. the product was
obtained as an oil. Calculated for CooHagNOoS 381, found 381. 1H NMR (CDCl3), & 0.86 (t, 6, CHg),
1.24(s, 20, CHé), 1.49 (s, 4, CHy), 3.09 (s, 4, CHp), 7.49 (m, 3, a'rom'atic)' 7.90 '(m, 2, _aromatto).

Dloctylamlne (24 1 g, 0. 2 mol) and trlethylamme (10 1g.0. 10 mol) were dlluted with toluene (250
mbL) and then butanesulfonyl chioride (15.6 g, 0.2 mol) in toluene (50 mL) was added dropwise to the
amine solution. After the addition was complete, the product was |solated by extraction and distilled on a
Kugelohr apparatus bp 180°C (0 1 mm). Calculated for CgOH43N02$ 361, found 361. ' TH NMR
(CDClg) 5 0.90 (t, 6, CH3), 0.93 (t, 3, CHg), 1.20 (s, 10, CHp), 1.45(s, 2, CH2) 1.56 (m, 4, CHop), 1.78
(m, 2, CHZ) 289 (t, 2 CH2) 3. 15 (t. 4, CH2)

.wammg‘ . i

Benzenesulfonyl chlorlde (353 g. 2 mol) was added dropmse to a toluene (2000 mL) solution of
dodecyiamine (371 g, 2 mol) and tnethylamme (203 g, 2 mol) with ice bath coollng Dunng the one hour
addition period, the temperature increased to about 40°C. After filtrauon of the tnethylamme
hydrochioride, the toluene solution was washed with dilute HCI, ‘dilute NaOH and water. After drying over
magnesium sulfate the toluene was removed in vacuo and the preclpltate slurried in hexane and filtered
to give 539 g of product. Melting point 57-60°C. Calculated for C13H32N028 326, found 326. THNMR
(CDClg) 5 0.88 (t, 3, CH3). 1.24 (d, 18, CHy), 1.45 (s, 2, CHo), 4.66 (sb, 1, NH), 7.49-7.84 (m, 5, arom.).

Di-n-octylamine (22.7 g, 0.094 mol) and triethylamine (10.1 g, 0.094 moi) were diluted with toluene
(200 mL). Pentafiuorobenzenesulfonyi chioride (25 g, 0.094 mol) was added dropwise to the amine

solution at room temperature. After the addition was complete, the triethylamine hydrochloride was
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filtered and the toluene solution washed with dilute NapCOg, dilute HCl and water. After drying over

' magnesium suifate, the toluene was removed in vacuo and the product recrystallized from hexane.

Melting point 53-55°C. Calculated for CopHg4F5NO2S 471, found 471. TH NMR (CDClg) 5 3.31 (m, 2,
CHp), 1.60 (m, 2, CHy), 1.31 (s, 10, CHy), 0.91 (t, 3, CHg).

This compound was prepared as described for N-decylbenzenesulfonamide. Meiting point 65-68°C.
Calculated for G4ghHg1F3NO2S 394, found 394. THNMR (CDCi3) 5 0.84 {t, 3, CHg), 1.21 (s, 18, CHy),
1.45 (d, 2, CHp), 2.98 (s, 2, CHy), 4.72 (sb, 1, NH), 7.2-8.2 (m, 4, arom.).

x.;u:r.‘-, HOCY U INIOTOMeTVID '»1 ,,A. 1,‘ p HONATIIGE

This compound was prepared as described for N-decylbenzenesulfonamide. Melting point 83-85°C.
Calculated for CogH4oF3NO2S 477, found 477. THNMR (00013) 50.84 (t, 3, CHp), 1.21 (s, 30, CHy),
1.49(d, 2, CHp), 3.01 (s. 2, CH»), 4.5 (sb. 1, NH), 7.28-8.16 (m, 4, arom.). -

EXAMPLE 1: Preparation of Lubricated Magnetic Tape and Testing Thereof .
Unlubricated cobalt-nickel metal evaporated magnetic tape (8 mm) is submerged for five minutes in
a 1 percent solution of N,N'-di-n-octyl-2-napthalenesulfonamide ("L.ube 1), N,N'-di-n-octyl-
benzenesulfonamide ("Lube 2, N,N'-di-n-octyi-3,4-difluorobenzenesulfonamide ("Lube 3"), N,N'-di-n-
octyl-s-triﬂuoromemylbenzenesulfonamidé_("Lube 4"), N,N'-di-n-octyl-2,4-(2,2,2-trifluoroethoxy)-
benzenesulfonamide ("Lube 5") or N,N'-di-n-octyl-4-~(3-trifluoromethyiphenoxy) benzenesulfonamide
("Lube 67) in methyl ethyl ketone ("MEK™). The tape is then removed and afiowed to dry so that the MEK
evaporates to leave a film of lubricant having an average thickness in the range from 5-20 angstrdm.
The lubricated tapes are then tested using the procedure of ASTM D-3028 using a frictionometer
(Custom Scientific Instruments, Inc.) to obtain coefficients of friction. The data is shown in Table I.
TABLE |

Lube Coefficient of Friction

None 0.35

0.13

0.08
0.09

0.06

0.26

R [ |~ W I j=

0.14

EXAMPLE 2: Preparation of Lubricated Magnetic Hard Disks and Testing Thereof

Unlubricated carbon overcoat and nickel phosphorous 3.75 inch (9.5 cm) magnetic hard disks (also
réferred to as "rigid disks") (Elixir Products, Fremont, California) are cieaned for 10 minutes in hexane
using an ultrasonic bath and next dried in a cl'ean air hood (Class 100) for at least one hour. The disks
are then submerged in a 5 inch x 8 inch x 6 inch stainless steel container containing 0.1 wt% solution of



10

15

20

25

WO 95/32500 PCT/US95/05843,

8

Lubes 2, 3, or 4 in hexane for five minutes. The solution is then drained from the container at a rate of
one inch (2.5 cm) per minute. The lubricants adsorb/absorb onto the disks during th'e residence time in
the bath. Next, the disks are dried at room temperature in a cléan air'hood for at least 1 hour so that the
hexane evaporates. The average film thickness of the Lubes on the carbon overcoat magnetic hard
disks is 5-20 &ngstrém and is 5-20 &ngstrom on the nii:kel phosphorus magnetic hard disks. The .
lubricated magnetic hard disks are tested to test for coefficients of friction and stiction accdrding to the
following procedure. _ |

A rigid disk and head wear test system (SDB001, commercially available from Surface Dynamics,
Alameda, California) is used which is equipped with a two-rail alumina-titanium carbide slider (MS-13-
T13-07-XI Rank Technologles) having a raif flatness (crown) of +0 5 to +3 5 mlcromch a 1 microinch
finish of the air-bearing surface (ABS), a camber of -1 tn +1 mlcromch a tvwst of -2 to +2 microinch, an
edge blend of 100 microinch minimum to 300 microinch maxlmum, no cracks and scratches no wider
than 0.3 microinch and enciosed chips no iarger than 4 microinch width by5 mlcromch_ length. The head
wear test system measures the static and dynamic friction between the magnetic hard disk and slider.
The head wear test system is controlied by a host computer equipped with MEGASISS™ software and
data generated is collected and stored by the computer. During the test, the lubricated magnetic hard
disks are ioaded into the head wear test system and spun such that the surface velocity of the disk is 3.4
x 104 inches per mmute at a radial dlstance of 1.5 inch (3600 rpm, 8.6 x 104 cm per minute) with a 7 '
gram head load. At 3600 rpm, the slider is suspended over the d_lsk duse to the fiow of air between the
slider and the disk surface. During the test, the disk speed is periodically siowed until the siider touches
down. After every :500 cycles, the coefficient of friction is measured and recorded at 5 rpm. The
coefficient of stiction (the force required to start the disk) is measured during the first 30 millisecond of
each cycle. The results of the testing are reported below in Tables It through V.- In the Tables, the -
column termed "Contact Start-Stop Cycles” shows the number of times the disk is started and stopped at
which time coefficient of friction and stiction are measured. In the Tables, phrase "Coef. Fric.” means
coefficient of friction and the phrase "Coef. Stic.” means coefficient of stiction.
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In Tables I and Ili, nickel phosphorus magnetic hard disks are tested.

 TABLEN

Contact Coef. Fric Coef. Fric. -Coef. Fric. Coef. Fric.
Start-Stop | Contro! Disk with Disk with Disk with
Cycle Disk Lube 2 Lube 3 Lube 4
0 0.107 0.187 0.040 0.060
500 0.507 0347  |o.187 0.280
1000 0.507 0.333 0.187. 0.280
1500 0.520 | 0.360 0.187 0.280
2000 0.600 0.333 0.173 0.260_
2500 0.653 0.320 0.187 0.280
3000 0.547 0.320 0187  |o0.280
3500 0.533 0.307 0.173 0.260
4000 0.653 0.320 0.200 0.300

| 4500 0.467 0.253 0.173 0.260
5000 0.440 0.240 0.173 0.260
5500 0.467_ 0.280 0.200 0.300
6000 0.533 0.240 0.200 0.300
6500 0.493 0.307 0.200 0.300
7000 0.483 0.280 0.173 0.260
7500 0.533 0.360 0.200 0.300
8000 0.453 0.280 0.187 0.280
8500 0.440 | o0.267 0.213 0.320

| s000 0.467 0.267 0.227 0.340
9500 0.467 0.293 0.203 0.440

PCT/US95/05843
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TABLE Il
Contact | Coef.Stic. | Coef.Stic. | Coef.Stic. | Goef. Stic.
Start-Stop | Control Disk with Disk with Disk with .
Cycle Disk Lube 2 Lube 3 Lube 4
0 0.080 0.293 0.080 0120
500 0.960 1 0.787 10.227 0.340
1000 0747 |o.s3 0.227 0340
1500 0.707 | 0:560 {0.203 10.440
2000 1.347 | 0.693 0.227 0.340
2500 0707 | o0.:800 0.227 0.340
3000 1.013 0.453 0.280 _{0.420
3500 1040|0480 0240|0380
4000 0.680 0533 0.293 0.440
4500 0.507 1 0.373 0.240 10380 .
5000 0.480 0.413 0.253 | 0.380
5500 0.507 0573 0380 10540
6000 0560 . loaar 0267 | 0.400
6500 0.613 0.560 . 0.387 .580
7000 0.587 | 0.587 0.373 0.560
7500 0.547 0.760 0.380 0.540
8000 0.573 | o.667 0.320 0.480
8500 0.480 0.707 0.427 10.840 .
9000 0.507 10573 0.427 0.640
9500 0.520 0.800 0.280 0.420 _

PCT/US95/05843
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In Tables IV and V, carbon overcoat magnetic hard disks are tested.

TABLE IV

11

Contact Coef. Fric. Coef. Fric. | Coef. Fric. Coef. Fric.
Stan-Stop | Control Disk | Diskwith | Diskwith | Disk with
Cycle Lube 2 Lube 3 Lube 4
0 0.187 0.200 0.133 0.200
500 0.267 0.240 0.200 0.305
1000 0.333 0.200 1 0.240 0.360
1500 0.347 0.213 0.253 0.380
2000 0.360 0.227 0.280 0.420
2500 0.373 0213 0.293 0.440
3000 0.453 0.227 0.333 0.500
3500 0413 |0.253 0.333 0.500
4000 0.320 0213 0.307 0.461
4500 0.373 0.267 0347 _ 0.521_
5000 | 0427 0213 0.347 0.521
5500 0.400 0.240 0.320 0.480
6000 0.467 0.240 0.360 0.540
| 6500 0.427 0.267 0.307 0.481
7000 0.453 0.227 0.347 0.521
7500 0.493 0.253 0.360_ 0.540
8000 0.467 0.240 | 0.347 0.521
8500 0.440 0.240 0.333 0.500
9000 0.387 0.267 0.320 0.480
9500 0.453 0.253 _ 0.307 0.461

PCT/US95/05843
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TABLE V

Contact Coet. Stic. | Coef. Stic. Coef. Stic. Coef. Stic.
Start-Stop | Control Disk with Disk with Disk with
Cycle Disk Lube 2 Lube 3 Lube 4

0 0.200 0.187 0.133 1 0:200

| 500 0.203 0.250 0.213 0320
1000 0.427 0.253 0.267 0.401
1500 0.413 0.283 0.320 0.480

| 2000 0.387. 0.283 0.320 0.480

| 2500 0.373 0.253 0373|0560
3000 0.747 0.267. 0.413 10.620
3500 0.747 0.293 0.387 } 0.581
4000 0.347 10.267 0.373 1 0.560.
4500 0.507_ 0.293 0.467 0.701
5000 0853 |0.280 0400  loe00
5500 0587 losoz | o387 0.581.
6000 !0.480 0.267 0.467 0.701
6500 0.507 0.320 0.400 -0.600
7000 0.520 0.293 . 0.453 0.680
7500 0.707 0.320 0.440 | 0.660
8000 0.560 0.293 0.467 | 0701
8500 0.533 ] 0.203 0.413 0.620
9000 0.573 0.333 0.427 0.841
9500 0560 |0.203 0.427 0.641

it can be seen from the results shown in Tables Il through V that the sulfonamides of this invention
provide lubricity fo magnetic hard disks when applied to the surface of the disks.

Other embodiments of the invention will be apparent to the skilled in the art from a consideration of
this specification or practice of the invention disclosed herein. it is intended that the specification and
exampie be considere& as exemplary only, with the true scope and spirit of the invention being indicated
by the following claims.
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1. A mégnetic récording medium, comprising a substrate, a magnetic recording lathina and at least one
sulfonamide wherein the at'least one sulfonamide is present in an amount sufficient to provide desirable
tribological properties and wherein the sulfonamide contains up to 60 carbon atoms and is of formula Rq-

- SOgNRzRa wherein Ry is an unsubstituted alkyl of up to 18 carbons or an aromatic moiety of upto 12

carbons which can be substituted by halo methyl, ethyl, methoxy. ethoxy, trihalomethyl, trinalomethoxy or
polyhaloethoxy and Ro and Rg are independently hydrogen, an aromatic moiety of up to ‘_1_8 carbons or
alkyl of up to 20 carbons with the proviso that no more than one of Ro or Rg can be hydrogen.

2. The magnetic recording medium of Claim 1 wherein R4 is an unsubstituted alky! of from 4 to 10
carbons, and R and Rg3 are independently methyl, octyl, dodecyl or octadecyl. 1

.

3. The magnetic recording medium of Claim 1 wherein the aromatic moiety of Rg and Rg can contain
one or more nitrogen atoms within a ring. :

4. The magnetic recording medium of Claim 1 wherein the aromatic moiety of Roand Ry is
phenoxyphenyl, phenyi, naphthyl, biphenyl, quinolinyl. pyridinyi, pyridazinyi or pyrimidinyl.-

5. The magnenc recording medium of Claim 1 wherein R1 isa tnhalomethyl substituted aromatic
moiety, Ra is n-octyl, and Ry is n-octyl.

6. The magnetic recording medium of Claim 1 wherein at least one sulfonamide isN-
dodecylbenzenesuifonamide, N-methyi-N'-phenylbutanesuifonamide, N,N'-di-n-octyl-2,4-bis(2,2,2-
trifluoroethoxy) benzenesuifonamide, N,N'-di-n-octyl-a-triﬂuoromethylbenzenesulfonamidé:f;N,N'-di-n-
octyl-2.4-diethoxybenzenesulfonamide, N.N"di-n-octyl-4-(3-trifiuoromethyiphenoxy) benzenesuifonamide,
N.N'-di-ri-octyl-2.4-dichlorqbenzenésulfonamide, N.N'-di-n-octyl-3.4-diﬂuorobenzenesulfonamide. N.N'-di-

' n-octyl-8-quinolinesulfonamide, N.N'-di-n-octyl-4-phenoxybenzenesulfdnamide. N-N'-di-n-octyl-4-

chiorobenzenesulfonamide, N,N'-di-n-octyl-2-napthalenesulfonamide, N,N"-di-n-octyibenzenesulfonamide,
N,N'-di-n-octylbutanesulfonamide, N,N"-di-n-octyl-pentafluorobenzenesulfonamide, N-dodecyl-3-

_ triﬂuoromemylbenzenesulfonamide or N-octadecyl~3-n'iﬂuoromethylbenzenesulfqnamide.

7. The magnetic recording medium of Claim 1 wherein the magnetic recordmg lamina is particulate.
8. The magnetic reoordmg medium of Claim 1 wherein the magnetic recording {amina is thln film.

9.  The magnetic recording medium of Claim 1 wherein the magnetic recording medium is a metal
evaported tape. '

10. A process useful for lubricating a magnetic recording medium, comprising applying at least one
suifonamide to a surtace of the magnetic recording medium to provide a suifonamide film having an
average thickness of 1 to 1000 angstrdms on the surface, wherein at least one sulfonamide contains upto
60 carbon atoms and is of formula R1-SOaNRoR3, wherein Ry is an unsubstituted alkyl of up to 18



10

15

20

25

30

WO 95/32500 PCT/US95/05843,

14

carbons or an aromatic moiety of Up to 12 carbons which can be substituted by halo, methyl, ethyl,
methoxy, ethoxy, trihalomethyl, trihalomethoxy, or polyhaloethoxy and Rp and Rj are independently
hydrogen, an aromatic moiety.of up to 18 carbons or alkyl of up to 20 carbons with the proviso that no
more than one_of;R2 or Ry can be hydrogen.

11. The process of Clalm 10 wherem R1 is an unsubstltuted alkyl of from 4 10 carbons and Ro and
R3 are rndepsndently methyl, octyl dodacyl or octadecyl

12. The process of Claim 10 wherein the aromatic moiety of Ro and R3 can contain one or more

. nitrogen atoms within a ring.

"13. The process of Claim 10 wherein the aromatic morety of Rp and Rj is phenoxy phenyl phenyl,
naphthyl, biphenyl, quinolinyi, pyridinyl, pyridazinyl or pyrimidinyl.

14. The process of Claim 10"whereir'1 the aromatic moiety of Ry and Rg is phenyi, naphthyi, quinolinyl
or phenoxyphenyl. ' . '

15. The process of Claim 10 whersin at least one sulfonamide is N-dodecylbehzenesulfona'mide. N-
methyl-N'-phenylbutanesulfonamide, N, N'-di-n-octyl-2,4-bis(2,2,2-trifluoroethoxy) benzenesulfonamide,

N N'-dl-n-octyl-3-triﬂuoromethylbenzenesulfonamrde. N,N"-di-n-octyl-2,4-diethoxybenzenesulfonamide,

N N'-dl-n-octyl-4-(3-tr|ﬂuoromemylphenoxy) benzenesulfonamide, N,N'-di-n-octyl-2.4-
dichlorobenzenesulfonamide, N,N'-di-n-octyl-3,4-difluorobenzenesulfonamide, N.N'-di-n-octyl-s-
quinclinesulfonamide, N,N'-di-n-octyl-4-phenoxybenzenesulfonamide, N-N'-di-n-octyl-4-
chiorobenzenesuifonamide, N,N'-di-n-octyl-2-napthalenesuifonamide, N,N'™-di-n-octylbenzenesuifonamide,
N.N'-di-n-octylbutanesulfonamide, N,N'-di-n-octyl-pentafiuorobenzenesulfonamide, N-dodecyi-3-
trifiuoromethyibenzenesulfonamide or N-octadecy!-3-trifiucromethylbenzenesuifonamide. -

16. A process useful for lubncatmg a magnetic reoordmg medra. oompnslng mccrporaung atleast one
sulfonamide into a particulate magnetic recording lamina durmg preparatlon of the magnenc recordmg
media so that the particulate magnenc recording lamina contains 0. 001 to 10 wi% of sulfonamrde. wherein
at least one sulfonamide contains up to 60 carbon atoms and | is of formula Ry -SOZNR2R3, wherein Ry is

unsubstrtuted alkyl of up to 18 carbons or an aromatic moiety of up to 12 carbons which can be
substituted by halo, methyi, ethyl, methoxy, ethoxy, trinalomethyl, trihalomethoxy, or polyhalosthoxy and
Ro and Rg are independently hydrogen, an aromatic moiety of up to 18 carbans or atkyl of up to 20
carbons with the proviso that no more than one of Ro or Rg can be hydrogen.

17. The process of Claim 16 wherein R1 is an unsubstituted alkyl of upto4d carbons. and Rz and Ry
are independently methyl, octyl or dodscyl

18. The procass of Claim 16 wherein the aromatic moiety of Ro and Rg can contain one or more

' TR
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i i noxyphenyl, phenyl,
19. The process of Claim 16.wherein the aromatic moiety of Rp and Rg is phenoxyp .
. ’ 0 . » . 0 . . I-
naphthyl, biphenyl, quinolinyl, pyridinyl, pyridazinyl or pyrimidiny!

i i , naphthyl, quinolinyl
20. The process of Claim 16 wherein the aromatic moiety of Ro and R3 is phenyl, naphthy
or phenoxyphenyl.

_—

RO O O



