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Desorption is one of the mechanisms of lubricant loss from the surfaces of data storage media. This work has
studied the desorption of monodisperse samples of a typical perfluoropolyalkyl ether lubricant, Fomblin Zdol,
from the surface of graphite. Desorption is observed to occur molecularly through a first-order process with
an energy barrier to desorptioﬂEﬁeS that is independent of coverage but is dependent on molecular weight.
The AE} of 994 and 1329 g/mole fractions were found to be #2& kJ/mol and 155+ 2 kJ/mol,

res ectivelly. The é)re-exponents,of the first-order desorption rate constant were found to have values of
109803571 and 16103571 for the 994 and 1329 g/mole Zdol fractions, respectively. These results clearly
reveal the chain length dependence ofﬂﬁeg and the high values of the pre-exponents are similar to those
observed for desorption of other oligomeric species from graphite.

1. Introduction evaporation. Evaporation of low vapor pressure lubricants such
as Fomblin Zdol from disk surfaces is negligible at room temp-

The dynamics of oligomeric macromolecules adsorbed on erature but becomes significant at the temperatures reached
surfaces is of fundamental importance to the understanding of. 9 P

. . i oy 6 - i
interfacial properties such as lubrication and adhesion. Many 'I[in()sr:dt?ei(;nnwogseirr?c?és":sﬁ]m{e i(rgmoort;)t. a-g'zﬁelstilijfkgggig?az -
industries rely on an understanding of interfacial phenomena gly 1mp p

to provide solutions to the challenging engineering problems plied lubricant films begins to approach molecular dimensions.

that inhibit advances in their technologies. As an example, the TQ'S IS ranrllmrporttiant F}f?ﬁ Ie:jn an;:l Itlimr? 'Sf kr;icmrr;]al;oult tl:?r(ie k':t'
magnetic storage industry uses thin films20 A) of perfluo- fe s 0 fe € geocs Of the deso ptho tﬁ' 3 90 the cu |C? S
ropolyalkyl ether (PFPE) lubricants deposited on thirLQ0 rom surtaces. Lne ot the 1Ssues that hinders the compiete an-

A) amorphous carbon (&C) overcoats to protect hard disks alysis of PFPE evaporation is the fact that these materials are
from mechanical damage due to contacts with the read-write generally applied to disk surfaces as polydisperse mixtures with

heads flying over their surfacés? Maintaining the current a wide range of molecular weights. Fo”?b”” Zdol uged on com-
growth rate in areal storage density requires that the distanceg(t;'([)eor ?lSSkgoréas/av?rage dmolle((:jl_JIar W(_e'[!gh‘»ltﬁ)(ra_nglr}g frOT 4t

between the disk and the read-write head (fly height) continue 0 gimole and polydISpersities ranging from 1.4 1o
to decrease below its current value 9150 A4 Speculation 1.7. As a result, the preferential desorption or evaporation of

into the requirements for magnetic recording at areal storagelOW mass fractions will occur initially and the average molecular

densities of 1 Terabit/fhsuggests that the magnetic separation wgigh_t of the_lubricant remaining on _the surface will _increase
must be decreased to65 A5 This advancement will place with time. This suggests that a detailed understanding of the

extreme constraints on the tribological performance required evaporation rate’s dependence on molecular weight is needed.

of the protective overcoat and lubricant layer applied to the sur- Qggé?ig; fﬁ%ﬁé;g?;g;eﬁgtt% rtlhiz ?hegizli:rt)r?heeﬂt tﬁ(fe ‘:ur:}ggzls tgf
face of the magnetic storage medium. It is, therefore, essential P

to increase our fundamental understanding of the dynamic be-Lhi a-C films on (;Nrr]"Ch thsy ac;e depoillt)eddgre (.:themlca.llllybl
havior of the lubricant films used at the head-disk interface to ¢ cr0YeNEOUS and nNave a broad array of binding sites available

ensure the continued reliable operation of magnetic disk drive for lubricant bon_dmd. Pro_ble_ms arise because lubricants ad-
systems. sorbed on the different binding sites of the carbon overcoats

The most widely used PFPE for the lubrication of magnetic have Fﬁffere_nt energy barriers to desorptior!. Both the lubricant
disk surfaces is Fomblin Zdol, which consists of a perfluorinated polydispersity and the surface heterogeneity contribute to the

ether backbone terminated at either end by hydroxyl groups. It ggfs'gtrm%%?, 'Efé?g'ggrﬂu;gﬂtzt'\r’; (r:rézasurements of lubricant
has the chemical structure pu inet ! u )

Thermally programmed desorption studies of Fomblin Zdol
HOCH,CF,(OCF,)(OCF,CF,),0CF,CH,0H on various carbon surfaces have been detailed in several reports.
Lin et al. used TPD to study the thermally induced degradation
where the ratiody is typically between 2/3 and 1. These fluids of Fomblin Zdol (M, ~ 2000 g/mole) adsorbed on an amorphous
have found use in hard disk drive applications as a result of carbon film? Because of its high molecular weight the Fomblin
their chemical inertness, high thermal stability, excellent lubric- Zdol decomposed during heating rather than desorbing from
ity, and extremely low volatility. Thin films of Fomblin Zdol the surface. The threshold temperature reported for Fomblin Zdol
are deposited onto the protective carbon overcoats which aredecomposition was 568650 K and is close to the intrinsic
generally hydrogenated or nitrogenated amorphous carbon (a.decomposition temperature of the molecule. Vurens and Mate
CH, and a-CN) films. also used TPD to explore the thermal stability of a polydisperse
One of the mechanisms of lubricant depletion from the Fomblin Zdol film with aM, of ~2000 g/mole adsorbed on

surfaces of magnetic storage media is through desorption orboth graphite and amorphous carfoithey too observed
desorption features that they interpreted as arising from decom-
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Tyndall and Waltman have made isothermal measurementspump. The chamber was also equipped with an ABB Extrel
of the evaporation rates of both polydispéfsand relatively Merlin quadrupole mass spectrometer (QMS) for thermally
monodispersé PFPEs from a-Cld They measured the lubricant  programmed desorption (TPD) measurements. This instrument
film thickness as a function of time and found that it decreased has a mass range of~600 amu and is capable of simulta-
with kinetics that could not be fit with a simple first-order decay neously monitoring up to five masses as a function of time
having a single-valued rate constant. The rate constant wasduring a TPD experiment. Dosing of the Fomblin Zdol onto
observed to decrease with time (or lubricant film thickness). the surface was accomplished using a device designed for
On the basis of these kinetic measurements, Tyndall anddeposition of high molecular weight, very low vapor pressure
Waltman suggested that the evaporation of PFPE films from liquids and solids.

a-CH, surfaces followednonclassicalfirst-order desorption The substrate was a 2212 x 2 mm piece of highly oriented
kinetics having a rate constant that varied inversely with time; pyrolytic graphite (HOPG). Prior to mounting, the sample was
k(t) = ko(t/to) *, wherek is defined as the initial rate constant.  cleaved in air to expose the basal plane. The graphite was then
Alternately, they also showed that these evaporation kinetics mounted on a square piece of tantalum fo).25 mm thick
could be described in terms of a classical rate constant which using electrically conductive silver epoxy (Aremco Co.). Two
exhibits time-dependence due to the fact that the desorptiontantalum wires were spot-welded to the rear of the tantalum
energy,AEﬁe@), is a function of film thickness or lubricant  foil and mounted to the end of a manipulator capable,of.
coverage on the surface. The dependence ofAtEﬁhes(H) on andz translation and 360rotation. Once mounted the graphite
lubricant coverage can certainly arise from polydispersity effects could be cooled te~120 K through mechanical contact with a
and the initial selective desorption of the low molecular weight liquid nitrogen reservoir at the end of the manipulator. In
fractions. Tyndall and Waltman’s experiments with monodis- addition, the graphite substrate could be heated resistively at a
perse PFPE suggest that this is not an important issue in theconstant rate using a computer to provide proportional-derivative
sense that they still observed similar kinetics that they describedtemperature control. The temperature of the tantalum foil was
with a nonclassical rate constdatAlternatively, it is the case measured using a chromeilumel thermocouple spot-welded
that the surfaces of the a-GHilms are heterogeneous and to its rear face. The temperature of the graphite sample was
expose adsorption sites with a range of adsorption enefgies. assumed to be that of its tantalum foil mount.

Molecules will desorb first from the sites with the lowest binding  tep samples of Fomblin Zdol witM, ranging from 994 to

affinity and this will contribute to the observed thickness 11 470 g/mole were obtained through supercritical fluid frac-
dependence of the apparent rate constant for desorption. Tyndaltjonation of Fomblin Zdol 2000. Only fractions havimd, of
and Waltman explored this possibility by measuring desorption 994 g/mole and 1329 g/mole were used in this work. From this
kinetics from both a-Cland a-CN films and observed the  point on these two fractions will be referred to as Zdol 1000
same time-dependent kinetics on both. and Zdol 1300. The values dfl, for each fraction were

In this work, we present the first set of measurements of the getermined through NMR analysis by the Phasex, Inc. Poly-
desorption of highly monodisperse Fomblin Zdol from a carbon  gispersities of the two fractions used were determined from GPC
surface that is truly homogeneous, that of graphite. These gnalysis by Jordi Associates and found tok.05. Although
measurements reveal that evaporation or desorption of Fomblinghe Zdol samples were nearly monodisperse, each fraction
Zdol monolayers from graphite occurs molecularly vetassical required extensive degassing prior to use in order to remove
first-order desorption kinetics and a rate constant that dependsiow molecular weight fractions with very high vapor pressures.
only on temperature rather than time. Although graphite is not Thjs outgassing procedure consisted of heating the Zdol samples
a perfect model for the-aC overcoat it does have the virtue of i  glass vial under vacuum for12 h at temperatures ranging
being homogeneous in that it is composed purely of Sp from 318K (for Zdol 1000) to 373 K (for Zdol 1300). The purity
hybridized carbon atoms that can be kept perfectly free of of the zdol fractions was further verified by measuring the heats
oxidation under vacuum conditions. Films of Fomblin Zdolwere of yaporization directly from multilayer desorption peaks
deposited on the graphite surface at coverages ranging fromgenerated in their TPD spectra and comparing these results with
submonolayers to many multilayers using a dosing systemgjyes reported in the literature.
specifically designed for vaporizing and depositing materials
having extremely low vapor pressures. Desorption rates from
graphite have been measured for two fractions of Fomblin Zdol
havingM,, of 994 and 1329 g/mole and initial polydispersities
<1.05. Desorption of both fractions is observed to occur

Prior to each set of TPD experiments conducted with a given
Fomblin Zdol fraction, the graphite sample was heated in a
vacuum to~1200 K to induce the desorption of any adsorbed
contaminants. Surface cleanliness of the graphite sample has
) . - been assumed based on observations made in previous stud-
molecularly throu?h a first-order process with an energy barrier ies12.131n addition, desorption spectra were highly reproducible
to desorptionAEg, that is |nd_ependent of coverage but is indicating that there was no contamination of the surface due
dependent on the molecular weight. These are the first measures, qsorbate decomposition. The desorption peaks for submono-
ments that have eliminated both polydispersity and surface |, e coverages of heptanetGe) were used to assess the state
heterog_eneny effects on the kinetics and energetics of Zd_°| of the surface reproducibility. During a normal TPD experiment
desorption from a carbon surface. They reveal that the desorptlonusing n-heptane the desorption temperature was consistently
kinetics on graphite can be described as a first-order Processyo nd to be 211 K, and the width of the desorption peak was
with a coverage independetEg., More importantly, these <7 K This result also indicates that the temperature of the

measurements give the first insight into the chain length graphite surface was highly uniform during heating.

dependence of Fomblin Zdol desorption kinetics. Exposure of the graphite surface to the Fomblin Zdol fractions

was performed using a high mass deposition source that has
been described in detail elsewhétdhis deposition source has

All experiments were conducted in a stainless steel ultrahigh allowed us to deposit Fomblin Zdol directly onto the graphite
vacuum (UHV) chamber with a base pressure of°1Torr surface in UHV at coverages ranging from submonolayers to
achieved through use of an ion-pump and titanium sublimation many multilayers by vaporization of the bulk Zdol fraction.

2. Experimental Section
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Apart from giving us the ability to conduct desorption experi- Multilayer
ments under controlled conditions, such vapor lubrication me- Desarption
thods are also receiving attention as a potential alternative to %}
the conventional dip-coating process used for lubricating disks. e
Within the UHV chamber the graphite substrate was first
positioned to face a stainless steel dosing tube from the high 283 K
mass deposition source. The sample was then cooled.f) = ;
K prior to exposing its surface to vapor of the desired Zdol s ,“\
fraction. Following adsorption of the Zdol onto the graphite *fé J
surface, the substrate was positioned approximately 2 cm from b J \ Monolaver
an aperture leading to the QMS and heated at a constant rate to 8 B ; Desorp{ion
the temperatures necessary to induce the desorption of all 2 . L e
adsorbed species. During heating, the QMS was used to monitor § ‘{‘f‘N \\
the desorption rate of the adsorbed Fomblin Zdol and any o ” \\ 5 I
decomposition products, if present. Under the conditions of our \“\\\ . T, =380K
work, adsorption of both Zdol fractions was molecular and ,/ﬂ\“\ increasing
reversible with no indication of decomposition. //"m \ Coverage
3. Results
In this work, we present the results of TPD measurements 200 250 300 350 400 450 500

that show that the desorption of submonolayers of monodisperse
Fomblin Zdol from a graphite surface can be described using a
classical first-order rate expression. The rate of a first-order Figure 1. TPD spectra of Zdol 1300 adsorbed at various coverages

Temperature (K)

desorption process from a surface is expressed as on the graphite surface at 120 K. The desorption peak centere88at
K is assigned to desorption of the Zdol monolayer. The desorption
+ feature at 283 K is assigned to desorption of Fomblin Zdol multilayers.
_do_ _ AEged The monolayer desorption temperature is roughly independent of
r=- E = ko = v-exp — RT 0 1) coverage and indicates a first-order desorption process with a coverage-

independentAEfjes The spectra were generated using a mass spec-
trometer to monitor the signal a¥q = 81 (CRCH,OH"). The heating

wherer is the rate of desorptior), is the fractional coverage of
rate was 2 Ki/s.

the adsorbed specidsijs the desorption rate constantis the

preexponential factor for desorption, and;.is the energy  exposure to the surface is increased, the desorption peak
barrier to desorption. We present below the methods used toincreases in intensity and shifts to slightly lower temperatures.
evaluate the order of the desorption reaction and the kinetic At highest coverage the Zdol 1300 monolayer desorbs at 380
parametersy and AE, that describe the evaporation of K. The fact that this peak temperature is fairly independent of
Fomblin Zdol monolayers from graphite. coverage indicates that it is due to a first-order desorption
3.1 Reaction Order for Fomblin Zdol Desorption from process® As the Zdol 1300 exposure is increased further a
Graphite. Prior to any detailed analysis of the kinetics of second desorption feature grows ina83 K which indicates
Fomblin Zdol desorption it is necessary to establish that the the onset of multilayer desorption. This low-temperature de-
desorption process is indeed first-order and describable by egsorption feature continues to grow with increasing coverage and
1. The order of the desorption reaction of the Fomblin Zdol displays zero-order kinetics.
fractions on graphite has been measured by performing TPD The heat of vaporizatiom\Hyap, has been used in this study
experiments using a constant heating réte; 2 K/s, and initial as a basis for establishing the effectiveness of the techniques
coverages of Fomblin Zdol ranging from submonolayers to used to purify the Zdol fractions of any contaminants (such as
many multilayers. Figure 1 shows the TPD spectra of Zdol 1300 low mass Zdol fractions). The value @fH,qp for Zdol 1300
initially adsorbed on the graphite surface at 120 K and different has been estimated using the relation
coverages. Deposition of the Fomblin Zdol fraction was
performed by heating the bulk phase to 373 K in the high dInr AERY

molecular weight doser. No decomposition of Zdol is expected T R )

at this temperature given previous reports indicating that its bulk d(/7)

decomposition temperature4500 K 1° The TPD spectra were ) _ _ mult

generated by using the QMS to monitor the signahét = 81 to deter_mlne the multllaye_r desorptmn_energyEdes,_ from N
(CR.CH,OH") during heating. Several additional mass-to-charge the leading edge of.the multl!ayer desorption peak V\llthlch exhibits
ratios were monitored includingVq = 61 (CRCH"), m/q = zero-order desorption kinetics. The value of g, should

100 (GF4*), andm/q = 119 (GFs") in order to detect the be c_Iose to the heat of bulk vap_orizatiQmHVap of the ch_xl
desorption of any decomposition products, if present. The fractions. The data for the desorption of the Zdol 1300 multilayer
desorption signals at these/q ratios occurred at the same are presented in Figure 2 and reveal thajt' of Zdol 1300
temperatures suggesting that they are all due to desorption ands 97 + 1 kJ/mol. This is consistent with the value AHyap =
electron impact fragmentation of the same molecule and that 95 kd/mol for Fomblin Zdol 1300 reported by Stirniman ef al.
there is no decomposition of the Zdol 1300 on graphite during The agreement between theEq., and the value 0fAHyap
heating. No decomposition of either Zdol fraction was observed estimated by Stirniman et .ahdicates that the purified Zdol
on the graphite surface. 1300 sample is free of any low mass contaminants. Table 1
At the lowest coverage, Zdol 1300 desorbs over a relatively summarizes the multilayer desorption temperatures observed for
wide temperature range-60 K) and achieves a maximum rate the two Zdol fractions, thé "‘eus" determined in this study, and
of desorption at 387 K, as shown in Figure 1. As the Zdol 1300 the AH,4p reported in the literature.The close agreement
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Figure 2. Arrhenius representation of the TPD spectrum for Zdol 1300 Temperature (K)

measured at highest coverage. A line has been fit to the leading edg

of the multilayer desorption feature and measuresABE." for Zdol
1300 to be 97 1 kJ/mol.

€Figure 3. TPD spectra of Zdol 1300 measured at varying heating rates
(B) for initial coverages of approximately one monolayer. Heating rates
varying from 0.2 K/s to 5 K/s were used to desorb the Zdol monolayer.
The monolayer desorption temperatures increase with increasing heating
rate. The spectra were generated using a mass spectrometer to monitor
the signal aim/q = 81 (CRCH;OHY") during heating. The inset is a
plot of In(3/T%) versus 1T, for the desorption of Zdol 1300 from the
graphite surface. The slope of the linear fit has been used to estimate
the AEL. for Zdol 1300 from graphite.

TABLE 1: Multilayer Peak Desorption Temperatures for
the Monodisperse Fomblin Zdol Samples and Their Corres-

ponding Desorption Energies, A m“” . The Purity of the
Fomblin Samples Has Been Ascertained by Comparing the

Measured Values of AET™" with the AH,4p Reported in Ref 6

Mn Tp measured AHyap
(g/mole) (K) AET(kJ/mol) (kJ/mol) TPD spectra were recorded for Zdol 1000 and Zdol 1300 at
994 266 85+ 1 86,71l various heating rateg, using initial coverages of approximately
1329 283 oA 1 95,3161 one monolayer. The heating rates used in each set of experiments

varied from 0.2 K/s to 5 K/s. Figure 3 illustrates the variable
between the values okET"" and AHygp for the two samples heating rate TPD spectra for Zdol 1300 generated by using the
indicate that both are highly monodisperse. Equally important QMS to monitor the signal atVg = 81 (CRCH,OH"). As the
is the fact that the agreement confirms that our reported heating rate was increased, the desorption peaks shifted to higher
molecular weights are correct, or at least that they match thosetémperatures. This increase f with increasing heating rate
reported by Stirniman et al. is expected for a first-order desorption process.

The dependence of the desorption spectra on Zdol coverage Analysis of the heating rate dependence of the peak desorption
is similar for both fractions studied. In both cases, the desorption temperature can be used to determinand AEj,, indepen-
temperature of the monolayer is roughly independent of the Zdol dently. TPD data presented in the formﬂﬁ( ) vs 1/T, should
coverage indicating that the desorption process is first-order andyield a line with a slope equal t&AEdegR e Shown in the
that there is little coverage dependence to the desorption barrierjnset to Figure 3 is a plot of Iﬁ(T) vs. 1T, whereTp is
AE}. 16 The change iff, in the submonolayer regime was 5 K dependent on the heating rate. A finear regression performed
for Zdol 1000 ad 7 K for Zdol 1300. The small change in the on the data in the inset of Figure 3 indicates maﬁ =155
T, of the Zdols at these coverages indicates that there is very+ 2 kJ/mol for Zdol 1300. Figure 4 shows the variable heating
little coverage dependent interaction between the adsorbed mol+ate TPD spectra for Zdol 1000 and the inset illustrates the fact
ecules. These results are in complete agreement with a muchthat the dependence of thE, on the heating rate can be
more extensive study of the desorption of monodisperse alkanesadequately described by a classical first-order rate constant with
from the graphite surfac¥:}’ Those alkanes covered the length  AE}_.= 128 + 2 kJ/mol.
range from 5 to 60 carbon atoms and span the range of molecular with the AE . of the Zdol fractions measured, it is possible
lengths of the Fomblin Zdols used in this study. On the basis to evaluate the preexponential factors for desorption of each
of the observations made thus far in the current work it is rea- fraction of Fomblin Zdol. The preexponenﬂa] factors for

sonable to suggest that monodisperse Fomblin Zdols desorbdesorptiony, may be estimated using Redhead’s equaitor
from the graphite surface with first-order, coverage independent first-order desorption kinetics

kinetics.
3.2 AEg4é and » for Fomblin Zdol Desorption from ﬁAEi AE?
. . . . des des
Graphite. TPD experiments performed with a constant heating v= 3)
rate and variable coverages of Fomblin Zdol on graphite have RT;Z

shown that that the desorption kinetics are first-order in cov-

erage. This result means that the desorption spectra of the ZdolwhereT, depends on the heating rafe,As indicated by eq 3,
fractions may be analyzed to give values for bothnd AEdes a preexponential factor for desorption may be calculated at each
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9, AE', =128 kimole Zdol 1300 on graphite. Th&\E}, for Zdol 1000 and Zdol
. fogv=19.6 1300 are 128t 2 and 155+ 2 kJ/mol, respectively, and thus
10 differ by ~27 kJ/mol. Zdol is a random copolymer of (O£F
T CF,) and (OCRk) monomers. If the assumption is made that the
g Zdol backbone is comprised entirely of (O£LH~) monomer
s 2 units, then the Zdol 1000 and Zdol 1300 fractions used in this
= 13 study would be comprised of an average of 7.0 and 9.9 monomer
s units, respectively. This translates into an increment-6f3
£ A a0 s 32 kJ/mol per (OCECF,) unit in the overallAEﬁeSfor the Fomb-
4 1IT_(1000/K) lin Zdol molecules. TheAE,.of longer chain Zdol molecules
S (M, > 1300 g/mole) may scale linearly by this increment
'g- p(Kis) T, (K) a}lthough tr_le recent measurements of alkane des_orptiqn men-
2 5 338.8 tioned earlier suggest that the scaling may be nonlinear if mea-
=} 3 e sured over a wider range of chain lengthd? It is also inter-
1 3278 esting to compare th&E:., of Fomblin Zdol with those of
0.5 3235 poly(ethylene glycols) [H(OCKCH,)yOH] on graphite which
0.2 317.0 .
have been measured recently for a range of chain lengths that
spans those of the Fomblin Zdols used in this wWrkhe
AEﬁes for poly(ethylene glycol) chains wittm = 1 to ~8.7

200 300 400 500 600 700 were found to scale roughly linearly with chain length with an
increase of 11.3 kJ/mol per (OGEH,) unit. As a final point

Temperature (K) . .
of comparison the pre-exponents, of the first-order rate

Figure 4. TPD spectra of Zdol 1000 measured at varying heating rates ., qtants for Zdol 1000 and Zdol 1300 desorption were found
(p) for initial coverages of approximately one monolayer. Heating rates

varying from 0.2 K/s to 5 K/s were used to desorb the Zdol monolayer. to be 199&9'33 *and 1615935 %, respectively. These \(alyes
The monolayer desorption temperatures increase with increasing heating®'€ much higher thakeT/h ~ 1013 s™%. Pre-exponents similar
rate. The spectra were generated using a mass spectrometer to monitan magnitude have been observed for desorption-afkanes
the signal atm/q = 81 (CRCH,OH") during heating. The insetis a  [CyHan+2, N =5 to 60]2417poly(ethylene glycol) dimethyl ethers
plot of In(8/T%) versus 1T, for the desorption of Zdol 1000 from the [CH3(OCH,CH,){OCHs, m= 1 to~22] [20], and poly(ethylene
graphitie surface. The slope of the linear fit has been used to estimateg|yco|s)18 from graphite. These high values of the desorption
the AEge for Zdol 1000 from graphite. pre-exponents can been attributed to conformational isomerism

in the desorbing species.

heating rate. The averaged preexponential factors for Zdol 1000 4.2 Kinetics of Lubricant Evaporation from Carbon

and_zdol t1300 Igztogeasgred d lljg'lr_']go_;/a”alfle heatt.'n% TPD surfaces. In this work, we have shown that desorption of
experiments are sec-an Sec “respectively. monodisperse Fomblin Zdol from the surface of graphite is
These are quite high values, however, they agree in magnitude

. . . _“describable by a simple first-order rate expression w S
with the pre-exponents measured for the desorption of high L o . !
; - that is independent of coverage. This is not surprising since the
molecular weight alkanes from the graphite surf&cg. . . N
desorption rates of longer chain molecules similar in nature to

Zdol also exhibit simple first-order desorption kinetics on
graphite. Desorption of-alkanes'*1” poly(ethylene glycol)
One approach to minimizing PFPE loss by desorption from dimethyl etherg? and poly(ethylene glycol& from graphite
hard disk surfaces is the use of lubricants with increasing was found to occur with first-order kinetics. The observation
molecular weight or increasing average chain length. The longer of first-order kinetics for desorption of poly(ethylene glycol) is
chain lubricants will have a greater number of interactions with particularly interesting in the context of the work reported here
the disk surface and therefore have high(EﬁeS The tradeoff since the poly(ethylene glycol)s are hydrocarbon analogues of
is, of course, that increased strength of adsorption generally leadd=omblin Zdol. In addition, this work has shown that desorption
to a decrease in mobility of the lubricant on the disk surface. of submonolayer coverages of Zdol 1000 and Zdol 1300 occurs
Prediction of the lubricant desorption kinetics and their depen- quite rapidly in the temperature range830—-390 K (60-120
dence on chain length requires an understanding of the problem°C). This temperature range can be encountered during normal
of oligomer desorption from surfaces. Study of the desorption operation of a disk drive and thus evaporation of Zdol lubricants
kinetics of alkanes from graphite has shown that the desorptionwith M, < 1300 g/mole from disk surfaces can occur at a
energies do not scale linearly with chain length? Our study significant rate.
of the kinetics and energetics of Zdol desorption from graphite  |n view of the fact that desorption of monodisperse Fomblin
has prObed the interactions of lubricant mOﬂO'ayerS with the Zdol from the surface of graphite occurs with a rate that is
graphite surface. Below, we will place the results reported here describable by simple first-order kinetics, it is important to
in the context of prior investigations that have attempted to examine the possible origins of nonclassical desorption observed
quantify the evaporation of long chain molecules from graphite in other work on the a-Ciifilms. As mentioned previously,
surfaces and from a-GHilms. Tyndall and Waltman measured the evaporation kinetics of
4.1 Energetics of Lubricant Evaporation from Surfaces. Fomblin Zdol from a-CH surfaces and found that the rate
It is clear from our data that thAE},, for Fomblin Zdol on constant for Zdol evaporation decreased with time as the film
graphite increases with increasing molecular weight. Although thickness decreased. In their studies they fit the kinetic data
this result is expected, there is very little published experimental with a rate constant that isme-dependenand has the form
evidence demonstrating the molecular weight dependence ofk(t) = kq(t/to) 1.19-11 Although this empirical form of the rate
Zdol desorption from carbon surfaces. It is interesting to put constant provided a good fit to their data, it is very hard to
into perspective the difference in th&Eﬁes of Zdol 1000 and understand the physical origins of an intrinsic time dependence

4. Discussion
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and it is not needed to describe our data for Fomblin Zdol as a substrate, the basic physics or mechanism of desorption
desorption from graphite. should be the same for Fomblin Zdol from the a;GAd a-CN

The fact that the desorption experiments reported in this papersurfaces used to protect magnetic storage media. The only
have used variable heating rates enables us to explore whethedifference between these surfaces is that although graphite is
the desorption rate constant has an intrinsic time-dependencehomogeneous, amorphous carbon is heterogeneous and consists
The desorption of the Fomblin Zdols from graphite exhibits the of a wide array of binding sites available for lubricant adsorp-
behavior expected for a simple first-order rate constant in that tion. This inhomegeneity would not be expected to change the
the peak desorption temperatuf®, depends on the heating reaction order for desorption but would impact the?, for
rate,3. We can examine the consequences of a rate constant~Fomblin Zdol. Rather than describing the desorption process
which is intrinsically time-dependent on the variable heating with a single desorption energy, one would have to account for

rate TPD experiment. If the heating rate is constdnt To that fact that molecules of Fomblin Zdol are bonded to a variety
+ft, then the desorption rate or the change in coverage with of sites having a range of adsorption affinities.
temperature is given by The AE.measured in this work for desorption of Fomblin
Zdol from graphite are also important from a different point of
r= _C(jj_f: _Igg__?_: ko view. The values ofAEj directly determine the rate of

evaporation for the Zdol lubricant. Th&E} is a measure of
the strength of interaction of the molecule with the surface and
. ; is clearly dependent on the chain length. The valueA
then the change in coverage with temperature becomes also have implications for the diffusive properties k_?)é‘lgsthe
ket lubricants on the disk surfaces. The implication of the chain
do_ b length dependence afE . is that the diffusion kinetics will
ar T-T, also depend on the chain length with the longer chain molecules
exhibiting lower diffusion rates. To provide effective lubrication
The important point to note is that this is not dependent on the of the disk surfaces in future generation hard disk drives, the
heating ratef, and thus, the peak desorption temperatiipe, relative impact of chain length on both evaporation and diffusion
will not depend on heating rate. The results of our experiments must be considered.
clearly reveal that the peak desorption temperature does depend
on heating rate and thus that the desorption of Fomblin Zdol 5. Conclusions
from graphite cannot be described in terms of a rate constant
with an intrinsic time dependence bfl.
There are several possible origins for the fact that the de-
sorption rate of Fomblin Zdol from the surfaces of a;Gitins

If the rate constant were time-dependent with a fdrm koto/t

The desorption kinetics and energetics of oligomeric PFPE
lubricants such as Fomblin Zdol from the graphite surface have
been shown to depend on chain length. If the lubricant is truly

. . . . monodi r nd th rf is hom n hen th rp-
cannot be described with a classical first-order rate constant onodisperse and the surface is homogeneous then the desorp

while the desorption of monodisperse Zdols from graphite can tion kinetics can be described with a classical first-order
. o . + " desorption rate constant. The values of the desorption energies

.AS Tyndall and Waltman point out, Itis possible that ti;e increase with chain length but are independent of coverage.

in their system depends on the thickness or coverage of the
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