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Requirements for grease lubricants that can operate
nnder extreme environmental conditions at high speeds
and high loads over extended periods of time suggested
re-evaluation of fluorinated polymers as grease thickeners.
Commercial PTFE and FEP powders were evaluated and
a wide range of properties were observed. It was thought
that fluorinated polymers with good thermal stability, high
surface area, high critical surface tension, and uniform
particle size and shape would be preferred components of
grease compositions. Qil absorption was shown lo correlate
most directly to criticel surface tension and surface agrea.
Grease compositions were prepared with the powders in
both a perfiuoroalbylether and triftuoropropyl methyl sili-
cone. Separatie - .nd penetration values were in agreement
with predictions based on fluerocarben powder data. The
greases were also evaluated for wear properties. Results
indicated the greases investipated are suitable fm use in
many types of aerospace applicetions.

INTRODUCTION

Present demands and anticipated demands for lubrica-
tion in a variety of extreme environments have engendered
development of many advanced grease formulations. While
a grease in its simplest form consists of a lubricating fluid
thickened with a solid sufficient to impart a semisolid con-
sistency, the problems associated with specific applications
have led to the evolution not only of advanced fluid and
solid materials, but additional third and fourth compo-
nents. Various developments selectively insured better
anlibleed, extreme pressure, wear, thermal, or high speed
properties.

Traditional soap thickeners, namely lithium, calcium,
and sodium stearates predominate in general-purpose
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greases, They are economical and, in a temperature range
of 65 ¥-300 F, lead sufficient consistency to most mineral
oils for the majority of low-speed applications. Nonsoap
thickeners like silica, fiberglass, and ashestos are often
treated to reduce surface activity. Fogether with carbon
blacks and boron nitrides, these yield greases that are
stable to higher temperatures (350 F through 400 F) at
significantly reduced loadings. The difficulty with many
inorganic thickeners lies in their inability to provide ex-
treme pressure and wear properties, Additives like penta-
chlorophenylmercaptoacetic acid are often employed to
help eliminate these deficiencies.

While thickener technology helped to advance the useful
temperature range of grease formulations, lubricating
fiuids underwer © a first-order change. The thermal sta-
bility and volatility of hydrocarbons (mineral oils are the
most conspicuous example) very often limited service of
a grease formulation, In more extreme applications, multi-
purpose greases were quickly superseded by silicone and
polyether-based formulations. The lack of aliphatic car-
bon-hydrogen bonds on the structural backbones of these
compounds eliminated much thermal degradation due to
oxidation. The more recently introduced Auorosilicones
and perfluoroalkylethers preserve these properties and offer
both low surface tension and improved oxidation and
chemical resistance (7).

Like the [ubricating fluids, the organic thickening agents
gradually eliminated aliphatic carbon-hydrogen bonds
from their skeleton. Triazines (ammeline}, arylureas,
polyimides, and fluorinated polymers represent various
solutions to the problem of thermal stability. In general,
they require higher loadings, and formulations are subject
to greater oil separation. Among the thickeners listed
above, fluorinated polymers appear to have immediate
interest. High temperature stability and low coefficient of
friction are salient features of fully fluorinated polymers.
Compounds like polychlorotrifluoreethylene were elimi-
nated early in studies. Unlike carbon-fluorine bond energy
which is higher than carbon-hydrogen bond energy, car-
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ben-chlorine bond energy is lower. Thus, polychlorotri-

fluoroethylene thickeners, as well as halocarbon oils, have

even less stability than polvtrifluoroethylene. Most previ-

ous work with fluorinated polymers eliminated their use
"% grease thickeners for other reasons. The surface energy
of Auorinated materials is so low they are not wet by many
lubricating fluids and thus, no thickening is effected. The
authors found that lubricating greases based on silicone
oils and fluorinated polymers were readily formed when
the TL resins were used as thickeners. The TL thickeners
produced no grease-like structure when combined with
other fluids such as mineral oils and esters.

Recently, new extreme environmental demands have
caused more interest in the subject of fluorinated polymers
in greases. Aerospace is one area responsible. Greases that
can operate over a greater temperature range, ultrahigh
vacuum conditions at high speeds, and heavy loads are
examples of some of these requirements {2). Fortunately,
advances in both Jubricating fluid technology and fluori-
nated polymer powder technology have been accomplished.
Perfluoroalkyl ether and fluorinated silicones of low vola-
tility and, more importantly, low surface tension are now
available. The availability of polytetrafluoroethylene
(PTFE)} powder has been augmented with the addition
of many new grades and types. Fluorinated ethylenepro-
pylene powders are also now available.

This investigation was undertaken in two phases. Tirst,
various parameters were defined that would allow charac-
terization of the fluorccarbon lubricant powders. Tests
were then conducted by appropriate methods to give data
_},; the particle size, particle distribution, surface area,
critical surface tension, particle configuration, coefﬁcxent
of friction, and bulk density of the powders (3). Results
of the first phase suggested trends that may be ohserved
in gressy formulations. In the second phase, two series of
greases were prepared; and data concerned with oil sepa-
ration, wear, extreme pressure, and penetration properties
were collected. Results indicate not only the predictability
of fluorecarbon polymers to act as grease thickeners but
also that the compositions produced have low volatility
and excellent thermal stability, and their lubricating prop-
erties are sufficient for many long-term extreme-pressure
and antiwear applications.

THICKE_NE? CHARACTERIZATION

The behavior of fluorinated polymers in grease compo-
sitions varies widely. This is true even for polymers of the
same molecular composition. PTFE solid lubricants are
manufactured by a variety of techniques including grind-
ing, cryogenic pulverizing, molecular chain scission, and
pyrolysis. It has become evident that physical properties
. --apart from pamcle size and distribution are not uniform
-, for these. powders Fluerinated ethylenepropylene (FEP)
_ powders’ present entirely different characteristics.
i 'Ifhe_low speed coefficient of friction for PTFE and FEP
i () 04- 06') is lower than graphite (0.09) and molyb-
‘_'-_,-.denum. _!Slﬂﬁde {0.17). The static coefficient of friction
T of._PTFE is lower than the dynamic coefficient of friction,
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insuring nonstick-slip properties (4). The low surface
energy of the Auorccarbon resins means that little shear
energy is required to form a soft, continuous Atm of lubri-
cant. The chemical resistance of fluorocarbons is excellent
over a temperaiure range of —400 F to 300 F. Antistick
properties are another advantage; the critical surface ten-
slons of fluorocarbon polymers are below the surface ten-
sions of most liquids. An unusual consequence of this is
that most lubricating greases in which PTFE is a thick-
ener exclude water from interface boundaries and thus re-
duce hydrolytic corrosion (5 and 6). Another feature of
grease compositions containing fluorinated resins is the
clean while color which allows application in textile and
pharmaceutical machinery (7).

Scanning electron micrographs (SEM) reveal particle
configuration directly. Figure 1 is a SEM of Tetrafluoro-
ethylene Lubricant 115 (TL-115), a PTFE lubricant pow-
der, the earliest one introduced and typical of the powders
most widely marketed. It is immediately evident that the
nominal particle-size diameter in microns (107! cm),
which is ordinarily used in describing TL’s, is misleading
since the particles are neither round nor of uniform size.
As will be demonstrated below, this powder is not opti-
mally suited for grease compositions for reasons other than
its dendritic shape. It is perhaps unfortunate that this
material is representative of the TL’s most often tested
in grease compositions. Figure 2, TL-120, is fluorinated
ethylenepropylene (FEP) powder of substantial submicron
size. The particles are quite spherical. Due to its unifor-
mity, low coefficient of friction, and high surface area, this
material is gaining acceptance in lubricating greases and
oils, Figure 3 depicts TL.-102, the smallest-particle PTFE
powder presently manufactured. This material, manuiac-
tured by molecular chain scission, is practically spherical
and isp urrently used in film-forming and aerosol compo-
sitions. It is physically similar to TL-120 and was con-
sidered of iInterest in grease compositions. Figures 4
through 6 depict other TL’s currently available. Figure 4

Fig. 1—TL-115 {1000 X magnification)
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Fig. 2—TL-120 (1000 » magnification)

Fig. 3—TL-102 (1000 X magnification)

is TL-125, a hard granular PTFE powder which, in some
instances, has been found to have considerable thickening
action, Figure 5 is TL-126, a general-purpose lubricant.
Figure 6, TL-103{f, is most widely used in bonded film
applications (7).

Particle size and distribution of the fluorinated powders
are measured by several methods, Traditional sieve analy-
sis is not employed since the particles are smaller than
screens commonly available. Two methods of choice are
Micromerograph and Coulter Counter, The Micromero-
graph operates by exploiting Stoke’s law for particle sedi-
mentation in air under the influence of gravity. For parti-
cles of constant density, this means that particle diameter
(D) equals the time for sedimenting in a 7-foot column
divided into an instrumental constant, D = £, The

k)

Fig. 4—TL-125 {1000 X magnification}

Fig. 5—TL-126 (1000 X magnification)

Coulter Counter operates by dispersing the TL in an elec-
trolyte and drawing the mixture through a conductivity
bridge. Displacement of electrolyte by a TL particle re-
sults in a decrease in conductivity which may be used to
calculate particle volume. This is then converted to micron
diameter by assuming a spherical volume. Results of these
methods for the materials investigated are reported in
Table 1. For both methods, accuracy diminishes in mea-
suring particles smaller than two microns in diameter.

For comparative purposes, Fisher Subsieve data were
obtained, The method is not considered to be accurate
enough for use with particles in the size range of those
used in this investigation. It operates by measuring pres§
sure drop through a sample (a function of surface area)
and assigning an average particle diameter (8).

Coefficient of {riction was determined for the various
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Fig. 6-~TL-103f (1000 X magnification)

TL’s by employing the Dow Corning Compression-Fit
Test. A 0.7510-in pin is forced through a 0.7500-in bush-
ing at a constant rate. By determining the normal force
due to interference and the maximum applied force, a
dynamic coefficient of friction may be obtained. Values
typically obtained for PTFE and FEP are less than those
achieved by lubricating oils and greases. The PTFE pow-
der designated T1-102 was found to have the lowest co-

ficient of friction, 0.06-0.08. An FEP powder demon-

cated a somewhat higher value of 0.07-0.11. The re-
maining PTFE powders evaluated had slightly larger co-
cfficients. Since FEP in fabricated pieces normally has a
higher coefficient of friction than PTFE, the results here
indicate the greater ability of TL-120 to form a Alm over
the contact surfaces. The coefficient of friction of poly-
tetrafluoroethylene powders has been shown to be inde-
pendent of temperature to 500 F.

Surface area is a useful parameter when used in con-
junction with particle-size distribution in estimating the
surface roughness and covering area of a fluorocarbon
powder. These properties are important when fluorocarbon
lubricants are employed as grease thickeners. One of the
most successful methods for determining the surface area
of flusrocarbons is the BET extension for Langmuir mono-
layer adsorption, In this method, 2 monolayer of nitrogen
is adsorbed on a known amount of solid. From the volume
of nitrogen required and the cross-sectional area of the
nitrogen molecule (15.8 A2) the surface area of the solid
may be calculated (9). Since surface area is related to
thickening action of a solid, the authors would predict the
following order of utility for the TL's investigated: TL-
120 > TL-102 > TL-126 > TL-103f > TL-125 > TL-
115.

Critical surface tension is also related to thickenming
action. More impostantly, it furnishes information on the
hehavior of fluorocarbon powders in oils and greases (as
well as aerosols and resin binders). Liquids with surface
tensions below the critical surface tension of TL selids
will wet the surface and show a contact angle of O-degree.
The lower the surface tension of a lubricating fuid with
respect to the critical surface tension of a solid powder,
the greater the thickening action of the solid. Critical sur-
face tension was determined from the contact angle of a
drop of n-dodecane on a block of fluorocarbon powder
compressed at 2,000 psi. This method probably de-empha-
sizes the difference in critical surface tension of the vari-
ation due to processing techniques—the compression de-
stroys particle surface integrity (5 and 6}.

The data collected suggest the thickening action is as
follows: TL-120 > TL-125 > TL-102 > TL-103f > TL-
126 > TL-115. Table 1 tabulates the data. Table 2 is a

comparator of the critical surface tension of the fluoro- -

carbons and other resins against lubricating fluids and
other liquids often used with the TL’s. Tt indicates that,
as a whole, the TL’s would appear to have poor thickening

TapLE I—FLUOROCARBON LUBRICANT (TL) PROPERTIES

DESIGNATION Units TL-102 TL-103[ TL-115 TL-120 TL-125 TL-126
Polymer Base. . .............. PTFE PTFE PTFE FEP PTFE PTFE
Specific Gravity. ............. 2.18t02.28 2.18t02.28 2.153102.20 2.12t02.18§ 2.16t02.24 2.16t02.28
Particle Size.................. microns
Micromerograph Maximum, . . . i7 28 34 16 32 24
90% below................... 13 18 20 10 20 16
0%below................... 3 8 i0 2 10 8
Coulter Counter Maximum. . .. microns 20 3 33 19 26 24
90% below................... 15 20 16 10 15 i4
S0%below. ... o 6 9 8 2 7 3
Scanning Electron Microscope. . microns 3108 8 10 30 6 to 25 112 8 to 23 6 to 23
Fisher subsieve Sizer. ... ... ... microns 1to?2 1tod 1tod <1 1i04d 1tod
Surface Area. ...._........... meters?/gram 7.6 5.3 1.2 10.1 2.1 6.3
Ceefficient of Friction......... 0.06 tc 0.08 0.07t00.11 0.08t00.14 0.07t00.10 0.05tc0.12 0.06t00.012
Critical Surface Tension. . . . ... dynes/cm 20.9 20.7 19.4 21.9 21.5 20.2
Rulk Density (Uncompacted).. grams/liter 423 525 473 400 425 400

(£25 g/)
vseful Temperature Range. .. .. °F —400 to —400 to —400 to —400 to —400 to 400 to
-+-500 ~4-500 -+500 +4-450 -+ 500 -+300
Oil Absorption Number.... .. .. Ibs oil/lhs TL 40.9 43.9 34.7 47.3 4.4 3g.4
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TasLe 2—SURFACE TENSION COMPARISON

CRriTICAL Liguip
SURFACE SuRFACE
TEexsiON TENsION
Sorip PoLvaER dynez/cm dynes/cm Liguin
e.0 dichlorodifiuoromethane
12.5 dichlorotetrafluoroethane
16.2 methyl chloride
16.0-16.7 perfluoroalkylethers [ow MW
17.3 carbon tetrachloride
17.3 trichlorotrifiuoroethane
18.2 n-propyl chloride
18.4 n-hexane
17.7-18.5 perfluorozlleylethers medium MW
Polytetrafluoroethylene. . . . 18.5
19.0 trichloroflueromethane
19.3-20 perfluoroalkylethers high MW
TLIISPIFE, ... ..... 1.4
19.7 n-butylamine
19.9 polydimethylsilozane (pentamer)
TL126 PTFE............ 20.2
20.4 n-heptane
20.7 t-butanel
TLI103 PTFE............ 20.7
TLI10ZPTFE............ 20.9
21.2 acetaldehyde
TLI15PTFE, ........... 21.5
21.8 n-octane
TLI20FEP. ............ 21.9
22.3 ethanol
22.6 methanol
24,0 n-decane
Polytrifluoroethylene. ... .. 25.0
25.2 triffuorapropylmethylpelysilosane
25.4 n-dodecane
26.5 methylene chloride
26.7 n-tetradecane
Polyvinylfluoride. . .. ..... 28.0
28.8 benzene
30-32 400 MW mineral oil
Polyethylene. ............ 31.0
Polychlorotrifluorcethylene. 31.0
32.3 carbon disulfide
Polystyrene.............. 33.0
Polyvinyl Alcohal......... 37.0
Polyvinyl Chloride........ 39.0
Nylon11,............... 39.0
72.35 water

action with mineral oils, nominal thickening action with
nonfluorinated silicones, and appreciable thickening action
with fluorinated compounds.

Oil absorption number provides a direct test for the
relative absorbtion action of TL’s. Critical surface tension
and surface area generate useful, but in many instances
inconclusive, data which oil abserption tests can resolve.
This method (ASTM D-1483) involves titration of linseed
oil onto a known amount of TL until free oil appears. The
number is reported as pounds of cil per 100 lbs of TL.
Both critical surface tension and surface area indicate
that TL-120 and TL-115 would have the greatest and
least thickening action respectively. This is supported by
0il absorption data in Table 1. Ore unusual result is the
relatively high thickening action of TL-125. Surface area

140

measurements suggest poer resutts but actual results show
high sensitivity to critical surface tension.

These data suggest that the utility of various TL’s in
grease compositions would be TL-120 > TL-125 > TL-
103f > TL-102 > TL.126 > TL-115. This order is af-
fected by the volume of material tested. In this method
of evaluation, TL-102, for example, is present in larger
volume than TL-103f, although weights are the same. Bulk
densities are reported in Table 1. At low levels of additien,
bulk density is of lesser importance since intensive dis-
persion would give results dependent on actual particle
density. At higher levels where process parameters
more important, bulk density as well as particle config
ration, become more important, For these reasons, TL-1
should rise in our ranking and also, to a lesser degree,
TL-126.
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OIL CHARACTERIZATION

This investigation was limited to the study of only two
base oils for use in the grease formulations. Both of the
Leme oils, a trifiuoropropylmethyl polysilozane and a per-
voalkyl ether, are high density materials, the ether
having the higher density of the two. The ether, also, has
the higher viscosity. These oils were selected on the basis
of their predicted response to thickening of the PTFE and
FEP powders. The distinguishing characteristics of these
base oils are given in Table 3.

GREASE CHARACTERISTICS

In the preparation of the greases, the base oil and
thickener were intimately mixed, and final dispersion was
accomplished by milling {or six passes on a high speed
three-roll mill equipped with dual hydraulic roll adjust-
ment and pressure equalizers. Milling was conducted at
150 psi pressure on the back roll and 175 psi on the front
roll,

The six TL thickeners were used in 30 percent concen-
trations with the perfluoroalky! ether base oil. The con-
sistencies of these greases ranged from 233 to 260 ASTM
penetrations (NLGI Grade 3}, the penetration of the
greases being the depth in tenths of a millimeter that a
standard cone penetrates the sample under prescribed con-
ditions of weight, time, and temperature. Upon working
for 10,000 double strokes, consistencies of the greases were
from 262-290 (NLGI Grade 2). This working only sub-

Tasre 3—0IL CHARACTERISTICS

TRIFLTORD-
PROPYLMETHYL PERFLUORG-
POLYSIZOXNANE ALEYL ETrER
Density, g/cc @ 77 F..... 1.2160 1,80350
Surface Tension, dynes/cm
@7TF. ..., 25.2 17.9
Pour Peint, “F. .. ........ —63 -30
Viscosity @ 0°F. . ....... 1,830 33,000
Viscosity @ 100T........ 75.4 279.0
Viscosity @ 210 F .., . .... 14.5 26.3

jects the grease to the shearing action of the standard
grease worker. TL-103f and TL-115 yielded greases with
the greatest change in consistency en working. These two
also had the highest total oil separation at 400 ¥. This was
predicted earlier by surface area and critical surface len-
sion data. Steel-on-steel wear and dropping point data
did not indicate any significant differences among this class
of greases. These data are given in Table 4.

Greases were prepared from the trifluoropropyimethyl
polysiloxane oil and five of the six thickeners. Thirty-five
percent thickeners produced greases with ASTM penetra-
tions ranging from 313 to 342 (NLGI Grade 1). Oualy
TL-115 failed to produce a grease in concentrations as high
as 40 percent. Four of the five greases had penetrations
ranging from 303 to 339 after 10,000 strokes of working.
The grease prepared from TL-103f softened to a 380 pene-
tration {NL.GI Grade 0). These results were also pre-
dicted by surface area and critical surface tension data.
The TL-102 grease showed a significantly stiffer consis-
tency after 10,000 strokes of working. These data are
shown in Table 5.

Formulated greases employing antimony dialkyldithia-
carbamate as an extreme-pressure antiwear additive were
prepared from the trifluoropropyimethyl polysiloxane to
demonstrate the performance potential of one class of
grease utilizing the PTFE and FEP thickeners. Only TL-
115 failed to produce a grease. All of the other thickeners
except TL-103f showed similar thickening efficiency. TL-
103f produced a slightly softer consistency. TL-102 and
TL-125 greases showed similar high temperature perfor-
mance characteristics in 20-mm bearings when tested in
accordance with FTMS 791-333. Their average perfor-
mance was 700 to 800 hours. Performance lives of all other
greases ranged from 1,300 to 1,500 hours. Table 6 shows
these data.

SUMMARY AND CONCLUSIONS

The stability or instability of greases produced from
perfluoroalky] ether and trifluoropropylmethyl polysilox-
ane oils thickened by PTFE or FEP thickeners were pre-
dicted in this study. The predictions were based on surface

TasLE 4—PERFLUOROALKYL ETHER GREASES

A B C D L F
Perfluorcalkyl ether fuid, 9. ................ 70 70 70 70 70 0
TLA02, Tho o
TLA203E, Go o 30
CTLAAZ0, Yoo 30
S TEARIS, G 30
COTLS, G e 30
TLA6E. .. 30
‘Penetration, 0 stroke, mm/10 @ 77 F. ........ 240 239 233 235 260 238
- Penetration, 60 strokes, mm/10 @ 77 F.. ... .. 257 275 260 242 279 257
.Pcnctr?tign, 10,000 strokes, mm/10 @ 77 F.... 266 285 262 262 290 273
Dropping Point, °F. ... 397 355 411 360 385 391
Oil Separation, 30 hes @ 400 F, %............ 12.1 17.0 12.6 14.3 18.8 12.3
il Sepasation, 30 hrs @ 450 F, %............ 16.5 20.7 19.9 19.6 18.6 16.5
FBall Wear, mm*. ... 0.91 0.97 0.89 0.93 0.99 0.92

,E(JD_.H_J:IQ, 450 F, 40 kg, 2 hrs, M-10 steel.
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TarLe 5—TRIFLUOROPROPYLMETHYL POLYSILOXANE GREASES

G H I J K
- Trifluoropropyimethyl polysiloxane fluid, %..... 65 65 63 63 60
02, B e e 35
TLAO3E, Ty oo 35
TLA20, T 35
L1, G 35
B T 40
TL-126P, O e e 33
Penetration, O stroke........... e aana 328 342 313 309 400+ 332
Penetration, 60 strokes. .......... ...l L. 322 367 335 324 4004 335
Penetration, 10,000 strokes..........coooun. .. 303 3350 339 318 4004 328
Dropping Point, ®F. . ... 0o cvniiiiiiiinnn.. 464 404 449 425 ... 476
Oil Separation, 30 hrs @ 400 F, %............. 18.3 19.4 19.8 18.3 18.4
Oit Separation, 30 hrs @ 450 F, %............. 22.4 24.8 26.3 26,4 25.5
4Ball Wear, mm™. . ... ... ..o i 1.61 1.67 1.62 1.63 1.69
* 1,200 rpm, 450 F, 40 kg, 2 hrs, M-10 steel.
TasLy 6—FORMULATED TRIFLUQOROPROPYLMETHYL POLYSILOXANE GREASES
M N o P Q R
Triflueropropylmethyl pelysiloxane fluid, %. . 62 62 62 62 62 62
5 P L4 33 v
TL-103E. e 33
120, . e e 33
BN L 33
TL-115. e 33
TL-126P. 33
Antimony dialkyldithio carbamate, %....... 5 3 5 5 5 5
Penetration, 0 stroke, mm/10 @ 77 F....... 208 330 384 300 400+ 304
Penetration, 60 strokes, mm/10 @ 77F. .. .. 311 346 313 303 400+ 311
FPenetration, 10,000 strokes, mm/10 @ 77 F.. 310 345 313 310 400 31
Dropping point, *F... ... ......... . ... 412 301 426 388 ... 426
Oil Separation, 30 hrs @ 450F, %.......... 23.5 29.3 25.6 26.3 251
4-Ball Wear, mm™, ....................... 0.91 1.19 1.14 1.19 1.24
4-Ball Wear, mmt........................ 1.55 1.46 1.38 1.40 1.37
4-Ball Wear, mmt. ....................... 1.25 0.07 1.00 1.15 (.98
High Temperature Performance Hours§. . ... 795 1350 1323 685 1495
* 1,200 rpm, 450 F, 40 kg, 2 hrs, M-10 steel. 11,200 rpm, 167 F, 40 kg, 2 hrs, 52-100 steel.
11,200 rpm, 430 F, 40 kg, 2 hrs, 440C stainless steel. § 10,000 rpm, 450 I, 5 1bs, 20 hours per day.
area, critical surface tension, particle size, and oil absorp- TaBLE 7-RANKING OF TL POWDER THICKENING
tion data on the thickeners, and surface tension data on CHARACTERISTICS, EXPERIMENTAL
the base oils. It was predicted that the most stable greases VERSUS THEORETICAL
would be produced from the TL solids having the smallest :
particle size, the highest oil absorption and surface area Crizicar
’ ! SURFACE Surrace  OIiL As- Con- PerETRA~
and the highest critical surface tension with respect to the AREA TENSION  SORPTION  SENSUS TTON
surface tension of the oil. TL-120 fluorinated ethylene- — " — -
prOpy!ene was found to be the most exemplary of the TL gi;(‘); %Eigg ,g:igg ,ﬁiigg ,},i'gg
materials in regard to these parameters. The reverse was TL1%6. . TL.102  TL-163f  TL-102  TL-10?
true of TL-1135, Based on grease consistency and retention TL-103......... TL030  TL-102 TL-103f  TL-126
of consistency during shearing, greases prepared from TL- TL-125. . ........ TL-126 TL-126 TL-126 TL-103f
TL-113.......... TL-115 TL-115 TL-115 TL-115

120, TL-125, and TL-102 were the most stable while those
prepared from TL-115, TL-103f, and TL-126 were the
least stable. The experimental thickening characteristics of
the TL powders as determined by ASTM penetration
versus predictions of thickening by surface area, critical
surface tension, and oil absorption are ranked in descend-
ing order in Table 7. There is some agreement between
the experimental results and the predictions when the pa-

rameters are examined individually. When all of the pa-
rameters are considered collectively, there is very clog
agreement between the theoretical predictions and the
perimental consistency results. These data show that the
thickening characteristics of at least one class of solids are
related to the surface characteristics, surface area, critical




surface tension, and oil absorption. Similar investigations
can be conducted to determine if these findings are true
for other classes of grease thickeners.
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