
GEAR OIL COMPOSITION BACKGROUNDOF THE INVENTION 1.
Field of the Invention [0001] The present invention
relates to a gear oil composition, more specifically a
gear oil composit ion for vehicle driving systems, in
particular that for final reduction gears. 2.
Description of the Related Art [0002] Recently,
development/establishment of the fuel-saving
technologies which contribute to abatement of global
environmental load materials exhausted from vehicles
and. other engines and also to reduction of fuel
consumption are becoming more and more important, as
measures for preservation of global environments are
becoming unavoidable issues. For various vehicle
lubricating oils, efforts are extensively directed to
reduction of viscosity and friction to improve
mileage- [0003] In these efforts to improve mileage,
it is an important premise for a lubricating oil to
retain its existing performance characteristics, even
when it is reduced in viscosity. For example, it is
essential for a vehicle gear oil as one of lubricating
oils for vehicle driving systems, in particular that
for final reduction gears, to keep load resistance
characteristics, beginning with extreme-pressure
characteristics and wear resistance, as will be
understood. [0004] More specifically, a final
reduction gear (differential gear), which is mounted
in a vehicle driving system together with a
transmission, has two functions; (l) function of
further reducing power which has been reduced by a
transmission and deflecting the reduced power at a
right angle, and (2) differential function for
securing smooth driving of a vehicle even when its
right and left drive wheels rotate at a different
speed, which occurs when a vehicle turns. A hypoid
gear used as a gear transmission mechanism for a fiaal
reduction gear is exposed to severe conditions and
needs a gear oilwhich can work under severe
lubricating conditions, e.g., high speed and high
load. Therefore, a gear oil for hypoid gears must have
excellent load resistance characteristics (e.g.,
resistance to seizure and friction). Reduction of
viscosity should be achieved on the premise that it
retains capability of forming an oil film between
gears, accordingly. [0005} It is therefore necessary
to achieve mileage improvement by reducing gear oil
viscosity on the premise that it still retains
high-temperature characteristics not affected by the
reduction. For this reason, it should have a certain
viscosity necessary t o form and retain an oil film at
high temperature, [0006] A lubricating oil has been
generally incorporated with a viscosityindex improver
to secure a certain viscosity at high temperature.
However, a viscosity index improver involves a problem
that it cannot secure an oil film thicker than
expected, because a high "molecular -weight polymer as
a viscosity index improver component tends to be
oriented under high shear stress conditions. [0007] As
a result, lubricating oils of reduced viscosity have
not been commercialized for final reduction gears, and
most af the commercial ones have a kinematic viscosity
of 85 mm2/s or more at 40C, and no lubricating oil
havi ag a kinematic viscosity reduced to 80 mm2/s or
less is commercially available for final reduction
gears. [0008] In. consideration of these situations,
Japanese Patent No 2,555,284 proposes a lubricating
oil composition comprising (A) a mineral-based base
oil having fluidity at low temperature (kinematic
viscosity of 1.6 t o 50 cSt at 100 C and pour point of
-30C or lower), (B) 0.5 t o 20% by mass of an
ethylene- a-olefin copolymer having a number-average
molecular weight of 2,000 to 8,000, and (C) an
extreme-pressure agent, wear resistance improver,
oilness improver and detergent additive, as a
lubricating oil of improved temperature-related
characteristics which can prevent reduction of
permanent viscosity of multr grade oil incorporated
with a viscosity index improver, keep a certain
viscosity at high temperature andhave a low viscosity
even at low temperature. [0009] However, the
lubricating oil composition disclosed by Japanese
Patent No. 2,555,284 contains an ethylene-olefin
copolymer as the component B which has a high number
average molecular weight of 2,000 to 8,000. A
copolymer having a number-average molecular weight of
3600 has a kinematic viscosity of 200 mm2/s or more,
as described in EXAMPLES. A lubricating oil
composition containing an ethylene- a-olefin copolymer
having such a high molecular weight involves a problem
of difficulty in securing bearing fatigue life
characteristics due to its insufficient capability of
forming an oil film. [0010] Use of a molybdenum-based
friction modifier and polymethacrylate-based viscosity
index improver has been studied as an energy-saving
technique, noting a possibility of reduced friction
even after the lubricating oil composition
incorporated with them is deteriorated by oxidation
(Japanese Patent No. 2,906,024) Hrweyer, many friction
modifiers have a drawback of insufficient durability.
Therefore, use of a fr iction modifier for saving fuel
is considered to involve many problems to be 



solved. [0011] These situations have been keenly
requiring development of gear oils for vehicle driving
systems, in particular final reduction gears, which
can secure an oil film at high temperature and keep
bearing fatigue life characteristics even when they
are reduced in viscosity, knowing that reduction of
lubricating oil viscosity is one of the most effective
xneastires for fuel saving.. SUMMARYOF THE INVENTION
[0012] It is an object of the present invention to
provide a gear oil composition, more specifically a
gear oil composition for vehicle driving systems, in
particular final reduction gears, which can improve a
fuel-saving effect by reducing its viscosity and, at
the same time, secure bearing fatigue life
characteristics.[0013] The inventors of the present
invention have found, after having extensively studied
to solve the above problems, that the above object can
be accomplished by a gear oil composition which
comprises 2 or more species of base oils of different
viscosity, more specifically a low-viscosity base oil
composed of a mineral-based oil and/or
hydrocarbon-based synthetic oil having a kinematic
viscosity specified at 3.5 to 7 mm2/s at 100C and
high-viscosity base oil composed of a mineral-based
oil and/or hydrocarbon-based synthetic oil having a
kinematic viscosity specified at 20 to 52 mm2/s at
100C, and has a specific kinematic viscosity at 40C,
achieving the present invention. [0014] The present
invention provides a gear oil composition which
comprises a base oil (A) and another base oil (B),
described below, and at least one species of additive
for gear oil, and has a kinematic viscosity of 80
mm2/s or less at 40C: (A): a mineral-based oil and/or
hydrocarbon-based synthetic oil having a kinematic
viscosity of 3.5 to 7 mm2/s at 100C, and (E) a
mineral-based oil and/or hydrocarbon-based synthetic
oil having a kinematic viscosity of 20 fco 52 mm2/s at
100C. [0015] The present invention also provides a
base oil for gear oil composition, which contains (A)
a mmeral-based oil axid/or hydrocarbon-based synthetic
oil having a kinematic viscosity 3.5 to 7 mm2/s at
100C, and (B) a mineral-based oil and/or
hydrocarbon-based synthetic oil having a kinematic
viscosity of 20 to 52 mm2/s at 10OC. [0016] The
present invention also provides a method for reducing
fuel consumption at vehicle final reduction gears by
use of the gear oil composition which contains (A) a
mineral-based oil and/or hydrocarbon-based synthetic
oil having a kinematic viscosity 3.5 to 7 mm2/s at
100C and (B) a mineral-based oil and/or
hydrocarbon-based synthetic oil having a kinematic
viscosity of 20 to 52 mm2/s at 100C, and has a
kinematic viscosity of 80 mm2/s or less at 40C.[0017]
The gear oil composition of the present invention,
which is for vehicle gears and in particular for final
reduction gears, is composed of a combination of at
least 2 species of base oils each having a viscosity
in, the above-described range and has a specific
kinematic viscosity red d ed to 80 mwfifs or less at
4OC, as described above. Tbi$ composition brings an
advantage of improving fuel saving effect while
keeping good bearing fatigue life characteristics
which tend to conflict with a fuel saving effect.
[0018] The present invention comprises a
high-viscosity base oil composed of a mineral-based
oil and/or hydrocarbon-based synthetic oil to contain
specific high-viscosity components, and a
low-visco$ity base oil composed of a mineral-based oil
and/or hydrocarbon-based synthetic oil, to expand the
molecular weight distribution range. This composition
can bring a high viscosity index effect of keeping a
high viscosity at high temperature to achieve fuel
saving by viscosity reduction. At the same time, it
can form and retain an. oil fxn of sufficient
thickness to keep the so-called fluid lubrication
condition on a friction surface. [0019] Increased oil
film thickness to a sufficient extent can protect a
friction surface from damages, to greatly improve
bearing fatigue life characteristics . BRIEF
DESCRIPTION OF THE DRAWINGS [0020] The foregoing and
further objects, features and advantages of the
invention will become apparent from the following
description of preferred embodiments with reference to
the accompanying drawings, wherein like numerals axe
used to represent like elements and wherein: FIG. 1 is
Fig. 1 illustrates a system for analyzing oil film,
based on light interference. DETAILEDDESCRIPTION OF
TBE PREFERRED EMBODIMENTS [0021) The present invention
provides a gear oil composit ion of reduced viscosity,
comprising a Mgh viscosit y base oil having a specific
kimematicviscosity, which is diluted with a
low-viscosity base oil t o an extent that the
composition has a kinematic viscosity of 80 mm% or
less at 40C, as described above. The preferred
embodiments of the present invention include the
following items l ) to 8). [0022] 1) The
above-described gear oil composition, wherein
difference 



between the lowviscosity base oil and high-viscosity
base oil in kinematic viscosity at 100C is 13 mm2/s or
more, 2) The above-described gear oil composition,
wherein the low-viscosity base DiI comprises one or
more species of mineral-based oil and/or
hydrocarbon-based synthetic oil composed of
poly-a-olefin or ethylene- a-olefin copolymer having a
kinematic viscosity of 3.5 to 7 mm2/s at 10OC. 3) The
above-described gear oil composition, wherein the
high-viscosity base oil comprises one or more species
of hydrocarbon-based synthetic oil composed of
poly-a-olefin and/or ethylene- a-olefin copolymer
having a kinematic viscosity of 20 to 52 mm2/s at
100C. 4) The above-described gear oil composition
which is incorporated with at least one species of
additive selected from the group consisting of
sulfur-based additive, phosphorus-based additive,
ashless dispersant, pour point depressant,
axitifoaming agent, antioxidant, rust inhibitor and
Motion modifiex. 5) The above-described gear oil
composition which is incorporated with at least one
species of extreme -pressure additive selected from
the group consisting of sulfur-based one and
phosphorus-based one, and at least one species of
additive selected from the group consisting of ashless
dispersant, pour point depressant, antifoaming agent,
antioxidant, rust inhibitor, corrosion inhibitor and
friction modifier. 6) The above-described gear oil
composition, wherein the sulfurbased additive is of a
sulfided olefin, and phosphorus-based additive is of
an alkylamine salt of acidic phosphoric acid ester
and/orr acidic phosphorous acid ester. 7) The
above-described gear oil composition which is further
incorporatedwith an ester-based solubilizing agent. 8)
The above-described gear oil composition which is used
for vehicle final reduction gears. [0023] The
constituent components of the gear oil composition of
the present invention are described in detail. [0024]
The gear oil composition of the present invention is a
mixture of , (A) a low-viscosity base oil and (B) a
high-viscosity base oil, and (C) one or more'
additives for gear oil as required, where these
components are incorporated in a controlled ratio to
have a composition kinematic viscosity not exceeding
80 mm2/s at 40C. It has a kinematic viscosity
controlled at 80 mm2/s or less at 40 C, preferably 70
to 80mm2/s , particularly preferably 70 t o 76 kim2/s
to improve fuel saving effect. [0025] The base oil for
the gear oil composition of the present invention
comprises (B) a high -viscosity base oil having a
kinematic viscosity of 20 to 52 mm2/s at 100C, diluted
with (A) a low-viscosity base oil having a kinematic
viscosity of below 20 mm2/s at 100C, preferably 3.5 to
7 mm2/s, to an extent that the composition comprising
the components (A), (B) and (C) has a kinematic
viscosity of 80 mm2/s or less at 40C. [0026] The gear
oil composition of the present invention can have a
desired composition when the mixing ratio of (E)
low-viscosity base oil to (A) high-viscosity base oil
is set by a common lubricating oil blending procedure
while considering viscosity of each component, because
the additive has a limited effect on composition
viscosity, as discussed later. [0027] The gear oil
composition of the present invention is developed
based on the findings that a combination of a
lovrviscosity base oil and high-viscosity base oil of
different kinematic viscosity at 100C expands
molecular weight distribution range of the
composition, bringing advantages of high viscosity
index effect of keeping a high viscosity at high
temperature, and formation of oil film of sufficient
thickness t o keep the fluid lubrication con dit ion
on a friction surface to prevent its damages. A
preferable difference between the low-viscosity base
oil and high-viscosity base oil inkinematic viscosity
at 100C is 13 to 48.5 mm2/s, more preferably 13.5 to
43,5 mm2/s, viewed from improvement of both viscosity
index and bearing fatigue life characteristics, The
difference of 50 mm2/s or more is observed to
deteriorate bearing fatigue life characteristics,
although having little effect on viscosity index.
[0028] The high-viscosity base oil to be blended with
the low-viscosity base oil has a kinematic viscosity
at 100C in a specific range unforeseen by conventional
techniques t o realize expression of high viscosity
index and increased oil film thickness, and thereby to
simultaneously satisfy fuel saving effect and bearing
fatigue life characteristics. [0029] It is also found
that increased oil film thickness in a fluid
lubrication condition can avoid damages of a friction
surface, and improve bearing fatigue life
characteristics and load resistance characteristics
(e.g., extreme-pressure characteristics and wear
resistance) required for a gear oil. [0030] The
preferable low-viscosity base oil is composed of a
mineral-based oil and/or hydrocarbon-based synthetic
oil having a kinematic viscosity of 7 mm2/s or less at
100C, particularly preferably 3.5 to 7 mm2/s.
Incorporation of a low-viscosity base oil having a
kinematic viscosity above 7 mm2/s at 100C may
deteriorate fuel-saving effect of the gear oil
composition, 



When it has a kinematic viscosity below 3.6 mm2/s at
100'C, on the other hand, the composition may not have
a sufficient viscosity index at high temperature,
possibly failing to express an effect of mixing base
oils of different viscosity and exhibiting
deteriorated bearing fatigue life characteristics .
[0031] The preferable higlrviscosity base oil is
composed of a hydrocarbon-based synthetic oil having a
kinematic viscosity of 20 to 52 min 2/s at 100C, more
preferably 20 to 40 mm%. The synthetic oil is
particularly prefkrably composed of a poly-a-olefin
and ethylene- a-olefia copolymer The gear oil
composition, when incorporated with a high-viscosity
base oil having a kinematic viscosity below 20 mm% at
100C, may not form an oil film of sufficient
thickness, possibly failing to exhibitsufficient
bearing fatigue life characteristics. Incorporation of
a high-viscosity base oil having a kinematic viscosity
above 52 mm2/s at 100C, oix the other hand, the
composition may have an unexpectedly deteriorated ail
film forming capability, possibly failing: to secure
bearing fatigue life characteristics. [0032] Various
base oils for preparation of the low-viscosity and
high-viscosity base oils are described below. The
mineral-based base oils (including GTL-based one)
useful for the lowviscosity and high-viscosity base
oils include vacuum distillates of paraffinic,
intermediate and naphthenic crudes as lubricating oil
fractions treated by one or more processes selected
from solvent refining, hydrocracking, hydrotreating,
hydrorefining, solvent dewaxing, catalytic dewaxing,
clay treatment and so forth; deasphalted oils produced
by solvent deasphalting and treated by one or more of
the above processes; mineral-based oils produced by
wax isomerization; and a mixture thereof. [0033]
GTL-based base oils include lubricating oil fractions
separated frsxn liquid products produced from natural
gas or the like as a starting material, and
lubricating oil fractions produced by hydrocrackitig
of produced way. Lubricating oil fractions separated
from liquid products produced by an asphalt-to-li
Vttdd (ATL) process which treats heavy residue
fractions, e g., asphalt, are also useful as the base
oils for the present invention. [0034] The solvent
refining process uses an aromatic extractant, e g.,
phenol, furfural, or N-methyl 2-pyxroli done. The
solvent dewaxing process uses a solvent, e.g.,
liquefied propane or methylethylketone (MEK)/toluene.
The catalytic dewasing process uses a dewaxing
catalyst, e.g., shape-selective zeolite. [0035] The
above-described mineral-based base oils are provided
as light neutral, intermediate neutral or heavy
neutral oils, bright stocks, or the like depending on
their viscosity level. [0036] On the other hand,
synthetic base oils may be selected from
hydrocarbon-based ones, including the
hydrocarbon-based polymers andcopolymers listed below.
Poly-a-olefins; The poly-crolefms useful for the
present invention include roly-1-hexene, polyl-octene,
polyl-decene and a mixture thereof. The monomers for
the poly-a-olefjns are not limited to the above, but
normally include olefins of 4 to 10 carbon atoms,
which may be used either individually or in
combination as polymerization feed stocks. Polybutene
Ethylene- a-olefin copolymer The ethylene-croJefin
copolymers useful for the present invention include
copolymers of ethylene and orolefin copolymer of 3 to
20 carbon atoms, such as propylene, 1-butene, 1-qctene
or 1-decene. These copolymers may be used either
individually or in combination. [0037] These synthetic
oils are hydrocarbon-based ones of low polymerization
degree, with a desired viscosity which can be realized
by controlling polymerization degree. Those having a
kinematic viscosity of around 10 to 3000 mm2/s at 100C
are commercially available, and the low-viscosity and
high-viscosity base oils for the present invention may
be selected from these products having an adequate
viscosity. (0038] Starting materials for the synthetic
base oils include alkylbenzene (dodecylbenzene,
tetradecylbenzene, di(2-ethylhe3.yl)benzene and
dinonylbenzene); polypheny! (e.g., biphenyl and
alkylated polyphenyl); and alkylated diphenyl ether,
alkylated diphenyl sulfide and a derivative thereof).
[0039] The particularly preferable low-viscosity base
oils as a component of the gear oil composition of the
present invention include a mineral-based 011 produced
by solvent reftning, hydrotreating or the like, and
hydrocarbon-based synthetic oil, e.g., polycrolefin
(PAO) or ethylene -a-olefin copolymer (EAO), having a
kinematic viscosity of 8.5 to 7 mm2/s at 100C, of
which a mineral-baaed oil is more preferable viewed
from economic efficiency. [0040] The high-viscosity
base oil may be a mineral-base of hydrocarbon-based
synthetic one, the latter being particularly
preferable.When two or more oils are used, they are
adequately mixed to have a kinematic viscosity of 20
to 52 mm2/s at 100C, preferably 20 to 40 mm2/s, The
preferable high-viscosity base oil is a hydr
acarboivbased 'synthetic oil, in 



particular ethylene- a-olefin copolymer or
polycrolefin. [0041] Next, additives useful for the
gear oil composition of the present invention are
described. It is essential for the gear oil
composition of the present invention to have high load
resistance characteristics as a gear oil for vehicle
driving systems. It is particularly required to
form/retain a thick oil film between gears for a
hypoid gear of final reduction gear, and is hence
incorporated with a sulfurbased additive as an
extreme-pressure agent and/or phosphorus-based
additive as a wear resistance improver to further
improve load resistance characteristics by keeping
extreme-pressure performance. [0042] The sulfur-based
additives useful for the present invention include
those containing at least one species of sulfur
compound, selected from hydrocarbon sulfide and
sulfided ouVfat compounds, represented by sulfided
olefins. [0043] The hydrocarbon sulfide compounds
include the sulfur compounds represented by the
general formula (I) [0044] In the general formula (l),
Ri and Rz are each a linear or cyclic hydrocarbon
group, and may be the same or different. Each may be a
linear or branched alkyl group of 1 to 20 carbon
atoms; linear or branched alkenyl group of 2 to 20
carbon atoms; aromatic group of 6 to 26 carbon atoms
or alicyclic group of 3 to 26 carbon atoms, for
example. The aromatic group may be substituted with an
alkyl or alkenyl group of 4 t o 12 carbon atoms. The
preferable hydrocarbon groups include alkyl and
alkenyl groups of 4 t o 12 caxbon atoms. More
specifically, the alkyl groups include butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl
and a branched isomerthereof. The alkenyl groups
include butenyl, pentenyl, hexenyl, heptenyl, octenyl,
nonenyl, decenyl, undecenyl, dodecenyl and a branched
isomer thereof. [0045] In the general formula (l), "x"
is an integer of 1 or more, preferably 2 or more.
Those represented by the general formula (1) include
mono-, dr, tri- and polysulfide compounds. [0046]
Accordingly, the preferable compounds represented by
the general formula (1) include dialkyl polysulfides
and dialkenyl polysulfides. More specifically,
diisobutyl disulfide, diisobutyl polysulfide, dihexyl
polysulfide, dioctyl polysulfide, di-t-nonyl
polysulfide, didecyl polysulfide, didodecyl
polysulfi.de, diisobutylene polysulfide, dioctenyl
polysulfide and dibenzyl polysulfide, of which wore
preferable ones are stdfided olefins (e.g., diisobutyl
polysulfide), A sulfided olefin can be produced by
sulfiding an olefin, e.g., polyisobutylene, in the
presence of a sulfxding agent. The preferable
polyeulfides for the gear oil composition, of the
present invention include those containing elementary
sulfur at 1 to 5% by mass, more preferably 1.5 to 3%
by mass. [0047] Sulfided oils/fats wxclude a product
by reaction between an oil/fat and sulfur, containing
elementary sulfur at 5 to 20% by mass. [0048] The
s\dfur-based additive is incorporated at 1 to 5% by
mass as elementary sulfur on the whole gear oil
composition, particularly preferably 1,5 t o 3% by
mass. [0049] The phosphorus-based additives useful for
the present invention include a phosphate ester,
phosphite ester, acidic phosphate ester, acidic
phosphite ester and amine salt thereof, At least one
species selected from the above compounds wxay be
incorporated, [0050] The phosphate esters can be
represented by, for example, the general formula
(2):[0051] The phosphite acid esters can be r
epxesented by the general formula (3): [0052] In the
general formulae (2) and (3), R1 and R2 are each a
hydrocarbon group, preferably alkyl, alkenyl, aryl or
alkylaryl group of 1 or more, preferably 4 or more,
particularly preferably 4 t o 20 carbon atoms. R1 and
R3 may be the same or different. The alkyl and alienyl
groups may be linear or branched. In these formulae,
"m" and "n" are each au integer of 1, 2 or 3. A
plurality OfR1Smay be the same or different, and so
are R2s . [0053] Oleyl acid phosphate [a mixture of
(Ci8HSsO)P(OH)SO and (C18H35O)2P(OH)O] and dioleyl
hydrogen phosphite [(C18H33O)2P(OH)] can be cited as
representative acidic phosphate ester and acidic
phosphite ester, respectively. [00541 An alfcylamine
salt of acidic phosphate ester is a product by
reaction between an acidic phosphate ester and
alkylamine, represented by, for example, the general
formula (4): [0055] An alkylaroine salt of acidic
phosphite ester is represented by, for example, the
general formula (5): [0056] In the general formulae
(4) and (5), R4 and R5 are each ahydrocarbon group,
preferably alkyl, alkenyl, aryl or alkylaryl group of
1 or more, particularly preferably 4 to 20 carbon
atoms, The alkyl and alkenyl groups may be linear,
branched or cyclic. R6 and R7 are each a hydrocarbon
group, preferably alkyl, alkenyl, aryl or alkylaryl
group of 1 or more, particularly preferably 4 to 20
carbon atoms. The alkyl and alkenyl groups may be
linear, branched or cyclic. When a plurality of R4s
are present, they 



may be the same or different, and so are R5Sto R7S,
when present. [0057] In the general formulae (4) and
(5), R4 t oW axe each butyl, hexyl, cyclohexyl, octyl,
2-ethylhexyl, decyl, lauryl, myristyl, palmityl,
stearyl, oleyl or eicosyl, among others. [0058] Acidic
phosphate ester and amine salt of acidic phosphate
ester are particularly preferable for the gear oil
composit ion of the present invention. [0059]
Diisooctyl acid phosphate/oleyl amine salt [product of
reaction between (TC8H17O)2P(OH)O and (C sH36)NH] and
di-9-octadecenyl acid phosphate/oleylamine salt can be
cited as representative alkylamine salts of acidic
phosphate ester. [0060] These phosphorus-based
additives may be used either individually or in
combination. The additive(s) is/are incorporated at
0.05 to 0.3% by mass as phosphorus on the whole gear
oil composition, preferably O-I to 0.25% by mass.
[0061] The phosphorus-based additive exhibits a high
wear inhibitingeffect and also works as an aid for
promoting the effect of the sulfur-based additive as
an extreme-pressure additive. The amine salts of
acidic phosphate and acidic phosphite esters exhibit
particularly high wear inhibiting effects. [0062] The
gear oil composition of the present invention may be
incorporated with an ester as a solxibilizing agent.
The esters useful for the present invention include
esters of a dibasic acid (e.g., phthalic, succinic,
alkylsuccinic, alkenylsuccinic, maleic, azelaic,
suberic, sebacic, fumarie or adipic acid, or linolic
acid dimmer) and alcohol (e.g., butyl, hexyl,
2-ethylhexyl,dodecyl alcohol, ethylene glycol,
diethylene glycol monoether or propylene glycol); and
esters of a monocarboxylic acid of 5 to 18 caj-bon
atoms and polyol (e.g., neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol
or tripentaerythrifcol). Other compounds useful as a
solubilizing agent include polyoxyalkylene glycol,
polyoxyalkylene glycol ester, polyoxyalkvlene glycol
ether and phosphate ester. The solubilizing agent may
be incorporated at 10 to 25% by mass on the whole gear
oil composit ion, preferably 14 to 22% by weight.
[0063] The gear oil composition of the present
invention may be adequately incorporated with one or
more commonly used additives in addition to the above,
aa required, within limits not harmful to the object
of the present invention. [0064] More specifically,
the gear oil composition may be further incorporated
with one or more additives adequately selected from an
ashless dispexsant, pour point depressant, antifoaming
agent, antioxidant, rust inhibitor, friction modifier
and so forth in order to satisfy diversified
characteristics, e g , those related t o friction,
oxidation stability, cleanness aixd defoaming in
addition t o the viscosity characteristics already
described above. It is not necessarily incorporated
with a viscosity index improver, which is one of the
peculiar characteristics of the present invention,-
However, it may be incorporated at an adequate
content, when the composition has sufficient stability
against shear stress not to deteriorate bearing
fatigue life. [0065] The ashless dispersants useful
for the present invention include those based on
polybutenyl succinic add imide, polybutenyl succinic
acid amide, benzylamine, succinic acid ester, succinic
acid esteraraide and a boron derivative thereof. The
ashless dispersant is incorporated normally at 0.05 to
7% by mass. [0066] The metallic detergent may be
selected from those containing a sulfonate, phenate,
salicylate of calcium, magnesium, barium or the like
It may be optionally selected from perbasic, basic,
neutral salts and so forth ofdifferent acid value. The
metallic detergent is incorporated normally at 0,05 to
5% by mass. [0067] The pour point depressants useful
for the present invention include ethylene/vinyl
acetate copolymer, condensate of chlorinated paraffin
and naphthalene, condensate of chlorinated paraffin
and phenol, polymethacrylate, polyalkyl styrene and so
forth. The pour point depressant is incorporated
normally at 0.1 to 10% by weight. [0068] The defoaming
agents which can be used for the present invention
include dimethyl polysiloxane, polyacrylate and a
fluorine derivative thereof, and poeriluoropolyether.
The defoaming agent may be incorporated normally at 10
to 100 ppm by mass. [0069] The antioxidants which can
be used for the present invention include amine based
ones, e.g., alkylated diphenylamine, phenyl-
a-naphtylamine and alkylated phenyl- a-naphtylamme
phenol-based ones, e.g., 2,6-drt-butyl phenol,
4,4'-methylenebis-(2,6-di-t-butyl phenol) and
isooctyl-3-(3,5-di-t-b
utyl-4-hydroxypheny])propionate; sulfur-based ones,
e.g., dilauryl-3,3'-tbiodipropionat8; and zinc
ditbiophosphate. The antioxidant is incorporated
normally at 0.05 t o 5% by mass. [0070] The rust
inhibitors useful for the present invention include a
fatty acid, alkenylsuccinic acid half ester, fatty
acid soap, alkylsulf snate, 



polyhydric alcohol/fatty acid ester, fatty acid amine,
oxidized paraffin and alkylpolyoxyethylene ether. The
rust inhibitor is incorporated normally at 0 t o 3% by
mass. [0071] The friction modifiers useful for the
present invention include an organomolybdenum-based
compound, fatty acid, higher alcohol, fatty acid
ester, oil/fat, amine, polyamide, sulfided ester,
phosphoric acid ester, acid phosphoric acid ester, a
cid phosphorous acid ester and amine salt of
phosphoric acid estex. The friction modifier is
incorporated normally at 0 05 to 5 by mass [0072] A
total content of additive(s) in the gear oil
composition of the present invention is not limited.
However, one or more additives (includingthe
above-described solubilizint agent) may be
incorporated at 10 to 30% by mass, preferably 15 to
25% by mass. [0073] As described above, the gear oil
composition of the present invention is composed of
(A) a low-viscosity base oil, (B) a high-viscosity
base oil, and (C) one or more additives for gear oil
as required, where these components (A), (B) and (C)
are incorporated in a controlled ratio to have a
composition kinematic viscosity not exceeding 80 mm2/s
at 40C. [0074] The present invention provides a gear
oil composition, in particular that for final
reduction gears. It can be also used for manual
transmissions (MTs) and manual accelerators (MTXs) as
a lubricating oil for vehicle driving systems.
Therefore, it can serve as a common lubricant for
reduction gears, MTs and MTXs. [EXAMPLES] [0075] The
present invention is described in detail by EXAMPLES
and COMPARATIVE EXAMPLES, which by no means limit the
present invention. In EXAMPLES, ethylene-propylene
oligomer was used as the ethylene- a-olefin copolymer
(EAO), and a-olefln oligomer mainly composed of decene
was used as the poly-a-olefin copolymer (PAO). In
EXAMPLES, "% means "% by mass." [0076] The method for
measuring kinematic viscosity and that for evaluating
bearing fatigue life characteristics are described
below. Measurement of kinematic viscosity Kinematic
viscosity at 40C (KV40C) and that at 100C (KVlQ(TC)
were measured in accordance with ASTM D446, Evaluation
of bearing fatigue life characteristics An oil film
formed between a disk and roller was observed by a
light interference method using a fluid film analyzer
and analyzing procedure described in Tribology
Transactions, 39, (3), 720 to 725 (1996) under the
following conditions. Fig. 1 illustrates the analyzing
procedure. Oil fi lm temperature: 23CCircumferential
velocity: 0.2 m/s Plane pressure (average Hertz
pressure) 0.6 GPa Mileage test The test was earned out
using an SUV vehicle in the LA#+highway mode. [007h
EXAMPLE 1 A mixture of 11% of a refined mineral oil
having a kinematic viscosity of 6.5 mm2/s at 100C and
61% of an ethylene- a-olefin copolymer (EAO) having a
kinematic viscosity of 20 mm2/s at 1QOC was
incorporated with 18% of diisodecyladipate (DIDA), 5%
of a sulfided olefin, 3% of an amine salt of acidic
phosphate ester and 2% of other additives, to prepare
Sample Oil (a). It had a kinematic viscosity of 73.4
mm2/s at 40C, and passed the fuel saving criterion. It
also passed the bearing fatigue life criterion,
because it produced a 138 mm thick oil film. [0078]
EXAMPLE '2 A mixture of 26% of a poly-a-olefin
copolymer (PAO) having a kinematic viscosity of 4.1
mm2/s at 100C, 46% of an ethylene -a-olefin copolymer
(EAO) having a kinematic viscosity of 40 mm2/s at
100C, 18% of diisodecyladipate (DIDA), 5% of a
sulfided olefin, 3% of an amine salt of acidic
phosphate ester and 2% of other additives was prepared
as Sample Oil (bl The evaluation results of Sample (b)
with respect t o fuel saving and bearing fatigue
characteristics are given, in Table 1. [0079] EXAMPLE
3 A mixture of 30% of a poly-crolefm copolymer (PAO)
having a kinematic viscosity of 5.8 mm2/s at 100C and
42% of a polycrolefin copolymer (PAO) having a
kinematic viscosity of 40 mm2/s at 100C was
incorporated with 18% of diisodecyladipate (DIDA), 5%
of a sulfided olefm, 3% of an amine salt of acidic
phosphate ester and 2% of other additives to prepare
Sample Oil (c). The evaluation results of Sample Oil
(c) with respect t o fuel saving and bearing fatigue
characteristics are given in Table 1. [0080] EXAMPLE
4A mixture of 35% of a refined mineral oil having a
kineroatic viscosity of G.5 mm2/s at 100C and 37% of a
polycrolefin copolymer (PAO) having a kinematic
viscosity of 40 mm2/s at 100C was incorporated with
18% of diisadecyladipate (DIDA), 5% of a sulfided
olefin, 3% of an amine salt of acidic phosphate ester
and 2% of other additives, to prepare Sample Oil (d). 



It had a kinematic viscosity of 73.4 mm2/s at 40C, and
passed the fuel saving criterion. The evaluation
results of Sample Oil (d) with respect to fuel saving
and bearing fatigue characteristics are given in Table
1 [0081] EXAMPLE 5 A mixture of 39% of a refined
mineral oil having a kinematic viscosity of 6 5 mm2/s
at 100C and 33% of a polycrolefm copolymer (PAO)
having a kinematic viscosity of 50 mm2/-; at 100C was
incorporated with 18% of daodecyladipate (DIDA), 5% of
a sulfided olefin, 3% of an amine salt of acidic
phosphate ester and 2% of other additives, to prepare
Sample Oil (e). The evaluation results of Sample Oil
(e) with respect to fuel saving and bearing fatigue
characteristics are given in. Table 1. [O0S2] EXAMPLE
6 Sample Oil (d) prepared in EXAMPLE 4 as a
representative oil composition of the present
invention and a commercial gear oil (Toyota, Junsei
Hypoid Gear Oil SX 85W90) were tested in accordance
with the above-described procedure to evaluate their
fuel saving characteristics. It is confirmed that
Sample Oil (d) saves fuel consumption by 1.0% or more.
[0083] COMPARATIVEEXAMPLE 1 A mixture of 41% of a
refined mineral oil having a kinematic viscosity of
6.5 mm2/s at 100C and 31% of a mixture of an ethylene
-orolefui copolymer (EAO) and poly-a-olefin copolymer
(PAO) having a kinematic viscosity of 60 mm2/s at 100C
was incorporated with 18% of diisodecyladipate (DIDA),
5% of a sul de olefin, 3% of an amine salt of acidic
phosphate ester and 2% of other additives, to prepare
Sample Oil (aa). The evaluation results of Sample Oil
(aa) with respect t o fuel saving and bearing fatigue
characteristics are given in Table 1.[0084]
COMPARATIVE EXAMPLE 2 A mixture of 45% of a refined
mineral oil having a kinematic viscosity of 6.5 mm2/s
at 100C and 27% of a poly-a-olefin copolymer (PAO)
having a kinematic viscosity of 103 mm2/s at 100C was
incorporated with 18% of diisodecyladipate (DIDA), 5%
of a sulfided olefin, 3% of an amine salt of acidic
phosphate ester and 2% of other additives, to prepare
Sample Oil (bb). The evaluation results of Sample Oil
(bb) with respect t o fuel saving and hearing fatigue
characteristics are given in Table 1. [0085]
COMPARATIVE EXAMPLE 3 A mixture of 72% of a
polycrolefin copolymer (PAO) having a kinematic
viscosity of 16 mm2/s at 100C, 18% of
diisodecyladipate (DIDA), 5% of a sulfided olefin, 3%
of an amine salt of acidic phosphate ester and 2% of
other additives was prepared as Sample Oil (cc). The
evaluation results of Sample Oil (cc) with respect to
fuel saving and bearing fatigue characteristics are
given in Table 1. [O0S6] COMPARATIVE EXAMPLE 4 A
commercial gear oil for final reduction gears (API
service classification: GL 5, SAB viscosity grade:
75W90) was tested for fuel saving and bearing fatigue
characteristics. The evaluation results are given in
Table 1. [0087] Each of Sample Oils (a), (d) .and (e),
prepared in respective EXAMPLES 1, 4 and 5, was
composed of the low-viscosity base oil having a
kinematic viscosity of 6.5 mm2/s at 100C, and the
high-viscosity base oil having a respective kinematic
viscosity of 20, 40 and 50 mm2/s at 100 C, and passed
both the fuel saving and bearing fatigue criteria.
[0088] Moreover, Sample Oil (a) prepared in EXAMPLE 1
comprised the Hgh-viscoaity base oil (EAO) having a
kinematic viscosity which represents the lower limit
(20 mm2/s at 100C) of the effective viscosity range
for the present invention. On the other hand, Sample
Oil (e) prepared in EXAMPLE 5 comprised the high-
viscosity base oil (PAO) having a kinematic viscosity
which represents the upper limit of the effective
viscosity range for the present invention.[0089]
Sample Oils (aa) and (bb) prepared in respective
COMPARATIVE EXAMPLES 1 and 2 comprised the
high-viscosity base oil having a respective kinematic
viscosity of 60 and 103 mm2/s at 100C, which are
beyond the effective viscosity range for the present
invention (20 to 52 mm2/s). They passed the fuel
saving criterion, but failed to pass the bearing
fatigue criterion, exhibiting a peculiar phenomenon
that deteriorated bearing fatigue characteristics
result when a kinematic viscosity of high-viscosity
base oil deviates from a specific range of viscosity
measured at 100C. [0090] Sample Oil (cc) prepared in
COMPARATIVE EXAMPLE 3 comprised a
poly-a-ole&acopolymer having a kinematic viscosity of
16 mm2/s at 100C as the sole base oil. It deviates
from the technical concept of the present invention,
which uses at least 2 species of base oils, a
low-viscosity and high-viscosity oils. [0091] The
results of COMPARATIVEEXAMPLE 3 indicate that a gear
oil comprising only one species of base oil cannot
bring sufficient effects could be obtained when at
least 2 species of base oil are used, even when they
have the same level of kinematic viscosity measured at
40C. [0092] The commercial product tested failed to
pass the fuel saving criterion and had bearing fatigue
characteristics not necessarily sufficient. 



[0093] As described above, it is confirnied that a
gear oil composition comprising a low-viscosity and
high-viscosity base oils, each having a specific
viscosity, can simultaneously satisfy fuel saving
effect and bearing fatigue life characteristics,  t is
demonstrated that the gear oil composition of the
present invention can form an oil film having a
thickness exceeding 132 mm, which is thicker than an
oil film which a commercial product of highest quality
can give, and also exhibits notably improved bearing
fatigue characteristics. [0094] Table 1METHOD AND
APPARATUS FOR PROVIDING REVERSE ACTIVITY INFORMATION
IN A MULTI-CARRIER COMMUNICATION SYSTEM RELATED
APPLICATIONS |000  ] This application claims the
benefit of the earlier filing date under 35 U.S.C.
119(e) of U.S. Provisional Application Serial No.
60/707,741 filed August 12, 2005, entitled "Method and
Apparatus for Providing Reverse Activity Information
in a Multi-carrier Communication System," the entirety
of which is incorporated by reference. FIELD OF THE
INVENTION |0002] Embodiments of the invention relate
to communications, and more particularly, to a
multi-carrier communication system. BACKGROUND 100( ]
Radio communication systems, such a s cellular systems
(e.g., spread spectrum systems (such as Code Division
Multiple Access (CDMA) networks), or Time Division
Multiple Access (TDMA) networks), provide users with
the convenience of mobility along with a rich set of
services and features. This convenience has spawned
significant adoption by an ever growing number of
consumers as an accepted mode of communication for
business and personal uses. To promote greater
adoption, the telecommunication industry, from
manufacturers to service providers, has agreed at
great expense and effort to develop standards for
communication protocols that underlie the various
services and features. One area of effort involves
extending mobile services to provide users with
seamless delivery of mobile voice and data services.
Namely, such efforts have concentrated on systems that
employ a single carrier for the forward link and a
single carrier for the reverse link. However, user
demand for greater throughput has steered efforts
towards multi-carrier systems. Among the many
challenges, this demand requires coexistence with the
current standards framework for single carrier
systems. Moreover, it is recognized that the number of
carriers for the forward link and that for the reverse
link can differ, giving rise to an asymmetric system.
I iMI Therefore, there is a need for an approach to
provide an efficient signaling scheme for supporting
asymmetric channel assignment, with minimal
modification of existing standards and protocols.
CONFIRMATION COPY i(OfH)S) BRIEF DESCRIPTION OF THE
DRAWINGS JCH)Ik)] The invention is illustrated by way
of example, and not by way of limitation, in the
figures of the accompanying drawings in which like
reference numerals refer to similar elements and in
which: I0007J FIG. 1 is a diagram of the architecture
of a wireless system including an Access Network (AN)
and an Access Terminal (AT) configured to support
asymmetric carriers for the forward link and the
reverse link, in accordance with an embodiment of the
invention; (MHM* I FIGs. 2-4 are flowcharts of
exemplary processes for providing reverse activity
information to support multiple carriers for the
reverse link, according to various embodiments of the
invention; [(t009| FIGs. 5A-5C are diagrams of
exemplary traffic channel assignment messages, in
accordance with various embodiments of the invention;
[(KM 0 | FIG. 6 is a diagram of hardware that can be
used to implement various embodiments of the
invention; 100 111 FIGs. 7A and 7B are diagrams of
different cellular mobile phone systems capable of
supporting various embodiments of the invention; [WM2
J FIG. 8 is a diagram of exemplary components of a
mobile station capable of operating in the systems of
FIGs. 7A and 7B, according to an embodiment of the
invention; and 10013) FIG. 9 is a diagram of an
enterprise network capable of supporting the processes
described herein, according to an embodiment of the
invention.DESCRIPTION OF TBE PREFERRED EMBODIMENT
|0014| These and other needs are addressed by the
embodiments of the invention, in which an approach is
presented for providing reverse activity information
to access terminals capable of employing multiple
carriers for transmission over a reverse link. ItH)ISl
An apparatus, method, and software for providing
reverse activity information to access terminals
capable of employing multiple carriers for
transmission over a reverse link are disclosed. In the
following description, for the purposes of
explanation, numerous specific details are set forth
in order to provide a thorough understanding of the
invention. It is apparent, however, to one skilled in
the art that the invention may be practiced without
these specific details or with an equivalent
arrangement. In other instances, well-known structures
and devices are shown in block diagram form in order
to avoid unnecessarily obscuring the embodiments of
the invention. (00 6 ] Although the invention,
according to various embodiments, is discussed with
respect to a radio communication network (such as a
cellular system), it is recognized by one of ordinary
skill in the art that the embodiments of the invention
have applicability to any type of 



communication systems, including wired systems.
Additionally, the various embodiments of the invention
are explained using Walsh codes as channel
identifiers, it is recognized by one of ordinary skill
in the art that other orthogonal codes can be
utilized. [0017] FIG. 1 is a diagram of the
architecture of a wireless system including an Access
Network (AN) and an Access Terminal (AT) configured to
support asymmetric carriers for the forward link and
the reverse link, in accordance with an embodiment of
the invention. By way of example, a radio network
operates according to the Third Generation Partnership
Project (3GPP) cdma2000 Multi-Carrier Requirements in
Code Division Multiple Access (CDMA) NxEV-DO
(Evolution Data-Only) networks, and provides High Rate
Packet Data (HRPD) services. The radio network 100
includes one or more access terminals (ATs) 101 of
which one AT 101 is shown in communication with an
access network (AN), or base station, 105 over an air
interface 103. In cdma2000 systems, the AT is
equivalent to a mobile station, and the access network
is equivalent to a base station. The air interface 103
provides multiple carriers in the forward link 103a as
well as the reverse link 103b. JOOlSI The AT 101 is a
device that provides data connectivity to a user. For
example, the AT 101 can be connected to a computing
system, such as a personal computer, a personal
digital assistant, and etc. or a data service enabled
cellular handset. The radio configuration encompasses
two modes of operations: IX and multi-carrier (i.e.,
nX or N number of carriers).Multi-carrier systems
(e.g., system 100) employ multiple IX carriers to
increase the data rate to the AT 101 (or mobile
station) over the forward link. Hence, unlike IX
technology, the multicarrier system operates over
multiple carriers. In other words, the AT 101 is able
to access multiple carriers simultaneously. |0019| A
connection can be defined as a particular state of the
air-link in which the AT 101 is assigned a Forward
Traffic Channel, a Reverse Traffic Channel and
associated Medium Access Control (MAC) Channels.
During a single HRPD session, the AT 101 and the AN
105 can open and can close a connection multiple
times. An HRPD session refers to a shared state
between the AT 101 and the AN 105. This shared state
stores the protocols and protocol configurations that
were negotiated and are used for communications
between the AT 101 and the AN 105. Other than to open
a session, the AT 101 cannot communicate with the AN
105 without having an open session. A more detailed
description of the HRPD is provided in 3GPP2
C.S0024-A, entitled "cdma2000 High Rate Packet Data
Air Interface Specification," March 2004, 3GPP2
A.S0007-A v2.0, entitled "Interoperability
Specification (IOS) for High Rate Packet Data (HRPD)
Access Network Interfaces - Rev. A," May 2003, and
3GPP2 A.S0008-0 v3.0, entitled "Interoperability
Specification (IOS) for High Rate Packet Data (HRPD)
Access Network Interfaces," May 2003; which are
incorporated herein by reference in their entireties.
[0020J The AN 105 is a network equipment or network
element that provides data connectivity between a
packet switched data network, such as the global
Internet 113 and the AT 101. In addition, the AN 105
communicates with an AN-AAA (Authentication,
Authorization and Accounting entity) 107, which
provides terminal authentication and authorization
functions for the AN 105. [002 ' ] According to
various embodiments, the AN 105 includes a High Data
Rate (HDR) base station to support high data rate
services. It should be understood that the base
station provides the RF interface (carrier(s)) between
an access terminal and the network via one or more
transceivers. The HDR base station provides a separate
data only (DO) carrier for HDR applications for each
sector (or cell) served by the HDR base station. A
separate base station or carrier (not shown) provides
the voice carrier(s) for voice applications. A HDR
access terminal may be a DO access terminal or a dual
mode mobile terminal capable of utilizing both voice
services and data services. To engage in a data
session, the HDR access terminal connects to a DO
carrier to use the DO high-speed data service. The
data session is controlled by a Packet Data Service
Node (PDSN), which routes all data packets between the
HDR access terminal and the Internet. The PDSN has a
direct connection to a Packet Control Function (PCF)
109,which interfaces with a Base Station Controller
(BSC) of the HDR base station. The BSC is responsible
for operation, maintenance and administration of the
HDR base station, speech coding, rate adaptation and
handling of the radio resources. It should be
understood that the BSC may be a separate node or may
be co-located with one or more HDR base stations.
[0022 Each HDR base station can serve multiple (e.g.,
three) sectors (or cells). However, it should be
understood that each HDR base station may serve only a
single cell (referred to as an omni cell). It should
also be understood that the network may include
multiple HDR base stations, each serving one or more
sectors, with HDR mobile terminals being capable of
handing off between sectors of the same HDR base
station or sectors of different HDR base stations. For
each sector (or cell), the HDR base station further
employs a single shared, time division multiplexed
(TDM) forward link, where only a single HDR mobile
terminal is served at any instance. The forward link
throughput rate is shared by all HDR mobile terminals.
A HDR access terminal selects a serving sector (or
cell) of the HDR base station by pointing its Data
Rate Control (DRC) towards the sector and requesting a
forward data rate according to the channel conditions
(i.e., based on the Carrier to Interference (C/I)
ratio of the channel). |flO2.? j As shown, the AN 105
communicates with a Packet Data Service Node (PDSN)
111 via a Packet Control Function (PCF) 109. Either
the AN 105 or the PCF 109 provides a SC/MM (Session
Control and Mobility Management) function, which among
other functions includes storing of HRPD session
related information, performing the tepninal
authentication procedure to determine whether an AT
101 should be authenticated when the AT 101 is
accessing the radio network, and managing the location
of the AT 101. The PCF 109 is further described in
3GPP2 A.S0001-A v2.0, entitled "3GPP2 Access Network
Interfaces Interoperability Specification," June 2001,
which is incorporated herein by reference in its
entirety. Also, a more detailed description of the
HRPD is provided in TSG-C.S0024-IS-856, 



entitled "cdma2000 High Rate Packet Data Ar Interface
Specification," which is incorporated herein by
reference in its entirety. [0024] Both the cdma2000
IxEV-DV (Evolution - Data and Voice) and IxEV-DO
(Evolution - Data Optimized) air interface standards
specify a packet data channel for use in transporting
packets of data over the air interface (e.g.,
interface 103) on the forward link and the reverse
link. A wireless communication system (e.g., system
100) may be designed to provide various types of
services. These services may include point-to-point
services, or dedicated services such as voice and
packet data, whereby data is transmitted from a
transmission source (e.g., a base station) to a
specific recipient terminal. Such services may also
include point-to-multipoint (i.e., multicast)
services, or broadcast services, whereby data
istransmitted from a transmission source to a number
of recipient terminals. | 25] In the multiple-access
wireless communication system 100, communications
between users are conducted through one or more AT(s)
101 and a user (access terminal) on one wireless
station communicates to a second user on a second
wireless station by conveying information signal on a
reverse link to a base station. The AN 105 receives
the information signal and conveys the information
signal on a forward link to the AT station 101. The AN
105 then conveys the information signal on a forward
link to the station 101. The forward link refers to
transmissions from an AN 105 to a wireless station
101, and the reverse link refers to transmissions from
the station 101 to the AN 105. The AN 105 receives the
data from the first user on the wireless station on a
reverse link, and routes the data through a public
switched telephone network (PSTN) to the second user
on a landline station. In many communication systems,
e.g., IS-95, Wideband CDMA (WCDMA), and IS-2000, the
forward link and the reverse link are allocated
separate frequencies. |002">J As mentioned, the system
of FIG. 1 supports an asymmetric combination of "N"
carriers on the forward link, and "M" carriers on the
reverse link, wherein N and M represent integers. In
an exemplary embodiment, the base station 105
indicates the reverse activity of a reverse link
channel by transmitting "reverse activity bit" using
reverse activity channel, which is a forward link
channel. In traditional IxHRPD systems, there is only
one carrier on the reverse link; i.e., a channel
identifier using an orthogonal code (e.g., Walsh code
of W 128) is reserved for reverse activity channel.
However, with the introduction of "M" carriers on the
reverse link, "M" reverse activity channels are used.
J0027] The system of FIG. 1, in an exemplary
embodiment, provides for the reservation of channel
identifiers (e.g., Walsh-covers) for the reverse
activity channels - that is, dynamic assignment of a
Walsh cover for a reverse activity channel, per
reverse link carrier. As noted, it is contemplated
that other orthogonal codes can be utilized. The
system 100 also provides dynamic association of
reverse activity channels for "M" reverse link
carriers to one or more forward link carriers. In an
exemplary embodiment, extension of 128-length Walsh
covers to 256-length Walsh covers for reverse activity
channel is provided. [0028] FIGs. 2-4 are flowcharts
of exemplary processes for providing reverse activity
information to support multiple carriers for the
reverse link 103b, according to various embodiments of
the invention. [002 1 The process of FIG. 2 involves
providing dynamic Walsh-cover assignment for the
reverse activity channels, per step 201. In an
exemplary embodiment, M-I more Walsh-covers are
reserved per sector, as in step 203. In step 205, the
channel assignments, e.g., Walsh-coverassignment for
each of the reverse link carriers, are transmitted to
the access terminal 101. By way of example, a "Traffic
Channel Assignment Message," as shown in FIGs. 5A-5C,
can be used to specify the channel assignments. [0030
( Another approach for providing reverse activity
information is shown in FIG. 3. In this embodiment,
the length of Walsh-cover-assignment is expanded, as
in step 301, for the reverse activity channel, for
example, to 256 from 128. As with the process of FIG.
2, the Walsh-cover assignment for reverse activity
channel is dynamic (step 303). In step 305, M-I
additional Walsh-covers per sector are reserved (e.g.,
from 128-256 range of Walsh-covers). The Walsh cover
assignment is transmitted, as in step 307, for each of
the reverse link carrier for an access terminal using
"Traffic Channel Assignment Message." [0031 J With a
any subtype of physical channel, the Reverse Activity
(RA) Channel transmits the Reverse Activity Bit (RAB)
stream over the MAC Channel with MACIndex 4. The RA
bit is transmitted in every slot, and the RA bit in
each slot is further repeated to form two symbols per
slot for transmission. [0032 j The approach of FIG. 4
utilizes one symbol per slot per reverse link carrier.
In step 401, the reverse activity channel transmits
the reverse activity bit (RAB) stream over the MAC
channel. It is possible to transmit reverse activity
bits for two Reverse Link (RL) carriers using one
slot, e.g., RABl and RAB2 (step 403). The
TrafficChannelAssignment message can indicate the
association of RABl and RAB2 with the corresponding RL
carriers. 0033 J In the system of FIG. 1, a base
station (within the Access Network) can send reverse
activity bits for each of the reverse link,
independently, in an asymmetric channel assignment
(when the number of forward link carriers is different
from that of the reverse link ones). [0034] FIGs.
5A-5C, according to various embodiments of the
invention, describe an exemplary format of the Traffic
Channel Assignment message (denoted as
"TrafficChannelAssignment"). FIG. 5A shows the
beginning portions of the Traffic Channel Assignment
message, while FIGs. 5B and 5C illustrate the
remaining portions of the message, according to
alternative embodiments. The embodiment of FIG. 5B
utilizes a RAChannelWalshCover field (as in the
processes of FIGs. 2 and 3), while the embodiment of
FIG. 5C employs a RABPosition field (as in the process
of FIG. 4). 10035] Table 1 enumerates exemplary fields
in the TrafficChannelAssignment format of FIGs. 5A-5C
for providing reverse activity information in the
asymmetric multi-carriers communication system of FIG.
1. 



10361 It is noted that different combinations of
fields can be used for the format of theTraffic
Channel Assignment message depending on the process
(FIGs. 2-4).FINE GRAINED POLYCRYSTALLINE ABRASIVE
MATERIAL BACKGROUND OF THE INVENTION This invention
relates to polycrystalline diamond. Polycrystalline
diamond is the preferred material for the machining of
various work pieces, rock drilling applications, and
for use as wear parts. The benefits of this material
include its superior hardness, diamond being the
hardest material known to man, which results in its
superior wear resistance. Superior wear resistance in
turn imparts various benefits including increased tool
or cutter life, less down time, superior work piece
finish and performance in application, for example.
Due to the hardness of diamond, it is also brittle.
This makes it unsuitable for many applications as it
is susceptible to cracking. This inherent brittleness
can be significantly reduced by making polycrystalline
diamond (PCD), where fine grains of diamond are
sintered together to form a polycrystalline structure
containing a continuous inter-grown diamond network.
In order to achieve diamond intergrowth, a catalysing
material, known as a diamond catalyst/solvent, is
typically present during synthesis. The
catalyst/solvent is typically cobalt, nickel, iron or
an alloy containing one or more such metals,
preferably nickel and more preferably cobalt.The net
result is a continuous diamond skeleton with the
catalyst/solvent filling the interstices between the
diamond grains. The PCD is generally made under
elevated temperature and pressure conditions (HPHT) at
which the diamond particles are crystallographically
stable. To further reduce brittleness, this
polycrystalline diamond structure may be mounted onto
a hardmetal substrate to form a polycrystalline
diamond compact, thereby providing a platform behind
the PCD, placing it under compression and
significantly reducing failure due to brittleness.
Hardmetal backed PCD tools offer significant machining
and rock drilling benefits and are used extensively.
However, PCD tools are still too brittle for many
applications. SUMMARY OF THE INVENTION According to
one aspect of the invention, there is provided a
polycrystalline diamond abrasive element comprising a
fine grained polycrystalline diamond material and a
second phase comprising catalyst/solvent for the
diamond material, wherein the polycrystalline diamond
material is characterised in that it has an average
catalyst/solvent mean-free-path value of less than
0.60 mm, and a standard error for the catalyst/solvent
mean-free-path that is less than 0.90. The standard
error for the catalyst/solvent mean-free-path is
preferably less than 0.85. The polycrystalline diamond
material preferably has an average grain size of from
about 0.1 to about 10.5 mm, more preferably from about
0.1 to about 6.5 mm, and most preferably from about
0.1 to about 2.0 mm. According to another aspect of
the invention, there is provided a composition for use
in a method of producing a polycrystalline
diamondabrasive element, the composition comprising
diamond particles, wherein the diamond particles are
fine grained, and a diamond catalyst/solvent for the
diamond particles, wherein the catalyst/solvent
comprises particles that are nanosized. The
catalyst/solvent is typically cobalt, nickel, iron or
an alloy containing one or more such metals,
preferably cobalt. The diamond particles are typically
submicron to micron sized particles, preferably having
an average particle size of less than about 10.5 mm,
more preferably less than about 6.5 mm, most
preferably less than about 2.0 mm, and preferably
having an average particle size of greater than 0.1
mm. The catalyst/solvent preferably has an average
particle size of less than about 800 nm, more
preferably less than about 400 nm, most preferably
less than about 100 nm, and an average particle size
greater than about 10 nm. The ratio of the average
particle size of the catalyst/solvent to the average
particle size of the diamond particles is preferably
in the range of from about 1:10 to about 1:1000, more
preferably in the range from about 1:100 to about
1:1000. According to yet another aspect of the
invention, a method of producing a polycrystalline
diamond abrasive element includes the steps of
creating an unbonded assembly by providing a
substrate, placing a mass of diamond particles on a
surface of the substrate, wherein the diamond
particles are fine grained, providing a diamond
catalyst/solvent for the diamond particles, wherein
the catalyst/solvent comprises, at least in part,
particles that are nanosized, and subjecting the
unbonded assembly to conditions of elevated
temperature and pressure suitable for producing a
polycrystalline diamond layer of the mass of diamond
particles. The substrate will generally be a cemented
carbide hardmetal.- AThe conditions of elevated
temperature and pressure necessary to produce the
polycrystalline diamond layer from a mass of diamond
particles are well known in the art. Typically, these
conditions are pressures in the range 4 to 



8 GPa and temperatures in the range 1300 to 17000C.
According to yet another aspect of the invention,
there is provided a tool or tool insert comprising the
polycrystalline diamond abrasive element as detailed
above. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention concerns polycrystalline diamond
abrasive elements and the manufacturing and use
thereof. The method includes the steps of placing a
mass of fine grained diamond particles and nanosized
catalyst/solvent material on a surface of a substrate
and subjecting the unbonded assembly to conditions of
elevated temperature and pressure suitable for
producing a polycrystalline diamond layer of the mass
of diamond particles. The substrate will generally be
a cemented carbide substrate. The cemented carbide
support or substrate may be any known in the art such
as cemented tungsten carbide, cemented tantalum
carbide, . cemented titanium carbide, cemented
molybdenum carbide or mixtures thereof. The conditions
of elevated temperature and pressure necessary to
produce the polycrystalline diamond layer from a mass
of diamond particles are well known in the art.
Typically, these conditions are pressures in the range
4 to 8 GPa and temperatures in the range 1300 to
17000C. The abrasive element that is produced by the
method of the invention will additionally have a
binder material present. This binder will preferably
be a catalyst/solvent for the ultra-hard abrasive
particle used. Catalyst/solvents for diamond are well
known in the art; and are preferably cobalt, nickel,
iron or an alloy containing one or more of these
metals. This binder can beintroduced both through
infiltration from the substrate into the mass of
abrasive particles during the sintering treatment, and
in particulate form as a mixture within the mass of
abrasive particles. Typically, this binder will be
present in an amount of 10 to 20 % by mass, but this
may be as low as 6% by mass. Some of the binder metal
will generally infiltrate into the abrasive compact
during compact formation. The polycrystalline diamond
abrasive element that is produced has a very fine
diamond grain structure that is interspersed with the
diamond catalyst/solvent. The polycrystalline diamond
material is characterised by having an average
catalyst/solvent mean-free-path value of less than
0.60 mm and a standard error for the catalyst/solvent
mean-free-path of less than 0.90. In a preferred
embodiment of the invention the polycrystalline
diamond material has a catalyst/solvent mean-free-path
value of less than 0.55 mm. In another preferred
embodiment of the invention the polycrystalline
diamond material has a catalyst/solvent mean-free-path
value of less than 0.50 mm. The standard error for the
catalyst/solvent mean-free-path is preferably less
than 0.85, and is typically greater than 0.70. In a
preferred embodiment of the invention the standard
error is in the range of 0.75 to 0.85. In order to
obtain a highly homogenous material, the
catalyst/solvent particles that are mixed into the
diamond powder mixture are preferably nanosized, more
particularly having an average particle size of from
about 10 to about 800 nm, more preferably from about
10 to about 400 nm, most preferably from about 10 to
about 100 nm. The diamond particles are typically
submicron to micron sized particles, preferably having
an average particle size of from about 0.1 to about
10.5 mm, more preferably of from about 0.1 to about
6.5 mm, most preferably from about 0.1 to about 2.0
mm. The ratio of the average particle size of the
catalyst/solvent to the averageparticle size of the
diamond particles is chosen so that the ratio is
preferably in the range of from about 1:10 to about
1:1000, and more preferably in the range from about
1:100 to about 1:1000. The small size, typically in
the nanosize region, of the catalyst/solvent particles
admixed with the diamond particles enables the
catalyst/solvent to be more readily deposited on the
diamond particles as a coating or a film, where the
catalyst/solvent is typically located in between the
diamond particles in the form of pools. This permits a
better uniform dispersion of the catalyst/solvent
particles and the diamond particles in the
polycrystalline diamond abrasive element, resulting in
a more homogeneous structure. By combining the very
fine diamond particle size with a high degree of
homogeneity, a polycrystalline diamond abrasive
element is formed with a microstructure that exhibits
a significant increase in toughness and a lower
thermal diffusivity. The lower thermal diffusivity
results in a lower conductivity, which facilitates
improved temperature management at a cutting edge of
the polycrystalline diamond abrasive element. In
materials science, toughness may be defined as the
resistance provided by a material to crack
propagation. In polycrystalline diamond abrasive
materials, toughness is derived from both the size and
the frequency of catalyst/solvent pools that a crack
propagating through the material will encounter. By
enhancing the homogeneity of the polycrystalline
diamond 



abrasive element of the present invention (i.e. the
distribution of diamond and catalyst/solvent material)
to optimise either catalyst/solvent pool size or the
number of catalyst/solvent pools that a crack in the
polycrystalline diamond abrasive element will
encounter, or both of these characteristics, the
resistance of the material to crack propagation
increases and hence the measured material toughness
increases. Localised diamond rich areas within the
polycrystalline diamond abrasive element provide
interconnected networks that allow rapid heat
transferaround ferrous-metal rich areas with lower
thermal conductivity. Improved homogeneity will
therefore typically lower the thermal conductivity of
the polycrystalline diamond abrasive material,
allowing more heat to be retained at the cutting edge.
A greater proportion of the heat generated during the
machining operation is therefore available to be
transferred to the swarf as it moves across the tool
produced from the polycrystalline diamond abrasive
material of the present invention, providing a more
efficient thermal exchange cooling mechanism.
Conventional wisdom dictates that a higher thermal
conductivity would allow heat generated at the point
of contact between the polycrystalline diamond tool
and the work piece to be more efficiently dispersed
into the diamond tool, thereby decreasing the
temperature of the cutting tool edge. While this
argument is valid, it should be noted that the volume
of the tool material is orders of magnitude smaller
than that of the swarf it generates in the cutting
operation. Hence, while higher conductivity increases
dissipation of heat into the tool, after a short time
it is possible to generate temperatures across the
entire tool, that are high enough to result in thermal
degradation of the cutting tool. Thus, through careful
manipulation of the microstructure, polycrystalline
diamond abrasive elements of the present invention
were obtained with beneficial properties that resulted
in superior performance in application. In particular,
the wear resistance of the material was found to be
significantly improved over polycrystalline diamond
abrasive material made using conventional methods.
Polycrystalline diamond abrasive elements of the
present invention have particular application as tool
inserts in the machining or working of both metal and
wood, and as inserts for rock drilling. However, it
will be appreciated that the applications of the
polycrystalline diamond abrasive elements of the
present invention are not limited to those listed
above.The extent to which a material's critical
properties may be reproducibly and reliably predicted
depends almost entirely on the homogeneity of the
structure of the material. Assessment of homogeneity
using image analysis is based on pattern recognition.
Most of the methods used to generate a measure of
material homogeneity have been applied to the analysis
of low volume constituents, such as ceramic inclusions
in steels. Published techniques of determining
homogeneity include : (i) Nearest neighbour distance
[1]. When the nearest neighbour distribution of a
given phase is determined, the results are compared to
the mean and variance of the expected mean and
variance for a random Poisson distribution; (ii)
Variance of area fraction [2, 3, 4]; (iii) Variance of
the number of grains between analysed image fields [1,
2, 3, 4]. European patent EP 0 974 566 A 1 [5]
describes the use of metallurgical, scanning,
transmission, and Auger electron microscopy to measure
the thickness of the bonding phase in a cBN (cubic
boron nitride) sintered body comprising cBN particles
and a bonding phase that bonds the cBN particles.
Direct measurement of the thickness of the bonding
phase, by drawing an arbitrary straight line on the
micrographs, and image analysis were used to determine
the average and standard deviation values of the
thickness of the bonding phase for a range of sintered
materials. In EP 0 974 566 A 1 [5], the standard
deviation of the thickness of the bonding phase is
employed as a metric for evaluating the effectiveness
of different material mixing methods. The lower the
standard deviation, the more effective the mixing
method was in homogeneously distributing the bonding
phase. It will be appreciated that the methods of
analysis as mentioned above may also be applied to a
material containing polycrystalline diamond.In this
invention, known methods were expanded upon, using
image analysis to determine the average and standard
deviation values for the catalyst/solvent
mean-free-path of the polycrystalline diamond abrasive
element. The catalyst/solvent mean-free-path can be
determined as the thickness of the bonding phase as
described in EP 0 974 566 A 1 [5]. The standard error
value (sSTD) for the catalyst/solvent mean-free-path
(MFP) is determined by dividing the standard deviation
value, s, by the overall average value. Lower standard
error values will equate to higher homogeneity in the
sintered materials. The invention will now be
described by way of the following non-limiting
examples. 



EXAMPLES In order to produce sintered polycrystalline
diamond abrasive elements according to the invention,
a nanosized catalyst/solvent powder in the form of
cobalt was milled in a planetary ball mill with
milling media and solvent. For preparing batch sizes
appropriate for the examples of the invention,
typically 10Og powder mixtures, the catalyst/solvent
powder was milled with approximately 15Og of milling
media (4mm WC/Co balls) and approximately 20 ml of
solvent (ethanol). The fine cobalt was milled for
about 1 hour to achieve high dispersion. The diamond
and remaining milling media and solvent were then
added, and the admixture was milled for approximately
a further 8 hours. The milling media was screened out,
and the slurry dried by evaporation. The examples of
the invention are based on the composition recipes 1,
3 and 6 as listed in Table 1 below. For comparative
purposes, material mixtures were also prepared
according to methods already known in the art where
the admixed catalyst/solvent powder was far coarser in
size. These were based on composition recipes 2, 4 and
5, as listed in Table 1.TABLE 1 (Note that in some
cases the final mixture will contain trace amounts of
milling media, such as tungsten carbide, which are
introduced inadvertently during the milling or powder
processing steps. Hence the diamond and
catalyst/solvent contents of the final mixture may
differ slightly from that stated in Table 1.) The
catalyst /solvent used in the above compositions was
cobalt. However, it will be appreciated that other
suitable catalyst/solvents as described above, may be
used. In each case, the diamond catalyst/solvent
powder mix of compositions 1 to 6, was then placed
onto a tungsten carbide and cobalt hard metal
substrate and sintered at conditions of elevated
temperature and pressure necessary to produce the
polycrystalline diamond material. Typically, these
conditions are pressures in the range 4 to 8 GPa and
temperatures in the range 1300 to 17000C. In order to
determine the homogeneity of the sintered
polycrystalline diamond abrasive elements, the average
value and standard deviations for the cobalt
mean-free-path measurements of these polycrystalline
diamondabrasive elements were assessed. The individual
values for the samples prepared from each composition
type are shown in Table 2. The standard error value
(sSTD) s mentioned above, provides a representative
figure of merit describing the homogeneity of the
microstructure. Clearly, a lower value will indicate a
more homogeneous microstructure. TABLE 2 The enhanced
homogeneity of the polycrystalline diamond abrasive
elements of the invention yielded significant
increases in both the toughness and strength
properties of the PCD material. The substantial
improvements made to these critical properties,
notably PCD toughness, were shown to provide
considerable performance advantages in application
testing. A summary of representative performance
results is shown in Tables 3 and 4, below. (The
comparative examples are shaded). In each case, the
performance of an example of the invention is measured
relative to a comparative example e.g. example 1 was
observed to be 2.71 times as wear resistant as
comparative example 2 when turning 18%SiAI. TABLE
3TABLE 4 References [1] Voort, G. F. V. Evaluating
clustering of second phase particles. MiCon 90:
Advances in Video Technology for Microstructural
Control, ASTM STP 1094, edited by Voort, G. F. V.
American Society for Testing and Materials,
Philadelphia, 1990. [2] Missiaen, J. M. & Chaix, M. J.
The homogeneity of phase repartition in TiB2-Fe
composites using variance and covariance analysis.
Journal of Microscopy, Vol. 175, pp. 195-204, 1994.
[3] From, A. & Sandstrom, R. Analysis of clustered
dispersions of uncombined carbon in cemented carbide.
International Journal of Refractory Metals and Hard
Metals, Vol. 14, pp. 393-405, 1996. [4] Hubel, R. &
Wendrock, H. Characterisation of microstructural
inhomogeneity by image analysis. Prakt. Metallogr.,
Vol. 31, pp. 326-337, 1994. [5] European patent EP 0
974 566 A 1.CLAIMS 1. A polycrystalline diamond
abrasive element comprising a fine grained
polycrystalline diamond material and a second phase
comprising catalyst/solvent for the diamond material,
the polycrystalline diamond material being
characterised by having an average catalyst/solvent
mean-free-path value of less than 0.60mm and a
standard error of less than 0.90. 2. An abrasive
element according to claim 1, wherein the standard
error for the catalyst/solvent mean-free-path is less
than 0.85. 3. An abrasive element according to claim 1
or claim 2, wherein the 



polycrystalline diamond material has an average grain
size of from about 0.1 to about 10.5 mm. 4. An
abrasive element according to claim 3, wherein the
polycrystalline diamond material has an average grain
size of from about 0.1 to about 6.5 mm. 5. An abrasive
element according to claim 4, wherein the
polycrystalline diamond material has an average grain
size of from about 0.1 to about 2.0 mm. 6. An abrasive
element according to any one of claims 1 to 5, wherein
the second phase is formed, at least in part, from
particulate catalyst/solvent material having an
average particle size of from about 10 nm to about 800
nm. 7. An abrasive element according to claim 6,
wherein the particulate catalyst/solvent material has
an average particle size of from about 10 nm to about
400 nm.8. An abrasive element according to claim 7,
wherein the particulate catalyst/solvent material has
an average particle size of from about 10 nm to about
100 nm. 9. A composition for use in a method of
producing a polycrystalline diamond abrasive element,
the composition comprising diamond particles, wherein
the diamond particles have an average particle size of
less than about 10.5 mm, and a diamond
catalyst/solvent for the diamond particles, wherein
the catalyst/solvent comprises particles that have an
average particle size of less than about 800 nm. 10. A
composition according to claim 9, wherein the diamond
particles have an average particle size of less than
about 6.5 mm. 11. A composition according to claim 10,
wherein the diamond particles have an average particle
size of less than about 2.0 mm. 12. A composition
according to any one of claims 9 to 11, wherein the
diamond particles have an average particle size of
greater than about 0.1 mm. 13. A composition according
to any one of claims 9 to 12, wherein the
catalyst/solvent particles have an average particle
size of less than about 400 nm. 14. A composition
according to claim 13, wherein the catalyst/solvent
particles have an average particle size of less than
about 100 nm. 15. A composition according to any one
of claims 9 to 14, wherein the catalyst/solvent
particles have an average particle size of greater
than about 10 nm.16. A composition according to any
one of claims 9 to 15, wherein the ratio of the
average particle size of the catalyst/solvent
particles to the average particle size of the diamond
particles is in the range of from about 1:10 to about
1:1000. 17. A composition according to claim 16,
wherein the ratio of the average particle size of the
catalyst/solvent particles to the average particle
size of the diamond particles is in the range of from
about 1:100 to about 1:1000. 18. A method of producing
a polycrystalline diamond abrasive element, including
the steps of creating an unbonded assembly by
providing a substrate, placing a mass of diamond
particles on a surface of the substrate, wherein the
diamond particles are fine grained, providing a
diamond catalyst/solvent for the diamond particles,
wherein the catalyst/solvent comprises, at least in
part, particles that are nanosized, and subjecting the
unbonded assembly to conditions of elevated
temperature and pressure suitable for producing a
polycrystalline diamond material from the mass of
diamond particles. 19. A method according to claim 18,
wherein the diamond particles are as defined in any
one of claims 9 to 17. 20. A method according to claim
19, wherein the catalyst/solvent particles are as
defined in any one of claims 9 to 17. 21. A method
according to any one of claims 18 to 20, wherein the
substrate is a cemented carbide hardmetal. 22. A
method according to any one of claims 18 to 21,
wherein the substrate comprises additional
catalyst/solvent for the diamond particles.23. An
abrasive element according to any one of claims 1 to
8, a composition according to any one of claims 9 to
17, or a method according to any one of claims 18 to
22, wherein the catalyst/solvent is selected from the
group consisting of cobalt, nickel, iron and alloys
containing one or more such metals. 24. An abrasive
element, composition or method according to claim 23,
wherein the catalyst/solvent is cobalt. 


