GEAR O L COWVPOSI TI ON BACKGROUNDOF THE | NVENTI ON 1.
Field of the Invention [0001] The present invention
WO edoanezss1g 0 a gear oil conposition, nore speci PCTEB20§6/@2229
gear oil conposit ion for vehicle driving systens, in
particular that for final Lpductlon gears. 2.
Description of the Related Art [0002] Recently,
devel opnent/ est abl i shnent of the fuel -saving
technol ogi es which contribute to abatenent of gl oba
environmental |oad materials exhausted from vehicles
and. other engines and also to reduction of fue
consunption are becom ng nore and nore inportant, as
nmeasures for preservation of global environments are
becom ng unavoi dabl e i ssues. For various vehicle
| ubricating oils, efforts are t ted to
F eductIS GRANED BOLYERYSTALLITE ABRASIVEMACERIAL
m | eage- [0003] In these efforts to inprove nl eage,
it is an inportant premse for a lubricating oil to
retain its existing performance characteristics, even
when it is reduced in viscosity. For exanple, it is
essential for a vehicle gear oil as one of |ubricating
oils for vehicle driving systens, in particular that
for final reduction gears, to keep | oad resistance
characteristics, beginning with extreme-pressure
characteristics and wear resistance, as wll be
under st ood. [0004] More specifically, a fina
reduction gear (differential gear), which is nounted
in a vehicle driving systemtogether with a
t BAGRERGUND JFPHEWVENTION ons; (1) function of
fUrther readuct ng power which has been reduced by a
transm ssion and deflecting the reduced power at a
F i€ inddittioR rel@fed t6 %blyé'ﬂyﬁtfaﬂﬁhéatahﬂindf unction for
securing snooth driving of a vehicle even when its
right and left drive wheels rotate at a different
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gear; used as, a gear transm ssion nechanismfor a flﬁ
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neRgsShéhcfRess this! Mhtehill |ﬁé1[idé’\ﬂ§ Euw%@ﬂwa&ﬁtéeé ediamond being
| ubricating conditions,
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exeskiaftd. | Saskriof sedra ReRtartar mCieh i ifiphas \(aelols benefits
resi stance to seizure and frjction Reduction o

vi I8eldding ynceeased doplerr fukipkifg dless Aoy t'meeﬁflger'qrﬁmf& ipfece
I SRR hhéméeVneEogtc@t.m fer d@nipid. il m between
gears, accordingly 005} It is therefore necessary
to achieve mleage inprovenent by reducing gear oi
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&) tenperature, [0006] A lubricatin
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However, a VISCOSI%{ I ndex 1 np roveRW%nvol e a pr? e
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a &S Bt noré WoEh GAdtaRY prifbiBblT nicled Lee dmuies prserlyly huvelt.
not been conmercialized for final reduction gears, and
nost af the conmercial ones have a kinematic viscosity
of 85 m®2/s or nore at 40C, and no |ubricating oi

havi ag a kinematic vigco reduced to 80 nmmR/s or

|l ess is comercially a@%Nm%MKHONQQPYinaI reducti on
gears. [0008] In. consideration of these situations,
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sol ved. [0011] These situations have been keenly
requi ri ng devel opnent of gear oils for vehicle driving
weymUensI8 i n particular final reduction gears, P@iiB2006/002229
can secure an oil filmat high tenperature and keep
bearing fatigue life characferistics even when they

are reduced in viscosity, owi ng that reduction of
| ubricating oil viscosity is one of the nost effective
xneastires for fuel saving SUMVARYOE, THE | NVENTI ON

[ Ocheonetirestlts isah Comjnuews shatidng ihe&@hw'th bR feialstsgvent
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gear 0| osition for vehicle drivi ngelg%ret ens
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f%lcﬁﬁ%'d‘&n&w (rlicley are PR rdphRalty §§l§l§' ty and, at
he sanme tine, secure beari ng fatigue |if

char acteristics.[0013] The inventors of the pr esent
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to so ove hat the above object” can
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VI sc sity ecifica OW- Vi scosity base oi l
cmpmewcwf @mn ﬁérr“fiq:artﬂﬁsé@élwfw aliatrgr due to brittleness.
Ny QI PRRRE P@DS%sth&‘Fér %ld?ilflcahfiHaBIQmﬂg l<e\riaie|’&k 'dFlIImg
viscosity specified .5 10 nmR/ s at "100C
hikgmefisshd sre ySW@IVelkomosed of a nineral - based
oi | and/or hydrocarbon-based synthetic oil having a
ki nematic viscosity specified at 20 to 52 m2/s at

1 GtayevencPGRols sl iaccbritierionaent 0Pl y at 40C
achi eving the present invention. [0014] The present

i nvention provides a gear oil conposition which
conprises a base oil (A) and another base oil (B),
de§gmwp_@;@l{ B! aYe INVENAIDN east one species of additive
for-gear off, and nas a kinematic viscosity of 80
m2/s or |ess at 40C. (A): a mneral -based oil and/or
hygg | 8 falline
G Ry RERPE SN TAC PRI, o Wovided peigeis
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hydEQs-AEERamARSES Ic3Y Mg bg. 0i | having a kinematic
viscosity of 20 to 52 mR/s at 100C. [0016] The
present invention also provides a nethod for reducing
f Uphe &9%&6@%% fﬂe R SYsBIvERRbar-RERLEAMGE paSSEBly IR¥ss
use of the gear oil conposition which contalns (A{

m harQ8based oil and/ or hydrocarbon-based synthetlc
oi | having a kinematic viscosity 3.5 to 7 m2/s at

100C and (B) a mneral -based oil and/or
hy B pelyysalias d@mapatmaerie! Rpferabl hayam anpragfat aie size

Vi s aboRf 020td abé& ’rm@/m‘»n &hoﬂeOQfoeram RS aBout 0.1 to
ki nemati c viscosity of or | ess at 40C.[0017]

ThePYEEO 18y ar@dﬁ%ﬁ?“%‘?‘y&fow ﬁ@otﬁpe%@rﬂbovh% 8iM-on,
which is for vehicle gears and in particular for fi nal

reduction gears, is conposed of a conbination of
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Ki nerrtgﬁ c viscosity red d ed&to 80@nm1?|¥(g?%r | ess at
4CC, as described above. Thi $ conposition brings an
advant age of inproving fuel saving effect while

keepi ng good bearing fatigue life characteristics
which tend to conflict with a fuel saving effect.
[0018] The present invention conprises a

h| gh VI SCOSI ty base 0|I conposed of a m neral - based
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bet ween the | owiscosity base oil and high-viscosity

base oil in kinematic viscosity at 100Cis 13 m®/s or
woreg/02@)8 The above-descri bed gear oil conposi PEDIB2006/002229

wherein the | owviscosity base Dil conprises one or

nore species of mneral -basged oil and/or

hydr ocar bon- based synthetic oil conposed of

pol y-a-ol efin or ethylene- a-ol efin copol ymer having a

ki nematic viscosity of e
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of hydrocarbon-based synt he

O ey oo vera i ot b S RS Pl tht
hate panssiddnenat i ¢ Vi scosnty of 20 to 52 mmR/s at
100C. 4) The above-described gear oil conposition
which is incorporated with at | east one species of

adhet bétﬁly%oﬁiéh?% fybrRENY BEoalt AleRelC ABEI g tdm8lldYf containing
sul fur-based additive, &hosp or us- based additive,

aeL NQJE SHER BIREA!S, pb‘?fﬁ blysioRe!t-depr essant ,
axi tifoam ng agent, antioxidant, rust i nhi bi tor and
Mot i on nodifiex. 5) The aﬁove descrlbed ear Qi

corifodipmapd Rasticies ?ge YRIcINp SHRINISEPNWIQ MiGIPN |sizgd Pastigtes,

S RRefefsblPhaving 8¢ BRerads Séiﬁélé %lzéwlésb%rﬁﬁio@ﬂ@ﬁ uihi, @fiBre
t he %roup conS|st|ng6of sul fur-based one

pHESIERANIESS ABRRIHES- Sy ra9st|pé%t§tabb(rt@8%t9ée .aegufo% 0 pm,
adglidt prarrafy BSiRfand bRadd SarBtle BRe P Hatdrittith @f pashl ess
di spersant, pour point depressant, antifoam ng agent,
anti oxi dant, rust inhibitor, corrosion inhibitor and
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conposi tion, rein the sulfurbased additive is
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and/ orr acidi c phosphorous acid ester. 7) T

ald8l%e- descri bed gear oil conposition which is further

i ncorporatedw th an ester-based sol ubilizing agent. 8)
The above-descri bed gear oil 05|t|on m@ &els used
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the present invention are descg ggén dehall (%ﬁq%éb
TH@%‘E&H Odp 1abewinh 629%: Mmaie greferpaly i saianos froahh

m tawbet Ph0g0.(A) a | ow viscosity base oil and (B) a
hi gh-vi scosity base oil, and (C) one or nore'
additives for gear oil as required, where these
CONRIREN o Péteariofed aBPschiof thd iRvéntioANE Medth&f of @bu@cmgna

have a co 05|t|on ki nematic vi.s cee
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to 8Qmm/s rt| ar | ref 70.t o0.76 kinR/s
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conprises (B) a -Vvi scosi t e oil
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Wi ﬂidhoéééd a dn@V\fsMbjé@tﬁ’\‘gl the mpenddd éaaambgf & %t?hamahé Cof
cosi rerera
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ttmameﬁ@myeﬂbﬁhéﬁ)ass oBRJiamoAd bﬁ)tlclbas a ki nematic
viscosity of 80 mR2/s or less at 40C. [0026] The gear
oi | conposition of the present invention can have a
deFhd QbsafPwis gbhsrallybea cbientet xamnpe itdrtmetl. ( E)
| ow-vi scosity base oil to (A) high-viscosity base oi
is set by a comon lubricating oil blending procedure
whi |l e considering viscosity of each conponent, because
the additive has a limted effect on conposition
vi scosity, as discussed later. [0027] The gear oi
conposition of the present invention is devel oped
based on the flndlngs that a conblnatlon of a



When it has a kinematic viscosity below 3.6 mR/s at
100' C, on the other hand, the conposition nmay not have
w@2®a0tdses ent viscosity index at high tenperatBCE]B2006/002229

possibly failing to express an effect of m xing base
oils of different viscosity,and exhibiting
deteriorated bearing fatigu% life characteristics .
[0031] The preferable higlrviscosity base oil is
composed of a hydrocarbon-based synthetic oil having a
ki nematic viscosity of 20 to 52 mn 2/s at 100C, nore

prﬂf@écﬁmt%ng% bl@vét@d 'f@'f%era—th% Mb@@édr@ n@béss'aﬁ/ to produce

particul ar nposed olefin
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base oil having ki nemati c vi scosgqﬁ/ bel ow 20 mo at
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t hi ckness, possibly failing to exhibitsufficient

bearin ﬁ? fatigue life characteristics. I ncor poration of

a Meagrding ianpthen aerest pf thalnvegtien, Eherereprovider ecigel Qry

abl‘é&?m'é@rt“ﬁ@ﬁﬁnsﬂf{g W bolyelXalike dirh6hd Ridhesivel BRment as
onposi tion may have an”unexpectedly deteriorated ail

flqiﬁ??@'fegr&l’ﬁoﬁ@ capab| lity, possibly failing: to secure

bearing fatigue life characteristics. [0032] Various

base oils for preparation of the | owviscosity and

hi gh-vi scosity base oils are described bel ow. The

M PETRILEPPBESCRISAON OF FREFERKEN &MBODIMISEES one)

userur Tor the TOWTISCOSTTY and nhign-viscosity base

oil's include vacuumdi stillates of paraffinic,

| ntied prRAEALIBVEHREN RBREEIRE PHIGCristafies d%dn@tﬂﬂré‘éﬂé élgm@hﬂs

fractions treated by one or nore processes sel ected

f raid Bl m@wtfacit@mngqa%usqﬁheeeeé r 46K megﬂochvewe%% thersters, of

hygla@hgt hninfids of! M?em%rglﬁé‘@xéhaﬁwnﬂ abahmregc aﬂ&“’ﬁéhd&ed
clay treatnment and orth; deasphalted oils produced

byC%@VSI@ﬁ{Veﬂ'eWﬂ iy syFface P at etPSB§teoa'éd SHbiRelg e

t hghiRRaxS aBEe%SI?StSSconHItlBﬁé af chased t@Hp‘érrﬂur@déﬁfcﬁ red¥ure
wax i somerization; and a m xture thereof

Greuitghieefor nereducing ¢ ipalyriysialline piirmand Heyesi Pf fheaeﬁS6nef

sefiainsh§ battiches? Frhetgu@s@étedfwmg%neraqyi%ea cfewm&abé&b@b
gas or the like as a starting material,

| u%lbistfa‘i?r nteofeMented carbiis sype@m O aubsjratsy ma&sd%w. Kroyn

of inRA dHCREN W8 YoenerRid teagété}g c&tblde E@rﬁéht@ﬁ' %ﬁﬁ@@rcﬁrlﬁéﬂe A
froml |qU|d products produced by an asphalt-to-1Ii

Vt@Qmef(t%'ufa'wfﬁc%%'d%P%ﬁeﬁt?‘édﬁ%'ymW Pa@'%er mixtures
friagtdopns, € 9., asphalt, are also useful as the base
oils for the present invention. [0034] The sol vent
refining process uses an aromatic extractant, e g.,

p hﬁﬁ@b@noﬁﬂ&ng f BlevaRl tnpREYE ard Bbééétﬂb' ne@@ék%ry tbfoduce

sol vent ewaxl n Pprocess uses a sol vent, .
| tﬁﬁe@piyés/stﬁ"wﬁaﬁeﬂemd W%wmr@ﬁmqs&f@wqucﬂeﬂ erell

‘ Thﬁnmlﬁltué bﬁ q*weawmw é&ﬁﬁﬁme'%%s?r%s%\é@m A8 range 4 to
cat al a e-sel ective zeolite.
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aselbinght tHRew b?ﬂducéd‘b? 'tHE Helh BEtHe! lﬁl/erﬂfonhﬁiﬂ\é\ddltlonally
neutral oils, bright stocks,_or the |like dep enln%ea
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Syéatswétys@l\)@aﬁer%é %ltmr@ebﬁeelve%ae@lclé U88d. Catalyst/solvents
hydr ocar bon- based ones, incl uding

hy@F d@apere 1el Hnpun yhf\@? §”aﬁ@ft6rﬁoqr?fﬁﬁb§y PRt iCHR IEaR,
Poby at-aRbe cbR@ining 8nd @ Yndte Wi ehéde Heelld!l THi® biddee can be
present invention include roly-1-hexene, polyl-octene,
pol yl -decene and a m xture thereof. The nononers for
the poly-a-olefjns are not Iimted to the above, but
normal Iy include olefins of 4 to 10 carbon atons,

whi ch nmay be used either individually or in

conmbi nation as polynerization feed stocks. Pol ybutene
Ethylene- a- oIef|n copolyner The ethylene croJefln
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particul ar ethyl ene- a-olefin copolynmer or

pol ycrol efin. [0041] Next, additives useful for the
W@e@r/o2isii8 conposi tion of the present inventi onPEr/eB2006/002229

described. It is essential for the gear oi

conposi tion of the present 5nvent|on to have high | oad

resi stance characteristics as a gear oil for vehicle

driving systens. It i's part|cularly reqU|red to

formretain a thi Ql | tmee ar.s

hwﬁmdﬁc%&Ptfbfhr@r'%!”f'#@&%tff%‘ﬁ '@%&Pgs@ﬁ intg ﬁ'@n'@é‘ss of

| RHPISRRN Rt s\Hrhgathe Wirfdt; r‘?acﬁéé@'nérﬁdalﬁd irepaticudite form as

iR WG 1eyEPS PR W tRD, AN G indeg il be

| IBRELANEIn! RPEE @IS 1 BRE 20 9By ARES beﬁth@mab)bel@%elmv% 6%
extreme- gressure erfornanceég%lEa ﬁ &{? %Ifur based
adni"Paspe SOMEE fie pipdet metahwllqsreralnniiate inte g gyasive
t RBEPaBQNiRY Bb ?agﬁoh@ﬂ@h one species of sulfur
conmpound, sel ected from hydrocarbon sul fide and
sul fi ded ouVfat conpounds, represented by sulfided

oleki Mcrﬂs@éﬂﬂ‘fé] didmend ¥erRR/aIdsHerkt thati ig Q)ré‘cm&@@ lh@df‘a very

ncl ude t'he fur conmpounds represent
béwelrjmamoafinaraaﬂ l(J§t5UCELtr;IB)4Tli{Ft i S%é%ﬁéf a'r"tq? JPw'amemj

Ricagtilft/Ealvérte wﬁblﬁrwtélw diaofdl Ghateridl sl chamctResed by
group, and na same or differe t Eac Egg @ana
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ALDAEP um! dnf @Atariiard ERBCIP theatefay/bol @8 Wie Y frde-path 2Pless
carbon atons; aromatic group of 6 to 26 carbon atons
orthan ©.80cli ¢ group of 3 to 26 carbon atons, for
exanpl e. The aromatic group may be substltuted mnth an
al kyl or al kenyl grou 4 t o 12 carbon
pr'@f%P&f?réeqw}?myb%@?%rpfgth%dﬁ‘ée”lt'ﬂ'&It%é’OIé(ICW}?F 'Eﬂﬁdd'amO”d
alkQByal nas alb%al;ﬁ&/s&vént%é% X PAA value 8k lesErizh 0.55 um.
specifically, e al kyl groups include butyl, pentyl,
hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl
anf an&ﬁ&n?@&récﬁ@mdmﬁérﬂotﬁ tﬁ@an@érlﬁeﬁythegbelyasystanme

i ncl ude bu ﬁ ent enyl , hexen ggg qctené
notrmgnd matesiahlas e 89/ ven efypat %? ¥rlesrchen
| PE@Lmt hereof . [0045] In the general formula (1), "x"
is an integer of 1 or nore, preferably 2 or nore.
Those represented by the general fornula (1) include

NOFHR: stakbard étrrbrfoﬁfh@ REIYsHEbIé e endPmsE PALR is br@ﬂ#@c}ly less
referable c ounds represent

Accordingly

{ 6o BreB, 8 isdyERy qragter ien U0 e Rigre (o6 e e
anfle Hvahtnb sRPMELEFdridem thdinge DPETEf0 0M5L Y,

dii sobutyl disulfide, diisobutyl polysulfide, dihexyl
pol ysul fi de, dioctyl polysulfide, di-t-nonyl

Dth§r‘dibf 'téieobtﬂh dg chigh IF%dﬁddeﬁbQ@ mﬁéﬁ@d%‘éﬂcatalystlsolvent
ponsuI , diiiso e I ysul fide, diocten
Darayides g sk e Jhe BB RavE! Tl At PiabY
PrigirREi28d %&@%rﬁd@r@tlﬁvk@% meeégéwﬁarﬁ@ewze ofi frcm abwl
pol ysul fi de A sulfld?d ol n_can be ph q4aa

P o1 fochtany 890 Bime mitke PesTagably Siom a0 o Shest 40 Trpmost
Prge Ry %nﬁa%ﬁtf?ﬂiw@b&ﬂemo nihhe Thé efighamd @aartlcles are
pol yeul fides for the gear oi

D Cadienlly ShuateY bniten SHed PRECESCBRIRb NgviBs ahavewacs
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ul fided oils de & ct
by b1 B ACRA ST, dipeb Piararapl dnen et I tosREe Hiky
el eentialof tieudfaiigeaparticle @iz Wrottey cét&@@t/so[l\%ﬂﬁi thETWerage
s\ df ur-based additive is incorporated at 1 to 5% by
mass as el enentary sulfur on the whol e gear oi
conposition, particularly preferably 1,5t o 3% by
mass. [0049] The phosphorus-based additives useful for
the present invention include a phosphate ester,
phosphite ester, acidic phosphate ester, acidic
phosphlte ester and an1ne salt thereof ﬁu | east one



may be the sanme or different, and so are R5Sto R7S,
when present. [0057] In the general fornulae (4) and

W@ 2007/08%18 oW axe each butyl, hexyl, cycl ohexyPCT/mR204d/002229

2- et hyl hexyl, decyl, lauryl, nyristyl, palmtyl,
stearyl, oleyl or eicosyl, _gnong ot hers [ 0058] "Acidic
phosphate ester and amine salt of acidic phosphate
ester are particularly preferable for the gear oil

conposit .ion_of t ent i nyen .
uﬁ%ﬁﬁe 2% the LIGEBrE Al IS Anpsil 31 Maf e fatie sy
q@éferamy hﬁ&W&E%hgeTéBfr&ﬁQm Q*ﬂ@t@%o(ltcmm@) A naore

- oct adecen CI d te/oI ne salt can be
mﬁ%@"aﬁy indpe ﬁ @%@?5365‘&?'& §a1 ~of acidic
phosphat e ester [0060] These phosphorus-based
addi tives nay used %I t her | ndivj dual or.in
cottts AN SIS, Ascalicin: D cpaosizs ieBlon a6 3he GrihBtisalyent
0. ;l%nélés &@?(e@wnm@duamoﬁ@ pamibles epalsles tHe&:atélydt/éogéﬁtrto
oi | conpositi

referably O 1 to 25%
[ dtﬁemprerr?@d&hgemgﬁen R e%m&&a.namfgese%? ghatnc.ona .
WegHert Ak bd:étél?eﬂﬁsf)fv@ﬁt{ lsafwtloah;s Qookdck in BStwisenaine f:li@Fnond
pronot i ng fect of Tﬁ"l e sul fur-based. additive
[

arPaéSkq]?%Wethﬁrf%@s gf eoalgigiThis\Rermits @ betieh &ndarm QISB?rS'On “of

aghd Ccat&lset/shaérﬁ ik dhsd pwpalbmnastpeﬂﬁzlwhinblme
partl cul arly %lqnwear i nhibiti n%Heffec S. [.0062] The

YC@(%a'HtﬁrpS@ Bn et St [9FYERYI A ndy MRS
[ nm@yngt,@gjstmcmean ester as a solxibilizing agent.
The esters useful for the present invention include
esters of a dibasic acid (e.g., phthalic, succinic,

al W'céMﬁﬁlirfg' fhe @dﬁefl%'cﬁé\tﬁéhd“pémcléasl% Gyithad elight Iegree of
suberic, sebacic, fuparie or a | |c acid, or linoli

ad?qgnnghﬁ@f )2 %W%t@%ﬂlat’r@na a Iemﬁ%g(|§|formed W|th a

g rﬂ{chFBQtr{J@t&Vé thapaafiis tigaRednt nﬂiréééleqﬁ @m@hﬁéﬁ and a Iower
i et hyl e

col _nonoether or pr. ene
estf‘ﬁrrr%aloﬁ"ﬁﬁg noc AP dRYPT dNelEia @J&E 3Vifyo e %"tgaﬁn hower
at @melugivey, P ahical fa@ﬂitﬁes nﬂﬁn‘bﬂ@@tt}éhﬁp@rla‘ﬂﬂ@ management at a

tri net hy| ol propane, pentaerythritol pent aerythritol
or e stae L kTSN GRMErd ebRple AR et ul s a

solub|I|Z|ng agent include pol yoxyal kyl ene gl ycol,

pol yo | kyl ene gl este | yoxyal kvl ene gl yco

C ARGl SHE8En lebnaer ooy bheBORaien TesPHatRageRtovEy
bepy BCABRARIICSEagk padbabané%ﬁ%rb)oonya@stamﬁetdmmlabra@war

oi I conposi ion, prefer 0 22%

[ d@e@pgghetgea?sso'ﬁd%ﬁ%g&ﬁ etk ﬁs*? %'4%35‘1){ é%@ee‘fgquemy of

| NyRATytRBIVERY pbits moameaikypﬂoﬁégumgrtam@h%é hmategalowill

nore commonly used additives I a?ﬂ?eu ci he abovg

aaertceamereév SRNERFIRG (S NPracgRNSIt QF HiSUPO Y%y%ﬂ LRl

of arBgve ERPRIMt of tHeeprebatt. m\té}&tsﬂl(l M’Pﬁ dRspsitibmn @)ﬁ'dlatYnogd
ur orate

t he ear oil conposi.t cor

GRavSlsolBRanaBEn el Mgt crisuDEe BoR a8 in
asmbamsbrsaeaaa@pwsomm pBéis Nthad epéref&s am:the Pdtyicfyatilineg
agen | OXI rr.c

t i nhibito
2 Aand Ghiase el snediigl 9 BpetfdfsectharacienstEs,

chiba6distahéd bfaBe miitdlial tol dtaGEprophdrition incrénsks iaptiiheAce the
oxi dati on sta L{QIUtQP{QEéCl eanness al xd defoam ng in

ad@ResWHRd maeria S541¥§A€Rar act eri stics al ready

descri bed above. It is not necessarily |ncorporated
with a vjscosity. [ndex i 0 . Whi i S.one t he
ekatlead SRToat ch Sess uBn e wopPaslineeBhed ghiaste
Hogeivieht prdvideaintdrorineerapastabnd thiat allowmdagidaheat transfer
content, when the conposition has sufficient stability
agai nst shear stress not to deteriorate bearing
fatigue life. [0065] The ashl ess dispersants useful
for the present invention include those based on

pol ybut enyl succinic add imide, polybutenyl succinic

aci d am de, benzyl am ne, succinic acid ester, succinic
aC| d ester ar a| de and a bor on deri vatlve ther eof The

o s o o, Y 1 - o, ~ N~ 1



pol yhydric al cohol/fatty acid ester, fatty acid am ne,
oxi di zed paraffin and al kyl pol yoxyet hyl ene ether. The

WO 2®Ur/02058 bi tor is incorporated normally at O PCDIEX06N02229
mass. [0071] The friction nodifiers useful for the
present invention include an_or ganonol ybdenum based
conpound, fatty acid, higher alcohol, fatty acid
ester, oil/fat, am ne, pol yam de, sul fided est er,

phosphorlc aci d ester, acid osphoric acid ester
ci YOPRS Eg5FRyie rmetalar&hoar@@% wh gﬁ@réﬁ?rﬁ@' sanquchyity. 'mp'”oved

PhesRégEnefy i %e@éﬂ)ﬁ?(typEEW dee‘?tth@ MhdFREl CbRduckifity of the
i ncor por ated nornma 05 tao by mass [ 007 A

t &%Ycrﬁaﬂ{l@]tdl@wo%ogW@q\@( Jyategial f?élog@gr mgre hea ]to be

COorERfsed hOtheOtutlintCeddes S Andreatly @RipoRtibn & tﬁ@thelat ghdteted
However, one or nore additives (includingt

abdUEgdbe dPAEERING SPeNsEien 5 W@rec{%rgrﬁ\ﬁaﬂm? tgéoe transferred to
' ”tﬁ@ré%éfnab@qt ﬁfové@ aER)s@QP(é kYol "B GuceB! PR A | pblyEBystafline

25% by mass. [0073] descri bed above, the gear oil
co‘ﬂfﬁ@@ﬂ@'lﬁ‘hﬁawe tm@eﬁﬁ'e%feﬁﬁ PrRSER: inyANGian, oQSﬁYj 58 2 gpore
(Aéﬁ.aehtqnéme%%awe basiBigPhdchakiBn, @ hi gh-viscosity
base oil, and (C) one or nore additives for gear oil
as required, where these conponents (A), (B) and (C)

ar Gomvemabma r@%@@lnl dctate Okt @l hRder #drMal @oﬂﬂm&ﬁw would
cO osition kinematic viscosi t not exceedi ng me/ s

at allewchegtogeneraten at ghe oeint of WB@P‘ beiviseB e @@'ygry@?ﬂwe

Oi Jhaﬁ‘r@ﬁ@ @S0! tdn@the 'V\?brlp ﬁfet:é Gl bérmél’éaéff cf,lél{tlyfdlé}férsed into the
reduction Q%\ears can be al so used for nmanual

t réiagand §9 ﬁ@emﬁcr&ﬁﬁnmfﬁm%@éﬂ%‘#&h%Pﬁt’“(‘wﬁ%&)ed%%

a Wi ke biduene is 1408, ¥ 8RbWd BetHoted that FESIoRife of the tool
Therefore, 1t can serve as a conmon | ubricant for

r eateripbi Offess §f MRaRItugA gMalststhan thranBthe syvarfoienpraterein
pftﬁée %httlth%Pér‘a%‘n I's q&grer I\bmré Imgﬁia@t @b,hdmwtcyx%é?égs%s

E. EXAMPLES, whi ch no nmeans l'imt the
pr@§%ﬁ@t'anRféW?F e thﬁﬁO@@tmﬁ@% MY itdh ROEkIp Y9 epreerate

ol ﬂeﬁ%%tuﬁé@saé@@sd RS ehhe fbhYthanere dighl BhbuyHC &P PéSUIFE
and a-qglefln oligonmer mainly conposed of decene

(EAO),

@eug@dieagad@w Bfoth?gﬂﬁ'ﬂg fol-n copol yner (PAO). In
EXAMPLES, "% neans "% by mass.” [0076] The nethod for
nmeasuring ki nematic vi scagsi Eo% tand that for eval uating

r

beHysaghiongh aeefil maniprizfian (& the tmigwosipeuige Robcpistplline
bedigMionabradiiTBRINcs ki ﬂ%n'&*ebéntVlhﬁéﬂ@ht\Nerlél SREBEY Gith
Vi SCOSI tg at 40C (KvV40C) and that at 100C % %‘%

webensiigia MPB@“'P%"@&E%UH%G]E'@URP'H?{ HQQ'?RW@F&G fiert-i bon

of ptfaiaméhd bardesistante of:ih@rrﬁstteﬁéu \Wdd ©Bind\o Bé |S|gf1|f|béﬂtly
f or med bet ween a disk and roller was observed

| i igrroyask @N?rerP@lYGéVSF?&WﬁoalamanaBraP!Vﬁl Bafariah fﬁ?f}é Vo1
angbrRBafioral MatHygecedur e descri bed in Tri bol ogy
Transactions, 39, (3), 720 to 725 (1996) under the
following conditions. Fig. 1 illustrates the anal yzing

pr P@l? §tﬁll|n@dlarﬁd>nd BbraSivd &lctheHte of Zl%’@@réséﬁﬂfn%lﬁlﬂnl [eve
vel oci m s Plane pressure (average Hert

prearig! %’) aW'Ga@ﬁaaMﬂP%é@é’”ﬁéﬁtth?ﬁ%ﬁqhwg \Wég"oé%\'?% 8f bl
usm@&l HhdSWYod eBhE | ln@er‘té"%rL%khdrﬂlmgay HevSer, [iOIN be
EXAMPLE 1 A mjxture of 11% of a ref d m neral oil
hadRRigeiater thahie; aPRirions; erﬁh%fpoé’cé’s Psdigmond Geragie
6 18fofenfiiof Shepile8@e-invnidredrehot MARdY fRthoddiREdd dseng a
ki nematic viscosity of 20 m®/s at 1Q0C was
i ncorporated with 18% of diisodecyl adi pate (DI DA), 5%
of a sulfided olefin, 3% of an amne salt of acidic
phosphat e ester and 2% of other additives, to prepare
Sample G| (a). It had a kinematic viscosity of 73.4
m2/s at 40C, and passed the fuel saving criterion. It
al so passed the bearing fatigue life criterion,
because it produced a 138 mmthick oil film [0078]
EXAMPLE ' 2 A nixture of 26% of a poly-a-olefin
copol ymer (PAO haV| ng a k| nematl c vi scosuty of 4 1

e s o, A NN N o o Y o o



It had a kinematic viscosity of 73.4 mm2/s at 40C, and
passed the fuel saving criterion. The eval uation

wo ealors1of Sanple G| (d) with respect to fuePCHEB20002229
and bearing fatigue characteristics are given in Table
1 [0081] EXAWMPLE 5 A m xt u_rg_of 39% of a refined
m neral oil having a kinematic viscosity of 6 5 m2/s
at 1OOC and 33% of a pol ycrol ef m copol yner (PAO

Ki ti f
Yo Sttt AN & el i osTas P e BptsRRObY TG
a r‘éﬂékﬂy deddieteaf dépend®o aifmosn eafreweosaﬂhta Bdmegarditg of the

oS ster d 2% of o additjves, to
CoaRu et Feaeteifle ASSaIRIET BHTorBaNPY G asirgReTBhp s
(el baséd oh gaent retcagfﬁm@i Mawt sfatha mebthedy it tbajdnerite a
gh%é%%trgro taltqcrS gé{\}ggtg h!@ﬂe %Tab@?l e@"}ag tg%)edallalyss g/fplow

I eyl @R Ndonblitients) |su§i0f5§0§érbmw1|r@fustdﬁle ir e@ert Published
i nvention and a conmnercial ge; (Toyota, Junsei

Hy"ﬁﬁlrﬂq‘@é“‘a‘ﬁ defarmisincsaaiaege 'chagt ed in accordance

Wit h i he aRavsst drighbbhedisRhes ¢Hurehtn tay &ie@ﬁise ntelgabdsur
fuel savin characterlstlcs It.is

onfi
Sl o G IS A eleh faan Bhate, o elrmiecy R irostitsoere.

[ 0083] CO&BAB%NEEP@W%E al)d/\/aﬁh%ddldjﬁhéfexﬂé%@fme’an and
refined m neral oil Vi a kl(ﬂq%_;?tl c viscosity of

6.5 mTQ/sVQ'E'ar!FG(f@'%\Fﬂﬁ‘ SRS WeR: of an et hyl ene
- or okigf ui \eeRRte/oRired FAondA @, BRI y- a- ol ef i n copol ymer

(PAO . having a k| emati ¢ Vvi_scosi of 6 /s at C
was {tor YGERRRIOVNE AUTH9, SSErains E%wgemaaa e BiBeR

5%of a sy, xeg glefin, 3%of an amne salt of acidic
phosphat e ester and 2% of ot her additives, to prepare
Sanple Q| (aa). The evaluation results of Sanple Q|

( agdropédh patleBPEPLO b74 5EE 1 quauemb@@dh@aaé o eheltlut e
characterlstlcs are 8dven in ble 1.[0084

CCRABARAGY YRNENARIED £2 A\W&ﬂ%ﬁ%fm'& oY 19 meesHigqthe
mt m%gégs%fgh@%@ngg Qhé@elﬂﬁ ﬁ&ﬂl\r(c}dbla ®ORdr Mtrl@é ﬁn%rémr?doby
a an 00 a (0] olerin (0]
ha%m@'sglgk.cﬁ@waﬁrt@'e@. B85 donuno Bassa dhal Bindeo BE By
NE&HiRes. aDRdcinkAs k8ffent oﬂhb&ﬁdmb&ﬂltﬁ@bendlﬁllj [PARse, THo

ofasulflddolefln % of an am ne salt of acidic¢ .
g & SR Srath s op tRomaRdERRS e st Apeis
Safpietused! to (déit?érmlﬁﬁ‘lﬂ‘le&a&/@i'ag@t arWstéﬁﬁaﬂi taeviafiorbeames ofiHe

b with respect t o f savin eari.ng fatigue
{ lspbss orthe Bednd pithep i 1 prys Bl nired pakeas. | 19
COVPARATI VE EXAMPLE 3 A m xture of 72% of a

elofsr%’%l'éq% %f7 r}séfgﬂm];gﬁ% {s%@%@@%\g@?gfoﬁﬁeﬂﬂ(h@ss of the

di b@@d’@cmmu ip@MplgyerDA)a netbcdbr evaluatingdbe effeetfveness3oh

P 5
orRARRE R e ARORAR ISy SRt he
evmbteaeif@’mve dleiInmixing fmetheg Was @ Ihofnogenedusly distsipating the

Oﬁﬁrpl{%‘g and bearing fatigue characteristics are
g| ven Ble 1. [ @0S6] COVPARATI VE EXAMPLE 4 A
commercial gear oil for final reduction gears (API

SeL Vi igon:

7SS ARSIt (€ pefods of At 3 pRRNAN S o
c halsabe @ppligd to g matedalopataining miymahm%dlarr@ngu ven in
Table 1. [0087] Each of Sanple Gls (a), (d) .and (e),
prepared in respective EXAMPLES 1, 4 and 5, was
conposed of the | owviscosity base oil having a

ki nematic viscosity of 6.5 mR/s at 100C, and the

hi gh-vi scosity 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, Sanple QI (a) prepared in EXAMPLE 1
conpri sed the Hgh-viscoaity base oil (EAO having a
klnenatlc vi scosi ty which represents the Iomer I|n1t

NN~ s o, A NN N\ o " Y B L - e



[0093] As described above, it is confirnied that a

gear oil conposition conprising a | owviscosity and
whe@honisseosi ty base oils, each having a speciPCTIB2006/002229

viscosity, can sinultaneously satisfy fuel saving

effect and bearing fatigue é ife characteristics, t is

dermonstrated that the gear oil conposition of the

present invention can forman oil filmhaving a

t hi ckness exceeding 132 nm which is thicker than an

oild thisi vaRioen kaowpntsthqds) wakeo Geandsf Hﬁ’%e%%'nqu%%y
C%a@‘s'%eco dtitries thee¥tirBgd and Qtatldbi tenatdnedalbgardr ibe

t h t t 00 Tab THOD A
APIRTEEN S RO REJRRHEORITE VIR RaR ATPEKe
| NjndAel Ty g&%o@@wm@aﬁ%e%tﬁ\éﬁ B fEtbAYi E&j as the
APPLI CATIONS | O

Th I t
D dhigknass 5f therkongie haroreI SRaTRee b EoA 74 B9 Lok, The
1134 RibrdPérrdt. v%luep('iw Y for %@batélgﬁ}'éo%hl mgaﬁﬂéé@at FP) is
60/ 707, 741 fil ust 005, entitled od and
Agistaraings’ borciiingi Ee e cedalien aley & bt oy eal
' rbv\%#&@' VhiuEar NioRler %5??&2??%%&6@%@5@@?0 e%uété RNt '_%h%w

I'ch I's incorporate reference
IWEMQBMWIUGEZ%IHEM&WE% s of the invention relate
to communi cations, and nore particularly, to a
m"lg{e inG&oh &ill FRWTHE IealrisR W%g % HRACHSHRAINRD A Hking
Radi o communi cation systems, 'such a s cellular systens
( exgmplespr ead spectrum systens (such as Code Divi sion
Mul tiple Access (CDVA) networks), or Tine Division
Mul ti pl e Access (TDMA) networks), provide users with
t e amBlegi ence of nobility along with a rich set of

services and features. This conveni ence has spawned
S1ANSrhLC @qgroﬂgeé)@lrﬂé‘regyp&}%r}%@ﬁ?ég HRMJMI. BbHaEios é?éments
consuners as an accepted conmruni cation for
b@pﬂ@m tarile jpwertinnap nasesizedreatalysiffgtvenypeudas in the form
%b&f‘wa& %II&&E%@QH&QM@&H‘ Bl WI{F\drHﬁﬂdgymeélléoa'ﬁH solvent
nanu acturers to service providers, hasS agreed
grisitprepgsina skateh gizes fa@ptoprlated@v dheo gxamplasl & dae ﬂrafnentlon
|
Py, ABYBEHRERSS, (] Eltal SRBhlen PobiRfor s ed wit
exapsreimatelydifOp of sdlling wediat(émpt \Bia/@e bakss @gd gpprpximately
S%ﬂn?éﬁséﬁ%‘t géiﬁé{ndibf RRifne c\seamla@m”éa%a B8t RS- to
fort's_have concentrated on systens that
rﬁﬂhwedm digrersioar r Tleg diagrondrand: eamaining INMItVRY 41eAia and
S'sQ)We t ?f@lrer th&h afdd, ahE theXGhkird Wak mnlﬁ&”@i’ S?pro%ﬁ%ﬁely a
deman reater throughput has steered forts
t duehers hQH'rﬁl Tharmilliag regdia wiag screpag oth @nfdhe slurry dried
chyl le5a8&stiort, N T’h@'%&ﬂ%lé@%' fh@slrﬁgﬁ?ﬂns%?é‘%s%t Bn tie
current’ standards franewor or_ si carrier
syeamnpsitionsrainasct 3 and § as ksé%@ﬁab@jgbﬁaw t he nunber of
carriers for the forward |ink and that for the reverse
l'ink can differ, givi n% rise to an asynmetric system
| Foyicomparaiive Purpopes Meatpal Mikeees Wese %ﬁ@ mgmrsaéﬁcqremg
P 8VihERodd) afEddyChifdtin #i §1a2hrt RtheRE tr@*sdrﬁ&éd %amw/gblv&n
asymmetric channel assignnent, with m ninmal
ORAVICIEE e G31 ORI ins$ize g THeSEMRIeRasath @n SPBIPEEIEPR recipes
CONG| M5 Iag]}ilstggPYTélggﬂ—l) S) BRI EF DESCRI PTI ON OF THE
DRAW NGS 'J The invention is illustrated by way
of exanpl e, and not by way of limtation, in the
figures of the acconpanying draw ngs in whi ch i ke
reference nunerals refer to simlar elenents and in
which: 10007 FIG 1 is a diagramof the architecture
of a wreless systemincluding an Access Network (AN)
and an Access Termnal (AT) configured to support
asymmetric carriers for the forward link and the
reverse link, in accordance with an enbodi nent of the
invention; (MAMF | FIGs. 2-4 are flowharts of
exenplary processes for prOV|d|ng reverse act|V|ty

a o o -



conmuni cati on systens, including wired systens.

Addi tionally, the various enbodi nents of the invention
wa@e@7exphai ned usi ng Wal sh codes as channel PCT/IB2006/002229

identifiers, it is recognized by one of ordinary skill

in the art that other ortho%mal codes can be

-utilized. [0017] FIG 1 is a diagramof the

architecture of a wireless systemincluding an Access

Net work (AN) and an Access Term nal (AT) configured to

suppBLE isymmetric carriers for the forward |ink and

the reverse Iink i n accordance with an enbodi nent of
th g;lnvetlon % DT _exampl €, _a|r adl o [nef worK
opeCLARCSUL o1 di rgEt( { HEX2hil r ExcEner BXdon B rleExd p
Pt 57%2RE (3GPP) cdnm2000 Mul til-Carri ér Requirenents in
Cpde Division Militigd el A s<,(g§MA -
( ERiAnend Mmass %) onl netWor | prb%\glvc es ih gh Rt e

clkat Pata {anr\\ carVyi cas Tha ra |n AReth nrl/

rToiceTt A LI = e o

mlver.mdwmood rmrqe access terrm naI S QATc) 201 of 5
1patt|odme|zATme1 is shown i n|comunifcation wth |an

; Ny, o base[stationfn, 105 [0OVEr am air
O I cBnaR00B systdms, [t1Re5 AT i 45 5
:1 9%(?é)nt to a nobile|stati on, and|[the adcess network

5 ivalent toja base statiion. The air ilnterface 103

gﬁwe |olE SORRT | e4igmi 1 1288nd ¢r wahd || inpky 10B@nAs

verlse |1 pk 103ph. JOA $I The |AT 101 is a
W‘c provijdes data compnectivity to|a user|. For
exanpl e, the AT 101 can be connected to a conputing
system such as a personal conmputer, a personal
di gi t.al, assi st ant tc, or. a data se |ce enabl e
ce iR paR LB caseRcne dinel nitgn 4l S Yefe spatL g
t \/\mlmmmed@f sumheasUhgsien cdirliloendrhi&hlaté intraduideelrinddveetently
er of carriers carrier.s ns
(g o Plie G0 SRl BhSsIe) R Hepss i AR and
I neatapsesoiveat dantantsadfethé dinahmiddreldy (differ ratightlyefrom that
st at r,the forward |ink. Hence, unlike IX
t el WH%J‘)%F €'We mul ticarrier system operates over
mul tiple carriers. In other words, the AT 101 is able

cces s Si nult neousl
s orReeRbalTRakeBuSal he b LR s Coph orghelan,
ai ft-will nde Iappmbllatéd tHae offferlflitable aatalygisatleats—as vaesdribed
Tra%fl ¢ _Chann a Reverse Traffic Channel and
as8821Ca ey %ﬁé@?ﬂm Access Control (MAC) Channels.
Durl ng a single HRPD session, the AT 101 and the AN

R SRR 0o 5 09 SR A oBlfons 10
beBmathehepla%@d batb amMgeﬂaa calbideDdnd ddhial haltamethl stilstrate

stores. the rot ocol configurations t
oAl Riotiley B @ndiRns of evRta e iRraf Rl i e ShuR dRobetily
betomeductehbbe&ﬁilyd:@itaﬂmd dismeorAiNna@bial. Qybienlly, treesetoondifiems
a session co te with the
Lo eale* Ra0P fareee BERTacaRRlPeflegs I banee 430
degrt7iqo*Con of the HRPD is provided in 3GPP2

C. S0024-A, entitled "cdm2000 H gh Rate Packet Data
Air Interface Specification,”" March 2004, 3GPP2

A. BO@bder Atov Befermimet thel admbgeredty opfe treebisintdrgd polycrystalline

Speci fi ion ( Packet D)
Ao SBUSTE e S aTenpabed Srhas ol BT dis Bebighfrror
3 GrRR2cohaBOiEs-fee/Bath, measurdnhards Of thiese pplycbiallineydiamond
Specification (10S) for H gh Rate Packet Data (HRPD)
Access Network Interfaces,” May 2003; which are

i ncorporated herein by reference in their entireties.
[0020J The AN 105 is a network equi pnment or networKk
el ement that provides data connectivity between a
packet sw tched data network, such as the gl obal
Internet 113 and the AT 101. In addition, the AN 105
cormunl cates WI t h an AN-AAA (Aut hent| cati on,

- . N P — e

Q_E'O_'(D_'QJ E__"U




entitled "cdm2000 H gh Rate Packet Data Ar
which is incorporated herein by
[ 0024] Bot h the cdrPeR082006/002229
Dat a and Voi ce) and | xEV-DO

air interface standards
use in transporting

Speci fication,"”

WO efogzisee in its entirety.
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However, with the introduction of "M carriers on the
rgverse link, "M reverse activity channels are used.
JO027] AL temaf E [ .exenpl ary

enbod? n'%d%tﬁf:;t%?'ovi dgs fdgﬁo{rﬁaencree%srggr}{/aati on a&x.1channel Ex.2.

i dent mhinay 38%6IAY. , |Vl shwepwsiksghed or the remersq 1
act i vimipingTewsial s -| t hatChisresistficam c assi gngeent Jof aq. -
VAl sh TeawgITigAMY a riever eadfdsistéhésyy channela ggper 1

reverse link carrier. As noted, 1t 1s contenplated

t hat ot her orthogonal codes can be utilized. The
system 100 al so provi des dynam c associ ati on of
reverse activity channels for "M reverse |ink
carriers to one or nore forward link carriers. In an
exenpl ary enbodi nent, extension of 128-1ength Wl sh
covers to 256-1ength Wal sh covers for reverse activity
channel is provided. [0028] FIGs. 2-4 are flowharts



10361 It is noted that different conbinations of
fields can be used for the format of theTraffic
w@haminzlsiAssi gnment nessage dependi ng on the pPOLEERS06/002229

(FIGs. 2-4).FINE GRAI NED POLYCRYSTALLI NE ABRASI VE
MATERI AL BACKGROUND OF THE {JNVENTI ON This invention
relates to polycrystalline dianond. Polycrystalline
dianond is the preferred material for the machining of
va |§§E‘§ork pi eces, rock drilling applications, and

wear parts. The benefits of this materia
|nclude its superior hardness, dianond being the

h torial known tao nman whi-ch—+esults inits
—e+———cti RoWwWA—t-o—ahR—WH-ceh

super i okppiveation’ €Si S|t aiPeHornfANPE CriteFiane i stance in

turn imparts various benefits includi 1nE¥-ﬂ1mp:E¥er'H odix.6

or|_cuiTH@sing1B%SIAl | egls dol¥eat esistancener | of 6dni k Hi8ach 1.00

f i ni_sHViking|1§ ce mlparmtansml on| f4F exddfiel 1.00

Due_t gutring T aldd brittd el 1.00

This makes it unsuitable for many applications as it
is susceptible to cracking. This inherent brittleness
can be significantly reduced by maki ng pol ycrystalline
di RefevenggeCD), where fine grains of dianond are
sintered together to forma polycrystalline structure
coptai n centyj n

n[‘@r de\/B oagc‘ﬁ” \, Lf_?éﬁjah%%fus%rnﬂ fdée%H}?&‘ %hggé ‘rﬁﬁ%/eé
mat eri a gg"%{‘cﬁ? afto éde@at & 99§’ol %rcﬂ\fcmﬁéuctur '
t ypi cal Cpnmleeér’fﬂ\/l @A 1§94 yeditedshys Vodie G. F. V.  American

cat al ysbsiely\eitestifg bye Meadrals, mhaiélpmmebel iron or

1o ai pi ng on r
gl | EMR2L 1Y 09 erengl, T S50 Rl of prse
r esul t I %035’ o8t WGelre ‘Eﬁ"&‘?ﬁ§ﬁ@3 W@QeY@f@”ﬁ?tht fvariance
cat al ysthapsis eddurhalldf Mngostdmpylvul 17, pp e8Pt he

di pyondrgyna )315& §Eﬁd§?@9\ IR 9gRSyH |oY JRAS el Wsersions of
el evat ed te

et b oTRad iy 9 So R “ra?w i gﬁéji Uegﬁay 8
st abl e. Rﬁﬁa‘fftQWtM%tla Sraé@'d'é%dlﬁfiqtﬁlﬂ\éﬁe%“sppt 5 1996.

pol4]cr ysiubél| |Fk1e&dl/‘wmlmi:kstl-r ucCharacteayative obumtediradtiral
a har dnpfnghno g@ﬁéfyr éb ERANRIE WAMCM@’EQI@H' U8l. 31, pp.

dlanDnd ere y providing a platform behind

3
Bi 11 EdbipesnF @u&?ﬁ@)% 4B Gue L0 britt eness.

Fbrdnetal backed PCD tools offer significant machining
and rock drilling benefits and are used extensively.
However, PCD tools are still too brittle for many
appl i cations. SUMVARY OF THE | NVENTI ON According to
one aspect of the invention, there is provided a

pol ycrystal |l i ne di anond abrasi ve el enent conprising a
fine grained polycrystalline dianond material and a
second phase conprising catal yst/solvent for the

di anond material, wherein the polycrystalline dianond
material is characterised in that it has an average
catal yst/sol vent nean-free-path val ue of |ess than
0.60 nm and a standard error for the catal yst/sol vent
mean-free-path that is |less than 0.90. The standard
error for the catalyst/solvent nmean-free-path is
preferably |l ess than 0.85. The pol ycrystalline di anond
mat eri al preferably has an average grain size of from
about 0.1 to about 10.5 mm nore preferably from about
0.1 to about 6.5 mm and nost preferably from about
0.1 to about 2.0 mm According to another aspect of
the invention, there is provided a conposition for use
in a nethod of producing a polycrystalline

di anondabr asi ve el enment, the conposition conprising

di anond particles, wherein the dianond particles are
fine grained, and a dianond catal yst/solvent for the
di anond particles, wherein the catal yst/sol vent

conpri ses partlcles that are nan03|zed The

T Y A T I B 1 I T e o I D 1 - o



8 GPa and tenperatures in the range 1300 to 17000C.
According to yet another aspect of the invention,

W0 b@re205¢8 provi ded a tool or tool insert conprPGI/IRROGAN®2229
pol ycrystal li ne di anond abrasive el enment as detail ed
above. DETAI LED DESCRI PTI ONj£F PREFERRED EMBCDI MENTS
The present invention concerns polycrystalline dianond
abrasive el enents and the manufacturing and use

The nethod includes the steps of placing a
gizﬁﬂ—frne grai ned di anond particles and nanosi zed
catal yst/solvent material on a surface of a substrate

and subj ect bond d assenbly to conditions

i g N M Rt e e

produci geniredd Polyerystlimk! Uiaﬁnodd afatdial %fﬂf a0keddm@ %‘ﬁéé‘e

of di anond artlcles The s str&t wi | 8enera||y
€ce

a cenenfYaPEPG; g8 %H%Q'Y%{tte OFrh H@Htoe daRtglide t

suppor t paycrystamhe @ﬁaﬁncrmyrrbenanuelk@ @PBractericbe b?ﬂ'tavﬁlg%th
as cenent ed tun%ften car bi de, nted tantal um

car bi de@verage rafysHsel Yetrkiﬁ”%%f@&rﬁﬂ lyalug Hdegsdhan 0.60um
nol ybde i Gk eEeredr ghnest t=m0.0ter eof . The condi ti ons
of elevated tenperature and pressure necessary to
produce the polycrystalline dianond |ayer froma mass

of 2di anpAdaiRasivé eledfertrfcoRing foneldim 1N HeeeiArthe standard
Typi cal | rfthese cogg)tlons aremgéessures in the range

4 to 8 QhHe GAREUspypHINGaR- p?tar'@'éssiﬁt% G &
17000C. The abrasive elenent that is produced by the
met hod of the .invention will addijft onally have a .

bi Ader AAtAA#siYe plegsshaccording @ c T8 FP'%rzef"@Pfﬂ)” he

be a capalygitaming \GRMoridohatehal ndst érﬁat?@é@e AR RSiz¥ &f from
particle used. Catal st/solvents for dianond are wel |

known i APRWQ-hioraboyh 0 -aM8-preferably cobalt, nickel,
iron or an al | oy containing one or nore of these
metal s. Thi s binder can bei ntroduced poth through

i nfi | t ré"t“r r8¥¥m BREeE Ha¢GesdIag i R o Clae r?asg" ein  the

abr asi Vpol?@%t‘aﬂﬁh@%ﬂéﬂﬁbﬁdﬁﬁaﬁeﬂﬁl IedsMdre BiétEgé GRAt BRBof frRRd
in partlculate rmas a mxture within the mass of >

abrasi vBPY4G 1 O ROULFPURal |y, this binder will be

present in an anmount of 10 to 20 % by mass, but this

na¥ be as | ow as 6% by mass. Sone. of the b|nd neta%
i

gehBr AVt f F e269dNg hio a6lelg; e
during ﬁﬁlymﬁbllrﬁéblmﬁdrﬁﬂmaféhﬁl el ot BysThgé e sﬁemﬁm
abr asi ve equF tg?é i s produced has a very fine
di anond @Y% ©3hoMt 60¢M-hat is interspersed with the
diannnd cataIyst/soIvent The pol ycrystalline di anond

Cabal y ot DI SRR SGeamaO Ny g O G T 40 Shuherein
0. 60 MMiNdedorkit ?HQ@;’ G gorividd, far lehsteinc phal Yiokd q‘uehy;arate
nmean-fr ee- Bath 0 fer

| ess .t In a
e ay St e ominch % s o BR e g of fom
di anond ap@&iteloirivh td@soud 80@h@l yst/ sol vent nean-free-path
value of less than 0.55 mm |In another preferred
enbodi ment of the invention the polycrystalline

di @amond Aredkesadivd elém‘en& aeairahg %6 /cRMh V& \MhdiEiathé rpﬁﬁtrcplatd'l

val ue of The standard errof_for

cat ol yS PR haReTA BES paaHerRoS Frai St §f rogipbolt
t han 0. 86 nnetochbost 49mmal |y greater than 0.70. In a
preferred enbodi nent of the invention the standard
error is in the range of 0.75 to 0.85. In order to
obtain a highly honogenous material, the

catal yst/solvent particles that are m xed into the

di anond powder m xture are preferably nanosized, nore
particul arly having an average particle size of from
about 10 to about 800 nm nore preferably from about
10 to about 400 nm nost preferably fromabout 10 to
about 100 nm The dianond particles are typically
subnrcron to nrcron srzed partlcles preferably havrng

g, o s - o r o ~ A a



abrasive elenment of the present invention (i.e. the

di stribution of dianond and catal yst/solvent material)
W@ 200002058 Se eit her catal yst/sol vent pool sizePOr/1B20&6/002229

nunber of catal yst/solvent pools that a crack in the

pol ycrystal line di anond abrggive el enent will

encounter, or both of these characteristics, the

resi stance of the material to crack propagation

i ngreases and . hence the neasured material toughness

i ner easgg.a%[%?d‘ﬁ ?@E@ng ?89?6%89 {9 Bﬁ'rﬁrié(\éhe\ﬁ”? ﬁrl“% p?ﬁ'@”'ate
pol ycr ygatalybi/soivenit Astidl by as average paRitle $iFOY fiém about
i nterconpected,networks that allow rapid heat

tr ansf eFQPBUH&bPEF metal rich areas with | ower
thermal conductivity. |nproved honogeneity wl|
therefore typigally |ower the,ther.nmal ,conductivity of
thE pol Dsyiasiton fBr SsbAdTSBPY G RosHEE poolycrystalline
al | owi ngiafenhe deasivé @ldreentethri o@tipaditidnn eodpiising @iRater!
A greater.&ropo%tlon of .t he eat.gg er at ed durln% thF
machi ni RYUEER WPETEIN the digmpng BREICRS HavarAn.ayiage particle
t ransf egiz@df te8s tiem sk §0.8%un, tantiny ERRBE G3lysHEolvE ifor

produced fromthe paol ycrystalline di nd abrasive .
ot er | aeo it RS, [HEn; B HRNA R R, chgpdses
ef fici epartitlbsrtral heve Bangerageo bhniglensigbadti B8 than about
Convent% al wisdomdictates that a hi gher thernal
conduct P P woul d al | ow heat generated at the point

of contact between the polycrystalline dianond too

and the work pj.ece to be nore efficiently dispersed
o | e BmieBliGS eobranGHe Ay ThatteLas the dEHERG partcies
t enper ahaVietarPavdriige pattitle Bige bpleks aR@ebos. bgint.hi s

argunent is valid, 1t should be noted that the vol une
of the tool material is orders of nagnitude smaller

t han t hatcoafpobifien avedrling to daRen @tvdFerein thé diaeibntlipadticles
operation. Hence mh”hq hj%hF% C ndgg%ivééy i Nncreases
di ssi pabPEALFVERAIR PITc'e SiEfar s fhanabout 29 Mhor t ti ne
it is possible to generate tenperatures across the
entire tool, that are high enough_ to.result, in therpal
o2 aqat ngPoR aCRareinp 5 anbane of aims Sp clgWhesin M
mani pul gikmenRd Qlarfidkes bes @At dvweeddy Partiplel ¥igs \of trbatenéhan
di anond abrﬁaive el ements of the present invention
d

were obPH&d Wit h beneficial properties that resulted
in superior performance in application. In particular,
t he wear resistance of. the material was _found to be

1 G 11 B ARTIRFSHAD PORRHNG I8 ATp NG o ST B el i hRiTathe
abr asi veatamétesoiveht paticles favigas any@pe ipartle siBé BPRSs than
Pol ycryst al | ine di anond abrasive el ements of the
presenta?%ﬁéh Bh have particul ar application as too
inserts in the machining or working of both netal and
wood, apd as inserts for rock drjilljng. wever, i

w - ek simesltan arcehio forden b ehiEi,EecRaysotent
pol ycr ypéréitles hevelamawirdgepdariidle ¥e @ R tizh daifout NGO nm.
present invention are not limted to those listed
above. The extent to which a material's critica

pr ofer t Aesmpagitibe acegrding us iabl Yynad clairhé 3tbyl4piwedieit e

depends_al t.entirel n the honogeneity of the

St Fuct oPREBRTOHE T ap s Hava B AGTRSH PorclkoTigyeh R
usi ng i tmagabauiadO/ens i s based on pattern recognition
Most of the methods used to generate a neasure of

mat eri al honogeneity have been applied to the anal ysis
of low volunme constituents, such as ceram c inclusions
in steels. Published techni ques of deternining
honogeneity include : (i) Nearest nei ghbour distance
[1] . When the nearest neighbour distribution of a

gi ven phase is determned, the results are conpared to
the nean and vari ance of the expected nmean and
variance for a random Poi sson distribution; (ii)

Vari ance of area fraction [2, 3, 4]; (iii) Variance of

N Y



EXAMPLES In order to produce sintered polycrystalline

di anond abrasive el enents according to the invention,
w@2manasigzed cat al yst/ sol vent powder in the forPem/E2006/002229

cobalt was mlled in a planetary ball mlIl wth

mlling media and sol vent._fgr preparing batch sizes

appropriate for the exanples of the invention,

typically 100y powder m xtures, the catalyst/solvent

s mlled wt roximately. 15 of mllin
o (AEores 8" sirrdind TR anksBe Gl o, et the
sol vent rdtietdian®kyera @@aftucleasuzmbmhb cmﬂys'ﬂbblk/@@t amticles to
about 1, hour to arrleve hlgp %lspgr5|on anond

and r enfiEfAVRERSS RATTTR SRR &F W@H'{C’e\ﬁlé? 1:5‘ ﬁéﬁ“ge of
added, ﬁaﬁ;ﬁbatadomx@mﬂ@1m@ean1IIed for approximtely
a further 8 hours. The mlIling nmedia was screened out,
and the slurry dried by evaporation. The exanpl es of

tshe? :jn\éﬂnbér{alﬁbs?rogl b@&ﬁdin r’tot@@lnﬁqlﬂ)’PQﬂ‘lérélﬁnthéeﬁétltBeéT fhe
an as lis in or .comparative
pur pose8VerAgk B?’%SIF sireQ B?Gega]}ﬂ&?té%ﬁ({eé‘&pﬂ?'@'% Qe average
accor di pgritie JiRt dsmlé dini@RIdyariesVR inrthé hgngd 6f vdre aBout
the adm égg alP st/ ol vent powder was far coarser in
S|ze The S8 Q@ 198 on conposition recipes 2, 4 and

as listed |n Table 1. TABLE 1 (Note that in sone

S the fh ﬁture Wi tal trace amoun of
i ngRfiNgd ok BrequUGRd AR § li‘ér el é\leaE'Heé

i nt r Odum@ﬂldin@&lﬁlé‘%@p@@f leheating aﬁmnbb@dem ééseﬁmalyousy p@mﬁrg
Hence t he, di anond

processin St
P ST vt AsH(AS tlacimdl Sse oF SIamend PR ST oR s EaeR. ! the
di ffer shysgatd, yvhfafé?rmﬁe"tﬁémélﬁcﬂb@ﬁclbﬁ aﬂ'@ﬁh@grblried'rb@wdmg

cat al yst n he abgve co
Sk b WK e f01 48 AL AORiSE. SR the
sui t abl gataRtadonehi Scsblmmeé§ as |6es Cin ipaﬁ @aﬁmas mw be

used. In each c o)
powder ﬂ‘i‘@@%@%%’ﬂtﬁé&@l?‘?ﬂaﬂéhﬁ UPB"’&'“‘@W‘%WO ;908%'8%!‘3 of

onto a él@vaéa efenfiiriturte afmﬂd p%&@afet diaBleMBdralproducing a
ons of el evat ed

substrat i nt red

Conper abQyGSIAlD: B8PS bt g: 4% Dtk et fiamond
pol ycr ygar@itles.ne di anond material. Typically, these
conditions are pressures in the range 4 to 8 GPa and
tenperatures in the range 1300 to 17000C. In order to
det®r m Agnéthed bemaia@@cb tiin®fi8 [ ier8inrth€ idiinond particles are
polycrystglh%ﬁe anond bra§|ve el emrents, the average
val ue afiti°t d%Paya@%?f 1589 P t he cobal t
mean-free-path nmeasurenents of these polycrystalline
di brasi ve el eqents were sessed. The d|V|du
Veios Romethod” aBrrilEg Br SRF olD.r POReIh N CopURUEPMER
type arpgarfifiesvard & definke ikanyldife ¢ficrindando @vror val ue

(sSTD) s nentioned above, provides a representative
figure of merit describing the honpgeneity of the

m ZT.OEtAUQéthbd-acﬁbm&rd 16 aty bAyeIf cyainse18md Eoi de'.re]r@ﬁti mga
nore ho neous mcrostr TABLE 2 The enhance
honngengﬁgﬁagys@ﬁ@”ﬁﬁgv%Fgg %FWdH@t1 anond abr asi ve
elenents of the invention yielded significant

eases | oth t oughness .and styength ,

ot ber  Renelipd Argoltie Irnpes PaS of HAMS S RBAT: yherein the
| npr ov esitrate mdmpticed egidornd i ddtaipdt/sprvepefén &R diamond
not abl y gﬁq t oughness, were shown to provide
consi deP4BF'ESper f or mance advantages in application
testing. A summary of representative performance
results is shown in Tables 3 and 4, below. (The
conparative exanples are shaded). In each case, the
performance of an exanple of the invention is neasured
relative to a conparative exanple e.g. exanple 1 was
observed to be 2.71 tines as wear resistant as
conparative exanple 2 when turning 18%&5i Al. TABLE
3TABLE 4 References [1] Vbort G. F. V. Eval uating

oy S o



pol ycrystal line dianond material has an average grain

size of fromabout 0.1 to about 10.5 mm 4. An
w@boas2oses el ement according to claim3, wherei PCT/IB2006/002229

.polycrystalline dianond material has an average grain

size of fromabout 0.1 to aout 6.5 nm 5. An abrasive

el ement according to claim4, wherein the

pol ycrystal line dianond naterial has an average grain

size of fromabout 0.1 to about 2.0 nm 6. An gbyasive

ol Erent AR G PSR Cofo BTRIHE 9 FBME TwitePern

t het lsec?m?pmm?e?doaﬁmy ltmdmy ahe Itoe@gatrpé 0 @ar, .orfa ethod

particul ate catal yst/sol ve eri aving an .

aver agedGRerqing | g’ sfde 9 fﬁ%rﬁ@%ut’l%ldonr%% OWEBW %50

nm 7. éftalgbyspbient i€lsereetl Refohei frdup Ocarkidting @f cobalt,
wher ei n Igs,gg{tlc | ate catal yst/sol vent material has
o

an aver 2§ qng Zloys SRNYPING 0HR:05 AR SUH RERSo about
400 nm 8. An abrasive el ement according to claim?7,
wherein th articul ate catal yst/so] vent iterial. h
anz‘éveré@é% VE; |eraer; somigsit &h%ﬁ?ﬁe aqapr ﬂsfqﬁamﬁ
100 nm where B8 FBRS/stéNeNnt Rfcopsle | N a net hod of
produci ng a polycrystalline di anond abrasive el enent,
the conposition conprising dianond particles, wherein
t he di anond particles have an average particle size of
| ess than about 10.5 nm and a di anond

catal yst/sol vent for the dianond particles, wherein
the catal yst/sol vent conprises particles that have an
average particle size of |ess than about 800 nm 10. A
conmposition according to claim9, wherein the dianond
particles have an average particle size of less than
about 6.5 mm 11. A conposition according to claim 10,
wherein the dianond particles have an average particle
size of less than about 2.0 nm 12. A conposition
according to any one of clains 9 to 11, wherein the

di anond particles have an average particle size of
greater than about 0.1 mm 13. A conposition according
to any one of clainms 9 to 12, wherein the

catal yst/sol vent particles have an average particle
size of |ess than about 400 nm 14. A conposition
according to claim 13, wherein the catal yst/sol vent
particles have an average particle size of less than
about 100 nm 15. A conposition according to any one
of clains 9 to 14, wherein the catal yst/sol vent
particles have an average particle size of greater

t han about 10 nm 16. A conposition according to any
one of clains 9 to 15, wherein the ratio of the
average particle size of the catal yst/sol vent
particles to the average particle size of the dianond
particles is in the range of from about 1:10 to about
1:1000. 17. A conposition according to claim 16,
wherein the ratio of the average particle size of the
catal yst/solvent particles to the average particle
size of the dianond particles is in the range of from
about 1:100 to about 1:1000. 18. A nethod of producing
a polycrystalline dianond abrasive el enent, including
the steps of creating an unbonded assenbly by

provi ding a substrate, placing a nass of di anond
particles on a surface of the substrate, wherein the
di anond particles are fine grained, providing a

di anond cat al yst/sol vent for the dianond particles,
wherein the catal yst/solvent conprises, at least in
part, particles that are nanosized, and subjecting the
unbonded assenbly to conditions of el evated
tenperature and pressure suitable for producing a

pol ycrystal line dianond nmaterial fromthe nass of

di anond particles. 19. A nethod according to claim 18,
wherein the dianond particles are as defined in any
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