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i - - Organophosphate esters- are known compounds and therefore may be_ prepared by. known prooedures. .
T .,,suoh as the reaction of phosphoryl chioride with the appropriate aloohol in the presence of a base, suoh as
. 48 pyridine or triethylamine, and suitably also a solvent. - - R

e It has been found that the viscosity- characteristics of the above ester oompounds are very sultable for use S
R ..in eg. fnotion whesel gears (lrachon dnves) in whlch applioatlon they may be admixed with conventional grease' :
SR -thickeners, Such thickeners can be of any number of materials commonly used to thicken mineral oils to lub-
ST '-_‘ricabng viscosity, inoludmg both ¢ orgamc and inorganic compositions such as metallic soaps, synthetic polym-.
. 50 - ers, organosrlomnes. clays;’ bentomte and colloidat silica. Suitably, the viscosity properties of oompounds to
- .-be used i in traction- dnves are such that the compounds are operable’ between -30'and 150°C. - . T
o ‘The compounds oan be used as lubricants i in various engineering applications. Since the above eetereom-' '
. pounds show exoellent Jubricating performance in traction drives, the invention in'paiticular provsdes theuse .
RN - these ester compourids as trac’hon ﬂurds. and also the operatron of a traction dnve whereln such esters forrn '
7+ g5 . the traction fluid. - . S
T “The ester compounds of the present rnvenbon can be used M se as Iubrioanls They can be mixed wrth S
T ~other lubricants such as mineral or synthetic oils, and various additives can be added to the ester oompounds, E
- ‘suc_h as Vl-improvers, pour point depressants, dispersants, detergents, anti-oxidants and the like. A mixture .
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..+ By using the process of Example I, but substrtutmg respectively 2-methylcyclohexanol 3-methyleye-
lohexanol and 4-methylcyclohexanol (in each case mixtures of cis- and trans-isomers) in place of the technical
- . grade methylcyclohexanol, there were prepared - )
T - Tn-(2-methy|cyclohexyl)phosphate {oil)
40 - N- Tﬂ-(s-rnemylcyclohexyl)phosphate (oil) -
V- Tn-(4-methylcyclohexyl)phosphate (oll)

B L Example \'L Fnction coelficnent measuemenj:

s " Al fiction measurements were performed ona ‘wo-disc machine. Hardened steel.discs are fixed on the _
R ends of two shafls 50 as to miake tangential contact with each other. Radial forces may be’ applled topressthe - =
. - discs together with loads of 0-200 Kgf. Each disc i is drrven by an electnc motor The speeds of rotatron ofthe < -
- . two discs are dlfferent,such thatthere |sashp : -
A "Bétween the electnc ‘motor and ‘the shaft carrying the lower test speclmen, a measunng devnce is ﬁlted o
o, 800 ,whlch indicates the transmrlted friction torque. The measuring device is a gear dynamometer with a pendulum
- o whlch is swung out of its vertncal balanced position when power is transmitted, the sine of the angle of inclination
bemg a measure of the torque. The torque measurement is pre-callbrated through the design and dimensions
. ofthe mslrument. The friction coefficient is defined by the torque méasured dlvrded by the product of the radral :
. ‘force times the radius of the lower disc. -
- "85 - . Bothdiscs used had a diameter of 50.0mm, the upper dis¢ havmg a wrdth of 3mm. the lower one havmg W
"+ awidth of 10mm. The top shaft speed was 606rpm and the mean tangential (or surface) velocriy was 1 48 oL
ms-1, The slip employed was 9.1%.. . .
AII expenmems were runat ambrent temperature (21°Cd:2°C) The fnctlon readmgs are provrded atloadmgs .
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15° and then the resul tant .mixt s filtered. The organJc so0l ution wa
washed- wi t h wat er (3 x 5L) and gﬁgégﬁPﬁﬁer [err]), and the sol vent. eas

evaporated off in vacuo at [err] to give a pale-yellow viscous .oil (730. 3@)

whi, ch sP‘!H'M" ntdoigriginn steesped of 0H0 ARTi 1P.anT a8 @Paide oi | was dissolved.with
stifrin

ina drg"ﬂ“t?l?/' att!’gtedﬁ%* I8 6%90° trgheseeonf cieyifaveps detepinadn & syparsodied fiuid b2 (426. dr i ed 1
in vgcugxaal;t Ieﬁ@f‘_.to trl cycl ohexyl) Phosphat e (520.09) as an off-whit¢

sol i

di de

of nethyl tec rade contarnrn ntxture of 1soners; -
S on ko, JEASS b it B B e 0D s

stlrred CUEHS
(930m29 6. 0$%$aa e ﬁ@ S{{gwrse over 1.5 hours mhrlst narntarnrng the

tenperature ‘of the stirred reaction mxture at between 15 and lerr]
throughout the addition period. On conpletion of the addition, srring -
was continued at anbi-ent tenperature for a further 18 hours, and t hen the
resultantm xture was filtered; washed wi'th water (4 x 6L). and dri-ed (over
‘[errds), -and -t he sol vent was evaporated off in vacuo at [err] to give-the-
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t enper at ure overnight “was t-hen 30 filtered and unreacted

met hyl cycl ohexanol and other volatile inpurities were renoved by
evaporation on a KDL= 4 thin- fllntevaporator (at [err] and O. 8nn+g (107 -
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m xture of different isonmers. Exanples |1l toV 35-By using the’ process of
Exanple i1, but substituting respectively. 2- net hyl cycl ohexanol ,-
'3-nethy|cyc- l.ohexanal and 4-net hyl cycl ohexanol (in each case mi'xtures” of

cis-_and trans-isorers) in place of the technical grade nethylcyclohexanol_

t her’® were prepared:--Il11 - Tri-(2- nethylcydohexyl)phosphate (0|I) 40
IV - Tr|-(3 met hyl cycl ohexyl ) phosphate (oil.) V. -

Tri-(4-nmet hyl cycl ohexyl-) phosphate- (oil) Exanple VI . Frlctlon coeTf|C|ent
measur enment 45. Al'l “friction neasurements were perforned on a two-disc

nachbne Har dened steel discs are fixed on the ends of two shafts SO as tof

ke tangential contact -wth each ot her. Radi al forces may be applied to
press the discs together ‘with | oads of 0-200 kgf. Each disc is driven by a
‘electric motor. The speeds of rotation of the tmo discs are different, suc
-that there is a slip. Betvieen the electric nmotor and the shaft carrying.:

the ssovier test specinen, a. nmeasuri ng device is fitted 50 "which indicates { " -
the transnitted friction- torque The measuring device is a gear dynanonet et
,urth a pendul.um which is swng out.of its vertical balanced position mhenz

power is transmitted, the sine of the .angle of i nclination
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b2 hg'a measure ,of the torque The - torque neasurenent is pre- calrbrated
t g ough the design and ‘di‘'mensions ofphhg degh r unent. The friction -

cgefficient is defined by ‘the. torque neasured di vi ded by the product of the’

force tinmes the radrus of the Iomer drsc 55 Both drscs used had

t?ngentral (or surface) veIocrty woo-1. 48 [err] . The slip enployed was

2 All; experiments were run. at anbient temperature [err].. The friction
-,adrngs are provided at loadings 3+ EP 0 349 093 B1 equivalent to
Her zi an stresses of 0.69, 0.97, 1.19 and 1.38 GPa. The friction

coefficients of the compounds: are |nd|cated in the follow ng Table For the

conpound of Exanple |, whose mpt. -i's [err], these coefficients were
determ ned on a. supercoored fluid at 21(2)C 5 Example VIII Friction:

doef ficient neasurenent The krneﬁhtrc*vrsc03|ty pg opedt fies of . the conpounds
dre al so included-.i-n this Takhe. 3t RIT be noteditha® tthe friction _
doefficients of the conpounds: ar €' al I” good, but tPa® PhBse of Exanples |

dnd 1V are very surprrsrngly superror 10 15 20 25 30 35 40 45 55 - _EP
0349 093’551 5 _ _ . ® S
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10 [err] 30. - CQaims 5. . wﬁ LB?I’I cants of organoph ’M ﬂ”ﬂﬂm
of the general formula I:- [err] erefrn [err] and [err] are I”"’
sel ected from 2-met hyl cycl ohexyl. and 3-net hyl cycl ohexyl groups.

acagy di- ng to daim'l wherein the organophesphate esterofformla I S
tri-(2-ngh I cycl ohexyl ) phos- phate or -tri-(3-nmethylcycl ohexyl)phosphate.
3. -Lubricant conposition which contains as the- maj or corrponent an , '
. organgphos n_15 - .4, Use as
a tragc)tlonnf u?%lﬁ &ghn&g Q,?o ﬁhat"ﬁte f@%Feé'F'gLfmﬂ‘@'Fl hed in claim1 or 2 or a -
conposition. as defined in cIa|m3 - 5. Method of
operating a traction drivg wherein,the tractlon fluid is an organophosphate-
ester as defined in claffn® 2G|P‘2°8r) a-conposition g defined in claim 3. '
'Pathrvbansprl che 1. Verwondung von Organophaspat estern der allgeneinen

For mel | wheRin FO and RirdihdbpBidb tkkeleta 18R intiAbycloRékyiZAd SHBRAGAGIe oMl nander

aus 2- Met hgiUsyadeartiegy Claimtiwherdin M olgsophsshiaiasisd of Qm@ﬁ-(ﬁmsﬁﬁgydmnbh@ nd,

ale SchmfeiemM%dnethyI:yclm‘exynmmdmﬁ@ nach Ansoruch 1, worin der _

Or ganophos pHubrisart egmpgsison which@intains s the nﬁaorrmrhﬁbyént aitkogRophBsphtpéstes Bd\dtined in

oder .M i g1 MR hy| cycl ohexyl ) phosphat ist. 3. Schni erm ttei zudanmenset Zung, . |-
wel che -al s4%ﬁ4@#ﬂ0ﬁw¢ﬂfeﬂmaﬂm0®gamhwpmuenm1mﬂeaebmpoamenaaeﬁﬁaspruch '
1 odor -ZNE@Mi3ni ert ist, enthilt. 4. Verwendung ei nes Organophosphatesters, .
wie er in PuNsHiod etprpraingatragtion dve herpip thedraction i is @4 organophasphate peter@h dfined
defini er'?@ﬂle%%ﬂ't?éﬁg‘é‘isE‘&'h?d&f’?d Relabuhgsf i uid. 5. Verfahren zum Betrei ben
ei ne® Rei bungsantri ebes, worin das Rei bungsfl ud ein Organophosphat ester,
wi e er I‘;L‘Angassruc | oder” 2 definiert Ist oder eine in Anspruch 3 _

dé&w ni erte Rset zung ‘i st . : |

.‘..-...is;;a-,-:.."'.».

S 1. Verwendung von Organophospatestern der aIIgememen Formel I:
-2

(RY0) —P-(OR )

.80 ' worin R und R2 unabhénglg vonemander aus 2-Methy|cyc|ohexyl- und 3-MethyIcyclohexyl-Gmppen ausge- .
.. whhit sind, als Schmiermittel. - .
.7 2. Verwendung_ nach Anspruch 1, worin der. Organophosphatesher der Formel I Tn-(2-methylcyelohe—-
. xyl)phosphat oder Tn-(3-methylcyc|ohexyl)phosphat ist.
s “8. Scl'imlerrmttelzudammenselzung, welche als Hauptkomponente einen Organophosphatester. wieerin -
:- 85 Anspruch 1 oder 2 definiert ist, enthiit.
4, Verwendung einés Organophosphatesters wie er.in Anspruch 1 oder 2 definiert ist, oder einer in
Anspruch 3 definierten Zusammensetzung als Reibungsfiuid.
. 5. Verfahren zum Betreiben eines Reibungsantriebes, worin das Reibungsfiuid ein Organophosphatester, .
wie er in Anspruch 1 oder 2 definiert ist, oder eine in Anspruch 3 definierte Zusammensetzung ist.

. Revendications -

1. Uﬁlnsatlon bomq\h"lﬁp_ﬁﬁﬁts.d'_esters organophosphates de la formule g__e-neralé."l_ o

(Rom-(on) o

" - 50 ' dans laquelle R' et R2 sont mdépendamment cho:sls panm les groupes Zmethylcyclohexyle et 3-mélhy|cyclo— -
hexyle e
. 2. Utilisation- seIon la revendleat:on 1 dans IaqueIIe I ester organophosphate dela formule | est le tn-(2- o
-+ - methylcyclohexyl)phosphate ou le h'u-(a-methylcyclohexyl)phosphate '
~ < . . . 8.Composition lubrifiante qui renferme, en tant que composé pnnclpal un ester organophosphate tel que .
... &5  défini dans la revendication 1 ou 2.
o - 4, Utllsahon. en tant que fluide de traction, d'un ester organophosphate teI que défini dans la revendlcatnon
1 ou 2 ou bien d'une composition telle que déﬁme dans la revendication 3. "
5. Méthode de mlse én oeuvre d’'un méeamsme de traction & froltement. dans. quuel Ieﬂuide antt-frottement




®evend| catlons 1. Ubtiisation corme lubrifiants d esters
organophosphat es dela fornule general e | 45- | Co~~=2 (Eﬂ“ﬂﬂm Him
| =% . dans laquelle Rt et R2 sont nndcﬁanuamnent choi sis pa u uul "" '
2-neg hyl ccl ohexyl-e et 3-nethyl cyo-- hexyle. 2. 'Utlisation sel'on‘a
revendi cat i one$tunMmhmmbﬂaetélqﬁdéﬁrdﬁeg@m est
le tri-(2- neshonteipgudstyie Janhaspentcatons. | € mwh%s&g’“’l&”g“ "’“”"°°°‘"P°'
tri-(3-methyl cydohexyl ).phosphate.. 3. Cbnpos4t|0n Iubrlflante qui- nenferne,
en-tant que conpose principal, un ester organophosphat tel que us . dfini
dans | a re@endlcatlon i ou 2. 4. Wilsation;- on tent quefluide-do.
‘traction,-d" un ester. organophosphab tel que d6fini dans la revendication |
ou 2 'wu bien.d une conposition telle que dé6finie dans |a revendlcatlon 3
5. M hodedensemn oeuvre d' un necani sne de tractlon afrottenment,
danslequelmleflU|deant|-frottenent 6 es - ea ster. organophOSphate t el

que difini dans la revendi.cation | Cu la' reendication 2 Cu -ben.unecho
sition t0|Ie quo d|f|n|e deans Ia revendllcatlon 38 10 15 20 30 35 45 55 7
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