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TITLE 

MANUAL TRANSMISSION LUBRICANTS WITH IMPROVED 

SYNCHROMESH PERFORMANCE 

5 BACKGROUND OF THE INVENTION 

[0001] The present invention relates to lubricants for manual transmissions with im- 

proved performance with metal synchromesh components. Problems occur with synchro- 

mesh parts in a manual transmission with many oils delivering a non-optimal friction or 

which give rise to high wear of the components leading to synchromesh damage and poor 

10 	or failed gear shifts. 

[0002] 	The synchronizer is one of the more important components of any manual 

gearbox. Increasing performance, reducing shift force and minimizing the between-the- 

gears energy losses are the primary objectives for a new generation of synchronizer sys- 

tems. Improvements in the capacity of the mechanical system and the introduction of 

15 	various synchronizers of various designs and materials are allowing economical re- 

engineering of existing synchronizer designs into more efficient designs. The lubricants 

and additives for manual transmission lubricating oils needs to be reformulated for these 

designs to be able to maintain adequate friction between the interacting parts of the syn- 

chronizer and to protect these parts from wear. 

20 	[0003] 	Conventional gear oils or manual transmission oils typically contain chemical 

components, such as active sulfur and surface-active amine organophosphates. While 

excellent as additives to provide extreme pressure lubrication, in the usual amounts these 

additives alone are typically too slippery, that is, they may not provide the desired or 

optimal frictional response, and do not adequately protect the lubricated surfaces from 

25 	abrasive or corrosive wear. 

[0004] 	U.S. Patent 6,503,872, Tomaro, January 7, 2003, discloses extended drain 

manual transmission lubricants which contain at least one basic alkali or alkaline earth 

metal salt of an acidic organic compound. The overbased material generally have a total 

base number up to about 600 or about 500, or about 400. In Example 1, a manual trans- 

30 	mission lubricant is prepared by blending into a manual transmission base stock, 1.2 parts 

of the Example A-6 (a metal dithiophosphate) with 0.4 parts of an oil solution of an over- 

based magnesium sulfonate (42% diluent oil, metal ratio 14.7, 9.4% magnesium, and 400 

total base number) to form an intermediate, to this intermediate is added 0.5 parts of 
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dibutyl phosphite. In other examples, a calcium sulfurized phenate (38% diluent oil, 255 

total base number) is also present. 

[0005] 	PCT publication WO 1987/05927, October 8, 1987, discloses manual transmis- 

sion fluids comprising, among other components, a selected alkaline earth metal salt. In 

5 Example IV, a manual transmission fluid is prepared by combining, with other ingredients, 

3.5 parts calcium alkyl benzene sulfonate (overbased) wherein the alkyl contains about 24 

carbon atoms on average. In a description of overbased salts, it states that typically, the 

excess alkaline earth metal will be present over that which is required to neutralize the 

anion at about 10:1 to 30:1, preferably 11:1 to 18:1 on an equivalent basis. 

10 [0006] 	U.S. Patent 6,617,287, Gahagan, September 9, 2003, discloses manual transmis- 

sion lubricants with improved synchromesh performance. Problems of wear and too low 

friction for a manual transmission with sintered metal parts in the synchronizer are said to 

be solved by using a lubricating oil formulated with a high level of an alkaline earth 

sulfonate in combination with amine phosphates. Preferred metal salts are magnesium or 

15 calcium, more preferably magnesium. The overbased materials generally have a total base 

number from about 20 to about 700, preferably from about 100 to about 600, and more 

preferably from about 250 to about 500. In examples, there is employed an overbased 

magnesium alkylbenzenesulfonate with a TBN of 400 and containing about 32% mineral 

oil diluent. 

20 [0007] 	U.S. Patent Publication 2008/0119378, Gandon et al., May 22, 2008, discloses 

functional fluids comprising alkyl toluene sulfonates as friction modifying agents. The 

fluids may be tractor fluids, transmission fluids, or hydraulic fluids. The alkyl toluene 

sulfonate salts may be either neutral or overbased salts, and they may be highly overbased 

to have a TBN of between about 50 to about 400, or about 280 to about 350, or about 320. 

25 [0008] 	European Patent Application EP 0 552 863, July 28, 1993, discloses high-sulfur 

mineral oil compositions and reducing the copper corrosivity of mineral oils having a high 

content of sulfur compounds. Example 1 discloses an additive concentrate containing, 

among other components, 1.33% of an overbased calcium sulfurized phenate, indicted to 

have a TBN of 254, and 1.33% calcium dinonylnaphthalene sulfonate as a 50% solution in 

30 light mineral oil. The lubricating oil compositions can be used in a variety of applications 

such as automotive crankcase lubricating oils, automatic transmission fluids, gear oils, 

hydraulic oils, or cutting oils. The preferred application is as power transmission fluids, 

especially hydraulic oils. 
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[0009] 	U.S. Patent 4,792,410, Schwind et al., December 20, 1988, discloses a lubricant 

composition suitable for manual transmission fluids. Example II discloses a manual 

transmission fluid containing, among other components, 3.0 parts calcium alkyl benzene 

sulfonate (overbased). Example III includes 3.5 parts calcium sulfur coupled alkyl (C12) 

5 phenate overbased to 200 total base number. 

[0010] 	PCT publication WO 2000/26328, May 11, 2000, discloses lubricants having 

overbased metal salts and organic phosphites. The lubricants may be used in manual 

transmissions. Example 1 discloses a lubricant prepared by blending (with other compo-

nents) 0.7% of a calcium benzene sulfonate having 53% oil and a total base number of 41. 

10 [0011] 	European Patent Application EP 0 987 311, March 22, 2000, discloses transmis- 

sion fluid compositions. A composition comprising an oil and (among other components) 

at least 0.1 percent by weight of an overbased metal salt provides an improved fluid for 

continuously variable transmissions. It is said that manual transmission fluids (among 

others) can benefit from incorporation of the components of that invention. Example 5 

15 discloses a mixture of components including 0.3 parts overbased calcium sulfonate, includ-

ing 0.1 part diluent oil (300 TBN). The suitable overbased materials themselves preferably 

have a total base number of 50 to 550, more preferably 100 to 450, on an oil free basis. 

[0012] 	U.S. Patent 3,652,410, Hollinghurst et al., March 28, 1972, discloses lubricant 

compositions for a multipurpose lubricating oil that can be used for, among others, trans- 

20 missions. Examples in Table I contain basic calcium sulfonate total base No. 300. 

[0013] 	U.S. Patent 7,238,651, Kocsis et al., July 3, 2007, discloses a process for prepar- 

ing an overbased detergent and the use of such a detergent in internal combustion engines. 

An example discloses the preparation of 500 TBN calcium sulfonate. The Total Base 

Number is described as a measure of the final overbased detergent containing the oil used 

25 in processing. Various optional performance additives may also be present. 

[0014] 	U.S. Patent Publication 2010-0152080, Tipton et al., June 17, 2010, discloses a 

lubricant composition exhibiting good dynamic frictional performance. The lubricant 

composition comprises an oil of lubricating viscosity and an oil-soluble branched-chain 

hydrocarbyl-substituted arenesulfonic acid salt having at least one hydrocarbyl substituent 

30 which is a highly branched group as defined by having a Chi(0)/Shadow XY ratio greater 

than about 0.180. 

[0015] 	U.S Publication 2009/0203564, Seddon et al., August 13, 2009, discloses a 

process for preparing a neutral or an overbased detergent. In certain embodiments, the 
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detergent may have a TBN ranging from 100 to 1300,or from 250 to 920. The overbased 

detergent is said to be suitable for any lubricant composition; listed lubricants include 

transmission fluids and gear oils, among others. 

[0016] 	The disclosed technology, therefore, solves the problem of balancing friction 

requirements with anti-wear performance in the synchronizer of a lubricated manual 

transmission, by a correct selection of an overbased detergent and other components. 

BRIEF DESCRIPTION OF THE FIGURES 

[0017] 	Figure 1 illustrates the friction performance of a steel-brass interface lubricated 

with a lubricant of the disclosed technology. 	Figure 2 illustrates the friction performance 

of the interface lubricated with a comparative lubricant. 

SUMMARY OF THE INVENTION 

[0018] 	The disclosed technology provides a method of lubricating a non-sintered metal- 

based surface in the synchronizer of a manual transmission, comprising supplying thereto a 

lubricant comprising: (a) an oil of lubricating viscosity; and (b) an overbased, carbonated 

calcium arylsulfonate detergent having a total base number (TBN) of at least about 640 as 

calculated on an oil-free basis. In one embodiment, at least one lubricated surface in the 

synchronizer is brass. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] 	Various preferred features and embodiments will be described below by way of 

non-limiting illustration. 

[0020] 	The lubricant employed in lubricating the surfaces of a synchronizer of a manual 

transmission will contain an oil of lubricating viscosity, also referred to as a base oil. The 

base oil may be selected from any of the base oils in Groups I-V of the American Petrole-

um Institute (API) Base Oil Interchangeability Guidelines, namely 

Base Oil Category Sulfur (%) 	Saturates (%) 	Viscosity Index 

Group I 	>0.03 and/or 	<90 	80 to 120 

Group II 	<0.03 	and 	>90 	80 to 120 

Group III 	<0.03 	and 	>90 	>120 

Group IV 	All polyalphaolefins (PAOs) 

Group V 	All others not included in Groups I, II, III or IV 

[0021] 	Groups I, II and III are mineral oil base stocks. The oil of lubricating viscosity 

can include natural or synthetic oils and mixtures thereof. Mixture of mineral oil and 

synthetic oils, e.g., polyalphaolefin oils and/or polyester oils, may be used. In certain 
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embodiments the oil employed is a mineral oil base stock and may be one or more of Group 

I, Group II, and Group III base oils or mixtures thereof. In certain embodiments the oil is not 

a synthetic oil. In certain embodiments the oil is Group I or Group II or mixtures thereof 

[0022] 	Natural oils include animal oils and vegetable oils (e.g. vegetable acid esters) as 

5 well as mineral lubricating oils such as liquid petroleum oils and solvent-treated or acid 

treated mineral lubricating oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic 

types. Hydrotreated or hydrocracked oils are also useful oils of lubricating viscosity. Oils 

of lubricating viscosity derived from coal or shale are also useful. 

[0023] 	Synthetic oils include hydrocarbon oils and halosubstituted hydrocarbon oils 

10 such as polymerized and interpolymerized olefins and mixtures thereof, alkylbenzenes, 

polyphenyl, alkylated diphenyl ethers, and alkylated diphenyl sulfides and their deriva-

tives, analogs and homologues thereof. Alkylene oxide polymers and interpolymers and 

derivatives thereof, and those where terminal hydroxyl groups have been modified by, e.g., 

esterification or etherification, are other classes of synthetic lubricating oils. Other suitable 

15 synthetic lubricating oils comprise esters of dicarboxylic acids and those made from C5 to 

C12 monocarboxylic acids and polyols or polyol ethers. Other synthetic lubricating oils 

include liquid esters of phosphorus-containing acids, polymeric tetrahydrofurans, silicon-

based oils such as poly-alkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils, and 

silicate oils. 

20 [0024] 	Other synthetic oils include those produced by Fischer-Tropsch reactions, 

typically hydroisomerized Fischer-Tropsch hydrocarbons or waxes. In one embodiment 

oils may be prepared by a Fischer-Tropsch gas-to-liquid synthetic procedure as well as 

other gas-to-liquid oils. 

[0025] 	Unrefined, refined, and rerefined oils, either natural or synthetic (as well as 

25 mixtures thereof) of the types disclosed hereinabove can used. Unrefined oils are those 

obtained directly from a natural or synthetic source without further purification treatment. 

Refined oils are similar to the unrefined oils except they have been further treated in one or 

more purification steps to improve one or more properties. Rerefined oils are obtained by 

processes similar to those used to obtain refined oils applied to refined oils which have 

30 been already used in service. Rerefined oils often are additionally processed to remove 

spent additives and oil breakdown products. 

[0026] 	The amount of the oil of lubricating viscosity present is typically the balance 

remaining after subtracting from 100 wt % the sum of the amount of the overbased, car- 
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bonated calcium arylsulfonate detergent described in greater detail hereinafter and the 

other performance additives that may be present. 

[0027] 	The lubricating composition may be in the form of a concentrate and/or a fully 

formulated lubricant. If the lubricating composition is in the form of a concentrate which 

5 may be combined with additional oil to form, in whole or in part, a finished lubricant), the 

ratio of the of these additives to the oil of lubricating viscosity and/or to diluent oil include 

the ranges of 1:99 to 99:1 by weight, or 80:20 to 10:90 by weight. 

[0028] 	Another component of the disclosed lubricant is an overbased, carbonated 

calcium arylsulfonate detergent having a total base number (TBN) of at least 640 as calcu- 

10 lated on an oil-free basis, or a mixture of such detergents. Detergents in general are 

typically overbased materials, otherwise referred to as overbased or superbased salts, which 

are generally homogeneous Newtonian systems having by a metal content in excess of that 

which would be present for neutralization according to the stoichiometry of the metal and 

the detergent anion. The amount of excess metal is commonly expressed in terms of metal 

15 ratio, that is, the ratio of the total equivalents of the metal to the equivalents of the acidic 

organic compound. Overbased materials are prepared by reacting an acidic material (such 

as carbon dioxide) with an acidic organic compound, an inert reaction medium (e.g., 

mineral oil), a stoichiometric excess of a metal base, and a promoter such as a phenol or 

alcohol. The acidic organic material will normally have a sufficient number of carbon 

20 atoms, to provide oil-solubility. 

[0029] 	Overbased detergents may be characterized by Total Base Number (TBN), the 

amount of strong acid needed to neutralize all of the material's basicity, expressed as mg 

KOH per gram of sample. TBN is a very well-known parameter that is described in ASTM 

D 4739. Since overbased detergents are commonly provided in a form which contains 

25 diluent oil, for the purpose of this document, TBN is to be recalculated to an oil-free basis. 

Various detergents may have a TBN of 100 to 1000, or 150 to 800, or, 400 to 700. The 

detergents of particular interest for the present technology will have a TBN of at least 640, 

for instance, 650 to 1000, or even 680 to 800. In each case, the units are mg KOH/g. 

30 

[0030] 	While it is required that an overbased calcium sulfonate detergent be present, 

other metals may also be present, whether in a sulfonate detergent (for example, an over-

based magnesium arylsulfonate detergent) or a different detergent substrate (for example, 

an overbased calcium phenate detergent). The metal compounds generally useful in 

making the basic metal salts are generally any Group 1 or Group 2 metal compounds (CAS 
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version of the Periodic Table of the Elements). Examples include alkali metals such as 

sodium, potassium, lithium, copper, magnesium, calcium, barium, zinc, and cadmium. In 

one embodiment the metals are sodium, magnesium, or calcium. The anionic portion of the 

salt can be hydroxide, oxide, carbonate, borate, or nitrate. The detergents of particular 

5 interest for the present technology will be calcium detergents, typically prepared using 

calcium oxide or calcium hydroxide. Since the detergents of particular interest are car-

bonated detergents, they will be materials that have been treated with carbon dioxide. Such 

treatment leads to more efficient incorporation of basic metal into the composition. For-

mation of high TBN detergents involving reaction with carbon dioxide is disclosed, for 

10 instance, in US 7,238,651, Kocsis et al., July 3, 2007, see, for instance, examples 10-13 

and the claims. Other detergents, however, may also optionally be present, which need not 

be carbonated or need not be so highly overbased (i.e., of lower TBN). However, if multi-

ple detergents are present, it is desirable that the overbased calcium arylsulfonate detergent 

is present as the predominant amount by weight of the metal detergents, that is, at least 50 

15 weight percent or at least 60 or 70 or 80 or 90 weight percent of the metal-containing 

detergents, on an oil free basis. 

[0031] 	The lubricants useful in the present technology will contain an overbased 

sulfonate detergent. Suitable sulfonic acids include sulfonic and thiosulfonic acids, includ-

ing mono- or polynuclear aromatic or cycloaliphatic compounds. Certain oil-soluble 

20 sulfonates can be represented by R2-T-(503-)a  or R3-(503-)b, where a and b are each at least 

one; T is a cyclic nucleus such as benzene or toluene; R2  is an aliphatic group such as 

alkyl, alkenyl, alkoxy, or alkoxyalkyl; (R2)-T typically contains a total of at least 15 carbon 

atoms; and R3  is an aliphatic hydrocarbyl group typically containing at least 15 carbon 

atoms. The groups T, R2, and R3  can also contain other inorganic or organic substituents; 

25 

30 

they may also be described as hydrocarbyl groups. In one embodiment the sulfonate 

detergent may be a predominantly linear alkylbenzenesulfonate detergent as described in 

paragraphs [0026] to [0037] of US Patent Application 2005-065045. In some embodiments 

the linear alkyl (or hydrocarbyl) group may be attached to the benzene ring anywhere along 

the linear chain of the alkyl group, but often in the 2, 3, or 4 position of the linear chain, 

and in some instances predominantly in the 2 position. In other embodiments, the alkyl (or 

hydrocarbyl) group may be branched, that is, formed from a branched olefin such as 

propylene or 1-butene or isobutene. Sulfonate detergents having a mixture of linear and 

branched alkyl groups may also be used. 
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[0032] 	In certain embodiments the carbonated calcium arylsulfonate detergent of the 

disclosed technology may be based on an alkylated and sulfonated benzene; in another 

embodiment, it may be based on an alkylated and sulfonated toluene. In either case there 

may be one or two or three, and in certain embodiments one, alkyl (or hydrocarbyl) group 

5 attached to the aromatic ring, in addition to the methyl group if toluene is used as the 

starting aromatic compound. In one embodiment, the detergent is a monoalkylbenzene-

monosulfonate, and in another embodiment it is a monoalkyltoluenemonosulfonate. If 

there is one alkyl group, it may contain a sufficient number of carbon atoms to impart oil-

solubility to the detergent, such as at least 8 carbon atoms, or 10 to 100 carbon atoms, or 

10 10 to 50 carbon atoms, or 12 to 36 carbon atoms, or 14 to 24 or 16 to 20 or alternatively 

about 18 carbon atoms. If more than one alkyl group (other than methyl) is present, each 

alkyl group may have the afore-described number of carbon atoms, or all the alkyl groups 

together may have in total the afore-described number of carbon atoms (e.g., two C12 alkyl 

groups for a total of 24 carbon atoms in the alkyl groups). 

15 [0033] 	Another type of overbased material that may additionally be present (that is, in 

addition to the overbased calcium arylsulfonate detergent) in certain embodiments of the 

present invention is an overbased phenate detergent. Certain commercial grades of calcium 

sulfonate detergents contain minor amounts of calcium phenate detergents to aid in their 

processing or for other reasons and may contain, for instance, 4% phenate substrate content 

20 and 96% sulfonate substrate content. The phenols useful in making phenate detergents can 

be represented by (Ri)a-Ar-(OH)b, where Rl  is an aliphatic hydrocarbyl group of 4 to 400 

or 6 to 80 or 6 to 30 or 8 to 25 or 8 to 15 carbon atoms; Ar is an aromatic group such as 

benzene, toluene or naphthalene; a and b are each at least one, the sum of a and b being up 

to the number of displaceable hydrogens on the aromatic nucleus of Ar, such as 1 to 4 or 1 

25 to 2. There is typically an average of at least 7 or 8 aliphatic carbon atoms provided by the 

Ri  groups for each phenol compound, and in some instances about 12 carbon atoms. 

Phenate detergents are also sometimes provided as sulfur-bridged species or as methylene-

bridged species. Sulfur-bridged species may be prepared by reacting a hydrocarbyl phenol 

with sulfur. Methylene-bridged species may be prepared by reacting a hydrocarbyl phenol 

30 with formaldehyde (or a reactive equivalent such as paraformaldehyde). Examples include 

sulfur-bridged dodecylphenol (overbased Ca salt) and methylene-coupled heptylphenol. 

[0034] 	In another embodiment, an optional, additional overbased material is an over-

based saligenin detergent. Overbased saligenin detergents are commonly overbased 
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magnesium salts which are based on saligenin derivatives. A general example of such a 

saligenin derivative can be represented by the formula 

OM OM- 	 - 
X YN> ,  

-..........,.........„-- 
0 

X 

Rlp  _ 
- 	Rip m 

5 where X is -CHO or -CH2OH, Y is -CH2- or -CH2OCH2-, and the -CHO groups typically 

comprise at least 10 mole percent of the X and Y groups; M is hydrogen, ammonium, or a 

valence of a metal ion (that is, if M is multivalent, one of the valences is satisfied by the 

illustrated structure and other valences are satisfied by other species such as anions or by 

another instance of the same structure), R1  is a hydrocarbyl group of 1 to 60 carbon atoms, 

10 m is 0 to typically 10, and each p is independently 0, 1, 2, or 3, provided that at least one 

aromatic ring contains an Rl  substituent and that the total number of carbon atoms in all Rl  

groups is at least 7. When m is 1 or greater, one of the X groups can be hydrogen. In one 

embodiment, M is a valence (or equivalent) of a Mg ion or a mixture of Mg and hydrogen. 

Saligenin detergents are disclosed in greater detail in U.S. Patent 6,310,009, with special 

15 reference to their methods of synthesis (Column 8 and Example 1) and preferred amounts 

of the various species of X and Y (Column 6). 

[0035] 	Other optional detergents include salixarate detergents. Salixarate detergents 

are overbased materials that can be represented by a compound comprising at least one unit 

of formula (I) or formula (II): 

R4  

HO 0 
R7 

100  R5 

COORS 
20 

(I) 	 (II) 

each end of the compound having a terminal group of formula (III) or (IV): 
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(R2)j  

I 	I R5  

HO 	 IR7  

C00R3 	 R6  

(III) 	 (IV) 

such groups being linked by divalent bridging groups A, which may be the same or differ- 

ent. In formulas (I)-(IV) R3  is hydrogen, a hydrocarbyl group, or a valence of a metal ion; 

R2  is hydroxyl or a hydrocarbyl group, and j is 0, 1, or 2; R6  is hydrogen, a hydrocarbyl 

5 	group, or a hetero-substituted hydrocarbyl group; either R4  is hydroxyl and R5  and R7  are 

independently either hydrogen, a hydrocarbyl group, or hetero-substituted hydrocarbyl 

group, or else R5  and R7  are both hydroxyl and R4  is hydrogen, a hydrocarbyl group, or a 

hetero-substituted hydrocarbyl group; provided that at least one of R4, R5, R6  and R7  is 

hydrocarbyl containing at least 8 carbon atoms; and wherein the molecules on average 

10 	contain at least one of unit (I) or (III) and at least one of unit (II) or (IV) and the ratio of 

the total number of units (I) and (III) to the total number of units of (II) and (IV) in the 

composition is 0.1:1 to 2:1. The divalent bridging group "A," which may be the same or 

different in each occurrence, includes -CH2- and -CH2OCH2- , either of which may be 

derived from formaldehyde or a formaldehyde equivalent (e.g., paraform, formalin). 

15 	[0036] 	Salixarate derivatives and methods of their preparation are described in greater 

detail in U.S. patent number 6,200,936 and PCT Publication WO 01/56968. It is believed 

that the salixarate derivatives have a predominantly linear, rather than macrocyclic, struc- 

ture, although both structures are intended to be encompassed by the term "salixarate." In 

one embodiment, a salixarate detergent may contain a portion of molecules represented 

20 	(prior to neutralization) by the structure 
I) 	 1)1-1 	 I) I-1 	 I) I-1 	 1)11 

HO OH 
I 	 I 

HO 

8 	

T 	T 	

R8 	

0:::1H 

where the R8  groups are independently hydrocarbyl groups containing at least 8 carbon 

atoms. 

[0037] 	Glyoxylate detergents are also optional overbased materials. They are based on 

25 	an anionic group which, in one embodiment, may have the structure 
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C(0)O- 
• H 	I 

C 	OH 

0 0 

- 	 R 

wherein each R is independently an alkyl group containing at least 4 or 8 carbon atoms, 

provided that the total number of carbon atoms in all such R groups is at least 12 or 16 or 

24. Alternatively, each R can be an olefin polymer substituent. The acidic material upon 

5 from which the overbased glyoxylate detergent is prepared is the condensation product of a 

hydroxyaromatic material such as a hydrocarbyl-substituted phenol with a carboxylic 

reactant such as glyoxylic acid or another omega-oxoalkanoic acid. Overbased glyoxylic 

detergents and their methods of preparation are disclosed in greater detail in U.S. Patent 

6,310,011 and references cited therein. 

10 [0038] 	Another optional overbased detergent is an overbased salicylate, e.g., an alkali 

metal or alkaline earth metal salt of a substituted salicylic acid. The salicylic acids may be 

hydrocarbyl-substituted wherein each substituent contains an average of at least 8 carbon 

atoms per substituent and 1 to 3 substituents per molecule. The substituents can be polyal- 

kene substituents. In one embodiment, the hydrocarbyl substituent group contains 7 to 300 

15 carbon atoms and can be an alkyl group having a molecular weight of 150 to 2000. Over- 

based salicylate detergents and their methods of preparation are disclosed in U.S. Patents 

4,719,023 and 3,372,116. 

[0039] 	Other optional overbased detergents can include overbased detergents having a 

Mannich base structure, as disclosed in U.S. Patent 6,569,818. 

20 [0040] 	In certain embodiments, the hydrocarbyl substituents on hydroxy-substituted 

aromatic rings in the above detergents (e.g., phenate, saligenin, salixarate, glyoxylate, or 

salicylate) are free of or substantially free of C12 aliphatic hydrocarbyl groups (e.g., less 

than 1%, 0.1%, or 0.01% by weight of the substituents are C12  aliphatic hydrocarbyl 

groups). In some embodiments such hydrocarbyl substituents contain at least 14 or at least 

25 18 carbon atoms. 

[0041] 	The amount of the overbased carbonated calcium arylsulfonate detergent in the 

formulations of the present technology is typically at least 0.1 weight percent, e.g., 0.14 to 

4 percent by weight, or 0.2 to 3.5 percent by weight, or 0.5 to 3 percent by weight, or 1 to 2 

percent by weight. Alternative amounts include 0.5 to 4 percent, 0.6 to 3.5 percent, 1.0 to 

30 3 percent, or 1.5 to 2.8 %, e.g. at least 1.0 percent. One or a plurality of overbased car- 
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bonated calcium arylsulfonate detergents may be present, and if more than one is present, 

the total amount of such materials may be within the aforementioned percentage ranges. 

The amount of calcium provided to the lubricant by such materials will depend, of course, 

on the extent of overbasing of the detergent or detergents, but in some embodiments the 

5 amount of calcium provided may be 0.03 to 1.0 percent by weight, or 0.1 to 0.6 percent by 

weight, or, 0.2 to 0.5 percent by weight. 

[0042] 	Any optional, additional detergents may be present in similar amounts. That is, in 

certain embodiments there may be an overbased phenate detergent present, which may option-

ally be a calcium phenate and which may optionally be a carbonated detergent, e.g., an over- 

10 based carbonated calcium phenate. It may also be a sulfur-bridged material. The amount of 

such material, if it is present, may be 0 to 4 percent, or 0.05 to 4 percent, 0.1 to 4 percent, or 

0.5 to 4 percent, or 1 to 3 percent, or 1.5 to 2.8 percent by weight, or, alternatively 0.05 to 0.1 

percent. Likewise, in certain embodiments there may be an overbased magnesium sulfonate 

detergent present. It may optionally be a carbonated detergent, e.g., an overbased carbonated 

15 magnesium arylsulfonate, based on any of the sulfonic acids earlier described. The amount of 

such material, if it is present, may be 0 to 4 percent, or 0.5 to 4 percent, 0.1 to 4 percent, or 0.5 

to 4 percent, or 1 to 3 percent, or 1.5 to 2.8 percent by weight. 

[0043] 	As used in this document, expressions such as "represented by the formula" 

indicate that the formula presented is generally representative of the structure of the chemi- 

20 cal in question. However, minor variations can occur, such as positional isomerization. 

Such variations are intended to be encompassed. 

[0044] 	In addition to the oil of lubricating viscosity and the overbased detergent or 

detergents, the present lubricants will typically include various other additives that may be 

used in manual transmission fluids. One such material is a phosphorus-containing material 

25 that may serve as an antiwear agent or may provide other benefits. 

[0045] 	The phosphorus-containing material may include at least one phosphite. In one 

embodiment, the phosphite is a di-or trihydrocarbyl phosphite, and in one embodiment may 

be a dialkylphosphite. The phosphite may be present in an amount of 0.05 to 3, or 0.2 to 2, 

or 0.2 to 1.5, or 0.05 to 1.5, or 0.2 to 1, or 0.2 to 0.7 percent by weight. The hydrocarbyl or 

30 alkyl groups may have 1 to 24, or 1 to 18, or 2 to 8 carbon atoms. Each hydrocarbyl group 

may independently be alkyl, alkenyl, aryl, or mixtures thereof. When the hydrocarbyl 

group is an aryl group, it will contain at least 6 carbon atoms, e.g., 6 to 18 carbon atoms. 

Examples of alkyl or alkenyl groups include propyl, butyl, pentyl, hexyl, heptyl octyl, 
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oleyl, linoleyl, and stearyl groups. Examples of aryl groups include phenyl and naphthyl 

groups and substituted aryl groups such as heptylphenyl groups. Phosphites and their 

preparation are known, and many phosphites are available commercially. Particularly useful 

phosphites include dibutyl hydrogen phosphite, dioleyl phosphite, di(C14-18)  phosphite, and 

5 triphenyl phosphite. In one embodiment, the phosphorus component is a dialkylphosphite. 

[0046] 	Another phosphorus containing material may include a metal salt of a phospho-

rus acid. Metal salts of the formula 

10 

[(R80)(R90)P(=S)-S]„-M 

where R8  and R9  are independently hydrocarbyl groups containing 3 to 30 carbon atoms, 

are readily obtainable by heating phosphorus pentasulfide (P2S5) and an alcohol or phenol 

to form an 0,0-dihydrocarbyl phosphorodithioic acid. The alcohol which reacts to provide 

the R8  and R9  groups may be a mixture of alcohols, for instance, a mixture of isopropanol 

and 4-methyl-2-pentanol, and in some embodiments a mixture of a secondary alcohol and a 

primary alcohol, such as isopropanol and 2-ethylhexanol. The resulting acid may be 

15 reacted with a basic metal compound to form the salt. The metal M, having a valence n, 

generally is aluminum, tin, manganese, cobalt, nickel, zinc, or copper, and in many cases, 

zinc, to form zinc dialkyldithiophosphates. Such materials are well known and readily 

available to those skilled in the art of lubricant formulation. Suitable variations to provide 

low phosphorus volatility are disclosed, for instance, in US published application 2008- 

20 0015129, see, e.g., claims. 

[0047] 	Yet another type of a phosphorus antiwear agent may include an amine salt of a 

phosphorus acid ester. This material can serve as one or more of an extreme pressure agent 

and a wear preventing agent. The amine salt of a phosphorus acid ester may include 

phosphoric acid esters and salts thereof dialkyldithiophosphoric acid esters and salts 

25 thereof phosphites; and phosphorus-containing carboxylic esters, ethers, and amides; and 

mixtures thereof. The amine salt of the phosphorus acid ester may comprise any of a 

variety of chemical structures. In particular, a variety of structures are possible when the 

phosphorus acid ester compound contains one or more sulfur atoms, that is, when the 

phosphorus-containing acid is a thiophosphorus acid ester, including mono- or dithiophos- 

30 phorus acid esters. A phosphorus acid ester may be prepared by reacting a phosphorus 

compound such as phosphorus pentoxide with an alcohol. Suitable alcohols include those 

containing up to 30 or to 24, or to 12 carbon atoms, including primary or secondary alco-

hols such as isopropyl, butyl, amyl, sec-amyl, 2-ethylhexyl, hexyl, cyclohexyl, octyl, decyl 
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and oleyl alcohols, and mixtures of isomers thereof, as well as any of a variety of commer- 

cial alcohol mixtures having, e.g., 8 to 10, 12 to 18, or 18 to 28 carbon atoms. Polyols such 

as diols may also be used. The amines which may be suitable for use as the amine salt 

include primary amines, secondary amines, tertiary amines, and mixtures thereof, including 

5 amines with at least one hydrocarbyl group, or, in certain embodiments, two or three hydro- 

carbyl groups having, e.g., 2 to 30 or 8 to 26 or 10 to 20 or 13 to 19 carbon atoms. 

[0048] 	In certain embodiments a phosphorus antiwear agent may be present in an 

amount to deliver 0.01 to 0.2 or 0.015 to 0.15 or 0.02 to 0.1 or 0.025 to 0.08 percent 

phosphorus to the lubricant. 

10 [0049] 	The lubricant formulation will typically also contain at least one dispersant. 

Dispersants are well known in the field of lubricants and include primarily what is known 

as ashless dispersants and polymeric dispersants. Ashless dispersants are so-called be- 

cause, as supplied, they do not contain metal and thus do not normally contribute to sulfat- 

ed ash when added to a lubricant. However they may, of course, interact with ambient 

15 metals once they are added to a lubricant which includes metal-containing species. Ashless 

dispersants are characterized by a polar group attached to a relatively high molecular 

weight hydrocarbon chain. Typical ashless dispersants include N-substituted long chain 

alkenyl succinimides, having a variety of chemical structures including typically 

0 	 0 

—[R2-N 1-1],,-R - 

20 where each Rl  is independently an alkyl group, frequently a polyisobutylene group with a 

molecular weight (M„) of 500-5000 based on the polyisobutylene precursor, and R2  are 

alkylene groups, commonly ethylene (C2H4) groups. Such molecules are commonly 

derived from reaction of an alkenyl acylating agent with a polyamine, and a wide variety of 

linkages between the two moieties is possible beside the simple imide structure shown 

25 above, including a variety of amides and quaternary ammonium salts. In the above struc- 

ture, the amine portion is shown as an alkylene polyamine, although other aliphatic and 

aromatic mono- and polyamines may also be used. Also, a variety of modes of linkage of 

the Rl  groups onto the imide structure are possible, including various cyclic linkages. The 

ratio of the carbonyl groups of the acylating agent to the nitrogen atoms of the amine may 
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be 1:0.5 to 1:3, and in other instances 1:1 to 1:2.75 or 1:1.5 to 1:2.5. 	Succinimide disper- 

sants are more fully described in U.S. Patents 4,234,435 and 3,172,892 and in EP 0355895. 

[0050] 	Another class of ashless dispersant is high molecular weight esters. These 

materials are similar to the above-described succinimides except that they may be seen as 

5 having been prepared by reaction of a hydrocarbyl acylating agent and a polyhydric ali- 

phatic alcohol such as glycerol, pentaerythritol, or sorbitol. Such materials are described in 

more detail in U.S. Patent 3,381,022. 

[0051] 	Another class of ashless dispersant is Mannich bases. These are materials which 

are formed by the condensation of a higher molecular weight, alkyl substituted phenol, an 

10 alkylene polyamine, and an aldehyde such as formaldehyde. Such materials may have the 

general structure 

OH 	 OH 

1 1  CH2-NH-(R2NH)x-R2NHCH2  

R1y- .A 
R1 

(including a variety of isomers and the like) and are described in more detail in U.S. Patent 

3,634,515. 

15 [0052] 	Other dispersants include polymeric dispersant additives, which are generally 

hydrocarbon-based polymers which contain polar functionality to impart dispersancy 

characteristics to the polymer. 

[0053] 	Dispersants can be and often are post-treated by reaction with any of a variety of 

agents. Among these are urea, thiourea, dimercaptothiadiazoles, carbon disulfide, alde- 

20 hydes, ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitriles, 

epoxides, boron compounds, and phosphorus compounds. In certain embodiments, a 

dispersant is used and is a borated dispersant, such as a borated succinimide dispersant. In 

certain embodiments, the dispersant is post-treated with an acid such as terephthalic acid, 

thus for instance a terephthalic acid treated succinimide dispersant. In certain embodi- 

25 ments, the dispersant is treated with at least one of a boron compound and terephthalic 

acid. Dispersants of this type (which may also optionally be further treated with other 

materials such as a dimercaptothiadiazole) are disclosed in greater detail in U.S. Patent 

7,902,130, Baumanis et al, March 8, 2011; see, for instance, Example 1 thereof 
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[0054] 	The amount of the dispersant in a fully formulated lubricant of the present 

technology may be at least 0.1% of the lubricant composition, or at least 0.3% or 0.5% or 

1%, and in certain embodiments at most 5% or 4% or 3% or 2% by weight. 

[0055] 	Another component that may be present is an antioxidant. Antioxidants encom- 

5 pass phenolic antioxidants, which may comprise a butyl substituted phenol containing 2 or 

3 t-butyl groups. The para position may also be occupied by a hydrocarbyl group, an ester-

containing group, or a group bridging two aromatic rings. Antioxidants also include 

aromatic amine, such as nonylated diphenylamines, phenyl-a-naphthylamine ("PANA") or 

alkylated phenylnaphthylamine. Other antioxidants include sulfurized olefins, titanium 

10 compounds, and molybdenum compounds. U.S. Pat. No. 4,285,822, for instance, discloses 

lubricating oil compositions containing a molybdenum and sulfur containing composition. 

U.S. Patent Application Publication 2006-0217271 discloses a variety of titanium com-

pounds, including titanium alkoxides and titanated dispersants, which materials may also 

impart improvements in deposit control and filterability. Other titanium compounds 

15 include titanium carboxylates such as neodecanoate. Typical amounts of antioxidants will, 

of course, depend on the specific antioxidant and its individual effectiveness, but illustra-

tive total amounts can be 0.01 to 5 percent by weight or 0.15 to 4.5 percent or 0.2 to 4 

percent. Additionally, more than one antioxidant may be present, and certain combinations 

of these can be synergistic in their combined overall effect. 

20 [0056] 	Viscosity improvers (also sometimes referred to as viscosity index improvers or 

viscosity modifiers) may be included in the compositions of this technology. Viscosity 

improvers are usually polymers, including polyisobutenes, polymethacrylic acid esters, 

diene polymers, polyalkylstyrenes, esterified styrene-maleic anhydride copolymers, 

alkenylarene-conjugated diene copolymers, and polyolefins. Multifunctional viscosity 

25 improvers, which also have dispersant and/or antioxidancy properties are known and may 

optionally be used. 

[0057] 	Another additive is an antiwear agent, in addition to those described above. 

Examples of anti-wear agents include phosphorus-containing antiwear/extreme pressure 

agents such as metal thiophosphates, phosphoric acid esters and salts thereof, phosphorus- 

30 containing carboxylic acids, esters, ethers, and amides; and phosphites. Non-phosphorus-

containing anti-wear agents include borate esters (including borated epoxides), dithiocar-

bamate compounds, molybdenum-containing compounds, and sulfurized olefins. 
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[0058] 	Other materials that may be used as antiwear agents include tartrate esters, 

tartramides, and tartrimides. Examples include oleyl tartrimide (the imide formed from 

oleylamine and tartaric acid) and oleyl or other alkyl diesters (from, e.g., mixed C12-16 

alcohols). Other related materials that may be useful include esters, amides, and imides of 

5 other hydroxy-carboxylic acids in general, including hydroxy-polycarboxylic acids, for 

instance, acids such as tartaric acid, citric acid, lactic acid, glycolic acid, hydroxy-propionic 

acid, hydroxyglutaric acid, and mixtures thereof These materials may also be used in 

formulations that contain phosphorus compounds, e.g., low-phosphorus oils. These materials 

may also impart additional functionality to a lubricant beyond antiwear performance. They 

10 are described in greater detail in US Publication 2006-0079413 and PCT publication 

W02010/077630. Such derivatives of (or compounds derived from) a hydroxy-carboxylic 

acid, if present, may typically be present in the lubricating composition in an amount of 0.1 

weight % to 5 weight %, or 0.2 weight % to 3 weight %, or greater than 0.2 weight % to 3 

weight %. 

15 [0059] 	Other additives that may optionally be used in lubricating oils include pour point 

depressing agents, extreme pressure agents, anti-wear agents, color stabilizers, and anti-

foam agents. 

[0060] 	The lubricant formulations described herein are effective for lubricating manual 

transmissions having synchronizers with a component made from a wide variety of metal- 

20 based materials and therefore having at least one surface and, in certain embodiments, two 

interacting (mating, frictionally engaged or engageable) surfaces, made from such materi-

als. The metal-based material is described as non-sintered, to be distinguished from such 

materials as sintered brass. Sintering is a method used to create objects, such as metal 

parts, from powders. In a sintering process, the powdered material may be held in a mold 

25 of the desired shape and heated to a temperature below the melting point of the sub-

stance. By this treatment, the individual particles fuse together and form a solid piece, 

while retaining a certain degree of granular structure. A non-sintered metal-based materi-

al, in contrast, may be formed by other processes involving melting of the metal. In one 

embodiment, one of the surfaces of the synchronizer which interact is made from a first 

30 metal such as steel and a second surface is made from a different metal-based substance, as 

described herein. The term "metal-based substance" is intended to not include resinous, 

cellulosic, or other non-metallic substances, even if they may contain particles of metal 

contained therein, although the presence of non-metallic materials is not necessarily 
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excluded. In certain embodiments one surface is steel and a second surface is another 

metal-based substance; among the materials that may be used are brass, including solid 

brass; bronze, including solid bronze; molybdenum; and aluminum. In one embodiment, a 

component is solid brass. In a synchronizer, one mating component (typically, the gear 

5 cone) is made of steel and the other component or surface (typically, the synchronizer ring) 

is made of, or has a surface of, one of the foregoing materials. Another surface which may 

optionally also be present may include a non-metallic material such as carbon fiber or a 

phenolic resin. 

[0061] 	The term "metal-based surface" is also intended to include metallic substances 

10 that may have a surface coating or a surface treatment of a metal oxide or other such 

substance. The coating may be intentionally applied, for instance, by spray coating of a 

steel substrate with a substance such as MoO3  to impart desired performance to the metal 

part. Such molybdenum-treated substrates are typically referred to in the industry as 

molybdenum parts, even though the amount of molybdenum may be provided by only a 

15 comparatively thin surface layer. It is also may not be known precisely in what chemical 

state the molybdenum or other coating exists, whether as, e.g., metallic Mo, or a Mo oxide, 

or some other state. Nevertheless, such materials may be considered to be metal-based. 

Parts made in this manner have the appearance and general performance of a metal, as 

opposed to a resinous, cellulosic, or ceramic substance. Of course, even metal surfaces that 

20 are not intentionally treated will normally have a thin layer of metal oxide due to spontane-

ous reaction the metal with oxygen of the air. Such materials are likewise referred to as a 

metal-based material, or metal-based surface, or surface of a metal-based substance. 

25 

[0062] 	The amount of each chemical component described herein is presented exclusive 

of any solvent or diluent oil, which may be customarily present in the commercial material, 

that is, on an active chemical basis, unless otherwise indicated. However, unless otherwise 

indicated, each chemical or composition referred to herein should be interpreted as being a 

commercial grade material which may contain the isomers, by-products, derivatives, and 

other such materials which are normally understood to be present in the commercial grade. 

[0063] 	As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl group" is used 

30 in its ordinary sense, which is well-known to those skilled in the art. Specifically, it refers to 

a group having a carbon atom directly attached to the remainder of the molecule and having 

predominantly hydrocarbon character. Examples of hydrocarbyl groups include: 
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[0064] 	hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., 

cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclic-substituted 

aromatic substituents, as well as cyclic substituents wherein the ring is completed through 

another portion of the molecule (e.g., two substituents together form a ring); 

5 [0065] 	substituted hydrocarbon substituents, that is, substituents containing non-

hydrocarbon groups which, in the context of this invention, do not alter the predominantly 

hydrocarbon nature of the substituent (e.g., halo (especially chloro and fluoro), hydroxy, 

alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy); 

[0066] 	hetero substituents, that is, substituents which, while having a predominantly 

10 hydrocarbon character, in the context of this invention, contain other than carbon in a ring 

or chain otherwise composed of carbon atoms and encompass substituents as pyridyl, furyl, 

thienyl and imidazolyl. Heteroatoms include sulfur, oxygen, and nitrogen. In general, no 

more than two, or no more than one, non-hydrocarbon substituent will be present for every 

ten carbon atoms in the hydrocarbyl group; alternatively, there may be no non-hydrocarbon 

15 substituents in the hydrocarbyl group. 

[0067] 	It is known that some of the materials described above may interact in the final 

formulation, so that the components of the final formulation may be different from those 

that are initially added. For instance, metal ions (of, e.g., a detergent) can migrate to other 

acidic or anionic sites of other molecules. The products formed thereby, including the 

20 products formed upon employing the composition of the present invention in its intended 

use, may not be susceptible of easy description. Nevertheless, all such modifications and 

reaction products are included within the scope of the present invention; the present inven-

tion encompasses the composition prepared by admixing the components described above. 

EXAMPLES 

25 [0068] 	Formulations are prepared and tested in a synchronizer test rig in a "durability 

test." This is a screening test that is customarily used to evaluate wear, friction, and 

durability characteristic of a clutch synchronizer. The test rig typically does not simulate a 

full engagement of the synchronizer components, but does measure the friction between the 

synchronizer ring and the gear cone. The rig comprises a test rig bath in which the compo- 

30 nents are assembled. 

[0069] 	An Automax® rig measures the friction between a synchronizer and a comple-

mentary cone as a function of speed and load. The rig comprises a test rig bath in which 

the components are assembled. The synchronizer is attached to the test rig key on one side 
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5 

10 

15 

20 

of the chamber and 

conditions used 

synchronizer typically 

seconds with a load 

[0070] 	The test 

Break in 

at defined speeds 

Durability 

After-durability 

are taken at defined 

Finally a 

[0071] 	The data 

of the friction and 

bility and shift quality 

parameters: Dynamic 

Friction durability 

durability phase 

[0072] 	In this 

of these synchronizers 

parts used in standard 

the cone assembled onto a test rig jig on the other side. 

are shown in the Table below. The fluids are maintained at 

rotating at 1000 rpm. The on time (contact time) for 

of 981 N and the off time (non-contact time) is 5 seconds. 

The test 

80 °C with the 

the test is 0.2 

are taken 

cycles) 

measurements 

a comparison 

relative dura-

following 

testing; 

during the 

key features 

production 

Oil Temperature (°C) 80 
Speed (rpm) 1000 
Load (kg) 

(N) 
100 
980.6 

On Time (sec) 0.2 
Off Time (sec) 5.0 
Inertia (kg cm sec2) 0.75 (brass) 

2.67 (molybdenum) 
Calculated Torque (Nm) 41 

Initial performance 

procedure is segmented into five stages, as follows: 

phase (100 cycles) 

phase, whereby a number of frictional measurements 

(between 1000 and 25 rpm). 

phase, whereby the dynamic friction is recorded (10,000 

performance phase, whereby a number of frictional 

speeds (between 1000 and 25 rpm). 

static friction measurement is taken. 

from the test provides several key parameters that allow 

wear performance of the candidates. Comparisons of the 

of the different candidates are made based upon the 

friction level assessed by the friction value during durability 

assessed by the stability and trends in average friction values 

work, two key synchronizer types are used for testing. The 

are summarized in the table below. Both parts are OEM 

vehicles: 
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a.  

b.  

with 

	

5 	[0073] 

the 

file, 

er 

	

10 	number. 

the 

ing 

	

15 	ity 

and 

Passenger Car Brass 

Synchronizer 

Commercial Vehicle 

Molybdenum Synchronizerb  

Gear Cone Angle (degrees) 6.20 7.00  

Width (mm) 6.88 10.01 

Effective radius (mm) 33.50 62.00 

Composition': 

Aluminum (wt%) 3.0 

silicon (%wt) 1.8 

Manganese (%wt) 3.8 

Copper (%wt) 61.3 

Zinc (%wt) 30.2 

Molybdenum (%wt) 60.1 

Oxygen (%wt) 30.9 

scanning 

[0074] 

duration 

friction 

a numeric 

exhibits 

All elemental measurements are taken using Energy Dispersive X-ray (EDX) within a 

electron microscope. 

This synchronizer consists of a steel cone (approx. 98.5% Fe, 1.5% Cr) spray coated 

Mo03. 

Shift quality is assessed by examining the performance test profiles, which show 

variation of friction with rotational speed. It is desirable to have a flat frictional pro-

with a level or slight decrease in friction at low speed providing improved synchronis-

engagement and improved shift quality. 

The dynamic coefficient of friction may be presented as a function of cycle 

A quantitative representation of the performance may be obtained by calculating 

number of cycles to stability. Ideally, a fluid should show stable friction throughout the 

of the test. Some fluids may vary in friction at the start of the test, before stabilis-

to a final value after a number of cycles. Other fluids may not stabilize at all and the 

may be still increasing or decreasing after 10,000 cycles. The data for the durabil-

stage calculation is the dynamic friction is accumulated after 1, 200, 500, 1000 cycles 

every 1000 cycles thereafter up to 10,000. The "cycles until stability" summary gives 

value for the number of cycles after which the friction is consistent and only 

small variation. Specifically, it is defined by the formula: 

Cycles until stability = Minimum c such that Standard Deviation({pd,,:i > c}) < 0.0015 
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where yd,, is the dynamic friction after i cycles, i =1, 200, 500, 1000, ...,10000. The value 

of 0.0015 is chosen to give good discrimination between test results and to give similar 

conclusions as a visual inspection of a friction trace. If the standard deviation for all such 

sets is >0.0015, then the cycles until stability is reported as >10,000. 

5 [0075] 	An example of performance of a fluid providing good friction performance, 

good durability performance, and a relatively low "cycles until stability" is presented 

graphically in Figure 1. After a relatively short break-in event of about 2000 cycles, the 

fluid exhibits stable dynamic friction for the remainder of the test. This sample has a value 

of "cycles until stability" of 2000. Figure 2, in contrast, presents an example of perfor- 

10 mance of a fluid providing poor durability performance. After an initial break-in period, 

there is a progressive decrease in friction over the course of the test, becoming more 

pronounced after 7000 cycles. Its "cycles until stability" is > 10,000. This degradation in 

friction is undesirable. 

[0076] 	Base Formulation 1. A first series of tests is run in a baseline formulation as 

15 follows. The amounts shown are oil-free, percentages by weight: 

Detergent — amount and identity as described below 

Succinimide dispersant, borated — 1.12% 

Aromatic amine antioxidant — 0.5% 

Bis(hydrocarbyldithio)thiadiazole — 0.2% 

20 Dibutyl phosphite — 0.2% 

Polyalphaolefin, 100 cSt — 8% 

Polyalphaolefin synthetic base oil, 4 cSt — balance to = 100% 

25 

[0077] 	In the first series of tests three detergents are investigated and are present in 

amounts which will provide approximately the same amounts of anionic substrate (that is, 

about the same weight percent of sulfonate moiety, despite varying amounts of diluent oil 

and base (CaCO3  or other species). For the series of Example 1, the detergent is a high 

TBN calcium sulfonate detergent, 690 TBN (oil free), in an amount of 2.42 percent (oil 

free). For the series of Example 2 (comparative or reference examples), the detergent is a 

low TBN (substantially neutral) calcium sulfonate detergent, 30 TBN (oil free), in an 

30 amount of 0.86 percent. For the series of Example 3 (comparative or reference examples), 

the detergent is a high TBN magnesium sulfonate detergent, 590 TBN (oil free) in an 

amount of 2.38 percent. The results of testing are shown in the following table: 
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* A 

b. 

[0078] 

	

5 	follows. 

	

10 	Dibutyl 

[0079] 

	

15 	base, 

active 

free), 

	

20 	series 

Ex 1: 690 
TBN Ca 
detergent 

Ex. 2*: 30 
TBN (neutral) 
Ca detergent 

Ex. 3*: 590 
TBN Mg 
detergent 

as 

Amount of detergent (oil-free) 2.42% 0.86% 2.38% 

Amount of sulfonate moiety' 0.83% 0.82% 0.89% 

Amount of metal (Ca or Mg)a  0.67% 0.04% 0.33% 

Brass synchronizer ring 

Static/dynamic ratio µs/µd 0.938 1.778 1.278 

Cycles until Stability 1000 >10,000 6000 

Molybdenumb  synchronizer ring 

Static/dynamic ratio µs/µd 1.255 1.446 1.059 

Cycles until Stability 1000 4000 7000 

a Calculated, 

reference or comparative example 

weight % 

Mo03  coating on steel 

Base formulation 2. A second series of tests is run in a baseline formulation 

percentages by weight: 

identity as described below 

— balance to = 100% 

detergents are investigated and are present in 

1.0% as provided (including sulfonate moiety, 

4, the detergent is a high TBN calcium sulfonate 

of 1.0 percent, including diluent oil, or 0.58% 

the series of Example 5 (comparative or reference 

TBN calcium sulfonate detergent, 600 TBN (oil 

diluent oil, or 0.50% active chemical. For the 

examples), the detergent is a high TBN 

(oil free) in an amount of 1.0 percent, including 

Detergent 

Succinimide 

Aromatic 

Bis(hydrocarbyldithio)thiadiazole 

Polyalphaolefin, 

Polyalphaolefin 

amounts 

detergent, 

examples), 

magnesium 

The amounts shown are oil-free, 

— 1% (including diluent oil) — 

dispersant, borated — 1.97% 

amine antioxidant — 0.5% 

— 0.3% 

phosphite — 0.3% 

100 cSt — 8% 

synthetic base oil, 4 cSt 

In the second series of tests three 

which are nominally the same, 

and oil). For the series of Example 

690 TBN (oil free), in an amount 

chemical (i.e., oil-free basis). For 

the detergent is a medium-high 

in an amount of 1.0 percent, including 

of Example 6 (comparative or reference 

sulfonate detergent, 590 TBN 
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5 

10 

15 

20 

diluent 

table: 

* A 

b. 

[0080] 

good 

[0081] 

The 

tion 

carbon 

used 

that 

oil, or 0.68% active chemical. The results of testing are shown in the following 

art 

the 

Ex 4: 690 
TBN Ca 
detergent 

Ex. 5*: 600 
TBN Ca 
detergent 

Ex. 6*: 590 
TBN Mg 
detergent 

Amount of detergent (oil-free) 0.58% 0.50% 0.68% 

Amount of sulfonate moiety' 0.20% 0.28% 0.25% 

Amount of metal (Ca or Mg)a  0.16% 0.12% 0.09% 

Brass synchronizer ring (from Nissan) 

Static/dynamic ratio µs/µd 1.527 1.515 1.522 

Cycles until Stability 1000 2000 9000 

Molybdenumb  synchronizer ring (from Isuzu) 

Static/dynamic ratio µs/µd 1.378 1.417 1.413 

Cycles until Stability 3000 3000 6000 

a Calculated, 

friction 

or constitutes 

Examples, 

be understood 

be independently 

invention 

consideration. 

comparative or reference example 

weight % 

MoO3  coating on steel 

The results show that the materials of the disclosed technology provide good 

performance and durability, in terms of cycles until stability, while also providing 

µs/µd  measurement. 

Each of the documents referred to above is incorporated herein by reference. 

mention of any document is not an admission that such document qualifies as prior 

the general knowledge of the skilled person in any jurisdiction. Except in 

or where otherwise explicitly indicated, all numerical quantities in this descrip-

specifying amounts of materials, reaction conditions, molecular weights, number of 

atoms, and the like, are to be understood as modified by the word "about." It is to 

that the upper and lower amount, range, and ratio limits set forth herein may 

combined. Similarly, the ranges and amounts for each element of the 

can be used together with ranges or amounts for any of the other elements. As 

herein, the expression "consisting essentially of permits the inclusion of substances 

do not materially affect the basic and novel characteristics of the composition under 

24 



WO 2013/148171 
	

PCT/US2013/030648 

3822-01 

What is claimed is: 

1. A method of lubricating a non-sintered metal-based surface in the synchronizer 

of a manual transmission, comprising supplying thereto a lubricant comprising: 

5 (a) an oil of lubricating viscosity; and 

(b) an overbased, carbonated calcium arylsulfonate detergent having a total base 

number (TBN) of at least about 640 as calculated on an oil-free basis. 

2. The method of claim 1 wherein the synchronizer has at least one surface of 

brass, bronze, or a molybdenum material. 

10 3. The method of claim 1 or claim 2 wherein the synchronizer has at least one 

surface of solid brass or solid bronze. 

4. The method of any of claims 1 through 3 wherein at least one lubricated non-

sintered metal-based surface in said synchronizer is brass. 

5. The method of any of claims 1 through 4 wherein the carbonated calcium aryl- 

15 sulfonate detergent has a TBN of about 650 to about 1000. 

6. The method of any of claims 1 through 5 wherein the arylsulfonate detergent 

comprises an alkylarylsulfonate anion in which the alkyl group is linear. 

7. The method of any of claims 1 through 5 wherein the arylsulfonate detergent 

comprises an alkylarylsulfonate anion in which the alkyl group is branched. 

20 8. The method of any of claims 1 through 7 wherein the arylsulfonate detergent 

comprises an alkylarylsulfonate anion in which the alkyl group contains about 12 to about 

36 carbon atoms. 

9. The method of any of claims 1 through 8 wherein the arylsulfonate is an alkyl-

substituted benzenesulfonate or an alkyl-substituted toluenesulfonate. 

25 10. The method of any of claims 1 through 9 wherein the amount of calcium in the 

lubricant is about 0.03 to about 1.0 weight percent. 

11. The method of any of claims 1 through 10 wherein the amount of the over-

based, carbonated calcium arylsulfonate detergent in the lubricant is about 0.14 percent to 

about 4 percent by weight. 
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12. The method of any of claims 1 through 11 wherein the amount of the over- 

based, carbonated calcium arylsulfonate detergent in the lubricant is about 0.14 to about 3 

percent by weight 

13. The method of any of claims 1 through 12 wherein the lubricant further com- 

5 prises an overbased phenate detergent. 

prises 

14. The method of any of claims 1 

an overbased magnesium sulfonate. 

through 13 wherein the lubricant further com- 

prises 

15. The method of any of claims 1 

a dialkylphosphite. 

through 14 wherein the lubricant further com- 

10 16. The method of any of claims 1 through 15 wherein the lubricant further com- 

prises a succinimide dispersant which has been treated with at least one of a borating agent 

and terephthalic acid. 
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