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OVERBASED CALIXARATES, PROCESS FOR THEIR PRODUCTION,
COMPOSITIONS CONTAINING THEM AND USE AS LUBRICATING OIL ADDITIVES

The present invention relates generally to overbased metal
salts, their preparation and their use as detergent additives in
lubricating oil compositions.

In the operation of the internal combustion engine by-products

5 from the combustion chamber often blow by the piston and admix with
the lubricating oil.

Compounds generally employed to neutralise the acidic materials
and disperse sludge within the lubricating oil are the overbased
alkaline earth metal sulphurised hydrocarbyl-substituted phenates,

10 salicylates, napthenates and sulphonates. The term "overbased" is
generally used to describe those alkaline earth metal
hydrocarbyl-substituted salts in which the ratio of the number of
equivalents of the alkaline earth metal moiety to the number of
equivalents of the acid moiety is greatér than one, and is usually

15 greater than 1.2 and may be as high as 4.5 or greater. In contrast,
the equivalent ratio of alkaline earth metal moiety to acid moiety
in "normal' or "neutral" alkaline earth metal
hydrocarbyl-substituted salts is one, and in "low based" salts is
less than one. Thus, the overbased material usually contains

20 greater than 20% in excess of the alkaline earth metal present in
the corresponding neutral material. For this reason overbased
alkaline earth metal hydrocarbyl-substituted salts have a greater
capability for neutralising aci&ic matter than do the corresponding
neutral alkaline earth metal hydrocarbyl-substituted salts, though

25 not necessarily an increased detergency power,
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10" salicylates, naphthenates and sul phonates. The term "overbased" is
generally used to describe those alkaline earth netalj arbyl-
substitutedsalts in which the ratio. of the nunber of;?qHM@%,h“ Sof=t-he,
al kal i ne earth netal noi ety to the nunber of equi val ent s ofﬂg iﬁgzaEﬁUZFty

I's greater than one, and is usually 15 greater t han Ys-2-and.r
high as 4.5 or greater. In contrast, the-equivalent ratio of alkaline=garth
nmetal nmoiety to acid noiety in "nornmal” or "neutral" al kaline earth netal
hydr ocar byl -substituted salts is one, and in "l ow based"” salts is |ess than
one. Thus, the overbased material usually contains 20 greater than 20%

in excess of the al k%l’l"lﬁl% xﬁ?r{utfgcimgaéf Qﬁgsa%ggega@d sulpl_m_rised hydrocarbyl
phenates, hydrogen sulphide is generated, which hydrogen sulphide is
generally disposed of by burning, thereby producing sulphur dioxide,
which is released to the atmosphere. Environmental'concerns are

5 growing over the use of sulphur-containing lubricant additives, due
to the resulting sulphur dioxide emissions associated with lubricant
combustion in service, as well as in additive production. 1In
consequence, a desirable objective would be to develop sulphur—-free
overbased alkaline earth metal salts suitable for use as detergent

10  additives in lubricating oils. '

In furtherance of this objective the present invention in one
aspect provides a non-sulphurised overbased metal salt of a
sulphur-free calixafene having a substituent hydroxyl group or
groups available for reaction with metal base.

15 For a review of calixarenes the reader is referred to
'Monographs in Supramolecular Chemistry' by C David Gutsche, Series
Editor - J Fraser Stoddart, published by the Royal Society of
Chemistry, 1989. Calixarenes having a substituent hydroxyl group or
groups include homocalixarenes, oxacalixarenes, homooxacalixarenes

20 and heterocalixarenes.

Suitable calixarenes may be represented by the formula:

R ]
-
¥ (1)

25
R’L
_R R3 ~N
wherein Y is a divalent bridging group;

30 R3 is a hydrocarbyl or a hetero-substituted hydrocarbyl

group;
" either R! is hydroxyl and R2 and R% are independently either

hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or
R2 and R% are hydroxyl and Rl is either hydrogen,

35 hydrocarbyl or hetero~substituted hydrocarbyl; and
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the corresponding neutral material. For this reason overbased al kaline
earth netal hydrocarbyl-substituted salts have a greater capability for
neytralising acidic matter than do the corresponding neutral al kaline earth
met al hydrocarbyl -substituted salts, though 25 not n¢cess T Iam ==,
I ncreased detergency power. -2- In the manufacture - !

Af OFEs SicdiN
sul phuri sed hydrocarbyl phenates, hydrogeh-sul phide i ~-éﬁ53ﬁL£hjl
hydrogen sul phide is =SSR SR

n is an integer in the range from 3 to 12.
In the formula (I), Y may suitably be (CHRé)d in which
RO either hydrogen or hydrocarbyl e.g. of 1-6 carbons such as methyl
and d is an integer which is at least one, n preferably is from 4 to
5 9. Any hetero substituted hydrocarbyl group has the heterocatom
preferably O or NH interrupting a chain of carbon atoms, such as an
alkoxy-alkyl group of 2-20 carbons.

A preferred calixarene has the formula:-

r oH 7 8y
o (cRR7) S
(11)
R*NR
A R Jn

15 wherein RZ, R3 and R* are independently either hydrogen, hydrocarbyl
or hetero-substituted hydrocarbyl, either one of R’ and R® is
hydrogen and the other is either hydrogen or hydrocarbyl,

n is an integer in the range 4 to 9, and
e is one or greater e.g. 1-4.

20 Freferably in the formula (II), R2 and R* are hydrogen, R3 is
hydrocarbyl e.g. of 1-20 such as 3-16 carbon atoms or
hetero-substituted hydrocarbyl, more preferably alkyl, one of R’ or
R8 is hydrogen and the other is either hydrogen or alkyl, n is
either 4, 6 or 8 and e is one. In the case where one of R’ or R® is

25 alkyl, it is preferably C;-C4 alkyl, more preferably methyl.
Preferably R3 is alkyl, in particular nonyl (or a propylene trimer),
t-butyl, dodecyl or tertiary-amyl. p-Alkylcalixarenes are also
known as p-alkylphenol calixarenes and both terms will be used
herein. An example of a suitable calixarene of the formula (II) is

30 p-tert-butyl calix [6,8] arene. The [8] arene, for example, may be

represented by the formula:-

e
e i
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general Iy disposed of by burning, thereby producing sul phur dioxide, which
Is released to the atnobsphere. Environnental concerns are 5 gr ow ng
over the use of sul phur-containing |ubricant additives, due to the
resultlng sul phur di oxi de em ssi ons associ at ed mnthfPUbLLgant conbustlon in
service, as well as in additive production. 1In con§eHﬂem¢ 5 a“ “desi+abl e
obj ective would be to devel op sul phur-freg .overbasex;i al ka#g;rl" ‘ér&ﬂﬂ:ﬁt al

salts suitable for use as detergent 10 additives i Fub&t&af?ug oi |

US- A- 4, 131, 554 di scl oses conpositions which are useful as anti-rust=and
anti-corrosion additives and can inpart useful detergent, dispersant, and
varni sh-inhibiting properties to

- @

Other suitable calixarenes include p-dodecyl calix[6]arene,

p-nonyl calix[8]arene and p-nonyl[6,7,8]arene.
Calixarenes may suitably be prepared by the method described in
15 the aforesaid Monograph, Chapter 2. Typically, an alkyl phenol
unsubstituted at the ortho-positions may be reacted in the presence
of a2 base with an aldehyde, such as formalqehyde or acetaldehyde.
The metal moiety of the salts may suitably be either an alkali
or an alkaline earth metal, or indeed any metal capable of forming
20 salts with calixarenes. Preferred metals include calcium, magnesium
or barium. A particularly preferred metal is calcium. The salts,
will hereinafter be termed "calixarates". Overbased calixarates,
the subject of the present invention, are calixarates in which the
ratio of the number of equivalents of the metal moiety to the number
25 of equivalents of the acid moiety is greater than one.
In another aspect the present invention provides a process for the
production of an overbased calixarate as hereinbefore described
which process comprises reacting at elevated temperature:-
(A) either (i) a sulphur-free calixarene having a substituent
30 hydroxyl group or groups available for reaction with metal
base, (ii) a low-based metal calixarate, (iii) a neutral metal
calixarate or (iv) an overbased metal calixarate,
(B) a metal base added either in a single addition or in a

plurality of additions at intermediate points during the

35 reaction,
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cenpositions containing them The conpositions conprise inter alia 15

non- sul phuri sed overbased netal carboxyl ates nade by reacting at | east one
basi cal ly reacting netal conpound in the presence OfrH;ﬁFGﬁEfﬁi_ﬂ£H;&H:
acidic reagent with at |east one conposition nade by f&ﬁ&@Hﬂyé&ﬁ;gquqast
one phenoxide netal salt of a bridged phenol of the gener dRERlovaRm a 2030
wherein n, n' and n'" are each independentd y integer ‘€L4FF*ﬁ?‘and R
are each independently aliphatic hydrocarbon-based groups of one to about
300 carbon atoms each; m m and nferr] are each independently integers of

0-3; Nis an integer of 0 to 20 and each

(C) A solvent comprising either:- ;
(C1) either (i) a polyhydric alcohol héving 2 to 4 carbon
atoms, (ii) a di- (C3 or C4) glycol, (iii) a tri- (Cy9-Cy)
glycol or (iv) a mono- or poly-alkylene glycol alkyl ether of

5 the formula:

RI(0R10)c0R1L (III)
wherein in the formula (III) RY is a C; to Cg alkyl group, rRi0
is an alkylene group e.g. 1-6 or 2~4 carbon atoms, Rll is
hydrogen or a Cy to Cg alkyl group and £ is an integer from 1
10 to 6, .

either alone or in combination with either (Cy) a hydrocarbon
solvent or C(3) either (i) water, (ii) a Cj to Cyp monohydric
alcohol, (iii) a C; to Cyp ketone, (iv) a C; to Cjyp carboxylic
acid ester or (v) an aliphatic, alicyclic or aromatic C; to Cyg

15 ether, or,

(C4) a C; to C4 monohydric alcohol, in combination with a
hydrocarbon solvent (Cj), and

(D) carbon dioxide added subsequent to each addition of component
(B).

20 With regard to component (A) this may be either (i) a
sulphur~free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base, (ii) a low-based
calixarate, (iii) a neutral calixarate or (iv) an overbased
calixarate. Suitable calixarenes (i) are those as hereinbefore

25 described, particularly those alkyl calixarenes capable of
conferring oil-solubility on the product. Preferred calixarenes
include p-tert-butyl calix[6,8]larene, p-dodecyl calix[6]arene,
p-nonyl calix[8larene and p-nonyl calix[6,7,8)arene. Pre-formed
calixarates wherein the equivalent ratio of metal base moiety to

30 calixarene is either 1 (neutral calixarates) or less than 1
(low-based calixarates) may be employed to produce an overbased
calixarate. Alternatively, anh overbased calixarate according to the
present invention may be employed, in which case the product is a
calixarate having an increased degree of overbasing, i.e. a higher

35 alkalinity wvalue,
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Xi's a di val ent bridging Iinkage selected fromthe group con5|st|ng 35 of
inter alia carbon-to-carbon single bonds, ether |inkages, 2 -2a -

met.hyl ene |inkages, al kyl ene |inkages, d|(|0mer)nethylene Linkages —t-ower:,
al kyl ene ether |inkages, .am no |inkages, polyan no Ilniqggsbgnqvnﬁxﬂﬂﬁbs
of said divalent bridging linkages, with (I1l) at |east |
reagent of the fornula -6 -

In addition to one of the alternatives (i) to (iv), component

(A) may further include a compound of the general formula:-

(OH) , (OH)p, (OH)

5 O CR22R23 CcrR25r26 (IV)
(r21 2 " 27
R2L)y (R24) e (R2Ty,

wherein a, b and c each independently represent 1 or 2;
X, ¥y and z each independently represent zero or an integer from 1 to
10 3; '
R21, R24 and R27 independently represent either hydrogen or a
hydrocarbyl group, when X, y or z is greater than 1, each R21, each
R24 or each R27 respectively being the same or different;
R22, R23, R25 and R26 independently represent hydrogen or an alkyl
15 group; and
g is an integer from 1 to 20.
Preferred compounds of the formula (IV) are those in which a, b
and C are 1l; x, y and z are l; Rzl, R24 and R27 is preferably a
C; to C94 alkyl group, more preferably a C;-Cjz alkyl group; either
20 R22-R23-R25-R26= hydrogen or R22=g25= hydrogen and R23=R26= methyl;
and g is preferably from 2 to 7, more preferably 3, Vhere R22, R23,
R25 and R26 a11 represent hydrogen, the compound of general formula
(IV) can be prepared by the condensation of the corresponding phenol
with formaldehyde. Where one of R%22 and R23 and one of R25 and R26
25 is hydrogen and the other is a hydrocarbyl group, for example a
lower alkyl group, an aldehyde other than formaldehyde is used in
the condensation with the phenol. Compounds of the formula (IV) are
described in our copending UK application No.9013317.4 (BP Case
No.7509) in relation to their alkali or alkali metal salts. The
30 mixture of overbased salts and any low-based, neutral or unreacted
compounds resulting from the use of the mixed feed is useful as a
lubricating oil additive.
Component (B) is a metal base. The metal moiety may suitably
be an alkali or alkaline earth metal, preferably an alkaline earth

35 metal. The alkaline earth metal is preferably calcium, magnesium or
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5. A- (Cox) 1-3 wherein A represents a

hydr ocar bon- based al i phatic or alicyclic group containing at Ieast_ong

hal.ogen atomand 1 to about 20 carbon atons, each CDX:iﬂdEpeﬂﬁé@ s
R Ik

representing a carboxyl -based group. No mention is Hedasisn Hf?1131‘ﬁ54

of the use of calixarenes. 10 In furtherancé of th Jf h
obj ective the present invention in one aspect provi _K:
overbased netal salt of a sul phur-free calixarene having a substltuent
hydroxyl group or groups available for reaction with netal base, the

cal i xarene having the fornula: 15

barium, more preferably calcium. The base mo;ety may suitably be an
oxide or a hydroxide,preferably the hydroxidé. A calcium base may
be added, for example, in the form of quickllime (Ca0) or in the
form of slaked lime (Ca(OH)3) or mixtures of the two in any

5 proportions. Component (B) may be added in whole to the initial
reactants or in part to the initial reactants and the remainder in
one or more further additions at intermediate points during the
reaction.

Component (C) is a solvent for the reactants. The solvent (C)

10 may be either (C;) either alone or in combination with either (Cg)
or (C3), or the solvent (C) may be (C4) in combination with (Cs)
wherein:

(C3) is either (i) a polyhydric alcohol having 2 to 4 carbon atoms,
(ii) a di-(C3 or C4) glycol, (iii) a tri-(Cy to C4;) glycol or
15 (iv) a mono- or poly-alkylene glycol alkyl ether of the formula:-—
RI(0R10)-0R1! (III)
wherein in the formula (III) R? is a C; to Cg alkyl group, RO is an
alkylene group, R1L is hydrogen or a C; to Cg alkyl group and ¢ is
an integer from 1 to 6. Suitable compounds having the formula (III)

20 include the monomethyl or dimethyl ethers of (a) ethylene glycol,
(b) diethylene glycol, {c¢) triethylene glycol or (d) tetraethylene
glycol. A suitable compound is methyl diglycol
(CH3OCH2CH9OCH9CHyOH) . Mixtures of glycol ethers of formula (V) and
glycols may also be employed., The polyhydric alcohol may suitably

25 be either a dihydric alcohol, for example ethylene glycol or
propylene glycol, or a trihydric alcohol, for example glycerol. The
di- (C3 or C4) glycol may suitably be dipropylene glycol, the tri-
(C2 to C4) glycol may suitably be triethylene glycol, Preferably
the component (Cj;) is either ethylene glycol or methyl diglycol.

30 (C9) is a hydrocarbon solvent which may be aliphatic or
aromatic. Examples of suitable hydrocarbons include toluene,
xylene, naphtha and aliphatic paraffins, for example hexane, and
cycloaliphatic paraffins.

(C3) may be either (i) water, (ii) a Cj to Cyp monohydric
35 alcohol, (iii) a Cj to Cyqg ketone, (iv) a Cj to Cjg carboxylic acid

S
e e e
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mhére}n'Y I's a divalent bridging group; R3is a hydrocarbyl or a
het er o- substi tut ed hydrocarbyl group; either R err] |s} aﬁds£{£wi]

\

and Rlerr] are independently either 5 hydr > ¥OCGSBM Nor
het er o- substituted hydrocarbyl, or R err] and R err] a—e_hy 8&§$Eand u
Rlerr] is either hydrogen, hydrocarbyl or hetero- substltuted‘ﬁ“ﬁioﬁarbyﬂ
and n is an integer in the range from3_tg 12.

ester or (v) an aliphatic, alicyclic or aromatic C; to Cyg ether.
Examples are methanol, 2-ethyl hexanol, cyclbhexanol, cyclohexanone,
benzyl alcohol, ethyl acetate and acetophenone.

(C4) may be a C; to C4 monohydric alcohol, preferably methanol.

5 Preferred solvents (C) comprise ethylené glycol, a mixture of
ethylene glycol and 2-ethyl hexanol and a mixture of methanol and
toluene. .

Generally, in view of the intended use of the product, it is
preferred to incorporate a lubricating oil as a solvent. The

10 lubricating oil may suitably be an animal, a vegetagle or a mineral
oil. Suitably the lubricating o0il is a petroleum - derived
lubricating oil, such as a naphthenic base, paraffin i.e. base or

"mixed base oil. Solvent neutral oils are particularly suitable.
Alternatively, the lubricating oil may be a synthetic lubricating

15 oil., Suitable synthetic lubricating oils include synthetic ester
lubricating oils, which oils include diesters such as di-octyl
adipate, di-octyl sebacate and tri-decyladipate, or polymeric
hydrocarbon lubricating oils, for example liquid polyisobutenes and
poly-alpha olefins.

20 Component (D) is carbon dioxide, added subsequent to each
addition of component (B). Carbon dioxide may be added in the form
of a gas or a solid, preferably in the form of a gas. 1In gaseous
form it may suitably be blown through the reaction mixture.

Preferably the reaction mixture may additionally incorporate as

25 Component (E) either (i) a Cg to Cjgg carboxylic acid or an
anhydride thereof, (ii) a di- or polycarboxylic acid containing from
36 to 100 carbon atoms or an anhydride thereof, (iii) a
hydrocarbyl-substituted sulphonic acid or anhydride thereof, (iv)a
hydrocarbyl-substituted salicylic acid or anhydride thereof, (v) a

30 hydrocarbyl-substituted naphthenic acid or anhydride thereof, (vi) a
hydrocarbyl-substituted phenol or (vii) a mixture of any two or more
of (i) to (vi), of which (i) is preferred.

As regards (i), this is preferably an acid having the formula:

R12 - cy - cooH (V)
35 —
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For a review of calixarenes the reader is referred to 10 'anographs in
Supr anol ecul ar

10

15

20

25

30

35

Cheni stry' by C David Gutsche, SerlggﬁEﬂtt@F;w“ﬂ Ewa'pr
St oddart, published by the Royal Society of Chenlsiﬁmﬁlﬂgﬁﬁf”
havi ng a substituent hydroxyl group or groups |ncIUde hé
oxacal i xar enes,

it‘_..

':Qallxqrenes

honooxacal i xar enes and heterocallxaﬂ9ﬁé§f*
-9 -

wherein R12 is a Cig to Cg4 alkyl or alkenyl group and R13 is either
hydrogen, a C; to C4 alkyl group or a -CHZCOOH group. Preferably
R!2 in the formula is an unbranched alkyl or alkenyl group.
Preférred acids of formula (V) are those wherein R13 is hydrogen and
R12 is a Cip to C94, more preferably C)g to Cgs unbranched alkyl
group. Examples of suitable saturated carboxylic acids of formula
(V) include capric, lauric, myristic, palmitic, stearic, isostearic,
arachidic, behenic and lignoceric acids. Examples of suitable
unsaturated acids of formula (V) include lauroleic, myristoleic,
palmitoleic, oleic, gadoleic, erucic, ricinoleic, 1inoleic and
linolenic acids. Mixtures of acids may also be employed, for
example rape top fatty acids. Particularly suitable mixtures of
acids are those commercial grades containing a range of acids,
including both saturated and unsaturated acids. Such mixtures may
be obtained synthetically or may be derived from natural
products,for example tall, cotton, ground nut, coconut, linseed,
palm kernel, olive, palm, castor, soyabean, sunflower, herring and
sardine oils and tallow.

Instead of, or in addition to, the carboxylic acid there may be
used the acid anhydride, the acid chloride or the ester derivatives
of the acid, preferably the acid anhydride. It is preferred
however to use a carboxylic acid or a mixture of carboxylic acids.

A preferred carboxylic acid of formula (V) is stearic acid. The
acid may suitably be present in an amount up to Ao%ﬁ/w, based on the
total weight of the final product. It is believed that the acid,
when present, chemically modifies the overbased calixarate product.

As regards (ii), this is preferably a polyisobutene succinic
acid or a polyisobutene succinic anhydride.

As regards the hydrocarbyl substituent of (iii), (iv), (v) and
(vi), this may suitably contain up to 125 aliphatic carbon atoms.
Examples of suitable substituents include alkyl radicals, for
example hexyl, cyclohexyl, octyl, isoctyl, decyl, tridecyl,
hexadecyl, eicosyl and tricosyl, radicals derived from the
polymerisation of both terminal and internal olefins, for example

ethene, propene, l-butene, isobutene, l-hexene, l-octene, 2-butene,
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-3 Inthe formula (1), Y may suitably be (CHR[err])d in which R6 is either
hydr ogen or hydrocarbyl e.g. of 1-6 carbons such as nethyl, d is an integer
which is at |east one, and n preferably is from4 to ¥ Any hetero—
substituted hydrocarbyl group has the 5 heteroaton;pvePQ'
Interrupting a chain of carbon atons, such as an alkoky al K droiub of 2-20

ST "I

carbons. A preferred calixarene has the-foormula:- wherein Rerr], R&éri]
and R[err] are independently either hydrogen, hydrocar byl

2-pentene, 3-pentene and 4-octene. Preferably the hydrocarbyl
substituent is one derived from a polypropyléne, poly-1l-butene or
polyisobutene.
The reaction mixture may also incorporate as component (FS a
5 cafalyst (or promoter) for the reaction. The catalyst may be an
organic compound or an inorganic compound. Suitable organic
compounds include (i) organic halides or (ii) organic alkanoates,
which may suitably be represented by the formula:-
rl4 - x (VI)
10 wherein in the formula (VI) X is either halogen, suifably chlorine,
bromine or iodine, preferably chlorine, or the group 0COR1S wherein
RS is suitably C; to C4 alkyl and R4 is either an alkyl, aryl or
alkaryl group preferably having 3-20 or 6-20 or 7-20 carbons
respectively, or halo-derivative thereof. Alternatively, the
15 organic halide may be an HX salt of an organic base, for example
guanidine hydrochloride. A suitable example of an organic halide of
the formula (VI) is octyl chloride. Mixtures of (i) and (ii) may
also be employed. Suitably the amount of organic compound (F)
employed may be up to 2.0% by weight based on the weight of
20 concentrate. Suitable inorganic compound catalysts include
inorganic halides, particularly inorganic chlorides, and inorganic
alkanoates. Examples of suitable inorganic compound catalysts
include calcium acetate, calcium chloride, ammonium chloride,
aluminium chloride and zinc chloride, of which calcium chloride and
25 calcium acetate are preferred. Suitably the amounts of the
inorganic compound catalyst employed may be up to 2.0% wt/wt based
on the weight of the reaction mixture, Provided that the catalyst
is present during the carbonation step, it may be added at any point
in the process, though it will usually be found convenient to add
30 the catalyst initially.
In order to produce an overbased calixarate from component
(A)(1), (A)(ii) or (A)(iii) it is necessary only to react the (A)
component with components (B), (C) and (D), using the appropriate
proportions of components (A) and (B) to achieve overbasing.

35 Suitably component (B) may be added in one or more additions,
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16" or hetero-substituted hydrocarbyl, either one of Rlerr] and Rerr] is
hydr ogen and the other is either hydrogen or hydrocarbyl, n is an integer
in;:the range 4 to 9, and e is one or greater e.g. 1-4. Preferably in the
formula (11), Rerr] and R err] are hydrogen, R3 is Z&W«»hydn,@carhyd:-e“g
of 1-20 such as 3-16 carbon atons or hetero- substitwﬁemmydracaﬂbyﬂ -ENTOr e
preferably alkyl, one of R7 or R8 is hydrogen and the; ot herRiEE.A8iEher !5-1.

hydrogen or alkyl, nis either 4, 6 or 8 and e is onel—:Tﬁ“The~fase “Whet e
one of R7 or R8 is alkyl, it is preferably (Jerr]-Cferr] alkyl, nore
preferably methyl. 25 Preferably R3 is alkyl, in particular nonyl (or

propyl ene trinmerdrereraply in a single addition.

In order to produce a high TBN (Total Béée Number) overbased
calixarate, as an alternative to components (A)(i) to (iii)
component (A)(iv) may be employed, and it is preferred to employ

5 component (E), particularly either (E)(i) or (ii) and more
particularly stearic acid, whilst at the same time adjusting the
relative amounts of components (A) and (B) to a value sufficient to
produce the high TBN desired. Again, component (B) may suitably be
incorporated in one or more additions, preferably in a single

10  addition. '

Suitably the elevated temperature at which the process is
operated may be a temperature in the range from 15 to 200°C,
preferably from 50 to 175°C. The selection of the optimum
temperature within the aforesaid range will depend to a large extent

15 on the nature of the solvent employed.

Generally, the process will be operated in the presence of a
lubricating oil. At the conclusion of the process it is preferred
to recover the salt as a solution in lubricating oil by separating
off volatile fractions, for example by distillation at

20 subatmospheric pressure,

Finally, it is preferred to filter the solution. Alternatively,
the solution may be centrifuged.

In another aspect the present invention also provides a
composition suitable for use as an additive to lubricating cils

25 which composition comprises as a first component an overbased
calixarate as hereinbefore described and as a second component a
neutral and/or an overbased metal salt of at least one of
(i) a Cg to Cypp carboxylic acid,

(ii) a di- or polycarboxylic acid containing from 36 to 100 carbon

30 atoms,

(iii) a hydrocarbyl-substituted sulphonic acid,
(iv) a hydrocarbyl-substituted salicylic acid,
(v) a hydrocarbyl-substituted naphthenic acid or
(vi) a hydrocarbyl-substituted phenol.
35 Suitably the metal moiety of the salts in the composition may

e e e e e
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t.butyl, dodecyl
cal i xarenes and both terns will be used herein. An exanpl e of

p- al kyl phenol

or tertiary-anyl. p-Alkylcalixarenes are al so known as

a suitable calixarene of the fornula (Il) is p-tert-butyl calix [6, 8]

arene. The [ 8]

10

15

20

25

30

35

arene, for exanple, may be 30 represgmLed«bymLhe ..... formul a: -
35 O her suitable calixarenes include p-dodecyl ¢
p- nonyl cali x[ 8] arene and p-nonyl [ 6, 7, 8]-anene.

o

be either an alkali or an alkaline earth meta}, preferably an
alkaline earth metal, more preferably calciuh, magnesium or barium.

The composition may be prepared simply by mixing the
components., Preferabiy, however the composition is prepared by
reacting components (A), (B), (C), (D) and (E), and optionally (F).

The overbased calixarates of the invention are useful in
lubricating o0il compositions both for their acids neutralisation
capability and their detergent and antioxidant properties.

In a final aspect the present invention provides a finished
lubricating oil composition which composition comprises a
lubricating oil usually in a major proportion and an overbased
alkaline earth metal salt of a calixarene as hereinbefore described,
usually in a minor proportion; amounts of the calixarene salt may be
0.01-50% e.g. 0.1-35% by weight of the composition.

The finished lubricating o0il composition may also contain
effective amounts of one or more other types of conventional
lubricating oil additives, for example viscosity index improvers,
anti-wear agents, antioxidants, dispersants, rust inhibitors,
pour-point depressants, or the like, which may be incorporated into
the finished lubricating oil composition either directly or through
the intermediacy of a concentrate composition.

The invention will now be further illustrated by reference to
the following Examples. In all the Examples the term AV (Alkalinity
Value) is used. AV is expressed in terms of mg KOH/g as measured by
ASTM D2896. In the Examples where lime is used, it is in the form
of slaked lime, Ca(OH)9. Viscosities were measured by the method of

ASTM D445,

Example I

Initial charge - p-t-Butyl Calix [6,8)] arene 75g
Lubricating oil 131g
2-Ethylhexanol 224¢g
Stearic acid 70g
Calcium chloride 4Lg

This Sheet Has Been Replaced
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Callxarenes may suitably be prepared by the nmethod described in the

af oresai d Monograph, Chapter
the ortho-positions may be reacted in the presence of a base
such as formal dehyde or acet al dehyde.

al dehyde,

of the salts may suitably be either an al kal
capabl e of form ng saliss with calixarenes.

or

I ndeed any net al

2. Typically,

an al kyl

or

phenoi“unsvb§¥b%utedsaba
%\Pfhphh”‘»s ""25“5_ Y] ,.
20 .The mEtAKOEI ety ﬂ
an alkallne ear thmetar ==

Preferred

nmetal s include cal cium nagnesiumor barium A particularly preferred netal

is calcium The salts, will hereinafter be termed "calixarates"”. Overbased
calixarates, 25 the subject of the present invention, are calixarates in
whi ch the ratlobgﬁhgye nunber of equival ents of the netal moi ety to the
number (i) The initial charge was heated to 125°C and lime (53g) was
charged,
(ii) the temperature waslincreased to 145°C. Ethylene glycol
5 (36g) was charged whilst ramping the temperature to 165°C,
(iii) the mixture was held at 165°C for 1 hour,
(iv) carbon dioxide (40g) was added at 165°C/l bar,
{(v) the mixture was stripped at 200°C/10mm Hg, and
(vi) the product was filtered through filteraid.
10 RESULTS
Product weight = 340g
Distillate weight = 232¢g
Product Composition After Filtration
Ca = 8.8%
15 Ca incorporation efficiency =  99.5%
AV = 233mg KOH/g
€Oy = 7.6%
Viscosity at 100°C = 109cSt
Examples 2 to S
20 The procedure of Example 1 was repeated.
The reactants, their relative proportions and the results
obtained for Examples 1 to 5 are given in the accompanying Table 1.
Example 6
Initial charge =~ p-t-Butyl Calix [6,8] arene 110g
25 Lubricating oil 131g
2-Ethylhexanol 40g
Stearic acid 35¢g
Calcium chloride 4g
Toluene 200g
30 Methanol 20g
Method
(i) The charge was heated to 60°C and lime (76g) was added,
(ii) the mixture was held at 60°C for 1 hour,
(iii) carbon dioxide (57g) was added at 60°C/l1 bar,
35 (iv) methanol (10g) and lime (35g) were added at 60°C, o
Sheet Has Been Replaced
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of” eqU|vaIents of the acid noiety is greater than one. |n another aspect
the present invention provides a process for the production of an overbased
cal i xarate as herei nbefore described 30 which process conprises reacting
at elevated tenperature:- (A) either (i) a sulphur-free cal i xarene_having a
substituent hydroxyl group or groups avail able for reacthgg WLI mgLaJlbase

of the fornula (1), (ii) either a |ow based -or a neutral™ LQYMQ@T|XaPate
or (iii) an overbased netal calixarate as 35 ﬁetﬁhn.e£ﬁ£§:d880f”bed
(v) the mixture was held at 60°C for l-hou;,
(vi) carbon dioxide (30g) was added at 60°C)1 bar,
(vii) the mixture was stripped at 160°C/10mm Hg, and
(viii) the product was filtered through filteraid.
5 RESULTS
Product weight = 417g
Product Composition After Filtration
Ca = 10.6%
Ca incorporation efficiency = 71.9%
10 AV = 290mg KOH/g
CO9 = 6.8%
Viscosity at 100°C = 143cSt
Example 7
The procedure of Example 6 was repeated.
15 The reactants, their relative proportions and the results

obtained are given in the accompanying Table 1.

Comparison Test

The procedure of Example 6 was repeated except that the
calixarene was omitted from the initial charge.
20 The reactants their relative proportions and the results

obtained for Examples 6 and 7 are given in the accompanying Table 1.

Example 8
Initial charge - p-t-Butyl Calix [6,8] arene 75g
Lubricating oil 131g

25 2-Ethylhexanol 224g

Method

i) The initial charge was heated to 125°C and lime (56g) was

charged,

ii) The temperature was increased to 145°C, Stearic acid (70g)

30 was charged,

iii) Ethylene glycol (36g) was charged whilst ramping the

temperature to 165°C,

iv) The mixture was held at 165°C for 1 hr.,
v) Carbon dioxide (55g) was added at 165°C/l bar,
35 wvi) The mixture was stripped at 200°C/10mm Hg, and e

e e
I
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(B) a metal base added either in a single addition or in a plurality of
addltlons at internediate points during the reaction, 5 10 15 20 25 30 35

- 15 -

vii) The product was filtered through filteraid.

RESULTS
Product weight = 338g
Product Composition After Filtration
5 Ca = 8.6%
Ca incorporation efficiency = 96%
AV = 242mg KOH/g
Viscosity at 100°C = 454¢St
Example 9
10 The procedure of Example 8 was repeated. The feactants, their

relative proportions and the results obtained are given in the
accompanying Table 1.

Examples 10 - 11

The procedure of Example 8 was repeated except that p-Nonyl
15 Calix [6,7,8] arene was used in place of p-t-butyl Calix [6,8]
arene. The reactants, their relative proportions and the results
obtained are given in the accompanying Table 1.

Examples 12-30

Nonylphenolcalix(6,8)arene in xylene solution (330g of 13.64%

20 solution, 0.03 moles) and SN150 diluent oil (90g) were charged to a
1 litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator (paddle type). The temperature of the mixture was raised
to 110°C and vacuum (29''Hg) applied to distil off the xylene. The

25 vacuum was removed and while maintaining the temperature between 100
and 110°C, 2-ethylhexanol (222g, 1.7 moles) was added, with stirring
at approximately 500rpm. The reaction mixture was raised to 130°C
and lime (58g, 0.78 moles) was added over 5 minutes. Vacuum
(10''Hg) was applied to the reactor and held for 15 minutes at

30 130°C. The vacuum was removed and stearic acid (100g, 0.35 moles)
was added over 10 minutes and vacuum (10'‘Hg) was reapplied to the
reactor and held for 15 minutes at 130°C. The vacuum was removed
and ethylene glycol (36g, 0.58 moles) was added over 15 minutes and
vacuum (10''Hg) was reapplied and the reaction held at 130°C for 60

35 minutes. The vacuum was removed and C02(58g, 1.3 moles) was added

_ S
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(9 A sol vent conprising either:-
having 2 to 4 carbon atons, (ii) a di-
tri- (C2-C4) glycol or (|v) a nono- or poly-al kyl ene gu.‘

5 the formula: Rlerr] (OR{err])[err]ORerr]
(1) whereinin the formula (111) Rerr] is a (Jerr] to C[err

group, R err] is an al kylene group e.g. 416 or 2-4 carbon atons, Rerr] is

over approximately 30-40 minutes. Vacuum (29''Hg) was applied and
the temperature raised to 200°C., After 90 miﬁutes, the vacuum was
removed and the product cooled to 140°C. The product was filtered
through a 15mm deep pad of compressed clarcel DIC filter aid,

5 supported on a no.l glass sinter funnel. _

The batches of nonyl calixarate listed in Table 2 were
manufactured in a similar manner as outlined above, however there
are changes of conditions i.e. temperature, glycol and stearic
acid. These are listed in Table 2.

10 BExamples 31-37

Nonylphenolcalix(6,8)arene in xylene solution (330g of 13.64%
solution, 0.03 moles) and alkyl phenol with SN150 diluent oil (90g)
were charged to a I litre, 5 necked, round bottomed, flange flask
with take off condenser, thermopocket (with thermometer and

15 thermocouple) and agitator (paddle type). The temperature of the
mixture was raised to 110°C and vacuum (29"Hg) applied to distil off
the xylene. The vacuum was removed and while maintaining the
temperature between 100 and 110°C, 2-ethylhexanol (222g, 1.7 moles)
was added, with stirring at approximately 500 rpm. The reaction

20 mixture was raised to 130°C and lime (58g 0.78 moles) was added.over
5 minutes. Vacuum (10"Hg) was applied to the reactor and held for
15 minutes at 130°C. The vacuum was removed and stearic acid (100g
0.35 moles) was added over 10 minutes and vacuum (10"Hg) was
reapplied to the reactor and held for 15 minutes at 130°C. The

25 vacuum was removed and ethylene glycol (36g, 0.58 moles) was added
over 15 minutes and vacuum (10"Hg) was reapplied and the reaction
held at 130°C for 60 minutes. The vacuum was removed and CO2 (58g,
1.3 moles) was added over approximately 30-40 mintues. Vacuum
(29"Hg) was applied and the temperature raised to 200°C. After 90

30 minutes, the vacuum was removed and the product cooled to 140°C.

The product was filtered through a 15mm deep pad of compressed
Clarcel DIC filter aid, supported on a No 1 glass sinter funnel.

The batches of nonyl calixarate listed in Table 3 were

manufactured in a similar manner as outlined above, however there

35 are changes in the alkyl phenol used ie type or amount. These are
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hydrogen of a CJerr] to 06 alkyl group and f is an integer from1 10
to 6, either alone or in conbination with eifher (C2) a hydrocarbon sol vent
or (Cferr]) either (i) water, (ii) a Cl to C20 nonohydric alcohol, (iii) a

B W o

ket one having up to 20 carbon atons, (iv) a carboxyirc~acﬁﬁﬁé§?er =havi ng up

£

to 10 carbon atonms or (v) an 15 al i phatic, i e/ %ﬁg@ﬁéérﬁﬁ&tlc
ether having up to 20 carbon atons, (Cierr]) afC[ernl "oA@ ronohydri ¢
al cohol, in conbination with a hydrocarbon sol vent (€2),  and {Dy~~cat bon

di oxi de added subsequent to each addition of conponent

listed in Table 3.
Examples 38-45

The alkyl calixarene in xylene solution (330g of 13.64%

solution, 0.03 méles) with SNI150 diluent o0il (90g) were charged to a

5 1 litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator (paddle type). The temperature of the mixture was raised
to 110°C and vacuum (29"Hg) applied to distil off the xylene. The
vacuum was removed and while maintaining the temperature between 100

10 and 110°C, 2-ethylhexanol (222g, 1.7 moles) was addéd, with stirring
at approximately 500 rpm. The reaction mixture was raised to 130°C
and lime (58g, 0.78 moles) was added over 5 minutes. Vacuum (10"Hg)
was applied to the reactor and held for 15 minutes at 130°C. The
vacuum was removed and stearic acid (100g, 0.35 moles) was added

15 over 10 minutes and vacuum (l0"Hg) was reapplied to the reactor and
held for 15 minutes at 130°C. The vacuum was removed and ethylene
glycol (36g 0.58 moles) was added over 15 minutes and vacuum (10"Hg)
was reapplied and the reaction held at 130°C for 60 minutes. The
vacuum was removed and CO2 (58g, 1.3 moles) was added over

20 approximately 30-40 minutes. Vacuum (29"Hg) was applied and the
temperature raised to 200°C. After 90 minutes, the vacuum was
removed and the product cooled to 140°C. The product was filtered
through a 15mm deep pad of compressed Clarcel DIC filter aid,
supported on a No 1 glass sinter funnel.

25 The batches of alkyl calixarate listed in Tables 4 and 5 were
manufactured in a similar manner as outlined above, however there
are changes in the alkyl phenol and temperature of reaction used.

These are listed in Tables 4 and 5.

30
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20* '(B). Wth regard to conmponent (A) this may be either (i) a

sul phur-free calixarene having a substituent hydroxyl greup-or.groups
available for reaction with netal base of the formula Ij (sm)b et har« @g,zq:"
| ow- based or a neutral netal calixarate or (iii) an 25 -g,ﬁl i i
cal i xarate as herei nbefore described. Suitable calixarenres: (:ﬁ’:at-e«thﬂ&é-
as hereinbefore described, particularly +hgse al kyl calixarenes capabl e of
conferring oil-sol ubili ty on the product. Preferred cali xar enes i ncl ude

r
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1 (neutral

| ess than 1 (|l ow based calixarates) may be enpl oyed to

base noiety to calixarene is either

3

rati o of netal
cal i xarates) or

-

equi val ent

TABLE 2

T

\\wm

L

et

This She

I
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e TEMP. GLYCOL STEARIC CALIXARENE SN150 Ca v1ioo
EXAMPLE (°C) (g) ACID(g) (g) (g) (%) (Cst)
Ny 12 130 36 100 330 90 9.86 173.4
e @ 13 130 36 80 330 90 10.47 153.6
,mmnm nw 14 110 "36 100 330 90 10.04 182.2
B 15 110 36 80 330 90 10.48 90.3
Ww o 16 130 30 100 330 90 8.56 139.2
o >0 17 130 30 80 330 20 8.68 94,1
c°ev9 18 110 30 100 330 90 11.13 | 268.6
© m.w 19 110 30 80 330 90 10.86 130.9
. 0O 20 130 36 100 264 90 10.49 138.8
A 21 130 36 80 264 90 10.47 145.8
o o, 22 110 36 100 264 90 11.34 104.7
W % % o 23 110 36 80 264 90 11.27 126.7
5o nh ~— 24 130 30 100 264 90 10.56 163.1
caoo ! 25 130 30 80 264 90 10.92 151.7
T >m 26 110 30 100 264 90 | 11.26 | 155.0
— m 27 110 30 80 264 90 11.95 -
< 28 130 36 80 330 a0 10.84 162.3
S c 29 130 36 80 363 90 11.19 130.2
o= © 30 130 36 60 363 130 8.86 63.6
- C o
SSSo NOTE
C c>d
M .Imua5 1) The change in temperature applies to every part of the reaction procedure from the
TE oo addition of lime to the carbonation stage.
O W+ S
S % mm 2) 36g of glycol = 0.58 moles
% mm > 30g of glycol = 0.48 moles
© — >
mmﬂla.ﬂ 3) 100g of stearic acid = 0.35 moles
W +— O C 80g of stearic acid = 0.28 moles
00 m_ 60g of stearic acid = 0.21 moles
c” 0l
© W.Im 4) 363g of nonylphenolcalix(6,8)arene = 0.033 moles
Q. 264g of nonylphenolcalix(6,8)arene = 0.024 moles
S2S%
T OT L
oc:0O 0D
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15*20‘25 30 35 In addition to one of the alternatives (i) to (iv),
conponert (A) may further include a conpound of the general fornula:-
wherein a, b and c each independently represent 1 or 2;

- 920 -
Table 3
Ex Alkyl Phenol (g) | Calixarene | SN150 | Ca (%)| V100
DDP NP (g) () (Cst)
5
31 4.5 - 330 20 9.58 1125.,7
32 9.0 - 264 90 9.98 |118.8
33 - 9.0 264 90 9.55 |167.1
34 - 9.0 264 90 10.09 [147.6
10 35 9.0 - 264 90 | 10.58 [225.5
36 9.0 - 264 90 11,40 |104.4
37 9.0 - 330 110 9.63 | 97.6
15 NOTE
1. DDP = Dodecylphenol
2. NP = Nonylphenol
3. 330g of nonylphenolcalix (6,8)arene = 0.030 moles
4. 264g of nonylphenolcalix (6,8)arene = 0.024 moles
20
Table 4
Prep | Alkyl (g) Temperature SN150 Ca V100
25 No Calixarene (°C) (g) (%) (Cst)
38 AMYL 52.5 130 90 10.67 122.2
39 p-DODECYL 330 . 110 110 9.79 65.7
40 |p-DODECYL 330 130 110 10.29 67.8
30

NOTE
1. 52.5g of amyl phenolcalixarene (65% solution in petroleum
distillate) = 0.03 moles

35 2. 330g of p~dodecylphenolcalixarene = 0.03 moles
This Sheet Has BeenR
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X,y énd z ‘each independently represent zero or an integer from1l to 10
3; -Rlerr],Rerr], and R err] i ndependent |y represent either hydrogen or a
hydrocarbyl group, when x, y or z is greater than 1, each Rerr], each

Rlerr] or each R27 respectlvely bei ng the sane or dff?erqnt“*w-eﬁfj =
Rlerr], Rlerr] and Rlerr] independently represent Hy dFogen or - ‘rﬁﬁyn 15

group; and g is an integer from1l to 20.~- Eneferredﬁconpguq_wJBF*the fbrnula
(1V) are those in which a, b and Care 1; x, y and z are 1, R é&rf], R err]
and Rlerr] is preferably a CJerr] to CJerr] al kyl group, nore preferably a

Cerr]-Cerr] alkyl group; either

Table 5

Prep | Alkyl (g) Temperature | SN150 Ca V100

5 No Calixarene (°C) (g) (%) (Cst)
41 A 62.5 130 90 7.58 189.1

42 B 330 130 90 9.41 133.9

43 B 330 110 110 8.73 62.5
10 4h B 330 130 110 | 9.76 67.8
45 c 90 130 90 9.86 89.9

NOTE
15 1. 'A' is a mixture of t-butyl phenolcalixarene/t-butyl phenol

formaldehyde resin/free t-butyl phenol (50% solution in xylene) =

0.03 moles.

2. 'B' is an alkyl phenolcalixarene made from alkyl phenol which

contains about 65%Z of the para isomer and the alkyl group is dodecyl
20 (13.64% solution in xylene) = 0.03 moles.

3. 'C' is a mixture of p-nonyl phenolcalixarene/p-nonyl phenol

formaldehyde resin/free p-nonyl phenol (50% solution in xylene) =

0.03 moles,

25

30

e e "

35 cet Has Been Replaced

T



20" R[err] =Rl err]=Rlerr] =Rl err]= hydrogen or R[err]{-—ﬁ[
Rlerr]=R[err]= methyl; and g is preferably from2 t¢g n®
Where R22, R23, R[err] and Rlerr] all represent hydr @g@nn«,w 8.
general Eormula (IV) can be prepared by the condensation of the "
correspondi ng phenol with formal dehyde. Were one of Rl err] and R err] and
one of R25 and R26 25 I s hydrogen and the other is a hydrocaseyksirzoup,
for exanple a | ower al kyl group, an al dehyde ot her than formal dehyde is
used in the condensation with the phenol. The 30 m xture of overbased
salts and any | ow based, neutral or unreacted conpounds resulting fromthe
use of the mxed feed is useful as a

e

i IIIIU ] Illll ]

Claims:
1. A non-sulphurised overbased metal salt of a sulphur-free
calixarene having a substituent hydroxyl group or groups available

for reaction with metal base.

2. An overbased metal salt according to claim 1 wherein the
5 calixarene has the formula:
o ‘z' 1
Y ™~
(D)
R R?
10 - ‘tg J'?L
wherein in the formula (I):
Y is a divalent bridging group;
R3 is a hydrocarbyl or a hetero-substituted hydrocafbyl group;
15 either Rl is hydroxyl and R2 and R* are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl or R2
and R* are hydroxyl and Rl is either hydrogen, hydrocarbyl or
hetero—-substituted hydrocarbyl; and
n is an integer in the range from 3 to 12.
20 3. An overbased metal salt according to claim 2 wherein n has a

value in the range from 4 to 9 and the group Y is (CHR6)d in which
R® is either hydrogen or hydrocarbyl and d is an integer which is at
least one.

4, An overbased metal salt according to claim ! wherein the

25 calixarate has the formula:-

This Sheet Has Been Replaced
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| ubri cat i ng oil additive. Conmponent (B) is a netal base The rret al noi ety -
may suitably be an alkali or alkaline earth netal, pr;qeiﬁna,bl y._an alkaline
earth 35 netal. The alkaline earth nmetal is pref etablys © '

nmagnesi um or barium nore preferably calcium The basez~ y“
suitably be an oxide or a hydroxide, preferably the hydr@mﬁﬁm%_ﬁal Ci Lzum
base may be added, for exanple, in the fommof quick line (CaO or inthe
formof slaked line (Ca(OH)2) or mxtures of the two in any

i oH

(&)

r s (1I1)

5
L ’2-3 “n
T
wherein in the formula {(II):
10 Rz, R3 and R4 are independently either hydrogeﬁ, hydrocarbyl,
or hetero-substituted hydrocarbyl;
either one of R’ and R® is hydrogen and the other is either
hydrogen or hydrocarbyl;
n is an integer in the range 4 to 9; and e is one or greater.
15 5. An overbased metal salt according to claim 4 wherein in the

formula (II):-
R2 and R* are hydrogen;
R3 is alkyl;
one of R’ or R® is hydrogen and the other is either hydrogen or
20 alkyl; n is either 4, 6 or 8; and
e is one.
6. An overbased metal salt according to claim 5 wherein R3 is
either nonyl, t-butyl, dodecyl or tertiary-amyl.
7. An overbased metal salt of either p-tert-butyl calix,
25 [6,8]arene, p-dodecyl calix [6]arene, p-nonyl calix{8]arene or
p-nonyl calix [6,7,8]arene.
8. An overbased metal salt according to any one of the previous
claims wherein the metal moiety of the salt is either calcium
magnesium or barium.
30 9. An overbased metal salt according to claim 8 wherein the metal
moiety is calcium.
10. A process for the production of the overbased metal salt of
claims 1 to 9 which process comprises reacting at elevated
temperature:-

35 (A) either (i) a sulphur-free calixarene having a substituent
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5.7 proportions. Conponent (B) may be added in whole to the initial
reactants or in part—to—the—inirtial reactants and the remai nder in one or
nore further addi{ig N QA-Yg iate points during.the reaction. ..___
Conmponent (C) is ’al!ﬁgjmaﬂmﬁuglﬂ(g reactants. The s&l vgrts (8 10; sefmy.
either (CJerr]) e r conbi nation with eltherptéigwgi T
(Cerr]), or the solvent (C) may be (Cerz4) a C[errF*@ngferf}¢ﬂﬁﬂﬂhyiric
al cohol in conmbination with (C2) wherein: (Clerr]) is either (i) a

pol yhydric al cohol having 2 to 4 carbon atons, (ii) a di-(Cerr] or (Jerr])
glyco:, (iii) atri-(Cerr] to (Jerr]) glycol or 15 (iv) a nono- or

pol y-al kyl eae gl ycolyaabkpil g8ddpebr Grotifle ab Qi1 &' for reaction with metal base,

(ii) a low based metal calixarate, (iii) a neutral metal

calixarate or an overbased metal salt according to claim i,
(B) a metal base added either in a single addition or in a
5 pPlurality of additions at intermediate points during the
reaction,
(C) A solvent comprising either:-
(C1) either (i) a polyhydric alcohol having 2 to 4 carbon
atoms, (ii) a di- (C3 or C4) glycol, (iii) a tri- (C9-C4)
10 glycol or (iv) a mono- or poly-alkylene glycol alkyl ether of
the formula:
RI(OR10) 0r1! (111)
wherein in the formula (III) R? is a C) to Cg alkyl group, R10
is an alkylene group, Rl is hydrogen or a C; to Cg alkyl group
15 and £ is an integer from 1 to 6,
either alone or in combination with either (C3) a hydrocarbon
solvent or C(3) either (i) water, (ii) a C; to Cyg monohydric
alcohol, (iii) a C; to C9p ketone, (iv) a C; to Cjg carboxylic
acid ester or (v) an aliphatic, alicyclic or aromatic Cj to Cyg
20 ether, or,
(C4) a C; to C4 monohydric alcohol, in combination with a
hydrocarbon solvent (Cy), and
(D) carbon dioxide added subsequent to each addition of component
(B). '
25 11. a process according to claim 10 wherein component (A) further

includes a compound of the general formula:-

(OH) 4 B (OH) (OH)
CR22R23 0 l CR25R26 (IV)
30 N
(RZI)X N (R24)y . (R27)z

wherein in the formula (IV):-
a, b and ¢ each independently represent 1 or 2;
x, vy and z each independently represent zero or an integer from

35 1l to 3
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REérr]s(CR[err]') [err]ORlerr] (III) wherein in the
fotmula (111) Rerr] is a (err] to (Jerr] alkyl

al kyl ene group, "Rferr] 1s hydrogen or a Cerr] to C[er' [THed k;;gh-;g,rb E
is an integer fr bI e conpounds having jt he faepu}, a.ifI H ,20
I ncl ude the mnomlw mm * ethers of (a) ethyl én?fg‘ry{;@&v,v_ b).__. I
di et hyl ene gl yco lII’IHet ene glycol 26r- (d) tetraethyl ene gl ycol A
sui t abl e conmpound i s nethyl d| gl ycol

(CHerr]OCH err]CH err]OCH err]2CH err]20H). M xtures of glycol ethers of

formula (111) and glycols may al so be enployed. The pol yhydric al cohol may
suitably 25  be ei titdr, B24liahy W% cimlepahiphtly arpmsanpledtdéthypyengeglorcal or

propylene glycol, oryg bELAYE L Gufl GRAGL, v OF CXaRLE Y VERT 9! - alR%21

each R2%4 or each R27 respectively being the same or different;

R22, R23, R25 and Rr26 independently represent hydrogen or an

5 alkyl group; and

g is an integer from 1 to 20.
12. A process according to claim 11 wherein the compound of the
formula (IV) is one in which:-
a, band c = 1;
10 X, vy and z = ];
RZl, R24 and R?7 is a Cy1-Ci9 alkyl group;
either R22 = R23 = R25 = R26 = 4 or R?2? = R25 = H and R23 = R26 -
CH3, and
g =2 to 7,

15 13. A process according to claim 10 wherein component (A) is a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base.

14. A process according to claim 10 wherein component (A) is an
overbased metal salt according to claim 1.

20 15. A process according to any one of claims 10 to l4 wherein the
metal base (B) is either quick lime (Ca0) or slaked lime (Ca(OH)3)
or a mixture of the two in any proportions.

16. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises ethylene glycol.

25 17. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises a mixture of ethylene glycol and 2-ethyl
hexanol.

18. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises a mixture of methanol and toluene.

30 19. A process according to any one of claims 10 to 18 wherein the
solvent (C) further incorporates a lubricating oil.

20. A process according to any one of claims 10 to 19 wherein the
reaction mixture further incorporates component (E) which is either
(i) a Cg to Cygg carboxylic acid or an anhydride thereof, (ii) a di-

35 or polycarboxylic acid containing from 36 to 100 carbon atoms or an

- 25 - This Sheet Has Been Replace
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diz (CJerr] or Cerr]) glycol may suitably be di propyl ene gI ycoI the tri-
(Clerr] to (Jerr]) glycol may suitably be triethylene gI ycol . Preferabl y
t he conponent (G{elrﬁt‘}—).—ksr—e4—t—lqe4C —et hyl ene gI ycol ofr.ne hyl di gl ycol . 30

(C2) is a hydr oc | ch may be ali phat'f"erHﬁ: ‘arﬁﬁ?&t:t:e:':~ =xanpl es
of suitable hydr BM! tl[' ol uene, xyl ene, ; ¥ ~~’a*nd/\&li°tadqax ic
paraffins, for cycl edal6 phati c tgagafl ﬁ?‘“«f%f@[ err] may

be either (i) vvater (||) a C[err] to (err] mnohydrlcﬁf“cﬁmt (rii)
a ketone having up to 20 carbon atonms, (iv) a

———

anhydride thereof, (iii) a hydrocarbyl-substitpted sulphonic acid or

anhydride thereof, (iv) a hydrocarbyl-substituted salicylic acid or

anhydride thereof, (v) a hydrocarbyl-substituted naphthenic acid or

anhydride thereof, (vi) a hydrocarbyl-substituted phenol or (vii) a
5 mixture of any two or more of (i) to (vi).

21. A process according to claim 20 wherein component (E) is an

acid having the formula:-

ri2 - cH - coon (V)

10 Rri3
vherein in the formula (V):

RiZ is a Cip to Cg94 alkyl or alkenyl group; and R13 is either
hydrogen, a C; to C; alkyl group or a -CH9COOH group.
22. A process according to claim 21 wherein component (E) is

15 stearic acid.

23. A process according to any one of claims 10 to 22 wherein the
reaction mixture further incorporates component (F) which is a
catalyst (or promoter) for the reaction, which catalyst or promoter
is either calcium acetate or calcium chloride.

20 24. A composition suitable for use as an additive to lubricating
oils which composition comprises as a first component the overbased
metal salt of any of claims 1 to 9 or made by a process of any of
claims 10-23 and as a second component a neutral and/or an overbased
metal salt of at least one of (i) a Cg to Cypg carboxylic acid, (ii)

25 a di- or polyycarboxylic acid containing from 36 to 100 carbon

atoms, (iii) a hydrocarbyl
substituted sulphonic acid, (iv) a hydrocarbyl-substituted salicylic
acid, (v) a hydrocarbyl-substituted naphthenic acid, or (vi) a

30 hydrocarbyl~ substituted phenol.
25. A finished lubricating oil composition which composition
comprises a lubricating oil and a the overbased metal salt of any of
claims 1 to 9 or made by any of claims 10-23.

35
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ABSTRACT

OVERBASED CALIXARATES, PROCESS FOR THEIR PRODUCTION,
COMPOSITIONS CONTAINING THEM AND USE AS LUBRICATING OIL ADDITIVES

Non-sulphurised overbased metal salts of sulphur-free
calixarenes having a substituent hydroxyl group or groups available
for reaction with metal base and their preparation are claimed. The
salts are useful as additives to lubricating oils by reason of their
acids neutralisation capability, their detergent and their

antioxidant properties.
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esteryhaving up to 10 carbon atons or (v) an aliphatic alicyclic or
aromati c ether having up to 20 carbon atons. Exanples are nethanol, 2-

“et hyl hexanol ., cycl chexanol, cycl ohexanone, benzyl al cohol, ethyl acetate
and atet ophenone. (Cerr]) m _NAQLQ_LLMIO Jerr rmnnhvdrlc al cohol ,
preferably methanol 5 in ] i a0, WEED ! hydrdﬁﬁiﬁ@ﬁ\ﬁ?ﬂys R g ). 5
Preferred sol vents (C conpﬂ

| gre, ?P m [xture—et—etiyd ‘epe
glycol and 2-ethyl hexanol ang=a=mte t-e oi nethanol nd0 | uene. Gengrally,
in view of the intended use of the product, it is / OCT 1996

L.

e
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OVERBASED CALIXARATES, PROCESS FOR THEIR PRODUCTION,
COMPOSITIONS CONTAINING THEM AND USE_AS LUBRICATING OIL ADDITIVES

The present invention relates generélly to overbased metal
salts, their preparation and their use as detergent additives in
lubricating oil compositions.

In the operation of the internal combustion engine by-products

5 from the combustion chamber often blow by the piston and admix with
the lubricating oil.

Compounds generally employed to neutralise the acidic materials
and disperse sludge within the lubricating oil are the overbased
alkaline earth metal sulphurised hydrocarbyl—sub;tituted phenates,

10 salicylates, napthenates and sulphonates. The term "overbased" is
generally used to describe those alkaline earth metal
hydrocarbyl-substituted salts in which the ratio of the number of
equivalents of the alkaline earth metal moiety to the number of
equivalents of the acid moiety is greater than one, and is usually

15 greater than 1.2 and may be as high as 4.5 or greater. In contrast,
the equivélent ratio of alkaline earth metal moiety to acid moiety
in "normal" or "neutral® alkaline earth metal
hydrocarbyl-substituted salts is one, and in "low based" salts is
less than one. Thus, the overbased material usually contains

20 greater than 20%Z in excess of the alkaline earth metal present in
the corresponding neutral material. For this reason overbased
alkaline earth metal hydrocé&iyi?suéstituted éaltS?haVe a greater
capability for néﬁtralising acidic matter tHﬁp db~tﬁe corresponding
neutral alkaline earth metal hydrocarbyl-substituted salts, though

25 not necessarily an increased detergency power.

&



""""""""""""" ﬁgﬂyegetable or a mneral oil.

,Iubrlcatrﬂg oAy Sui t abl y pFeai. .?ﬁ?{mf; |
SR tb Qﬁ*ﬁ%ﬂﬂf such
i

~Suitably the lubricating oil

-as a' ha hmhemxﬂﬁbaﬁeke gdaf f i S Base-ar-thi xed 1 Sol#ept
neutral oi . | arl . Alternatively the | ubricat|{np .oi
may be a sl cating .15 oi 1= 2 Suitable synt et neTl9dMt i cati ng
oils inclu syn |c ester lubricating oils, which dils include diesters

such as di-octyl adlpate, di -octyl sebacate and tri-decytadi-pate, "or
pol ymeric hydrocarbon lubricating oils, for exanple |iquid polyisobuténes
and pol y-al pha ol ef i $.the manufacture of the aforesaid sulphurised hydrocarbyl

phenates, hydrogen sulphide is generated, which hydrogen sulphide is
generally disposed of by burning, Fhereby producing sulphur dioxide,
which is released to the atmosphere. Environmental concerns are

5 growing over the use of sulphur-containing lubricant additives, due
to the resulting sulphur dioxide emissions associated with lubricant
combustion in service, as well as in additive production. 1In
consequence, a desirable objective would be to develop sulphur-free
overbased alkaline earth metal salts suitable for use as detergent

10 additives in lubricating cils, '

In furtherance of this objective the present invention in one
aspect provides a non-sulphurised overbased metal salt of a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base.

15 For a review of calixarenes the reader is referred to
‘Monographs in Supramolecular Chemistry' by C David Gutsche, Series
Editor - J Fraser Stoddart, published by the Royal Society of
Chemistry, 1989. Calixarenes having a substituent hydroxyl group or
groups include homocalixarenes, oxacalixarenes, homooxacalixarenes

20 and heterocalixarenes.,

Suitable calixarenes may be represented by the formula:

~oR 7
¥ (1)

25 (:)

& R”

N

wherein Y is a divalent bridging group;

-~N

30 RI is a hydrocarbyl or a hetero-substituted hydrocarbyl

group; ’ : ?Z' a{“§7i f%5§5
either Rl is hydroxyl and R2 and R4 ‘are lndependently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or
R2 and R% are hydroxyl and Rl is either hydrogen,

35 hydrocarbyi or hetero-substituted hydrocarbyl; and



20 - '  Conponent (D) is carbon dioxide, added subsequent to each
addi ti on of conponent (B). Carbon:dioxide na¥_be addeq @EQ}Qde gas
‘or a sol.id, preferabty—+n-+th Qt @pgagfr\hn gase fbr
“suitably., esblomn t hr ough theIHg % tur Preferably the reactdor

m xture Bﬁmahmyaﬂnco, ate._as JExQB énent {E} r {9}, q
Cerr] to f lic aC|d or an anhydrlde t her gof, (|| a “ar - .
pol ycar bo 1 aining from36 to 100 carbon atoms~or-an- anhﬁdrlde
t hereof, (iii) ro rbyl -substituted sul phonic ac|d or anhydride

thereof, (iv) a hydrocarbyl substituted salicylic acid or anhydride
thereof, (v) a 30 hydrncaﬁbykegubshlaﬁteﬂg@agnﬁhenhelgpld or anhydri de

thereof, (vi) a In the formula (I), Y may suitably be (CHRG)d in which

RO either hydrogen or hydrocarbyl e.g. of 1-6 carbons such as methyl

and d is an integer which is at least one, n preferably is from 4 to

5 9. Any hetero substituted hydrocarbyl group has the heterocatom
preferably O or NH interrupting a chain of carbon atoms, such as an

alkoxy-alkyl group of 2-20 carbons.

A preferred calixarene has the formula:-

r oH 7 8\ |
y (cak R
(11)
4 2
R G R
- “n

15 wherein R2, R3 and R4 are independently either hydrogen, hydrocarbyl
or hetero-substituted hydrocarbyl, either one of R7 and R® is
hydrogen and the other is either hydrogen or hydrocarbyl,

n is an integer in the range 4 to 9, and
e is one or greater e.g. l-4,

20 Preferably in the formula (II), R? and R% are hydrogen, R3 is
hydrocarbyl e.g. of 1-20 such as 3-16 carbon atoms or
hetero-substituted hydrocarbyl, more preferably alkyl, one of R7 or
R8 is hydrogen and the other is either hydrogen or alkyl, n is
either 4, & or 8 and e is one. In the case where one of R/ or R8® is

25 alkyl, it is preferably C1-C4 alkyl, more preferably methyl.
Preferably R3 is alkyl, in particular nonyl (or a propylene trimer),
t-butyl, dodecyl or tertiary-amyl. p-Alkylcalixarenes are also
known as p-alkylphenol calixarenes and both terms will be used
herein. An example of a suitable calixarene of the formula (I1) is

30 p-tert-butyl calix [6,8] arene. The [8] arene, for example, may be

represented by the formula:-

35



'hydrgbarbyl-substituted phenol.or (vii) a mxture of anw.two or nore of (i)

4

"to (vi), of which (i) is preferred. As [egg gs (|) thRFpIs
aci dv\ﬂa\u ng the formula: RlZﬁ!ﬁ”‘_A o E A(EFﬁd@RTL‘Bgim
-O- erein R12 is-a—crerrt o &l gy oup an er

ei ther hydrogen, a ([err] toi@{er?‘]erplﬁé _.:wr:) or a - er&?@@@(jﬂ grd)ué
Pref er ably: oreet Has Been Replaced -4 - 1 I

i I—

—— e s )

Other suitable calixarenes include p-dodecyl calix[6]arene,
p-nonyl calix[8]arene and p-nonyl[6,7,8)arene.
Calixarenes may suitably be prepared by the method described in
15 the aforesaid Monograph, Chapter 2. Typically, an alkyl phenol
unsubstituted at the ortho-positions may be reacted in the presence
of a base with an aldehyde, such as forma1¢ehyde or acetaldehyde.
The metal moiety of the salts may suitably be either an alkali
or an alkaline earth metal, or indeed any metal capable of forming
20 salts with calixarenes. Preferred metals include calcium, magnesium
or barium. A particularly preferred metal is calcium. The salts,
will hereinafter be termed "calixarates". Overbased calixarates,
the subject of the present invention, are calixarates in which the
ratio of the number of equivalents of the metal moiety to the number
25 of equivalents of the acid moiety is greater than one.
In another aspect the present invention provides a process for the
production of an overbased calixarate as hereinbefore described
which process comprises reacting at elevated temperature:-
(A) either (i) a sulphur-free calixarene having a substituent
30 hydroxyl group or groups available for reaction with metal
base, (ii) a low-based metal calixarate, (iii) a neutral metal
calixarate or (iv) an overbased metal calixarate,
(B) a metal base added either in a single addition or in a
plurality of additions at intermediate points during the

35 reaction,



"R12 in the fornula is an unbranched al kyI or al kenyl group. Preferred acids
of formula (V) are these wherein Rlerr] is ydrogen and 5 Rerr] is a

errT"to (Jerr], nore, pref Plye. Glerrle toelierr] unbranched al kyl group.
; gxanplI'ﬁﬁsShéetHuBP acgdit yr aﬁ—ﬁhca{ qriyni]tae acﬂ\s of f@mu:a ke _
capric, = l\t i c, pal-miti-cc —Steari-e-sosteari ¢;~arachi-dl.&;=ehenic
“and i gr\ i Exarrpl es of suitabl® -unsat ur at? ed aci ds f fo a
(V) incl auroleic, nyristoleic, 10 pal mitoleic, al elid] Cgadbiei ¢,
erucic, ricinoleic, linoleic and linolenic acids. M x%tures of aci ds _may

al so be enpl oyed, for exanple rape top fatty aci ds. Partlcul arly suitaple
m xtures of acidgcfre t6ARQL COMIBLLNE! . Lades contai fhi-ng--a r-ange..of _acl ds,

(Cy) either (i) a polyhydric alcohol having 2 to 4 carbon

atoms, (ii) a di- (C3 or C4) glycol, (iii) a tri- (Cy-Cy)
glycol or (iv) a mono- or poly-alkylene glycel alkyl ether of

5 the formula:

R9(0R10).0R1! (I11)
wherein in the formula (III) R? is a C; to Cg alkyl group, R1O
is an alkylene group e.g. 1-6 or 2-4 carbon atoms, Rl is
hydrogen or a C; to Cg alkyl group and £ is an integer from 1
10 to 6, |

either alone or in combination with either (CZ) a hydrocarbon
solvent or C(3) either (i) water, (ii) a C; to Cyp monohydric
alcohel, (iii) a Cj to C9g ketone, (iv) a C; to Cjg carboxylic
acid ester or (v) an aliphatic, alicyclic or aromatic Cy te Coyg

15 ether, or,

(C4) a €y to C4 monohydric alcohol, in combination with a
hydrocarbon solvent (Cy), and

(D) carbon dioxide added subsequent to each addition of component
(B).

20 With regard to component (A) this may be either (i) a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base, (ii) a low-based
calixarate, (iii) a neutral calixarate or (iv) an overbased
calixarate. Suitable calixarenes (i) are those as hereinbefore

25 described, particularly those alkyl calixarenes capable of
conferring oil-solubility on the product. Preferred calixarenes
include p-tert-butyl calix[6,8)arene, p-dodecyl calix[6}arene,
p-nonyl calix[8larene and p-nonyl calix[6,7,8]arene. Pre-formed
calixarates wherein the equivalent ratio of metal base moiety to

30 calixarene is either 1 (neutral calixarates) or less than 1
(low-based calixarates) may be employed to produce an overbased
calixarate. Alternatively, an overbased calixarate according to the
present invention may be employed, in which case the product is a
calixarate having an increased degree of overbasing, i.e. a higher

35 alkalinity value.



i ncl uéll ng both saturated and u uLa_LE_mL,_ a_w__'__\ Such m xtures may 15  be
obt ai ned synthetically or may b ﬂ@ng d. 1o atprod _L§ﬁfgr-exanple
~tall, ce%%eﬁwwgreand—ﬂu%——cocoqut ka impafn”kernek a1 b
.castOr soyabean, sunfl ower, hehf:l»-&g_:ﬁ:ﬂ_d ardine ibi lis fand tar TG, ""’I“nstead
of , or i*fS209efitas _nEQPIachhe carboxylic acid there may be 20, ~used t hej aci d
~anhydrid q erred however to aosk-a carboXyﬂlc ‘dctd’ of h h]kture
of car box) . preferred carboxylic acid oft fierrt-a—ft\)-i-s: stearic
acid. The acid nmay suitably be present in an anount up to 40%u w, based on
the total weight of the final product. It is believed that  the aci”d‘“ when
In addition to one of the alternatives (i) to (iv), component

(A) may further include a compound of the geheral formula:-

(OH), r (0H)y, B (OH)
AN
5 O CR22R23 0 CR25R26, (1IV)
- -
(R21)x (R24)y g (R27)Z

wherein a, b and ¢ each independently represent 1l or 2;

x, y and z each independently represent zero or an integer from 1l to
10 3; '

R21, R24 and R27 independently represent either hydrogen or a
hydrocarbyl group, when x, y or z is greater than 1, each R21, each
R24 or each R27 respectively being the same or different;

R22, R23, R23 and R26 independently represent hydrogen or an alkyl
15 group; and

g is an integer'ffom 1 to 20.

Preferred compounds of the formula (IV) are those in which a, b

and C are 1l; x, y and z are l; R21, R24 and R?7 is preferably a

C) to Cp4 alkyl group, more preferably a C;-Cjg alkyl group; either
20 R22=p23=R252R26- hydrogen or R22=R254 hydrogen and R23aR26= methyl;

and g is preferably from 2 to 7, more preferably 3, Where R22, R23,

R25 and R26 a11 represent hydrogen, the compound of general formula

(IV) can be prepared by the condensation of the corresponding phenol

with formaldehyde. Where one of R22 and R23 and one of R25 and R26
25 is hydrogen and the other is a hydrocarbyl group, for example a

lower alkyl group, an aldehyde other than formaldehyde is used in

the condensation with the phenol. Compounds of the formula (IV) are

described in our copending UK aﬁplication No.9013317.4 (BP Case

No.7509) in relation to their alkali or alkali metal salts. The
30 mixture of overbased salts and any low-based, neutral or unreacted

compounds resulting from the use of the mixed feed is useful as a

lubricating oil additive.

Component (B) is a metal base. The metal moiety may suitably
be an alkali or alkaline earth metal, preferably an alkaline earth

35 metal. The alkaline earth metal is preferably calcium, magnesium or



25 .Wpresent chenmically no };fes;fhezﬂvefba5£ﬂ callxafa%
regards (ii), this is prefer:

ablys s-pot yhsobatene SUCCnt:I

pol yi sobut ene su00|n|c anhydr i de. #i%iregards Ppe hydréc rbx substltupn

(7). (JV VI) t hirs=rey=suitably=cont ai n up!to lZ&nﬂwﬂhat
carbdﬁﬂ-f nples of suitable substituents |nCLuQew,Ikylme
radlca$ e hexyl, cyclohexyl - betyl, isoctyl, decyl, tridecy
hexaded nd trlcosyl radi cal s derived froﬁ1thewpolynerlsaLLbn

of both term nal and internal oleflns for exanpl e ethene, propene,
1- butene, isobutene, 1-hexene, 1l-octene, 2-butene, 35

barium, more preferably calcium. The base moiety may suitably be an
oxide or a hydroxide,preferably the hydroxide. A calcium base may
be added, for example, in the form of quick lime (Ca0) or in the
form of slaked lime (Ca(OH)3) or mixtures of the two in any

5 proportions. Component (B) may be added in whole to the initial
reactants or in part to the initial reactants and the remainder in
one or more further additions at intermediate points during the
reaction.

Component (C) is a solvent for the reactants. The solvent (C)

10 may be either (C;) either alone or in combination with either (Cj)
or (C3), or the solvent (C) may be (Cz) in combination with (C3p)
wherein:

(Cy) is either (i) a polyhydric alcohol having 2 to 4 carbon atoms,
(ii) a di-(C3 or C4) glycol, (iii) a tri-(Cy to C;) glycol or
15 (iv) a mono- or poly-alkylene glycol alkyl ether of the formula:-
RI(0R10)c0R1L (111)
wherein in the formula (III) R? is a C; to Cg alkyl group, R10 jis an
alkylene group, Ril is hydrogen or a C; to Cg alkyl group and ¢ is
an integer from 1 to 6. Suitable compounds having the formula (III)

20 include the monomethyl or dimethyl ethers of (a) ethylene glycol,
(b) diethylene glycol, (c) triethylene glycol or (d) tetraethylene
glycol. A suitable éompound is methyl diglycol
(CH30CH9CHp0CH9CH9OH) . Mixtures of glycol ethers of formula (V) and
glycols may also be employed. The polyhydric alcohol may suitably

25 be either a dihydric alcohol, for example ethylene glycol or
propylene glycol, or a trihydric alcohol, for example glycerol. The
di- (C3 or C4) glycol may suitably be dipropylene glycol, the tri-
(Cy to C4) glycol may suitably be triethylene glycol. Preferably
the component (C;) is either ethylene glycol or methyl diglycol.

30 (C9) is a hydrocarbon solvent which may be aliphatic or
aromatic. Examples of suitable hydrocarbons include toluene,
xylene, naphtha and aliphatic paraffins, for example hexane, and
cycloaliphatic paraffins.

(C3) may be either (i) water, (ii) a C; to Cyp monohydric
35 alcohol, (iii) a C; to Cyp ketone, (iv) a C; to Cjg carboxylic acid
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ester or (v) an aliphatiec, alicyclic or aromatic C; to Cop ether.
Examples are methanol, 2-ethyl hexanol, cyclohexanoi, cyclohexanone,
benzyl alcohol, ethyl acetate and acetophenone.

(C4) may be a €1 to C4 monohydric alcohol, preferably methanol.

Preferred solvents (C) comprise ethylene glycol, a mixture of
ethylene glycol and 2-ethyl hexanol and a mixture of methanecl and
toluene.

Generally, in view of the intended use of the product, it is
preferred to incorporate a lubricating oil as a solvent. The
lubricating oil may suitably be an animal, a vegetable or a mineral
oil. Suitably the lubricating oil is a petroleum - derived
lubricating oil, such as a naphthenic base, paraffin i.e. base or
mixed base oil. Solvent neutral oils are particularly suitable.
Alternatively, the lubricating oil may be a synthetic lubricating
oil. Suitable synthetic lubricating oils include synthetic ester
lubricating oils, which oils include diesters such as di-octyl
adipate, di-octyl sebacate and tri-decyladipate, or polymeric
hydrocarbon lubricating oils, for example liquid polyisobutenes and
poly-alpha olefins.

Component (D) is carbon dioxide, added subsequent to each
addition of component (B). Carbon dioxide may be added in the form
of a gas or a solid, preferably in the form of a gas. In gaseous
form it may suitably be blown through the reaction mixture.

Preferably the reaction mixture may additionally incorporate as
Component (E) either (i) a Cg to Ci00 carboxylic acid or an
anhydride thereof,.(ii) a di- or polycarboxylic acid containing from
36 to 100 carbon atoms or an anhydride thereof, (iii) a
hydrocarbyl-substituted sulphonic acid or anhydride thereof, (iv)a
hydrocarbyl-substituted salicylic acid or anhydride thereof, (v) a
hydrocarbyl-substituted naphthenic acid or anhydride thereof, (vi) a
hydrocarbyl-substituted phenol or (vii) a mixture of any two or more
of (i) to (vi), of which (i) is preferred.

As regards (i), this is preferably an acid having the formula:

R12 - e - cooH (V)

13
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hydrogen, a C; to C4 alkyl group or a -CHyCOOH group. Preferably

R12 in the formula is an unbranched alkyl or alkenyl group.

Preferred acids of formula (V) are those wherein R!}3 is hydrogen and

R!2 is a Cip to Cy4, more preferably Cjg to Cy4 unbranched alkyl

group. Examples of suitable saturated carboxylic acids of formula

(V) include capric, lauric, myristic, palmitic, stearic, isostearic,

arachidic, behenic and lignoceric acids. Examples of suitable
unsaturated acids of formula (V) include laurocleic, myristoleic,
palmitoleic, oleic, gadoleic, erucic, ricinoleic, 1inoleic and
linolenic acids. Mixtures of acids may also be emplo&ed, for
example rape top fatty acids. Particularly suitable mixtures of
acids are those commercial grades containing a range of acids,
including both saturated and unsaturated acids.
be obtained synthetically or may be derived from natural

products,for example tall, cotton, ground nut, coconut, linseed,

palm kernel, olive, palm, castor, soyabean, sunflower, herring and

sardine oils and tallow.

Such mixtures may

Instead of, or in addition to, the carboxylic acid there may be

used the acid anhydride, the acid chloride or the ester derivatives

of the acid, preferably the acid anhydride. It is preferred

however to use a carboxylic acid or a mixture of carboxylic acids.

A preferred carboxylic acid of formula (V) is steariec acid. The

acid may suitably be present in an amount up to 40%w/w, based on the

total weight of the final product. It is believed that the acid,

when present, chemically modifies the overbased calixarate product.

As regards (ii), this is preferably a polyisobutene succinic
acid or a polyisobutene succinic anhydride.

As regards the hydrocarbyl substituent of (iii), (iv),
(vi), this may suitably contain up to 125 aliphatic carbon atoms.
Examples of suitable substituents include alkyl radicals, for
example hexyl, cyclohexyl, octyl, isoctyl, decyl, tridecyl,
hexadecyl, eicosyl and tricosyl, radicals derived from the
polymerisation of both terminal and internal olefins, for example
ethene, propene, l-butene,

isobutene, l-hexene,

l-octene, 2-butene,

(v) and
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substituent is one derived from a polypropylene, poly-l-butene or
polyisobutene.
The reaction mixture may also inc&rporate as component (F) a
5 catalyst (or promoter) for the reaction. The catalyst may be an
organic compound or an inorganic compound. Suitable organic
compounds include (i) organic halides or (ii) organic alkanoates,
which may suitably be represented by the formula:-
R4 - x (V1)
10 wherein in the formula (VI) X is either halogen, suitably chlorine,
bromine or iodine, preferably chlorine, or the group OCOR13 wherein
RIS is suitably C; to C; alkyl and R4 is either an alkyl, aryl or
alkaryl group preferably having 3-20 or 6-20 or 7-20 carbons
respectively, or halo-derivative thereof. Alternatively, the
15 organic halide may be an HX salt of an organic base, for example
guanidine hydrochloride. A suitable example of an organic halide of
the formula (VI) is octyl chloride. Mixtures of (i) and (ii) may
also be employed. Suitably the amount of organic compound (F)
employed may be up to 2.0% by weight based on the weight of
20 concentrate. Suitable inorganic compound catalysts include
inorganic halides, particularly inorganic chlorides, and inorganic
alkanoates. Examples of suitable inorganic compound catalysts
include calcium acetate, calcium chloride, ammonium chloride,
aluminium chloride and zine chloride, of which calcium chloride and
25 calcium acetate are preferred. Suitably the amounts of the
inorganic compound catalyst employed may be up to 2.0% wt/wt based
on the weight of the reaction mixture. Provided that the catalyst
is present during the carbonation step, it may be added at any point
in the process, though it will usually be found convenient to add
30 the catalyst initially.
In order to produce an overbased calixarate from component
(A)(1), (A)(ii) or (A)(iii) it is necessary only to react the (A)
component with components (B), (C) and (D), using the appropriate
proportions of components (A) and (B) to achieve overbasing.

35 Suitably component (B) may be added in one or more additions,



e nim

30 “jthe catalyst initially.: b L P BEC odube an overbasetd' al gt
f r om.conponent—Ar-()y—or (A)i(il) s, .1‘ec’éssqu only to"‘r"ealﬁt e’
conmponent wi th conponents (BL, _(Q) - rD), usi ng the ap r@prl ate

' propoﬁ,gﬂggmgfgeg,g&p@@@nts (A and (B) to achi eve overbas(ng. {Sdi

conmpon {““ﬂi“ﬂ ﬂ%“may be added in one orlgmre addltlons; P 11 preferahl y
in a s §

[

preferably in a single addition.

In order to produce a high TBN (Total Base Number) overbased
calixarate, as an alternative to components (A)(i) to (iii
component (A)(iv) may be employed, and it is preferred to employ

5 component (E), particularly either (E)(i) or (ii) and more
particularly stearic acid, whilst at the same time adjusting the
relative amounts of components (A) and (B) to a value sufficient to
produce the high TBN desired. Again, component (B) may suitably be
incorporated in one or more additions, preferably in a single

10 addition. -

'Suitably the elevated temperature at which the process is
operated may be a temperature in the range from 15 to 200°C,
preferably from 50 to 175°C. The selection of the optimum
temperature within the aforesaid range will depend to a large extent

15 on the nature of the solvent employed.

Generally, the process will be operated in the presence of a
lubricating oil. At the conclusion of the process it is preferred
to recover the salt as a solution in lubricating oil by separating
off volatile fractions, for example by distillation at

20 subatmospheric pressure.

Finally, it is preferred to filter the solution. Alternatively,
the solution may be centrifuged.

In another éspect the present invention also provides a
composition suitable for use as an additive to lubricating oils

25 which composition comprises as a first component an overbased
calixarate as hereinbefore described and as a second component a
neutral and/or an overbased metal salt of at least one of
(i) a Cg to Cypp carboxylic acid,

(ii) a di- or polycarboxylic acid containing from 36 to 100 carbon

30 atoms, _

(iii) a hydrocarbyl-substituted sulphonic acid,
(iv) a hydrocarbyl-substituted salicylic acid,
(v) a hydrocarbyl-substituted naphthenic acid or
(vi) a hydrocarbyl-substituted phenol.

35 Suitably the metal moiety of the salts in the composition may
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is operated may be a tenperature in the range from 15 to 200[err]C,
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alkaline earth metal, more preferably calcium, magnesium or barium.

The composition may be prepared simply by mixing the
coﬁponents. Preferably, however the composition is prepared by

5 reacting components (A), (B), (C), (D) and (E), and optionally (F).

The overbased calixarates of the invention are useful in
lubricating oil compositions both for their acids neutralisation
capability and their detergent and antioxidant properties.

In a final aspect the present invention provides a finished

10 lubricating oil composition which composition comprises a
lubricating oil usually in a méjor propertion and an overbased
alkaline earth metal salt of a calixarene as hereinbefore described,
usually in a minor proportion; amounts of the calixarene salt may be
0.01-50% e.g. 0.1-35% by weight of the composition.

15 The finished lubricating oil composition may also contain
effective amounts of one or more other types of conventional
lubricating oil additives, for example viscosity index improvers,
anti-wear agents, antioxidants, dispersants, rust inhibitors,
pour-point depressants, or the like, which may be incorporated into

20 the finished lubricating oil composition either directly or through
the intermediacy of a concentrate composition.

The invention will now be further illustrated by reference to
the following Examples. In all the Examples the term AV (Alkalinity
Value) is used. AV is expressed in terms of mg KOH/g as measured by

25 ASTM D2896. In the Examples where lime is used, it is in the form

of slaked lime, Ca(OH)y9. Viscosities were measured by the method of

ASTM D445,
Example 1
Initial charge - p-t-Butyl Calix [6,8] arene 75g
30 Lubricating oil 131g
2-Ethylhexanol 224g
Stearic acid 70g
Calcium chloride 4g

35
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(i) The initial charge was heated to 125°C.and lime (53g) was
charged,

(ii) the temperature was increased to 145°C. Ethylene glycol
5 (36g) was charged whilst ramping the temperature to 165°C,

(iii) the mixture was held at 165°C for 1l hour,

(iv) carbon dioxide (40g) was added at 165°C/l bar,

(v) the mixture was stripped at 200°C/10mm Hg, and

(vi) the product was filtered through filteraid.
10  RESULTS

Product weight = 340g
Distillate weight = 232g
Product Composition After Filtration
Ca ' = 8.8%

15 Ca incorporation efficiency = 99.5%

AV = 233mg KOH/g
COy D] 7.6%
Viscosity at 100°C = 109cSt
Examples 2 to §

20 The procedure of Example 1 was repeated.

The reactants, their relative proportions and the results

obtained for Examples 1 to 5 are given in the accompanying Table 1.

Example 6
Initial charge - p-t-Butyl Calix [6,8] arene 110g
25 Lubricating oil 131g
2-Ethylhexanol 40g
Stearic acid 35¢g
Calcium chloride 4g
Toluene 200g
30 Methanol 20g
Method

(i) The charge was heated to 60°C and lime (76g) was added,
(ii) the mixture was held at 60°C for 1 hour,
(iii) carbon dioxide (57g) was added at 60°C/l bar,

35 (iv) methanol (10g) and lime (35g) were added at 60°C,
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(v) the mixture was held at 60°C for 1 hour,
(vi) carbon dioxide (30g) was added at 60°C/1 bar,
(vii) the mixture was stripped at 160°C/10mm Hg, and

(viii) the product was filtered through filteraid.
5  RESULTS

Product weight = 417g
Product Composition After Filtration
Ca = 10.6%
Ca incorporation efficiency = 71.9%

10 AV = 290mg XKOH/g
COgy = 6.8%
Viscosity at 100°C =  143cSt

Example 7
The procedure of Example 6 was repeated.
15 The reactants, their relative proportions and the results
obtained are given in the accompanying Table 1.
Comparison Test
The procedure of Example 6 was repeated except that the
calixarene was omitted from the initial charge.
20 The reactants their relative proportions and the results

obtained for Examples 6 and 7 are given in the accompanying Table 1.

Example 8
Initial charge - p-t-Butyl Calix [6,8] arene 75¢g
' Lubricating oil 131g

25 2-Ethylhexanol 224

Method

i) The initial charge was heated to 125°C and lime (56g) was

charged,

ii) The temperature was increased to 145°C. Stearic acid (70g)

30 was charged,

iii) Ethylene glycol (36g) was charged whilst ramping the
temperature to 165°C,
iv) The mixture was held at 165°C for 1 hr.,
v) Carbon dioxide (55g) was added at 165°C/l1 bar,
35  wvi) The mixture was stripped at 200°C/!Omm Hg, and
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vii) " The product was filtered through filteraid.

RESULTS
Product weight = 338g
Broduct Composition After Filtration
5 Ca = 8.6%
Ca incorporation efficiency = 06%
AV = 242mg KOH/g
Viscosity at 100°C = 454cSt
Example 9
10 The procedure of Example 8 was repeated. The feactants, their

relative proportions and the results obtained are given in the
accompanying Table 1.

Examples 10 - 11

The procedure of Example 8 was repeated except that p-Nonyl
15 Calix [6,7,8) arene was used in place of p-t-butyl Calix [6,8]
arene. The reacténts, their relative proportions and the results
obtained are given in the accompanying Table 1.

Examples 12-30

Nonylphenolealix(6,8)arene in xylene solution (330g of 13.64%

20 solution, 0.03 moles) and SN150 diluent oil (90g) were charged to a
1 litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator (paddle type). The temperature of the mixture was raised
to 110°C and vacuum (29''Hg) applied to distil off the xylene. The

25 vacuum was removed and while maintaining the temperature between 100
and 110°C, 2-ethylhexanol (222g, 1.7 moles) was added, with stirring
at approximately 500rpm. The reaction mixture was raised to 130°C
and lime (58g, 0.78 moles) was added over 5 minutes. Vacuum
(10''Hg) was applied to the reactor and held for 15 minutes at

30 130°C. The vacuum was removed and stearic acid (100g, 0.35 moles)
was added over 10 minutes and vacuum (10''Hg) was reapplied to the
reactor and held for 15 minutes at 130°C. The vacuum was removed
and ethylene glycol (36g, 0.58 moles) was added over 15 minutes and
vacuum (10''Hg) was reapplied and the reaction held at 130°C for 60

35 minutes. The vacuum was removed and CO02(58g, 1.3 moles) was added
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over approximately 30-40 minutes. Vacuum (29''Hg) was applied and
the temperature raised to 200°C. After 90 miﬁutes, the vacuum was
removed and the product cooled to 140°C. The product was filtered
through a 15mm deep pad of compressed clarcel DIC filter aig,

5 supported on a no.l glass sinter funnel.

The batches of nonyl calixarate listed in Table 2 were
manufactured in a similar manner as outlined above, however there
are changes of conditions i.e. temperature, glycol and stearic
acid. These are listed in Table 2.

10 Examples 31-37

Nonylphenolcalix(6,8)arene in xylene solution (330g of 13.64%
solution, 0.03 moles) and alkyl phenol with SN150 diluent oil (90g)
were charged to a 1 litre, 5 necked, round bottomed, flange flask
with take off condenser, thermopocket (with thermometer and

15 thermocouple) and agitator (paddle type)}. The temperature of the
mixture was raised to 110°C and vacuum (29"Hg) applied to distil off
the xylene. The vacuum was removed and while maintaining the
temperature between 100 and 110°C, 2-~ethylhexanol (222g, 1.7 moles)
was added, with stirring at approximately S00 rpm. The reaction

20 mixture was raised to 130°C and lime (58g 0.78 moles) was added over
5 minutes, Vacuum (l0"Hg) was applied to the reactor and held for
15 minutes at 130°C. The vacuum was removed and stearic acid (100g
0.35 moles) was added over 10 minutes and vacuum (10"Hg) was
reapplied to the reactor and held for 15 minutes at 130°C. The

25 vacuum was removed and ethylene glycol (36g, 0.58 moles) was added
over 15 minutes and vacuum (l10"Hg) was reapplied and the reaction
held at 130°C for 60 minutes. The vacuum was removed and CO2 (58g,
1.3 moles) was added over approximately 30-40 mintues, Vacuum
(29"Hg) was applied and the temperature raised to 200°C. After 90

30 minutes, the vacuum was removed and the product cooled to 140°C.

The product was filtered through a 15mm deep pad of compressed
Clarcel DIC filter aid, supported on a No 1l glass sinter funnel.

The batches of nonyl calixarate listed in Table 3 were

manufactured in a similar manner as outlined above, however there

35 are changes in the alkyl phenol used ie type or amount. These are
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Examples 38-45

The alkyl calixarene in xylene solution (330g of 13.64%
solution, 0.03 moles) with SN150 diluent oil (90g) were charged to a
1 litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator (paddle type). The temperature of the mixture was raised
to 110°C and vacuum (29"Hg) applied to distil off the xylene. The
vacuum vas removed and while maintaining the temperature between 100
and 110°C, 2-ethylhexanol (222g, 1.7 moles) was addéd, with stirring
at approximately 500 rpm. The reaction mixture was raised to 130°C
and lime (58g, 0.78 moles) was added over 5 minutes. Vacuum (10"Hg)
was applied to the reactor and held for 15 minutes at 130°C., The
vacuum was removed and stearic acid (100g, 0.35 moles) was added
over 10 minutes and vacuun (10"Hg) was reapplied to the reactor and
held for 15 minutes at 130°C. The vacuum was removed and ethylene
glycol (36g 0.58 moles) was added over 15 minutes and vacuum (10"Hg)
was reapplied and the reaction held at 130°C for 60 minutes. The
vacuum was removed and CO2 (58g, 1.3 moles) was added over
approximately 30-40 minutes. Vacuum (29"Hg) was applied and the
temperature raised to 200°C. After 90 minutes, the vacuum was
removed and the product cooled to 140°C. The product was filtered
through a 15mm deep pad of compressed Clarcel DIC filter aid,
supported on a No 1 glass sinter funnel.

The batches of alkyl calixarate listed in Tables 4 and 5 were
manufactured in a similar manner as outlined above, however there
are changes in the alkyl phenol and temperature of reaction used.

These are listed in Tables 4 and 5.
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TABLE 1
Carbon- REACTANTS PRODUCT
ation
Example|Temp. Calix|Stearic|Catalyst Lime| COg | Filtration % Caj AV Viscosity at |%CIE
(*c) arene| acid (e)] (8) Rate w/w |mgKoH/g | 100°C {(cSt)
(8) | (8)
1 165 75 70 Solid CaClj 53 40 A 8.8 233 109 199.5
2 165 75 70 Solid CaCly 53 26 B - 240 - -
3 165 110 35 Solid CaCly 76 57 Cc 11.3 298 - 96.7
4 165 95 50 Solid CaClg 76 61 c 11,8 320 - 95+
5 165 75 70 Solid CaCly 56 63 A 9.1 251 140 97
6 60 110 35 Solid CaCly| 111 87 B 10.6 290 143 71.9
7 : 60 110 35 Solid CaCly 76 57 A 7.0 189 195 59.4
8 165 75 70 No Catalyst 56 55 A 8.6 242 454 96
9 165 45 100 {No Catalyst 56 55 A 9.0 258 278 94
10 165 45 100 |INo Catalyst 56 55 A 8.4 247 51 87
i1 165 45 100 |No Catalyst 85f 85 A 11.5 363 171 72
CT 165 0 145 |No Catalyst 56 55 A 9.2 248 *
Abbreviations CT Comparison Test
Filtration Rate
A = Acceptable; B = Difficult
C = Dilution with toluene prior to filtration necessary
CIE = Calcium incorporation efficiency
AV = Alkalinity Value * Product solidified on standing
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2 @ - ~ TABLE 2
O S i “
- :
T X ;
c'E P TEME. GLYCOL STEARIC CALIXARENE SN150 Ca V100
3 ol EXAMPLE (*C) (8) ACID(g) (g) (8) (%) (Cst)
Qi o~ 12 130 36 100 330 90 9.86 | 173.4
3 13 130 36 80 330 90 10,47 153.6
~E 14 110 "36 100 330 90 10.04 182.2
TR gt 15 110 36 80 330 90 10.48 90.3
S ST - P 16 130 30 100 330 90 8.56 | 139.2
> = Mu 3 17 130 30 80 330 90 8.68 94.1
Tz . 18 110 30 100 330 90 11.13 268.6
-~ vm.”m @, (O 19 110 30 80 330 90 10.86 130.9
Sg i5=E 20 130 36 100 264 90 10.49 138.8
00 TjiH 21 130 36 80 264 90 10.47 145.8
< 4 m,wa ' 22 110 36 100 264 90 11.36 | 104.7
A 23 t1o 36 80 264 90 i1.27 126.7
$ 4 (=)
< 11 ~ 24 130 30 100 264 90 10.56 163.1
oo @bﬁ: | ' 25 130 30 80 264 90 10.92 151.7
w— — L] Tuey’ | 26 110 30" 100 264 90 11.26 155.0
] o {
O = g 27 110 30 80 264 90 11.95 -
— o glEE | 28 130 36 80 330 90 10.84 | 162.3
=Sl | 29 130 36 80 363 90 11,19 | 130.2
o /&%H 30 130 36 60 363 130 8.86 63.6
X,y ,m_y
O N oo
o0 LW o NOTE
°8 c
mm - =0 nJ v 1) The change in temperature applies to every part of the reaction procedure from the
) ‘O addition of lime to the carbonation stage.
O = © 8
° -
FTR, .W:A.E.M.ﬂ. 2) 36g of glycol = 0.58 moles
< H . m %ﬁ 30g of glycol = 0.48 moles
N — .
M o — @m 3) 100g of stearic acid = 0.35 moles
O —— A 80g of stearic acid = 0.28 moles )
O ‘m,.ﬂ  — 60g of stearic acid = 0.21 moles
3
Wd.m._w_% - — 4) 363g of nonylphenolcalix(6,8)arene = 0.033 moles
X O W S Q2 umming 264g of nonylphenolcalix(6,8)arene = 0.024 moles
e 1_._ [N o,
ET | w % O
®© %h c o
) - 3.
poff P
—~ pmlb . 0/0 m
. O s DO
~O0O . _ N~ .O
SMeo._—HO®
—— ) w <t N



e
V'5005|ty at 100[err]C . B
- procedure-of Exanple 6 was repeate&bQEF'-P .
‘relative. proportlons“and~khe r esSuhts dﬁtaknv
" Tabl €71,
"t hat theca;

eaankgﬁ§ The pr ocedur &~ of=EX

p (hepeat
ftted fromthe initiar charge‘ 207

thelr.

[err](cSt) Exanpl e. 7 The
h@ reactants,

1

!

|

reactants t proportions and~” tHfe-results obtalne
6 and 7 are gl acconpanyi ng Table 1. Exanple 8 5
E AU
Table 3 - '_-
Ex Alkyl Phenol (g) Calixarene SN150 | Ca (%Z)| v100
DDP NP () () (Cst)
5
31 4.5 - 330 _ 90 9.58 [125.7
32 9.0 - 264 90 9.98 1118.8
33 - 9.0 264 90 9.55 |167.1
34 ~ 9.0 264 90 10.09 [147.6
10 35 9.0 - 264 90 10.58 |225.5
36 9.0 - 264 90 11.40 }104.4
37 9.0 - 330 110 9.63 | 97.6
15 NOTE
1. DDP = Dodecylphenol
2. NP = Nonylphenol
3. 330g of nonylphenolcalix (6,8)arene = 0.030 moles
4. 264g of nonylphenolcalix (6,8)arene = 0.024 moles
20
Table &
Prep Alkyl (g) Temperature SN150 Ca V100
‘25 No Calixarene (°C) (g) (%) (Cst)
38 AMYL 52.5 130 90 10.67 122.2
39 p-DODECYL 330 110 110 9.79 65.7
40 p-DODECYL 330 130 110 10.29 67.8
30

NOTE

1. 52.5g of amyl phenolcalixarene (65% solution in petroleum

distillate) = 0.03 moles

35 2. 330g of p-dodecylphenolcalixarene = 0.03 moles

g

e~ A ;""’?‘é:i
Y
H'i@§j5%@“p!eF



Initial charge - p-t-Butyl Caff%=f6:8}-arene

. 131g 25 .t-ss‘fmmexaﬁb“ “““““
<) The_initial chargewas HEat ed#Eo: MBI er‘r']‘é: and e PR {
‘charged, ‘i) The tenperature \/\Eswﬁe:r*easng 0. 511450 i Sf ear T ¢ aAcid T?Oc)

Thivset Shecheepelieplasef i ) Et hyl ene gl ycol (36g) was char.ged i Hst

30
ranmpi ng the tmmm‘“‘ﬁ “ 165C, iv) ~ %he nixture was hel d’ at” 16§[ ér r‘] ¢
for 1 hr. : Pt e

b
4

7 st e i e

Table 5

Prep | Alkyl (g) Temperature | SN150 Ca V100

s No Calixarene (°C) (g) (%) (Cst)
41 A 62.5 130 90 7.58 189.1

42 B 330 130 90 9.41 133.9

43 B 330 110 110 8.73 62.5

10 44 B 330 130 110 | ¢.76 67.8
45 C 90 130 90 9.86 89.9

NOTE

15 1. 'A' is a mixture of t-butyl phenolcalixarene/t-butyl phenol
formaldehyde resin/free t-butyl phenol (50% solution in xylene) =
0.03 moles.
2. 'B' is an alkyl phenolcalixarene made from alkyl phenol which
contains about 65% of the para isomer and the alkyl group is dodecyl
20 (13.64% solution in xylene) = 0.03 moles.
3. 'C' is a mixture of p-nonyl phenolcalixarene/p-nonyl phenol

formaldehyde resin/free p-nonyl phenol (50% solution in xylene) =
0.03 moles.

25

30

35



¥) : Carbon

. 35 i) The m xture was strdpped at 200[err] d 1. 333x|C1err]Pa_(10_n:m
. t - 4y

Product wei ght
Filtration 5

di oxi de (55g) was added ‘at |65[err]C/ 1.012x10[err]Pa (1 bar),

Hg), and -15- vii)  The pr g @lctq vva‘,S"T“rTw’f“er"eﬂ«t hroggh i SULTS
338¢ F’f/ﬁd&zﬁétf\ Corrp SRER
Ca 5 '_
22 \
This Sheet Has Been Ri:p]aced L e
Claims:
1. A non-sulphurised overbased metal salt of a sulphur-free

10

i5

20

25

calixarene having a substituent hydroxyl group or groups available

for reaction with metal base.

2. An overbased metal salt according to claim 1 wherein the
calixarene ha§ the formula:
[ ] -
[~ R
Y ™
(I
R R*
- f{g “n

wherein in the formula (I):
Y is a divalent bridging group;
R3 is a hydrdcarbyl or a hetero-substituted hydrocarbyl group;
either Rl is hydroxyl and R2 and R* are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl or R2
and R are hydroxyl and R! is either hydrogen, hydrocarbyl or
hetero-substituted hydrocarbyl; and
n is an integer in the range from 3 to 1l2.
3. An overbased metal salt according to claim 2 wherein n has a
value in the range from 4 to ¢ and the group Y is (CHR6)d in which
R® is either hydrogen or hydrocarbyl and d is an integer which is at
least one.
4. An overbased metal salt according to claim | wherein the

calixarate has the formula:-

e

\\ll\ll\ \\\l\\ R



Ca i nCoroorat Lon_effici ency R
=. 242ng KOH g Viscosity at 10q£: 1S S ,;':

10 This Shg;t ﬁas@eenqggaceg of EXdJer| e 8¢ Wﬁ‘@‘ (

rel at’i ve nd the resurts™ GMwm&:aﬁé gi ven rn;gthe acconpanyi
Tabl e lNl Hﬁim%ﬁm 11 The procedure o; Exanpl e 8 was: repea%;edm—e)gc\epU "i
t hat p- | X [6,7,8] arene was 1ised in pl ace of ip-t!ptity I”“Cali X
[6,8] arene. The react ants their relative prop(lrtlons and-the =resu|-t~s—* ;
i

oH L

(c R\’Rg)e— ~
(11)

. N

wherein in the formula (II):
10 R2, R3 and R* are independently either hydroged, hydrocarbyl,
or hetero-substituted hydrocarbyil;
either one of R’ and R® is hydrogen and the other is either
hydrogen or hydrocarbyl;
n is an integer in the range 4 to 9; and e is one or greater.
15 5. An overbased metal salt according to claim 4 wherein in the
formula (II):-
R2 and R* are hydrogen;
R3 is alkyl;
one of R/ or R® is hydrogen and the other is either hydrogen or
20 alkyl; n is either 4, 6 or 8; and
e is one.
6. An overbased metal salt according to claim 5 wherein R3 is
either nonyl, t-butyl, dodecyl or tertiary-amyl.
7. An overbased metal salt of either p-tert-butyl calix,
25 [6,8]arene, p-dodecyl calix [6]arene, p-nonyl calix[8larene or
p-nonyl calix [6,7,8]arene.
8. An overbased metal salt according to any one of the previous
claims wherein the metal moiety of the salt is either calcium
magnesium or barium.
30 9. An overbased metal salt according to claim 8 wherein the metal
moiety is calcium.
10. A process for the production of the overbased metal salt of
claims 1 to 9 which process comprises reacting at elevated
temperature:-

35 (A) either (i) a sulphur-free calixarene having a substituent i
—

Rl



‘obtalhed | are given in-the-acconpanying Table 1. Exampte;
Nonylphenolcallx(6 8)arene in x usolutlon (330g R}ihihﬁgg§ﬂ1gHE;
- sol ut i onThi9SI8e HapBaarlicps

“litre, 5
. t her nopoc

pe). The errperature of the mixture was?tal sed to 10-[9-F-F~]—€“aﬁd “Xer
(7.37x1d err]mHg) (29 "Hg) applied to distil off 25 t he xylene. The

SNlSOWdW#@enL. e ;meﬂe,éﬁargea to a
ot t oned fIangeJTLé§ g&?l

‘ h t ke o] f @@ :
G nmet er éﬁétherﬁﬁﬁQQQLQl ndiaglt to ?pa dl
upm

D

vacuum was renoved and while maintaining the tenperature between 100 and
110C, 2-ethyl hexanol (222g, 1.7 noles) was added, with stirring at
approxi nat el y 500r phydro¥hle grewc or groups available for reaction with metal base,

10

15

20

25

30

35

(ii) a low based metal calixarate, (iii) 4 neutral metal
calixarate or an overbased metal salt according to claim 1,

(B) a getal base added either in a single addition or in a
plurality of additions at intermediate points during the
reaction,

(C) A solvent comprising either:-

(C1) either (i) a polyhydric alcohol having 2 to 4 carbon
atoms, (ii) a di- (C3 or C4) glycol, (iii) a tri- (Cy-Cy)
glycol or (iv) a mono- or poly-alkylene glycolualkyl ether of
the formula:

R9(OR10)c0R1E (I11)
wherein in the formula (III) R? is a C} to Cg alkyl group, R1O
is an alkylene group, Rl is hydrogen or a C; to Cg alkyl group
and £ is an integer from 1 to 6,
either alone or in combination with either (Cz) a hydrocarbon
solvent or C(3) either (i) water, (ii) a C1 to Cyp monohydric
aleohol, (iii) a C; to Cyg ketone, (iv) a Cj to Cyp carboxylic
acid ester or (v) an aliphatic, alicyclic or aromatic C; to Csp
ether, or,
(C4) a C; to C; monohydric alcohol, in combination with a
hydrocarbon solvent (Cj), and

(D) carbon dioxide added subsequent to each addition of component
(B).

11. a process according to claim 10 wherein component (A) further

includes a compound of the general formula:-

(OH), B (OH)p (OH) .

CR22R23 [//z;‘% CRZ5R28 (IV)

(R21)x R (R24)y A (R27)z

wherein in the formula (IV):-

a, b and ¢ each independently represent 1 or 2;

X, ¥ and z each independently represent zero or an integer from

| H|||I|| (I |l||| l\ |I|l



n1xtune was raised to 130[err]C and linme (58g, 0.78 rmles)._vas. addedﬂgyer 5
m nut es. _Vacuum {(254mrHg)—¢10" AS—applred=to t.&fgﬂuiibea

“held for 15 nminutes at 130[err]¢ ”Tﬁ@;vécﬂuﬁnmasfre; et -and-st-ear. é’ cid
(100g, O. Hﬁwﬁbkﬁﬁ-Bﬁm§Q&ﬁﬂbd over 10 HHdtes and uac?u % ) (10'1 "Hg)

“was reappli tor and held tor 15 minutesf ai;} th 85 [The
vacuum was hyl ene gl ycol (3@ 0. 58 nof es)..was. added dver 15

m nut es and vacuum (254mHg) 35 (10" 'Hg) was reapy lied and the readtlon
held at 130[err]C for 60 -15 - ; |

Rr21

» R24 and R27 independently represent either hydrogen or a
hydrocarbyl group when x, y or z is greater than 1, each r21
each R2% or each R27 respectively being the same or different;
R22, R23, R25 and Rr26 independently represent hydrogen or an

5 alkyl group; and

g is an integer from 1 to 20.
12. A process according to claim 11 wherein the compound of the
formula (IV) is one in which:~
a, band ¢ = |;
10 X, ¥y and z = };
R21, R24 and R27 is a C;-Cj9 alkyl group;
either R22 = R23 = R25 = R26 = H or R?2 = R25 = H and R23 = R26 -
CH3, and
= 2 to 7.

15 13. A process according to claim 10 wherein component (A) is a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base.
l4. A process according to claim 10 wherein component (A) is an
overbased metal salt according to claim 1.

20 15. A process according to any one of claims 10 to l4 wherein the
metal base (B) is either quick lime (Ca0) or slaked lime (Ca(OH)5)
or a mixture of the two in any proportions.

16. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises ethylene glycol.

25 17. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises a mixture of ethylene glycol and 2-ethyl
hexanol.

18. A process according to any one of claims 10 to 15 wherein the
solvent (C) comprises a mixture of methanol and toluene.

30 19. A process according to any one of claims 10 to 18 wherein the
solvent (C) further incorporates a lubricating oil.

20. A process according to any one of claims 10 to 19 wherein the
reaction mixture further incorporates component (E) which is either
(i) a Cg to Cygp carboxylic acid or an anhydride thereof, (ii) a di-

35 or polycarboxylic acid containing from 36 to 100 carbon atoms or an

HII\Il\ \“Il\ III“ Ly



m nut es.

-

v,

“

The 5 15 20 25 30 35 __

This Sheet Has Been Replaced i

T

10

15

20

25

30

35

e S |
F_““ SHEET IAS BE-N L REFLACEMENT SHEET|
e & e |

07 CCT 199

anhydride thereof, (iii) a hydrocarbyl-substituted sulphonic acid or

St ¢ cemdnres,

;|

anhydride thereof, (iv) a hydrocarbyl-substituted salicylic acid or
anhydride thereof, (v) a hydrocarbyl-substituted naphthenic acid or
anhydride thereof, (vi) a hydrocarbyl-substituted phenol or (vii) a
mixture of any two or more of (i) to (vi).

21. A proéess according to claim 20 wherein component (E) is an
acid having the formula:-

R12 - CcH - cooH )

ri3
wherein in the formula (V):
R!2 is a Cio to Cys4 alkyl or alkenyl group; and R!3 is either
hydrogen, a Cy to C; alkyl group or a -CH9COOH group.
22. A process according to claim 21 wherein component (E) is
stearic acid.
23. A process according to any one of claims 10 to 22 wherein the
reaction mixture further incorporates component (F) which is a
catalyst (or promoter) for the reaction, which catalyst or promoter
is either calcium acetate or calcium chloride.
24. A composition suitable for use as an additive to lubricating
oils which compssition comprises as a first component the overbased
metal salt of any of claims 1 to 9 or made by a process of any of
claims 10-23 and as a second component a neutral and/or an overbased
metal salt of at least one of (i) a Cg to Cjgg carboxylic acid, (ii)

a di- or polyycarboxylic acid containing from 36 to 100 carbon

atoms, (iii) a hydrocarbyl

substituted sulphonic acid, (iv) a hydrocarbyl-substituted salicylic
acid, (v) a hydrocarbyl-substituted naphthenic acid, or (vi) a
hydrocarbyl- substituted phenol.

25. A finished lubricating oil composition which composition
comprises a lubricating oil and a the overbased metal salt of any of

claims 1 to 9 or made by any of claims 10-23.

R Y



- 16- over approximately 30-40'm nutes; Vacuum (7.37xIJerr] nnHg) (29 "Hg)

was applied and-the tenperature raised - to 200[err]C. After 90 mnutes; the
vacuum:was renoved and the product cooled to 140[err]cy e
filfbred;through a 15mm deep pad of ‘conpressed clarcellg@,ﬁihﬂ

supported on a no.1 glass sinter funnel. The batches df [nonyT~cahi ~
listed in Table 2 were manufactured in a_simlar manngr angM;Li o]
however there are changes of condi ti ons?f. e. t enper at é, gl'ycol 124d |

stearic acid. These are listed in Table 2. 10 Exanpl €5-34-37.

ABSTRACT

CVERBASED CALIXARATES, PROCESS_FOR THEIR PRODUCTION,
COMPOSITIONS CONTAINING THEM AND USE AS LUBRICATING OIL ADDITIVES

Nen-sulphurised overbased metal salts of sulphur-free
calixarenes having a substituent hydroxyl group or groups available
for reaction with metal base and their preparation are claimed. The
salts are useful as additives to lubricating oils by reason of their
acids neutralisation capability, their detergent and their

antioxidant properties.

LR e



anyl phenol cal i x( 6, 8)arene in xylene solution (330g of 13.64% sol uti on,
0.03 noles) and al kyl phenol with SN150 diluent oil (90g) were charged to a

14litre, 5 necked, round bottomed, flange flask wi th—take-off—eendenser,

t her nopocket (with thermoneter and 15 - thernocoupl EE;’h@ﬂﬁfaﬁmﬁ&%ﬁﬁ@( paddl e
type). The tenperature of the m xture was raised to {TI0f&rtTTT and; vecuum
(7.37xIderr]nmtHg) (29"Hg) applied to distil off the xygelng. Iﬁ@ov cuum was
renoved and whil e maintaining the tenperature betwien 160 WU‘ [Brr]C,

2- et hyl hexanol (222g, 1.7 noles) was addegd,. with stli rd i atel y
500 20 rpm The reaction mxture was raised to 130[err]C and |ine} (58g
0.78 nol es) was added over 5 m nutes. Vacuum (254nmHg)y—(10"“Hy)yWas

OVEREASED CALIXARATES, PROCESS FOR THEIR PRODUCTION
COMPOSITIONS CONTAINING THEM AND USE AS LUBRICATING OIL ADDITIVES

The present invention relates generally to overtased metal
salts, their preparation and their use as detergen: additives in
lubricating oil compositions.

In the operation of the internal combustion exgine by-products

5 from the combustion chazber often blow by the pisten and admix with
the lubricating oil.

Compounds generally employed to neutralise the acidic materials
and disperse sludge within the lubricating oil are the overbased
alkalire earth metal sulphurised hydrocarbyl-substituted phenates,

10 salicylates, naphﬁmﬁmbs and sulphonates. The term “overbased" is
generally used to describe those alkaline earth retal
hydrocarbyl- substitutedsalts in which the ratio. of tie nunber of
equivalents of the alkaline earth metal moiety to the number of
equivalents of the acid moiety is greater than ore, and is usually

15 greater than 1.2 .and may be as high as 4.5 or greater. In contrast,
the equivalent ratio of alkaline earth metal moiety to acid moiety
in “normal" or “peutral™ alkaline earth metal
hydrocarbyl-substituted salts is one, and in "low based" salts is
less than one, Thus, the overbased material usually contains

20 greater than 20% in excess of the alkaline earth metal present in
the corresponding neutral material. For this reason overbased
alkaline earth metal hydrocarbyl-substituted salts have a greater
capability for neutrezlising acidic matter than do the corresponding
neutral alkaline earth metal hydrocarbyl-substituted salts, though

25 not necessarily an increased detergency powver.



appl led to the reactor and held for 15 m nutes at "l '_ \‘_Z Efﬂlhm was

renmoved and stearic acid (1 OO0y 0.35 noles) was adde; “and
vgcuum (254mHg) (10"Hg) was reapplied to the react or L‘an@r- eI d for 15
mnutes at 130[err]C. The vacuum was repoved and b thyl‘ﬂeﬁéj ycoI (360,
0.58 nol es) was added over 15 minutes antl vacuum (tSﬂmﬁ-!g) {30~ S
reapplied and the reaction held at 130[err]C for 609 m nutes. The vacuum was
renoved and(CJ err]2)(58g, 1.3 noles) was added over—approximaiel y 30-40

m nutes . Vacuum 30 (7.37x1d err]mHg) (29"Hg) was applied and the

t enperat ure rai sedIhotiR0BpevfrcCure Af tihe preEaid eslphurésedhbpdimreaetylr enoved

i‘gm g:eBr Oducﬁh&%@egd ﬁy%r;ge%[ g[\{th?de 1-£h§en% Qgéjcﬁt wifh R&&Jo%gz?clui&rlggg{]s a

generally disposed of by burning, thereby producing sulphur dioxide,
which is released to the atmosphere. Environmental concerns are

5 growing over the use of sulphur-containing lubricant additives, due
to the resulting sulphur dioxide emissions associated with lubricant
combustion in service, as well as in additive production. 1In
consequence, a desirable objective would be to develop sulphur-free
overbased alkaline earth metal salts suitable for use as detergent

10 additives in lubricating oils.

US-A-4,131,554 discloses compositions which are useful as
anti-rust and anti-corrosion additives and can impart useful
detergent, dispersant, and varnish-inhibiting properties to
compositions containing them. The compositions comprise irter alia

15 non-sulphurised overbased metal carboxylates made by reacting at
least one basically reacting metal compound in the presence of a
promoter and an acidic reagent with at least one composition made by
reacting (I) at least one phenoxide metal salt of a bridged phenol
of the general formula

20

(i O)O (H D)n (OH) W7

S r
TR @«/J &)

30 wherein n, n' and n'' are each independently integers of 1-3; R, R!

and R'' are each independently aliphatic hydrocarbon-based groups of
one to about 300 carbon atoms each; m, m' and m'' are each
independently integers of 0-3; N is an integer of 0 to 20 and each
X is a divalent bridging linkage selected from the group consisting

35 of inter alia carbon-to-carbon single bonds, ether linkages,



of conpressed Clarcel DICfilter aid, supported on a'

funnel . 35 The bat ches of nonyl calixarate I@Pedﬁr%@:ﬁ Bl

-i6a- manufactured in a simlar manner as outlined lat:tove however th re are

changes in the al kyl phenol used i.e. type or armurit Th%ebgr%ﬁ iLO
- a —
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methylene linkages, alkylene linkages, di(lower)methylene linkages,
lower alkylene ether lirkages, .amino linkages, polyamino linkages
and mixtures of said divalent bridging linkages, with (II) at least
one carboxylic acid reagent of the formula

5 A-(Cox)i-3
wherein A represents a hydrocarbon-based aliphatic or alicyclic
group containing at least one halogen atom and 1 to about 20 carbon
atoms, each Cox independently representing a carboxyl-based group.
No mention is made in US-4-4,131,554 of the use of calixarenes.

10 In furtherance of the aforesaid objective the present invention
in one aspect provides a non-sulphurised overbased metal salt of a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base, the calixarene having

the formula:

i5
Rf
. j/:j
X 0
20
L& Ty
25

30



15 20 25 30 35 -17- listed in Table 3. Exanples 38-45

R i

£% y

- 2b -

R S

wherein ¥ is a divalent bridging group;
R3 is a hydrocarbyl or.a hetero-substituted hydrocarbyl
group;
either Rl is hydroxyl 'and R? and R* are independently either
5 hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl, or
R2 and R% are hydroxyl and Rl is either hydrogen,
hydrocarbyl or hetero-substituted hydrocarbyl; and
n is an integer in the range from 3 to 12.
For a review of calixarenes the reader is referred to
10 'Monographs in Supramolecular Chemistry' by C David Gutsche, Series
Editor - J Fraser Stoddart, published by the Royal Society of
Chemistry, 1989. Calixarenes having a substituent hydroxyl group or
groups include homocalixarenes, oxacalixarenes, homooxacalixarenes
and heterocalixarenes.
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The al kyl calixarene in xylene solution (330g o&—&8¢64%@sGLuLLgnﬂ.0.03
mol es) with SN150 diluent oil (90g) were char gedRER A HNTIHERTle, 5
necked, round bottoned, flange flask with take of f~“condenser;—thgr mopocket
(with thernoneter and thernocouple) and agitator épanIa,tmpﬁzi The
tenperature of the mixture was raised to 110[er] € ahd Yachiim |

(7.37x1d err]nmtHg) (29"Hg) applied to disfil of f fhe-xyl-ene.._.The vacuum
was renoved and whil e maintaining the 10 t enpér ature between 140 and
110[ err] C, 2-ethyl hexanol (222g, 1.7 nol es) was “added,~with-sti+r+i ng at
approximately 500 rpm The reaction- mxture was raised to 130[er] C and
lime (58g, 0.78 noleshhewbsrmallddd)pviemap suibaklgsbe vasrRfg {(254keiHg) (10" Hg)

was appl i ed tOR6 f}% £let%(é§:q{ydrogen or hydrocarbyl e.g. of 1-6 carbons such as

methyl, d is an integer which is at least one, and n preferably is

from 4 to 9. Any hetero substituted hydrocarbyl group has the
5 heteroatom preferably -0- or >NH interrupting a chain of carbon
atoms, such as an alkoxy-alkyl group of 2-20 carbons.-

A preferred calixarene has the formula:-

OH
@(
10 (11)
R+ f'{a n

wherein Rz, R3 and R% are independently either hydrogen, hydrocarbyl

15 or hetero-substituted hydrocarbyl, either one of R7 and R® is
hydrogen and the other is either hydrogen or hydrocarbyl,
n is an integer in the range 4 to 9, and
e is one or greater e.g. 1-4.
Preferably in the formula (II), RZ and R% are hydrogen, R3 is

20 hydrocarbyl e.g. of 1-20 such as 3-16 carbon atoms or
hetero-substituted hydrocarbyl, more preferably alkyl, one of R7 or
R® is hydrogen and the other is either hydrogen or alkyl, n is
either 4, 6 or 8 and e is one. In the case where one of R7 or R8 is
alkyl, it is preferably C;-Cg, alkyl, more preferably methyl.

25 Preferably R3 is alkyl, in particular nonyl (or a propylene trimer),
t-butyl, dodecyl or tertiary-amyl. p-Alkylcalixarenes are also
known as p-alkylphenol calixarenes and both terms will be used
herein. An example of a suitable calixarene of the formula (II) is
p-tert-butyl calix [6,8] arene. The [8] arene, for example, may be

30 represented by the formula:-

35



and held for 15 minutes at 130[err] C. The vacuum was renoved and 15
stearic acid (10Qg, 0.35 noles) was added over 10 i It es and VA
(254nmHg) (10"Hg) was reapplied to the reactor and '-:fei”xqt’j Yrids Wites at
130[err] C. The vacuum was renoved and et hyl ene gl y¢olf (3697 0.58 rml ds) was
added over 15 mnutes and vacuum (254pmHg) (10" Hg) S i%aPPl ked and the
reaction held at 130[err]C for 60 mnnutes. The 20 acuum was rem)v‘ed and
CJerr] (58g, 1.3 noles) was added over approxi mat ¢l -3&—46*1‘n"mt-es Vacuum
(7.37xIderr]mHg) (29"Hg) was applied and the tenperature rai sed tol
200[err]C. After 90 m nutes, the vacuum was renoved and the product cool ed
to 140[err]C. The product was filtered rough a 15mm deep pad of
conpressed Clarcel DICfilter

(=]

4 rH No
N

1 G ﬁ@

Other suitable calixarenes include p-dodecyl calix[6]areze,

15  p-nonyl calix[8)arene and p—nonyl[6,7,8]arene.‘

Calixarenes may suitably be prepared by the method described in
the aforesaid Monograph, Chapter 2. Typically, an alkyl phenol
unsubstituted at the ortho-positions may be reacted in the presence
of a base with an aldehyde, such as formaldehyde or acetaldehyde.

20 The metal moiety of the salts may suitably be either an alkali
or an alkaline earth metal, or indeed any metal capable of forming
salts with calixarenes. Preferred metals include calcium, magnesium
or barium. A particularly preferred metal is calcium. The salts,
will hereinafter be termed "calixarates™. Overbased calixarates,

25 the subject of the present invention, are calixarates in which the
ratio of the number of equivalents of the metal moiety to the number
of equivalents of the acid moiety is greater than one.

In another aspect the present invention provides a process for the
production of an overbased calixarate as hereinbefore described

30 which process comprises reacting at elevated temperature:-

(A) either (i) a sulphur-free calixarene having a substituent
hydroxyl group or groups available for reaction with metal
base of the formula (I), (ii) either a low-based or a neutral
metal calixarate, or (lil) an overbased metal calixarate as

35 hereinbefore described,



25 aid, Supported on a No 1 glass sinter funnel.
calixarate listed in Tables 4 and 5 were manufacturg
as outlined above, however there are changes in the

tenperature of reaction used. These are ilsted inT bFes
< ba -

dMS ) 3vo '35

P2 uu!_ 998

N
.'l
|

(B) a metal base added either in a single addition or in a
plurality of additions at intermediate points during the

reaction,
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25
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_1o- -'20 - Table 3 V100 Ex Al kyl Phenol (g)
Ca (%9 (mierr]s-1) 5 DDP NP i
(d) (Cst)

%

-5 -

e h ik ke

(C) A solvent comprising either:- .
(Cy) either (i) a polyhydric alcohol having 2 to 4 carbon"
atoms, (ii) a di- (C3 or C4) glycol, (iii) a tri- (Cy-Cy)
glycol or (iv) a mono- or poly-alkylene glycol alkyl ether of
5 the formula:
R9(0R10),0R!! (111)
wherein in the formula (III) R? is a C; to Cg alkyl group, R0
is an alkylene group e.g. 1-6 or 2-4 carbon atoms, Rl s
hydrogen or a Cj to Cg alkyl group and £ is an integer from !
10 to 6,
either alone or in combination with either (C3) a hydrocarbon
solvent or (C3) either (i) water, (ii) a C) to Cyp monohydric
alcohol, (iii) a ketone having up to 20 carbon atoms, (iv) a
carboxylic acid ester having up to 10 carbon atoms or (v) an
15 aliphatic, alicyclic or aromatic ether having up to 20 carbon
atoms, or,
(C4) a C; to Cz monohydric alcohol, in combination with a
hydrocarbon solvent (Cy), and
(D) carbon dioxide added subsequent to each addition of component
20 (B).

' With regard to component (A) this may be either (i) a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base of the formula I, (ii)
either a low-based or a neutral metal calixarate or (iii) an

25 overbased metal calixarate as hereinbefore described., Suitable
calixarenes (i) are those as hereinbefore described, particularly
those alkyl calixarenes capable of conferring oil-solubility on the
product. Preferred calixarenes include p-tert-butyl
calix[6,8)larene, p-dodecyl calix[6]arene, p~nonyl calix[8)arene and

30 p-nonyl calix[6,7,8)arene. Pre-formed calixarates wherein the

equivalent ratio of metal base moiety to calixarene is either 1
(neutral calixarates) or less than | (low-based calixarates) may be
employed to produce an overbased calixarate. Alternatively, an
overbased calixarate zccording to the present invention may be

35 employed, in which case the product is a calixarate having an
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3 3309 of nonylphenolcallx (6 8)arene = 0 030 nDIes 29 4.

(g)

90
9.79

Tenper at ure

10. 67
65.7 40

(9)
122.2 39

SN150
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Ca
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- 6 330
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nonyl phenol cali x (6,8)arene = 0.024 noles Table 4 V‘Q@T
(mierr]s-1) 25-=zxis
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In addition to one of the alternatives (i) to (iv), componernt

(A} may further inciude a compouna or the general formula:-

(0H) 5 r (OH)y, (0H) .

O cr22523 0

CR25R26

(Iv)

(R21), T (Y, g (B2,
wherein a, b and c each independently rébresent I or 2;
X, y and z each independently represent zero or an
3;
rR21,

integer from 1 to

R2%4 and R27 independently represent either hydrogen or a
hydrocarbyl group, whea x, y or z is greater than 1, each Rzl, each
R2%4 or each RZ7 respectively being the same or different;
R22 R23 R25 and R26 independently represent hydrogen or an alkyl
group; and .
g is an integer from 1 to 20.

Preferred compounds of the formula (IV) are those in which a, b
and C are 1l; x, y and z are 1; Rzl, R24 and ‘R27 is preferably a
C; to C94 alkyl group, more preferably a C1-Cjq alkyl group; either
R222R23=R25R26- hydrogen or R22=R25= hydrogen and R23=R26= methyl;
and g is preferably frem 2 to 7, more preferably 3, Where Rzz, R23,

R%5 and R26 11 represent hydroge the compound oi general formula
(IV) can be prepared bty the condensation of the corresponding phenol
with formaldehyde. Where one of R%22 and R23 and one of R25 and R26
is hydrogen and the other is a hydrocarbyl group, for example a

lower alkyl group, an zldehyde other than formaldehyde is used in

.the condensation with the phenol.

The

mixture of overbased salts and any low-based, neutrzl or unreacted

compounds resulting frem the use of the mixed feed is useful as =z

lubricating oil additive.
Component (B) is 2 metal base. The metal moiety may suitably

be an alkali or alkaline earth metal, preferably an alkaline earth

metal. The alkaline earth metal is preferably calcium, magnesium or



i. 52.5g of anyl

0.03 noles 35

Table 5 V100 5 Prep Al kyl (9)
(mjerr]s-1) No Cal i xar ene (O

(cSt)
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barium, more preferably calcium. The base m01ety may sultably be an

oxide or a hydroxide, preferably the hydroxide.” . A calcium base may

be added, for example, in the form of quick lime (C20) or in the
form of slaked lime (Ca(OH)j) or mixtures of the two in any
proportions. Conponent (B) may be added in whole to the initial
reactants or in part to the initial reactants and the remainder in
one or more further additions at intermediate points during the
reaction.

Component (C) is a solvent for the reactants. The solvent (C)
may be either (Cj) either alone or in combination with either (Cjy)
or (C3), or the solvent (C) may be (Cz) 2 C to C, monOhydrlc alcohol in
combination with (C,) wherein: -

(C1) is either (i) a polyhydric alcohol having 2 to 4 carbon atoms,
(ii) a di~(C3 or C4) glycol, (iii) a tri-(Ce to C4) glycol or
(iv) a mono- or poly-alkylsne glycol alkyl ether of the formula:-
RI(OR!I)poRLL (111)
wherein in the formula (III) RY is a C; to Cg alkyl group, R1O is an
alkylene group, RlL is hydrogen or a C) to Cg alkyl group and ¢ is
an integer from 1l to 6. Suitable compounds having the formula (III)
include the monomethyl or dimethyl ethers of {a) ethylene glycol,
(b) diethylene glycol, (c) triethylene glycol or (d) tetraethylene
glycol. A suitable compound is methyl diglycol
(CH30CHyCH9OCHCHOH) . Hixtures of glycol ethers of formula (III)and
glycols may also be emp.oyed. The polyhydric alcohol may suitably
be either a dihydric alcohol, for example ethylene glycol or
propylene glycol, or a trihydric alcohol, for example glycerol. The
di- (C3 or C4) glycol may suitably be dipropylene glycol, the tri-
(Cy to C4) glycol may suitably be triethylene glycol. Preferably
the component (C;) is either ethylene glycol or methyl diglycol.

(Cy) is a hydrocarbon solvent which may be aliphatic or
aromatic. Examples of suitable hydrocarbons include toluene,
xylene, naphtha and aliphatic paraffins, for example hexane, and
cycloaliphatic paraffins.

(C3) may be either (i) water, (ii) a C; to Cyp monohydric

alcohol, (iii) a ketone having up to 20 carbon atoms, (iv) a




41 A : 130 90 7.58 189.1 42
B 330 130 90 9.41 133.9 10 43
B 330 110 110 8.73 '62.5 44 B
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130 90  9.86 89.9 15 _ ,NQTE 1. 'A ‘& BT but vl
phenol cal i xarene/t-butyl phenol formal dehyde resin/fr¢ yI—phanal (50%
solution in xylene) = 0.03 noles. 2. 'B is an alkyl Eiph)ququgl.i_;_ arlene made
from al kyl phenol which 20 contains about 65% of .hj_e gara 5#8r land the
al kyl group is dodecyl R S —

carboxylic acid
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{13.64% sol ution in xylene) = 0.03 moles. 3. 'C |R&H
phenol cal i xar ene/ p- nonyl
solution in xylene)
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ester having up to 10 carton atoms or (v) an aliphatic, alicyciic or

aromatic ether having up to 20 carbon atoms. Examples are rethanol,
2- ethyihexanol‘, cyclchexanol, cyclohexanone, benzyl alcohol, ethyl
acetate and acetophencne. .

-(C4) may be a C} to C; monohydric alcohol, preferably methanol

in combination with a hydrocarbon solvent (C,).

Preferred solvents (C) comprise ethylene glycol, a mixture of
ethylene glycol and 2-ethylhexanol and a mixture of methanol and
toluene.

Generally, in view of the intended use of the product, it is

preferred to incorporate a lubricating oil as a solveat. The

'lubricating oil may suitably be an animal, a vegetable or a mineral

oil. Suitably the lubricating oil is a petroleum ~ derived

lubricating oil, such as 2 naphthenic base, paraffin base or
mixed base oil.  Solvent neutral oils are particularly suitable.
Alternatively, the lubricating .0il may be a synthetic lubricating

-

oil. Suitable §ynthetic lubricating oils include synthetic ester
lubricating oils, which oils include diesters such as di-octyl
adipate, di-octyl sebacate and tri-decyladipate, or polymeric
hydrocarbon lubricating oils, for example liquid polyisobutenes and
poly—-alpha olefins,

Component (D) is carbon dioxide, added subsequent to each
addition of component (B). Carbon dioxide may be added in the form
of a gas or a solid, preferably in the form of a gas. In gaseous
form it may suitably be blown through the reaction mixture,

Preferably the reaction mixture méy additionally incorporate as
Component (E) either (i) a Cg to Cypp carboxylic acid or an
anhydride thereof, (ii) a di- or polycarboxylic acid containing from
36 to 100 carbon atoms or an anhydride thereof, (iii) a
hydrocarbyl-substituted sulphonic acid or anhydride thereof, (iv) 8 _
hydrocarbyl-substituted salicylic acid or anhydride thereof, (v) 2
hydrocarbyl-substituted naphthenic acid or anhydride thereof, (vi) &
hydrocarbyl-substituted phenol or (vii) a mixture of any two or more
of (i) to (vi), of which (i) is preferred.

As regards (i), this is preferably an acid having the formula:

R12Z - CH - coOH (¥)

13



“Cains: 1. A non-sul phuri sed overbased net al alﬁ'
cal i xarene having a substituent hydroxyl group or grqu

reaction with netal base, 5 t he cal i xarene having it he forﬁula 10!
wherein in the formula (1): Y is a divalent bridgingi gnoub,.&&iﬁ%§ |
hydrocarbyl or a hetero-substituted hygrocarbyl group ‘15 ,MMMPW_QL[he

I s hydroxyl and R2 and R4 are i ndependéntly either

wherein R1Z is a Cio to Cy4 alkyl or alkenyl group and R13 is either
hydrogen, a Cj to C; alkyl group or a -CHpCOCH group. Preferably
R!2Z in the formula is an unbranched alkyl or alkenyl group.
Preferred acids of formula (V) are those wherein R3 is hydrogen and

5 R12 is a Cip to Coy, more preferably Cjg to Cgs; unbranched alkyl
group. Examples of suitable saturated carboxylic acids of formula
(V) include capric, lauric, myristic, palmitic, stearic, isostearic,
arachidic, behenic and lignoceric acids. Examples of suitable
unsaturated acids of formula (V) include lauroleic, myristoleic,

10 palmitoleic, oleic, gadoleic, erucic, ricinoleic, linoleic and
linolenic acids. Mixtures of acids may also be employed, for
example rape top fatty acids. Particularly suitable mixtures of
acids are those commercial grades containing a range of acids,
including both saturated and unsaturated acids. Such mixtures may

15 be obtained synthetically or may be derived from natural
products, for example tall, cotton, ground nut, coconut, linseed,
palm kernel, olive, palm, castor, soyabean, sunflower, herring and
sardine oils and tallow.

Instead of, or in addition ﬁo, the carboxylic acid there may be

20 used the acid anhydride. It is preferred however to use a
carboxylic acid or a mixture of carboxylic acids., A preferred
carboxylic acid of formula (V) is stearic acid. The acid may
suitably be present in an amount up to 40%Zw/w, based on the tétal
weight of the final product. It is believed that the acid, when

25 present, chemically modifies the overbased calixarate product.

As regards (ii), this is preferably a polyisobutene succinic
acid or a polyisobutene succinic anhydride.

As regards the hydrocarbyl substituent of (iii), (iv), (v) and
(vi), this may suitably contain up to 125 aliphatic carbon atoms.

30 Examples of suitable substituents include alkyl radicals, for
example hexyl, cyclohexyl, octyl, isoctyl, decyl, tridecyl,
hexadecyl, eicosyl and tricosyl, radicals derived from the
polymerisation of both terminal and internal olefins, for example
ethene, propene, l-butene, isobutene, l-hexene, l-octene, 2-butene,

35




hydrogen hydrocarbyl or hetero substituted hydﬁ@canbyT«-g

and R4
are hydroxyl and Rl is either hydrogen, - _ tipstituted
s hydrocarbyl; and n is an integer in the range fir om 3 to 12. 20. 2. An
overbased netal salt according to clajgn.l mherélﬁ n2hagdih 9% uk | n the
range from4 to 9 and the group Y is (CHR[err])d‘ln whi ch R6 |h ei t her
hydrogen or hydrocarbyl and d is an integer whilch 7§ at T€ast™ onk. 3. An
overbased netal salt according to claim1 wherdin_the 25 cal i xprene has

the formul a;-
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2-pentene, 3-pentene and 4-octene. Preferably the hydrocarbyl
substituent is one derived from a polypropylene, poly-l-butene or
polyisobutené. )

The reaction mixture may also incorporate as cémponent (F) a
catalyst (or promoter) for the reaction. The catalyst may be an
organic compound or an inorganic compound. Suitable organic
compounds include (i) organic halides or (ii) organic alkanocates,
which may suitably be represented by the formula:-

R4 - x (V1)
wherein in the formula (VI) X is either halogen, suitably chlorine,
bromine or iodine, preferably chlorine, or the group 0CoR!5 wherein
RIS is suitably C; to C; alkyl and R!¥ is either an alkyl, aryl or
alkaryl group preferably having 3-20 or 6-20 or 7-20 carbons
respectively, or halo-derivative thereof. Alternatively, the
organic halide may be an EX salt of an organic base, for example
guanidine hydrochloride. A suitable example of an organic halide of
the formula (VI) is octyl chloride. Mixtures of (i) arnd (ii) may
also be employed. Suitably the amount of organic compound (F)
employed may be up to 2.0 by weight based on the weight of
concentrate. Suitable inorganic compound catalysts include
irorganic halides, particularly inorganic chlorides, and inorganic
alkanoates. Examples of suitable inorganic compound catalysts
include calcium acetate, calcium chloride, ammonium chloride, '
aluminium chloride and zinc chloride, of which calcium chloride and
calcium acetate are preferred. Suitably the amounts of the
inorganic compound catalyst employed may be up to 2.0% wt/wt based
on the weight of the reaction mixture. Provided that the catalyst
is present during the carbonation step, it may be added at any point
in the process, though it will usually be found convenient to add
the catalyst initially.

In order to produce an overbased calixarate from component
(A)(i) .or (A)(ii) it is necessary only to react the (A) component
with components (B), (C) and (D), using the appropriate proportions
of components (A) and (B) to achieve overbasing. Suitably component

(B) may be added in one or more additions,
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ei ther one of R7 and R8 is hydrogen an ther
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preferably in a single addition.

In order to produce & high TBN (Total Base Number) overbased
calixarate, as an alternative to components (A)(i) or (ii) component
(A)(iii) may be employed, and it is preferred to employ component
(E), particularly either (E)(i) or (ii) and more particularly
stearic acid, whilst at the same time adjusting the relative amounts
of components (A) and (B) to a value sufficient to produce the high
TBN desired. Again, component (B} may suitably be incorporated in
one or more additions, preferably in a single addition.

Suitably the elevated temperature at which the process is
operated may be a temperature in the range from 15 to 200°C,
preferably from 50 to 175°C. The selection of the optimum
temperature within the aforesaid range will depend to a large extent
on the nature of the solvent employed.

Generally, the process will be operated in the presence of a
lubricating oil. At the conclusion of the process it is preferred
to recover the salt as a solution in lubricating oil by separating
off volatile fractions, for example by distillation at
subatmospheric pressure.

Finally, it is preferred to filter the solution, Alternatively,
the solution may be centrifuged.

In another aspect the present invention also provides a
composition suitable for use as an additive to lubricating oils
which composition comprises as a first component an overbased
calixarate as hereinbefore described and as a second component a
neutral and/or an overbased metal salt of at least one of
(i) a Cg to Cygg carboxylic acid,

(ii) a di- or polycarboxylic acid containing €from 36 to 100 carbon
atoms,

(iii) a hydrocarbyl-substituted sulphonic acid,

(iv) a hydrocarbyl-substituted salicylic acid,

(v) a hydrocarbyl-substituted naphthenic acid or

(vi) a hydrocarbyl-substituted phenol.

Suitably the metal moiety of the salts in the composition may



fornmul a (II) R2 and R4 are hydrogen; R3 is alkyl; one of R7 or R8 is

hydr ogen and the other is either hydrogen or 20 aIkyI nis either 4, 6

or 8 and e is one. 5. An overbased netal salt aclagrdis N
wherein R3 is either nonyl, t-butyl, dodecyl or terﬁF@:y 2151 Vi Sl oo

overbased netal salt according to claismis of either|p-tert- butyl ilhx,

[ 6, 8] arene, p-dodecyl calix [6]arene, p-nonyl calix[ShaﬁbmeUhr
calix [6,7,8]arene. L |

Method
(i) The initial charge was heated to 125°C and lime (53g) was
charged, )

(ii) the temperature was increased to 145°C. Ethylene glycol

5 (36g) was charged whilst ramping the temperature to 165°C,
(iii) the mixture was held at 165°C for 1 hour,
(iv) carbon dioxide (40g) was added at 165°C/1.012x10%pPa (1 bar),
(v) . the mixture was stripped at 200°C/1.333x103Ba (10mm Hg), and
(vi) the product was filtered through filteraid.

10 RESULTS
Product weight = 340g
Distillate weight = 232g
Product Composition After Filtration
Ca 8.8%

15 Ca incorporation efficiency = 99.5%
AV 233mg KOH/g
€O, = 7.6%

109mmzs‘1(cSt)

Viscosity at 100°C

Examples 2 to 5

20 The procedure of Example 1 was repeated,
The reactants, their relative proportions and the results

obtained for Examples 1l to 5 are given in the accompanying Table 1.

Example 6
Initial charge - p-t-Butyl Calix [6,8] arene llog
25 Lubricating oil 131g
2-Ethylhexanol 40g
Stearic acid 35g
Calcium chloride 4g
Tcluene 200g
30 Methanol 20g
Method
(i) The charge was heated to 60°C and lime (76g) was added,

(ii) the mixture was held at 60°C for 1 hour,
(iii) carbon dioxide (57g) was added at 60°C/1.012x105Pa (1 bar),
(iv) methanol (10g) and lime (35g) were added at 60°C,

(€3}
w

25



7. An overbased metal salt according to any one of the preV|ous cl ai s

wherein the netal noiety of the salt is either calciunh qu
30 8. An overbased netal salt according to claim7 Mh

&

noiety is calcium 9. A process for the production of*the over based n tll

salt of clainms 1 to 8 which process comptéses reacting dt Bleyat gy

tenperature: - 35 (A) either (i) a sul phur-free callxarene haV|ng a

substi t uent
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(v) the mixture was held at 60°C for 1 hour,

(vi) carbon dioxide (30g) was added at 60°C/1.012x10°Pa (1 bar),
(vii) the mixture was stripped at 160°C/1.333x103Pa (10mm Hg), and
(viii) the product was filtered through filteraid.

RESULTS

Product weight = 417g

Product Composition After Filtration

Ca = 10.6%

Ca incorporation efficiency = 71.9%

AV = 290mg KOH/g
Oy =  6.8%
Viscosity at 100°C = 143mm2s-1(cSt)
Example 7

The procedure of Example 6 was repeated.
The reactants, their relative proportions and the results
obtained are given in the accompanying Table 1.

Comparison Test

The procedure of Example 6 was repeated except that the
calixarene was omitted from the initial charge.
The reactants their relative proportions and the results

obtained for Examples 6 and 7 are given in the accompanying Table 1.

Example 8

Initial charge - p-t-Butyl Calix [6,8] arene 15g
Lubricating oil 131g
2-Ethylhexanol 224g

Method

i) The initial charge was heated to 125°C and lime (56g) was

charged,
ii) The temperature was increased to 145°C. Stearic acid (70g)

was charged,
iii) Ethylene glycol (36g) was charged whilst ramping the
temperature to 165°C,
iv) The mixture was held at 165°C for 1 hr.,
v) Carbon dioxide (55g) was added at 165°C/1.012x105Pa (1l bar),
vi) The mixture was stripped at 200°C/1.333x103Pz (10mm Hg), and



formula (1), ] AT e
an overbased netal salt according to claiml, 5 (B) a netal ba$e added

either in a single addition or in a plurality of addltlant'yt 98 ey _
points during the reaction, (C) a solvenu500npr|5|QQ-elther (Cefr])

ei t her
a di-

(i) a
(Cerr]
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(ii) either a | ow based or a neutral

pol yhydri c alcohol having 2 to 4 carbgn 10 at
or Jerr]) glycol, (iii) atri- (C2- S— :

vii) The product was filtered through filteraid.
RESULTS

Product weight = 338g

Product Composition After Filtration

Ca = 8.6%

Ca incorporation efficiency = 96%
AV 242mg KOH/g
454mm2s l(cSt)

Viscosity at 100°C

Example 9
The procedure of Example 8 was repeated. The reactants, their

relative proportions and the results obtained are given in the
accompanying Table 1.

Examples 10 - 11

The procedure of Example 8 was repeated except that p-Nonyl
Calix [6,7,8] arene was used in place of p-t-butyl Calix [6,8]
arene. The reactants, their relative proportions and the results
obtained are given in the accompanying Table 1.

Examples 12-30

Nonylphenolcalix(6,8)arene in xylene solution (330g of 13.64%
solutjon, 0.03 moles) and SN150 diluent oil (90g) were charged to a
1 litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator (paddle type). The temperature of the mixture was raised
to 110°C and vacuum (7.37x102mmHg) (29''Hg) applied to distil off
the xylene. The vacuum was removed and while maintaining the
temperature between 100 and 110°C, 2-ethylhexanol (222g, 1.7 moles)
was added, with stirring at approximately 500rpm. The reaction
mixture was raised to 130°C and lime (58g, 0.78 moles) was added
over 5 minutes. Vacuum (254mmMg) (10''Hg) was applied to the
reactor and held for 15 minutes at 130°C., The vacuun was removed
and stearic acid (100g, 0.35 moles) was added over 10 minutes and
vacuum (254mmHg) (10''Hg) was reapplied to the reactor and held for
I5 minutes at 130°C. The vacuum was removed and ethylene glycol
(36g, 0.58 moles) was added over 15 minutes and vacuum (254mmHg)
(10''Hg) was reapplied and the reaction held at 130°C for 60

- 15 -

(i)

di ate

(i)



gl ycol—er—tiv) " & nono- or pon aIkerne glyco
Rlerr](ORerr])[err]OR err] ' aunlnthe
formula (11l1) Rerr] is a (Jerr] to C6 al kyl gr up,” ! is an
al kyl ene group, R err] is hydrogen or a (Jerr éfﬁ k gro jp and f is
an integer from1l to 6, either alongsar-in cofrbin RM |ther (C2) a
hydr ocarbon solvent or Cerr] :either (i) wat rL—{++}~ar€¥e¢p] lto Cerr]
nmonohydric al cohol, (iii) a ketone having up to 20 carbon atong, (iv) a 20

carboxylic acid ester having up to 10 carbon atoms or (vyamafri phati c,
alicyclic or aromatic ether having up to 20 carbon

-gf—the fornul a:

Wil

inutes. The o

. oved and co2: (588, 1.3 moles) wa

vacuum was rem 2

5
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atons, or, (C[err]) a C[err] to Clerr] nonohydric alf¢ohol rT’;ﬂlon
with a hydrocarbon solvent (C2), and 25 (D) carborgdi-g dagi |

subsequent to each addition of conponent (B). 10. A pr“ocess accor di hg to
claim9 wherein conponent (A) further includes a corrpoung PELUL e ;gehe} al
formula:- 30 35 - 16 -

l:

i e e meh s L e, e et

over approximately 30-40 minutes. Vacuum (7.37x102mnHg ) (29''Hg)
was applied and the temperature raised to 200°C. After 90 minutes,
the vacuum was removed and the product cooled to 140°C. The product
was filtered through a 15mm deep ﬁad of compressed clarcel DIC

5 filter aid, supported on a no.l glass sinter funnel,

The batches of nonyl calixarate listed in Table 2 were
manufactured in a similar manner as outlined above, however there
are changes of conditions i.e. temperature, glycol and stearic
acid. These are listed in Table 2.

10 Examples 31-37

Non&lphenolcalix(6,S)arene in xylene solution (330g of 13.64%
solution, 0.03.ﬁoles) and alkyl phenol with SN150 diluent oil (90g)
were charged to a 1 litre, 5 necked, round bottomed, flange flask
with 'take off condénse:, thermopocket (with thermometer and

15 tﬁermocouple) and agitator (paddle type). The temperature of the
mixture was raised to 1i0°C and vacuum (7.37x102mmﬁg) {(29"Hg)
applied to distil off the xylene. The vacuum was removed and while

.maintaining the temperature between 100 and 110°C, 2-ethylhexanol
(222g, 1.7 moles) was added, with stirring at approximately 500

20 rpm. The reaction mixture was raised to 130°C and lime (58g 0.78
moles) was added over 5 minutes. Vacuum (254mmHg) (10"Hg) was
applied to the reactor and held for 15 minutes at 130°C. The vacuum
was removed and stearic acid (100g 0.35 moles) was added over 10
minutes and vacuum (254mmig) (10"Hg) w#s reapplied to the reactor

25 and held for 15 minutes at 130°C. The vacuum was removed and
ethylene glycol (36g, 0.58 moles) was added over 15 minutes and
vacuum (254mmHg) (10"Hg) was reapplied and the reaction held at
130°C for 60 minutes. The vacuum was removed and (CO,)(58g, 1.3
moles) was added over approximately 30-40 minutes . vacuum

30 (7.37x102mmHg) (29"Hg) was applied and the temperature raised to
200°C. After 90 minutes, the vacuum was removed and the product
cooled to 140°C. The product was filtered through a2 15mm deep pad
of compressed Clarcel DIC filter aid, supported on a No | glass
sinter funnel.

35 The batches of nonyl calixarate listed in Table 3 were



wherein in the fornul a (I'V):- a, b and c each indepen
2, X, y and z each independently represent zero or a
1to 3; 15 20 25 30 :
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rnanufactured in a similar manner as outlined above, however there

are changes in the alkyl phenol used i.e. type or amount. These are
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and Rlerr]
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Rerr],
a hydrocar byl

each R27 respectively being the sane or different; HH§H§%I

i ndependently represent hydrogen or an 5] ==
and g is an integer from 1 to 20. 11.- 1
wherein the conmpound of the formula (IV)

Rlerr] and R err]
group when X,

I ndependent|ly represent either
y or z is greater than

r HERIer r]
&l g oup;

Process accohding to aLa|$1LO
is one in vhikh2 i aULbkaﬁdnc =
N |

| AR

listed in Table 3.
Examples 38-45

The alkyl calixarene in xylene solution (330g of 13.64%
solution, 0.03 moles) with SN150 diluent oil (90g) were charged to a
1 1litre, 5 necked, round bottomed, flange flask with take off
condenser, thermopocket (with thermometer and thermocouple) and
agitator {paddle type). The temperature of the mixture was raised
to 110°C and vacuum (7.37x102mmHg) (29"Hg) applied to distil off the
xylene. The vacuum was removed and while maintaining the
temperature between 100 and 110°C, 2-ethylhexanol (222g, 1.7 moles)
was added, with stirring at approximately 500 rpm. The reaction-
mixture was raised to 130°C and lime (58g, 0.78 moles) was added
over 5 minutes. Vacuum (254mmHg) (10"Hg) was applied to the reactor
and held for 15 minctes at 130°C, The vacuum was removed and
stearic acid (100g, 0.35 moles) was added over l0 minutes and vacuum
(254mmHg) (1O"Hg) was reapplied to the reactor and held for 15
minutes at 130°C. The vacuum was removed and ethylene glycol (36g
0.58 moles) was added over 15 minutes and vacuum (254mmHg) (10"Hg)
was reapplied and the reaction held at 130°C for 60 minutes. The
vacuun was removed and CO, (58g, 1.3 moles) was added over
Vacuum (7.37x102mmHg) (29"Hg) was

applied and the temperature raised to 200°C.

approximately 30-40 minutes.
After 90 minutes, the
vacuum was removed and the product cooled to 140°C. The product was

filtered through a 15mm deep pad of compressed Clarcel DIC filter

_aid, supported on a No l glass sinter funnel.

The batches of alkyl calixarate listed in Tables & and 5 were
manufactured in a2 similar manner as outlined above, however there
are changes in the alkyl phenol and temperature of reaction used.

These are listed in Tables 4 and 5.

hydr ogen or
each R?21 each R?24 or
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base (B) is either quick linme (CaO or slaked line (Ca(O)2) or a
m xture of the two in any proportions. g ot Oy
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15. A proc

of clains 9 to 14 wherein the solvent (C) conprises

1§.

claine 9 to 14
30

Y¢ol and 2-ethy

process according to any one of clains 9 to 14 wher4i

conprises a m xture of nethano

and t ol uene.

A process according to any one of
(C conprises a mxture of ethylene gr

16.

to any one of clainms 9 to 17 wherein the solvent (Ol further jncgorporhtes a

| ubricating oil.
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"19. A process according to any one of clainms 9 to 18 mhereln the reaction
m xture further incorporates conponent (E) which is } L C100
carboxylic acid or an anhydride thereof, (ii) a di-- (35" " oty earboxyl i c
acid containing from36 to 100 carbon atons or an . nhydrlde ther¢

(iii) a hydrocarbyl-substituted sul phord&-acid or anhyerdeJunqgﬁpf{( V) a
hydr ocar byl - substituted salicylic acid or anhydriddg tlhereof, (v+) a
hydr ocar byl - substi tut ed napht heni ¢ acid or anhydri dg fﬁéréor, (vi—a
hydr ocar byl - substituted phenol or (vii) a

Table 3
V100
Ex Alkyl Phenol (g) | Calixarene | SN150 | Ca (Z)|(m=2s-1)
5 DDP NP (8) (g) (Cst)
31 4.5 - 330 90 9.58 | 125.7
32 9.0 - 264 90 9.98 | 118.8
33 - 9.0 264 90 9.55 | 167.1
10 34 - 9.0 264 90 10.09 | 147.6
35 9.0 - 264 90 | 10.58 | 225.5
36 2.0 - 264 90 11,40 | 104.4
37 9.0 - 330 110 9.63 97.6
15
NOTE
l. DDP = Dodecylphenol
2 NP = Nonylphenol
3. 330g of nonylphenolcalix (6,8)arene = 0.030 moles
20 4 264g of nonylphenolcalix (6,8)arene = 0.024 moles
Table &
V100
Prep Alkyl (g) Temperature SN150 Ca (mmzs'l)
25 No Calixarene (°C) (g) (%) (Cst)
38 AMYL 52.5 130 90 10.67 122.2
39 p~-DODECYL 330 110 110 9.79 65.7
40 p-DODECYL 330 130 110 10.29 67.8
30
NOTE
1. 52.5g of amyl phenolcalixarene (65% solution in petroleum

distillate) = 0.03 moles
35 2. 330g of p-dodecylphenolcalixarene = 0.03 moles



‘5 m xture of any:two or nore of (i) to (vi). 20. A process according to
cl aim 19 wherein conponent (E) is an acid having t he. - CH
- COCH | (V) 10

R13 wherein in the fornula (V): Rerr] is a (Jerr] hO,r-er 0 e N 74 l‘;-.;j-r
al kenyl group; and R 3 is either hydrogen,:a Clerr]" t@ qae”] al kycjnaroulo

or a -CH2COOH group. 21. A process accordinag to cl al\ whéleii onent
(E) is 15 stearic acid. i

! EAE R

Table 5
Vioo

5 Prep Alkyl (g) | Temperature | SN150 | Ca |(mm2s-1)

No Calixarene (°c) (g) (2) (cSt)

41 A 62.5 130 90 7.58 189.1

42 B 330 130 90 9.41 133.¢
10 43 B 330 110 110 | 8.73 62.5

L4 B 330 130 110 .76 67.8

45 Cc %0 130 g0 9.86 89.9
15 NOTE

1. 'A' is a mixture of t-butyl phenolcalixarene/t-butyl phenol

formaldehyde resin/free t-butyl phenol (50% solution in xylene) =
0.03 moles. -
2. 'B' is an alkyl phenolcalixarene made from alkyl phenol which
20 contains about 65% of the para isomer and the alkyl group is dodecyl
(13.64% solution in xylene) = 0.03 moles.
3. 'C' is a mixture of p—honyl phenolcalixarene/p—nonyl phenol
formaldehyde resin/free p-nonyl phenol (50% solution in xylene) =
. 0.03 moles. '
25

30

35



22. A process according to any one of clains 9 to 21 wherein the reaction

m xture further incorporates conponent (F) which is .a catalyst (or
pronoter) for the reaction, which catal yst or pronoter is either calcium
acetate or calciumchloride. 20  23. A.conpositioﬁ;%EITEby” L-Hse as an

additive to lubricating oils which conposition compeike B8 G
component an overbased metal salt of any of claims { to and as a second
conponent a neutral and/or an overbased netal salt @fgagghqﬁ§t@§@e?of (1) a
06 to O 0O carboxylic acid, (ii) a di- or polycarbokylic acid 2 |
containing from36 to 100 carbon atom? Tiii) a hydf otarbyi-—subst+tutied
sul phonic acid, (iv) a hydrocarbyl-substituted salitylic

<.

Claims:
1. A non-sulphurised overbased metal salt of a sulphur-free
calixarene having a substituent hydroxyl group or groups available

for reaction with metal base,

5 the calixarene having the formula:
R‘
— Y
(1)
2
10 _ 2. =1y

R3

wherein in the formula (I):

Y is a divalent bridging group;
R3 is a hydrocarbyl or a hetero-substituted hydrocarbyl group;
is either Rl is hydroxyl and R2 and R4 are independently either
hydrogen, hydrocarbyl or hetero-substituted hydrocarbyl or RZ
and R% are hydroxyl and Rl is either hydrogen, hydrocarbyl or
hetero-substituted hydrocarbyl; and
n is an integer in the range from 3 to 12.
20 2. An overbased metal salt according to claim 1 wherein n has a
value in the range from & to 9 and the group Y is (CHRﬁ)d in which
R® is either hydrogen or hydrocarbyl and d is an integer which is at
least one.
3. An overbased metal salt according to claim 1 wherein the

25 calixarene has the formula:-




acid, (v) a hydrocarbyl substituted naphthenic acid, or (vi) a
substituted phenol. 24. A finished Iubrlcatlng 0|I conp05|t|on

hydr ocar byl -

whi ch conposition 30 conprises a |ubricating oi
salt of any of clains 1 to 8.
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(11

wherein in the formula (II):

Rz, R3 and R* are independently either hydrogen, hydrocarbyl,
or hetero-substituted hydrocarbyl;

either one of R/ and R® is hydrogen and the other is either
hydrogen or hydrocarbyl;

n is an integer in the range 4 to 9; and e is one or greater.
4, An overbased metal salt according to claim 3 wherein in the
formula (II):-
RZ and R* are hydrogen;
R3 is alkyl;
one of R/ or R8 is hydrogen and the other is either hydrogen or
alkyl; n is either 4, 6 or 8; and
e is one.
5. An overbased metal salt according to claim & wherein R3 is
either nonyl, t-butyl, dodecyl or tertiary-amyl.
6. An overbased metal salt according to claim 1 of either p-tert-butyl calix;
{6,8)arene, p-dodecyl calix [6]}arene, p-nonyl calix[8}arene or
p-nonyl calix [6,7,8]arene.
7. An overbased metal salt according to any one of the previous
claims wherein the metal moiety of the salt is either calecium
magnesium or barium.
8. An overbased metal salt according to claim 7 wherein the metal
moiety is calcium, .
9. A process for the production of the overbased metal salt of
claims )1 to 8 which process comprises reacting at elevated
temperature: -

(A) either (i) a sulphur-free calixarene having a substituasnt

t al

AT
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(B)

<)

(D)

10.

- 24 -

hydroxyl group or groups available for reaction with metal
base of the formula (I), (ii) either a low based or a neutral
metal calixarate or (iii) an overbased metal salt according to
claim 1,
a metal base added either in a single addition or in a
plurality of additions at intermediate points during the
reaction,
a solvent comprising either:-
(Cy1) either (i) a polyhydric alcohol having 2 to & carbon
atoms, (ii) a di- (C3 or Cz) glycol, (11%) a tri- (Co-~Cq)
glycol or (iv) a mono- or poly-alkylene glycol alkyl ether of
the formula:

RI(OR0)cORIY ' (111)
wherein in the formula (III) RY is a C; to Cg alkyl group, R1O
is an alkylene group, rRil is hydrogen or a Cy; to Cg alkyl group
and £ is an integer from 1 to 6,
either alone or in combination with either (Cg) a hydrocarbon
solvent or C, ‘either (i) water, (ii) a C; to Cyq monohydric
alecohol, (iii) a ketone having up to 20 carbon atoms, (iv) a
carboxylic acid ester having up to 10 carbon atoms or (v) an
aliphatic, alicyclic or aromatic ether having up to 20 carbon
atoms, or,

(Cs) a C; to C4 monohydric alcohol, in combination with a
hydrocarbon solvent (Cy), and

carbon dioxide added subsequent to each addition of component
(B).

A process according to claim 9 wherein component (A) further

includes a compound of the general formula:-

H




- 24a -

(OH) 4 (OH) (OH) .

' 5}\)) CRrR25R26 (Iv)
5

(R21), (R24), (rR27),

wherein in the formula (IV):-

a, b and ¢ each independently represent ! or 2;
X, y and z each independently represent zero or an integer from

10 1 to 3;
15
20
25

30
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Rzl, R2%4 and R27 independently represent either hydrogen or a
hydrocarbyl group when x, y or z is greater than 1, each RZl
each R%% or each R27 respectively being the same or different;
ﬁ22' R23, R25 ana r26 independently represent hydrogen or an
alkyl group; and
g is an integer from 1 to 20.
11. A process according to claim 10 wherein the compound of the
formula (IV) is one in which:-
a, band c = 1;
X, y and 2z = ];
RZf, R%4 and ﬁ27 is a €C;-Cj9 alkyl group;
either R22 = R23 = R25 = R26 = K or R22 = R25 =« H and R?3 = R26 -
CH3, and
g =2 to 7.
12. A process according to claim 9 wherein component (A) is a
sulphur-free calixarene having a substituent hydroxyl group or
groups available for reaction with metal base of the formula (I).
13. A process according to claim 9 wherein component (A) is an
overbased metal salt according to claim I,
14, A process according to any one of claims 9 to 13 wherein the
metal base (B) is either quick lime (Ca0) or slaked lime (Ca(OH)3)
or a mixture of the two in any proportions.
15, A process according to any one of claims 9 to l4 wherein the
solvent (C) comprises ethylene glycol.
16. A process according to any one of claims 9 to 14 wherein the
solvent (C) comprises a mixture of ethylene glycol and 2-ethyl
hexanol.
17. A process accordinrg to any one of claims 9 to 14 wherein the
solvent (C) comprises a mixture of methanol and toluene.
18. A process according to any one of claims 9 to 17 wherein the
solvent (C) further incorporates a lubricating oil.
19. A process according to any one of claims 9 to 18 wherein the
reaction mixture further incorporates component (E) which is either
(i) a Cg to Cypgg carboxylic acid or an anhydride thereof, (ii) a di-

or polycarboxylic acid containing from 36 to 100 carborn atoms or an

g
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anhydride thereof, (iii) a hyd;ocarbyl-substituted sulphonic acid or
anhydride thereof,(iv) 2z hydrocarbyl-substituted salicylic acid or
anhydride thereof, (v) & hydrocarbyl-substituted naphthenic acid or
anhydride thereof, (vi) a hydrocarbyl-substituted phenol or (vii) a
mixture of any two or more of (i) to (vi). .
20. A process according to claim 19 wherein component (E) is an
acid having the formula:-
R!2 ~ CH - COOH
(V)
ri3

wherein in the formula (V):

R1Z is a Cijp to Cos alkyl or alkenyl group; and RI3 is either

hydrogen,.;a Cy to Cs alkyl group or a -CHyCOOH group.
21‘ A process according to claim 20 wherein component (E) is
stearic acid.
22. A process according to any one of claims 9 to 2l wherein the
reaction mixture further incorporates component (F) which is a
catalyst (or promoter) for the reaction, which catalyst or promoter
is either calcium acetate or caicium chloride.
23. A composition suitable for use as an additive to lubricating
oils which composition comprises as a first component an overbased
metal salt of any of clzims | to 8 and as a second componént a
neutral and/or an overbased metal salt of at least one of (i).a Cs
to Cygp carboxylic acid, (ii) a di- or polycarboxylic acid
containing from 36 to 100 carbon atoms, (iii) a hydrocarbyl
substituted sulphonic acid, (iv) a2 hydrocarbyl-substituted salicylic
acid, (v) a hydrocarbyl-substituted naphthenic acid, or (vi) a
hydrocarbyl-substituted phenol.
24. A finished lubricating oil compogition which composition
comprises a lubricating o0il and an overbased metal salt of any of

claims 1 to 8.




