- 12 3 MAN NIGH CONDENSATION PRODUCTS USEFUL AS SEQUESTERING AGENTS

4FIELD OF THE INVENTION 5The present invention is directed to Mannich condensation product
6sequestering agents or mixtures of Mannich condensation product 7sequestering agents for use in
fuels and lubricating oils. The present 8invention is also directed to a process for preparing the
Mannich condensation 9product sequestering agents. The present invention is also directed to a

10product foqmed by comblnlq\gm r’q&ﬁl‘f_‘é%ﬁ@éwy}g\tﬂ RN iSob Lf-tgl 1idsub Stituted

hydroxyaron‘gltlc compound, & Nyde, S AT SEFEEOT BSTE '4,-'=' eof, and an alkali metal base
to form the !\@Iannlch condensatlon produ 3sequestering agent. 1e present invention is also
directed to a lubricating oil 14composition, a Iubrlcatlng 0|I concentrate a fuel composition, and a fuel

15 concentradte having the Mannich condehéaki Hring agents of 15the present

invention. 177BACKGROUND OF THE INVENTION
5  The present invention is directed to Mannich condensation product
6 sequestering agents or mixtures of Mannich condensation product
7 sequestering agents for use in fuels and lubricating cils. The present
8 invention is also directed to a process for preparing the Mannich condensation
8 product sequestering agents. The present invention is also directed to a
10 product formed by combining, under reaction conditions, a polyisobutyl-
11 substituted hydroxyaromatic compound, an aldehyde, an amino acid or ester
12 thereof, and an alkali metal base to form the Mannich condensation product
13 sequestering agent. The present invention is also directed to a lubricating oil
14 composition, a lubricating oil concentrate, a fuel compositien, and a fuel
15 concentrate having the Mannich condensation product sequestering agents of

16 the present invention,

17 BACKGROUND OF THE INVENTION

18 Lubricating oils contain additives that perform many important functions.

19 Ashless dispersants are added to lubricating oils to disperse varnish, lacquer,
20  and sludge that may be formed in the oil and prevent the formation of

21  deposits. Ashless dispersants also disperse soot and prevent viscosity

22 buildup caused by the agglomeration of soot in the oil. Overbased detergents
23  are added to lubricating oils to neutralize acids. These acids can cause wear
24 and corrosion, and can cause acid catalyzed reactions and rearrangements to
25 occurin the oil. Anti-oxidants are added to iubricating oils to control oxidation
26 of the oil by scavenging radicals or by decomposing hydroperoxides that are
27  formed from the oxidation of the oil. Wear inhibitors are added to lubricating
28  oils to prevent wear of the metal paris caused by friction. GCther additives

28 such as corrosion inhibitors, friction modifiers, viscosity index improvers, pour



. 18Lubricating oils contain additives that perform many important functions. 19Ashless dispersants are
added to lubricating oils to disperse varnish, lacquer, 20and sludge that may be formed in the oil and
prevent the formation of 21deposits. Ashless dispersants also disperse soot and prevent viscosity
22buildup caused by the agglomeration of soot in the oil. Overbased detergents 23are added to
lubricating oils to neutralize acids. These acids can cause wear 24and corrosion, and can cause acid

catalyzed realctions and rearrangements tg 25|(?ccur ip th? oil, Anti-oxi anéﬁgraj\ ? d to lubricating

d
oils to control oxiggﬁ%df of the 0|Fb?/esaca\slve\/r{?giﬁalg?gdglcglscdr a§} gllesc%m% n% )%I 0 5?&%%5 that are

27formed frokh theisxidationiottmeitl e praphibitsr soafecaiiidedsato lubricating 28oils to prevent wear
of the metal parts caused by friction. Other additives 29such as corrosion inhibitors, friction modifiers,
viscosity index improvers, pour 1point depressants, seal, swell agents, etc., can also be added to

lubricating 20ils t&{SHEVige infeorAY srojerrI$AB HdgiRidherieishieaat oavétalioag Exh play an
important rolg in thesdetesioration ot luhrigating dils, ATrapsition metals suoh @S EanGuie, L2, and

other metals, can cataIE(ze the Soxidation of the oil resulting in the formation of the primary oxidation

products 6sueh a@Hareperhites! caRyEY dEI@STTEBHRDI o GRS N EP nRIMBIHF
compounds, @nd ghe ke, #)adsitienmealabinns YhA%dseeaidy BRIATB ARd Sthek mgtals, can

catalyze the polymerization of the primary 9oxidation products resulting in the formation of sludge,

lacquer, and karnfShP20Mh GBI HteveRt the Mstal Bapslgiian omigiticAnausslyaRidTaticn! of
11lubricatinggoils Fibwoulehbssiesirabladofing 3 Ry L01s e BBl EFiSSANS RIS rimary

9  oxidation products resulting in the formation of sludge, lacquer, and varnish.

10 In order to prevent the metal catalyzed oxidation and polymerization of
11 lubricating oils, it would be desirable to find a way to complex or sequester the
12 metal lons and prevent the metal ions from acting as oxidation and

13 polymerization catalysts.

14 Sequestering agents have many uses, in living plants for supplying necessary
15 trace elements, in metal plating baths, removing rust stains, removing

16 impurities and in fuels and lubricating oils. Most well known seqguestering

17 agents are useful only in aqueous media. There is a great need for good

18  sequestering agents that are oil-soluble. Oil-soluble sequestering agents are
19 also useful for the introduction of metals into non-aqueous systems, for

20 providing oil-borne micro-nutrients to plants and many other uses known fo
21 persons skilled in the art. Oils useful for lubricating internal combustion

22 engines are generally either mineral oils or synthetic oils of lubricating

23 viscosity. Thus, sequestering agents for use in lubricating oils or hydrocarbon

24 fuels must be oil-soluble.

25 The conventional cil-soluble Mannich condensation products are useful in

26  internal combustion engine fuels. Non-volatile constituents of fuel, such as

27  additives, sometimes form deposits or varnish on inlet valves and on heating

28  elements. Such deposits and varnish impair the efficiency of these elements.

29 In addition, fuels are susceptible to chemical reactions, such as, oxidation, on
VD



.12metal ions and prevent the metal ions from acting as oxidation and 13polymerization catalysts.
14Sequestering agents have many uses, in living plants for supplying necessary 15trace elements, in
metal plating baths, removing rust stains, removing 16impurities and in fuels and lubricating oils. Most
well known sequestering 17agents are useful only in aqueous media. There is a great need for good
18sequestering agents that are oil-soluble. Oil-soluble sequestering agents are 19also useful for the

introduction of metals intg.non-agueous systems, for 20providing qil-borne micro-nutrients to plants
and many oter usagénigng\?vrﬁetg%%%e?ig gés ﬁﬁﬂgcﬁr?(ﬁ%cg Y SiRCHEE RIS SRR TSR
combustion 22engineda@re deperdlly eitivér intinésat oifshahsyntbptic fits0b uhijesting 23viseasity.
Thus, sequestering agents for use in lubricating oils pr hydrgcarbon 24fuels must be oil-soluble. 25The
conventionalséiI-sc?%ﬁ%%f%%%%&%%%‘enﬁ |oCr(19 B\r/gcri]ﬁg&%r% "ﬁgfﬁ?ﬂ!% @Wé%aﬁ%ﬁ%ﬂﬁ@%ﬂ engine
fuels. Non-vofatilepconstitaéwtip of fuel sacteas Tadditives, sometimes form deposits or varnish on

inlet valves and on heating 28elements. Such deposits and varnish impair the efficiency of these
elements. 29In addition, fuels are susceptible to chemical reactions, such as, oxidation, on laging.

One effect of-oxidtioFris e griute s eRitie v v slnsietisateralis 2thag forin déposis which
interfere withghe propsy 4prtioningof e niprmaliScombustion engines. The Og&e%iona' oil-soluble

Mannich condensation 4products help to reduce deposits. 50il-soluble’Mannich condensation
products are Also iseRiBRistEpfapPerse sludge, varnish, and lacquer, and prevent the

8 formation of deposits. In general, conventional oil-soluble Mannich

¢ condensation products are formed from the reaction of polyisobutyl-
10 substituted phenols with formaldehyde and an amine or a polyamine. These
11 products have limited ability to sequester Fe™ and have limited ability to

12 prevent the Fe““_3 catalyzed oxidation and polymerization that often occur.

13 Water soluble Mannich condensation products are well known as
14 sequestering agents. However, such products cannot be used as

15 sequestering agents in fuels and lubricating oils.

16 The preparation of Mannich condensation products is weil known in the art. A
17 number of patents disclose Mannich condensation products of alkylphenols,
18  aldehydes and amines. However, none of the known Mannich condensation
19 products contain both the needed oil solubility and the ability to sequester

20  Fe"™ to prevent Fe™ catalyzed oxidation and polymerization reaction in

21 lubricating oil.

2z U. S, Patent No. 4,032,304 discloses an improved fuel composition containing
23 anormally liquid fuel, a carboxylic acid ester of lubricating viscosity and an oil-
24 soluble nitrogen-containing dispersant. The dispersant is characterized by the
25 presence therein of a substantially saturated hydrocarbon-based radical
26 having at least 50 carbon atoms. The dispersant is preferably a carboxylic
27 dispersant or a Mannich-type dispersant. The Mannich-type dispersant is for
28  example the reaction product of an alkylphenol with formaldehyde and a
29  polyethylene polyamine.
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_6combustion engine lubricating oils. These products generally act as 7dispersants to disperse sludge,
- varnish, and lacquer, and prevent the 8formation of deposits. In general, conventional oil-soluble
Mannich 9condensation products are formed from the reaction of polyisobutyl- 10substituted phenols
with formaldehyde and an amine or a polyamine. These 11products have limited ability to sequester
Fe"have limited ability to 12prevent the Fet3 catalyzed oxidation and polymerization that often occur.

Lawater soluble Mangieh.condensatignpsodusts.reauelLknown as Lseayestering agents, However,
such products cannot be used as 155equestering agents in fuels and lubricating oils: e
preparation of Manhighioandgnasationiprodlttsisrael{ knoWreinithearg AJdFmimbédd af patents

discl Mannich ' , ines. H f
the known MAMTIC o o B e R A A e Sy o
sequester 20Fet3 adpravent ﬁb@@i@aftaﬂ/ﬁa#ﬁﬂdraﬁoﬁ andpotpsefizaticriieatiiessin2tiubticating oil.
22, S. Paten No. 4032304 disfloses.n inptpvet el comppisiion coptaining,g3a normally liuid

i
fuel, a carboxylic acid ester o ricating viscosity' and an ‘oll- 24solublé’ nitrogen-containing
dispersant. The dispersant is characterized by the 25presence therein of a substantially saturated

hydrocarbon-gased radisal2fhaving pideast 20:casbon atomssdhedispessaat 't%ﬁ{g&%ﬁ@eh{. &he

carboxylic 27dispersant or a Mannich-type dispersant. The Mannich-type dispersant is for 28example

the reaction prod REGH%A SYRHEMDISRITBHHE RIR/8. 1S 8dpbR eimienasdibarrraetion

8  product of an alkylphenol, an aidehyde and an amine. The additive provides
9  surprising stability in preventing thermal degradation of fuels, particularly fuels

10 for compression ignition engines.

11 U.S. Patent No. 4,116,991 discloses an aromatic chelating agent having a
12 hydroxyl group at the center of the molecule. Such chelating agents have

13 better stability in an alkaline environment.

14 U. S. Patent No. 4,130,582 discloses a process for the preparation of phenolic
15 ethylenediamine polycarboxylic acids in predominantly the ortho isomeric form
16 which comprises reacting a phenol compound, ethylenediamine, glyoxytic acid
17 and a base, said phenol compound functioning both as a reactant and as a

18  solvent for the reaction system.

19 U. 5. Patent No. 4,197,081 discloses a composition for inhibiting the corrosion
20 of ferrous metal pipelines used to transport petroleum hydrocarbons

21 comprising a major portion of a mixture of Cas di-carboxylic dimer acid and a
22 Csqtrimer acid, which mixture has an acid number of at teast 110 and from 0.5
23 up to 5% of a composition from the group consisting of (a) an N,N’-di{ortho-
24 hydroxyarylidene)-1,2-alkyldiamine in which the arylidene radical contains 6-7
25 carbon atoms and the alkylene radical contains 2-3 carbon atoms; and (b) a
26 polymeric condensation product obtained by the reaction of a phenol having

27 two reactive ring positions, a lower aliphatic aldehyde and a polyamine.



1U. S. Patent No. 4,069,249 discloses a novel Mannich condensation product 2chelating agent for iron
(I or iron (I). The chelating agent is a Mannich 3condensation product made from phenol or
substituted-phenol, formaldehyde, 4a di-amino di-acid and a di-amine. The process for making these
Mannich 5condensation products is disclosed in U.S. Patent No. 4,338,460. 6U. S. Patent No.
4,166,726 discloses afuel additive and fuel composition. The 7additive compound is a mixture of a

polyisobutylepe ami the. reagti duct,.of lkylphenal, analdehyde mine. The
additive provi%es g}sﬁ’pﬁé‘?ﬁé} @g%ilfit%%%\%ér%ﬁég ;ﬁ%grr]%ﬁ%ggg?gqt gﬁo%%o%%llje 8; §§r i?glérly fuels 10for
compressiondgnitoatenghest, 060,28 SPhsentiied 4/116;90 B disttesesrandrblaaticohelating agent

having a 12hydroxyl group at th r of the. molecul - lating agents-have, 13better stability
in an aIkalinegenvﬁéﬂ%}n%!Ejli(zftﬁusré.8 gﬁgﬁﬁ@gi%%ﬁ@%@%@e %ér 683% slg fcﬁﬁ%g %%ap%%tion of
phenolic 15ethyleagdidnsime’\patytarboxytic aeids mpredonimaddy the oftlko ddamevibSonmed6éwhich

comprises regcting,a,p F@@J&Sf&‘&ﬁ;‘@& £y erﬂﬁ%f(&%‘lﬁd %‘Xﬁ)ﬁﬁ%gﬁ%‘ﬂwg%‘% gg%ﬁfglg%as_iwdﬁhe”o'

compound functioning both as a reactant andas a vent reaction sy “Patent
No. 4,197,094 disciogsegancempatitistofopinhibiting the corrosion 200f ferrous metal pipelines used to
transport petroleum hydrocarbons 21comprising a major portion of a mixture of C36 di-carboxylic
dimer acid and a 22C64 trimer acid, which mixture has an acid number of at least 110 and from 0,5

23up to 5% of a cHmpoERE M ety HRIRERY P 1D BAIRNG i@y Phenols, wherein

8 said phenols contain a substantially saturated hydrocarbon substituent of at
9 least 10 aliphatic carbon atoms, and one or more detergent/dispersants
10 selected from the group consisting of (1) neutral or basic metal salfs of an
11 organic sulfur acid, phenot or carboxylic acid; (II) hydrocarbyl-substituted
12 amines wherein the hydrocarbyl substituent is substantially aliphatic and
13 contains at least 12 carbon atoms; (111} acylated nitrogen-having compounds
14 having a substituent of at least 10 aliphatic carbon atoms; and (IV) nitrogen-
15 having condensates of a phenol, aldehyde and amino compound. Fuels and
16 jubricants having such combinations as additives are particularly useful in

17  two-cycle (two-stroke) engines.

18 U, S. Patent No. 4,387,244 discloses that alkyl-substituted hydroxybenzyl

19 amino acid oligomers are effective metal chelating agents in a broad range of
20  non-aqueous systems. The products claimed display surprisingly high

21 solubilities in a broad range of substituted and unsubstituted aliphatic and

2<2  aromatic solvents.

23 U. 8. Patent No. 4,655,949 discloses a novel lubricating oil composition

24 comprising an organometallic additive, inciuding a metal selected from

25  Groups |, Ib and Vill of the Periodic System of Elements, e.g. Na, K, Cu, Co,
26  Nior Fe, chelated with the reaction product of formaldehyde, an amino acid
27 and a phenol, dissolved in a lubricating oil. Depending on the choice of meial,
28  the above organometallic additive imparts rust inhibition, sludge dispersant,

29 wear reduction and anti-oxidant properties to the said lubricating cil.
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_24hydroxyarylidene)-1,2-alkyldiamine in which the arylidene radical contains 6-7 25carbon atoms and

the alkylene radical contains 2-3 carbon atoms; and (b) a 26polymeric condensation product obtained
by the reaction of a phenol having 27two reactive ring positions, a lower aliphatic aldehyde and a
polyamine. 1U. S. Patent No. 4,225,502, a division of application Serial No. 630,792, 2Patent No.
4,069,249 discussed above, discloses a novel Mannich 3condensation product chelating agent for iron
(111 or iron (I1). The chelating 4agent | nnjcr} condensation product made from phenol or
substituted- gphe olf rﬁltgl%’bﬁg’dg;g%(%’-gl}%rﬁ%s& Q6§ BRI A seeRRg ik AR 9Ssto a
cyano-substituted gompaugdbirtb S BatentsNevh200645 idistiesescambinaiiens famino phenols,
wherein 8said phenols contain a s,u%{t ntially saturated hydrocarbon substituent of at 9least 10
aliphatic carbon a%?rﬁ’?i,r%%ﬁéeow sB’%é]Eigetergent/dispersants 10selected from the group consisting
of (I) neutral or basic metal salts of an 11organic sulfur acid, phenol or carboxylic acid; (II)

hydrocarbyl-substiuicd-Agamings whereln e ocat sybsiiss Al alphatc and

13contains at least 12 carbon atoms; acylated nitrogen-having compoun aving a substituent

of at least 10%aliphatidadacbphetompphs YAl itregiam IBhavingpcoadehyaiesvohialphenokaldehyde
S am _ . . o i ioularl
and amino C%mp%’h%d:dﬂ%té‘gg&@'H@Eﬁ%@"éﬁ@%ﬁgré%ﬂﬁﬂmg@g%%ﬁoﬁ@?%!vﬁ%@re particufarly

useful in 17two-cycle (two-stroke) engines. 18U. atent No. 4,3 oses that
alkyl-substitufed hydregigrarsytl daminocats digditeds epeefistiive iestdiuhslategageatsim a broad
range of g of qummy, polymer masses in the hydrocarbon liquid. The method for the

9  preparation of these Mannich condensation products are claimed in the

10 divisional U. S, Patent No. 4,883,580.

11 U. 3. Patent No. 4,894,139 discloses certain Mannich reaction products

12 formed from the reaction of an alkyl-substituted catechol, a polyamine and an
13 aldehyde which are used to deactivate copper metal species contained in

14 hydrocarbon fluids. Left untreated, such species lead o decomposition

15 resulting in the formation of gummy, polymer masses in the hydrocarbon

16 liguid.

17 U. 5. Patent No. 5,122,161 discloses a diesel fuel composition comprising (a)
18  a major portion of a diesel fuel, and (b) a minor amount, as a diesel fuel

19 injector detergent, of a glycolated Mannich coupied product of bis-

20 polyisobutylene succinimide of a polyamine, prepared by: (i) reacting an

21 alkylsuccinic acid anhydride with a polyamine to form a bis-succinimide; (i)
22 reacting the bis-succinimide with a phenol in the presence of an aldehyde {o
23 form a Mannich phenol coupled bis-succinimide product; (iii) glycolating the
24 Mannich phenol coupled bis-succcinimide product with glycolic acid to form a
25  glycolated Mannich phenol coupled bis-succinimide product; and (iv)

26 recovering the glycolated Mannich phenol coupled bis-succinimide product.

27 U, S, Patent No. 5,641,394 discloses a composition for use in deactivating

28  iron species in hydrocarbon fluids, comprising the products resulting from the

29 reaction of (1) a substituted-catechol, (II) a mixture of polyamines, and (Ili) an
-6 -



20non-aqueous systems. The products claimed display surprisingly high 21solubilities in a broad
range of substituted and unsubstituted aliphatic and 22aromatic solvents. 23U. S. Patent No.
4,655,949 discloses a novel lubricating oil composition 24comprising an organometallic additive,
including a metal selected from 25Groups I, Ib and VIII of the Periodic System of Elements, e.g. Na, K,
Cu, Co, 26Ni or Fe, chelated with the reaction product of formaldehyde, an amino acid 27and a
phenol, dissolved in a lubricating oil. Depending on the choice of metal, 28the above organometall c
additive imparts rust inhibition, sludge dispersant, 29wear reduction and anti-oxidant properties to the
said lubricating oil. 1U. S. Patent No. 4,734,212 djscloses Bis"\’{%”nighn ai%ehS/%Pc?égr@ ibitors:
2lubricatingail dorposkithsHRRRT AR SSAR NS BRd 2 ProteeiSF Sprepanng these inhibitors. 4U.
S. Patent Ng, 4,847,415 disclasesqertainManaighaeastioopreduris GexiSalkyiated pheadl,
polyoxyalkylenediamine, and an aldehyde) which are_used 6to deactivate irorrl_t.ségeg% 8 6already present
in hydrocarbiemdhinNas: et W@ét@ﬁa?é‘ﬁéw%ﬁ%‘ﬁec@%% Cﬁ@@ GSition resulting in the

formation Sig%gHmyaangfépg&%@%ﬁﬁgim thehyeriecarhgorliguidiiFheamethogddarthegpreparation of
these Mannich condensation products are claimed in the 10divisional U. S. Patent No. 4,883,580. 11U.

S. Patent Nt 4894,139 discloses certain Mannich reaction products 12formed from the reaction of an
alkyl-substituted catechol, a polyamine and an 13aldehyde which are used to deactivate copper metal
Species Cong\%inaergcilrela titled “Preparation of Amphiphilic Polyisobutylenes-b-

polyethylenamines by Mannich Reaction. Il. Synthesis of Polyisobutylenes-b-

polyethylenamines,” by J.03. Jamaois, M. Tessier and £. Marechal, Journal of

Polymer Science: Part A: Polymer Chemistry, Vol. 31, 1958-1966 (1993)

discloses preparation of copolymers associating alpha-phenololigoisobutyiene

and triethylenetetramine biocks in the same chain by reacting agueous

formaldehyde with aipha-phenololigoisobutylene and friethylenetetramine.

SUMMARY

The present disclosure is directed to a Mannich condensation product
sequestering agent or mixures of Mannich condensation product

sequestering agents for use in fuels and lubricating oils. The present
disclosure is also directed to a method for preparing the Mannich condensation product
sequestering agents. The present disclosure is also directed 10 a

product formed by combining, under reaction conditions, a polyisobutyi-
subsiituted hydroxyaromatic compound, an aldehyde, an amino acid or ester
thereof, and an alkali metal base to form the Mannich condensation product
sequestering agent. The present disclosure is also directed to a lubricating oil

composition, a lubricating oll concentrate, a fuel composition, and a fuel

concentrate having the Mannich condensation product sequestering agents of

the present disclosure.



14hydrocarbon fluids. Left untreated, such species lead to decomposition 15resulting in the formation
of gummy, polymer masses in the hydrocarbon 16liquid. 17U. S. Patent No. 5,122,161 discloses a
dieset fue) campasio cMARSIpa(FrdGadmalonnatian dAEsell ) {(?)r ipopamount, as a
diesel fuel 19injector de%erg’er]t, of aqgglycolated Mannich C(;)upled pr%d c?of is- g%g%?;é%t%fylene
succinimide rengdlyardaesaprapaied by: (i) reacting an 21alkylsuccinic acid anhydride with a
polyamine to form a bis-succinimide; (H) 22reacting the bis-succinimide with a phenol in the presence

of an aldehyde to @jorméa W%&ﬂﬁ@ﬁﬂ@gﬁ bi%gﬁmpm%%odgg%g&g&/comQ%We

24Mannich phenol coupled bis-succcinimide product with glycolic acid to forma 25glycolated Mannich
phenol coupled bis-succiffiiideligieeriel! agiPuy) %r@@ﬁ\‘/@%@"‘?ﬁé gRj¥SREsIENRMRcHEgh éllcoupled
bis-succinimide product. 24d: SsfPatgaiNe. 5645394 giselonesakemposiianforyuse indeactivating
28iron species in hydrocarbon fluids, comprising the products resulting from the 29reaction of (1) a
substituted-catechol, (I1) 2Hi¥Eire B HoRAMHES Hd (1174 6. aldéhydESFh& Lolhdsifidhlso
functions as an anti-oxidatinchyidroit o6 fluids. The anti-oxidant function is separate from, and in
addition to the metal deactivating properties of the invention. These functional properties of the
invention can act either singly, or in concert, for stabilization of hydrocarbon fluids. An article titled
"Preparation of Arﬁﬁhiphﬁ*@ g@ﬁﬁ%@%tylenes-bpolyethylenamines by Mannich Reaction. Ill. Synthesis
of Polyisobutylenes-bpolyethylenamines,” by J.D. Jamois, M. Tessier and E. Marechal, Journal of
Polymer Science: art A.PaYer SHPISILY Vel A1989:1955,(1993) discloses preparation of
copolymers associating aﬁpha-p eno ollgoTéo%utYIene and triethylenetetramine blocks in the same
chain by reacting aqueous formaldehyde with alpha-phenololigoisobutYlene and triethylenetetramine.
SUMMARY The pt¢sentdisttasuresisidiegated to a Mannich condensation product sequestering agent
or mixtures of Mannich condensation product sequestering agents for use in fuels and lubricating oils.
The present disclosure is also directed to a method for preparing the Mannich condensation produet
sequesteringjageptsnhgppresant-displosunea is mismiiregiadeiaaion product having the formula

OH
Yo R\}/R\\Z
W T
e
| CO.X
Ry

. — 11

wherein each R is independently -CHR'-, wherein R’ is branched or
linear alkyl having one to about 10 carbon atoms, cycloalkyl having
from about 3 carbon atoms to abouf 10 carbon atoms, aryl having from
about 6 carbon atoms to about 10 carbon atoms, alkary! having from
about 7 c:arboh atoms o about 20 carbon atoms, or aralkyl having from
about 7 carbon aioms fo about 20 @arbOﬁ atoms, Ry is a polyisobutyl
group derived from polyisobutene containing at least 50 weight percent
methylvinylidene isomer and having a number average molecular

weight in the range of about 400 to about 5,000;

7a



product formed by combining, under reaction conditions, a polyisobutylsubstituted hydroxyaromatic

compound, an aldehyde, an amino acid or ester thereof, and an alkali metal base to form the Mannich
‘condensation product sequestering agent. The present disclosure is also directed to a lubricating oll
composition, a lubricating oil concentrate, a fuel composition, and a fuel concentrate having the
Mannich condensation product sequestering agents of the present disclosure. In a first aspect, there
is provided a Mannich condensation product prepared by the Mannich condensation of: (a) a
polyisobutyl-substituted hydroxyaromatic compound, wherein the polyisobutyl group is derived from
polyisobutene containing & lgasicefbweightfieitenttabtbylvinylilenéisontpoanddiae b atnmber
average molecular weight in the range of from about 400 to about 5,000; (b) an aldehyde; (c) an amino
add or ester derivative tﬁ??égf? Car}%} KAl metal base. In a second aspect, there is provided a
Mannich condensation product having the formula wherein each R is independently -CHR'-, wherein
R'is branched or linear alkyl i net t on yl,haying.£ t3
carbon atoms to about % icgaF oﬁ{néa%ﬁﬁg‘,vg?%?r%g\}/%%%ﬁ égﬁﬁ%ﬁﬁgﬁﬂﬁoﬁg %t%ga%%%gﬂ 0 fgfbon
atoms, alkaryl having frearatoat@eamabatdris teabout-Ho carsohaatohs!iof iy Nawiigrom
about 7 carbon atoms.t%ﬁg‘%‘étréc@g%%%%% %%B%uﬁ%%%&ﬂwsﬁd%ﬁ gropg,fegvedfrom
polyisobutené containing at Ieast 50 weight percent methylvinylidene iIsomer and having a number
average molgcular weighthintthesrangesté ciboufra00 e aieuts GO0 stixdsh lrdyenc @tglkali metal
ion, or alkyl having one carbon atom to 2abo rﬁ? . g IS - S E erel chR"is
independently H, alkyl t?a%/ﬂl% Pb?f@r é}a}‘f%%éaﬁ%#g{r%‘}?ga d&utS%%Bcﬁa? I}Ih g%%s%%fkérﬂﬂl%%ﬁ utegﬁdlkyl
having 5onescarbon atospifaiaboutihibEashdnatoras: anid:oae opmaerescisubstituents selected from the
group consisting of amino, amido, 7benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyi, irnino,
phenyl, 8sulfide, or thiol; and m is an integer from one to 4; 9Y is hydrogen, alkyl having one carbon
.atom to abofit 10 carbo¥ #&dmidrogen, alky! having one carbon afom o about 10 carbon atoms,

10 -CHR'QH, wherein R’ is as defined above,
11 : or
V'S R
\N/ \
W
12 xozc/
13 wherein Y is ~-CHR'OH, wherein R’ is as defined above; and R, X, and
14 W are as defined above;
15 Z is hydroxyl, a hydroxyphenyl group of the formuta
OH
|
R;
16
17 or

/b



10-CHR'OH, wherein R' is as defined above, 110r 12 xo2c 13wherein Ic is -CHR'OH, wherein R' is
as defined above; and R, X, and 14W are as defined above; 15Z is hydroxyl, a hydroxyphenyl group of
the formula 16 170r OH wherein P. Al, H, x, and \Al are as defined above, and n is an integer from 0O
to 20, with the proviso that when n = 0, Z must be: OH $12 W \CC) X wherein R, R, H, x, and W are as
defined above. In a third aspect, there is provided a method for preventing metal ion catalyzed
oxidation and polymerization reactions in a hydrocarbon medium comprising sequestering the metal
ion by the addition of an effective amount of a?@mpound having the formula

,J\ > vl
'/ - . 44/’}\\\\ o \'
e \ .
) 2
I
| W
! OO0
| 2
L
R,
wherain =, ., Y7, 2 and W are as definad above,
and nis an integer tfrom O {0 20, with the proviso that whenn =0, Z
must ba:
OH
|
e R b
o T N g
/
T
- 7
\ \
AN
| COX
]
Ry

wherein R, Ry, Y. X, and W are as defined sbhove.
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OH 7 Rj wherein each R is independently -CHR'-, wherein R' is branched or linear alkyl haying one
to about 10 carbon atoms, cycioalkyl having from about 3 carbon atoms to about 10 carbon atoms, aryl
haying from about 6 carbon atoms to about 10 carbon atoms, alkary haying from about 7 carbon
atoms to about 20 carbon atoms, or arall:ye! haying from about 7 carbon atoms to about 20 carbon
atoms R, is a polyisobutyl 1group derived from polyisobutene containing at least 50 weight percent
2methylvinyiidene isomer and having a number average molecular aweight in the range of about 400
to about 5,000; X saHirbereaciathatttéilmetalon, mealiyfsayving onm carban iafom o, aboyl & sarhon
atoms; W is —[CHIR"ponywheraioeachifiis indengadsntiy. alkyliiaving one carbon atom to,

aboutcarbon atoms,.or a %Lgftﬁji %gg%lk\{la agg e%g[)n]e carbon gtom to about 1 carbon atoms=andone
or more 9substituents selected from the group conaisiigBF SnfineTartiac TenssApe éﬁﬁ%&‘yl hydroxyl,

hydroxyphenyl, imidazolyl, imino, phenyl, 11sulfide, or thiol; and m is an integer from one to 4; 12Y is
hydrogen, alkyl having one carbon atom to about 10 carbon atoms, 13-CHR'OH, wherein R'" is as

defined above, 140r

C’)H
Y ey R R
) P ]
R
5 J W I
Y4
| C0,X
Ry

wherein each R is independently -CHR'-, wherein R is branched or
linear alkyl having one to about 10 carbon atoms, cycicalikyl having
from about 3 carbon atoms to about 10 carbon atomns, aryl having from
about 6 carbon aloms to aboul 10 carbon atoms, alkaryl having from
about 7 carbon atoms io about 20 carbon atoms, or aralkyl having from

about 7 carbon atoms to about 20 carbon atoms R, is = polviscbuty]

7d



16wherein Y' is -CHR'OH, wherein R' is as defined above; and R. X, and 17\Al are as defined above;
187 is hydroxyl, a hydroxyphenyl group of the formula  4wherein ft R, Y, X, and W are as defined
above, and n is an integer from 0 to 20, with the proviso that when n = 0, 6must be OH R N 7 8wherein
R, R, Y', X, and W are as defined above, In a fourth aspect, there is provided a process for preparing
a Mannich condensation product comprising: mixing under reaction conditions, (a)a

polysobutysubstituted hvdroxvaromatjo compound having the formula OH kr,
1 group derived from polyisobutene containing at lzast 50 weight percent

2 methylvinylidens iscmer and having a number average molecular
3 weight in the range of about 400 to about 5.000:

4 X is nydrogen, an alkall metal ion, or alkyl having one carbon atom to

5 about 8 carbon atoms;

& Wis —[CHR"}- o wherein each R” is independently H, alkyl having one

7 carbon atorn to about 15 carbon atoms, or & substifuied-alkyl having

£ one carbon atom o abowl 10 carbon atoms and one oF more

9 substituents selecisa from the group consisting of amino, amido,
10 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imigazoly!, imino, pheny,
11 sulfige, or thiol; and m is an integer from one to 4,
12 Y is hydrogen, alky! having one carbon atom to about 10 carbon atoms,
13 -CHR'OH, wherein R’ is as defined above, |
14 or

Y R
\N/ g
W

15 ><ogc/
16 wherein Y is -CHR'OH, wherein R’ is as defined above; and R, X, and
17 W are as defined above;
18 Z s hydroxyl, & hydroxyphenyl group of the formula

e



wherein R1 is pol fisobutyl derived from polyisobutene containing at least 50 weight percent
methylvinylidene isomer and a number average molecular weight in the range of about 400 to about
5,000, R2 is hydrogen or lower alky having one carbon atom to about 10 carbon atoms, and R3 is
hydrogen or -OH; (b)a formaldehyde or an aldehyde haying the formula or polymers thereof, wherein
i88 is branched or linear alkyl having one carbon atom to about 10 carbon atoms, cycloalkyl 4having
from about 3 carbon atoms to about 10 carbon atoms, 5aryl having from about 6 carbon atoms to
about 10 carbon 6atoms, allbaryt having from about 7 carbgn atoms to about 20 carbon atoms, or
aralkyl having from about 7 carbon atoms to about 20 ca&%n atoms; 9(c)an amino acid Or ester
derivative thereof having th e To ula NH2 10CO,A 11Whérein W is -[CHR"1- m wherein eachis
independently H, 12alkyl having one carbon atomte about 15 carbon atoms, Or a 13substituted-alky!
having one carbon atom to about 10 carbon 14atoms and oné or more substituents selected from the
group 15consisting of amino, amido, benzyl, carboxylﬁ,_hydro@l,

I N /R\\ Y
I Pl
1
- W
k\\/) \
% CO-X
5 R
4 wherein R, Ry, Y7, X, and W are as defined above,
5 and n is an integer from 0 to 20, with the proviso that when n =10, 7
B must be
OH
l
: > R v
T Sy
| | /
L\ /,/l) vv:\
T CO.X
7 K
8 wherein R, Ry, Y, X, and W are as defined above.
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16hydroxyphenyl, imidazolyi, imino, phenyl, sulfide, or thiol; and m 17is an integer from one to 4, A is
hydrogen or alkyl having one 18carbon atom to about 6 carbon atoms; 19(d)in the presence of an
alkali metal base to obtain the Mannich 20condensation product. in a fifth aspect, there is provided a
lubricating oil composition comprising a major amount of an oil of lubricating viscosity and a minor

effective amount dbonk espmaorehbannighooandensationpredustshaving ihefornula, &pwherein each
R is independesily.r G rnsmberain R I5.hranchad.or Slinear alkyl having one to about 10 carbon

atoms, cycloalkyl having 7from about 3 carbon atoms to about 10 carbon atoms, aryl having from
8about 6 carbon atoms to about 10 carbon atoms, alkaryl having from 9about 7 carbon atoms to about
20 carbon atoms, or.aralky| j am 1 r rbon atoms to about 20 carbon atoms, R1 is a
polyisobutyl 11g roﬁ(g%eri\%eg %\g’r%g}g{)‘?{?tsé%%?eﬂégr%g? n% iRing At ieast B0 WeTRIRsrEentng
12methylvinylidene isomef &n@ fiaiidg a number average molecular 13weight in the range of about
400 to about 5,000; 14Xis hydrogen, an alkali metal ion, or alkyl having one carbon atom to 15about 6
carbon atoms; 16W is -{CHR"i-m wherein each R" is independently H, alkyl having one 17carbon atom
to about 15 carbon atoms, or a substituted-alkyl havipg 18one carbon atom to about 10 carbon atoms
and one or more 19substituents selected from the g%roup consisting of amino, amido,

Rq\.\ :

P
T

e .
e ~

wherein R, is polyisobutyl derived from polyisobutene containing
at least 50 weight percent methylvinyiidene isomer and =
number average molecuiar weight in the range of about 400 1o
about 5,000, Rz is hydrogen or lower alky having one carbon

atom to about 10 carbon atoms, and Rs is hydrogen or —OH:

(b)  aformaldehyde oran aidehyde having the formula



20benzyl, carboxyl, hydroxyl, hydroxyphenyi, imidazolyl, imino, phenyl, 91sulfide, or thiol; and mis an
integer from one to 4; Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
-CHR'OH, wherein R' is as defined above, (Th wherein Y is CHIP,50H, wherein R' is as dened above;
anand W are as defined above; 77 is hydroxyl, a hydroxyphenyl group of the formuia 8 9or 10
11lwherein F, R1, r, X, and W are as defined above, must be wherein R, R1, "', X, and V1/ are as
defined above. In a sixth aspect, there is provided a lubricating oil concentrate comprising from about
90 weight percent to about 10 weight percent of an oilof lubricating viscosity and .fhom about 10
weight percent to about 90 weight percent of one or nj re lubricating Mannich condensation products
having the thrmula wherein each R. is independently--CHR'm wherein R' is branched or linear alkyl
having one to about 10 carbon atoms, cycicalk)}l“having 4from about 3 carbon atoms to about 10
carbon atoms. aryl having from 5about 6 carbon atoms to about 10 carbon atoms, alkaryl having from

2 or polymers thersof, wherein R is branched or linear aiky!
3 having one carbon atom to about 10 carbon atoms, cycloalky!
4 having frorm about 3 carbon atoms fo about 10 carbon atoms,
5 aryl having from about 6 carbon atoms to about 10 carbon
& atoms, alkary! having from about 7 carbon atoms o about 20

7 carbon atoms, of aralky! having Trom about 7 carbon atoms (o

& about 20 carbon atoms;
S (¢} an amino acid or ester dervative thereof having the formula
NHo
W
™

10 CCoA
11 wherein W is —[CHR”]- , wherein each R” is indepeandently H,
12 alkyl having one carbon atom to about 15 carbon atoms, or a
13 subsiituted-alkyl having one carbon atom to about 10 carbon
14 atoms and one or more substituents selected from the group
15 consisting of amino, amido, benzyl, carboxyl, hydroxyl,
16 hydroxyphenyl, imidazolyl, imino, phenyi, sulfide, or thiol, and m
17 is an integer from cne {0 4, A is hydrogen or alkyl having one
18 carbon atom to about 8 carbon atoms;
19 (@) inthe presence of an alkali meta!l base to obtain the Mannich
20 condensation product.

/h



6about 7 carbon atoms to about 20 carbon atoms, or &alkyl having from 7about 7 carbon atoms to
about 20 carbon atoms, and R1 is a 8polyisobutyl group containing at least 50 weight percent
9methylvinylidene isomer and having a number average molecular 10weight in the range of about 400
to about 5,000; 11X is hydrogen, an alkali metal ion, or alkyl having one to about 6 12carbon atoms;
13W is -[CHR"}-,,, wherein each R" is independently H, alkyl having one 14carbon atom to about 15
carbon atoms, or a substituted-alkyl having/;LS ne carbon atom to about 10 carbon atoms and one or
more 16substittfertd S8IERsa i this @fBuE%%ﬁsﬂé%H@%‘Pé’nﬂ o AR 7b RV Earb Xyt hydroxyl,
hydroxypheny! aimidaizofydniniing, piteiglint8eisdey omthiolmaid TTRCERCIHEEEN NI BhEEX19Y is
hydrogen, alkylihaying opeicarem atomia aboutk0-carbanatoms, 20-CHR'OH, wherein R' is as
defined above, 21or R >CNC wherein r is -CHIP:OH, wherein R' is as defined above and P. X,
and 011V are as defined above; Z is hydrc"yi, a hvdroxyphenvl group of the formula 5

. ——,

OH |
Vol o AR RS .
A S A

4 R R §

5 wherein each R is independently -CHR’-, wherein R’ is branched or

o linear alkyl having one to about 10 carbon atoms, cycicalky! having

7 from about 3 carbon aioms to about 10 carbon atoms, aryl having from

8 about § carbon atoms to about 10 carbon atoms, alkaryl having from

9 about 7 carbon atoms to about 20 carbon atoms, or aratky! having from
10 about 7 carbon atoms to about 20 carbon atoms, R, is & poiviscbutyl
11 group derived from polyisobutens containing at least 50 weight percent
12 methylvinylidene isomer and having a number average molecular -
13 weight in the range of about 400 to about 5,000,
14 X is hydrogen, an alkali metal ion, or alkyl having one carbon atom to
15 about 6 carbon atoms;
16 W is ~[CHR"]- ywherein each R” is independentty H, alkyl having one
17 carbon atom to about 15 carbon atoms, or a substituted-alky! having
18 one carbon atom io about 10 carbon atoms and one or more
19 substituents selected from the group consisting of amino, amido,
20 benzyi, carboxyl, hydroxyl, hydgroxyphenyl, imidazolyl, imino, phenyl,
27 sulfide, or thiol, and m is an integer from one (o 4;
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Or 8wherein R, R; ', X, and \N are as defined above, 9and n is an integer from 0 to 20, with the proviso
that when n = 0, Z 10must be OH wherein 'VV are as defined above. In a seventh aspect, there is
provided a lubricating oil concentrate comprising from about 90 weight percent to about- 10 weight
percent of an oil of lubricating viscosity and from about 10 weight percent to about 90 weight percent
of one or more lubricating Mannich condensation products as defined above. In an eighth aspect,
there is provided a fuel composition comprising a major amount of hydrocarbons boiling in the gasoline
or diesel range and a iRdlefieetive @Wﬁ}ﬁ%‘f‘%ﬁ@ﬁr%@%ﬁféﬂm%’ CotEn<AfgRTYo dlidiEShaving
the formula 11 lwhereimeagh Ris/indeperdentheiGER=pwherein R is branched or linear alkyl
having one to about 10 carbon atoms, cycloalkyl haying from about 3 carbon atoms to about 10 carbon
atoms, aryl having from about 6 carbon atoms to about 10 carbon altO m , alkaryt having from about 7
carbon atdims to about:20 carbon atoms, or aralicyl havino from 6about 7 carbon atoms to about 20
carbon atoms, and R1 is a 7polyisobutyl group containing at least 50 weight percent
8met'nylvinylidene isomer and haying a number average molecular 9weight in the rnge of about 400 to
about 5,00 10Xis hydrogen an alkali metal ion or alkyl haying-one to about b carbon atoms; 12W is
-[CHR1- m wherein each R" is independently H, alkyl Fﬁaving one 13carbon atom to about 15 carbon
atoms, or a substituted-alkyl having s

/-'j AT

wherein ¥ s -CHR'OH, wherein R’ is as defined above; and K, ¥, and

wn

W are as dafined above;

[}

7 7 is hvdroxyl, & hydroxyphenyl group of the formula
OH
|
/\.\
\/// \
o
e |
\_\\ /
\/
R
8
9 or
OH
J
) \,K
\»/;/\I/ I\\?\? -
i !‘ \R‘/
N : .
NN
‘ CO-X
Ry
10
i wherein R, Ry, Y, X, and W are as defined abovs,
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140ne carbon atom to about 10 carbon atoms and one Or more 15substituents selected from the
group consisting of amino, amido, 16benzyl, carboxyl, hydroxyl, hydroxyphenyl,imino, phenyl,
17sulfide, or thiot; and m is an integer from one to 4; 18Y is hydrogen, alkyl having one carbon atom to
about 10 carbon atoms, 19-CHR'OH, wherein R' is as defined above, 200r 21 XD2C wherein
Y'is -CHR'OH, wherein R' is as defined above; and R, X, and 20VV are as defined above: 247 is
hydroxyl, a hydroxyphenyl group of the formula OH 4wherein R., F11, Y', X, and W are as defined
above, and n is an integer from 0 to 20, with the proviso that when n = 0, 7 must be 7 8wherein R, R1,
Y', X, and A/ are as defihedaboveiereaimmnthlaspett, tibrdns previged aFuels8iposition comprising
a major amount of hygrqgggggpns boiling in the gasoline or diesel range and a minor effective amount
of one or more Mannich condensation products as defined above.

| W R %
e - N
| | /
L ! W
1.
4 wherein &, Ry, Y, X, and W are as defined above.

In a sixth aspect, there is provided a lubricating o1l concentrate comprising from about 90
weight percent to about 10 weight percent of an oil of lubricating viscosity and from
about 10 weight percent to about 90 weight percent of one or more lubricating Mannich

condensation products having the formula

7k



in a tenth aspect, there is provided a fuel concentrate comprising an inert stable oleophilic organic
solvent boiling in the range of from about 65C to about 204C and from about 10 weight percent to
about 90 weight percent of one or more Mannich condensation products having the formula N tit/N
CO2): 111 wherein R is either CH2 or CHR' and wherein R' is branched or linear alkyl having one
carbon atom to about 10 carbon atoms, cycloalkyl having from about 3 carbon atoms to about 10
carbon atoms, aryl having from about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbdn atoms, or aralkyl having from about 7 carbon atoms to about
20 carbon atoms, and R1 is polylsobutyl derived from polyisobufene containing at least 50 weight
percent methylvinylidene isomer and having | a number average molecular weight in the range of about
400 to about 5,000, is hydrogen, ai alliall metal ion dr.alkyl hﬁvlng one carbon atom to about 6 carbon
atoms, Y is hydrogen, alkyt having one’ caT’bon atom to about 10 ¢:HR 01-i, wherein R is as defined
above; or wherein Y'is -CHRIGH, Whe inR"is! zjis defined above; and R, X, and VWV is - {CHR"}- m
wherein each R" is independently H. alk thaving one caron atom to about 15 carbon atoms, or a
substituted-alkyl having one carbon atom to’ about 10 garbgn atoms and one or more substituents
selected from the group consisting of amlno,'amldo benzyl, carboxyl, hydroxyl, hydroxyphenyl,
imidazolyl, imino, phenyl, sulfide, or thlql and;m is an integer from one to 4; Z is hydroxyl, a
hydroxyphenyl group of the formula 9H| tivheutdlt and n is an mﬁeg}erCy to 90 with e proviso That v, e

2 wherein each R i3 independantly -CHF'- whearein R s branched or
3 iinear alkyl having one to about 10 carbon atoms, cycloalkyl having
4 from about 3 carbon atoms to about 10 carbon atoms, aryl having from
5 about 6 carbon atoms 1o about 10 carbon atoms, alkaryl having from
6 about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
7 about 7 carbon atoms to about 20 carbon atoms, and R, is a
8 polyisobutyt group containing at least 50 weight percent
g methyivinyligene isomer and having a number average moizscular
10 weight in the range of about 400 o about 5,000;

11 X is hydrogen, an alkall metal lon, or alkyl having one to about 6

12 carbon atoms;

13 W is —-[CHR"}- ;y wherein each R” is independently H, alkyl having one
14 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
15 one carbon atom to about 10 carbon atoms and one or more

16 substituents selected from the group consisting of amino, amido,

17 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
18 suifide, or thiol; and m is an integer from one o 4

19 Y is hydrogen, alky! having one carbon atom fo about 10 carbon aioms,
20 -CHR'OH, wherein R’ is as defined above,

21 or
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wherein P.Y', X, andare as defined above. In an eleventh aspect, there is provided a fuel concentrate
comprising an inert stable oleophiiie organic solvent boiling in the range of from about 65C to about
204C and from about 10 weight percent to about 90 weight percent of one or more Mannich
condensation products as defined above. In one embodiment, the present disclosure is directed to a
Mannich condensation product prepared by the Mannich condensation of: (a)a
polyisobutyl-substituted hydroxyaromatic compound, wherein the polyisobutyl group is derived from
polyisobutene containing 3at least about 50 Weié(h“t\p\erc,em hylvinylidene isomer and 4has a
number average molecular weight in the range of fromi}5about,400 to about 5,000; 6(b)an aldehyde;
7(c)an amino acid or ester derivative thereof; and 8(d)<l,a1n alkali metal base. 9In another embodiment
the present disclosure is directed to a Mannich 10 cortlensation product prepared by the Mannich
condensation of: 11(a)a polyisobutyl-substituted-Fydroxyaromatic compound having 12the formula: OH
13 1l14wherein R1 is a polyisobutyl group derived from polyisobutene

3

2 wharain Y is -CHR'OH, whersin R s as defined above: and R, X, and

3 W oare as defined shove;

S

Z s hvdroxyl g hvdroxyyphenvl group of the formula

\\r?{/ \‘
S
|
R
5 .
5 or
O3
~ o~ _R v
\[(// \(/ \1\ //
| f o
e /J \
CO-X
{
8 wherein R, B-, Y, X, and W arz as defined above,
s and nis an integer from 0 1o 20, with the provise that whenn =0, 7
10 must be

7m



15containing at least 50 weight percent methylvinylidene isomer 16and having a number average
molecular weight in the range of 17about 400 to about 5,000, R2 is hydrogen or lower alkyl having
18one carbon atom to about 10 carbon atoms, and R3 is hydrogen 19or -OH; 14 20(b)a formaldehyde
or an aldehyde having the formula: 0 Rs- 2wpgrein R is branched or linear alkyl having one carbon
atom to 3about 10 carbon atoms, cycloalkyl having from about 3 carbon 4atoms to about 10 carbon
atoms, aryl having from about 6 5carbon atoms to aboqﬂ 10 carh;an atoms, alkaryi having from 6about
7 carbon atoms to about 20 carbon atorm: ’oT araTIky’( 7ha\7rr}gffrom about 7 carbon atoms to about 20
carbon atoms; 8(c)an amino acid or ester, derlvatlvb thereof having the formula: NH, 9CO2A 10wherein
W is -[CHR"I- in wherein each R" is mdedendently H, 11&lkyl having one carbon atom to about 15
carbon atoms, or a 12substituted-alkyl havmg -one carbon atom to about 10 carbon 13atoms and one
or more substituents selected from the group 14con5|st|ng of-amtino, amido, benzyl, carboxyl, hydroxyl,

=8

wharein 1, Ry, Y, X, and W are as defined above.

in a seventh aspect, there is provided a lubricating oil concenirate comprising from about
90 weight percent to about 10 weight percent of an oil of lubricating viscosity and from
about 10 weight percent to about 96 weight percent of one or more lubricating Mannich

condensation products as defined above.

In an eighth aspect, there is provided a fuel composition comprising a2 major amount of
hydrocarbons boiling in the gasoline or diese] range and a minor effective amount of one

or more Mannich condensation products having the formula

OH
|
Y R R
T 7 et N

|

S W !
p P
| CO,%
R,

— —n

n



15hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m 16is an integer from one to 4, and
A is hydrogen or alkyl having 17one carbon atom to about 6 carbon atoms; and 18(d)an alkali metal
base. 19In general, the principal Mannich condensation product of the disclosure can be
20represented by the tbrinula:  2wherein each R is independently -CHR'-, wherein R' is as defined
above, R1 3is a polyisobutyl group derived from polyisobutene containing at least 50 4weight percent
methylvinylidene isomer and having a number average 5molecular weight in the range of about 400 to
about 5,000; 6X is hydvogeniratcalkal fetaldor ol ik faving onbaodibdutie REFDORETAIOMS; 8W is
-4CHR"1- m) wherein each R"\iS | I | havi r%o , 15 carbon
atoms, or a@ substituteig-%(ﬁ?yﬁ%a@/ﬁgae\cﬁﬁea %%%ai%?n%@m%“g&%@%ﬁ@r ‘o%%%%éﬁﬁ éﬁ%%ﬁe or more
substituents 11selectetidromthet groapreonsisting of amind,! amidd,beazyineariokph i2Byidroxyl,
hydroxyphenyl, imidazojyl, imino, phenyl. sulfide, or thioh and m is L3an integer from.one Jg.4; 14Y is

hydrogen, alkyl having one carbon atom to about 10 carbon atoms, -
5 about 7 carbon atoms fo about 20 carbon atoms, or aralkyl having from

about 7 carbon atoms o about 20 carbon atoms, and =4 18 &

[8)]

7 polvisobutyl group containing at least 50 weight percent

& methvivinviidens isomer and having a number average molecular

G weight in the range of about 400 10 about 5,000,
10 X is hvdrogen, an alkali metal ion or alkyt having one to about & carbon
11 atoms;
12 W is -[CHR}- w wherein each R” is independently H, alkyl having one
13 carbon atom to abeut 15 carbon atoms, or a substituted-alkyl having
4 one carbon atom o about 10 carbon atoms and one or more
15 substituents selected from the group consisting of amino, amido,
16 nenzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
17 sulfide, or thiol, and m is an integer from one 1o 4;
18 Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
19 -CHR'OH, wherein 1 is as defined above,
20 or

Y R
\N/ ™~
W

21 x0,0”
22 whergin Y is -CHR'OH, wherein R is as defined above; and R, X, and
23 W are as defined above;
24 Z is hydroxyl, a hydroxyphenyl group of the formuta

70



15CHR'OH, wherein R is as defined above, 16or CO2X 17 1wherein Y'is -CHR'OH, wherein R' is as
defined above; and R, X, 2and W are as defined above; 3Z is hydroxyl, a hydroxyphenyl group of the
formula: OH 4 5or 6 7 8and n is an integer from 0 to 20, with the proviso that when n = 0, Z must be:
OH 1wherein R, R, Y', X, and W are as defined above. Preferably the R1 poiyisobutyi group has a
number average mdlecular weight 3of about 500 to about 2,500. More preferably the R1 polyisobutyl
group has a 4number average molecular weight of about 700 to about 1,500. Most

>

(8

W

[8)]

OH

R,

-~ __:’// \i'/ ) \\N./
v
. W\

wherein =, R4, Y, X, and W are as defined above,

and n s an integer from 0 to 20, with the proviso that whenn =10, Z

nust be

CrH
\\I % [ ,//R\N /Y'
l\\ U V\‘{/
N \
1 CO,X
R;

wherain R, R+, Y, X, and W are as definad above.



Spreferably the R1 polyisobutyl group has a number average molecular weight 6of about 700 to about
1,100. 7Preferably the R1 polyisobutyl group is derived from polyisobutene containing 8at least about
70 weight percent methylvinylidene isomer and more preferably 9the R1 polyisobutyl group is derived
from polyisobutene containing at least 90 10weight percent methylvinylidene isomer. 11In the

compound of ferimuiail aboxe, praferabl¥dsdydrRgendmetaidarigiprabh.an alkali metahian and

most preferally a sodium jon.. 13In another.embodiment of the isclosuye]g{n tl‘he compou d of formula
| above, 14X is aﬂ%y?se ected from methy! 'or'et%y ; '?L%ﬂln%li’]ﬁ?eei"érr%én emboditent of thé Marhich
condensation prodiickEriHe1Bprsseri diserdie R felmad aReYs-derived from polyisobutene
containing at 17least 50 weight percent methylvinylidene isomer and a number average 18molecular
weight in the range of about 700 to about 1,100, W is CH2, X is 19sodium ion and n is O to 20.

20 nother empadimenL aLibe present disclosule is diiefled o ametad or, 2taiaentng metal on

catalyzed oxidation an ymerization reactions in a 22hydrocarbon m comprising sequestering
the metal ion BYEEAE AHCHERNGH F5alh Stfetdiie AMBERT B1tHe MAnHicH eBhdehsatibh BRIBEEESE the
present 24discélosurghagdesaribedtabov. Themethodfop preventimgomelakion:RSeatatyzachoxidation
and polymerization-teastipnsis paficularly suitable for 26sequestering the metal ion by the addition of
an effective amount of the 27Mannich condensation product of the present disclosure in engine oil.

wherein R is either CH; or CHR' and wherein R’ is branched oriinear
alkyt having one carbon atom to about 10 carbon atoms, cycloalkyl
having from about 3 carbon atoms to about 10 carbon atoms, aryl
having from about © carbon atoms to about 10 carbon atoms, alkaryi
having from about 7 carbon atoms 1o about 20 carbon atoms, or aralkyl
having from about 7 carbon atoms to about 20 carbon atoms, and Ry is
nolyisobutyl derived from polyisobutene containing at least 50 weight
percent methylvinylidene isomer and having a number average

moiecular weight in the range of about 400 to about 5,000,



1The present disclosure is also directed to a product formed by combining, 2under reaction conditions,
a polyisobutyl-substituted hydroxyaromatic 3compound, an aldehyde, an amino acid or amino acid
ester, and an alkali 4metal base to form the Mannich condensation product sequestering agent.
5Another embodiment of the present disclosure is directed to a process for 6preparing a Mannich
condensation product comprising reacting a polyisobutyl- 7substituted hydroxyaromatic compound,
wherein the polyisobutyl moiety is 8derived from polyisobutene containing at least 50 weight percent
9methylv'nyli%ege isomer and a number avera olecular weight in the range 100of about 400 to
about 5,000, AK ARG, AR ATHORATA §F AihG RUBeSidr TLaRA BTRHAIR A SRR M tne
presence of a baseyii2Preferably the polyisobutyl-substituted hydroxyaromatic compound is
13polyisobutyl-substituted phenol wherein the polyisobutyl moiety is derived 14from polyisobutene
containing at least 70 weight percent methylvinylidene 15isomer and more preferably the polyisobutyl
moiety is derived fromyEGpalisétitite e tontaitingHPasti o0 eight perdenemethyivinytidene isomer.
17Preferably the-aldehyde isfarmatdehyde-er.paraformaldehyde. More '18preferably the aldehyde is
paraformaldehyde. 19Preferably the diluent is an alkanol having one carbon atom to about 10
20carbon atoms. More preferably the alkanol is methanol. 21Preferably the base is an alkali metal
hydroxide. More>preferably the alkali 22metal hydroxide is sodium hydroxide. 23The amino acid or
ester derivative thereof has the formula z NH2

wherein Y is -CHR'OH, wherein R’ is as defined above; and &, X, and W is -
[CHR"}- » wherein each R” is independently H, alkyl having one carbon atom
to aboul 15 carbon atoms, or a substituted-alkyl having one carbon atom io
about 10 carbon atoms and one or more substiiuents selected from the group
consisting of amina, amido, benzvl, carboxyl, hydroxyl, hydroxyphenyi,

imidazolyl, imino, phenyvl, sulfide, or thiol; and m is an integer from one to 4;

Z is hydroxyl, & hydroxyphenyl group of the formula

ar

ir



24C2A wherein IN are as defined above and A is hydrogen or alkyl having one 2carbon atom
to about 6 carbon atoms. Preferably the amino acid is glycine. 4In the above process the amino acid
may be added in the form of its alkali 5metal ion salt. Preferably the alkali metal ion is a sodium ion or
a potassium 6ion, more preferably the alkali metal ion is a sodium ion. 7A further embodiment of the
present disclosure is directed to a lubricating oil 8composition comprising a major amount of an oil of
lubricating viscosity and a 9 minor effective amount of one or more of the above described Mannich
10condensation products of the present disclosure. 11A further embodiment of the present disclosure
is directed to a lubricating oil 12concentrate camprising about 20 percent to 80 percent of a diluent oil
of 13lubricating viscosity and an effective amount of one or more of the above 14described Mannich
condensation products of the present-disclosure. Both the 15lubricating oil composition and the
lubricating oil concentrate may contain 16other additives designed to improve the properties of the
lubricating oil. 17A further embodiment of the present disclosure is directed to a fuel composition
18comprising a major amount of hydrocarbens boiling in the gasoline or diesel 19 range and a minor
effective amount of one or more of the above d’e’"scribed 20Mannich condensation products of the
present disclosure which has been 21further reacted to remove/replace any alkali metal. In general it
is not 22desirable for a fuel additive compositin to contain ash. Therefore, it is 23desirable to react
the above described Mannich condensation products of the

S T B o I U UV SO
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and n s an integer from 0 to 20, with the provise that whann =4, 2
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wherein R, Ry, Y, X, and W are as dafined above,

I an eleventh as e is provi
in an cleventh aspect, there is provided a fuel concenirate comprising an inert stable

oleophilic organic solvent boiling in the range of from about 63°C 1o about 204°C and
from about 10 weight percent o about 90 weight percent of one or more Mannich
condensation products as defined above.

In one embodiment, the present disclosure is directed to & Mannich condensation product

prepared by the Mannich condensation of:

7s



24present disclosure in such a way that any alkali metal salt present is converted 25to an ammonium

. or other appropriate salt giving an ashless Mannich 26condensation product. 1A further embodiment
of the present disclosure is directed to a fuel concentrate 2comprising an inert stable oleophilic organic
solvent boiling in the range of from about 65C to about 204C and from about 10 weight percent to
about 490 weight percent of one or more of the above described Mannich 5condensation product of
the present disclosure which has been further reacted 6to remove/replace any alkali Metal present.
7The Mannicl? condens %in products of the present disclosure may also be 8employed as dispersants

~in lubricating oil. For tise'& disPetSAHEORHyERMNE daRa Nt venerratitanniohcondensatiom
products are feplaced with 10afReemiymBdens,IFAMERaRIREE fAgiars  the present disclosure is based
i J?esgén{;; [08(fe B Stfctive

upon the discovery that the Mannich 12condensation products of the disclosure a

in 13sequestéring metals, espetiafidEed® dndprsenting metaricriiodviyted 14 oxidatiomand

polymerizatian reactions, whileraaiatainingsufficient oillpselubility for use in lubricating oils and fuels.
16DETAILED DESCRIPTION OF THE |NVENTlogf\il%l?DEFlN|T|oN@éﬁ}1|[zjsﬁA-?sﬁ?f’éé@r F%E?e(?rgf%%@ following

terms have the following meanﬁ%%‘ﬁwﬁ@@si‘i@@@’rbgs@@@tated to the contrary: 20The term 'aldehydes”
as used herein refer to formaldehyde or aldehydes

6 (h) an aldehyde;
7 (c) an amino acid or ester derivative thereof: and
8 (d) an alkali metal base.

9 In another embodiment the present disclosure is directed to a Mannich

10 condensation product prepared by the Mannich condensation of

11 (a) a polyisobutyl-substituted hydroxyarorhatic compound having
12 the formula:
OH
Ry
R;

13 R

14 wherein R is a polyisobutyl group derived from polyisobutense
15 containing at least 50 weight percent methylvinylidene isomer
16 and having a number average molecular weight in the range of
17 about 400 to about 5,000, Rg is hydrogen or iower alkyl having
18 _ one carbon atom to about 10 carbon atoms, and R3 Is hydrogen
19 or —OH;
20 (b) a formaldehyde or an aidehyde having the formula:

-8 -



- 21having the formula 0 22 1wherein R' is branched or linear alkyl having from one carbon atom to

. about 210 carbon atoms, cycloalkyl having from about 3 carbon atoms to about 10 3carbon atoms, aryl
having from about 6 carbon atoms to about 10 carbon 4atoms, alkaryl having from about 7 carbon
atoms to about 20 carbon atoms, 5or aralkyl having from about 7 carbon atoms to about 20 carbon
atoms. 6Representative aldehydes for use in the preparation of the Mannich 7condensation products
of the present invention include, but are not limited to 8aliphatic aldehydes such as formaldehyde,
acetaldehyde, propionaldehyde, 9butyraldehyde, valeraldehyde, caproaldehyde and heptaldehyde.
Aromatic 10aldehydes are also contemplated for use in the preparation of the Mannich
11condensation products of the present invention, such as benzaldehyde and 12alkylbenzaldehyde.
Para-tolualdehyde is an example of an 13alkylbenzald e. Also useful are formaldehyde producing
reagents, such 14as paraformaldehyde and aqueé‘l‘:ls formald@‘hyde solutions such as formalin.
15Aldehydes most preferred for use in the in the preparation of the Mannich 16condensation products

of the present invention are paraformaldehyde and 17formalin. 18Aldehydes most preferred for use in-
gparation of the MahRfF TocorBrRARRIBADRIdINGS 0RiFd pradentinveritivaratom o

the in the pr

paraformarl)dejwyde and 20formafifbuit 10 carbon atoms, cycloalkyl having from about 3 carbon
4 atoms fo about 10 carben atoms, ary! having from about 6
5 carbon atoms 1o about 10 carbon atoms, alkaryi having from
& about 7 carbon atorns 1o about 20 carbon atorns, or aratky)
7 having from about 7 carbon atoms to about 20 carbon atoms:

8 (¢} an amino acid or ester derivative thereof having the formula:
NHo
W

9 COzA
16 wherein W is ~[CHR"}- » wherein each R" is independentiy H,
11 alkyl having one carbon atom to about 15 carbon atoms, or a
12 substituted-alkyt having one carbon atom to about 10 carbon
13 atoms and one or more substituents selected from the group
14 consisting of amino, amido, benzyl, carboxyl, hydroxyl,
15 hydroxyphenyl, imidazolyi, imino, phenyi, sulfide, or thiol: and m
16 is an integer from one to 4, and A is hydrogen or alkyl having
17 one carbon atom to about 6 carbon atoms: and
18 {d)  an alkali metal base.
8 general, the principal Mannich condensation product of the disclosure can be

20 represented by the formula:



21Preferably the aldehyde is formaldehyde. By formaldehyde is meant all its 22forms, including

" gaseous, liquid and solid. Examples of gaseous 23formaldehyde is the monomer CH20 and the trirner,
(CH20)3 (trioxane) having 24the formula given below. 1CH2CH, 00 25CH, 1Examples of liquid
formaldehyde are the following: 21. Monomer OH20 in ethyl ether. 32, Monomer OH20 in water which
has the formulas CH2(H20)2 (methylene 4glycol) and HO(-CF-120),-H. 53. Monomer CI-120 in

methanol which has the formulas OHCH

and 6CH30(-GH20),-H. 7 8Formaldehyde solutions are

commercially available in water and variols 9%%hols. In water it i$ available as a 37% - 50% solution.

Formalin is a 37% 10solution in water. 11Form
cyclic (trioxane) 12polymers. Linear

polymers. 14The term "alkali metal" a
such as lithium, sodium and potassium.

o B W N

10
11
12
13

14
15

16

17

ehyde is also commercially available as linear and
ay be I%W molegular weight or high molecular 13weight
i ers\!o\,efou\pnlé metals of the 15Periodic Table,

W I

wherein each R is independently -CHR’-, wherein R’ is as defined above, R4
is a polyisobutyl group derived from polyisobutene containing at least 50
weight percent methylvinylidene isomer and having a number average

molecular weight in the range of about 400 to about 5,000,

X is hydrogen, an alkaii metal ion or alkyl having one to about 6 carbon

atoms;

W is ~[CHR"]- » wherein each R” is independently H, alkyl having one
carbon atom to about 15 carbon atoms, or a substituted-alkyl having one
carbon atom to about 10 carbon atoms and cne or more substituents
selected from the group consisting of amine, amido, benzyl, carboxyl,
hydroxyl, hydroxyphenyl, imidazolyi, imino, phenyl, sulfide, or thiol; and mis

an integer from one to 4;

Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, -
CHR'OH, wherein R’ is as defined above,

ar

R

W
Co,x

-10 -



16The term "amino acid or ester derivative thereof" as used herein refers to 17amino acids having the
" formula z NH2 18co2A 19wherein W is -[CHR"]-", wherein each R" is independently H, alkyl 20having
one carbon atom to about 15 carbon atoms, or a substituted- 21alkyl having one carbon atom to about
10 carbon atoms and one or 22more substituents selected from the group consisting of amino, amido,
23benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, 24sulfide, or thiol; and mis an
integer from one to 4, and A is hydragen rg@k | having ope.carbop. ato bou & n atoms.
Preferablyt e 2alkyl is me\%&ﬁ g/%gﬁaﬁ 3(19H term H/ a%meljﬁegnagdlssgﬁ %%ﬁlﬂ]see ci%e%relgﬁ % %Cg?c)?salts of
amino acidsMhaving the famauld ziklH2 BEDR2M Swdherein W is as defined above and M is an alkali
metal ion. Preferably 7M is a sodium ion or a potassium ion. More preferably X is a sodium ion. 9The
term "base as used herein refers to alkali metal hydroxides and alkali 10metal alkoxides. Preferably
the base is @n alkélisnietaitdrexiva sereleer e R iedprevMsisting of sodium hydroxide, lithium
hydroxide or potassium 12hydroxide. More preferably the alkali metal hydroxide is sodium hydroxide
or

OH
=
N
R
4 1
5 or
OH
% R\N/Y’
[—
. \
CO,X
R
5 1
7 wherein R, Ry, Y, X, and W are as defined above,

8 and nis an integer from 0 to 20, with the proviso that when n = 0, Z must be:

OH
R Y
\N/
/
W
\
CO.X
Ry

11 -



13potassium hydroxide. 14The term "color test" as used herein refers to the color test used for
.15determination of the ability of the Mannich condensation products of the 16present invention to
sequester Fe+3 ions. The test is briefly described below: 17Test for Iron Sequestering Ability 18The
test used for iron sequestering ability was as described in U.S. Patent No. 194,387,244. A 0.15 to 0.25
gram sample of the Mannich condensation product 20is placed into an 8 dram vial to which is added
15 milliliters toluene and 21shaken to homogeneity. Next 15 milliliters 00.05 molar solution of FeCI3 in
22water is added to the vial and the vial is mechanically shaken for one hour. 23The contents of the

vial are allowéd to separ3{siat tRe Foluénellayad 2achangesdediosdramuyellow to purple, as evidence
of iron being chelated, in the -18- 1presence of the Mannich condensation product sequestering

agents of the 2present inyentjon, 3 The term "hydroxyl number" as used herein refers to the amount of

potassium 4Hydroxid&Sétlifr &t o nBttr iR the poniBdbrtyR sibstitted pherobpszgom Sokgample
(milligrams K®OH pgr-gram samplek & Jihe term jinex r llig;organic solvent” as used herein
o or dingel fol Proiirably 1 s S BeidBraic

refers to 7solyents that dissolve in gasoline or diesel fuel. Preferab

organic solveht is A B YERIERE WBbE bR @oIVEi i9simhuad Feizehtydoluene, xylene
from about 3 carbon

or higher-boing anafeatios; AhamRMabsAEHIRASS R AfiRhalic algahols having from about walght
atoms to ab%ut 8 J
of about 700 to about 1,100.

Preferably the Ry polyisobutyl group is derived from polyisobutene containing
&  atleast about 70 weight percent methyivinylidene isomer and more preferably
the Ry polyisobutyl group is derived from poivisobutene containing at least 80

10 weight percent methylvinylidene isomer.

11 In the compound of formula | above, preferably X is hydrogen, more

12 preferably an alkali metal ion and most preferably a sodium ion.

13 In another embodiment of the disclosure, in the compound of formuia I above,

14 Xis alkyl selected from methyt or ethyl.

15 Ina preferred embodiment of the Mannich condensation product of the
16 present disciosure R is CHa, R; is derived from polyisobutene containing at
17 least 50 weight percent methylvinylidene isomer and 3 number average

18 moiecular weight in the range of about 700 to about 1,100, W is CHs, X is

19 sodiumion and nis 0 to 20,

20 Another embodiment of the present disclosure is directed to a method for
21 preventing metal jon catalyzed oxidation and polymerization reactions in a

22 hydrocarbon medium comprising sequestering the metal ion by the addition of
23  an effective amount of the Mannich condensation product of the present

24 disclosure, as described above. The method for preventing metal ion

25  catalyzed oxidation and polymerization reactions is particulariy suitable for

26 seguestering the metal ion by the addition of an effective amount of the

27 Mannich condensation product of the present disclosure in engine oil.,

12 -



11carbon atoms may also be used in combination with the hydrocarbon 12solvents. Aliphatic alcohols
contemplated for use in the present invention are 13isopropanol, isobutylcarbinol, n-butanol and the
like. 14 The term "Mannich condensation product” as used herein refers to a mixture 150f products
obtained by the condensation of a polyisobutyl-substituted 16 hydroxyaromatic compound with an
aldehyde and an amino acid, such as, 17glycine, to form condensation products having the formulas
given below. The 18 formulas given below are provided only as some examples of the Mannich
1900ndensa]tion ducts believed to be of the present invention and are not 20intended to exclude

0
other possible Mg[\%%ﬁssaﬁﬁéﬁgéﬁwsp%ali}éfgcfﬁ%tt%?alﬁf%‘ﬂé fomREPYSAE tHEethods of the
present inventionn@ét 22acfih AR @R 2 ORRLEL8/-substituted hydroxyaromatic

3 compound, an aidehyde, an amino acid or amino acid ester, and an aikali

4 metal base to form the Mannich condensation product sequestering agent.

5  Another embodiment of the present disclosure is directed to a process for

6  preparing a Mannich condensation product comprising reacting a polyisobutyl-

7 substituted hydroxyaromatic compound, wherein the polyisobutyl molety is

& derived from polyisobutene containing at jeast 50 weight percent

9 methylvinylidene isomer and a nurber average molecular weight in the range
10 of about 400 to about £,000, an aidehyde, an amino acid or amino acid ester
11 and optionally a diluent, in the presence of a base.

12 Preterably the polyisobutyl-substituted hydroxyaromatic compound is

13 polyisobutyl-substituted phenol wherein the polyisobutyl moiety is derived
14 from polyisobutene containing at least 70 weight percent methylvinylidene
15 isomer and more preferably the polyisobutyl moiety is derived from

16  polyisobutene containing at least 90 weight percent methylvinylidene isomer.

17 Preferably the aldehyde is formaldehyde or paraformaidehyde. More
18  preferably the aidehyde is paraformaldehyde.

19 Preferably the diluent is an atkanol having one carbon atom o about 10

20  carbon atoms. More preferably the alkanol is methanol,

21 Preferably the base is an alkaii metal hydroxide. More preferably the alkali

22  metal hydroxide is sodium hydroxide.

23  The amino acid or esier derivative thereof has the formula

Y Nk,
W

\\
24 COMA
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45 CO2X ONOHOH 2wherein R, R1, X and W are as defined above. 3 The Mannich condensation
. products shown above may react further with an 4aldehyde and an amino acid to form larger
oligomers. 5Preferably the R1 polyisobutyl group is derived from polyisobutene containing 6at least 70
weight percent methylvinylidene isomer and more preferably the R1 7polyisobutyl group is derived
from polyisobutene containing at least 90 weight 8percent methylvinylidene isomer. 9In a preferred
embodiment of the Mannich condensation products R is CH2, 10R1 is derived from polyisobutene

containing at least 50 wejght peg{(\:éent 1lm§%;%lé(g1 lidene isomer and has a number average molecular

weight of abbut 12700 t8T&56{ 1560 WFi GALGIlTMICHOZSTHY Rl T BPRIBAEating

viscosity" asiused herewprefetsstedusieating gils: idwhicihpaay be mineral oil or synthetic oils of
lubricating viscosity and

3 Preferably the amino acid is glycine.

4 In the above process the amino acid may be added in the form of its alkali
metal fon salt. Preferably the alkali metal ion is a sodium ion or a potassium

& ion, more preferably the alkali metal ion is a sodium ion.

7 A further embodiment of the present disclosure is directed to a lubricating oil
composition comprising a major amount of an oil of lubricating viscosity and &
minor effective amount of one or more of the above described Mannich

10 condensation products of the present disciosure.

11 A further embodiment of the present disclosure is directed to a lubricating oil

12 concentrate comprising about 20 percent to 80 percent of a diluent oil of
13 lubricating viscosity and an effective amount of one or more of the above
14 described Mannich condensation products of the present disclosure. Both the

15 lubricating oil composition and the lubricating oil concentrate may contain

16 other additives designed to improve the properties of the lubricating oil.

17 A further embodiment of the present disclosure is directed to a fuel composition

16 comprising a major amount of hydrocarbons boiling in the gasoline or diesel
19 range and a minor effective amount of one or more of the above described
20 Mannich condensation products of the present disclosure which has been

21 further reacted to remove/replace any alkali metal. in general it is not

22 desirable for a fuel additive composition {o contain ash. Therefore, it is

23 desirable to react the above described Mannich condensation products of the
24 present disclosure in such a way that any alkali metal salt present is converted

25  to an ammonium or other appropriate salt giving an ashless Mannich

26  condensation product.

-4 -



15preferably useful in the crankcase of an internal combustion engine. 16Crankcase lubricating oils
ordinarily have a viscosity of about 1300 17centistokes at -17.8C to 22.7 centistokes at 98.9C. The
lubricating oils may 18be derived from synthetic or natural sources. Mineral oil for use as the base
19oil in this invention includes paraffinic, naphthenic and other oils that are 20ordinarily used in
lubricating oil compositions. Synthetic oils include 21hydrocarbon synthetic oils, synthetic esters and
Fischer-Tropsch derived base 220il. Useful synthetic hydrocarbon oils include liquid polymers of

alpha-olefins 1having the proper visc Especially useful r g%l;gg]{lgyéd 2oligomers of
C6 to C12 dipha’olBfike" h0§§‘(le‘?fe%fé#§ ?ﬂ?ﬁeé}i ,}/ B f/:,l5 élgde%%rﬁé% of proper viscosity, such

as didodecy be@é@ﬁl@r@r@/é}eln@e@st@uaemmpﬁHMmrgm:smMaﬁeﬂh@ ingterdief totge of

mono-carboxylic acids and Spolycarboxylic acids as well as no:hy ng Is;and, Is.
Typical 6exémplfé§fﬁr@bﬂi%@écgﬂ %dﬁ%ﬁé 6éjﬁ€takérﬁ1rcfoltfetr§n§§§'56éte 089\{7 l%gfyl gadg}gg[g

di-laurylsebacate @i te: Ig}@cgﬁml@mgsjem@TQQﬁMfmerHMWM Mamuzénd di-carboxylic

acid and mono- and di-hydroxy alkanols 9can aliici)&&used hl?([ %%g\? yﬁr%&@@%&&ﬂs and synthetic

oils may alsb bec?BHEAIPOPEXASSIE I BRIEY veight percent weight percent

11hydrogenrated d19ecene Eimeravith v Bilelightper ceat 000 weight percent 12683 centistokes at
37.8C mineral oil gives an excellent oil base. 13The term "polyisobutyl or polyisobutyl substituent” as

used herein refers to the 14polyisobutyl substituent on the hydroxyaromatic ring. The polyisobutyl
15substituent has iz nambehaverageamelgculbrweigitin thentatigaosrsoat 400 be

8  employed as dispersants in lubricating oil. For use as disper rsants in fuels the

O alkali metal ions in Mannich condensation products are replaced with

10 ammonium ions,

11 Among other factors, the present disclosure is based upon the discovery that the Mannich
12 condensation products of the present disclosure are effective in

13 sequestering metals, especially Fe*®, and preventing metal ion caf_caiyzed

14  oxidation and polymerization reactions, while maintaining sufficient ol

15  solubility for use in lubricating oils and fuels,

16 DETAILED DESCRIPTION OF THE INVENTION

17 DEFINITIONS

18  As used herein, the following terms have the foliowing meanings unless

19 expressly stated fo the contrary:

20  The term “aldehydes” as used herein refer to formaidehyde or aldehydes

21 having the formula

R‘/H\H

22

-15-



~16to about 5,000. Preferably the polyisobutyl moiety has a number average 17molecular weight in the
range of about 500 to about 2,500. More preferably 18the polyisobutyl moiety has a number average
molecular weight in the range 190of about 700 to about 1,500, and most preferably the polyisobutyl
moiety has 20a number average molecular weight in the range of about 700 to about 1,100.
21Preferably the attachment of the polyisobutyl substituent to the 22hydroxyaromatic ring is para to
the hydroxyl moiety in at least 60 percent of 23the total polyisobutyl-substituted phenol molecules,

more preferafly tHeSARRRNRATEBFRFE FONIHLAFSUIRIREHOE RRGGAFBR)AGHAIR #iiHs para
25to the hydroxyl mpiehbishatieas! 8Qaertentafhe ftah polyisob Wy 3esubstted phenod

molecules, and most preferably the attachment of the 27polyisobutyl substituent to the
hydroxyaromatic fHigHS haIATS tievhidraks S8MGIeRHbR i MHeAG Mg hakaehdP gt peRent of the
total polyisobytyl- 28stbstitcied phenel maleeules: 71dhe termdpalyisomsylsubstituted-pherol" as

used herein refers to a 2po|gisqbut I-substituted phenol ring. The polyisgbutyl-substituted phenol is

3derived fron? pol{isBhiltehd REREAIRME aPRi4st 58" RRbRIPRF et AT thlIc MR A ESmer.

Prefer_ably the polyisobutyl-sub_stitute_d phenol is 5derived from polyisobut_ene containing at least about
e et LN AT O Sl Al PO el onenol
9The term "séquesterieg sgjent(Sivdsaised tergire sefelr steecompowiddehbtit are not limited to
8  ailiphatic aldenydes such as formaldehyde, acetaldehyde, propionaldehyde,
9 bulyraldehyde, valeraldehyde, caproaldehyde and heptaldehyde. Aromatic
10 aldehydes are also contemplated for use in the preparation of the Mannich
11 condensation products of the present invention, such as benzaldehyde and
12 alkylbenzaldehyde. Para-tolualdehyde is an exampie of an
13 alkylbenzaldehyde. Also useful are formaldehyde producing reagents, such
14 as paraformaldehyde and aqueous formaldehyde solutions such as formalin.
15 Aldehydes most preferred for use in the in the preparation of the Mannich
16 condensation products of the present invention are paraformaldehyde and

17 formalin.

18  Aldehydes most preferred for use in the in the preparation of the Mannich
19 condensation products of the present invention are paraformaldehyde and

20 formalin.

21  Preferably the aldehyde is formaldehyde. By formaldehyde is meant all its
22 forms, including gaseous, liquid and solid. Examples of gaseous
23 formaldehyde is the monomer CHoO and the trimer, (CH2O); (trioxane) having

24 the formula given below.

O
/ \
CH, CH,
|
o !
25 T~on
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~10hold a metal atom between two or more atoms of a single molecule of the 11compound, thereby
neutralizing or controlling harmful metal ions, such as 12Fet3, in a lubricating oil or fuel. 13The term
"VW TDI-1 and VW TDI-2 engine tests" as used herein refers to the 14engine test procedures CEC
L-78-1-97 and CEC L-78-T-99 respectively, 15published by the Coordinating European Council (CEC)
for the Development 160f Performance Tests for Transportation Fuels, Lubricants and Other Fluids.
17Unless otherwise specified, all percentaﬁ(%s are in weight ercent and the 18pressure is

atmospheric bres%@??@lﬁh@emﬂi@frﬁé ONSRiBFEPPEAGEL20F its broadest aspects the present

invention is directed to a Mannich 21condensation product prepared by the Mannich condensation of a

22polyisobutyl-substitut roxy, tiC , Wherein the polyisobutyl 23group has number
average mo%cular wizig t??%%%aﬁé%%?argﬁﬁ{gt%ﬁg SOO to 24about 5,000, an aldehyde, an amino

acid or esterlerivative tiereof, ang an2hallaliumetakass: hGeNera Rresadure or Rreparalion of
d 20 prw

Mannich Condensation Product 2Sequestering agents 3 4The Mannich condensa oducts of this
invention are*prepared by Bevhibigifigiriderfeadtion conditions a polyisobutyl-substituted
6hydroxyaromatic compound, wherein the polyisobutyl grouE ha% afnumber 7average molecular

as the for

weight in theSrange of frdfe aBid6r 400:46 BLBIHIBED vHCh mulas OHCHOCH; and
§) CH3O(-CH20),-H.

7

Formaldehyde solutions are commercially available in water and various
alcohols. Inwater it is available as a 37% - 50% solution. Formalinis a 37%

10 solution in water.

11 Formaldehyde is also commercially available as linear and cyclic (trioxane)
12 polymers. Linear polymers may be low molecular weight or high molecular

13 weight polymers.

14 The term “alkali metal” as used herein refers to Group | A metals of the

‘15 Periodic Table, such as lithium, sodium and potassium.

16 The term "amino acid or ester derivative thereof” as used herein refers to

17 amino acids having the formula

NH,

y /
18 ™~ COA
19 wherein W is -[CHR"]-  wherein each R” is independently H, alkyl
20 having one carbon atom fo about 15 carbon atoms, or a substituted-
21 atkyl having one carbon atom fo about 10 carbon atoms and one or
22 more substituents selected from the group consisting of amino, amido,
23 benzyl, carboxyt, hydroxyi, hydroxyphenyl, imidazolyl, imino, phenyl,
24 sulfide, or thicl; and m is an integer from one to 4, and A is hydrogen or

AT -



8aldehyde, an amino acid or ester derivative thereof, and an alkali metal base. 9The reaction can be
“carried out batch wise, or in continuous or semi- 10 continuous mode. 11Normally the pressure for this
reaction is atmospheric, but the reaction may 12be carried out under sub atmospheric or super
atmospheric pressure if 13desired. 14The temperature for this reaction may vary widely. The
temperature range for 15this reaction can vary from 10C to about 200C, preferably from about 50C
16to about 150C, more preferably from about 70C to about 130C. 17The reaction may be carried out
in the presente of a diluéHtbNa WikGRESTABRILERR. 1 Bhnigditantieratemsth R e rsdetists come
into intimate 29contact itk eackhether i efeiar for them to react. This is an important 20consideration
because the starting materials for the Mannich condensation 21products of the present invention
include the relatively non polar polyisobutyl- 22substituted hydroxyl aromatic compounds and the
relatively pol@r aniine &cid 23eiresteriderividticetbercofrifisrtiferefore aecessanto finda suitable set
of 24reaction4congiti\§)ns or dyuentfs that will dissolve all the starting materials. 25diluents for this
reaction must be cgpgﬁe ot é)lg@(%i\‘/?fng the starting materials 260f this reaction and allowing the
reacting materials to come in contact with 27each other. Mixtures of diluents can be used for this
reaction. Useful diluents 28for this reaction include water,glgohols, (including methanol, ethanol,
29isopropanol, 1-propanol, 1-butanol, isobutanol, sec-)aﬁtanol, butanediol, 2- 30ethylhexanol,
1-pentanol, 1-hexanol, ethylene glycol, and the likeyyDMSO, - 24 -

5 COsi
6 wherein W is as defined above and M is an alkali metal ion. Preferably
7 M is a sodium ion or a potassium ion. More preferabiy X is a sodium

8 ion.

9 Theterm "base” as used herein refers to alkali metal hydroxides and afkali
10 metal alkoxides. Preferably the base is an alkali metal hydroxide selected
11 from the group consisting of sodium hydroxide, lithium hydroxide or potassium
12 hydroxide. More preferably the alkali metal hydroxide is sodium hydroxide or

13 potassium hydroxide.

14 The term “color test” as used herein refers to the color test used for
15 determination of the ability of the Mannich condensation products of the

16 present invention to sequester Fe™ jons. The test is briefly described below:

17 Test for lron Sequestering Ability

18  The test used for iron sequestering ability was as described in U.S. Patent No.
19 4,387,244, A 0.15 to 0.25 gram sample of the Mannich condensation product
20  is placed into an 8 dram vial to which is added 15 milliliters toluene and

21 shaken to homogeneity, Next 15 miililiters 0 0.05 motlar solution of FeCls in
22  water is added to the vial and the vial is mechanically shaken for one hour.

23 The contents of the vial are allowed to separate and the toluene layer

24 changes color from yellow to purple, as evidence of iron being chelated, in the

-18 -



_INMP, HMPA, cellosolve, diglyme, various ethers (including diethyl ether, THE, 2diphenylether,
dioxane, and the like), aromatic diluents (including toluene, 3benzene, o-xylene, m-xylene, p-xylene,
mesitylene and the like), esters, 4alkanes (including pentane, hexane, heptane, octane, and the like),
and 5various natural and synthetic diluent oils (including 100 neutral oils, 150 6neutral oils,
polyalphaolefins, Fischer-Tropsch derived base oil and the like, 7and mixtures of these diluents.
Mixtures of difuents daahforgitwe RhasseiPeurRasmethaneland é”l@c@i@@?eﬂ@t; %%@Q@@P'H%“S for this
reaction. 9The reaction may be carried out by first reacting the hydroxyaromatic I0compound with the
alkali metal base, P6R&REd HEHEBddition of the amino 11acid or ester derivative thereof and the
aldehyde, or the amino acid or ester 12derivative thereof may be reacted with the aldehyde followed
by the addition 130f the h%drox%aror‘patic compound and the alkali metal pgge _e,tcEi Alt is believed that
the reaction of the' AinG Hcid? STl 2l g\ishe” or €5 ThdervaTilet f(éﬁf',fﬁﬁg Re i 2HYdE" such
as formaldehyde, myaycpidduee;tive d Gintenmediate Herprilasd GO OEL HANEODHER o Gidr gram

5 of sample (milligrams KOH per gram sampie).

The term “inert stable oleophilic organic solvent” as used herein refers to

solvents that dissolve in gascline or diesel fuel. Preferably the inert stable

e

oleophilic organic solvent is an aliphatic or an aromatic hydrocarbon solvent,
9  such as benzene, toluene, xylene or higher-boiling aromatics or aromatic

10 thinners. Aliphatic alcohols having from about 3 carbon atoms to about 8

11 carbon atoms may also be used in combination with the hydrocarbon

12 solvents. Aliphatic alcohols contemplated for use in the present invention are

13 isopropanol, isobutylcarbinol, n-butanol and the like.

14 The term “Mannich condensation product” as used herein refers to a mixture
15 of products obtained by the condensation of a polyisobutyl-substituted

16 hydroxyaromatic compound with an aldehyde and an amino acid, such as,

17 glycine, to form condensation products having the formulas given below. The
18  formulas given below are provided only as some examples of the Mannich

19 condensation products believed to be of the present invention and are not

20 intended to exciude other possible Mannich condensation products that may

21 be formed using the methods of the present invention.

OH
R H
\N/
e
W
\
CO,X
R;

22
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“HO- COOH 17 OH 18which may ultimately form the cyclic formula COOH COOH COOH 1 2ltis
believed that these intermediates may react with the hydroxyaromatic compound and the base to form

the Mannich condensation products of the 4present invention. 5Alternatively, it is believed that the
reaction of the hydroxyaromatic compound 6with the aldehyde may produce the intermediate formula

011

OH
H R R H
\N/ / \N -
s ' s
W W
\ AN N\
CO,X CO.X
s
R
1 i
OH OH
R, R
\N/ /
/ |
W |
N AN
CO,X
R R
9 1 1
O OH
R. R R H
~ ~y
/ J/
W W
\ N
CO,X CO,X
R R
3 1 1
OH on
H R R R R H
S s S~ ~y
/ ; / /
W W W
\ RN \ \
O 2X CO QX CO QX
E
R, R,
4
5



7 8lt is also believed that this intermediate may react with the amino acid or ester 9derivative thereof
“and the base to form the Mannich condensation product of 10the present invention. 11The time of the
reaction can vary widely depending on the temperature. The 12reaction time can vary between 0.1
hour to about 20 hours, preferably from 13about 2 hours to about 10 hours, more preferably from
about 3 hours to about 147 hours. 1The charge mole ratio (CMR) of the reagents can also vary over a
wide range. 2Table | below gives a listing of the different formulae that can arise if different 3charge
mole ratios are used. At a miypmum the oil-soluble Manmjgh 4condensation produeisjthat sequester
Fec should preferable contai|11 at least 5one ponisobuty]-substituted phenol ring and one amino acid
group connected 6by one aldehyde group a? one alkali metal. ®Rhe polyigobutyl-substituted
7phenol/aldehyde/aminoracid/base chargeimole ratie-for this'molectie; also 8 m Table | below,
is1.0:1.0:1.0:1.0. Other chare m (;/ratios are 9possible an }ﬁe use of 0 arge mole ratios
can lead to the producti noﬂ ferent\molecules of.differe

CO,X CO,X
j
’ Ry Ry Ry
2 wherein R, R4, X and W are as defined above.
The Mannich condensation products showrt above may react further with an
4 aldehyde and an amino acid to form larger oligomers.
5  Preferably the Ry polyisobutyl group is derived from polyisobutene containing
6  atleast 70 weight percent methylvinylidene isomer and more preferably the R4
7 polyisobuty! group is derived from polyisobutene containing at least 90 weight
8  percent methylvinylidene isomer.

9 In a preferred embodiment of the Mannich condensation products R is CHa,
10 Ry is derived from polyisobutene containing at least 50 weight percent
11 methylvinylidene isomer and has a number average molecular weight of about
12 700 to about 1300, W is CH», and X is a sodium ion.

13 The term “oil of lubricating viscosity” as used herein refers to lubricating oils
14 which may be mineral oil or synthetic oils of lubricating viscosity and

15 preferably useful in the crankcase of an internal combustion engine.

16 Crankcase lubricating oils ordinarily have a viscosity of about 1300

17 centistokes at -17.8°C to 22.7 centistckes at 88.9°C. The lubricating cils may
18  be derived from synthetic or natural sources. Mineral oil for use as the base
19 oil in this invention includes paraffinic, naphthenic and other cils that are

20 ordinarily used in fubricating oil compositions. Synthetic oils include

21 hydrocarbon synthetic oils, synthetic esters and Fischer-Tropsch derived base

22 oil. Useful synthetic hydrocarbon olls include liquid polymers of alpha-olefins

-0 -



12 Product Polyisobutyl-substituted phenol : aldehyde : amino acid : base (CIVIR) r11.0:1.0:1.0
10 ON ------- [-i.KR ()H1L-,--,,,,11.0:2.0:2.0:

having the proper viscosity. Especially useful are the hydrogenated liquid
oligomers of Cg to Cy, alpha-clefins such as 1-decene trimer. Similarly, alkyl
benzenes of proper viscosity, such as didodecyl benzene, may be used.
Useful synthetic esters include the esters of both mono-carboxylic acids and
polycarboxylic acids as well as mono-hydroxy alkanols and polyols. Typical
examples are didodecyl adipate, pentaerthritol tetracapoate, di-2-ethylhexyl

adipate, di-laurylsebacate and the like. Complex esters prepared from

D ~N D G b W N =

mixtures of mono- and di-carboxylic acid and mono- and di-hvdroxy alkanols

©

can also be used. Blends of hydrocarbon oils and synthetic oils may also be
10 used. For example, blends of 10 weight percent to 25 weight percent
11 hydrogenated 1-decene trimer with 75 weight percent to 90 weight percent

12 683 centistokes at 37.8°C mineral oll gives an excellent oil base,

13 The term "polyisobutyl or polyisobutyl substituent” as used herein refers to the
14 polyisobutyl substituent on the hydroxyaromatic ring. The polyisobutyl

15 substituent has a number average molecular weight in the range of about 400
16 to about 5,000. Preferably the polyisobutyl moiety has a number average

17 molecular weight in the range of about 500 to about 2,500. More preferably
18 the polyisobutyl moiety has a number average molecular weight in the range
19 of about 700 to about 1,500, and most preferably the polyisobutyl moiety has

20  anumber average molecular weight in the range of about 700 to about 1,100.

21 Preferably the attachment of the polyisobutyl substituent to the

22 hydroxyaromatic ring is para o the hydroxyl moiety in at least 60 percent of
23 the total polyisobutyl-substituted phenol molecules, more preferably the

24 attachment of the polyisobutyl substituent to the hydroxyaromatic ring is para
25  to the hydroxyl moiety in at least 80 percent of the total polyisobutyi-

26 substituted phenal molecules, and most preferably the attachment of the

27 polyisobutyl substituent to the hydroxyaromatic ring is para to the hydroxyl
28  moiety on the phenol ring in at least 90 percent of the total polyisobutyl-

29  substituted phenot molecules.

S00



20 d1 1,cAl 1 ------ R "---)\c,",-*-% 12.0:2.0: 1.0 1.0 Polyisobutyl-substituted phenol :

"aldehyde : amino acid : base (CMR) 2.0 10:2.0 2:0 2All these products arising from other charge
mole ratios may all be present

—

The term “polyisobutyl-substituted phenol” as used herein refers to a
polyisobutyl-substituted phenol ring. The polyisobutyl-substituted phencl is
derived from polyisobutene containing at least 50 weight percent
methylvinylidene isomer. Preferably the polyisobutyl-substituted phenol is
derived from polyisobutene containing at least about 70 weight percent
methylvinylidene isomer and more preferably the polyisobutyl-substituted

phenot is derived from polyisobutene containing at least about 90 weight

o ~N O o bW N

percent methylvinylidene isomer.

9  The term "sequestering agent(s)” as used herein refers {o compounds that
10 hold a metal atom between two or more atoms of a single molecule of the
11 compound, thereby neutralizing or controlling harmful metal ions, such as

12 Fe" in a lubricating oil or fuel.

13 The term "VW TDI-1 and VW TDI-2 engine tests” as used herein refers to the
14 engine test procedures CEC L-78-T-87 and CEC L-78-T-99 respectively,
16 published by the Coordinating European Council (CEC) for the Development

16 of Performance Tests for Transportation Fuels, Lubricants and Other Fluids.

17 Unless otherwise specified, all percentages are in weight percent and the

18  pressure is atmospheric pressure.

19 The Mannich Condensation Product

20 Inits broadest aspects the present invention is directed to a Mannich

21  condensation product prepared by the Mannich condensation of a

22 polyisobutyl-substituted hydroxyaromatic compound, wherein the polyisobutyl
23 group has number average molecular weight in the range of from about 400 to
24  about 5,000, an aldehyde, an amino acid or ester derivative thereof, and an

25  alkali metal base.

.23 .



3alone, as a single component, or as combinations of several components in a 4complex mixture of
“products. 5In the broadest sense the polyisobutyl-substituted phenol : aldehyde : amino 6acid: base
CMR can vary from 1.0 to 20.0: 1.0 t0 39.0 : 1.0 to 20.0 : 1.0 to 74.0. Preferably the
polyisobutyl-substituted phenol : aldehyde : amino acid : 8base CMR can vary from 1.0 to 5,0: 1.0 to
10.0: 1.0 to 6.0: 1.0 to 3.0. More 9preferably the polyisobutyl-substituted phenol : aldehyde : amino
acid : base 10CMR can vary from 1.0 to 3,0: 1.0t05.0:1.0t0 3.0: 1.0 to 2.0. Most 11preferably the
polyisobutyl-dubstitute HEBRGHE gder - HgkatrionlMdanrqis-rnfeqsasion F pounds
suitable for uge in the preparation of the Mannighgosnslensatiognetdproducts of the present invention
are given below: 15 16 1Polyisobutyl-substituted hydroxyaromatic compound 2A variety of
polyisobutyl-g’ubstituted hydroxyaromatic compounds can be 3utilized in the preparation of the

Mannich condensationpietidetsof thisdinvepioauthedrritical feature-is:taat the-pelyispbutyl
substituent t;r%large 5enqugh to impart qil solubility to the fiB(i,sh d Mannich condensation product. 6In

general the nUMbEP BPEAAEHIBRE 3R e GBIGEORSG RABSHROSR GB0R! 7HE are required to allow
for oil solubility oftiherManniah sendensasianiprotuesiBishendhieiordet afaboutiGR0and-higher. This

corresponds to a molecular 9Yveigjlht in the range of about 90 to about 5,000. It is desirable that the
C20 or average molecdlar weight in The range of from about 400 to about 5,000, an

- =p.'.. 16

& aldehyde, an amino acid or ester derivative thereof, and an alkali metal base.
9  The reaction can be carried cut balch wise, or in continuous or semi-

10 continuous modes.

11 Normally the pressure for this reaction is atmospheric, but the reaction may
12 be carried out under sub atmospheric or super atmospheric pressure if
13 desired.

14 The temperature for this reaction may vary widely. The temperature range for
15 this reaction can vary from 10°C to about 200°C, preferably from about 50°C
16 to about 150°C, more preferably from about 70°C to about 130°C.

17 The reaction may be carried out in the presence of a diluent or a mixture of
18  diluents. Itis important fo ensure that the reactants come into intimate

19 contact with each other in order for them to react. This is an important

20  consideration because the starting materials for the Mannich condensation
21 products of the present invention include the relatively non polar polyisobutyi-
22 substituted hydroxyl aromatic compounds and the relatively polar amino acid
23 or ester derivative thereof. It is therefore necessary to find a suitable set of
24 reaction conditions or diluents that will dissolve ali the starting materials.

25  dituents for this reaction must be capable of dissolving the starting materials
26 of this reaction and allowing the reacting materials to come in contact with |
27  each other. Mixtures of difuents can be used for this reaction. Useful diluents
28  for this reaction include water, alcohols, (including methanci, ethanol,

29  isopropanol, 1-propanc!, 1-butanol, isobutanol, sec-butanol, butanediol, 2-

30 ethylhexanol, 1-pentanol, 1-hexanol, ethylene glycol, and the like), DMSQO,
.04 -



10higher alkyl substituent on the phenol ring be located in the position para to 11the OH group on the
‘phenol. 12In general, one unsubstituted carbon atom in the ortho position to the hydroxyl 13group on
the aromatic ring is required in order to prepare the Mannich 14condensation products of this
invention. For example, phenol substituted in 15the para position with a polyisobutyl substituent that
contains 20 or more 16carbon atoms is a preferred polyisobutyl-substituted phenol raw material for
17this invention. 18Di-substituted phenols are also suitable starting materials for the Mannich

19condensatibn phodicts MithisoAlestiyR: BicbiBs:tREapheRmsieduR e vier tHatfthey are
substituted inzsuchy gy thatihens is.an uasupstityted 21orhe-ResitionsqmihephgReling:. Examples

of suitable di-substituted phenols 22are o-cresol derivatives substituted in the para position with a C20

or greater 23polyiSSHGEFUBHIFER: AR YR Tk BRI efBRE 5615366 dlisstiRAEI Phenol has
the following formylran@HiAciehgrelmBkds pekvisebubyh grosinderived-frant-polyispbitgne

containing at 3least 50 weight percent methylvinylidene isomer and having a number 4average

molecular weRyht i Pl G AHGLE UBO T8 8BRS 688, (Histhding 100 neutral oils, 150

6 neutral oils, polyalphaolefins, Fischer-Tropsch derived base oil and the like,
7 and mixtures of these diluents. Mixtures of diiuents that form two phases

8  such as methanol and heptane are suitable diluents for this reaction.

9  The reaction may be carried out by first reacting the hydroxyaromatic
10 compound with the alkali metal base, followed by the addition of the aminc
11 acid or ester derivative thereof and the aldehyde, or the amino acid or ester
12 derivative thereof may be reacted with the aldehyde followed by the addition

13 of the hydroxyaromatic compound and the alkali metal base, efc.

14t is believed that the reaction of the amino acid, such as glycine, or ester
15 derivative thereof, plus the aldehyde, such as formaldehyde, may produce the

16  intermediate formula

9]

/lL rNH [__coon
HQN/\COOH H H

HO

COCH

17 OH

18  which may ultimately form the cyclic formula
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~Shydrogen. 6In the above process the polyisobutyl substituent on the polyisobutyl- 7substituted phenol
has a number average molecular weight in the range of 8about 400 to about 5,000. Preferably the
polyisobutyl substituent on the 9polyisobutyl-substituted phenol has a number average molecular
weight of 10about 500 to about 2,5000. More preferably the polyisobutyl substituent on 11the
polyisobutyl-substituted phenol has a number average molecular weight of 12about 700 to about
1,500. Most preferably the polyisobutyl substituent on the 13polyi (ggtyl -substituted phenol has a
number average molecular weight of 14about 700 to about 1,100.15The polyisobutyl-substituted
phenol in the above process is preferably derlved 16from polylsobutene containing at least about 50
weight percent 17methylvinylidene is polyisobutyl-substituted phenol 18is
derived from polyisobutene containlnggﬁré[ast about 7 wei ht percent 19methylvinylidene isomer and
most preferably the polyisobutyl-substituted 20phenol i s en ed from polyisobutene containing at least
about 90 weight 21percent methylvinylidene isomer. able polyisobutenes may be prepared
using boron trifluoride (BF3) 23alkylation catalyst as desicrlbed in U.S. Patent Nos. 4,152,499 and

_r—!-

4,605,808. - 30 - 1Commercially available poiyisobutenges having a high alkylvinylidene content
2include Glissopal0 1000, 1300 and 2300, available from

gThe preferred
polyisobutyj-substituted phenol for use in the preparation of the

7 tis believed that these intermediates may react with the hydroxyaromatic

2 compound and the base to form the Mannich condensation products of the

4 present invention.

5  Alternatively, it is believed that the reaction of the hydroxyaromatic compound

6  with the aldehyde may produce the intermediate formula

OH

OH

R

it is also believed that this intermediate may react with the amino acid or ester

derivative thereof and the base to form the Mannich condensation product of

10 the present invention.

14 The time of the reaction can vary widely depending on the temperature. The
12 reaction time can vary between 0.1 hour to about 20 hours, preferably from

13 about 2 hours to about 10 hours, more preferably from about 3 hours to about

14 7 hours.
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4Mannich condensation products of the present invention is a mono-substituted 5phenol, wherein the
" polyisobutyl substituent is attached at the para-position to 6the phenol ring. However, other
polyisobutyl-substituted phenols that may 7undergo the Mannich condensation reaction may also be
used for preparation 8of the Mannich condensation products of the present invention. 9Solvent
10Solvents may be employed to facilitate handling and reaction of the 11polyisobutyl-substituted
phenols in the preparation of the Mannich 12condensation products of the present invention.
Examples of buitadle tBsalirertalara hydfddarbeh E6npouRas SFEhaShepla e Shéhdehe riddene,

14chlorobenzeney giamalic; sp el snerlial oibofukrigating vissosihs parplinshand aaphthenes.

Examples of other commercially available suitable solvents 16that are aromatic mixtures include
Chevron(r) Afomati@ioNCHe(#E1%0R 4 PERYorl) 2L BONTHEUtHRPSI-E8IF e MaRRIER condensation

product sequestering RgentiBrepaed-hy the: Leabeve-prcessis ipihesieedas anadditadnst
lubricating oil, then the 20pol%|sobutyl-substltuted phenol may be first dissolved in an alkyl-substituted

21aromatic solveRtIPREf¥ tHesHIRGI BB RIENCOAHAFORNEI S SHIR AL KES o8 Arer BBBIEC3
carbon aiomg (0 oyl 5 aaihen RS Mare Rieieiabiv s 23alkylayRsisuen. am e asgmatic

solvent has from about 6 carbon atoms to 24about 12 carbon atoms. 25 Base 26Typical bases include

alkali metal hydroXiges b avsipmBtdlakagiges s BBl teisdes ieiamaledi ifeBFPydroxide

selected from the<grauR in Table | below, is 1.0 1.0 : 1.0 : 1.0. Other charge mole ratios are
9 possible and the use of other charge mole ratios can tead to the production of

10  different molecules of different formulas.

a

11 Table |
12
Product Folyisobutyl-substituted phenol : aldehyde : amino acid : base
{CMR)
P 1.0:1.0:1.0:10
<

10:2.0:20:20

20:20:10:10

Y



_lconsisting of sodium hydroxide, lithium hydroxide or potassium hydroxide. 2More preferably the alkali
metal hydroxide is sodium hydroxide or potassium 3hydroxide. Most preferably the base is sodium
hydroxide. If the Mannich 4condensation product sequestering agent is to be used as a fuel additive it
5may be desirable to replace the alkali metal ion on the Mannich condensation 6products with an
ammonium ion. For other uses the alkali metal ion on the 7Mannich condensation products may also

be replaced with Group Il metals of 8the Periodic Table. 9 Aldehyde 10Aldehydes contemplated for
use in the prpcess of the gresent invention are 11formaldehyde or aldehydes having the formula 0 12
13wherein R' is branchéd°d*fihear alkyl, heRohgsirontybrebetifier atenpto didabpid 10rcarlion atorss,
cycloalkyl having from about 3 carbon atgms 15to about 10 carbon atgmes, aryl having from about 6
carbon atomss to 16about 10 carbon atoms, alkaryl having from about 7 carbon atoms to 17about 20
carbon atoms, or aralkyl having from about 7 carbon atoms to 18ahout 20 carbon atoms..

19Representative aldehydes for use in the preparation of the Mannich 20condensation products of the

present inveption include, but are not limited to 21aliphatic aldehydes sueh as formaldehyde,
acetaldehyde, p@bmtyraldehyde, valeraldehyde, caproaldehyde and heptaldehyde

CO AN T

i Ity

[$15} (3143
i

I

e ~ Oy O

11
12

13
14

15

16

All these products arising from other charge mole ratios may all be present
alone, as a single component, or as combinations of severai components in a

complex mixture of products.

In the broadest sense the polyisobutyl-substituted phenol ; aldehyde : amino
acid: base CMR can vary from1.0t020.0:1.01039.0:1.0t020.0:10¢t0
4.0. Preferably the polyisobutyl-substituted phenol : aldehyde : amino acid :
base CMR can vary from 1.01050:1.0t0 10.0: 1.0tc 6.0: 1.0 to 3.0. More
preferably the polyisobutyl-substituted phenol : aldehyde : amino acid : base
CMR canvary from 1.0t0 3.0:1.0t05.0:1.0t03.0: 1.0to 2.0. Most
preferably the polyisobutyl-substituted phenol : amino acid : aldehyde : base
CMRis1:1:2:1.

Compounds suitable for use in the preparation of the Mannich condensation

products of the present invention are given below:

208 .



~23Aromatic aldehydes are also contemplated for use in the preparation of the 24Mannich
condensation products of the present invention, such as 1benzaldehyde, alkylbenzaldehyde and
hydroxybenzaldehyde. Para- 2tolualdehyde is an example of an alkylbenzaldehyde. 3Also useful are
formaldehyde producing reagents, such as paraformaldehyde 4and aqueous formaldehyde solutions
such as formalin. Aldehydes most 5preferred for use in the in the preparation of the Mannich

condensationy 6preduets of the.preseniAvaniien ale Raalormaldahyde and formalin. 7Aldehydes most
preferred for use aration of the Mannich 8condensation products of the present
invention are paraformaldehyde and 9formalin. 10Preferably the aldehyde is formaldehyde. By

formaldehydg is meamdl} & g@r&@g@mwchmj'@@g@ﬁhy@r&%@m@tﬁoﬁd@mm@iesm baseous
12formaldehyde is the monomer CH20 and the trimer, g%lzo étrlo ane ha 13t eformula given
below. C H2CH, {HB6°48 18 BESRAHIES fRGil R EHER( e KA <5ﬂ g%{)i X*Monomer

CH20 in ethy| eth@\ﬁ/érﬁﬁ)d\ﬂmm@ﬁi’@ammtetwﬂmﬁmnﬁﬁyﬁlaetﬁmmlﬂaséﬁkd%(rhﬂmza(r@tethylene
5 enough to impart cii solubility to the finished Mannich condensation product.
6 In general the number of carbon atoms on the polyisobutyl substituent group
that are required to allow for oil solubility of the Mannich condensation product
is on the order of about Cog and higher. This corresponds to a molecular

7

8

9  weight in the range of about 400 to about 5,000. It is desirable that the Cy or
0  higher aikyl substituent on the phenol ring be located in the position para to

1

1
1 the OH group on the phenol.

12 in general, one unsubstituted carbon atom in the ortho position to the hydroxyi
13 group on the aromatic ring is required in order to prepare the Mannich

14 condensation products of this invention. For example, phenol substituted in
15  the para position with a polyisobutyl substituent that contamns 20 or more

16  carbon atoms is a preferred polyisobutyl-substituted phenol raw material for

17  this invention.

18  Di-substituted phenols are also suitable starting materials for the Mannich

19 condensation products of this invention. Di-substituted phenols are suitable
20  provided that they are substituted in such a way that there is an unsubstituted
21 ortho position on the phenol ring. Examples of suitable di-substituted phenols
22  are o-cresol derivatives substituted in the para position with a Cog or greater

23 polyisobutyl substituent and the like.

24 A preferred polyisobutyl-substituted phenol has the following formuta:

-G -



_18glycol) and HO(-CH20),-.H. 196. Monomer CH20 in methanol which has the formulas OHCH2OCH3
and 20CH30(-CH20),-.H. 21 1Formaldehyde solutions are commercially available in water and
various 2alcohols. In water it is available as a 37% - 50% solution. Formalin is a 37% 3solution in
water. 4Formaldehyde is also commercially available as linear and cyclic (trioxane) 5polymers. Linear
polymers may be low molecular weight or high molecular 6weight polymers. 7 Amino Acid 8The amino
acid or the ester derivative thereof used in the above process has 9the formula NH2 10CO2A 11W is
[CHR"]- m wherein each R" is independently H, alkyl havigione 12carbon atom to about 15 carbon
atoms, or a substituted-alkyl having 13one carbon atom toj{about 10 carbon atoms and one or more
14substituents selected from the group consisting/ef amjno;-amido, 15benzyl, carboxyl, hydroxyl,
hydroxyphenyl, imidazolyl, imino, phenyl, 16sulfide, orfthiol; and m is an integer from one to 4 and A is
hydrogen or 17alkyl having one carbon atoms to about 6 carb(b atoms. 18Preferably A is hydrogen in
the above formula. The preferred alkyl in the

R,

wherein R1 is polyisobuty! group derived from polyisobutene containing at
least 50 weight percent methylvinylidene isomer and having a number

average molecular weight in the range of about 400 to about 5,000, and Y is

(S I VS N A

hydrogen.

In the above process the polyisobutyl substituent on the polyischutyl-

substituted phenol has a number average molecular weight in the range of

oo o~N

about 400 to about 5,000. Preferably the polyisobutyl substituent on the

9  potyisobutyl-substituted phenol has a number average motecular weight of
10 about 500 to about 2,5000. More preferably the polyisobutyl substituent on
11 the polyisobutyl-substituted phenol has a number average molecular weight of
12 about 700 to about 1,500. Most preferably the polyisobutyl substituent on the
13 polyisobutyl-substituted phenol has a number average molecular weight of
14 about 700 to about 1,100,

15 The polyisobutyl-substituted phenol in the above process is preferably derived
16 from polyisobutene containing at least about 50 weight percent

17 methylvinylidene isomer. More preferably the polyisobutyl-substituted phenol
18 s derived from polyisobuiene containing at least about 70 weight percent

19 methylvinylidene isomer and most preferably the polyisobutyl-substituted

20 phenolis derived from polyisobutene containing at least about 80 weight

21 percent methyivinylidene isomer.

22  Suitable polyisocbutienes may be prepared using boron trifluoride (BF3)
23 alkylation catalyst as described in U.S. Patent Nos. 4,152,499 and 4,605,808,
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“19above formula is methyl or ethyl. 20Preferably the amino acid is glycine. 21Some examples of alpha
amino acids contemplated for use in the 22preparation of the Mannich condensation products of the
present invention 23are given below in Table Table II Name Formula O Log K25 Mionic strength

Alanine , I H,C-CH 1 1=0 OH 9.87 Arginine NH, H2H2i | NH1=0 OH
1 Commercially available polyisobutenes having a high atkylvinylidene content
2 include Glissopal® 1000, 1300 and 2300, available from BASF.
3 The preferred polyisobutyl-substituted phenol for use in the preparation of the
4 Mannich condensation products of the present invention is a mono-substituted
5 phenol, wherein the polyisobutyl substituent is attached at the para-position to
6 the phenot ring. However, other polyisobutyl-substituted phenols that may
7 undergo the Mannich condensation reaction may aiso be used for preparation
8 ofthe Mannich condensation products of the present invention. .
9 Solvent
10 Solvents may be employed to facilitate handiing and reaction of the
11 polyiscbutyl-substituted phenols in the preparation of the Mannich
12 condensation products of the present invention. Examples of suitable
13  solvents are hydrocarbon compounds such as heptane, benzene, toluene,
14 chlorobenzene, aromatic solvent, neutral oil of lubricating viscosity, paraffins
15 and naphthenes. Examples of other commercially available suitable solvents
16 that are aromatic mixtures include Chevron® Aromatic 100N, neutral oll,
17 Exxon® 150N, neutral oil.
18  If the Mannich condensation product sequestering agent prepared by the
19  above process is to be used as an additive in lubricating oil, then the
20 polyisobutyl-substituted phenol may be first dissolved in an alkyl-substituted
21 aromatic solvent. Preferably the alkyl substituent on the aromatic solvent has
22 irom about 3 carbon atoms to about 15 carbon atoms. More preferabiy the
23 alkyl substituent on the aromatic solvent has from about 6 carbon atoms to
24 about 12 carbon atoms.
25 Base
26 Typical bases include alkali metal hydroxides and aikali metal alkoxides.
27  Preferably the base is an alkali metal hydroxide selected from the group
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.8.99 Asparagine NH,  H2N - C -CH2-CH 111 0Cr0 OH 8.72* Aspartic Acid HNH, | Ho-C-c2-CH Il |
Oc-rro | OH 10.0 CySteine HNH2 ,I| HS--C-GH i C=0 1 6H 10.77

B O~N ;O W N

10
11

12

13
14
15
16
17
18

19
20
21
22

23
24

consisting of sodium hydroxide, lithium hydroxide or potassium hydroxide.
More preferably the alkali metal hydroxide is sodium hydroxide or potassium
hydrexide. Most preferably the base is sodium hydroxide. If the Mannich
condensation product sequestering agent is to be used as a fuel additive it
may be desirable to replace the alkaii metal ion on the Mannich condensation
products with an ammonium ion. For other uses the alkali metal ion on the
Mannich condensation products may also be replaced with Group Il metals of

the Perindic Table.

Aldehyde

Aldehydes contemplated for use in the process of the present invention are

formaldehyde or aldehydes having the formula

O

R’J\H

wherein R’ is branched or linear alkyl, having from one carbon atom to
about 10 carbon atoms, cycloalkyl having from about 3 carbon atoms
to about 10 carbon atoms, aryl having from about 6 carbon atoms to
about 10 carbon atoms, alkaryl having from about 7 carbon atoms o
about 20 carbon atoms, or araltkyl having from about 7 carbon atoms to

about 20 carbon atoms..

Representative aldehydes for use in the preparation of the Mannich
condensation products of the present invention include, but are not limited to
aliphatic aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, valeraldehyde, caproaldehyde and heptaldehyde.

Arcmatic aldehydes are also contemplated for use in the preparation of the

Mannich condensation producis of the present invention, such as
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‘ Cystine NH2 IH,tr2 S - S-C--CH 8.80** CH -cH2 1l C=-00==-0 Il OHOH Glutamic Acid H2Hz1 0lj1
C=01OH 9.95 Glutamine NHHOCCCH 21i,C=010H 9.01 *

hy

) R G ) B Y,

10
11
12
13

14

15

16

17
18

19
20

21

benzaldehyde, alkylbenzaldehyde and hydroxybenzaldehyde. Para-

tolualdehyde is an example of an alkylbenzaldehyde.

Also useful are formaldehyde producing reagents, such as paraformaldehyde
and agueous formaldehyde solutions such as formalin. Aldehydes most
preferred for use in the in the preparation of the Mannich condensation

nroducts of the present invention are paraformaldehyde and formalin.

Aldehydes most preferred for use in the in the preparation of the Mannich
condensation products of the present invention are paraformaldehyde and

formalin.

Preferably the aldehyde is formaldehyde. By formaldehyde is meant alf its
forms, including gaseous, liquid and solid. Examples of gaseous
formaldehyde is the monomer CH,O and the frimer, (CH,0); (trioxane) having

the formula given below.

N

CH, CH,
1 }

O 9]
\\ CH?/

Examples of liquid formaldehyde are the following:

4. Monomer CH,O in ethyl ether.

5. Monomer CH:O in water which has the formulas CH,(H20)z (methyiene
glycol) and HO(-CH,O)-H.

8. Monomer CH>0O in methanol which has the formulas OHCH-OCH; and
CH3O(-CHO),-H.
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(Glycihe Hi H2 HCH 9.78 C -0 1 OH Histidine Hydroxy ys ne H,I 1 i OH 9.08* pr,
H,----L[2-161-g=--dt---Lt [| 1C=0 OHI

~

10

11
12
13
14
15
16
17

18
19

20

21
22
23

Formaldehyde solutions are commercially available in water and various

alcohols. In water it is avallable as a 37% - 50% solution. Formalinis a 37%

solution in water.

Formaldehyde is also commercially available as linear and cyclic (frioxane)
polymers. Linear polymers may be low molecular weight or high molecular

weight polymers.

Arino Acid

The amino acid or the ester derivative thereof used in the above process has.

the formuia

NH

/

W
COLA

W is ~{CHR"}- ny wherein each R” is independently H, alkyl having one
carbon atom to about 15 carbon atoms, or a substituted-alkyl having
one carbon atom to about 10 carbon atoms and one or more
substituents selected from the group consisting of amino, amido,
benzyl, carboxyl, hydroxyl, hydroxyphenyi, imidazolyl, imino, phenyl,
sulfide, or thiol; and m is an integer from one to 4 and A is hydrogen or

atkyl having one carbon atoms to about 6 carbon atoms.

Preferably A is hydrogen in the above formula. The preferred alkyl in the

above formula is methyl or ethyl.
Preferably the amino acid is giycine.

Some examples of alpha amino acids contemplated for use in the
preparation of the Mannich condensation products of the present invention

are given below in Table il
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~OH Iso leucine

B GO -

NH; H21 H3C -C -CH-Cli 11 OH; 0=0 9.75 | CH Leucine NH; H2I
FIC-CH-c-C1-1 11 OH;0=-0 9.75 1 OH Lysine NH, H2HzH2142]

Tabie Il
Name Formula Log KZSOC’ 0 ionic strength
Alanine ’F“? 9.87
H;.C"*"—*“TH
(E;m()
OH
i Ny
Arginine o mw | 8.99
bt G Do Sl
i\EH CE=0
O
Asparagine e %
P g Hz 872
HZN——-C—C—TH
C===0
OH
Aspartic Acid . b 10.0
HOWT:E#CL?H
Q éZO
CH
Cysteaine y i 10.77
HS-———CL"-QH
é:O
|
OH
Cystine N NH .
g 1 - 8.80
CH ——C, —— § ———s————c—wz;:H
(I::o (J)—_'—:_O
CLH O
Glutamic Acid N 9.95
Hr G e e GH
[a] i E
Ci (EZEO
i
OH
Glutamine e %
SRS S 9.01
2
o | -
T
OH
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S2N-c.--s-c. -C -CH 1 C=0 | OH 10.69 * Methion ne NH2 H2H2I 9.05 H--S-C -O -CH C.i C=0
OH Phenylalan ine NH2 9.31 "™--1-1 | st--0 61H

Glycine bc 89.78
i
H*TH
T:O
GH
Histidi g T
stidine =N 9.08"
: —C——CM
7 ]
' C==0
!
OH
. NH
Hydroxylysine oy 4 o
S CLal S (¥
} G20
ot an
Iscleucine s 9.75
H
Hal € e G M
CHy Cm==0Q
o
Leucine ] ?‘HZ 9.75
HyC— CH— o CH
CHy C====0
als)
Lysine I *
HZNWELELELELJ}H 10.69
{:—:::O
aH
Methionine o 9.05
I—%m—S—-Cz—Cz—CsH
' :
c=—o
H
1
OH
Phenylalanine W 9.31
62——?4
C===0
|
OH
Serine . THQ 8.21
w.o—-----—i:?--m-—TH
?::.:::O
|
OH
Threonine P 9.10
rréN-m—-S—-N—C—C—C:—-?H
:l i
i é:o
(EJH




_ Serine NI-12 H;l OH 9.21 Threon ine N H, HH?HzH2I rr, NGNCCc,i 111 "MC=0 1 OH 9.10 H-NH? HO
{)CH OH r2 H3C-CH--CH Il CH3 C=0

Tyrosine @Hz " 10.47
Ho— N C—WTH

=0

QOH

Valine ?“2 G.72

Hat——CH——CH

CHy, C=0

O

1

2

3 * 0.1 ionic strength.

4

5 **20°C and 0.1 ionic strength.

6  The present invention is also directed {fo a lubricating oil additive composition
7 comprising a major amount of an oil of lubricating viscosity and a minor

8  amount of the Mannich condensation product sequestering agent of the

9  present invention. A mixture of Mannich condensation product sequestering
1G  agenis are also contemplated in the [ubricating oil additive composition of the
11 presentinvention. Typically the lubricating oil composition wilf contain
12 Mannich condensation product sequestering agents of this invention in the
13 range of from about 0.01 weight percent to about 10 weight pércent,

14 preferably in the range of from about 0.1 weight percent to about 5 weight

15 percent and more preferably in the range of from about 0.3 weight percent to
16 about 2 weight percent. The lubricating oil additive composition will generaily
17 contain other additives including detergents (overbased and non-overbased),
18  dispersants, extreme pressure agents, wear inhibitors, rust inhibitors, foam
19 inhibitors, corrosion inhibitors, pour point depressants, antioxidants, zinc di-

20 thiophosphates and a variety of other well known additives.

21 The present invention is also directed to a lubricating oil concentrate.

22 Lubricating oil additive concentrates usually include from 90 weight percent to
23 10 weight percent of an organic liquid diluent and from 10 weight percent to
24 90 weight percent (on a dry polymer basis) of the additive of this invention.
25 Typically, the concentrates contain sufficient diluent to make them easy to

26 handle during shipping and storage. Generally, the lubricating oil concentrate
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_OH 12 3* 0.1 ionic strength. 4 5** 20C and 0.1 ionic strength. 6The present invention is also directed
to a lubricating oil additive composition 7comprising a major amount of an oil of lubricating viscosity
and a minor 8amount of the Mannich condensation product sequestering agent of the 9present
invention. A mixture of Mannich condensation product sequestering 10agents are also contemplated in
the lubricating oil additive composition of the 11present invention. Typically the lubricating oll
composition will contain 12Mannich condensatjon product sequestering agents of this invention in the

13range of from aBBRBE WaR At PP PR ABBER e P PeieaHE StapRstaaif4PiHaifFange of

from about 02 weighirpercentiie ahoyt DWaightbbpencentana perespreferably irothe sange of from

about 0.3 wejght percent tp 16apout 2 weight percent. The lubricating oil additive composition will
Generaly 17Contats G A B TN U ARG AL i GOV BB ARNe O

18dispersants, exireme pres3dre aggntscyeat MWMYMEE@?WFQBM%%Wﬁ@ﬁSiOH
inhibitors, pour point depressants, antipxidants, zinc dj- 20thiophosphates and a variety of other we
khown addites. TG BRLCERDTAGMROATE BICGHALRLA 1) 2 ol A SR

6  polymer Mannich condensation product.

7 The present invention is also directed to a fuel additive composition
8  comprising a majer amount of hydrocarbons boiling in the gasoline or diesel
9 range and a minor effective amount of the Mannich condensation product
10 sequestering agent of the present invention. A mixture of Mannich
11 condensation product seques‘rérﬁng agents are also contemplated in the fuel
12 composition of the present invention. Typically the fuel composition will
13 contain the Mannich condensation product sequestering agents of this
14 invention in the range of from about 25 parts per million to about 2,500 parts
15 per million, preferably in the range of from about 50 parts per million to about
16 1,500 parts per million, and more preferably in the range of from about 70
17 parts per million to about 1,000 parts per miliion, The gasoline fuel additive
18 composition of the present invention may include other fuel additives,
19 including oxygenates, anti-knock agents, dispersants, detergents, lead
20 scavengers, anti-oxidants, pour point depressants, corrosion inhibitors and
21  demulsifiers. The gasoline fuels may also contain amounts of other fuels, for
22 example, methanol. The diesel fuel additive composition of the present
23 invention may also contain other additives, including pour point depressants,
24 flow improvers and cetane improvers. The diesel fuels may also contain

25  amounts of other fuels, for example, methanol.

26 A further embodiment of the present invention is also directed to a fuel

27 concentrate comprising an inert stable oleophilic organic solvent boiling in the
28  range of from about 65°C to about 204°C and from about 10 weight percent to
29 about 90 weight percent of one or more Mannich condensation product

36 sequestering agents of the present invention. Generally the fuel concentrate

31 wili contain Mannich condensation product sequesiering agents of the present
.38 .



22l ubricating oil additive concentrates usually include from 90 weight percent to 2310 weight percent
of an organic liquid diluent and from 10 weight percent to 2490 weight percent (on a dry polymer basis)
of the additive of this invention. 25Typically, the concentrates contain sufficient diluent to make them
easy to 26handle during shipping and storage. Generally, the lubricating oil concentrate 1will contain
the Mannich condensation product sequestering agents of this 2invention in the range of from about

10 weight percent to about 90 weight 3percent dry polymer Mannich condensatior%lgeroduct, preferably
in the range df 4fréWeaNEH B0NFeigREFGLERMPRBBLT 20 FEIghPEeTeEht URPRYly AR RiaRhich

Scondensation produstrangrarergueterablyabrusRoneight rercenta GrobanetMannien o

condensation product. 7The present invention is also directed to a fuel additive composition

8comprising & majt¥ SR ARTEENh 7 S2PFRREDBIRGY i tHe gassIme! drdiesbrsariy&gistta minor

effective amaynt efthe Mannish gondensatiopdaeguct 10sequestering agent of the present invention.
A mixture of Mannich 11condensation product sequestering agents are also contemplated in the fuel

12composition of the present invention. Typically the fuel composition will 13contain the Mannich
condensatiorbproduttieseqpiesteringrageitsiettiset4invention mihearange ofskdrwiabouwt 25sparts per

20Ut 161,500 Do DA LS haTe el B th e Earis o Hvh ot 76 o ARE per milion
to about 1,000 pattgdpecaniitionsdhelgdkplider&etiadditive $8betapbsitiomofdthessrésentimvention may
include Otheréuel\?cﬂg{t;i\éerse’sidue, or the solvent-free liquid fraction of the fuel additive
9  composition while not cverwhelmingly contributing to octane requirement
10 increase. The carrier fluid may be a natural or a synthetic oil, such as mineral

11 oil or refined petroleum oils.

12 Typically, an engine lubricating oil composition may contain the following

13  components:

14 (8) A major amount of oil of lubricating viscosity;

15 (b}  0.01 weight percent to 10.0 weight percent of at least one Mannich
16 condensation product of the present invention;

17 {c) 1.0 weight percent to 10.0 weight percent of at least one borated or
18 non-borated succinimide ashless detergent;

19 (dy  0.05 weight percent to 0.5 weight percent, as calcium, of at [east
20 one caicium sulfonate, phenate or salicylate detergent;

21 (e) 0.02 weight percent to 0.2 weight percent, as phosphorus, of at

22 least one secondary or mixture of primary and secondary alkyl zinc
23 dithiophosphate;

24 () 0.0 weight percent to 5.0 weight percent of at least one diphenyl

25 amine oxidation inhibitor;



~19including oxygenates, anti-knock agents, dispersants, detergents, lead 20scavengers, anti-oxidants,
pour point depressants, corrosion inhibitors and 21demulsifiers. The gasoline fuels may also contain
amounts of other fuels, for 22example, methanol. The diesel fuel additive composition of the present
23invention may also contain other additives, including pour point depressants, 24flow improvers and
cetane improvers. The diesel fuels may also contain 25amounts of other fuels, for example, methanol.
26A further embodiment of the present inventign is also.djrected to a fuel 27concentrate ¢ rising an
inert stable o1eophi|ic§ rgan@ciﬁ@@rﬁpﬁ%ﬁﬁﬁ%%qﬂﬁg 5@{}13 FB? f%etﬂtﬁgltj)ﬁ? égcgﬁ%)gg%m’ﬁ%p and from
about 10 weight percent to Raboune9d sveighimercentahone @ orididMaimhithicondensation product
30sequestering agents of the present invention. Generally the fuel concentrate 31will contain Mannich
condensation product sequestering agents of the present - 38 - linvention in the range of from about
10 weight pefcent to @hout 96 waitgihtt ZssrssrtipreferebBNinos eahgé of kest apeuratialieight percent
to about 50 3weight percent, Q}ﬂ&ee%rt%freé"f‘@%@%@@89%&8&8@%@99?&?0 weight 4percent to
about 40 weight percent. 5A fuel-soluble, non-volatile carrier fluid or oil may also be used with the fuel
6additive composition of this invention. The carrier fluid is a chemically inert 7hydrocarbon-soluble

liquid vehicleswhich ngstanji@lMé@ﬁ@@@@dﬁﬁt@@]}@@\w@gim resishig, s dhrgetvemt-free liquid fraction

of the fuel additive 9composition while not ov,erwhe)min ly contributing to octane reciuirement
6 supplemental anti-wear/extreme pressure agent, such a

7 molybdenum dithiocarbamate;

(i} 0.0 weight percent to 0.1 weight percent of at least one foam

inhibitor; and
10 (k) 0.0 weight percent to 2.0 weight percent of at least one olefin
11 copolymer viscosity index improver.

12 The Mannich condensation products of the present invention may also be
13 employed as dispersants in lubricating oil. For use as dispersants in fuels the
14 alkaii metal ions in Mannich condensation products are replaced with

15 ammonium ions.

16 EXAMPLES

17 Example 1

18 Prenaration of Mannich condensation product using
19 1,000 molecular weight polvisobutyl-substituted phenol

20  To a 1.0 liter three-neck flask equipped with a temperature probe, mechanical
21 slirrer and refiux condenser were added 4.0 grams of sodium hydroxide in 3.0
22 millititers of water (0.1 moles), 300 milliliters of methanol (boiling point 85°C},
23 7.5 grams (0.1 moles) of glycine and 6.59 grams (0.2 moles) of

24 paraformaldehyde. The reaction mixture was gently warmed {40°C) for 30
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~10increase. The carrier fluid may be a natural or a synthetic oil, such as mineral 11oil or refined
petroleum oils. 12Typically, an engine lubricating oil composition may contain the following 13
components: 14(a)A major amount of oil of lubricating viscosity; 15(b)0.01 weight percent to 10.0
weight percent of at least one Mann ch 16condensation product of the present invention; 17(c)1.0
weight percent to 10.0 weight percent of at least one borated or 18non-borated succinimide ashless

detergent; 19{d)0 05 welgh{rgegrce tgg d(ﬂe(g)ht L pergen %%s 8?3? {% g&; %ﬂzo%u? %QG?I%T

sulfonate, phenate or sl cylate eergen weight percen percent, as
phosphorus, 8f at@21e@3t onegssdendaribt m&&@ofmmytahwsécendh@ran@dmm

23d|th|ophos hat t W% r t amine
oxidation inhi |tor%e%zé %%0(9 vlv\ﬁcle%g ppe%g%?r]l %}88 58we|g’nt pﬁ:%é?e(?rﬁj g?ﬁﬁ%ly&r}ﬁr%r%mq%? gsfeast one
molybdenum4sucdinifité! gxidatdt ihibitogr 3(h):0welghil e rten o B Owaighsiopercentiuf at least
one partial: asarbpyic seIelan Acipted esten teton mediier S(0)0 g weiaht percagLio (0 weight
percent of at least one supp ementa anti-wear/extreme pressure agent, suc enum
dithiocarbaméte; methano! was removed under vacuum and the product obtained.

7

8  This product was solubie in diluent oif. The product had a viscosity of 1,653

8  centistokes at 100°C.

10

11 Comparative Example A

12

13 Preparation of Mannich condensation product using
14 C1z alkyl substituted phenol

15  To a 2.0 liter three-neck flask equipped with a temperature probe, mechanical
16 stirrer and reflux condenser were added 40 grams of sodium hydroxide in 20
17 milliliters of water (0.1 moles) and 700 milliliters of methanol (boiling point

18  65°C). The reaction mixture was heated gently (40°C) for 15 minutes to

19 dissolve the sodium hydroxide. To the reaction mixture was added 75.07

20 grams (1.0 mole) of glycine and 60.06 grams (2.0 moles) of paraformaldehyde
21 with gentle heating (40°C). To this was added 286.29 grams (0.1 moles) of
22 Cyz propylene tetramer substituted phenol, OL.OA 260® (hydroxyl number 196
23 milligrams KOH per gram sample), available from Chevron Oronite Company
24 LLC. The reaction mixture was heated at reflux temperature for 17 hours.

25  Next the methanol was removed under vacuum. The product obtained was
26  dissolved in toluene. The product had to be dissolved in toluene because it
27  was only slightly soluble in hexane. The product was filtered through Celite®
28  and the solvent {toluene) removed under vacuum and the product was

29  obtained.

30

21
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-80)0.0 weight percent to 0.1 weight percent of at least one foam 9inhibitor; and 10(k)0.0 weight
percent to 2.0 weight percent of at least one olefin 11copolymer viscosity index improver. 12The
Mannich condensation products of the present invention may also be 13employed as dispersants in
lubricating oil. For use as dispersants in fuels the 14alkali metal ions in Mannich condensation
products are replaced with 15ammonium ions. 16EXAMPLES 17Example 1 18Preparation of
Mannich condensation product using 191,000 molecular welght polyisobutyl-substituted phenol 20To a
1,0 liter threelneck flask equipped with a temperattire yehshethanical 21stirrer and reflux
condenser were added 4.0 grams of sodium hydrOX|de in 3. O 22milliliters of water (0.1 moles), 300
milliliters of methanol (boiling point 65C), 237.5 grams (0.1 moles) of chme and 6.59 grams (0.2
moles) of 24paraformaldehyedtPHE AENMARN ! WASHERUP WG R EFETFIEYE 1minutes. To
this was added, at a reflux temperature, 13@§@km&ﬂtm@¢gg}1@@m OOO molecular weight
polyisobutyl-substituted phenol, prepared as 3described in U.S. Patent Nos. 5,300,701 and 6,274,777,
(hydroxyl number 441.6 milligrams KOH per gram sample) diluted in Cg aromatic solvent The
5reaction mikturelheas edatech e nefitic tepnperaturefordizimeursa Nesathectiniethmfiol allag-removed

under vacuum ang the.produch obidined s cribed in U.S. Patent No. 4,387.244. The product

7 was dissolved in 50 milliliters toluene at elevated temperature (100°C). To

8 this was added 35 grams Citcon® 100N, neufral diluent oif. Next most of the
9  {oluene was removed under vacuum. A iotal of 52 grams of product {30
10 product and 70 percent diluent oil) was obtained. The product was cloudy

11 indicating that Mannich condensation product was poorly soluble in diluent oil.

12

13 - Exampie 2

14

15 High Temperature PCDO Performance VW TDi-1 Engine Test
16 Using 10w40 Oil

17

18  The performance of a sample of the Mannich condensation product prepared
19 in Example 1 was evaiuated in a VW TD-1 Engine Test and compared to a
20 fully formulated oil without the Mannich condensation product. The product
21 prepared in Example 1 was added at a 1.0 percent treat rate to a fully

22 formulated oil containing typical amounts of ashless dispersant, phenate,

23  overbased sulfonate, LOB sulfonate zinc di-thiophosphate, wear inhibitors,
24 etc., ina SAE grade 10W40, partial synthetic oil. The results of the VW TDI-
25 1 Engine Test are summarized below in Table I, The data show that the oil
26 containing the Mannich condensation product of the present invention had
27 significantly better performance that the baseline cil. The baseline oil ran for
28  only 42 hours and was terminated early. The average piston merit was 60.6,
29 and the average ring sticking was 2.0. This was a failing engine test. The oil
30 containing the Mannich condensation product of the present invention

31 completed the 60 hour test and gave average piston merit of 66.7, and
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_ 7 8This product was soluble in diluent oil. The product had a viscosity of 1,653 9centistokes at 100C.
10 11Comparative Example A 12 13Preparation of Mann ch condensation product using 14C12 alkyl
substituted phenol 15To a 2.0 liter three-neck flask equipped with a temperature probe, mechanical
16 stirrer and reflux condenser were added 40 grams of sodium hydroxide in 20 17milliliters of water
(0.1 moles) and 700 milliliters of methanol (boiling point 1865C). The reaction mixture was heated
gently (40C) for 15 minutes to 19dissolve the sodium hydroxide, To the reaction mixture was added
75.07 20grarhs (E6HR6IR) BIoiGNE @b 8606 HrmER B MSREP & FrgdRREIga dd 9 with gentle
heating (40C). To,thiswasiasided 286,30t grams (s MaalasholbieizRapylentteteanner substituted
phenol, OLOA 200(r) (hydroxyl number 196 23milligrams KOH per.gram s mpl% available from
Chevron Orehite EERG SHIDE PRI FEACIEA OIS MR SRACELR IR ter el Aer e L7
hours. 25 Next the smeihane)wias samayeeodndes vatiys Theupraduchobinined wass26dissolved in
toluene. The product had to be dis,solved% toluene be,causeét 27was Orfl#( sli%gtly solubje in hexane.

igeney e

The product Was lits@dRFSUGH CEMEH) R SERBAF @d8r§alim and the
product was 290kiaingsh g0
7 Table Il
Example Test Hours Average Piston Average Ring
Merit Sticking
Baseline 42 60.6 2.00
Example 2 60 66.7 0.63
8
9 Example 3
10 High Temperature PCDO Perdormance VW TDI-2 Engine Test
11 | Using 5w3¢ Oil

12 The performance of a sample of the Mannich condensation product, prepared
13 in Example 1 dissolved at 1.0 percent level in a fully formulated Group 1li

14 5w30 baseline cil, was determined in a VW TD-2 Engine Test. This was

15 compared to the baseline oil without the Mannich condensation product. The
16 results of the VW TDI En‘gine Test are summarized below in Table lil. The
17  data show that the oil containing the Mannich condensation product of the

18  present invention had significantly better performance than the baseline. The
19 oil containing the Mannich condensation product of the present invention

20  performed better for average piston cleanliness and there was no ring

“A3R .



.31 1Comparative Example B 2 3Solubility of Mannich condensation product prepared from 4C9 alkyl
substituted phenol 5Mannich condensation product, 15.1 grams, was prepared from C9 alkyl-
6substituted phenol as described in U.S. Patent No. 4,387,244. The product 7was dissolved in 50
milliliters toluene at elevated temperature (100C). To 8this was added 35 grams CitconO 100N, neutral
diluent oil. Next most of the 9 toluene was removed under vacuum. A total of 52 grams of product (30
10product and 70 percent diluent oil) in prodyc s cIoud ating that Mannich
condensation proSuet ks pAS A SENGEENR ahGaC S IR 3 A Hh B FeR Beratre
PCDO Perfommariaedioi RErlobngihe diest ﬂ:@idsthw(lﬂm@@fkak‘é IEWB@@@%@&BaBee)ﬁfraasample of
the Mann|chﬂ1%:onden%atl%o%f q i preaareg 19 |n,[ xam 1 was evaluated i |n VW Tgil Engine

Test and co par@&Q I'y Ptfated oA ithdU (%H an%fjcrﬁ\(j:%ﬂ %%gg? 'ﬁr%&ﬁ SR it product
21prepared i ExarigdeidrwasigodechatiazliGpereeintireat ratettodadullyp22fbmmalated oil containing
typical amounts of ashless dispersant, phenate,

5 Table 1l
Example Test Hours Average Piston Average Ring
Merit Sticking
Baseline 54 55 none
Example 3 54 60 none
6
7 Example 4

High Temperature PCDO Performance VW TDi-2 Engine Test
9 Using 10w40 Oil

10 The performance of a sampie of the Mannich condensation product, prepared
11 in Example 1 dissolved at 1.0 percent level in a fully formulated 5w40 baseline

12 oil, was measured in a VW TD-2 Engine Test. This was compared to the

13 baseline oil without the Mannich condensation product. The results of the VW

14 TDI Engine Test are summarized beiow in Table 1V. The data show that the

15 oil containing the Mannich condensation product of the present invention had

16 significantly betlter performance than the baseline. The oil containing the

17 Mannich condensation preduct of the present invention performed betier for,

18 average piston merit and average ring sticking, than the baseline. Itis

19 believed that the oil containing the Mannich condensation product of the

20 present invention performed betier than the baseline because of the product’'s
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_23overbased sulfonate, LOB sulfonate zinc di-thiophosphate, wear inhibitors, 24etc., in a SAE grade
10W40, partial synthetic oil. The results of the VW 101- 251 Engine Test are summarized below in
Table Il. The data show that the oil 26containing the Mannich condensation product of the present
invention had 27significantly better performance that the baseline oil. The baseline oil ran for 98only
42 hours and was terminated early. The average piston merit was 60.6, 29and the average ring
sticking was % was a failin en ine, test. T oil 30containin e Mannich conde tlon
ot of the preRa DS RLa AN 1 5 G To0t i QAU SR R -, MR of 6.7,
and - 42 - laveragedringstickingiohC63:tThis wias a ipassingrongihedestitesult. It is 2believed that the
oil containing the Mannich condensation product of the 3present invention performed better than the
baseline oil alone because of the 4Mannich condensation product's ability to sequester metal ions,
thus Spreventing metal ion catalyzed oxidation and ¥zation reactions from 6occurring. 7Table Il
Example Test Hours Average Piston Merit Average Ring

Example Test Hours Average Piston Average Ring
Merit Sticking
Bassline 54 42 1.875
Example 4 54 h4 8 0.625
4
H
8 : Example 5
7
8 Preparation of Mannich condensation product using 550 molecular weicht
9 polvisobutyl-substifuted phenol
10

11 To a2 liter 3 neck glass round bottom flask equipped with a reflux condenser,
12 nitrogen inlet, mechanical stirrer, heating mantle, and thermocouple, was

13 added NaOH, 8.00 grams {50 percent agueous solution), (0.10 moles) and
14 300 milliliters methanol. This was stirred and heated to about 50°C for 15

15 minutes. To this was added glycine, 7.51 grams (6.100 moles) and

16 paraformaldehyde, 6.59 grams 0.220 moles. The solution was then heated {o
17 reflux and 1o this was added 66.50 grams {0.101 moles) polyisobutyl-

18  substituted phenol (prepared using the procedure described in U.S. Patent
19 Nos. 5,300,701 and 6,274,777 using Glissopal®, M, = 550, methylvinylidene
20  conient greater than 50 weight percent). This was heated at reflux for 20

21 hours. The resulling oil and methanol phases were dissclved in hexane,

22 fiitered through Celite® 521, and diluted with toluene. The solvent was then

23 removed in vacuo 1o vield a glassy vellow solid, melting point 110°C.
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_ Sticking Baseline 42 60,6 2.00 Example 2 60 66.7 0.63 9Example 3 10High Temperature PCDO
Performance VW TDI-2 Engine Test 11Using 5w30 Oil 12 The performance of a sample of the
Mannich condensation product, prepared 13in Example 1 dissolved at 1.0 percent level in a fully
formulated Group Il 145w30 baseline oil, was determined in a VW TD-2 Engine Test. This was
15compared to the baseline oil without the Mannich condensation product. The 16results of the VW
TDI Engine Test gre summarize i I T . t(}@?_ [ ining the
Mannich confeniﬁ'gsngé%gycé[ Eg??k\?()egi{é;ﬁé%%ﬁ%&%ﬁ%ﬁ%@%gﬁm%%y et%?qﬁﬁé?jér?hance than the
baseline. Th& 19agiheontaining HvelMarsticheconden Sagidheprodoctaithe prasentrivnietiion #0performed
better for av%'agqrmghq;?}ﬁleanliness and there was no ring 1sticking. It is believed that the Mannich
condensation product of the present

w5 -



2invention performed better than the Group 11l Base Oil alone because of the 3product's ability to
sequester metal ions, thus preventing metal ion catalyzed 4oxidation and polymerization reactions in
the hydrocarbon base oil. 5Table Ill Example Test Hours Average Piston Merit - Average Ring
Sticking Baseline 54 55 none Example 3 54 60 none 7Example 4 8High Temperature PCDO
Performance VW TDI-2 Engine Test 9Using 10w40 Oill

WHAT IS CLAIMED 15:

1. A Mannich condensation product prepared by the  Mannich

condensation of

{a} a polyisobutyl-substituted hydroxyaromatic compound, wherein
the polyisobutyl group is derived from polyisobutene containing at
least 50 weight percernt methylvinylidene isomer and has a
number average molecular weight in the range of from about

400 to about 5,000,
(b)  an aldehyde;
{c} an amino acid or ester derivative thereof; and
(d) an alkali metal base.

2. The Mannich condensation product of claim 1, wherein the polyisobutyl
group of the polyisobutyl-substituted hydroxyaromatic compound in (a)
is derived from polyisobutene containing at least 70 weight percent

methylvinylidene isomer.

3. The Mannich condensation product of claim 2, wherein the polyisobutyl
group is derived from polyisobutene containing at least 90 weight

percent methylvinylidene isomer.

4, The Mannich condensation product of any one of the preceding claims,
wherein the polyisobutyl group has a number average molecular weight in the

range of from about 500 to about 2,500.

5. The Mannich condensation product of claim 4, wherein the polyisobutyl
group has a number average molecular weight in the range of from
about 700 to about 1,500.



10 The performance of a sample of the Mannich condensation product, prepared 11in Example 1
dissolved at 1.0 percent level in a fully formulated 5w40 baseline 12 oil, was measured in a VW TD-2
Engine Test. This was compared to the 13baseline oil without the Mannich condensation product. The
results of the VW 14TDI Engine Test are summarized below in Table IV. The data show that the 15ail
containing the Mannich condensation product of the present invention had 16significantly better
performance than the baseline. The oil containing the 17Mannich condensation product of the present
invention performed better for, 18average piston merit and average ring sticking, than the baseline. It
is 19believedthat thdeil\dantamineptdenmtinichpcofdensaticaiprddustisirtie 20bresbitdhvivhtion
performed better thap, Héée%%gﬁ%ﬁ%%ﬂlfep%@%a#a@é!%ﬁo REqHESIShaRetal igns, thus
preventing metal ion catalyzed oxidation 2and polymerization reactions in the hydrocarbon base oil.
3Table IV ,- ExampiecrbdPhsuAPRYEIalfdPiston Merit Average Ring Sticking Baseline

7. The Mannich condensation product of anyone of the preceding claims,

wherein the aldehyde is formaldehyde or paraformaldehyde.

8. The Mannich condensation product of claim 7, wherein the aldshyde is
paraformaldehyde.
9. The Mannich condensation product of any one of the preceding claims,

wherein the polyiscbutyl-substituted hydroxyaromatic compound is present in

a diluent,

10. The Mannich condensation product of claim 8, wherein the diluent is

an alkanol having one carbon atom to about 10 carbon atoms.

11. The Mannich condensation product of claim 10, wherein the alkanol is

methanol.

12. The Mannich condensation product of anyone of the preceding claims,

wherein the base is an alkali metal hydroxide.

13. The Mannich condensation product of claim 12, wherein the alkaii

metal hydroxide is sodium hydroxide.

14, The Mannich condensation product o_f anyone of the preceding claims,

wherein the amino acid is glycine.

15. A Mannich condensation product prepared by the Mannich

condensation of;

(a) a polyiscbutyl-substituted hydroxyaromatic  compound  having

the formula



54 42 1.875 Example 4 54 54.8 0.625 4 5 6Example 5 7 8Preparation of Mannich condensation

" product using 550 molecular weight 9polyisobutvl-substituted phenol 10 11To a 2 liter 3 neck glass
round bottom flask equipped with a reflux condenser, 12nitrogen inlet, mechanical stirrer, heating
mantle, and thermocouple, was 13added NaOH, 8.00 grams (50 percent agueous solution), (0.10
moles) and 14300 milliliters methanol. This was stirred and heated to about 50C for 15 15minutes. To
this was added glycine, 7.51 grams (0.100 moles) and 16paraformaldehyde, 6.59 grams 0.220 moles.
The solution was then heated to 17reflux and to this wag@dded 66.50 grams (0.101 moles)
polyisobutyl- 18substituted phenol (prepared using the procedure described in U.S. Patent 19Nos.
5,300,701 and 6,274,777 using GlissopalO, Mt,.= 550, ethylvinylidene

2 wherein Ry is polyiscbutyl derived from polyisobutene containing

3 at least 50 weight percent methylvinylidene isomer and having a

4 number average molecular weight in the range of about 400 to

5 about 5,000, R, is hydrogen or lower alky having one carbon

6 atomn tc about 10 carbon atoms, and Rg is hydrogen or -OH;

7 (b)  aformaldehyde or an aldehyde having the formula

O
R‘/U\H

8

9 wherein R’ is branched or linear alkyl having one carbon atom {o
10 about 10 carbon atoms, cycloalkyl having from about 3 carbon
11 atoms fo about 10 carbon atoms, aryl having from about 6 carbon
12 atoms to about 10 carbon atoms, alkaryl having from about 7
13 carbon atoms to about 20 carbon atoms, or aralkyl having from
14 about 7 carbon atoms to about 20 carbon atoms;
15 (¢} an amino acid or ester derivative thereof having the formula

y NHo
W
™

16 COLA
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20content greater than 50 weight percent). This was heated at reflux for 20 21hours. The resulting oll
" and methanol phases were dissolved in hexane, 22filtered through Conte 521, and diluted with
toluene. The solvent was then 23removed in vacuo to yield a glassy yellow solid, melting point 110C.
1This example shows that 550 molecular weight polyisobutyl-substituted 2phenol can also be used to
make the Mannich condensation products of this 3invention. WHAT IS CLAIMED IS: 1.A Mannich
condensation product prepared by the Mannich Q,ndensBation of: F% %,polyis but I(—gu%ﬁtiﬁted
hydroxyarorhatic compound, WHEF&IR We'%é’l&ff utyrgYBERRIS &éfille fH&HFé)S@%b NUtene containing
at least 50 weight percent megfyjvinyligenerisasaasendtbas @ aumitet fiverage molaeylar weight in the
range of from about 400 to about 5,000; (%kan aldehyde; (c) an amjno acid or e%sji gaeri\éantive thereof;
and (d) an alkali metal base. 84 & y(’:&?&fé’?g% %’Eﬁc?%?@%?n?ki?t\fvheremrgﬁe polyisobutyl
group of thegpolyisobutyl-subsfitised-m ey aramaticeanmpiouwndsin &) dseddrivedifremrpalyisobutene
containing at least 70 weight percent methylvinylidene isomer. The Mannich condensation product of
claim 2, whétein the polyisob&BI ALY igfdgémg% #BHBo 'Qggbtgﬁ%%ﬁ a?wrﬁraéogﬁéast 90 weight
percent methylvinylidene isometdxJiedManich sendensdtionpredyictsol fady, anerobithenpreceding
claims, wherein the polyisobutyl group has_a number a%er ge mﬁlecular We'ﬁ%hf éPn U?e range of from
about 500 td about 2,500. 5. Tha'MalF4eh CBHYERS S 6? aUeEEr i 42 Whel8intHe Polyisobuty!
group has aghumber average gpelesuibweighibioghe tangerosftens adedt 700 to about 1,500. 6. The
Mannich condensation product of claim 5, wherein the polyisobutyl group has a number average
molecular weight in the range of from about 700 to about 1,100. 7. The Mannich condensation product
of anyone ofithe precediay claimsiwheneiatti@sddenyde is formaldehyde or paraformaldehyde.

10 16. A Mannich condensation product having the formula

OH
Yo RYR\Z
W I
COx

R
11 "‘_ - B
12 wherein each R is independently -CHR’-, wherein R’ is branched or
13 linear alky} having one to about 10 carbon atoms, cycioalkyl having
14 frorn about 3 carbon atoms to about 10 carbon atoms, aryl having from
15 about 6 carbon atoms to about 10 carbon atorns, alkaryl having from
16 about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
17 about 7 carbon atoms to about 20 carbon atoms, R, is a polyisobuty!
18 group derived from polyiscbutene containing at least 50 weight percent
19 methylvinylidene isomer and having a number average mclecular
20 weight in the range of about 400 to about 5,000;

50 -



8. The Mannich condensation product of claim 7, wherein the aldehyde is paraformaldehyde. 9. The

" Mannich condensation product of any one of the preceding claims, wherein the
polyisobutyl-substituted hydroxyaromatic compound is present in a diluent. 10. The Mannich
condensation product of claim 9, wherein the diluent is an alkanol having one carbon atom to about 10
carbon atoms. 11. The Mannich condensation product of claim 10, wherein the alkanol is methanol.
12. The Mannich condensation product of anyone of the preceding claims, wherein the base is an
‘alkali metal hydroxide. X3s Tivé aaanichrcelad aatRinsroatéeliof %QNH’*@ZO,%%%WP BrR'SIRAR metal
hydroxide is,sodium hygdroxidg. I EhesMamnich condensation product of anyone of the preceding
claims, wherein the amino acid Is glycine. 15. A Mannich condensationproduct prepared by the
Mannich condensation of: (a)a polyisobutyl-substituted hydroxyaromatic compound having the formula
OH 2wherein R1 is polyjsebytyl-gerivediiens: pobysolivtdpdrabrpainin SatHe adt B weightpercent
methylvinylidene isomer and having a 4number. average molecular weight.in the ran f.ahout 400 to
5about 5,000, R2 is hyGf8gen @FCP&%VE% ﬁWa%r?&%@c%ﬂ%n&ﬁ Gatén g %%86?@8%5’?&% ‘Rtoms, and
R3 is hydrogen or -OH pfb e fernaidehytercan aldehystenhaiving thedaymuta @Rf8 9wherein R' is
branched or6Iinear alkyl having one carbo '

substitients selec egtﬂg}rﬂhe group consisting of amino, amido,
7 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,

8 sulfide, or thiol; and m is an integer from one to 4;

Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,

10 -CHR'OH, wherein R’ is as defined above,
11 or
Y* R
W

12 xozc/
13 wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and
14 W are as defined above;
15 Z is hydroxyl, a hiydroxyphenyl group of the formula

OH

1N
16
17 or
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10about 10 carbon atoms, cycloalkyl having from about 3 carbon 11atoms to about 10 carbon atoms,
aryl having from about 6 carbon 12atoms to about 10 carbon atoms, alkaryl having from about 7
13carbon atoms to about 20 carbon atoms, or aralkyl having from 14about 7 carbon atoms to about 20
carbon atoms; 15(c)an amino acid or ester derivative thereof having the formula z N H 2 16C 02A
1wherein W is -[CHR1- m wherein each R" is independently H, 2alkyl having one carbon atom to about
15 carbon atoms, or a 3substituted-alkyl having one carbon atom to about 10 carbon 4atoms and one
or more substituents selected from the group 5céhnsisting of amino, amido, benzyl, carboxyl, hydroxyl,

"~ 6hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m 7is an integer from one to 4, A is
hydrogen or alkyl having one 8carbon a I%QQ Qt/orﬁé'; and 9(d)an alkali metal base.
1016.A Mannich condensation product havingthe formula 11/ 12wherein each R is independently
-CHR'-, wherein R' is branched or 13linear alkyl havi% one 1o about 10 carbon atoms, cycloalkyl
having 14from about 3 carbon atoms to abou carbon aton{s, aryl having from '

CO,X
Ry
1
2 wherein R, Ry, Y’, X, and W are as defined above,
3 and n is an integer from 0 to 20, with the proviso that when n =0, Z

must be:

OH

R Y
\N/
/
W
\
CO,X
Ry
5
§) wherein R, Ry, Y', X, and W are as defined above.
17 The Mannich condensation product of claim 16, wherein the
polyisobutyl group of the polyisobutyl-substituted hydroxyaromatic
compound in (a) is derived from polyisobutene containing at least 70
10 weight percent methylvinylidene isomer.

11 18.  The Mannich condensation product of claim 17, wherein the
12 polyisobutyl group is derived from polyisobutene containing at least 90

13 weight percent methylvinylidene isomer.
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15about 6 carbon atoms to about 10 carbon atoms, alkaryl having from 16about 7 carbon atoms to
about 20 carbon atoms, or aralkyl having from 17about 7 carbon atoms to about 20 carbon atoms, R1
is a polyisobutyl 18group derived from polyisobutene containing at least 50 weight percent
19methylvinylidene isomer and having a number average molecular 20weight in the range of about
400 to about 5,000; 1X is hydrogen, an alkali metal ion, or alkyl having one carbon atom to 2about 6
carbon atoms; 3W is -[CHR1- m wherein each R" is independently H, alkyl having one 4carbon atom
to about 15 carbon atoms, or a substituted-alkyl having 5one carbon atom to about 10 carbon atoms

and one or niére 6slitlitaeniesersetetbrinn BegieLp EoNPsef SIS dnido YsERRRicarboxyl,

hydroxyl, hydroxyphenyhdmidazelyl ghaninosshepys. Sskifee 0uthiR!: Andaiis andatagsr 4k one to 4;
9Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, 10-CHR'OH, wherein R' is as
defined above, 110%@91% @g?éﬁzi‘é\?/herein Y'is -CHR'OH, wherein R' is as defined above; and R, X,
and 14VV are as defined above;

20. The Mannich condensation product of claim 18, wherein Ry is a
polyisobutyl group having a number average molecular weight of about
700 to about 1,500.

21. The Mannich condensation product of claim 20, wherein Ry is a
polyisobutyl group having a number average molecular weight of about
700 1o about 1,100.

22. A method for preventing metal ion catalyzed oxidation and
polymerization reactions in a2 hydrocarbon medium  comprising
sequestering the metal ion by the addition of an effective amount of a

compound having the formula

OH
Y R R
Y ARk
W I
e
CO,X
Ry

wherein each R is independently -CHR'-, wherein R’ is branched or
linear alkyl having one to about 10 carbon atoms, cycloalkyl having
from about 3 carbon atoms fo about 10 carbon atoms, aryl having from
about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from

about 7 carbon atoms to about 20 carbon atoms R. is a polyisobutyl
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157 is hydroxyl, a hydroxyphenyl group of the formula OH 16 17or OH CO 2X 2wherein R, R1, Y', X,
and W are as defined above, and n is an integer from O to 20, with the proviso that when n = 0, must
be: OH wherein R, R1, Y', X, and W are as defined above. 717.The Mannich condensation product of
claim 16, wherein the 8polyisobutyl group of the polyisobutyl-substituted hydroxyaromatic 9compound
in (a) is derived from polyisobutene containing at least 70 10weight percent methylvinyl dene isomer.
1118.The Mannich condensation product of ¢laim 17, wherein the 12palyis ' ived from
polyisobutehe containifOAEHST 65 TRURRY S RER HetRURARVI eér%g%/sag?n%édr}% 1% T %él{/?gm/ich
condensatign product fanyRne,afslaims iEtahs, whengir Riise palisabatylgrsuichaving a
number average molecular weight of abougogéwgggttg,ggougg.ow Mannich condensation product
up Ravi

of claim 19, 3wherein RMWEIA BTy ISEHENAG a'Rurnber Average molecular weight of about
700 to about 1,500.

4 X is hydrogen, an alkali metal ion, or alkyt having one carbon atom 1o

5 about 6 carbon atoms;

6 W is ~[CHR"]- n wherein each R” is independently H, alky!l having one

7 carbon atom to about 15 carbon atoms, or a substituted-alkyl having

8 one carbon atom to about 10 carbon atoms and one or more

9 substituents selected from the group consisting of amino, amido,
10 benzyl, carboxyi, hydroxyi, hydroxyphenyl, imidazolyt, imino, phenyi,
11 sulfide, or thiol; and m is an integer from one to 4;
12 Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
13 -CHR'OH, wherein R’ is as defined above,
14 or

Y R
\N/ -
w

15 xozc/

16 wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and
17 W are as defined above; '

18 Z is hydroxyi, a hydroxyphényl group of the formuta
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21. The Mannich condensation product of claim 20, wherein R1 is a polyisobutyl group having a
number average molecular weight of about 700 to about 1,100, 22. A method for preventing metal ion
catalyzed oxidation and polymerization reactions ina hydrocarbon medium comprising sequestering
the metal ion by the addition of an effective amount of a compound having the formula wherein each
R is independently -CHR'-, wherein R' is branched or linear alkyl having one to about 10 carbon
atoms, cycloalkyl having from about 3 carbon atoms to about 10 carbon atoms, aryl having from about
6 carbon atoms to about 10 carbon atoms, alkaryl having¥tdm about 7 carbon atoms to about 20
carbon atoms, or aralkyl having from about 7 carbon atoms to about 20 carbon atoms R1 is a
polyisobutyl 1group derived from polyisobutene egntainiig.at least 50 weight percent
2methylvinylidene isomer and having a number averagé molégular 3weight in the range of about 400
to about 5,000; 4X is hydrogen, an alkali metal ion, or alkyl having one carbon atom to 5about 6
carbon atoms; 6W is -[CHR"}- ,-,, wherein each R" is ‘independently H, alkyl having one 7carbon atom
to about 15 carbon atoms, or a substituted-alkyl having onfe carbon atom to about 10 carbon atoms
and one or more 9substituents selected from the group consisting of amino, amido, 10benzyl,
carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, pheRyl, 11sulfide, or thiol; and m is an integer
from one to ¥; 12Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, 13-CHR'OH,
wherein R' is as defined above, 14or 15

2 or
OH
R Y
\N/
/
W
N
CO,X
R,
3
4 wherein R, R+, Y', X, and W are as defined above,
5 and n is an integer from 0 to 20, with the proviso that whenn =0, 2
6 must be
OH
R Y
\N/
/
W
\
COX
Ry
;
8 wherein R, R+, Y, X, and W are as defined above.
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16wherein Y' is -CHR'OH, wherein R' is as defined above; and R, X, and 17W are as defined above;

" 18Z is hydroxyl, a hydroxyphenyl group of the formula OH 20r 011 wherein R, R1, Y', X, and W are
as defined above, and n is an integer from 0 to 20, with the proviso that when n = 0, Z must be OH 7
8wherein R, R1, Y, X, and W are as defined above. 123.The method of claim 22, wherein R is CH2,
R1 is a polyisobutyl group 2derived from polyisobutene containing at least 50 weight percent

3methylvinylidene isomer and having a number average molecular 4weight of about 700 to about
1,100, W is CH22Ris a $baiomstoachatidas a4 ineyi@ihEesi o dnuip@ Bolyisobutyl group

2 derived from polyisobuiene containing at least 50 weight percent

3 methyivinylidene isomer and having a number average moiecular

4 weight of about 700 to about 1,100, W is CH», X is a sodium ion and n

5 is an integer between 0 and 20.

6

7 24, A method for preventing metal ion catalyzed oxidation and

8 polymerization reactions in a hydrocarbon medium comprising

9 sequestering the metal ion by the addition of an effective amount of the
10 Mannich condensation product of claim 15.
11
12 25. A process for preparing a Mannich condensation product comprising:
13 mixing under reaction conditions,
14
15 (@)  a polyisobutyl-substituted hydroxyaromatic compound having
16 the formula

OH
Ry
Rs

17 f
18 wherein R, is polyisobutyl derived from polyisobutene containing
19 at least 50 weight percent methylvinylidene isomer and a
20 number average motlecular weight in the range of about 400 to
21 about 5,000, Ry is hydrogen or lower alky having one carbon
22 atom to about 10 carbon atoms, and R; is hydrogen or —OH;
23 (b)  aformaldehyde or an aldehyde having the formula
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724.A method for preventing metal ion catalyzed oxidation and 8polymerization reactions in a
hydrocarbon medium comprising 9sequestering the metal ion by the addition of an effective amount of
the 10Mannich condensation product of claim 15. 11 1225.A process for preparing a Mannich
condensation product comprising: 13mixing under reaction conditions, 14 15(a)a
polyisobutyl-substituted hydroxyaromatic compound having 16the formula OH 17 18wherein R1 is
polyisobutyl derived from polyisobutene containing 19at least 50 weight percent methylvinylidene
isomer and a 20number average molecular weight in the range of about 400 to 21about 5,000, R2 is
hydrogen or lower alky having one carbon 22atom to dbout 10 carbon atoms, and R3 is hydrogen or
-OH; 23(b)a formaldehyde or an aldehyde having

0 1 2or polymers thereof, wherein R' is
branched of linear alkyl

2 or polymers thereof, wherein R’ is branched or linear alkyi

3 having one carbon atom o about 10 carbon atoms, cycloalkyl

4 having from about 3 carbon atoms to about 10 carbon atoms,

5 aryl having from about 6 carbon atoms to about 10 carbon

6 atoms, alkary! having from about 7 carbon atoms to about 20

7 carbon atoms, or aralkyl having from about 7 carben atoms to

8 about 20 carbon atoms;

9 (c) an amino acid or esier derivative thereof having the formula

NH,
W
™~

10 CO-A
11 wherein W is —[CHR"]- » wherein each R” is independently H,
12 alkyl having one carbon atom to about 15 carbon atoms, or a
13 substituted-alkyl having one carbon atom to about 10 carbon
14 atorns and one or more substituents selected from the group
15 consisting of amino, amido, benzyl, carboxyl, hydroxyl,
16 hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m
17 is an integer from one to 4, A is hydrogen or alkyl having one
18 carbon atom to about 6 carbon atoms;
19 (d) inthe presence of an alkali metal base o obtain the Mannich
20 condensation product.

21 26. The procesé of claim 25, wherein the polyisobutyl group of the

22 polyisobutyl-substituted hydroxyaromatic compound in (a) is derived
23 from polyisobutene containing at least 70 weight percent
24 methylvinylidene isomer.
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3having one carbon atom to about 10 carbon atoms, cycloalkyl 4having from about 3 carbon atoms to
about 10 carbon atoms, 5aryl having from about 6 carbon atoms to about 10 carbon 6atoms, alkaryl
having from about 7 carbon atoms to about 20 7carbon atoms, or aralkyl having from about 7 carbon
atoms to 8about 20 carbon atoms; 9(c)an amino add or ester derivative thereof having the formula
NH2 10 CO2A 1lwherein W is -{CHR1- m wherein each R" is independently H, 12alkyl having one
carbon atom to about 15 carbon atoms, or a 13substituted-alkyl having one carbon atom to about 10
carbon 14atoms and one or more substituents selected from the group 15consisting of amino, amido,
benzyl, carb®kyl, hyaFoRyPCEshyRtXeBRenSH, YHRRIEFo IS nRRk &ML@%E‘G‘?O&?E’W?&E% 17is an
integer from one todiyfsibingtkogentainaldiiasindoneil8c atonratomttylaibgliti énedtoomeatoms;
19(d)in the presence of an alkali metal base to obtain the Mannich 20condensation product. 2126.The

process of claim 25, wherein the polyisobutyl group of the 22polyisobutyl-substituted hydroxyaromatic
compound igqa) is derivegess of any one of claims 25 to 27, wherein thé Ry polyisobubyl in (a

has a number average molecular weight of about 500 to about 2,500.

29.  The process of claim 28, wherein the Ry polyisobutyl in (a) has a number

average molecular weight of about 700 to about 1,500.

30. The process of claim 29, wherein the Ry polyisobutyl in (a) has a number

average molecular weight of about 700 to about 1,100.

31.  The process of anyone of claims 25 to 29, wherein the aldehyde (b) is

formaldehyde or paraformaldehyde.
32.  The process of claim 31, wherein the aldehyde is paraformaldehyde.

33. The process of anyone of claims 25 to 32, wherein the polyisobutyl-

substituted hydroxyaromatic compound (a} is in a diluent.

34, The process of claim 33, wherein the diluent is an alkanol having one carbon

atom to about 10 carbon atoms.
35. The process of claim 34, wherein the alkanol is methanol.

36. The process of anyone of claims 25 to 35, wherein the base in (d) is an alkali

metal hydroxide.

37. The process of claim 36, wherein the alkali metal hydroxide is sodium

hydroxide.

38. The process of anyone of claims 25 to 37, wherein the amino acid (c) is

glycine.



23from polyisobutene containing at least 70 weight percent 24methylvinylidene isomer. 27. The
process of claim 26, wherein the polyisobutyl group is derived from polyisobutene containing at least
90 weight percent methylvinylidene isomer. 28. The process of any one of claims 25 to 27, wherein the
R1 polyisobutyl in (a) has a number average molecular weight of about 500 to about 2,500. 29. The
process of claim 28, wherein the R1 polyisobutyl in (a) has a number average molecular weight of
about 700 to about 1,500. 30, The process of claim 29, wherein the R1 p ) as a
number aveTag@%olecﬁ‘l&t‘%@@?ﬁipgﬁéﬁ?%@% LSS0 317HRE procté%%l%t%fl%wnégng of claims
25 to 29, wherein the al@@h)t@ﬂr(@)vi@d@W@@@)ﬁimmmm‘Mmalde’ﬂ;«m 82ofitepnockss of claim 31,
wherein the aldehyde is araformaldeh de, 33. Th ess of pne of claims 25 to 32, wherein the
polyisobutyfubstituted e oRTE S@&IQIT)(?U?IE?%%E) %‘ 14 %en? e process of claim 33,
wherein the diluent is an alkanol having one carbon atom to about 10 carbon atoms. 35. The process
of claim 34, wherein the alkanol is methanol.-36. The process-ef-anyone of claims 25 to 35, wherein
the base in (d) is an alkali metal hydroxide. 37 :{he process of claim 36, wherein the alkali metal
hydroxide is sodium hydroxide. 38. The process of anyone of claims 25 to 37, wherein the amino acid
(c) is glycine. 139.A lubricating oil cQmposition comprising a m#gr amount of an oil of 2lubricating

viscosity and a minor effective amount ef carzdensation products having the
formula co2x

i

A e — I

5 wherein each R is independently -CHR'-, wherein R’ is branched or

6 linear alkyl having one to about 10 carbon atoms, cycloalkyl having

7 from about 3 carbon atoms to about 10 carbon atoms, aryl having from

8 about 6 carbon atoms to about 10 carbon atoms, alkaryl having from

9 about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
10 about 7 carbon atoms to about 20 carbon atoms, R, is a polyisobutyl
11 group derived from polyisobutene containing at least 50 weight percent
12 methylvinylidene isomer and having a number average molecuiar -
13 weight in the range of about 400 to about 5,000;
14 X is hydrogen, an alkali metal ion, or alkyl having one carbon atom to
15 about 6 carbon atoms;
16 W is —[CHR"]- m wherein each R” is independently H, alky! having one
17 carbon atom to about 15 carbon atoms, or a substituted-alkyl having
18 one carbon atom to about 10 carbon atoms and one or more
19 substituenis selected from the group consisting of amino, amido,
20 benzyl, carboxyl, hydroxy!l, hydroxyphenyl, imidazolyl, imino, phenyi,
21 sulfide, or thiol: and m is an integer from one to 4;

- /5.



4 5wherein each R is independently -CHR'-, wherein R' is branched or 6linear alkyl having one to
about 10 carbon atoms, cycloalkyl having 7from about 3 carbon atoms to about 10 carbon atoms, aryl
having from 8about 6 carbon atoms to about 10 carbon atoms, alkaryl having from 9about 7 carbon
atoms to about 20 carbon atoms, or aralkyl having from 10about 7 carbon atoms to about 20 carbon
atoms, R1 is a polyisobutyl 11group derived from polyisobutene containing at least 50 weight percent
12methylvinylidene isomer and havin mber | r ight | geafabout
400 to abodt 5,000; 14XiS ﬁ?’ F88§rﬁ‘; %n& qua?lvring%ﬁ%ﬁ%ﬂ%ﬁ@vﬁ?gﬁgﬂgﬁ%%@%@m to 15about 6
carbon atoms; 16W is -[CHRH mvivberiiReschsRid§ isdepedidantly H, alkyl having one 17carbon
atom to about 15 carbon atoms, or a substituted-alkyl having 18one carbon atom to about 10 carbon
atoms and one or more 19substituents selected from the group consisting of amino, amido, 20benzyl,
carboxyl, hydroxyl, hydrdoxyphenyl, imidazolyl, imino, phenyl, 21sulfide, or thiol; and m is an integer
from one to 4; Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, -CHR'OH,
wherein R' is as defined above, 3or 4

: R
W
4 xozc:”/
5 wherein Y is -CHR'OH, wherein R’ is as defined above; and R, X, and
6 W are as defined above;
7 Z is hydroxyl, a hydroxypheny! group of the formula
OH
Ry

8
9 or

OH

R Y
\N/
/
W
\
CO5X

Ry
10
11 wherein R, Ry, Y', X, and W are as defined above,
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Swherein Y' is -CHR'OH, wherein R' is as defined above; and R, X, and 6W are as defined above; 7Z
is hydroxyl, a hydroxyphenyl group of the formula OH 8 9or OH 10 11wherein R, R1, Y', X, and W are
as defined above, land nis an integer from 0 to 20, with the proviso that when n = 0, Z 2must be OH
wherein R, R1, r, X, and W are as defined above. 540.The lubricating oil composition of claim 39,
wherein R is CH2, R1 is 6polyisobutyl group derived from polyisobutene containing at least 50 7weight
percent methylvinylidene isomer and having a number average 8molecu%&\;v ight of_a@o t 700 to
about 1,100, W is CHRO AP R e XA Qi 16 A 8T 1S ‘aeg Betwedn‘0 and 20. 10
1141.A lubrcating oil cogasition comprising a major amount of an oil of

OCH
R\N/Y!
w/
\
CO,X
R

3

4 wherein R, Ry, Y', X, and W are as defined above.

5 40. The lubricating oil composition of claim 39, wherein R is CHgz, R+ is

6 polyisobutyl group derived from polyisobutene containing at least 50

4 weight percent methylvinylidene isomer and having a number average

8 molecular weight of about 700 to about 1,100, W is CHR', wherein R”

9 is H, X is a sodium ion and n is an integer between 0 and 20.
10
11 41. A lubricating oil composition comprising a major amount of an cil of
12 lubricating viscosity and a minor effective amount of one or more
13 Mannich condensation products of claim 15.
14
15 42, A lubricating oil concentrate comprising from about 90 weight percent
16 1o about 10 weight percent of an oif of lubricating viscosity and from
17 about 10 weight percent to about 90 weight percent of one or more
18 lubricating Mannich condensation products having the formula

S61 -



12lubricating viscosity and a minor effective amount of one or more 13Mannich condensation products
" of claim 15. 14 1542.A lubricating oil concentrate comprising from about 90 weight percent 16to about
10 weight percent of an oil of lubricating viscosity and from 17about 10 weight percent to about 90
weight percent of one or more 18lubricating Mannich condensation products having the formula
2wherein each R is independently -CHR'-, wherein R is branched or 3linear alkyl having one to about
10 carbon atoms, cycloalkyl having 4from about 3 carbon atoms to about 10 carbon atoms, aryl having
from 5about 6 carbon atoms to about 10;carbon atoms, alkaryl having from 6about? carbon atoms to

about 20 carbon atoms, or aralkyl having
R1 is a 8polyisobutyl group containing af
a number average molecular 10weight.in
alkali metal ion, or alkyl having one to ab
independently H, alkyl having one

o W N oo e w N

—

12

13
14
135
16
17
18

19
20

21

PHabout 7 carbon atoms to about 20 carbon atoms, and
50 weight percent 9methylvinylidene isomer and having
BbQ?ng\gbout 5,000; 11X is hydrogen, an

arbon atdms; 13Wis -[CHR1- m wherein each R" is

W I
/
CO,X

wherein each R is independently -CHR’-, wherein R’ is branched or
linear alkyl having one to about 10 carbon atoms, cycloalkyl having
from about 3 carbon atoms to about 10 carbon atoms, aryi having from
about 6 carbon atoms to about 10 carbon atoms, alkaryl having from
about 7 carbon atoms to about 20 carbon atoms, or aralkyl having from
about 7 carbon atoms to about 20 carbon atoms, and Ry is a
polyisobutyl group containing at ieast 50 weight percent
methylvinylidene isomer and having a number average moiecular
weight in the range of about 400 to about 5,600;

X is hydrogen, an alkali metal ion, or alky! having one to about 6

carbon atoms;

W is —[CHR"]- mwherein each R” is independently H, alkyl having one
carbon atom o about 15 carbon atoms, or a substituted-alkyl having
one carbon atocm to about 10 carbon atoms and one or more
substituents selected from the group consisting of amino, amido,
benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,

sulfide, or thiol; and m is an integer from one 1o 4;

Y is hydrogen, atkyl having one carbon atom to about 10 carbon atoms,
-CHR'OH, wherein R’ is as defined above,

or
-62-



14carbon atom to about 15 carbon atoms, or a substituted-alkyl having 150ne carbon atom to about 10
carbon atoms and one or more 16substituents selected from the group consisting of amino, amido,
17benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, 18sulfide, or thiol; and m is an
integer from one to 4; 19Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
20-CHR'OH, wherein R' is as defined above, 21or 1 X02C 2wherein Y'is -CHR'OH, wherein R' is as
defined above; and R, X, and 3W are as defined\above; 4Zs hydroxyl, a hydroxyphenyi group of the
formula OH 5 60r OH wherein R, R1, Y', X, and ,@4.(5 defined above, 9and n is an integer from O
to 20, with the proviso that when n=0, Z 1

W

xozc/

wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and

3 W are as defined above;
4 7 is hydroxyl, a hydroxyphenyl group of the formula
OH
R,
5
6 or
OH
R V'S
\N/
/
W
N
CO.X
Ry
.
8 wherein R, R4, Y’, X, and W are as defined above,

and n is an integer from 0 to 20, with the proviso thatwhenn =0, Z

10 must be

.63 -



10must be OH 1 2wherein R, R,, Y', X, and W are as defined above. 343.The lubricating oil
concentrate of claim 42, wherein R is CH2, R1 is alkyl 4group having a number average molecular
weight of about 700 to 5about 1,000, W is CHR", wherein R" is H, Xis a sodium ion and n is an
6integer between 0 and 20. 7 844.A lubricating oil concentrate comprising from about 90 weight
percent 9to about 10 weight percent of an oil of lubricating viscosity and from 10about 10 weight
percent to about 90 weight percent of one or more 11llubricating Mannich condensation products of
claim 15. 12 1345.A fuel composition comprising(atinajor amount of hydrocarbons boiling 14in the
gasoline or diesel range and a minor effective amount of one or 15more Mannich condensation

products having the formula 16 R R\N/Y’
W/
CO,X
R,

1

2 wherein R, R4, Y, X, and W are as defined above.

3 43, The lubricating oil concentrate of claim 42, wherein R is CHs, Rqis alkyl

4 group having a number average molecular weight of about 700 o

5 about 1,000, W is CHR', wherein R" is H, X is a sodium ion and n is an

6 integer between 0 and 20.

7

8 44. Alubricating oil concentrate comprising from about 90 weight percent

9 to about 10 weight percent of an oil of lubricating viscosity and from
10 about 10 weight percent to about 90 weight percent of one or more
11 lubricating Mannich condensation products of claim 15.
12
13 45.  Afuel composition comprising a major amount of hydrocarbons boiling
14 in the gasoline or diesel range and a minor effective amount of one or
15 more Mannich condensation products having the formula
16

OH
Yo R\[/R\\Z
W I
C62X
R,
- 1y

17
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- 64 - 1wherein each R is independently -CHR'-, wherein R' is branched or 2linear alkyl having one to
about 10 carbon atoms, cycloalkyl having 3from about 3 carbon atoms to about 10 carbon atoms, aryl
having from 4about 6 carbon atoms to about 10 carbon atoms, alkaryl having from 5about 7 carbon
atoms to about 20 carbon atoms, or aralkyl having from 6about 7 carbon atoms to about 20 carbon
atoms, and R1 is a 7polyisobutyl group containing at least 50 weight percent 8methylvinylidene isomer
and having a number average molecular 9weight in the r of about 400 .to t%/% 09(:) - 10Xis
hydrogen, ah alkali metdMf5gBIEARY ﬁaﬁmeﬁsf}Q%{H@m r'b%gﬂ%l’f?)ms;lsl% %ﬁ% &Rll- m

wherein each R" is independently Haatkyldiayiagsens i Boarhooatsinnte abptivdbyansematoms, or a
substituted-alkyl having 14one carbon atom to about %%ca{z%n atoms apd;,ﬂonea iwé)r%éﬁ stituents
selected frobn the group@BhalargbFaMRmb HGe C1BBERZYY, CArBaXyT Ry r’ox&, vdroxyphenyl,
imidazolyl, imino, phenyl, d fisglfide; @ thiskans apdsaninteder fromronesih iyl 8w igipyiarogen, alkyl

having one cabon o (0 bout 10 catbon ala, 12-GH1R 01 witein 7 Jr. RINRA e 200

6 about 7 carbon atoms to about 20 carbon atoms, and Ry is a

7 polyisobutyl group containing at least 50 weight percent

8 methylvinylidene isomer and having a number average molecular

g weight in the range of about 400 1o about 5,000,
10 X is hydrogen, an alkali metal ion or alkyl having one to about 6 carbon
11 atoms;
12 W is ~[CHR"}- » wherein each R” is independently H, alkyl having one
13 carbon atom to about 15 carbon atoms, or a substituted-atkyl having
14 one carbon atom to about 10 carbon atoms and one or more
15 substituents selected from the group consisting of amino, amido,
16 benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
17 sulfide, or thiol; and m is an integer from one to 4;
18 Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms,
19 -CHR’OH, wherein R’ is as defined above,
20 or

‘ R
v \N/ \\_
W

24 xozc/
22 wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and
23 W are as defined above;

24 Z is hydroxyl, a hydroxyphenyl group of the formula
. -85 -



21 X02C 22wherein Y'is -CHR'OH, wherein R' is as defined above; and R, X, and 23VV are as
defined above; 24Z is hydroxyl, a hydroxyphenyl group of the formula - 65 - OH 2or OH wherein R,
R1, Y', X, and W are as defined above, and n is an integer from 0 to 20, with the proviso that when n =
0, Z must be OH 7 8wherein R, RY', X, and W are as defined above. - 66 - 146.The fuel composition
of claim 45, wherein R is CH2, R, is polyisobutyl 2group derived from polyisobutene containing at least
50 weight percent 3methylvinylidene isomer and having a number average molecular

OH
s
AN
R,
1
2 or
OH
R. Y
\N/
/
W
\
CO-X
Ry
3
4 wherein R, Ry, Y’, X, and W are as defined above,
5 and n is an integer from 0 to 20, with the proviso that whenn =0, Z
6 must be
OH
R. Y
\N/’
/
W
\
CO.X
Ry
7
8 wherein R, Ry, Y', X, and W are as defined above.
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4weight of about 700 to about 1,000, W is CHR", wherein R is H, X is a 5sodium ion and n is an
integer between 0 and 20. 6 747.A fuel composition comprising a major amount of hydrocarbons
boiling 8in the gasoline or diesel range and a minor effective amount of one or 9more Mannich
condensation products of claim 15. 48.A fuel concentrate comprising an inert stable oleophilic organic
solvent boiling in the range of from about 65C to about 204C and from about 10 weight percent to
about 90 weight percent of one or more Mannich condensation produc ss{g'a in the‘for ul? ;wherein R
is either CHR or4BHR' drite wieredROB A rRinea ot ﬂﬁe%@?ﬁ%\)ﬁé e%é?ﬁ&? gfgrﬁ%) 0"about 10

carbon atoms, cycloal }W%iy@mf?@g%@ﬁm@@m@ﬁ@m@l%wtﬁﬂ ataniy, peytéayving

from about 6 carbon atoms to about 10 carbon atoms, alkaryl having from about 7 garbpr} atoms to

about 20 catbon atomsTeHaIRYIHEVREREIR iatt 7246 %HW?‘E@&BW%S”S FhoiT atoms, and
R1is polyispbutyl derived: from pol¥isehuiens septainingat leastGameightpercentimethylidrnylidene
isomer and having a number average molecular weight in the range %@bout 400 to about 5,000, Xis
hydrogen, &n alkali meﬁld@ﬁ%@&ll@ﬁ%%ﬁﬁ@%ﬂ@%@%&?%ﬁ@g&ﬁ “carbon atoms, Y is hydrogen,
alkyl having.one carbon atom to about 10 carbon atoms, - CHR'OH, wherein R' is as defined above,
Or Y' NR X 02C wherein Y'is -CHR'OH, wherein R' is as defined above;f;_glgi R, X!; and \é\)/ Lf ;%CHR"]-
m wherein ach4?" is ind&parmesnBg LGP Ry 8 BA/BoA RS P EGEEA A0S, or a
substituted-glkyl having,pope. carbgnatemde shauhlR earden-aiems oot vecsonmorecs ustiorents
selected from the group consisting of amino, amido, benzyl, carboxyl, q droxyl, hydroxyphenyl,
imidazolyl, inino, phenytosalfitrnHEINARATAIS AR TAEF ﬁi\a(}jﬁ}et "4; Z is hydroxyl, a
hydroxyph%yl group of the formula OH Or

14 48. A fuel concentrate comprising an inert stable oleophilic organic solvent

12 boiling in the range of from about 65°C to about 204°C and from about
13 10 weight percent to about 90 weight percent of one or more Mannich
14 condensation products having the formula
— 1
OH '

AN

R, COuX ]
15 e —
16 |
17 wherein R is either CH, or CHR’ and wherein R’ is branched or linear
18 alkyl having one carbon atom to about 10 carbon atoms, cycloalkyl
19 having from about 3 carbon atoms to about 10 carbon atoms, aryl
20 having from about 6 carbon atoms to about 10 carbon atoms, alkaryl
271 having from about 7 carbon atoms to about 20 carbon atoms, or aratkyl
22 having from about 7 carbon atoms to about 20 carbon atoms, and R4 is
23 polyisobutyl derived from polyisobutene containing at least 50 weight
24 percent methylvinylidene isomer and having a number average
25 molecuiar weight in the range of about 400 to about 5,000,
26

-B7 -



OH 2wherein R, R1, Y', X, and W are as defined above, 3and n is an integer from 0 to 20, with the
proviso that when n =0, Z 4must be OH 5 6wherein R, R1, Y', X, and W are as defined above.
749.The fuel concentrate of claim 48, wherein R is CH2, R1 is polyisobutyl 8having a number average
molecular weight of about 700 to about 91,000, W is CHR", wherein R" is H, X is a sodium ion and n is
an 10integer between 0 and 20. 11 1250.A fuel concentrate comprising an inert stable oleophilic
organic solvent 13boiling in the range of from about 65C to about 204C and from about 1410 weight

percent to about 90 weight percent qf I i | vetsafelaim 15.
ABSTRA ‘E)Eyﬁ?ﬁﬁeﬂl§‘8%%écﬁﬁ‘é{ﬁﬁ/'gﬁ&Fc%%%%@@ﬁ%ﬁl&sg%ﬁgﬁec@r%sEFU|_
aioms,

Y is hydrogen, alkyl having one carbon atom to about 10 carbon atoms, -

CHR'OH, wherein R’ is as defined above,

or

N N

|

w

xogc/

wherein Y’ is -CHR'OH, wherein R’ is as defined above; and R, X, and W is —
[CHR"]- » wherein each R” is independentiy H, alkyl having one carbon atom
to about 15 carbon atoms, or a substituted-alkyl having one carbon atom 10
about 10 carbon atoms and one or more substituents selected from the group
consisting of amino, amido, benzyl, carboxyl, hydroxyl, hydroxyphenyi,

imidazolyl, imino, phenyi, suifide, or thiol; and m is an integer from one 1o 4;

Z is hydroxyi, & hydroxyphenyl group of the formula

OH

or



~'AS SEQUESTERING AGENTS The present invention is directed to Mannich condensation product
sequestering agents or mixtures of Mannich condensation product sequestering agents for use in fuels
and lubricating oils. The present invention is also directed to a process for preparing the Mannich
condensation product sequestering agents. The present invention is also directed to a product formed
by combining, under reaction conditions, a polyisobutyl-substituted hydroxyaromatic compound, an
aldehyde, an amino acid or ester thereof, and an alkali metal base to form the Mannich condensation
product sequestering agent. The present inventiogig also directed to a lubricating oil composition, a
lubricating oil concentrate, a fuel composition, and|a fuel concentrate having the Mannich
condensation product sequestering agents of the present i@y&r\uio/@v

N
/
W
\
COX
R
’ 1
2 wherein R, Ry, Y', X, and W are as defined above,
3 and n is an integer from 0 to 20, with the proviso that whenn =0, Z
must be
OH
R Y
¢
/
W
\
CO,X
R
5 1
5 wherein R, R4, Y', X, and W are as defined above.

7 49, The fuel concentrate of claim 48, wherein R is CH,, Ry is polyisobutyl

8 having a number average molecular weight of about 700 to about

9 1,000, W is CHR', wherein R is H, X is a sodium ion and n is an
10 integer between 0 and 20.
11
12 50. Afuel concentrate comprising an inert stable oleophilic organic solvent
13 boiling in the range of from about 65°C to about 204°C and from about
14 10 weight percent to about 90 weight percent of one or more Mannich
15 condensation products of claim 15.
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ABSTRACT OF THE DISCLOSURE

MANNICH CONDENSATION PRODUCTS USEFUL
AS SEQUESTERING AGENTS

The present invention is directed to Mannich condensation product sequestering
agents or mixtures of Mannich condensation product sequestering agents for use in
fuels and lubricating oils. The present invention is also directed to a process for
preparing the Mannich condensation product sequestering agents. The present
invention is aiso directed fo a product formed by combining, under reaction
conditions, a polyisobutyl-substituted hydroxyaromatic compound, an aldehyde, an
amino acid or ester thereof, and an alkali metal base to form the Mannich
condensation product sequestering agent. The present invention is also directed to
a lubricating oil composition, a lubricating oil concentrate, a fuel composition, and a
fuel concentrate having the Mannich condensation product sequestering agents of

the present invention.
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