1 2 PROCESS FOR PREPARATION OF MANNICH CONDENSATION 3
PRODUCTS USEFUL AS SEQUESTERING AGENTS 4 FIELD OF THE
INVENTION 5 The present invention is directed to a process for preparing
Mannich 6 condensation product sequestering agents or mixtures of
Mannich 7 condensation product sequestering agents for use in fuels and
lubricating oils. 8 BACKGROUND OF THE INVENTION 9 Lubricating oils
contain additives that perform many important functions. 10 Ashless
dispersants are added to lubricating oils to disperse varnish, lacquer, 11
2and sludGEBEERa, HefoRREr dnd KNS MGOIN G abiaeNSA RION
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buildup caused by the agglomeration of soot in the oil. Overbased
4detergents 14 are added to fuBtiCath) DHE tNEEIN Tl 2¢Nacids. These
acids can cause wear 15 and corrosion, and can cause acid catalyzed
reactions and rearrangements to 16 occur in the oil. Anti-oxidants are
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as corrosion inhibitors, friction modifiers, viscosity index improvers, pour
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23 Metal ions can play an important role in the deterioration of lubricating

0 B et e T e
10 prirhahjess dhsiorpr protiuers 280autipdstinjertne iddes]isarsryieradits lacquer,
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12 deposits. Ashless dispersants aiso disperse soot and prevent viscosity
13 buildup caused by the agglomeration of soot in the oil. Overbased detergents

14 are added to lubricating oils to neutralize acids. These acids can cause wear

15 and corrosion, and can cause acid catalyzed reactions and rearrangements to
16 occurin the oil. Anti-oxidants are added {o lubricating oils to controf oxidation
17 of the oil by scavenging radicals or by decomposing hydroperoxides that are '
18 formed from the oxidation of the cil. Wear inhibitors are added to jubricating
19 oils to prevent wear of the metal parts caused by friction. Cther additives

20 such as corrosion inhibitors, friction modifiers, viscosity index improvers, pour
21 peint depressants, seal swell agents, etc., can also be added to lubricating

22 oiis to provide important properties to the finished lubricant.

23 Metal ions can play an important role in the deterioration of fubricating oils.

24 Transition metals such as Fe™, Cu™, Pb™, and other metals, can catalyze the
25  oxidation of the oil resulting in the formation of the primary oxidation products
26 such as hydrogeroxides, carboxylic acids, carbonyl compounds, hydroxyl

27 carbonyl compounds, and the like. In addition, metal ions such as Fe*?, Cu™?,



27 carbonyl compounds, and the like. In addition, metal ions such as
Fe+3, Cu+2, -1 1 Pb+2, and other metals, can catalyze the
polymerization of the primary 2 oxidation products resulting in the
formation of sludge, lacquer, and varnish. 3 In order to prevent the metal
catalyzed oxidation and polymerization of 4 lubricating oils, it would be
desirahle to find a way, to complex or sequester the . al i :
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supplying necessary 8 trace elements, in metal plating bath, removing
rust stains, and in fuels and 9 lubricating oils. Most well known
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sequestering agents are also useful for the 12 introduction of metals into
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6 anchaankQRapHIeRApemN to persons skilled in the 14 art. Oils useful
for lubricating internal combustion engines are generally either 15 mineral

oils or synthetic oils of lubricating viscosity. Thus, sequestering 16 agents
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14 art. Oils useful for lubricating internal combustion engines are generally either
15 mineral oils or synthetic oils of iubricating viscosity. Thus, sequestering

16 agents for use in lubricating oils or hydrocarbon fuels must be oil-scluble.

17 The conventional oil-scluble Mannich condensation products are useful in

18  internal combustion engine fuels. Non-volatile constituents of fuel, such as
19 additives, sometimes form deposits or varnish on inlet valves and on heating
20 elements. Such deposits and varnish impair the efficiency of these elements.
21 In addition, fuels are susceptible fo chemical reactions, such as oxidation, on
22 aging. One effect of oxidation is to produce scluble and insoluble materials
23 thatform deposits which interfere with the proper functioning of the internai
24 combustion engines. The conventional oil-soluble Mannich condensation

25  products help to reduce deposits.

26 Oil-soluble Mannich condensation products are also useful in internal

27  combustion engine lubricating oils. These products generally act as

28  dispersants to disperse sludge, varnish, and lacguer, and prevent the

29  formation of deposits. in general, conventional cil-scluble Mannich
2.



25 products help to reduce deposits. 26 Oil-soluble Mannich condensation
products are also useful in internal 27 combustion engine lubricating oils.
These products generally act as 28 dispersants to disperse sludge,
varnish, and lacquer, and prevent the 29 formation of deposits. In
general, conventional oil-soluble Mannich -2 1 condensation products
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amine or a polyamine. These products have limited 3 ability t
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condensation products are well known as 6 sequestering agents.

4 Howsiigitju e dralvats iezativon thaliséemecrwequestering agents in
fuels and lubricating oils. 8 The preparation of Mannich condensation
products is well known jn the art. A 9 number of patents have disclosed
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contain both the needed oiIJ solubility and the abilitiy to 12 sequester Fe+3
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lubricating oil. 14 U. S. Patent No. 4,032,304 discloses an improved fuel
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13 reactions in lubricating oil.

14 U.S. Patent No. 4,032,304 discloses an improved fuel composition containing
15 a normally liquid fuel, a carboxylic acid ester of lubricating viscosity and an oil-
16 scluble nitrogen-containing dispersant. The dispersant is characterized by

17  the presence therein of a substantially saturated hydrocarbon-based radicai
18  having at least 50 carbon atoms. The dispersant is preferably a carboxylic
19 dispersant or a Mannich-type dispersant. The Mannich-type dispersant is for
20 example the reaction product of an alkylphenol with formaidehyde and a

21 polyethylene polyamine.

22 U. 8. Patent No. 4,069,249 discloses a noval Mannich condensation product
23 chelating agent for iron (Il}) or iron {I1). The cheiating agent is a Mannich

24 condensation product made from phenol or substituted-phenc!, formaldehyde,
25  adi-amine di-acid and & diamine. The process for making these Mannich

26  condensation products is disclosed in U.S. Patent No. 4,338,460.

27 U. 8. Patent No. 4,166,726 discloses a fuel additive and fuel composition. The

28  additive compound is a mixture of a polyalkylene amine and the reaction
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21 polyethylene polyamine. 22 U. S. Patent No. 4,069,249 discloses a
novel Mannich condensation product 23 chelating agent for iron (ill) or
iron (II). The chelating agent is a Mannich 24 condensation product made
from phenol or substituted-phenol, formaldehyde, 25 a di-amino di-acid
and a diamine. The process for making these Mannich 26 condensation
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2 corapounitlig atatiiivrénaire soljiak lereahiegmation @idews, Bardicularly fuels
3pro%cé%g%§§¥w %@Q,@#?%yde and an amine. The additive

provides 2 surprising stability h preventing thermal degradation of fuels,
particularly fuels 3 for compression ignition engines. 4 U. S. Patent No.

44,1@,9.9aéiiéﬁm%sd?mr;ﬂi@@;&ttﬁé‘di@bﬁﬁ?ﬁg@hhﬁ&iBgmifWég@rghaving a
grOUp att center of the molecule, Such che atl agents ave 6 ette
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6 dis¢letes a4umioess dar dhe:prepstaionabphenoclic 8 ethylenediamine
polycarboxylic acids in predominantly the ortho isomeric form 9 which

comprises reacting a phenol compound, ethylenediamine, glyoxylic acid
710 &hdatatss! stid pHShodEomiscinsbuagiosersdotiihs aregacaiinraatiphenclic

gas %t%j!éﬁ@cﬁammet%%ﬁ%%%@}ﬂ? sl gré%o?rﬂ%ng Qhé'g)%@%?meréc form

discloses a composi r inhibiting the corrosion ferrous met
9 pipaiitie ceewtsearepainpatrplwml vurgcarbonsttvl esesiasimpagiyqeylic acid
10 PortiRg gfia.guxuine of CRG disarboxylicrdimer arid angl as15 Gadrimsr
acid, Wr%ct%mixturig F?i}asga(gl ggd L:ii)umki)er of at @agqq% ar? from 16 0.5‘%aS @
11 up eoBgsbicl urisesition sisnete group consisting of (a) an N,N'- 17
di(ortho-hydroxyarylidene)-1,2-alkyidiamine in which the arylidene radical

12 U. S. Patent No. 4,187,081 discloses a composition for inhibiting the corrosion
13 of ferrous metal pipelines used to transport petroleum hydrocarbons

14 comprising a major portion of a mixture of Css dicarboxylic dimer acid and a
15 Csq trimer acid, which mixture has an acid number of at least 110 and from

16 0.5% up o 5% of a composition from the group consisting of (a) an N,N'-

17 di{ortho-hydroxyarylidene)-1,2-alkyidiamine in which the arylidene radical

18 contains 6-7 carbon atocms and the aikylene radical contains 2-3 carben

19 atoms; and (b) a polymeric condensation product cbtained by the reaction of a
20  phenacl having two reactive ring positions, a lower aliphatic aldehyde and a

21 polyamine,

22 U, 8. Patent No. 4,225,502, a division of application Serial No. 830,792,

23 Patent No. 4,069,249 discussed above, discloses a novel Mannich

24 condensation product chelating agent for iron (1) or iron (). The chelating
25  agent is a Mannich condensation product made from phenol or substituied-
26 phenol, formaidenyde, a di-amino di-acid and a diamine. The single claim is to

27  a cyano substituted compound.



18 contains 6-7 carbon atoms and the alkylene radical contains 2-3
carbon 19 atoms; and (b) a polymeric condensation product obtained by
the reaction of a 20 phenol having two reactive ring positions, a lower
aliphatic aldehyde and a 21 polyamine. 22 U. S. Patent No. 4,225,502, a
division of application Serial No. 630,792, 23 Patent No. 4,069,249

disgusse . di novel Mannich 24 condensation pr t ,
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g B T T pha o o S s and
10 comyyinants el amau e AsrioiIrtoRs R 3Tl h i aeshiewderty useful in

11 additives alg padticulary yldq 11 two-cycle (two-stroke) engines. 12 U.
! S. Pate%o.ﬁ4,387,244)dlsc oses that alkyl-substituted hydroxy benzyl 13

amino acid oligomers are effective metal chelating agents in a broad
12 range 8f A aerNaguesriz 3y atensicERe ered @ﬂ-&w@a&b@ﬁmf&%p@% roxy benzyl
rprisingly high.15 solubilities_jn a broad range of substituted an
13?:1%'!88 I ﬁ%&@%}%grgrﬂe eﬁec%ve metal chelating agenis in a broad range of
14 non-aqueous systems. The products claimed display surprisingly high
15 solubilities in a broad range of substituted and unsubstituted aliphatic and

16  aromatic solvents.

17 U. S. Patent No. 4,655,849 discloses a nove! lubricating oil composition

18 comprising an organometallic additive, including a metal selected from

19 Groups |, Ib and VIl of the Periodic System of Elements, e.g. Na, K, Cu, Co,
20 Nior Fe, chelated with the reaction product of formaldehyde, an amino acid
21 and a phenol, dissolved in a lubricating oil. Depending con the choice of metal,
22 the above crganometailic additive imparts rust inhibition, sludge dispersant,

23 wear reduction and anti-oxidant properties to the said lubricating oil.

24 U, S. Patent No. 4,734,212 discloses Bis-Mannich base deposit inhibitors:
25 lubricating oil compesitions having these inhibitors and a process for

28 preparing these inhibitors.

27  U. 8. Patent No. 4,847,415 discloses certain Mannich reaction products (i.e.
28  alkylated phenol, polyoxyalkylenediamine, and an aldehyde) which are used
29  to deactivate iron species already present in hydrocarbon fluids. Left
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16 aromatic solvents. 17 U. S. Patent No. 4,655,949 discloses a novel
lubricating oil composition 18 comprising an organometallic additive,
including a metal selected from 19 Groups I, Ib and VIl of the Periodic
System of Elements, e.g. Na, K, Cu, Co, 20 Ni or Fe, chelated with the
reaction product of formaldehyde, an amino acid 2 21 and a phenol,

1 diséﬂhlsgti%?‘AHQE‘%Wgaoe‘!:@se%%’&d@%@o 80016R fééﬂﬁfﬁé iA4BSormation
above organometallic additive imparts rust inhibition, sludge dispersant,
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25 Tubricating oil compositions having these inhibitors and a process for
4 26 pirapanay thésehatabitdie. 2.6883,88Patent No. 4,847,415 discloses
certain Mannich reaction products (i.e. 28 alkylated phenol,
polyoxyalkylenediamine, and an aldehyde) which are used 29 to
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10 whiglu@re used to deactivate copper metal species contained in 8
hydrocarbon fluids. Left untreated, such species lead to decomposition 9
“resulting in the formation of gummy, polymer masses in the hydrocarbon
11 10 lig&idPeiept SoPaiedi No1 5tz ses didusstii@idiesepasaiion comprising (a)

12 CO@W&}HPB&%@%@Q%@(&I fuel, and (b) a minor amount, as a diesel fuel

13 injector detergent, of a glycolated Mannich coupled product of bis-

14 polyisocbutylene succinimide of a polyamine, prepared by: (i) reacting an

15 alkyisuccinic acid anhydride with a polyamine to form a bis-succinimide; (ii}
16 reacting the bis-succinimide with a phenol in the presence of an aldehyde to
17 form a Mannich phenoi coupled bis-succinimide product; (iii) glycoiating the
18  Mannich phenol coupled bis-succcinimide product with glycolic acid to form a
19 glycolated Mannich phenol coupled bis-succinimide product; and (iv)

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

21 U, 8. Patent No. 5,641,394 discloses a composition for use in deactivating
22 iron species in hydrocarbon fluids, comprising the products resulting from the
23 reaction of (1) a substituted-catechol, {II) a mixture of polyamines, and (i) an
24 aldehyde. The composition also functions as an anti-oxidant in hydrocarbon
25 fluids. The anti-oxidant function is separate from, and in addition 1o the metal
26 deactivaling properties of the invention. These functional properties of the
27 invention can act either singly, or in concert, for stabilization of hydrocarbon
28  fluids.



12 a major portion of a diesel fuel, and (b) a minor amount, as a diesel
fuel 13 injector detergent, of a glycolated Mannich coupled product of bis
14 polyisobutylene succinimide of a polyamine, prepared by: (i) reacting
an 15 alkylsuccinic acid anhydride with a polyamine to form a

bis succinimide (i) 16 reacting the bis-succinimide with a phenol in the

7 form a Man ol coupled
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g andr(dﬂdr)‘zan 24 aldehyde. The composition also functlons as an
anti-oxidant in hydrocarbon 25 fluids. The anti-oxidant function is
separate from, and in addition to the metal 26 deactivating properties of
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Mannich derivatized polyether. The polyether is generally described as the
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14 SUMMARY OF THE INVENTION

15 There is disclosed a process for preparing a Mannich

16 condensation product sequestering agent or mixtures of Mannich

17 condensation product sequestering agents for use in fuels and iubricating cils.

18  Uniike conventional processes for preparing Mannich condensation product
19 sequestering agents using aminc acids as the source for the amine reactant
20  the process of the present invénﬂon involves a two step process that does not
21 require the use of alkanols, such as methanol, or aromatic soivents, such as
22  Cg aromatic soivents, to assist in the handling of reactants and in conducting

23  the Mannich reaction.

24 In one aspect, there is provided a process for preparation of a Mannich

25 condensation product comprising the steps of:



9 polyethylenamines," by J.D. Jamois, M. Tessier and E. Marechal,

Journal of 10 Polymer Science: Part A: Polymer Chemistry, Vol. 31,
1959-1966 (1993) 11 discloses preparation of copolymers associating
alpha-phenololigoisobutylene 12 and triethylenetetramine blocks in the
same chain by reacting aqueous 13 formaldehyde with
aipha-phenololigoisobutylene and triethylenetetramine. 14 SUMMARY

OF THE INVENTION 15 There is disclosed a process for preparing a
Mannich 16 condensation product sequestering agent or mixtures of
Mannjch 17 condensation produgct seguesterin t in
andra%bricéﬁﬂﬁhgﬁs. 18 LBP]TM(ae@ gﬁ\l}egﬁ iour?g%prgl Z%égﬁégﬁﬁ%ﬁ%arié%ﬁaound’
Mannich cohderisation praisiatity!l grsegudsteriag rgohes usisteasimoGedar
as the So%ﬁlﬁ’{ B R R %ﬁtﬁ“gr%?&&ﬁ?o%f NeRBRENnce of an
invention involves a two step process that does not” 21 require the use of
alkanols, flshlizvetathasel aidaromatic solvents, such as 22 C9 aromatic
solvents, to assist in the handling of reactants and in conducting 23 the
Mannjch reactign. 24 In one aspect, there is prqvided a progcess.fpr .
prez atioFFﬁFQ%iﬂﬁiE‘ﬁac?? Eéﬂb‘t&\rﬁ@aﬂgﬁaﬁ%%j&?@o%%?ié%ﬁg"‘fﬁe %FeS? no
of: -7 (a) mEdtmoeatpolj@iikdiselititeiethngdaoagiasimatialdmmpound,
wherein the polyalkyl group has a number average molecular weight of
from 280 to 5,000 with an aldehyde in the presence of an alkali metal

In o emidlBERdatitiig (hETRUEREARMREREINERTBRATEM 3888 ith an
corRiBMRRAIG RIueRicsdprdsiivadRryaal srdmrialali metal base. In one

embodiment, there is provided a process for preparing a Mannich
condensation product sequestering agent comprising:
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-7a | reacting 2 (a) a polyalkyl-substituted hydroxyaromatic compound,
wherein the 3 polyalkyl group has a number average molecular weight of
from 4 about 280 to about 5,000 and an aldehyde in the presence of an 5
alkali metal base; with 6 (b) an alkali metal base; and an amino acid or
ester derivative 7 thereof and an alkali metal base. 8 In another
embodiment of the above process the reacting is conducted in the 9
1 abs#&8f an alkanol. 10 Another embodiment of the process is directed
to 11 preparing a Mannich condensation product sequestering agent
2 comprisingthe é%st?@&ﬂism&iaﬁdmmm@m@@@ﬁmﬂ&ﬁurﬁmnd wherein the
combining formaldeh or an 14 aldeh avm the formula;
3 16 whoren R i SANAG B E8" AT SR 85 BT ol o rom
4 about 10 carborzatamg3cycloatkylhaviog Eom abealishedebienti8 ptesishcs of an
to about 10 carb | having from about 6 carbon 19 atoms to
S about 10 carbor?(g%in zﬁ%ﬁﬁa\\ﬁﬁ from about 7 20 carbon atoms to
about 20 carbon atoms, or aralkyl having from 21 about 7 carbon atoms

g to about 20, carbgn atoms,with B’a%%lygwla%%ﬁ%tgh‘}ﬁ%r aster derjvative

hydroxyaromatlc compound having the formula -
thereof and an alkali metal base

In another embodiment of the above process the reacting is conducted in the

absence of an alkanol.

10  Ancther embodiment of the process is directed fo

11 preparing a Mannich condensation product sequestering agent comprising the

12 steps of:
13 {(a) forming a reaction mixiure by combining formaldehyde or an
14 atdehyde having the formula

j}\
(5 R H
16 wherein R' is branched or linear alkyl having one carbon atom to
17 about 10 carbon atoms, cycloalkyl having from about 3 carbon
18 atoms to about 10 carbon atoms, ary! having from about 6 carbon
18 atoms 1o about 10 carbon atoms, alkaryl having from about 7
20 carbon atoms to about 20 carbon atoms, or aralkyl having from
21 about 7 carbon atoms to about 20 carbon atoms; with a polyalkyl-
22 substituied hydroxyaromatic compound having the formula



2 wherein R, is polyalkyl of 280 to 5,000 molecular weight, R2 is 3

~ hydrogen or lower alkyl having one carbon atom to about 10 4 carbon
atoms, and R3 is hydrogen or -OH, in the presence of a 5 base; and 6 (b)
contacting the reaction mixture with an amino acid or the ester 7
derivative thereof having the formula NH2 W 8 C02A 9 wherein W is
-(CHR" ]- m wherein each R" is independently H, 10 alkyl having one
carbon atom to about 15 carbon atoms, &t 11 substituted-alkyl having
one carbon atom to about 10 carbon 12 étoms and one or more

substituents selected from the %E /c sisting of amino, amido,

benzyl, carboxyl, hydroxyl, 14 hym%azolyl imino, phenyl,

sulfide, or thiol; and m 15 is an integer from gne'to 4, and A is hydrogen
or alkyl having one 16 carbon atom t out6 carbon atoms; and 17 a
base to form the Mannich condensation produyct. 18 Preferably in the

-4 above formula A is hydrogen. 19 In another preferred embodiment, in the
above formula, A is 20 alkyl selected from methyl or ethyl. -9 1 In an

alternate embodiment of the process water 2 may be added in Step (b).

2 In a further emBE&HRENEf HerprBked S48 @%Q%W@?%fﬁé&@f@ﬁ eR° Is

3 reaction mixturgyefrSten @) Wi aamng akithsaltcarbon atom to about 10

4 carbon atoms, and Rs is hydrogen or —OH, in the presence of 2

5 base; and

6 {b) contacting the reaction mixiure with an amino acid or the ester

7 derivative thereof having the formuia

NH,
AN

8 COoA

9 wherein W is —{CHR"]- ,, wherein each R” is independentiy H,
10_ alkyl having one carbon atom to about 15 carbon atoms, or &
11 substituted-aikyl having one carbon atom to about 10 carbon
12 atoms and one or more substituents selected from the group
13 consisting of amino, amido, benzyl, carboxyl, hydroxyl,
14 hydroxyphenyl, imidazolyl, imino, phenyl, sulffide, or thiol: and m
15 is an integer from one to 4, and A is hydrogen or alkyl having one
18 carbon atom io about 6 carbon atoms: and
17 a base 1o form the Mannich condensation product.

18  Preferably in the above formuia A is hydrogen.

1g  In another preferred embodiment, in the above formula, A is

20 alkyl selected from methyi or sthyl.
Q.



5 having the formula NH2 6\ CC2M 7 wherein w is as defined above and
M is an alkali metal on. 8 In the formula in the above process M is
preferably a sodium ion or potassium 9 ion, more preferably M is a
sodium ion. 10 In the above processes, preferably the R1 polyalkyl group
has a number 11 average molecular weight of about 400 to about 3,000.
Mare prefera &I;;ﬁ Ih{lggrt 1l g&w&@g( average
mgll?-;-ét%flar Wet%g et%%gélb%ﬁbgé) % aﬁoﬁ?[' ,oeoo; ‘Even more preferably
ther@ypotyaikieqrisupteasta number 14 average molecular weight of
about 700 to about 1,500. Most preferably the 15 R1 polyalkyl group has
anumher, vrerarggorgolecglg{sﬁel ht of abgyetr%?@)a to 16 about 1,100. 17 In

the ABove p?ogessesi, iy pol Ayl Substittie the polyalkyl-substituted

4 18ihydrexyaromatic-eomposactitrstendas speienakly WerivedFremolssid salt

10
i
12
13
14
18
16

17
18
19
20
21
22
23
24
25

polypropylene polgélutene, or a polyalpha olefin ofigomer of 1-octene or
1- gg"d@é%@.f?ﬁa Blyalkyl-substituted hydroxyaromatic compound in

step (a) in 21 the above process is more preferably polypropyl or
polyisobutyl. In the above 22 process ingigp (a), preferably the
polyalkyl-substituted hydroxyaromatic 23 compound is
polyisobutyl-substituted phenol or polyisobutyl-substituted 0- 24 cresol.
More preferably the polyalkyl-substitlited hydroxyaromatic compound 25
is polyisobutyl-substituted phenol. -10 1*Psefgrably, in the above
processes the polyisobutyl-substituted phenol is 2 derived from
polyisobutene containing at least about 20 weight percent 3
methylvinytdezie 8osnes . ddine refenad iyrib dvp @ yasobiitli-sudtstiioted
phenol

in the formula in the above process M is preferably a sodium ion or potassium

ion, more preferably M is a sodium ion,

In the above processes, preferably the R4 poiyalkyl group has a number
average molecular weight of about 400 io about 3,000. More preferably the
R+ polyaikyl group has a number average moiecular weight of about 500 to
about 2,000. £ven more preferabiy the R+ polyalkyl group has a number
average molecuiar weight of about 700 to about 1,500, Most preferably the
R4 polyalkyl group has a number average molecuiar weight of about 700 fo
about 1,100.

in the above processes, the polyalkyl substituent on the polyalkyi-substituted
hydroxyaromatic compound in step (a) is preferably derived from
polypropylene, polybutene, or a potyaipha olefin oligomer of 1-octene or 1-
decene. The polyalkyl-substituted hydroxyaromatic compound in step (a) in
the above process is mare preferably polypropyl or polyisobutyl. in the above
process in step (a), preferabiy the polyalkyl-substituted hydroxyaromatic
compound is polyisobutyl-substituted phenal or polyisobutyl-substituted o-
cresol. More preferably the polyalkyl-substituted hydroxyaromatic compound

is polyisobutyl-substituted phenol.
A0 -
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8

10

11
12
13

14
15
16
17
18
19
20
21
22
23
24
25

26
27

4 is derived from polyisobutene containing at least about 50 weight
percent 5 methylvinylidene isomer and most preferably the
polyisobutyl-substituted 6 phenol is derived from polyisobutene containing
at feast about 70 weight 7 percent methylvinylidene isomer. 8 The
aldehyde in step (a) in the above processes is preferably formaldehyde, 9

paraformaidehyde qr formali I ) deh in Is;
ki b e sl
eacriotstipsn(apliadithifenel eantikipigiehtsash alikut Rietarigiiragigent

More, prefer th Ij idg. | i roxide; L
e BT g L e PR ey raee Pheno
pésformireg FEostep(blbetandrmpatid; bgset daasiatsrdrelirsigoimpateant
separately.at. t ' I u

o T e R s vty
realtion! nsixtary $orined PostiaetLegay: Pesteinbly béfoaspakernity st
(b%r%pg@ﬂ@m&%gngﬂ?&%ng%mg;r are 19 first combined separately at a
température | f abolt :

ure in the range o ut 30C to about 20 70C to form a
concentrated amino acid salt solution and then added to the 21 reaction

mixtiare femek in sep (@) Mene paiemblybetersperfestainmatepraaifehyds,
the amino acid, base and water are first combined@%?}reately ata 23

teRfETaIIa P Ve FIge B abuMBE RIEIR5aPED RRYge in step (a) is

Consenbpeiidyamino acid salt solution and then added to the reaction
mixture formed in step 25 (a). 26 The amino acid employed in step (b) in
the above processes is preferably 27 glycine and the preferred salt is the
sdditne glyoine malteskks] prejetatniptties batmuirmanhaffthtepbdaeand (b) is
P és’;g’éer%dent!y an atkali metal hydroxide. More preferabiy t_he aikali metal

hydroxide is sodium hydroxide base in each of steps (a) and (b).

in another 'prefarred embodiment, before performing

step (b), the amino acid, base and water are first combined sebarateiy ata
temperature in the range of about 15°C to about 100°C to form a concentrated
amino acid sait solution and then added 1o the reaction mixture formed in step
(a). Prefarably before performing step (b) the amino acid, base and water are
first combined separately at a temperature in the range of about 30°C to about
70°C to form a concentrated amino acid salt soiution and then added to the
reaction mixture formed in step (a). More preferably before performing step
{b) the amino acid, base and water are first combined separately at a
temperature in the range of about 40°C 1o about 60°C 10 form a concentrated

amino acid salf soiution and then added to the reaction mixture formed in step

(a).

The amino acid employed in step (b) in the above processes is preferably
glycine and the preferred salt is the sodium glycine sait. |

11 -



2 each of Steps (a) and (b) is independently conducted in the absence of
an 3 alkanol. 4 If the Mannich condensation product sequestering agent
prepared by the 5 above process is to be used as an additive in lubricating
oil, then in step (a) 6 the polyalkyl-substituted hydroxyaromatic compound
may be first dissolved in 7 an oil of lubricating viscosity. Preferably the olil
of lubricating viscosit Fhs a8 neﬁgal oil. 9 The Mannich condensation

prgﬁﬁ%fsaBP ES @%%8 %@EB%%@ NG o) may also be

2 ersplsyed Stegisgeraantssniubricaigdehtforoseuasedispermaatsiendd of an

[#¥]

I

o« -~ g M

10

11
12

13
14
15
16
17
18

19

20

21
22

23
24

fu%LIs( the alkali metal ions in Mannich condensation products are replaced
withq émmonium ions. 13 Among other factors, the disclosure herein is
based upon the discovery that the 14 Mannich condensation products

dﬂ??ﬁ'@%ﬁ’aﬂ%‘i&?ﬂ%@ﬁéﬁ?@ﬁ“ﬁ%%E@%%&e&é@‘%géﬁ%r@%ﬁeﬁf RPthe
disclosed herein. Such Mannich 16 condensation prodicts are effective in
serfRGRTIGTRRtSISD dspesRilp Farzad FibvR ipraltimi emetalifopn in step (a)
CW&S@&W@%M&OW%%@W@%%MMMQ MAlRREsoived in
sufficient oil Solubility for usé in lubricating oils and fuels. 19 DETAILED
DESCR S TUONCEInT MECHSIENTISR20 D HF T 1O S rigating ydeepsity is 2
hetgin the;following terms have the following meanings unless 22

expressly stated to the contrary: 23 The term "aldehydes" as used herein

refers to formaldehyde or aldehydes 24 having the formula -12 0 R'--~H

The Mannich condensation products prepared by the process disclosed herein
may also be employed as dispersants in lubricating oil. For use as dispersants in
fuels the alkali metal ions in Mannich condensation products are replaced with

ammonium ions.

Among other factors, the disclosure herein is based upon the discovery that the
Mannich condensation products described herein can be obtained by the unique
two-step process as disclosed herein. Such Mannich

condensation products are effective in sequestering metals, especially Fe™,
and preventing metal ion catalyzed oxidation and polymerization reactions,
while maintaining sufficient oil solubility for use in lubricating oils and fueis.

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

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

expressly stated 1o the contrary:

The term "aldehydes” as used herein refers o formaldehyde or aldehydes

having the formuia

A0 .



1 2 wherein R' is a branched or linear alkyl, having from one carbon atom
3 to about 10 carbon atoms, cycloalkyl having from about 3 carbon 4
atoms to about 10 carbon atoms, aryl having from about 6 carbon 5 atoms
to about 10 carbon atoms, alkaryl having from about 7 carbon 6 atoms to
about 20 carbon atoms, or aralkyl having from about 7 carbon 7 atoms to
about 20 carbon atoms. 8 Representative aldehydes for use in the

preparation of the Mannich 9 condensatidn products of the present
invention include, but are not limited t;ﬂl:é\a!‘ighatic aldehydes such as

formaldehyde, acetaldehyde, propiguatdehyde}j 11 butyraldehyde,
1valeraldehyde, caproaldehyde and heptaldehyde. Aromatic 12 aldehydes
are also contemplated for use in the preparation of the Mannich 13

pcondensatignpradrets of the-present iW@ﬁﬂQﬂeyﬁ“ﬁW@%ﬁ%ﬁ%on atom

and 14 alkylbenzaldehyde. Para-tolualdehyde is an example of an
3alkylbenzafdehpdé 1 RIsaThsErataResiRHHAdERy depiva ficiiy aeagkatsarbon

4such 16 agpaaieradehydepichaqusaus:igimaldrbyrs salubens s4ehon

as formalin. 17 Aldehydes most preferred for use in the in the preparation

50f the MarfiRRALtPcahiEnSatsRbs dlieaorate pdsedibmianighart 7 carbon
g paraformajgehyde angh A S foemialih 2Adedydesiposhpreisriad IAIRET carbon

in the in the preparation of the Mannich 21 condensation products of the
7 present inPEISHARLBHEABFRERREhFERTMNd 22 formalin. 23 Preferably

the aldehyde is formaldehyde. By formaldehyde is meant all its 24 forms,

QeI R TETE T —"

9 hauingd2ashedomnatugiser thadgwesent invention include, but are not limited to
10 aliphatic aldehydes such as formaldehyde, acetaldehyde, propicnaldehyde,
11 butyraldehyde, vaileraldenhyde, caproaldehyde and heptaldehyde. Aromatic
12 aldehydes are also contemplated for use in the preparation of the Mannich
13 condensation products of the present invention, such as benzaidehyde and
14 alkylbenzaldehyde. Para-toluaidenyde is an example of an
15 alkylbenzaldenyde. Also usefui are formaldehyde producing reagents, such
16 as paraformaidehyde and aqueous formaldehyde solutions such as fermalin.
17 Aldehydes most preferred for use in the in the preparation of the Mannich
18  condensation products of the present invention are paraformaldehyde and

19 formalin.

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

22 formalin.

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

26 the formula given below.

13 .



-130 CH, CHz 001 CH, 2 Examples of liquid formaldehyde are the
following: 3 1. Monomer CH2O in ethyl ether. 4 2. Monomer CH20 in
water which has the formulas CH2(H20)2 (methylene 5 glycol) and
HO(-CH20)n-H. 6 3. Monomer CH20 in methanol which has the formulas
OHCH20OCH3 and 7 CH30(-CH20)r,-H. 8 9 Formaldehyde solutions are
commercially available in water and varigus_10 alcohols. In water it is
available as a 37% - 50% solution. Formalin is-a 37% 11 solution in
water. 12 Formaldehyde is also coﬁ?ﬁercially ay5fable as linear and
cyclic (trioxane) 13 polymers. Liné@r polymers may be low molecular
weight or high molecular 14 weightpglymers: ?5 The term "alkali metal”

1 as used herein refers to Group | A metald'of the 16 Periodic Table, such
as lithium, sodium and potassium. 17 The term "amino acid or ester

2 e TR I ok SR W e lcHRIm

wherein each R" is independently H, alkyl

3 1. Monomer CH;CO in ethyi ether.
4 2. Monomer CH,O in water which has the formulas CHy(H20) (methylene
5 glycol) and HO(-CHO)p-H.
B 3. Monemer CH,0 in methanol which has the formulas CHCH,OCH; and
7 CH3C(-CH20)n-H.
8
¢ Formaldehyde solutions are commercially available in water and various
10 alcohols. In water it is available as a 37% - 50% solution. Formalinis a 37%
11 solution in water.
12  Formaldehyde is also commercially available as linear and cyclic {trioxane)
13 polymers. Linear polymers may be iow molecuiar weight or high melecular
14 weight polymers.
16 The term "alkaii metal” as used hersin refers to Group | A metals of the
16 Periodic Table, such as lithium, sodium and potassium.
17 The term “amino acid or ester derivative thereof” as used herein refers o
18  amino acids and their esters having the formula
y NH,
W
18 CO2A
20 wherein W is —[CHR"]-  wherein each R” is independently H, alkyl
21 having one carbon atom to about 15 carbon atoms, or a substituted- -

-14 - '



21 having one carbon atom to about 15 carbon atoms, or a substituted -14
1 alkyl having one carbon atom to about 10 carbon atoms and one or 2
more substituents selected from the group consisting of amino, amido, 3
benzyl, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, 4
sulfide, or thiol; and m is an integer from one to 4 and A is hydrogen or 5

1 alkyl havipg.oneAtRAL-AteaHIe ABALG SRR ARMHH R ISISHADANG Ihe or

hydrogen. Preferred alkyl is methyl or ethyl. 7 The term "amino acid salt" .
2 as used h&yein refessittesiisIeaiah b aridie S sERa @hagmne, amido,

3W9002%e%9%%m%’ﬁde _,iﬁﬁ&@@ivﬁwmysr@é}ﬂ/hﬂg#ﬁ;aaz%!gﬁ}iem?@,l'_ vl

Preferably 11 M is a sodium ion or a potassium ion. More preferably M is

4 a sodium S¥ifiggh. AFHIAE BT MaFORARBITEREM SRS IB & hérdnréidiydergen or

5 a mixture gf aremate bhHydrecrrbens, fyrisaly sashiayiBdms.
approximately from about 7 carbon atoms 15 to about 14 carbon atoms.
16 The term "base" as used herein refers to any alkali metal base having

6 a pReefdragteatas thaordgenefénatibribe baseipkadsibetweehnyl0 and 30.
Typical bases 18 include alkali metal hydroxides and alkali metal
alkoxides. Preferably the '19 base is an alkali metal hydroxide selected

7 frofhéegiolprebesastiaGol saaiue e sRIgss thRaHhytirsRite sfids

g Potassiinhydrexide, More preferably the 21 alkali metal hydroxide is
sodium Rydroxide or potassium hydroxide. Most 22 preferably the base is
sodium hydroxide.

y NH;
W
\
g COsM
10 wherein W is as defined above and M is an alkali metal ion. Preferably
11 M is a sodium ion or a potassium ion. More preferably M is a sodium

12 ion.

13 The term “aromatic solvent” as used herein refers to a mixture of aromatic
14 hydrocarbons, typically each having approximately from about 7 carbon atoms

15 {0 about 14 carbon atoms.

16 The term "base” as used herein refers to any alkali metal base having a pk,
17 greater than 7, preferably the base pk, is between 10 and 30. Typical bases
18  include alkali metal hydroxides and alkali metal alkoxides. Preferably the

1 base is an alkali metal hydroxide selected from the group consisting of sodium
20 nydroxide, lithium hydroxide or potassium hydroxide. More preferably the

21 alkali metal hydroxide is sodium hydroxide or potassium hydroxide. Most

22 preferably the base is scdium hydroxide.

A5 -



-15 1 The term "color test" as used herein refers to the color tests used for
2 determination of the ability of the Mannich condensation products of the
3 present invention to sequester Fe+3 ions. The test is briefly described
below: 4 Test for Iron Sequestering Ability 5 The test used for iron
sequestering ability was similar to that described in U.S. 6 Patent No.
4,387,244 A.0Q.15 to 0.25 gram le of ni '
1 proﬁﬁ%ttgf%ecgjgggg% tin%%qﬁ K‘?ﬁ S.@‘gg%ﬁe%ﬁ%% {gnq @ed%g}é r&%%?gﬂg %v%ﬁ 5
2 addderBrimdlilite rsf thlaexieliindfshakEiate isbnoggaoiptiNexreg gts of the
milljj : | To[a Cla.i 1al ar :
e LD A R o DA o TRE GO SFf g below
are allowed to 11 separate and the toluene layer changed color from
4 yellousioRurele sasdasevigenseighiron being chelated, in the presence of
the Mannich condensation 13 product sequestering agents of the present
invention. 14 The term "hydroxyl number" as used herein refers to the
5 amobettetpotassiomird® dnalreside mgpbiity toawsinleetthihat described in U.S.
polyalkyl-substit nql per mple)
0 A by teL bt erore e b e 1R
7 "Maonidbreanidensathrepod dueth s asedh hendion efgrs ted mistared t9ah vial to
8 pro\%ﬁﬁéﬁ %b% 8§9 by I sendspsation of @ &9&%‘1%%%%@'&%%#9“? Wyt 15
20 with an aldehyde and an amino acid or ester thereot, such as, glycine,
9in thellilterrEseneraténamasmus fointicorfensaliois prbtittte bwinttlded the vial
forr i f la gi | re Rravi
10 o RIS B TE 3 I S e et o TSt T B leed to
11 inveatiareémdratdheptahtendedy@ddoamgsddesth&opogsibie Manaithe, as
12 coneq/c?@gﬁgg %ﬁ?%ﬂ”&é?n@ %@%Ye%? ifr9 ?H]eesrgée%@%%ﬂ?erﬂﬁé%gaﬂoééﬂﬁen sation

present invention.
13 product sequestering agents of the present invention.

14 The term "hydroxyl number” as used herein refers to the amount of potassium
15 hydroxide required to neutralize the polyalkyl-substituted phenol per gram of
16 sampie (mg KOH/g sample) as measured by tefrabutylammonium hydroxide

17 itration.

18 The ferm "Mannich condensation product” as used herein refers {o a mixture
19  of products obtained by the condensation of a polvalkyl-substituted phenol

20  with an aldehyde and an amino acid or ester thereof, such as, giycine, in the
21 presencs of a base, to form condensation products having the formulas given
22 beiow. The formula given below are provided only as some exampies of the
23 Mannich condensation products of the present invention and are not intended
24 to exclude other possible Mannich condensation producis that may be formed

25 using the methods of the present invention.

26

-18 -



26 -16 OHRH /wlICO,X R110H HXRRANH W/w/N C02X C02X
R1 20OHOH RNR wC02X RtRI OHOHRH v=-RY/~IN ww C02X
C02X

OH

€

CO,X | CO,X

OH OH

C0.X

R R

OH

OH
= R\V/R\)vR\N/H
T )
; W | W
= \ \
|
R

CO.X C0O.X
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4RIRi -17OHOH HVYRR~R R-NHW /N/ COZX CO2X CO2X 1R1
R1 OH OH OH RA/R RR H C02X C02X 2 RIRIRI 3 wherein each R is
independently -CHR'-, wherein R' is as defined 4 above and R, and W are
as defined above, and X is hydrogen, an alkali 5 metal ion or alkyl having
one to about 6 carbon atoms; 6 The Mannich condensation products
shown above may react further with an 7 aldehyde and an amino acid to
form Iarger oligomers. -18 1GHgeneral, the principal M&hkhich

can be representedis
mdependentlyﬁ\bHR'
group havingya number

CO5X

wherein each R is independently -CHR'-, wherein R’ is as defined

above and Ryand W are as defined above, and X is hydrogen, an alkali

metal ion or alkyl having one to about 6 carbon atoms;

The Mannich condensation products shown above may react further with an

aldehyde and an amino acid to form larger cligomers.

-18 -



10
11
12
13
14

15
16

17

6 of about 280 to about 5,000; 7 X is hydrogen, an alkali metal ion, or
branched or linear alkyl having one to 8 about 6 carbon atoms; 9 W is
-[CHR"]- wherein each R" is independently H, alkyl having one 10 carbon
atom to about 15 carbon atoms, or a substituted-alkyl having one 11
carbon atom to about 10 carbon atoms and one or more substituents 12

selgetest oM Nsriarayn AeASIERLOhABIRRIBMISRRRABISaFRDY: thd
hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thiol; and m
iBracean Mk ePTRSRNbRVRMICT SN RYERIGSE A e JB R rbon
atom to about 10 carbon atoms, - 16 CHR'OH, wherein R' is as defined
above, 17 or-19 Y\N R_Lw 1 X020 2 wherein_Yis -CHR'OH, wherein R’
is as defined above; and|R, X, 3 and W are as defined above; 4 Z is

hydroxyl, a hydroxyphenyl gr

&f

wherein each R is independently -CHR'-, wherein R’ is as defined above, Ry

is a polyalkyl group having a number average molecular Weight in the range

of about 280 to about 5,000C;

X is hydrogen, an alkali metal ion, or branched or linear alkyl having one to

about & carbon atoms;

of the formula: G

R B

H 5RI 6 or OH\Y

e

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 fo about 10 carbon atoms and one. or more substituents

selected from the group consisting of amino, amide, benzyl, carboxyl,

hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl, sulfide, or thicl: and m is

an integer from one 1o 4;

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

or

19 -



N W CO2X 7RI 8 wherein R, R1, Y', X, and W are as defined above, 9
and n is an integer from 0 to 20, with the proviso that when n = 0, Z must
be: -20 OH R\N/Y, W CO2X 1 RI 2 wherein R, R1, Y, X, and W are as
defined above 3 Preferably the Ri polyalkyl group has a number average
molecular weight of 4 about 400 to about 3,000. More preferably the Ri
polyalkyl group has a 5 number av e molegular weight of about 500 to
about 2,000. Even more 6 preferably th ,\Ri/po%kal group has a
number average molecular weight of 7 about 700 to about 1,500. Most
preferably the R, polyalkyl group has a 8 %umber average molecular
weight of about 700 to about 1,1 Mrthe compound of formula | above,
X is preferably hydrogen or alkal metal 10 ion, more preferably X is an
alkali metal ion and most preferably a sodium ion. 11 In another
2 embodimentyfiéheiinvertiali-iR' (e campeime okfagidarnabaveyd 22XdR, X,
alkyl selected from methyl feth l. 13 In a preferred embodiment of the
3 Mannich con%??@tﬁfﬁ odtdt of A C?vapresent invention R is CH2, R1
has a number average molecular weight in the 15 range of about 700 to

4 abost;, 100 1S Lhizi & RAYNY B0 RBA RSO AAL:

1

C’)H
= '
N
R
5 1
8] or
OH
R 'S
\N/ .
/
W
\
I CO.X
R
- 1
8 wherein R, Ry, Y', X, and W are as defined above,

¢ andnis an integer from 0 to 20, with the proviso that when n = 0, Z must be:

220 -



1

16 The term "oil of lubricating viscosity" as used herein refers to
lubricating oils 17 which may be mineral oil or synthetic oils of lubricating
viscosity and 18 preferably useful in the crankcase of an internal
combustion engine. 19 Crankcase lubricating oils ordinarily have a
viscosity of about 1300 20 centistokes at -17.8C to 22.7 centistokes at
98.9C. The lubricating oils may 21 be derived from synthetic or natural
sources. Mineral oil for use as the BaSe -21 1 oil in this invention includes
paraffinic, naphthenic and other oils that are 2 ordinarily used in
lubricating oil compositions. it &h?/fdrocarbon synthetic
oils, synthetlc esters and Flschr Trops th derived base 4 oil. Useful

s of alpha-olefins 5
having the proper viscosity. Espéctally-Useful arg the hydrogenated liquid
6 oligomers of C6 to C12 alpha-olefins such as 1cdeg€ne trimer. Similarly,
alkyl 7 benzenes of proper viscosity, such as didodecyl benzene, may be
used. 8 Useful synthetic esters inclide the esters of both mono-carboxylic
acids and 9 polycarboxylic acids as well as mono-hydroxy alkanols and
polyols. Typical 10 examples are didodecyl adipate, pentaerthritol

2 tetracapo#eethiR-Birfyinexyl<1ansdiyates (ﬂﬂé‘ﬂﬁ“&%é@ﬁt@and the like.

4

8
7
8

11
12

13
14
15

18
17
18
19
20
21

Complex esters prepared from 12 mixtures of mono- and di-carboxylic
and m anpd d alkanols 13 can also be used.

3 Py RRIBON 416 Hic S RS AP SV SR E YR Bl veiant of
bleam.mfamwmmmemm tdﬂﬂevetgmmml&mdmleﬁa;mﬂm has a
-dece trimer with 75 We ercel t en
cet%}sr@ers APFREC r%mera % es étr)}aexce % on 8asett %’?&ﬁ Fven more
"pqiyaikyébiypbb/ﬁ{kmdybwm ra@asajriwr@erremgethmle&lar weigh’{ of
po tituent hydroxyaromatic compound, T epoI alkyl 1

g%?lgﬁ% ?ﬂ)er a era%s)% i %ﬁy it qﬁ n%h’e r )éas a

olecular welg out
28®umber average molecular weight of about 700 to about 1, ’?00

In the compound of formula | above, X is preferably hydrogen or alkali metal

ion, more preferadly X is an alkali metal ion and most preferably a sodium ion.

In another embodiment of the invention, in the compound of formuia | above,

X is alkyl selected from methyl or ethyl.

In a preferred embodiment of the Mannich condensation product of the
present invention R is CHy, Ry has a number average mclecular weight in the
range of about 700 to about 1,100, W is CHa, X is sodium ion and n is 0 1o 20.

The term “oif of lubricating viscosity” as used herein refers to lubricating ociis
which may be mineral oil or synthetic olls of lubricating viscosity and
preferabiy useful in the crankcase of an internal combustion engine.
Crankcase lubricating oils ordinarily have a viscosity of about 1300
centistokes at -17.8°C to 22.7 centistokes at 98.8°C. The lubricating oils may

be derived from synthetic or natural sources. Mineral oil for use as the base

21 -



20 to about 5,000, Preferably the polyalkyl moiety has a number average
21 molecular weight in the range of about 400 to about 5,000. More
preferably 22 the polyalkyl moiety has a number average molecular
weight in the range of 23 about 500 to about 2,000 and even more
preferably the polyalkyl moiety has a 24 number average molecular

1 Wei&h@?ﬁ@%rﬁ@@ﬁﬁoq ?1%%@750851%1?9%} Ao et Mpst RIRISERINABE are

polyalkyl moiety has a number average molecular weight 26 in the range
2 of atienerHY Ysshutubrioaimysféesnpertissiyalkyghsiis igizrnclude
3 po'%?&‘?@@a%&?%@ﬁ%‘o%?solmf@tri@k&tg}% BRV&eAERERdSsch derived base

polyisobutyl. 28 erably the attachment of the polyalkyl substituent to _
4 theQihddebTing ¥ T il tsaparRoareis irdisty aidaxyeeperiatpe-olefins

5 thedotal MMBBPO%E&Q%Q?%@%&%W%TM?W@%% harenrtRfuid

the polyalkyl substituent to the 31 Pheno ring is para to the hydroxyl
6 moidigamatcdst strdercaittA-PleftotsUEh aspbigarsMshERBemordciady. alkyl

7a”%@?&%?@@iﬁfag%éﬂ%@%&m%ﬁkﬁfé@%%@@éy Kplsisestiuai B sed.

phenol ring is para to the hydroxyl moiety on the 3 phenol ring in at least
8 90 PerfEhE v itRtiG R BEYAKYPRENRIGH Ecafdot mregarooxylic acids and

9 "PobyiRRRubAssIRSItAe dRhRIPE Ay sBchhEreiIn rsfiess disaRd polyols. Typical
polyisobutyi-substituted phenol ring. The p%}%lsobutyl substituent is

10 defifed B abale diersan pIRatRIPeBIRRTIEIPSIRITRPRRBIDI G dstitelnexyl
11 frogyRelyispRIIENS-CRRIRE NLAHE AN ONRHIERRGRRS prepared from

methyivinylidene isomer. 8 More preferably the polyisobutyl-substituted

12 phénibstiseterl B ientopeiyistherte dektaRtharr=arditbiivsoarsighiancls

13 Pergantgthylvisyhdene ddsispmad Bod mesieetgrallyihritic oils may also be
polyisobutyl-substituted Fhenol is derived from 11 polyisobutene

14 contBfiting Xt F350RIBo Bt R BigHT PERIEHIRRERDMVIRyIRINYRICTY eyt

1513 Hﬁﬁ%@@ﬁé@%ﬁ%@@ﬂ@ B9ABE At IBS dRREA &AL COmREIiDercent
0

that
16 683 centistokes at 37.8°C mineral oif gives an excellent cil base.

17 The term “polyatkyi or polyalky! substituent” as used herein refers to the

18  polyalkyl substituent on the hydroxyaromatic compound. The polyalkyl

19 substituent has a number average molecular weight in the range of about 280
20 to about 5,000. Preferably the polyalkyi moiety has a number average

21 molecular weight in the range of about 400 to about 5,000. More preferably
22 the polyalkyl moiety has a number average molecular weight in the range of
23 about 800 to about 2,000 and even more prefarably the polyalkyl moiety has a
24 number average molecular weight in the range of about 700 to about 1,500.
25  Most preferably the polyalkyl moiety has a number average molecuiar weight
26 inthe range of about 700 to about 1,100, Preferably the polyalkyl group is

27 polypropyl or poelyisobutyl. Most preferably the polyalkyl group is polyiscbutyl.

28 Preferably the attachment of the polyalkyl substituent to the phenol ring is
29  para to the hydroxyl moiety in at least 60 percent of the total polyalkylphenol
30  molecules, more preferably the attachment of the polyalkyl substituent to the

31 phenol ring is para to the hydroxyl moiety in at least 80 percent of the total
-22 - '



14 a metal atom between two or more atoms of the compound, thereby 15
neutralizing or controlling harmful metal ions, such as Fe +3, in lubricating
oil or 16 fuel. 17 Unless otherwise specified, all percentages are in weight
percent and the 18 pressure is atmospheric pressure. 19 Process For
Preparing The Mannich Condensation Product 20 In its broadest aspect

th L {e]a NIyl epal] i
o e R P BRI e

2forrRiplyalnd detioriipat ie mﬁd@!anaﬁrﬁ@msméwaéhﬁw@i rogyl moie’_ty on the
sPolyalkylphenolindhe Reesence oL & %@%ﬁﬁ&%ﬂ%ﬁ,@ﬂ%ﬂ@&eﬂﬁ%ﬁ&émes.

24 mixture with an amino acid or ester thereof, a base, and optionally
water, to 25 form a product. 26 Conventional processes for preparing _
4MantigheaandenisasismupyPguict Z ReOplestRIiNg AgentsHs g asnre rekds

h f i loy.-23 1 th Ik iS, h .

S ANl LR TR AT B Port S SRR BB b s cefinec
oY e aetir. Mapolohs ontvesitole S preeessesisicadigdout
ivl\\//li?r?(aﬂl thee r%actaﬁ?émuﬁgﬁﬁi%mg%gem in the 4 r%alac\;%?;?;&?vé% fl:somer
vl

indivlduabredetanty tide asg < Ve
S LR BT R o IERsRE L R Rl iy cene
10procﬁsséqﬁpmpwm@%mwgldw@arﬁafﬁba@im@aktﬁami ! Ui@a@]ﬁgﬁdh? ggrived from
agents using.amino acids as the source forthe amine. .
R B TR T AR EPHE L U BDLPETGeT TRt videne

12investimeralso allows for flexibility in the type of solvent used in the

13 The term “sequestering agent” as used herein refers to compounds that hold
14 a metal atom between two or more atoms of the compound, thereby
15 neutralizing or controiling harmful metal ions, such as Fe™, in lubricating oil or

18 fuel.

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

18  pressure is atmospheric pressure.

19 Frocess For Preparing The Mannich Condensation Product

20 In its broadest aspect the present invention is directed to a process for

21 preparing Mannich condensation products, which process comprises the
22 steps of () forming a reaction mixture by combining an aldehyde with a

23 polyalkylphenol in the presence of a base, and (b) contacting the rsaction
24 mixture with an amino acid or ester thereof, a base, and optionaily water, to

25  form a product.

26 Conventional processes for preparing Mannich condensation product

27  sequestering agents using amino acids as the source for the amine employ

23 -



12 Mannich reaction. 13 The novel process of the present invention for
preparing Mannich 14 condensation product sequestering agents using
amino acids surprisingly has 15 very strict limitations imposed on the
Mannich reaction when an alkanol is not 16 used. These limitations have
not been observed in the prior art processes. 17 The Mannich reaction in

1thetpeegsaipracaseRoesARBrecaRdWNan aking A8HE2RIADMEIS! reactants
simultaneousl% added to the reaction flask as.in the prior art 19 processes.

2 Thé Prolesy RS R AN CRATEIAG ah EiHRNAEE 6 TEG0IBSHE

3 spesifieand Separrifgleps fompsenpEnedbeMavrahitddandensationt in the
oligomer product sequ

stering agent. 22 In addition, conventional .
4 R B L AP T SO T e QL i gf adaition
5ageﬁtmuﬁ,im|@§ma§mmri]c§ aaq@e@@s@W@q/f@rlr@@aaﬁ]gjuats?éfelfn@ﬁaL in the final
aromatic solvents, such as C9 aromatic.solvents, for solubilizing t 25 .
3 d REAbLATRR disposec

8 polfRREHILL BERIHIE MY BR S BRTAIRCCERTBSURAY AHE 4iRaA

7 mustf 26 @iset beseparatgdiand recycled in many cases where the
Mannich 27 condensation product sequestering agent is to be used in a

formulation using 28 mineral oil because of viscosity and flash point
8 spebifidzaiondirsquieseder 2ovelchoersrufat srspwie g dMendistoverstbaration
the i i . . Garri i ,
® s o P Pl amine
10 minetd piPSEas SlREvEIpt toatitsoieg s6ve Zhallkaisiht afehineesivehthe

11 NUS DEIRIHNGAG SEAUCHBWAL GO i% in Bﬁ%ﬁgﬁo@’é&%ﬂ?%@é@&sm the

requiring the sequestering agent in a mineral oil, as Exxon(r
12 1508emuakracafisiithevron(r) 100N, neutral oil. 5 In addition, the process
of the present invention does not require a 6 neutralization step as used in

some conventional processes for obtainin% ‘ _
3 The novel process of the present invention for preparing Mannich

14 condensation product seguestering agents using amino acids surprisingly has
15 very strict limitations imposed on the Mannich reaction when an alkanol is not
16 used. These iimitations have not been cbserved in the prior art processes.

1 The Mannich reaction in the present proceés does not proceed when all the
18  reactants are simultaneously added {o the reaction flask as in the prior art

19 processes. The process of the present invention using an amino acid

20 requires two specific and separate steps for preparing the Mannich

21 condensation oligomer product sequestering agent.

22 In addition, conventional processes for preparing Mannich condensation

23 product sequestering agents using amino acids as the source for the amine
24 employ aromatic solvents, such as Cq aromatic solvents, for solubilizing the
25  polyalkyl-substituted hydroxyaromatic compound. The aromatic soivent must
26  also be separated and recycled in many cases where the Mannich

27  condensation product sequestering agent is to be used in a formulation using
28  mineral oil because of viscosity and flash point specifications required for

29  such formulations. We have discovered that the process of the present

30 invention may be carried ocut without the use of an aromatic solvent. The
04 .



7 Mannich condensation products. 8 Without being limited to any
particular theory, it is believed that in the first step 9 of the present
process a methylol intermediate is formed between 10 polyalkylphenol
and aldehyde in the presence of a of base at about 65C to 11 about
95*C. 12 Evidence for the absolute requirement of two separate and

1 diSEF@E%%e@%@tBel@aﬁ%WiBQt%‘irﬁ@%\ﬂ%}@miiréﬁ@iﬁé}dw@@ Rf@/é@%ﬁ)@fﬂg, low
the present invention was 14 observed when a t{:)recipltate was obtained

2 inst@st GPIRE NRIRAILR 93\ EHSRRATBIBHIR (HhERPTErRaGdRTd 1o be

3 Weppsiaraliare el adred R%Ulorp the pEeL asteinerssest I8 mineral ofl,
precipitate had the following formula CO2Na H2 N CC Na z N N~ CO2Na

417 190 832287 Re! REMnitG T Fel QIbATGNRE PR ARRIS 4HE! innich

condensation 19 products of the present invention are believed to proceed

o I f i ich
5 o BB e dRcts IR SRS IR LT ORE M AR o
8 theprepaifzaidorofivlaanicsediniensaticnprodliond seegrstedrigraygaising

7 _of mgﬁgﬁ%e%m:}/eer@%ég é%jgagsﬂglgglow: 6 The method of the present

invention may be con atch process, a 7 continuous process,
a semi-batch process or by any process known to

8  Without being limited to any particular theory, it is believed that in the first step
9  of the present process a methyiol intermediate is formed between

10 polyalkylphenol and aldehyde in the presence of a of base at about 65°C to

11 about 95°C.

12 Evidence for the absoiute requirement of two separate and discrete steps for
13 carrying out the Mannich reaction in the process of the present invention was
14 observed when a precipitate was obtained instead of the Mannich

15 condensation product when ali the reactants were simultaneously added, as

16 in the prior art processes. The precipitate had the following formula

/CDENa
CHs
f
/NW
COQNE }\lf N
~. _— COoNa
17 SNong T Ty

18 The Mannich reaction for the preparation of the Mannich condensation

19 products of the present invention are believed to procesd as shown below.

25 .



8 persons skilled in the art. 9 Generally, the Mannich condensation
reaction is carried out under inert gas 10 and atmospheric pressure,
under basic conditions, in two steps. However, 11 higher and lower than
atmospheric pressure may be used. 12 Ste a 13 In Step (a) are charged
with the following reactants: 14 1. a polyalkylphenol diluted in an inert

Z‘;‘I‘t’;t”t 5&%@&8]@@%%@%@ F&x%é%?a%%‘? Q@Eﬁ%ﬁoé‘z@ﬂ 0 AR Hroduct

2aldehyde, 19 Typically, the reactBat:arigiedaiogsd to react over a

3broad period of time 20 and at a broad temperature range. In Table |
below are summarized the 21 temperature and hold time ranges for
conductlng Step (6(? 22 Step b 23 In Step (b)Mare added 24 3. one or
4more WIS BEGE8CE554 %Hi@rpw%om 5f ¥lgasisherfsieanplisrprayuct

5is copgustesringwasiagesiie pragediahrinRdh)idhakreaslants may be

aIIowed to react over a broad period of time and at a broad 4 temperature

R A S R B S e s,
?tenmmwmarm‘dmﬁdﬁlm%mngemfopmgznngﬁm (Mededhoudgn to

8the oncen ntr e‘k”?e ciOf tgje rae%ctants may be varied to obtain the

9  Generally, the Mannich condensation reaction is carried out under inert gas
10 and atmospheric pressure, under basic conditions, in two steps. However,

11 higher and lower than atmospheric pressure may be used.
12  Step (a}
13 In Step (a) are charged with the foilowing reactants:

4 1. a polyalkylphenol diluted in an inert solvent. The polyalkylphenol is
15 stirred and heated to allow for proper agitation. To the polyalkyiphenoi
16 is added

17 2. a base,
18 3. an aldehyde,

19 Typically, the reactants may be allowed to react over a broad period of time
20 and at a broad temperature range. In Table | below are summarized the

21 temperature and hold time ranges for conduicting Step (a).
2z Step (b)

23  In Step {b) are added

24 3. cne or more amino acids

25 4, water, and
26 -



8 desired product, it has been found that certain charge mole ratios of the
9 reactants are important for obtaining high yields of the Mannich
condensation 10 products of the present invention. The charge mole
ratios are described below 11 and summarized in Table I: 12 Charge
Mole Ratio of Polyalkyl-Substituted Phenol to Aldehyde and Base to 13
1Poly,éalkyl-s,au ggguted phenol t4) In Step (a) the charge mole ratio of base
to the polyalkyi-substituted phenol is 15 present in the range of about
0.01:1.0 to about 1.0:1.0 and the charge mole 16 ratio of aldehyde to the
2 poly kiR SiRdA PRERINS HREREHoREERTgd S BERHoR 6150 (ighe

32bqARk OnRretsahbirseriadheehargednaiedate of #ddase & a broad

the polyalkyl-substituted phenol is present in the range of about 19
40.0LIOHAHYELTNGEL. ONaRtP B T RARIEMAL thititPBiRtiRI 8 SINRe2Bed and

5polypladisuhstisdedahened indveseaidn therange HabRu b @il @rized the
about 21 3.0:1.0. Moreéar,eferably in step (a) the charge mole ratio of

S badé RPEELSHRIAIKIFHISRUEPBREACFRBHEEI Ri8Re(Pange of
about 0.05:1.0 to about 23 0.15:1.0 and the charge mole ratio of aldehyde

tot olyalkyi-substituted 24 phenol is present in the range of about .
T S G 2 BT AL 3 S e PRl E ard i @ Botain the
8 sundeErezeghiodlablé hbelbeerXod ChirgeckidierRatergs Bade tatios of the
Polyalkyl-Substituted Phengl and Amine.to . 2 Polyalkvl-Substituted Phenal ..
05 WS e Ha gy RSB aB R g (Rt ¥ saton
10 pharobiscid pidbentriastrd rangstiofrabidw OhRtde atmeatrdifid areldhecribed below
ch i . ine to the polyalkyl-substituted phenol is present
i in fégga%ﬁ%g%%%&%ﬁ%ﬁ 'to about 3:1. Preferably in step (b) the
charge mole ratio of base to the 7 polyalkyl-substituted phenol is present

12in they aRg e/ ol Dp 2 SRR bstituted Phenol to Aldehvde and Base to
13  Poiyatkvi-substituted phenol

14) In Step (&) the charge mole ratio of base to the polyalkyi-substituted phenol is
15 present in the range of about 0.01:1.0 to about 1.0:1.0 and the charge mole
16 ratio of aidehyde to the polyalkyi-substituted phenol is present in the range of
17 about 0.5:1.0 to about 4.0:1.0. Preferably in step (a) the charge mole ratio of
18  base to the polyalkyl-substifuted phenol is present in the range of about

19 0.03:1.0 to about 0.5:1.0 and the charge mole ratio of aldehyde to the

20 poiyaikyi-subétituted phenol is present in the range of about 1.0:1.0 to about
217 3.0:1.0. More preferably in step (&) the charge mole ratio of base to the

22 polyalkyl-substituted phenol is present in the range of about 0.058:1.0 to about
23 0.15:1.0 and the charge mole ratio of aldehyde to the polvalkyi-substituted

24 pnenol is present in the range of about 1.5:1.0 to about 2.5:1.0. These charge

25  mole ratios are also summarized in Table | below.
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8 1.3:1 and the charge mole ratio of amine to the polyalkyl-substituted
phenol is 9 present in the range of about 0.0.5:1.0 to about 2:1.0. More
preferably in step 10 (b) the charge mole ratio of base to the
polyalkyl-substituted phenol is present 11 in the range of about 0.9:1.0 to

3005 LB QTP 1o

0. These Nolé Tatios are a
2TadfevediniS ustiiuteshBhenpteferred More Preferred Parameter
Ranges Ranges Ranges Charge Mole ratio Aldehyde:Hydroxyaromatic in
step (@), 0.5;1-4:11:1-3:115:1-25:1 Base:Hydroxyaromatic in step ,
3(a)%’,§tﬁ_p- (%:)f%eo 1£196. 57916, Gie CbPAse B4R PV@ENyaHRREGY phenol is
4Stel§f(@é§n®1hlthelrérlﬂg@-Efbbd%@ﬂ:019£é aBsL1AFMNEnd the charge mole ratio of
Acid:Hydroxyaromatlc in ste 0.01:1-3:105:1-2:10.75:1-15:1
S watR GOSN OB L6 £ P800 § bipseri 108 rang of about
6 TeroperatucedBange: (C) Htepréa) pon- 20 66) the-FanRbnifeoedd &f base to the
Step (b) 50 - 120 60 - 100 70 -95 Stage 2 ** of Step (b) 120 - 190, 140 -
7 oA P AURRI A B0 (3 CRESRSY G o 505 S e ok abou
8Step. ) GreditspA:B0gE 47016-ZboDiagriReofcStep fb)drurs)LBSRiIBE-Bhenol is

Qo'sbzrésseznt in the range of about 0.0.5:1.0 to about 2:1.0. More preferably in step

10 (b) the charge mcle ratio of base to the polyalkyl-substituted phenol is present
11 inthe range of about 0.9:1.0 to about 1.0:1.0 and the charge mole ratio of

12 amine to the polyalkyl~substituted phenol is present in the range of about

13 0.75:1.0 to about 1. 5:1.0. These charge mole ratios are also summarized in
14 Table | below.
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3 * Stage 1 is described above under Step (b). 4 ** Stage 2 is described
above under Step (b). 5 If the Mannish condensation product sequestering
agent is to be used as a 6 fuel additive it may be desirable to replace the
alkali metal ion on the Mannich 7 condensation products with an
ammonium ion. For other uses the alkali metal 8 ion on the Mannich
4 condensation products may also be feplaced with Group Il 9 metals of the
Periodic Table. -29 1 Compounds stitable for use in the preparation of
the Mannich condensation 2 products of the present invention are given

below: 3 Polyalkyl-substituted hydroxyaromatlc compoiung)4 % lety
5in

5 invention. Th

polyalkyl-subsgituted hydroxyaromatic
synthesis of the'Mannich condensatio

congH%gg canb
n products of this

%ore Preferred
anges

?66

critical featyre Is t a the.polyalkyl sub
oil 7 solublﬁ"v t8%ne nlsthg:a'd Mannich

stituent be large
condensation pr

enough to Img

oduct. in gene

Hart
ral

HiGe R QmNGLR SAReR gt hat af

the. 9 -Mannich r*nnripnqannn nrnriurf i

e reguired q allg

w foryqil:splub

s.on.the.order.of . about.C20.and

ility, 0f.1 . 251

Bl@&ﬂﬂyﬂbﬁyé@rﬁ@fﬁeﬁm@ﬂ:ﬁp a mole

Emé&@m@mmm@nrxﬁiﬁ@ to) 12 the

=cubanwelght1 of
oa @Tmpbﬁthe

280 8015,0001 It I8.05:1 - 0.15:1

pihéﬁol 113N

ereral; one unsubstituted ortho-position to the n%loro ILgroup omth
8%%%?‘?9’1%4@@1&%@6‘@?'6?@@?%6 ®ntheSifd theMannic éohd%ﬁsamoﬁ 751151
ts of this mvent Qlj:or example phe [ substitu ac)i in the para , ,
é%fﬁ@% %Y\Xﬁlrﬁ'gaslfostﬁ Qhat contalns gr ér thanbcﬁz |qé -7
preferreﬁgggy,gpﬁymm </ raw material for this invention. 18
Di-substituted-phenols.are.also.suitable starting-materials for the Mannich
Siep (a) 50 - 120 60 - 100 70 -85
Stage 1 ¥ of Step (b) 50 — 120 80 - 100 70 -95
Stage 2 ™™ of Step (b) 120 - 180 140 - 180 150 - 175
Hold time
Step (a) (hours) 0.2-8 05-4 05-2.5
Stage 1 of Siep (b) (hours) 0-8 0.5-4 0.5-25
Stage 2 of Step (b} (hours) 0.2-8 05-4 0.5-25
2
3 ¥ Stage 1 is described above under Step (b).
4 * Stage 2 is described above under Step (b).
5 If the Mannich condensation product sequestering agent is to be used as a
6  fuel additive it may be desirable to replace the aikali metal ion on the Mannich
7 condensation products with an ammonium ion. For other uses the alkali metal
8 ion on the Mannich condensation products may also be replaced with Group i
S  metals of the Pericdic Table.
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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 C20 or greater 23 alkyl substituent and the like.

124 B preistiessnalvalind-sihsisutethphespbatdhefaliewitgfoomalendedsation
OH Y li 1RI 2 wherein R1 is polyalkyl havin a]number average
2 moFér@ﬁil‘é?t\ﬁ/&bmqrPfﬁéegtr%&ﬁ&é@[ﬂ%@ﬁ’@‘%ea%’m 5,000, Y is

hydrogen. 4 Preferably the R1 polyalkyl group has a number average

mo €] L4 ta abeut 3, ;}‘Q@dyggre preferably the R1
3 pollg b3t Isﬁ{utsefj‘ av olecular weight of about 500 to
about 2,000. Even more 7 preferably the R1 polyalkyl group has a

4 NUMbgioragednNeirRGUAIBueia O h & rbarréibt alaotp dupR3. ddasbe utilized
preferably the R1 polyalkyl group has a 9 number av lecular

rage ,
5 el T EBB 1B 50710 BB M EOCT B ITFE BRI BHELR L tHE porsalign- The
6Sult@gﬁugmmd@i@l@l@ﬁ%?b?n@llwJshdet]{mfrbmlmjwpeaw@meo impart cil
polybutene, or a polya in oligomer of 1- 12 octene or 1-decene, 13
R LR T R AEVE IS B andh G er5! the
g polyiselaybildaubstitdats phenote Peefeirablytdntimaloo\sl priceitig the
polyisobutyl 15 substituted pheno] js derjved from polyisobutene . .
O oA R B 2O o el P BFO TR SR aen ddrer. Ths
10 More pegiiesably the: pedyisabatyleight of 280 to 5,000. it is desirable that the Cxo
11 or higher alkyl substituent on the phenol ring be located in the position para to

12 the OH group on the phenol.

13 In general, one unsubstituted ortho position to the hydroxyl group on the
14 phenol ring is required in order to synthesize the Mannich condensation
15  products of this invention. For exampie phenol substituted in the para position
16 with a substituent that contains greater than Cyg is a preferred polyalkylphenol

17  raw material for this invention.

18  Di-substituted phenols are aiso suitable starting materiais 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 suitabie di-substituted phenols
22  are o-cresof derivatives substituted in the para position with a Cyg Or greater

23 alkyl substituent and the like.

24 A preferred polyalkyi-substituted phenoi has the foliowing formula:
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17 substituted phenol is derived from polyisobutene containing at least
about 50 18 weight percent methylvinylidene isomer and most preferably
the polyisobutyl- 19 substituted phenol is derived from polyisobutene
containing at least about 70 20 weight percent methylvinylidene isomer.
21 Suitable polyisobutenes may be prepared using boron trifluoride (BF3)
22 alkylation catalyst as described in U.S. Patent Nos. 4,152,499 and
4,605,808. -31 1 Commercially available isobutenes having a high
alkylvinylidene content 2 include Glissopal(r) 1000, 1300 and 2200,
available from BASF. 3 The prefer henol for use in the
preparation of the Mannich 4 condensation progucts of the present
invention is a mono-substituted phenol,| 5 whergin the polyalkyl
substituent is attached at the para-positior:tg.tie phenol 6 ring. However,
other polyalkylphenols that may undergo the Mannich 7 condensation
reaction may also be used for preparation qf the Mannich 8 condensation
41 products of the present invention. Some examples of such 9
polyalkylphenols are mono-substituted and di-substituted ortho-substituted
10 polyalkylphenols. 11 Inert Solvent 12 Inert solvents may be employed
2 to febpitaie Rarffliod/afkyireartivh nthete suHREphelssis!al weight in the
3 PregaraligR.aldieMManaich sanaensaiennodueis of 14 the present
inventfon. Examples of suitable inert solvents aré hydrocarbon 15
compounds such as heptane, benzene, toluene, chlorobenzene, aromatic

416 Eﬁdﬁ@@‘?l@&ﬁ@ﬁpﬂ;@f&mwﬁgﬁ&}%@éﬁu m@@ffﬁn@ﬁlgbnﬂ@tublmgesveig ht of
17 Examples of other commercially available suitable solvents inclu

5 CrRORS S TN Seth MR EEIRERRY THoR, rONARe) Ciek dies =

6 Manmnishegondengationipritichesghiesteingaseotprepaied mothetven more

7 preferably the Ry polyalkyl group has a number average mclecular weight of

8  about 700 to about 1,500. Most preferably the R+ polyalkyl group has a

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

10 In the above process the polyalkyl substituent on the polyaikylphenot is
11 derived from polyprepylens, polybutene, or a polyalphaciefin oligomer of 1-

12  octene or 1-decene.

13 The polyalkyiphencl in the above process is polypropylphena! or polyiscbutyi-
14 substituted phenol. Preferably in the above process the polyisobutyl-

15 substituted phenol is derived from polvisobutene containing at least about 20
16 weight percent methylvinylidene isomer. More preferably the polyisobutyl-
17 substituted phenot is derived from polyisobutene containing at least about 50
18  weighi percent methyivinylidene isomer and most preferably the polyisobutyi-
19 substituted phenol is derived from polyiscbutene containing at least about 70

20  weight percent methylvinylidene iscmer.

21 Suitable polyisobutenes may be prepared using boron trifluoride (BF3)
22 alkylation catalyst as described in U.S. Patent Nos. 4,152,489 and 4,605,308.
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20 above process is to be used as an additive in lubricating olil, then in
step (a) 21 the polyalkylphenol may be first dissolved in a suitable
solvent, such as 22 Chevron(r) 100Neutral Oil. -32 1 Base 2 Bases useful
for the preparation of the Mannich condensation products of the 3 present
invention may be any alkali metal base having a pka greater than 7, 4

1B e R R B e B AR AR A v
2 alkaclBdnetshpdRISIdDSBIetEaN feom 286 Greupitrieisting Brswtium

hydroxide, 7 lithium hydroxide or potassium hydroxide. More preferably
the alkali metal 8 h){droxide is sodium hydroxide or potassium hydroxide.

3 Modhprererapring whadeheddrmy s itk ressmiian atthe Mannich

4 Aldghydlesscaniempiatedsier use ndberriacessioh tRereseaisiyentiad phenol,
are 12 formaldehyde and aldehydes having the formula O it 13 14
5 WA BIRAIALY oF PN AN AR RO A ONE EAFBIPAIIAR (9 the Pheno

6 abQiHy 19&QeaEpontAEIME MR \RpHah bR VIRt Treay abeldrgcartbonaiams
to about 10 16 carbon atoms, aryl having from about 6 ¢carbon atoms to.

7 abSAHE ASRHBA reFHBMTIAMIGIRT REHTG itk RIGER PSR HRIRCh

8 aboldnd@ casEen atemssts 8rararatkyhaving fiomm alseltd erthopiatomsuch

to about 20 carbon atoms. 19 Representative aldehydes for use in the
9 or APRIGHAAE RIEFIER 0 ST B G RIS UL FFRgrRLpstiuted

10 investignkiigeecut are not limited to
11 lnert Solvent

12 Inert scivents may be emploved to facilitate handling and reaction of the

13 polyalkylphencls in the preparation of the Mannich condensation products of
14 the present invention. Examples of suitable inert solvents are hydrocarbon
15 compounds such as heptane, benzene, ioluene, chiorobenzene, aromatic

16 solvent, neutral oil of lubricating viscosity, paraffins and naphthenes.

17  Examples of other commerciaily available suitable solvents include Chevron®

18 100N, neutral ¢il and Exxon® 150N, neutral oil.

19 If the Mannich condensation product sequestering agent prepared by the
20  above process is to be used as an additive in iubricating oil, then in step (a)
21 the polyalkylphenol may be first dissolved in 3 suitable solvent, such as

22  Chevron® 100Neutral Qil.
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21 aliphatic aldehydes such as formaldehyde, acetaldehyde,
propionaldehyde, 22 butyraldehyde, valeraldehyde, caproaldehyde and
heptaldehyde. 23 Aromatic aldehydes are also contemplated for use in the
preparation of the 24 Mannich condensation products of the present
invention, such as -33 | benzaldehyde and alkylbenzaidehyde.

4 Parg; ualdehyde is an example of an 2 alkylbenzaidehyde. 3 Also
us e formaldehyde producing reagents, such as paraformaldehyde
4 and aqueous formaldehyde solutions such as formalin. Aldehydes most

25 prdereddenuserimibeiadhensens atlioneihie Masnieh sonsiensationts of the

6 products of the present invention are paraformaldehyde and formalin. 7

3 AIRIRRRSY IYRETBrEAYAE AR # TR OBRE AR dFfARHRIEN 7.
4 8 coprstensaiian dsiciskofidshsepiesent yaatien, arysiafosmaldabide: aikaii

and 9 formalin. 10 Preferaply the aldehyde is formaldehyde. By , ,
5 o R TS ARG P TP AR g SR fap s 2n alkeil
6 solighcqamptosiob grsects! iﬂafﬁrmalgamfﬂe?&m'iln@abm?ﬁ AQuaode,

the trimer, (CH20)3 (trioxane), having, 13 the formula given below. q. CH2
7 RV N08 5 ARALT R G B TG et
8 16 Aydtoriamey SadRthirmethvheibesr boiasMonomerr&GHao inoyateeihithy the

the CH2(H20)2 (methylene 18 glycol) and HO(-CH20)n-H.
g Mg the formulas < Ry 120)2 (methylene 18 glycol) an ( n

10 Aldehvde

11 Aldehydes contempiated for use in the process of the present invention are

12 formaldehyde and aldehydes having the formula

O

14 wherein R’ is branched or linear altkyl having from one carbon atom fo about
15 10 carbon atoms, cycloalkyl having from about 3 carbon atoms to about 10
16 carbon atoms, aryl having from about 6 carbon atoms to about 10 carbon
17 atoms, alkaryl having from about 7 carbon atoms to about 20 carbon atoms,

18 oraralkyl having from about 7 carbon atoms to about 20 carbon atoms,

19 Representative aldehydes for use in the preparation of the Mannich

20 condensation products of the present invention include, but are not limited to
21  aliphatic aldehydes such as formaldehyde, acetaldehyde, propionaldehyde,
22 butyraldehyde, valeraldehyde, caproaldehvde and heptaldehyde.

23  Aromatic aldehydes are also contemplated for use in the preparation of the

24 Mannich condensation products of the present invention, such as
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3
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7
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11
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17
18

20
21

19 6, Monomer CH20 in methanol which has the formulas OHCH20CH3
and 20 CH3O(-CH20)n-H. 21 -34 1 Formaldehyde solutions are
commercially available in water and various 2 alcohols. In water it is
available as a 37% - 50% solution. Formalin is a 37% 3 solution in water.
4 Formaldehyde is also commercially available as linear and cyclic

(tri rs. ol a | !gﬁ#&p |
higﬁ%g%la W%?g%%%%%%@?ﬁ%ﬁng %%dﬁgm%g a mol\gc%lg %t?c%rmpie of an
estaiyépraaRid e st in the above process has the 9 formula NH2 W

10 Co2A 11 W is -[CHR"]-m wherein each R" is independently H, alkyl
having one 12 carfon atom to,about 15 carbon atoms, or,a

subtRatesE kA RGP B8 e RBCIRE FrRCa R AP BB RP dipHgaldenyde
andaﬂﬁ%qagwg @Srﬁgﬂ;@liiy@@t§cﬁ@th&§zt%¢r§ﬁ;e&1&a@mﬁmc?mlsi@g@geff most
amino, amida, 15 benzyl, carboxyl, roxyl, roxyphenyl, imidazolyl,
P i e e G

is hydregen of the plegdmaving anercarbarz attirmialaboytie eatbasratims.

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

the 19 above formula is methyl or ethyl. 20 Preferably the amino acid is
glydiliiehydes most preferred for use in the in the preparation of the Mannich

condensation products of the present invention are paraformaidehyde and

formalin.

Preferably the aldehyde is formaldehyde, By formaldehyde is meant all its

forms, including gaseous, liquid and solid. Examples of gaseous

formaldehyde is the monomer CH,0 and the trimer, (CH,0); {trioxane) having
the formula given below. |
0

/ \

CH, CH,

i

o

T~

Examples of liquid formaldehyde are the foilowing:

4. Monomer CH:0 in ethyl ether.

5. Monomer CH20 in water which has the formulas CHa(H0) {methylene
glycol) and HO(-CHO)p-H.

8. Monomer CH,O in methano! which has the formulas OHCH.0OCH- and
CH3O(-CHzO}p-H.
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21 Some examples of alpha amino acids contemplated for use in the 22
preparation of the Mannich condensation products of the present invention
23 are given below in Table IIl. -35 1 2 Table Il 34 5 Name Structure
Log K25 C, 0 ionic strength Alanine ~H' 9.87 H3c- H c=0 off Arginine H
H, ~, H, 18.99 H c=o0 off Asparagine NH' Hi 8.72 HiN-G-C-CH O C=0

OHFA&R%HJC@%%E@l&@ogygr@%?ﬁ%g@ia@ﬁavaiiabie in water and various

alcohols. In water it is available as a 37% - 50% solution. Formalinis a 37%
solution in water.
Formaldehyde is also commercially availabie as linear and cyclic (trioxane)
potymers. Linear polymers may be low molecular weight or high molecular
weight polymers,
Amingc Acid
The amino acid or ester derivative thereof in the above process has the
formula
y NHs
W
COoA

W is —-[CHR"]- m wherein each R" is independently H, aikyl having cne
carbon atom to about 15 carbon atoms, or a substituted-alkyl having
one carbon atom to about 10 carben atems and one or more
substituents selected from the group consisting of amino, amido,
benazyi, carboxyl, hydroxyl, hydroxyphenyl, imidazolyl, imino, phenyl,
sulfide, or thiol; and m is an integer from one to 4, and A is hydrogen or

atkyt having one carbon atom to about 6 carbon atoms.

Preferably A is hydrogen in the above formuia. The preferred aikyl in the

above formula is methyl or sthyl.

Hreferably 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 1l
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Cysteine NH, 10.77 Hs-c' CH OH Cystine NH2 NH ** 8.80 -H-CHi- S
-S-C-CHi C=0 C=0 OH OH Glutamic Acid 9.95 H-c-c-o=eH I I
Glutamine 9.01 Hqg HZ N | off -36 Glycine IH2 9 .78 on Histidine rN NH2
9.08 cH, N H NHa Hydroxylysine

1B GO BRI

Table Il
Mame Struciurs 25°C, 0 {onic strength
Alanine ?HZ 9.87
ch-m«TH
T“:O
CH
= .
Arginine W o o ] 8.99
gt} e e e et e OH
1
EH ézo
1y
; NHp *
Asparagine i 8.72
H?N—ﬁ—c—§
1
O émo
|
o+
Aspartic Acid . ?“2 10.0
HO——C—-——CZ——C’,H
S
|
OH
Cysteine . TMZ 10.77
HS_bz_—TH
C===0
|
OH
Cystine NH; N, -
Y Hy 8.80
CH ———CHy —— 8§ —S—C—?H
Cw=m0 T:D
OLH OH
Glutamic Acid I 9.95
5———9———::'2——"1:--%
! -
|
=
Glutamine i *
' { [#]
e e € e G 9.01
LI
0 ¢=G
QH
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H, H0-Q aH ICH Isoleucine NH2 9.75 H2 H"0 -¢c-CH-CH CHO=0 OH
Leucine "2 9.75 H, CHCH3 00 OH NHI LysineH, H, H, 1 10.69 |

2-~-~H C=0 OH Methionine™ 9.05 H-S-C-C-cH cc=0 OH " 9.31

Phenylalanine CH

Glycine TH2 9.78
H——TH
c==n0
!
i
OH
Histidine L e *
f "j? C‘:H 9.08
4 |
N T:O
QH
, NHy
Hydraxylysine Wow o
i G e e remeee G e CH
=
aH i}.{
Isoleucine THZ 9.76
H
Hacmcz—-gHwTH
(lgH,A (%‘,w{)
]
oH
Leucine i 9.73
H
HyC—CH— G CH
CH c==0
OH
Lysine 5 " *
it L 10.69
|
=
o
. ) Nz
Methionine e 9.0
e
c
[13——1»]
|
Ok
Phenylalanine VAR " 9.31
\ ELM,&H
- -
i
CH
j Serine " ?Hz 921
‘ HO e G Gl
i
-
o
\ ML i
Threonine W om o om | 9.16
[ P e G i G e 14
I i
NI GE==0
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11
12
13
14
15
16
17

C-CH Serine 9.21 c¢-CH c=0 Threonine 9,10 HEN-C-N-O-C-C-GH IF _a
CH -37 Tyrosine 10.47 liValine " 9.72 n3c-cn-c" H,-01 2 3*0.1
ionic strength. 4 5 ** 20C and 0.1 ionic strength. 6 In a preferred
embodiment of the present process, before performing step (b), 7 the
amino acid, base and water are first combined separately ata8

Tncentﬁa&edn@ aminp aC|d salt soly !!!I and ﬁFfen added toghe reactichd’

xture formed in step 10 (a). Prefe efore performing step (b) the
amino acid, base and water are 11 first comblned separately at a

teimperanlrp in the range.of about 30C to about_12.70C.to form a

cdncentra@@deamino chId salt solution and"‘fhen added to thie 9.72

i H3C—~CH-CH

!
|

CHy Cmmzd

O

* 0.1 ionic strength.

** 20°C and 0.1 ionic strength.

in a preferred embodiment of the present process, before performing step (b),
the amino acid, base and water are first combined separately at a
temperature in the range of about 15°C to about 100°C to form a concentrated
amino acid salt solution and then added to the reaction mixture formed in step
(a). Preferably before performing step (b) the amino acid, base and water are
first combined separately at a temperature in the range of about 30°C to about
70°C te form a concentrated amino acid salt solution and then added {0 the
reaction mixture formed in step (8). More preferably before performing step
{b) the amino acid, base and water are first combined separately at a
temperature in the range of about 40°C to about 80°C to form a concentrated

amino acid salt solution and then added to the reaction mixture formed in siep

{(a).
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13 reaction mixture formed in step (a). More preferably before performing
step 14 (b) the amino acid, base and water are first combined separately
at a 15 temperature in the range of about 40C to about 60C to form a
concentrated 16 amino acid salt solution and then added to the reaction
mixture formed in step 17 (a). -38 1 EXAMPLES 2 Example 1 3

1 Preparation of Mannich condensatiop pseductusing 4 1,000 molecular
weight polyisobutyl-substituted phenol  OH HO 2 0 NaOH HO OH ONa H
H NH2-'~ aN 5 (1000M) (1000MW) 6 PRODUCT 7 In a one liter

2 round-bottom flask was added 351.0&gzam$x0.23 moles) of 8 1,000
molecular weight polyisobutyl substituted phenol as defined in the 9
Definitions section. The polylsobutyl -substituted phenol used in thls

3 Example 10 and i@ RAEFHABRIMY VA RANGERES G4k

4 application wag W@@%%%&ﬂaﬁ%ﬁf IB@@%Q@%@F@%U@% 5%17 01
and 6,274,777. The polyisobutyl- 12 substituted phenol, diluted in 31
percent Chevron(r) 100N, neutral oil (hydroxyl 13 number = 36.77

A bined with 2.88 14 grams

A(r) 50% solut|

ide{Aletrig] 0
t 35C undeg-gifr Sﬂ fter16

(0.036 imoles) aqueius SQQW n .
The flire Wa;17 q aﬂek-heated at

es, when the mixttire was homogeniz 14.99

app prately 15 minu

5 gra{%%omvv) {fogc')%ﬂvv)

S PRODUCT

7 In aone iiter round-bottom flask was added 351.09 grams (0.23 moles) of

8 1,000 molecular weight polyiscbutyl substituted phenol as defined in the

9  Definitions section. The polyiscbutyl-substituted phenol used in this Example
10 and in the following Examples in the present patent application was prepared
11 as described in U.S. Patent Nos. 5,300,701 and 6,274,777. The polyisobutyl-
12 substituted phenol, diluted in 31 percent Chevron® 100N, neutral oil (hydroxy!
13 number = 36.77 milligram KCH per gram sample} was combined with 2.88
14 grams (0.036 moles) aqueous sodium hydroxide (Aldrich® 50% solution).
15 The mixture was stirred and heated at about 35°C under nitrogen. After
16 approximately 15 minutes, when the mixture was homogenized, 14.99 grams
17 (0.46 moles) paraformaidehyde {Celanese® prills 92.56%) was added to the
18 reaction flask. Temperature of the reaction mixture was increased to about
19 75°C and the pressure was reduced from atmospheric to 250 millimeters Hg.
20 The reaction mixture in the flask was maintained at a temperature of about
21 75°C and a pressure of 250 miilimeters Hg for about 1.5 hours. A sample of
22 less than 0.2 grams was removed for determination of the formula of the
23 product by "TH-NMR. The intermediate product primarily formed had the
24 following formula
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21

17 (0.46 moles) paraformaldehyde (Celanese(r) prills 92.56%) was added
to the 18 reaction flask. Temperature of the reaction mixture was
increased to about 19 75C and the pressure was reduced from
atmospheric to 250 millimeters Hg. 20 The reaction mixture in the flask
was maintained at a temperature of about 21 75C and a pressure of 250
millimeters Hg for about 1.5 hours. A sample of 22 less than 0.2 grams
was removed for determination of the formula of the 23 product by
'H-NMR. The intermediate produg®prim @o rméedhad the 24 following
formula -39 HO HO OH PIB 1 (1000 W In a four ounce bottle was
prepared a solution by mixing 18.02 grams{(0.24 3 moles) glycine (Fisher
Biotech(r) 98.5%), 15.94 grams (0.2 miodésps@dium 4 hydroxide (Aldrich(r)
50% aqueous solution) and 2.72 grams deionized water. 5 The bottle was
shaken until the contents formed a maostly homogeneous 6 s éu ion with
ot PHERY G BETIEEP RISHEIE 98 SRINCBHEB0e Lot arems (024
glyetatesolghiemwdsisddeR itndbp®@ fagoressuegimihe fagkss) sodium
reduced from atmospheric pressure to 300. 9 millimeters Hg. The contents
o (R R B AP b LTS AT r B8 o 6 SRR EE water
Hg Toredhmitie 2vagusaaext il tamperaturs ébthedld cantintscohtheflasks
was increased, to about 8%% and held %#ééagés 12 temperature for an

a

adcﬁﬁ%iéﬁrﬁvﬁ LEHRET Iﬁﬁ?\ﬂ%ﬁg% ed, the 13 contents of the flask

were returned to atmospheric pressure, and three drops 14 of defoamer

(Dayeorning (290 Bluidd waee addae g eHask AR H0as added to the

flask. Pressure in the flask was reduced from atmospheric pressure to 300

millimeters Hg. The contents of the flask were held at about 75°C and a

- pressure of 360 millimeters Mg for about 2 hours. Next the temperature of the
contents of the flask was increased to about 85°C and held at this
temperature for an additional 3 hours. The vacuum was released, the
contents of the flask were returned to atmospheric pressure, and three drops
of defoamer (Dow Corning® 200 Fluid) were added to the flask. After the
addition of the defoamer, water was removed by heating the contents of the
flask to 160°C and reducing the pressure to 50 millimeters Hg. A hazy, light
amber colored product 375.31 grams was obtained. The product was filtered |
to yieid a clear, light amber colored Mannich condensation product, which
sequestered Fe™ as determined by the color test, namely the Test for iron

Seqguestering Abiiity, as described in the Definitions section.

40 -



15 addition of the defoamer, water was removed by heating the contents
of the 16 flask to 160C and reducing the pressure to 50 millimeters Hg. A
hazy, light 17 amber colored product 375.31 grams was obtained. The
product was filtered 18 to yield a clear, light amber colored Mannich
condensation product, which 19 sequestered Fe+3 as determined by the

4 color test, namely the Test for iron 2@ Seqestering Ability, as described
in the Definitions section. 21 -40 1 Exﬂ%TZm Preparation of Mannich
condensation product using 3 1,000 molecular weight

2 polyisobutyl-substitiiaebpbans MaMaiBnieh eossensati orduosiuct was
prepared in a4 li er reacior. OHHO +20,

3 NHz(aN (0ill olPIB £18ls58aA O : tely
reactor equipped with a temperature probe, an overhead system 8 and a
me ' ' ; 8.mo| 09

4 molecu aﬁvgggmstépxﬁé%%ﬁg@uﬁ%ﬁﬁ g%‘%e’%g?%fﬁrg%g@%s%éﬁ%?io
substituted phenol was diluted 31% in Chevron(r) 100N, neutral oil
(hydrgxyl 11 number = 36.77 milligramHCOH per gram sample) and

heatedto 80C. Wheh 121@8 emperature, of O(ﬁpntents of the reactor

M (0.1 igye

ed 80C, 182 it
solutiQnA£A {gilqbch(ﬁ 49.4% aqueous sol 5

(4]

PIB
5 (1055%1% (1000MW)
6 PRODUCT

7 To a4 liter reactor equipped with a temperature probe, an overhead system

8 and a mechanical stirrer was added 2,500.5 grams (1.638 moles) of 1,000

8  moiecular weight polyisobutyl-substituted phenol. The polyisobutyl-
10 substituted phenol was diluted 31% in Chevron® 100N, neutral oil (hydroxyi
11 number = 36.77 milligram KOH per gram sample) and heated to 86°C. When
12 the temperature of the contents of the reactor had reached 80°C, 13.2 grams
13 (0.164 moles) sodium hydroxide solution (Aldrich® 49,4% aqueous solution)
14 was added to the reactor, followed quickly with the addition of 109.7 grams
15 {3.277 moles) paraformaldehyde (Ceianese® prills 92.56%). The reaction
18 mixiure was maintained at a temperature between about 80°C to about 90°C
17 for 1.5 hours, A 'H NMR was taken on a sample at this point in the reaction.

18  The intermediate was determined to have the foilowing formula;

18
HO
HO OH
PiB
20 (1000MW)



14 was added to the reactor, followed quickly with the addition of 109.7
grams 15 (3.277 moles) paraformaldehyde (Celanese(r) prills 92.56%).
The reaction 16 mixture was maintained at a temperature between about
80C to about 90C 17 for 1.5 hours. A 11H NMR was taken on a sample at
this point in the reaction. 18 The intermediate was determined to have the

f llow la: 19 HO., HO H. PIB 1000M 41 270.2
* cra B G5 TR B DA AL TR GPATA I B TABE S VL PRl 72
2 theer@{aeﬁdo mmmtﬂmmmut@n Was srddligchywaximged@22 griamg 2.2 grams

3 cibhon) SOl TR AL (T8 M Gl el hctamigy soluton)

4 10®v3%)1 2R %ﬁaﬁwgr(arﬁsi aeidaieyl water( ﬁkﬂms@lﬂtenh@cﬁr@vﬂ%)%nd 25
dro rsarqnesf %%Ef%ﬁodva? Cornj nsqgrg)%go [%:ILélld WasHj %d Bdoé(% télgeéé%;ctlo

ure at-abou tempera Rite Walsh
6 homsrmmg@t@@ﬂ}efﬁhmdﬂaww wdsed sioiuly iasreiasech i ie0s. bendheC. The

7 R O e S Pl e R oeratre was
atmos aficto S millimeters g to remove an remaining Water from
8 thesmwﬂmcffemr@éﬁ@ﬁ&dﬁ&enr@w&mpemm mmbmeamd)wd AB0°C, the

0 e BT A, e A RS AT TR e any
10 de%nhmdmgtmi@efmmﬂr@mmtm’ DesspaathenEandijlens w&re held for
11 Attgmﬁ%duEr%ﬁﬁg}{ﬂ%ﬁfc%lr@&%%%ﬁg’ dp‘?oaﬁ%? Bgoggt%t H@@%hlch sequestered

12 Fe™ as determined by the color test, Test for iron Sequestering Ability,

13  described in the Definitions section.

14 Comparative Example A
15 Attempted Preparation of Mannich condensation ﬁroduct using
16 1,000 molecylar weiaht polvisobutyl-substituted phenol

17  The process of Example 1 was carried out, except paraformaidehyde was
18  added last. |

19
OH
X O
+ 2| OH
l , H)'\H * NH/\(, + NaQH e
2 (01D | ®
O
PIR
20 {1000MW)
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16 1,000 molecular weight polyisobutyl-substituted phenol 17 The process
of Example 1 was carried out, except paraformaldehyde was 18 added
last. 19 OH O (Oil) HH + NH2(OH + NaOH O PIB 20 (1000MW) -42

OH NaON'-'-~,N ONa N PIB 0Y (1000MW) 1 ONa 2 To a 1 liter Morton
flask was added 429.17 grams (0.281 moles) 1,000 3 molecular weight
polyisobutyl-substituted phenol, as defined in the Definitigns 4 section,
diluted in Chevron %P%NeUtraKf) oil (hydroxyl ngmber =36.77 5 milligrams
KOH per gram samp moles) 30T

hydroxide pellets (Fisher(r) 98. %) he redction mixtu . med to
7 50C and allowed to mixX for appreximately one hour. To 1 saction

mixture 8 was added 21.4 %rams (]8 .281 moles) glycwqﬁé%mgr Biotech(r)

100.3%, solid), 9 quickly fo y 18.82 grams (0.58 moles)
paraformaldehyde (Celanese(r)l 10 prills 92.56%). To the reaction mixture

Ttwo drops of defoamer (Dow C@Mﬁﬂg 11 200 Fluid(r)) was added to

©w o =~ D o B W N

P S S G A G
-~ M B W RN A O

A

1Q

e

20

22
23
24
25
26

reduce foaming. The reaction mixture was stirred
To a 1 liter Morton flask was added 428.17 grams (0.281 moles) 1,000

molecular weight polyisobutyl-substituted phenol, as defined in the Definitions
section, diluted in Chevron 100Neutral® oil (hydroxyl number = 36,77
milligrams KOH per gram sample) and 11.82 grams (0.29 moles) scdium
hydroxide pellets (Fisher® 98.1%). The reaction mixture was warmed to
50°C and allowed to mix for appreximately one hour. To the reaction mixture
was added 21.4 grams (0.281 moles) glycine (Fisher Biotech® 100.3%, solid),
quickly followed by 18.82 grams (0.58 moles) paraformaldehyde (Celanese®
prills 92.56%). To the reaction mixture two drops of defoamer (Dow Corning
200 Fluid®) was added to reduce foaming. The reaction mixture was stirred
and heated to about 80°C under nitrogen and held between the temperatures
of about 7G6°C to about 90°C for approximately one hour. An additional two
drops of defoamer (Dow Corning® 200 Fluid) was added to reduce foaming.
The temperature was then slowly increased over 1.5 hours to about 180°C.
Pressure was reduced from atmospheric pressure to 250 millimeters Hg using
a vacuum pump. These reaction conditions were held for about 2 hours.

Next stirring was stopped and the mixture was allowed to separate into two
phases, a solid phase and a liquid phase. A sample of the reaction mixture
analyzed by "H-NMR showed the liquid phase to be primarily unreacted
polyisobutyl-substituted phencl. The reaction mixture was then heated 1o
175°C and the pressure was reduced to approximately 400 millimeters Hg.
These reaction conditions were held for 3 hours. Again, the mixture was
allowed to separate into two phases. As determined by "H-NMR, the liquid
phase was still primarily unreacted polyisobutyl-substituted phenol and the

solid phase primarily had the formula below.
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23

12 and heated to about 90C under nitrogen and held between the
temperatures 13 of about 70C to about 90C for approximately one hour.
An additional two 14 drops of defoamer (Dow Corning(r) 200 Fluid) was
added to reduce foaming. 15 The temperature was then slowly increased
over 1.5 hours to about 160C. 16 Pressure was reduced from
atmospheric pressure to 250 millimeters Hg using 17 a vacuum pump.
These reaction conditions were held for about 2 hours. 18 Next stirring
was stopped and the mixture was allowed to separate into two 19
phases, a solid phase and a liquid phase. Agahwple of the reaction
mixture 20 analyzed by 1H-NMR show che liquid phase to be primarily
unreacted 21 polyisobutyl-substituted pRehol. The reaction mixture was
then heated to 22 175C and the pressyre was reduced to approximately
400 millimeters Hg. 23 These react] cbﬁdaitions were held for 3 hours.
Again, the mixture was 24 aIIowef[‘gﬁsepar te into two phases. As
determined by 'H-NMR, the liquid R5 phase was still primarily unreacted
ponisobutyI-substitut%g%lﬁiiencilgﬁﬁ mgcge%ﬁdphase«pmaﬁny had the
formula below. -43 1 CO2N&HEH2 rN CO2Na HNPR& / CO2Na 2 CHI
CH2 2 3 Comparative Example B 4 Attempted Preparation of Mannich
condensation product using 5 1,000 molecular weight
polyisobutyl-substituted phenétemparative Example B

Attempted Preparation of Mannich condensation product using

1.000 molecular weight polvisobutvl-substituted phencl

The process of Example 1 was carried out, except that sodium glycine was

added to the reaction mixture before the paraformaldehyde.

A 488.87 gram (0.281 moles) 1,000 molecular weight polyiscbutyl-substituted
phenol sample, as defined in the Definitions section, diluted in 25% aromatic
solvent, (hydroxyt number = 46.1 milligrams KGH pér gram sample) was
stripped by taking the sample to 160°C at a pressure of 5 miiiimeters Hg on a
Buchi Rotovép@. This process _yie.ided 389.96 'grams of the stripped material.
To a 1 liter round-bottom flask was added 161.62 grams (0.15 moles) of the
stripped product and 75.88 grams Chevron® 100N, neutral oil. in a 400
milliliter beaker was prepared a solution of 5.87 grams {0.13 moles) sodium
hydroxide pellets (Fisher® 98.1%), 21.4 grams (0.281 moles) solid glycine
(Fisher Blotech® 100.3%) and 58.5 grams deionized water. To the reaction

mixture in the round-boitom flask was added £5.84 grams of the

homogeneous solution from the 400 milliliter beaker. The combined reaction
mixture in the flask was heated to 110°C and heid for about 30 minutes. The
reaction mixture was further heated to 115°C and the pressure was reducsd
to 200 millimeters Hg using a vacuum pump. Next one drop of defoamer

(Bow Coming 200 Fluid®) was added to the reaction mixture. Next 8.12
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6 The process of Example | was carried out, except that sodium glycine

was 7 added to the reaction mixture before the paraformaldehyde. 8 A

488.87 gram (0.281 moles) 1,000 molecular weight

polyisobutyl-substituted 9 phenol sample, as defined in the Definitions

section, diluted in 25% aromatic 10 solvent, (hydroxyl number = 46.1
1 m”g%ﬂﬁgs(df%ﬂr%fe@}?%r%%?ﬁtgp@@ﬁ%]el @B%Q@}ghl@ @?e%%koadded

60C at a pressure of 5 millimeters Hg on a 12 Buchi Rotovap(r). This

2 pro@cths yRAEE BB rakReTRRRlSHPEl FRateahe stetda I i and held

3 rounchhetiomdiask nesrdded 161 82 graans &9 Molesb AT e 14 analyzed by

strlpped roduct and 75.86 grams Chevron(r) 100N, neutral oil. In a 400
5 il @@&R‘é@qf\fé@ﬂféﬁ@r%@aé%6%@8@8@9*#@4’8?%?@@339%%?Ufyf—
5 so@g%t,mmg@t@. pellets (Fisher(r) 98.1%), 21.4 grams (0.281 moles)
solid glycine 17 (Fisher Biotech(D 100.3%) and 56.5 grams deionized
water. To the reaction 18 mixture in the round-bottom flask was added
5 6584@@M¢hé@%hﬁmgmﬁnﬁ&aﬁuﬂﬂmhmméfm thillilEeemple. This
er, The mblqﬁd r ct| %% mﬁxtu(f in th Cf:l!%sekbw grheﬁted gttcn of
10 anra%ela or abou m|nu €s. F YR HBR Friix uréewas Ghh

8 hemt@rmamah@pmﬂwmmdﬂaedac?Qdorﬁ@mailmnqmemséthtg and did
g us Nex d efoa orn n
F|UI§ %é’ as a%]aeémp%ﬁegrea (')ﬂnl!‘;rghrlb sure; ext fg eﬁcr epair'ﬁsg'} Oé?gﬂmtlons

10 matesfiparaformaldehyde (Celanese(r) prills, 92.58%) was added 2 to the
reaction mixture. The reaction mixture was heated to 170C and held 3 at
this temperature for 3 hours. A sample of the reaction mixture analyzed by

14 1H NMR showed the liquid piases eI Bnreacted polyisobutyl
5 substituted phenol. 6 A Mannich condensatlon product was not obtained

A [
N

12

his E) le. T 7E h n of
gglrgr:elsbe o %!; _:_ G Frens i mrPoef ﬁgﬁ’\r,tsfc %totnge%satign rosé)udcltjusm
13 1,000 molecuiar weicht polvisobutyl-substituted phenol

14 The process of Example 1 was carried out, except that sodium hydroxide and
19 glycine were added to the reaction mixiure before the polyisobutyl-substituted

16 phenol and the paraformaldehyde.

17 Toa 1t liter round-bottom flask were added 12.38 grams (0.31 moles) sodium
18  hydroxide (Fisher@, reagent grade), 22.91 grams (0.31 moles) g!ycine {Fiehet
19 Biotech®, culture grade) and 77.95 grams deionized water. The reaction |
20 mixiure was stirred under nitrogen and heated to about 35°C. The reaction
21 mixture excthermed to 55°C as the solutes went into solution. After

22 approximately 20 minutes, 422.36 grams (0.31 moles) 1,000 molecular weight
23 polyisobutene-substituted phencl sampie, as defined in the Definitions

24 section, diluted in about 25% aromatic solvent (hydroxyl number = 41.3

25 milligrams KOH per gram sample) was added to the reaction mixture, quickly
26 foliowed by 18.96 grams (0.62 moles) paraformaldehyde (Celanese® prills,
27 92.56%). The reaction mixture in the flask was heated tc 120°C and allowed
28  torefluxfor 2 hours. The solvent was then distilled off by attaching a Dean-
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8 paraformaldehyde does not provide a Mannich condensation product,
and did 9 not sequester Fe+3 as determined by the color test described in
the Definitions 10 section. 11 Comparative Example C 12 Attempted
Preparation of Mannich condensation product using 13 1,000 molecular
weight polyisobutyl-substituted phenol 14 The process of Example | was

carried,o xcept that sodium hydroxide and 15, glycine.were added to .
1 e o O o N T I8 RS s
2 paraformeddetsytie. 6l idloa 1 itéhecvadtioottonxitlaskvasredatzedA2.38rams

3 SEETRAHETIRIR, SRl o Yihede LR R eRee ek,
4 an&%ajmams&iemw@daﬁ/ﬁter{éméiweanﬁﬁnmmwmmg"sﬁhiédﬁ showed
5 e P R S A L e RO TR S D i Srect pieno.

approximately 20 minutes, 422.36 grams (0.31 moles) 1,000 molecular

6 Welgi=43 iBRlvisehsienasy Brtituied.phenst sammersdaitRadindhsole. This
Definitions 24 section, diluted in about 25% aromatic solvent (hydroxy

I
7 nuirRINR'g B0 b Hamadeiahat spaiHadpIe) it tel ¢ hasfore the

& reagiigifidnisiuse\asteilyy 28 fllawed by, d 806 samRs O A3 mAashe does not
paraformaldehyde (Celanese(r) prills, 27 92.56%). The reaction mixture in

9 thfRYK e ERERS B P RASHRRIIB REM &4l for 2 hours. The

solvent was then distilled off by attaching a Dean- -45 1 Starke(r) trap and

i . . ' i : ¢
10 g e B B e e R AR s

11 100&ncdwwmlcmlpa$ihet r_&east'nm foixtae cectecssotheoonde terh pdditiore of\the
12 Sa%%'&?ﬁ@@iﬁe%{'%rm'ﬁ(%@ %?%'gﬁ%ﬁ BY tfyél rNelc\:g/Iuerggc;’nV\{%gmediate as shown

13  below.

HO

HO CH

PIB
14 (1000MW)

15 Comparative examples were conducted to determine whether excluding the
16 alkanol from the present process would still permit the addition of the

17 reactants in any order as in conventional processes. Comparative Examples
18 A-C described above and summarized in Table 1l show that when alkano! is
19 excluded from the present process, the present process must be conducted in
20 two steps and the order of the addition of the reactants Is important for

21  obiaining a Mannich condensation product.
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[9) QR e

5 the liquid phase to be primarily unreacted polyisobutyl-substituted

phenol. 6 A Mannich condensation product was not obtained from this

Example. This 7 Example shows that the addition of sodium hydroxide
and glycine before the 8 addition of polyisobutyl-substituted phenol and
paraformaldehyde does not 9 provide the desired Mannich condensation
product. 10 Without being bound by a%Bhe?ﬁy, it is believed that the

Mannich 11 condensation product wa

ed because the order of

addition of the 12 reactants did not permit the formation of the required

ntermediaté as sh
Com

the 17 reactants in
Examples 18 A-C

OWR 13 Helow.
BRiSexampléd
the 16 alkanol from tag,Riesent-Proee sy g
any order as in
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HO HO OH PIBI4 (J.UUUIVg\/) 15

conventional pr

xclddrgnich

ed in Table ill shOWSRHE

alkanol I1s 1§

whe
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f thao.roactanta.is

bnduciédin 20

mnartant-for-21
CATTOTOT J Al u)
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the gresent pro
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cess, the present

e ofdBFhf th

Anich - conde
HHCH-CORGe:

e additl&?

ruarecreuaoitaarito 1o 1

prodoxamdé 2 Ta

ble IlIExample
olyisobutyl- formaldehyde of glyci

IIPUI Tl

obtainina a Ma
U”Lulllllls CATVICA

AddigenmfdAddi

ne Condensatiq

T

roduct

n phenol* P

lion Dhiaddition Mardgh

Examnie et e

cond H}gg Yes

Second

No

Comparative B

First

Third

Second

No

Comparative C

Second

Thirg **

First

No

* Polyisobutyl-substituted phenol in Chevron® 100N, neutral oil.

** The formaldehyde was quickly added after the polyiscbutyl-substituted-

phenol.
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Example 2 First Second Third Yes Comparative A First Second No
Comparative B First Third Second No Comparative C Second Third **
First No 2 3 * Polyisobutyl-substituted phenol in Chevron(r) | OON,
neutral oil. 4 ** The formaldehyde was quickly added after the
polyisobutyl-substituted- 5 phenol. -47 WHAT IS CLAIMED IS: 1. A
process for preparation of a Mannich condensation product comprising

t e : reacting a polyalkyl-substituted hydroxyaromatic
WH&%?&&WM%&H& the polyalkyl group has a number average molecular
eight of from.280 to 5.000 with an aldehyde in the presence of an alkali .
e e B R L MR S e AT S g ysing
withitenséemimofacid or ester derivative thereof and an alkali metal base. 2.
The process of claim 1, wherein each of steps (a) and (b) is independently
conducted in the absence of an alkanol. 3. The process according to claim

1 fdeprepasiagfiaqMadnidrobsiicgrsatieifufrddubyseggesteriaticagentnpound,
comprising, theatens of (@) seastingformalde i

the formula O R'~H wr?erginﬂggis@bragféche O%@%%L%%%@%ﬁgﬁglgguiar
carbon atdrgighof from 280 to 5,000 with an aldehyde in the presence of an

alkali mets! bagse: and

(b) reacting the reaction mixture obtained from step (a) with an amino

acid or esier derivative thereof and an alkali metal base.

2. The process of claim 1, wherein each of steps (a) and (b} is independently
conducted in the absence of an alkanol.

3. The process according to claim 1 for preparing a Mannich condensation
product sequestering agent comprising the steps of:

(a) reacting formaldehyde or an aldehyde having the formula

R'/U\H

wherein R’ is branched or linear alkyl having one carbon atom to 10
carbon atoms, cycloalky! having from 3 carbon atoms to 10 carbon
atoms, aryl having from & carbon atoms to 10 carbon atoms, alkary!
having from 7 carbon atoms to 20 carbon atoms, or aralkyl having
from 7 carbon atoms to 20 carbon atoms;
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carbon atoms, cycloalkyl having from 3 carbon atoms to 10 carbon

atoms, aryl having from 6 carbon atoms to 10 carbon atoms, alkaryl
having from 7 carbon atoms to 20 carbon atoms, or aralkyl having from 7
carbon atoms to 20 carbon atoms; -48 with a polyalkyl-substituted
hydroxyaromatic compound having the formula OH R2'-. Rl wherein R, is
polyalkyl of 280 to 5,000 molecular weight, R2 is hydrogen or lower alkyl
having one carbon atom to 10 carbon atoms, and R3 is hydrogen or -OH,
in the presence of an alkali metal base; and (b) reacting the reaction
mixture obtained from step (a) with an amino acid or the ester derivative

whoh SR SRR A Rl e iy e 2

carbon atoms, or a substituted-alkyl having one carbon atom to 10 carbon
atoms and one or more substituentg?selected from the group consisting of
amino, amido, benzyl, carboxyl, hy B&yl, hydroxyphenyl, imidazolyl,
imino, phenyl, sulfide, or tﬁiol; m is an integer from one to 4, and A is
hydrogen or alkyl having orie carbo# atem to 6 carbon atoms; and an
alkali metal base to form the Mapnich ceT 1sation product.

R

wherein R, is polyalkyl of 280 to 5,000 molecular weight, R, is
hydrogen or lower alkyl having one carbon atom to 10 carbon
atoms, and Rj is hydrogen or —OH, in the presence of an alkaii

metal base: and

() reacting the reaction mixture obtained from step (a) with an amino
acid or the ester derivative thereof havéng the formula

NH,

Y

W

™~

COA

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

nydrogen or alkyl having one carbon atom to 6 carbon atoms; and

an alkali metal base to form the Mannich condensation product.
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10.

11,

-49 4. The process of claim 3, wherein the polyalkyl substituent on the
polyalkyl- substituted hydroxyaromatic compound in Step (a) has a
number average molecular weight of 400 to 3,000. 5. The process of
claim 4, wherein the polyalkyl substituent on the polyalkyl- substituted
hydroxyaromatic compound in Step (a) has a number average molecular
weight of 500 to 2,000. 6. The process of claim 5, wherein the polyalkyl
substituent on the polyalkyl- substituted hydroxyaromatic compound in

stepta PrEEHRhHRIMve MR aiRolRE UM XaliYhe epstiioapt DBGDe Potyrikyl-
prosesstiitelainy8ioxbareidie Rasdolsuhstiaens PRID S PRINHKY laverage

substituted hydroxyaromatic compound in Step (a) has a number average
mo[@@iﬁﬁp }ﬁﬁ'@ﬁ ?86‘9 5?1?68(?% The process of any one of claims 3 to
7, wherein the polyalkyl substituent on the polyalkyi-substituted

7 . . the polyalkyi-st
P G E GarEr O L Aclase b1 Les Fohl

proeéRstbrigRy oHEHY aramals eomRoRekin Biepdralias-subsitesdverage

hym@m%gm@pgg@%@%@p (a) is polypropyl-substituted phenol or
polyisobutyl-substituted phenol. 10. The process of claim 9, wherein the

polyalkyl-substituted hydroxyaromatic compound in Step (a) is
polyiselputdenshefitieen Sherardit. thbepphpmieygs afteltitret D owhieseio hgiyl-

i ) : i ; isobut i
SRS St BN S S AL B
moiecular weight of 700 to 1,500.

The process of claim 6, wherein the polyalky! substituent on the polyatkyi-
substiituted hydroxyaromatic compound in Step (2) has a number average
molecular weight of 700 to 1,100.

The process of any one of ciaims 3 to 7, wherein the polyalky! substituent
on the po!ya!kyl~éubstituted.hydroxyaromatic compound in Step (a) is
derived from polypropylene, polybutene, or a polyaiphaolefin oligomer of
1-octene or 1-decene.

The process of any one of claims 3 to 7, wherein the polyalkyl-substituted
hydroxyaromatic compound in Step (a) is polypropyl-substituted phenol or
polyisobutyi-substituted phenol.

The process of claim 9, wherein the polyalkyl-substituted hydroxyaromatic

compound in Step (a) is polyisobutyl-substituted phenol.

The process of claim 10, wherein the polyisobutyl-substituted phenol is
derived from polyisobutene containing at least 20 weight percent

methylvinylidene isomer.
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12.

13.

14,

12. The process of any one of claims 3 to 11, wherein the aldehyde in
Step (a) is formaldehyde, paraformaldehyde or formalin. 13. The process
of claim 12, wherein the aldehyde in Step (a) is paraformaldehyde. 14.
The process of any one of claims 3 to 13, wherein Step (a) is conducted
for a period of 0.2 hours to 8 hours at a temperature in the range of 50C
to 120C. 15. The process of any one of claims 3 to 14, wherein the
reaction mixture formed in Steps (a) is contacted with an amino acid salt.

16. M PRsEsSsbREiANe 9 wisénsmtie HmiMbeein St ddshysierdd Biep (a)

firsts S8 RAEAGRIMGRIPHNIE NS I ARG IdPRAsHANd water at a

temperature in the range of 15C t0 100C to form a concentrated amino
acid salt solution and then added to the reaction mixture formed in Step

(a).Thz Thropessess ofdaim 18, whibeewithataminiehigtisaltiis [Bepared) is

byng%%a arately, ¢ mbining the amino acid, base and water at a
te peratu&aﬁrn the F%nge of 30C to 70C to form a concentrated amino

acid salt solution and then added to the reaction mixture formed in Step

(). TH3 dhepsecssarsf clinldamhersinthe amiaaacidisaltis prepMedoted

by first_separately combining the amino acid, base and water at a

te B%Pafeﬁjaﬁﬁ ?ﬁ@-éﬁ@@f&%&c@é‘éé%@ f6mPaTEsce i ite daname’ 50°C
aci¢bsadsalution and then added to the reaction mixture formed in Step
(a). 19. The process of any one of claims 3 to 18, wherein the base in
each of Steps (a) and (b) is independently an alkali metal hydroxide

15. seldOR PIRGASHHE! FBN P Forigighn Polcsddiuwheyaivstite reastian mixture

18.

17.

18.

19.

hydemida ¥ BRIBSSMSIEHRERRE with an amino acid salt,

The process of claim 15, whersin the amino acid salt is prepared by first
separately combining the amino acid, base and water at a temperature in
the range of 15°C to 100°C to form a concentrated amino acid salt solution

and then added to the reaction mixture formed in Step (a).

The process of claim 16, wherein the amino acid salt is prepared by first
separately combining the amino acid, base and water at a temperature in
the range of 30°C 1o 70°C to form a concentrated amino acid salt solution

and then added fo the reaction mixture formed in Step (a).

The process of claim 17, wherein the amino acid salt is prepared by first
separately combining the amino acid, base and water at a temperature in
the range of 40°C to 80°C {o form a concentrated amino acid salt solution

and then added to the reaction mixture formed in Step (a).

The process of any one of claims 3 to 18, wherein the base in each of
Steps (a) and (b) is independently an alkali metal hydroxide selected from

the group
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20.

21.

22.

23.

24,

25,

20. The process of claim 19, wherein the base is sodium hydroxide. 21.
The process of any one of claims 3 to 20, wherein in Step (b) the amino
acid is glycine. 22. The process of any one of claims 3 to 21, wherein Step
(b) is conducted in two stages, Stage 1 and Stage 2, wherein Stage 1 of
Step (b) is conducted for a period of 0.2 hours to 8 hours at a
temperature in the range of 50C to 120C, and then Stage 2 of Step (b) is
conducted for an additional period of 0.2 hours to 8 hours at a final
terpesiting of HrelnamgeydbiRERCIHNLO0ByaRXitke proctsssudranyydnexifz.
claims 3 to 22, wherein in Step (a) the molar ratio of base to the

_galkyl -substituted hydroxyaromatic compound is in the range of 0.01:1

e AMERSRbRRAL P oFAREY dBS P aRE fo SamiymJursiindis)

hydroxyaromatlc compound is present in the range of 0.5:1 to 4:1. 24.

Thﬁ%‘gﬁgﬁgg ;@aﬁé% % ﬁ?ﬁ’é‘er %r‘é‘n?teps(%) ey mé’rlaémmo

ratio of'base to t oxyaroma ic Gom pou Isin

the@fEhgedbfangL: 1 to 1.5:1 and the molar ratio of amine to the polyalkyl-

substituted hydroxyaromatic compound is present in the range of 0.01:1 to
25. Thegrocess of any one, of clalm% 3 to 24, wherein each of Steps

(a) QﬁoPr(%SEi rﬁi@d&’nﬂ%ﬁfﬂf EGHTGCtetP i th RBSERCESF AR é%ﬁﬁ%ﬁi“%*?d in
26Mmesmgeessﬂté@@ybmdf@m§ @toﬁﬁevdt@rata@esmpda)st@ by is

tltuted h drox atic com d is fir ssolved.in an o
o1 TRPRAIRG TocBS 35 e 8 prOEHLe 11 daiiS8, Sinerish GG Qiig 1 tne
lubeEogng VASEOsity 1208Litahd then Stage 2 ot Step (b) is conducted for an
additional period of 0.2 hours to 8 hours at a final temperature in the range
of 120°C to 190°C.

The process of any one of claims 3 to 22, wherein in Step (a) the molar
ratio of base to the polyalkyl-substituted hydroxyaromatic compound is in
the range of 0.01:1 to 1:1 and the molar ratio of aldehyde 1o the polyalkyi-
substiiuted hydroxyaromatic compound is present in the range of 0.5:1 to
4:1.

The process of any one of claims 3 to 22, wherein in Step {(a) the molar
ratic of base to the polyaikyl-substifuted hydroxyaromatic compound is in

- the range of 0.01:1 to 1.5:1 and the motar ratio of amine io the polyalkyi-
substituted hydroxvaromatic compound is present in the range of 0.01:1 to
31,

The process of any one of claims 3 to 24, wherein each of Sieps (a) and

(b) is independently conducted in the absence of an alkanol.
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oil. -53

28.

27.

The process of any one of claims 3 to 25, wherein in Step (a) the
polyatkyl-substituted hydroxyaromatic compound is first dissolved in an oil
of lubricating viscosity.

The process of claim 26, wherein the ol of lubricating viscosity is neutral
oil.
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