PROCESS FOR MAKI NG GROUP 11 METAL CARBONATED, OVERBASED MANNI CH
CONDENSATI ON PRODUCTS OF ALKYLPHENCLS FI ELD OF THE | NVENTI ON Thi s i nvention
is directed to a novel process for nmaking Goup Il netal carbonated,

over based Manni ch condensati on products of al kyl phenols, which process
uses et hyl ene carbonate as both a source of carbon di oxide and ethyl ene
glycol. In particular, under the reaction conditions using ethylene
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invention is also directed to a%%rg%gg@Lf%F |ng Goup I[ netal
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process uses carbon di oxi de apgkehiyt ¢ BIVERoNhe Present  invention is
also directed to a detergent-drspersan?ﬁgmﬁﬂﬁu1g%ﬂ additive conposition
conprising Group 11 neta[ carbonated, overbased Mannich condensation
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The present |nve S als |recf to a con ensatlon pr oduct

conpri si ng athyl@aetaanhorpmedmme prfesant mlvkyiliqnhmrbasam af etnyndeh and

N-phenyl - corPJ' lilglgl %ro (fets ofF alky!phenols is possible while at the same time
viscosity of the carbonated, overbased Mannich condensation products of
alkylphenols remains within acceptable levels, typically under 1000 cSt at
100°C. This invention is also directed to a process for making Group Il metal
carbonated, overbased Mannich condensation products of alkylphenols,
which process uses carbon dioxide and ethylene glycol. The present
invention is also directed to a detergent—dispersént antioxidant additive
composition comprising Group [l metal carbonated, overbased Mannich
condensation products of alkylphenols, wherein the Group [l metal
carbonated, overbased Mannich condensation products of alkylphenols have
a CO; to Ca ratio of at least 0.01.

The present invéntion is also directed to a lubricating oil additive comprising
Group |l metal carbonated, overbased Mannich condensation products of
alkylphenols, which is low in sulfur content, typically less than 0.3 percent as
measured by ASTM Test No. D 4951-92.

The present invention is also directed to a Mannich condensation product
comprising a reaction product of an alkylphenol, an aldehyde and
N-phenyl-1,4-phenylene diamine.



BACKGROUND COF THE | NVENTI ON The operation of diesel and spark ignition

I nternal conbustion engines is typically acconpanied by the formation of
sl udge, | acquer and resinous deposits which adhere to the noving engine
parts and thereby reduce engine efficiency. In order to prevent or reduce
the formation of these deposits, a wde variety of chem cal additives have
been devel oped for incorporation inta lubricating oils. These additives
are commonly referred to aBAGKGRQEMND OMMTHEANMENTDNS. Di spersants have
the ability to keep deposit Tformng materials suspended in the oil so as
to retard deposit formation during engi ne operation. Detergents have the
abi ity to TRERYEraticer 6Pdissd] RaddRRes idnitidi iaterhhEcEmbustion ehginegisengi ne
operation and to neutralize acids in railroad, nmarine and autonotive
engi nes. A lypicgdy meapapapied by thedatmatien oliglbgae, laraden anthiseisse

si |l ver-pl at i.ngs. . . ' ' ' i .
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deposit congfiielenaipd Imblkddritoipreverton nedicedthede matibn beiheseaepmsliava been
known to be effective to protect  silver bearjng parts jn such_ engines
wi t hout t hewitlesyarialy ohghemicad additives havg beep eV lopegifor Incarraraian Min g
di t hi ophosppat. Lhd Vv ks ' own to
be parti cul Q’ﬁ‘?aﬁ'ﬁ?ﬁ ?ﬁeS%@Flga ?%@P@%ﬁ @?§§E§§&§%g%ﬁ£t ics as
ant i oxi dant dispebedints: aDispersanis havalie abiitytodelep daposéfoining rmateciatsni cal
action on aging, exposure .to sunljght, and in their, normal .use. Such

oxi dati on cﬁ‘t‘ﬁﬂeé'%ﬁ’(?)ét'ﬁ he,gil égﬁéstptre{?gg d&ﬂﬂ%‘é%qrglﬂq@nr%m&%%g"i‘% Opﬁfﬁti\o@ant s,
fuels and g [ I j - | i lehaidee

I ncl usi on oP%gegglé??\?%s\;e ﬁ}r}glﬁdgﬁ( g%ﬂ%%oﬁfesegﬁﬁ EEFESIﬁ)ﬁ%gﬁtP ré(ﬁh glrzid;posi ts,
wear and oxdueg enginewperatiorpand b hetlyalipecididsvin railroagd dnaringandt i s

unecononical to z%dd mer additives in order to achieve all these functions.
-2 automotive engines.

A large number of railroad and tugboat diesel engines use silver-piated
bearings. As a result, the lubricating oil requires acceptable silver wear
control and corrosion performance in addition to deposit control and alkalinity.
Mannich bases and their salts have been known to be effective to protect
silver bearing parts in such engines without the disadvantages associated

with the use of chiorinated and dithiophosphate additives.

Mannich bases and their salts are also known to be particularly useful in
lubricating oils, fuels, greases and plastics as antioxidants. Hydrocarbon
materials are highly susceptible to chemical action on aging, exposure o
sunlight and in their normal use. Such oxidation can lead to the deposit of
undesirable residues in lubricants, fuels and greases and to discoloration of

plastics.

Frequently, the inclusion of additives in lubricating oils and fuels to control
deposits, wear and oxidation cause compatibility problems. in addition, it is
uneconomical to add many additives in order to achieve all these functions.



Thus, there is a great need for the devel opnent of a single multifunctional
agent that will performall these desired functions. One cl ass of

| ubricating oil additives typically used as di spersants, detergents,

oxi dation inhibitors and anti-wear additives are Mannich condensation
products of an al kyi phenol, an al dehyde and an am ne. Various Mannich
condensati on products known in the prior art as lubricating oil additives

are netal s3his; theks isenbteat nelarfer he dWetdriemalfiPsingleogRBundiiohAE  pri or
art for making G oup 11 netal carbonated, overbased nni ch condensati on

product s of agerifhphwibperigreall hase desiredruagtionsi nity reserve for
neutralizing acids in engines and at the sane tine have acceptable
viscosity. It is believed that the carbonate, overbased Mannich
condensat i ofnerddssotlubdtatingeil pdditivestypicalllieispd asctispensaots;, detergents,

superior to the.prigr. .art salts. of I ch t] cts of

al kyl phenol SXQSF"Q’,&#’@U‘P@V%&"@?GIET%@E %ﬂ@/e& a%ﬁ@?ﬁﬁ%ﬁnéto?@?ﬁégt? nts,

anti - wear apfbduetsiet a®alkgiphRhS), iah Aoehritdand ¥a aniingause of their greater
al kalinity reserve and acceptabl e viscosities. The ability of additive

conpositions to neutralize acids in engines can be neasured by determ ning

the total byagods WRaNichIEMdisation ppbdiadts Rhdwn i BREpNEr frt abMebrivaitingsi ti on.
Hi gher TBNs reflect a greater capacity for these conpositions to

neutral i ze @it pdditiyenaramaialaalisnd wrajitivethsse isre sarbonadipaudpcesshia then of a

composi t1 onphsy S SGSHbYNGRLALE) FRd e ATRNEY SlorfhdiPfionsll present
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cont ai ni ng oorderdiatioe prodddie op akgivhehbbwhizh Haveuphigh atkdialitysebéseddr Manni ch
condensati on products of . al kiyi phenol conpositions is wel] known in the
heg #58
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have included a carbonation step in the process. -3

of alkylphenols of the present invention are superior to the prior art salts of

Mannich condensation products of alkylphenols for providing the functions of

detergent-dispersants, anti-wear and oxidation agents in one additive

because of their greater alkalinity reserve and acceptable viscosities.

The ability of additive compositions fo neutralize acids in engines ¢an be
measured by determining the total base number (TBN) or the alkalinity
reserve of the composition. Higher TBNs reflect a greater capacity for these
compositions to neutralize acids generated during engine operation.
However, the TBN of a composition is directly related to the amount of diluent
oil present. Thus, more concentrated compositions will have a higher TBN
than those containing more diluent,

The preparation of Group Il metal salts of Mannich condensation products of
alkylphenol compositions is well known in the art. A number of patents have
discussed processes for making Group Il metal salts of the Mannich
condensation products of alkylphenols, but none have included a carbonation
step in the process.



For exanple, U S. Pat. No. 3,036,003 discloses a process for making a netal
salt of a condensation product of an al kyl ene pol yam ne, an al dehyde and
substituted phenol. U S. Pat No. 3,340,190 discloses the preparation of a
m xture of the exactly neutralized calciumsalt of N, N -bis(alkyl

substi tuted hydroxybenzyl) al kyl ene diamne and a bis (al kenyl succi ni m de)
of pol yal kyl ene polyanine or of a urea condensation derivative of

pol yal kyl engop ew sNPAE NY. (08, M@%is)@)ﬂs@@en@aoc@é@%mgk:ng aSmelbt . No.
3,586, 629 di sc ose t he preparation of salts obtai ned react |r&g t he
d

condensat i oaalpoﬁa@ondemsatmnanmgucwmyyian@mMa(ﬁma@n@@@mﬁhyéﬁ angl dehyde
and an am ne atl ﬁall tal salt thereof with a netal base. These salts
provi de exc%'i’tP%H‘t' eqh?rnﬁ ncy characteristics to an organic industrial
fluid. U S Pat. No. 3,798,163 teaches a nethod for inhibiting exhaust

vee of " conpod RatNoctneblontiSciod G AE Bb AR o AR e P AR " e
l east one ABLRAIIRA dal@imPsHOSTIE NBRid( Qm[\gpédmmte@ﬂwyaﬂn@bbhtﬁ& d;én\eam ne,

an al dehyde and a substituted phenol i scl oses an
i mproved andianfinalandg bigdpikenysteriningde) of p@v@bﬂeaem@é}tammam@ﬁ Ynedi ds

conpri si ng | cal cium sul fonate and a
phenol i c an??@%gﬂgh d%ﬁvgﬁf‘{?a?‘b@éwé‘ tg’ ﬁS mﬁ%gﬁ €hate. U S. Pat. No.

4,025, 316 ngQ’L[gsgﬁlydz@u@tefmmb@Ure;nem, pol ynmeric al kyl - hydroxy benzyl
N-substituted am nes having a high degree of ring formation derived from
t he condensation reaction of C8-C40 aliphatic al kyl substituted hydroxy

aromatic, ap.slpPehwde 3086,620 disclees h‘.h&prd?,@tratid‘ﬁoof ébi&%téﬁ}@dcﬁyscl oses the
preparation of salts of Mannich bases m tetra nyI heno

f or nal dehyd'éeaéﬁﬁﬂgcﬂh%ﬁﬁwwlpﬂm%‘@t\ﬂﬁé‘ﬁ Rd hydrasy & OYMb dMeact ant
's 1 nole tgiLANGQBRMEPARRR! ot Akdli Metdd s3itFRer®0k Rith a metal base. These

salts provide excellent detergency characteristics to an organic industrial fluid.

U.S. Pat. No. 3,798,163 teaches a method for inhibiting exhaust valve
recession in natural gas fueled internal combustion engines with the use of
composition comprising a lubricating oil, a metal sulfonate and at [east one
metal salt of a condensation product of an alkylene polyamine, an aldehyde

and a substituted phenol.

U.S. Pat. No. 3,958,624 discloses an improved anti-fouling additive for use in
organic heat transfer fluids comprising a combination of a barium overbased

calcium sulfonate and a phenolic antioxidant, an alkaline earth aminophenate.

U.S. Pat. No. 4,025,316 discloses the preparation of polymeric alkyl-hydroxy
'benzyi N-substituted amines having a high degree of ring formation derived
from the condensation reaction of Cg-Cy4p aliphatic alkyl substituted hydroxy

aromatic, an aldehyde and an amine.

U.S. Pat. No. 4,088,586 discloses the preparation of salts of Mannich bases
from tetrapropenylphenol, formaldehyde and diethylenetriamine when the
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formal dehyde to at |east 0.3 nole of diethylenetriam ne having outstanding
viscosity and alkalinity value properties. U S. Pat. No. 4,140, 492

di scl oses the preparation of borated derivatives of oil-soluble Mnnich
bases for use in conmbination wth coadditive hydrocarbons for flow

i mprovers for mddle distillate fuel oils. .U S Pat. Nos. 4,157,308

di scl oses the preparation of Mannich base conpositions and their netal

sal ts from pivdarodatio ofitié reetanidedimbiertgriapropeagiphenal foy0.8tted.8% niola

I tet d I kyl at i th t rai ght - chai .
B o ol of  formanshysla to'aieess b ordof dielluicndudinine Afvadipissedingon
conbustion it Al adelhtdyes conposition conprising the Mannich
condensatioggegsr! dﬁ@% of lai%/h?%]ﬁ méecd?%r wei ght al kyl - substituted
hydr oxyaromati ¢ conmpound wherein the al kyl group has a nol ecul ar wei ght of

from about 608 pO AU fiscklsSs (8 brofPatich BFRodS HoApARREDMOVE

| ubricating ofl conposition conprising an organonettalic additive
cont ai ni ng ailseluble Manpithebbdasdor Gse irpsombinatioandth sdadditiveel at ed with t he

reaction prpduct qf f | dehyde,. ap am ci.d .and a. phenol. U S. Pat.
oo 472k, BdiBeatbss YobRoRiabiess for ol BRluS Tie il cat 1 ng of i
conposition for railway diesel engines which contains calciumsalt of
Manni ch reaction od n t her,_ additives. Mannji ch base is

pr epar ed usf]ré} 'Q%R[ﬂs%#%égggtqqﬁq(ﬁ?% thedr %R@Tag%r?gw@rﬁ&h%%ﬁ%d,
specificall : ﬁ@é}r@%ﬂ It el y
160. Typica ?@ﬁb T:ﬁh#?hdbﬂg@gg@ é?les%gﬁggégélﬁgﬁgﬁég&an a| yi dﬁﬁe@r’]‘lgglii wth
an al dehydelkslatedwithrd pepylesedetramiee aadiphenobalkylatedradth costraigbbotkiny

al i phatic -5E gr &ﬁ[ﬁ{ﬂ)mtic am ne or polyam ne, and the al dehyde is an

al i phatic ofPaRt e al dehyde. The al kyl group of the phenol can be
strai ght-chain or branched-

U.S. Pat. No. 4,231,759 discloses a liquid hydrocarbon combustion fuel
containing an additive composition comprising the Mannich condensation
product of a high molecular weight alkyt-substituted hydroxyaromatic
compound wherein the alkyl group has a molecular weight of from about 600
to about 3,000.

U.S. Pat. No. 4,655,949 discloses novel lubricating oil composition comprising
an organomettalic additive containing a metal selected from Groups |, Ib and
Vil chelated with the reaction product of formaldehyde, an amino acid and a

phenol.

U.S. Pat. Nos. 4,734,211; 4,764,296 and 4,820,432 disclose a lubricating oil
composition for railway diesel engines which contains calcium salt of Mannich
reaction product among other additives. The Mannich base is prepared using
an alkyl substituted hydroxy aromatic compound, specifically para-alkyl
phenol. The TBN of the product was approximately 160.

Typically, Mannich bases are prepared by reacting an alkylphenol with an

aldehyde and an amine wherein the amine is a primary or secondary aliphatic
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chain. Optionally, a pronoter may be used during the condensation reaction.
The prior art process for nmaking the netal salt of the Mannich bases is
typically by the addition of a nmetal oxide, hydroxide or hydroperoxide.
Optionally, ethylene glycol is added to the reaction m xture to pronote the
salt formation. SUMVARY OF THE | NVENTI ON The present invention is directed
to a novel process for nmaking Goup Il netal carbonated, overbased Mannich

condensat i ogr Pttt mitle & goryarmipeobad thavaidehyde ¢£8n %lifjﬁgﬁc et Aydrestc
carbonate as both a_source of carbon di oxide and et h)(] ene glycol. In

par ti cul ar , aldebede.t hee adat oo edhairtesnsear pa giraighhanakbotaishate in the
o " . iy _ ot |
s “possi bi e CPiPYERE Eeo B et et QU ing SolBIERDp St

over based Manni ch condensati on products of al kyl phenols remains within
accept abl e : | I 04, ' |avention is

al so di rectt@gﬁhaga%ﬁ%(g%ss f%ﬂroﬁ%%aﬁ‘[g tﬂ]‘gofge%féaﬁ’fﬁ%‘g@”gm%%éﬁ%é , overbased
Manni ch Conto}prcaa?bynh@delti@h&:f@fmatémb(m@eh9dir$>xidmdncﬂfydrope&s¢de.uses car bon
di oxi de and_et hyl ene gl ycol. The present invention is also dir ct% to a
det er gent - dPpHeralvn ElhiiRNglyeRle agdad to the @ﬂ%@@imlﬁweé%ﬁﬁmgt%gie foup 11

nmetal car b%@ﬁgonoverbased Manni ch condensati on products of al kyl phenol s,
wherein the oup 11 netal carbonated, overbased Mannich condensation
products of al kyl phenols have a CO2 to Ca ratio of at |least 0.01. The

present invention is also di§m§@%¢g@TH@N\@ﬁmoi | additive conprising
G oup Il nmetal carbonated, ation products of
al kyi phenol's, which is lowin sulfur content, typically less than 0.3
percent as red. 4 - l.s.hel t he
e e e T BRMEE e T Pstedt DS BRbntae W RELS G Mgl
condensat i ofarboagted; sverbaséd ddnrigthenadensatioh peoduats eftikylphamolnn i s
contributed by the diluent used in ..
which process uses ethylene carbonate as both a source of carbon dioxide
and ethylene glycol. In particular, under the reaction conditions using -
ethylene carbonate in the present invention, overbasing, as defined herein, of
Mannich alkylphenols is possible while at the same time the viscosity of the
carbonated, overbased Mannich condensation products of alkylphenols
remains within acceptable levels, typically under 1000 ¢St at 100°C. This
invention is also directed to a process for making Group li metal carbonated,
overbased Mannich condensation products of alkylphenols, which process
uses carbon dioxide and ethylene glycol. The present invention is also
directed to a detergent-dispersant antioxidant additive composition comprising
Group Il metal carbonated, overbased Mannich condensation products of
alkylphenols, wherein the Group |l metal carbonated, overbased Mannich

condensation products of alkylphenols have a CO; to Ca ratio of at least 0.01.

' The present invention is also directed to a lubricating oil additive comprising
G-roup Il metal carbonated, overbased Mannich condensation products of
alkylphenols, which is low in sulfur content, typically less than 0.3 percent as
measured by ASTM Test No. D 4951-92. It is believed that the sulfur content
in the Group [I metal carbonated, overbased Mannich condensation products
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the preparation of the Goup Il netal carbonated, overbased Mannich
condensati on products of al kyl phenols. In particular, the process of the
present invention for preparing Goup Il nmetal carbonated, overbased
Manni ch condensati on products of al kyl phenols conprises: formng a
reaction m xture by conbining a Mannich condensation product of an

al kyl phenol wherein the al kyl group contains a sufficient nunber of carbon
atoms to r %Mkylﬁhéna@bﬁmeepﬂel@@nf ipgohiiog donaitutéd byethaldiganbaessd id,

over based Manni condensation product of al kyl phenol, a Goup Il netal
oxi de, hydribgiprepaiation-abihe Cresp Henetahcanhengtass oxerbasedMapaisbt er and

optionally kyl ene carbonate selected from
et hyl ene ca‘?%io%g‘?’gﬂ%ﬁbg%% O{E@E{/;{Pﬁgn& i-al kyl substituted ethyl ene

carbonate, said al kylene carbonate having the follow ng structure:

i ce. oar ool B iRuE S BIEEEELT Mo breBERE RERUSH £&é§¥b?§@@bﬁbﬂk$ﬂ“§fﬁ? e and

at a tenpergdrdbRatedf bisibaséd Marnmdmtonigishtios drdducts oo alkgmandial kyl ene
glycol, or a reactl ng equivalent, to forma product conprising a Goup I[

netal car beEPEEES over based Manni ch condensat i on product of al kyl phenol .
In the al kyl ene car bonate structure above, preferabl y one of R and R2 is
hydr ogen and t he ot her hydrogen or neth I n other words, the al kyl ene
car bonat e |9rrprng@r%aﬂt@ndn redy m@am%xllﬁnnpﬁlbwwaaanmcéo f\vor e

Gt hytene. LbalapenRhrtbit KA ARG eobltfhs PRyl GREGTC © ' °

product of #hkis tohrenaér oMS@Idblel”thbhesmtmgt@eupﬂl mbmi padsenited nvent i on as
descri bed above may be  replaced with a fug met al éal t.

overbased Mannich condensation producto lky!phenol a Group 1 metal

oxide, hydroxide or C-Cg alkoxide, in the presence of a promoter and

optionally a second promoter, and an alkylene carbonate selected from

ethylene carbonate or a mono-alkyl or di-alkyl substituted ethylene carbonate,

said alkylene carbonate having the following structure:

Ry o
>:0
0]
Ry

wherein Ry and R; are independently hydrogen or alkyl containing one to
three carbon atoms; and wherein the combining is carried out for a time and
at a temperature sufficient to form in situ carbon dioxide and atkylene glycol,
or a reacting equivalent, to form a product comprising a Group 1l metal
carbonated, overbased Mannich condensation product of alkylphenol.

In the alkylene carbonate structure above, preferably one of Ry and Rz is
hydrogen and the other is hydrogen or methyl. In other words, the alkylene
carbonate is preferably ethylene carbonate or propylene carbonate. More
preferably, Ry and Ry are both hydrogen; that is, the alkylene carbonate is

ethylene carbonate.



A further enbodi ment of the present invention is directed to a process for
maki ng Group Il netal carbonated, overbased Manni ch condensation products
of al kyl phenols, in which process a C2-Cl10 al kyl ene glycol and carbon

di oxi de replace the al kyl ene carbonate. Preferably, the C2-Cl0 al kyl ene
gl ycol is ethylene glycol. The al kyl ene carbonate is added to the reaction
m xture over a tinme period of about 15 mnutes to about 120 m nutes.

Pref er abl y, |ptditRékemhBagintat bpRalgnhish caddetsdtrt fredueest AIRVIpABASIUr € over a
time period of about 30 mnutes to about 90 mnutes, and nore preferably

t he al kyl enéseshingbafrecess afdbe gresent wendign @sgleseiRed @boyednanbei me peri od
of about 40 ﬁé&%&le\ﬁit g(ﬁgﬁgtlkﬁl%téps? tes. The pronoter used in the process
|

of the presrg vention | yprcally a C2-C10 al kylene glycol. The
pronoter optionally used in the process of the present invention may

typically ipclude water. : - |- al z | kyl
glyscol gr Q?‘#ﬁ"\’x‘%fﬁrﬁgi’e‘ﬁfmﬁz‘é&tﬁ%@%ﬁ‘b‘f@é“@{‘egp‘ﬁg%@%defc; %3’{ %%Sz%lﬁa{/ausgdeing a
C2- C10  al kighRing Glaupdl mekdicarpseated ebviarbased Mamnigtos@idansaibhonal |y used
is water. Optionally, the process of the present inventiaon further

conpri ses tPredyeispi@kylphansie it Mdighrrasess adez-byo alkyeae #iycal @b eact i on

I Xt t : | di {
For  pr opar 400 ol Ftres B B Rt or R PRttt e Gensat fon -

product s ofalkylent gheobilssethglenprghwes the steps of: (a) forming a reaction
m xture by conbining a Manni ch condensati on product of al kyl phenol wherein
the al kyl group contains a sufficient -8 nunber of carbon atons to render

oi | - sol ubl eTHidalkyRme! darbendBedsipdtiéd tortHealeactiom onrtues over atinas periddiohi ch
condensati on product of al kyl phenol, a Gooup 11 netal oxi dr oxi de or

G de, h
Cl- G al kox@hadlt 15 mipugamieabaitd 25minyies. | refbrabbe foe iuiRierarbahate i
added to the reaction mixture over a time period of about 30 minutes to about

90 minutes, and more preferably the alkylene carbonate is added to the

reaction mixture over a time period of about 40 minutes to about 60 minutes.

The promoter used in the process of the present invention is typically a C2-Cag
alkylene glycol.

The promoter optionally used in the process of the present invention may
typically include water, a C4-Cs mono- or di-alcohol or a C2-C1o alkylene glycol
or a mixture thereof. Preferably, the promoter optionally used is a C3-Cqg
alkylene glycol, and more preferably the promoter optionally used is water.

Optionally, the process of the present invention further comprises the step of

recovering the product by filtering the reaction mixture to remove sediment.

An alternate embodiment of the present process for preparing Group 1l metal
carbonated, overbased Mannich condensation products of alkylphenols
comprises the steps of: |

(a) forming a reaction mixture by combining a Mannich condensation
product of alkylphenol wherein the alkyl group contains a sufficient

-8-



(b) contacting said reaction m xture with an al kyl ene carbonate selected
fromethyl ene carbonate or a nono-al kyl or di-al kyl substituted ethyl ene
carbonate, said al kyl ene carbonate having the follow ng structure: 0
wherein RL and R2 are independently hydrogen or al kyl containing one to
three carbon atonms; and wherein the contacting is carried out for a tinme
and at a tenperature sufficient to formin situ carbon dioxide and

al kyl ene glycol, orpngmbeast 8ol HbMB e Réndéroif 5l0bR thelredulthg Granpilsi ng a
Goup Il netal carbonated, overbased Mannich condensation product of

al kyi phenol . I n t hemgtdrgnated smibasedt Mapninhecomsiansation redu@iof one of
RL and R2 is hyd t ' . P ds,
the al kylene  car boRinenptol ALEMEN plelatRiae SR RGHaTr Crics aRoRipea or o

carbonate. Mre prgioptictbt sind BptienallyRR secendpidmbigdragen; that is, the
al kyl ene carbonate 1s ethylene carbonate. The Manni ch condensati on product
of al kyl phenol used in the alternate enbodi nent of the process of the

present inventi@) asordastiig Ssid rebetich mdsurdwith el dkgensicatbona@ oup 11 net al
salt. -9 A furthér enbodiment of the alternate enbodinment is directed to a

process for maki ngs&peted fram efhdene sahenatear amengraliebondindlkyn
d i d | ki [ ar = I
condensation pro u%fb%tﬁj&eﬁe Jigage?hb?ng:@ﬁgéungmg?n%c% oﬂa@%]%?t y ene .

glycol and carbon dioxide re rbonate 1n step
Preferably, the CXoffowirgl $twictmve:gl ycol is ethylene glycol. The al kyl ene
carbonate is added to the reaction m xture over a tinme period of about 15

m nutes to about 120 minutes. Preferably, the al kyl ene carbonate is added

to the reaction mxture over a tinmfiperi odoof about 30 m nutes to about
>:O
' | o

R7

wherein Ry and R; are independently hydrogen or alkyl containing
one to three carbon atoms; and wherein the contacting is carried
out for a time and at a temperature sufficient to form in situ carbon
dioxide and alkylene glycol, or a reacting equivalent, fo form a
product comprising a Group Il metal carbonated, overbased

Mannich condensation product of alkylphenol.

In the alkylene carbonate structure above, preferably one of Ry and Rz is
hydrogen and the other is hydrogen or methyl. In other words, the alkylene
carbonate is preferably ethylene carbonate or propylene carbonate. More

- preferably, Ry and Rz are both hydrogen; that is, the alkylene carbonate is

ethylene carbonate.

The Mannich condensation product of alkylphenol used in the alternate
embodiment of the process of the present invention as described above may

be replaced with a Group Il metal salt.



90 mnutes, and nore preferably the al kyl ene carbonate is added to the
reaction mxture over a tinme period of about 40 m nutes to about 60

m nutes. The pronoter used in step (a) of the above process of the present
invention is a C2-Cl0 al kyl ene glycol. The pronoter optionally used in
step (a) of the process is typically water, a Cl1-C5 nono- or di-al cohol or
a C2-C10 al kyl ene glycol or a mxture thereof. Preferably, the pronoter

optional | y Adehesembdinidil dilihy biteead gadlodirasst iselirectae ©f # paddepstite
pronoter optionally used is water. Optionally theﬁgroc ss of this

enbodi nent nmwngeﬁr@mwﬂm%tébcarﬁengtegpOMerbaﬁ@QM@m' copgensalivnet by

filtering t ot nhpdi ment  of

t he present Bﬁporof)l'@gés:éf @Rsr’lahélté&gr @:@@ﬁ%ﬁsﬁeﬁ%}%oa&%&n@?e@, over based
Manni ch condwm@atdlomdprrepiaceme)élkgllelnwiqﬂnbmﬂte in stappfb)s Esefenablgi s of . (a)
formng a fi tion mxture by conbining an al kyi phenol wherein the
al kyl group ééﬁ‘iﬂéﬁw @M@?i 13 eEMCHREYEP! of carbon atoms to render
oil-soluble the resulting Goup ff nmetal carbonated, overbased Mannich

condensati on, pr od ct of  al kéd phenol , an al dehyde and an am ne nd a
pr onot er opifh%ﬁlél'f §ngexgona Squiﬁdéeﬁ*ﬂwaq#@nsramrﬁqvg a1GBe PEBRA A xt ur e

wth a SeCOQS'%Jt"'g oSt LHbG 1ﬁPHﬁ’ﬁL{t§%”9’r€feF3tg%th§a\ ér?é caHofSte is

hydr oxi de or ox I de; | ner ydr ocar a pronn%er and
optionally admmwﬁhqmeam:emlxtoré ovem atimiei pe:hcxde:a‘cabam 30 minulrcﬁ tcaaiobi(tc)

contactin id third reaction h an Iene e selected
from et Ihylgeﬁélf"@ﬁ\" ndpg "Eﬂreiaprﬁ{% P%ferk% Caésw%/e 8 G4 f’fjt%{t}é% et hyl ene
carbonate, gaiclodlnixtPBBVERE '@iﬁi@b@n&f@&f 8ot mirRltb &4 ABoSt B0 Rintites.

The promoter used in step (@) of the above process of the present invention is
a C,-C1q alkylene glycol.

The promoter optionally used in step (a) of the process is typically water, a
C4-C5 mono- or di-alcohol or a C,-Cyg alkylene glycol or a mixture thereof.
Preferably, the promoter optionally used is a C2-C1p alkylene glycol, and more

preferably the promoter optionally used is water,

Optionally, the process of this embodiment further comprises the step of
recovering the product by filtering the reaction mixture {o remove sediment.

Another embodiment of the present process for preparing Group [f metal
carbonated, overbased Mannich condensation products of alkylphenols

comprises the steps of:

(a) forming a first reaction mixture by combining an alkyiphenol
wherein the alkyl group contains a sufficient number of carbon
atoms to render oil-soluble the resulting Group Il metal carbonated,
overbased Mannich condensation product of alkylphenol, an

aldehyde and an amine and a promoter optionally used;
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0 wherein R, and R2 are independently hydrogen or al kyl containing one to
three carbon atons; and wherein said-contacting is carried out for a tine
and at a tenperature sufficient to formin situ carbon dioxide and

al kyl ene glycol, or a reacting equivalent, to forma product conprising a
Goup Il netal carbonated, overbased Mannich condensation product of

al kyl phenol. In the al kyl ene carbonate structure above, preferably one of

Rl and R2 is hygr ogeitadtitth 418 fieéthreactioh mpdarorith arsgehbyeactioh afixtare wor ds,
the al kyl ene carbonate is preferably ethylene carbonate or @E)opyl ene

carbonate. More predBpEENG a @roumly nietalexdde, ddrexide 86 &n;Ce AlEXIAE; aphe

al kyl ene carbonate | r.han D, ove

enbodi ment of the p'b%gerﬁ{dpt?{éla\?gﬁ??g%%t ﬁteo??rgh%errs%@ u?éet@ng? {rraggqtof?@n m xt ure
is in the range of piomdteStoGorm sathindtrea¢@sh mixthre; tamer enbodi ment i s
directed to a process for making Group Il metal carbonated, overbased
Manni ch condensati on products of al kyl phenols, in -11 which process a
C2-Gi o al kyl eng(cyl yemitaetirdy said bloind chamtipd enixiepé adih arhelkylineytarbensater bonat e
in step (c). Prefterably, the -Cio al kyl ene glycol i et hyl ene gl ycol .
The al kyl ene car bon$gl@cted f@ﬂ'ﬂgﬁ"f@e{ ﬁ%rbpﬂﬁé‘?rg% rl@t‘@nlf(lé[ Qf\@?a"éﬂti me period
of about 15 mnute ) BIEhirtia bavata Havk
carbonate is added%%ﬁ%ﬂgagzh ctio%ﬁﬁb?%r’g overyath%br% peri orﬁy’o at{)aout 30
m nutes to about YdllowimgtsHayctuned nore preferably the al kyl ene carbonate is
added to the reaction m xture over a tine period of about 40 mnutes to

about 60 m nutes. The pronoter used in step (b) of the process of the above
present enbodinment is a C2-Clo at | engy gl ycol . The pronoter optionally

used in step (b) of the above presen em>di:mant S
o)

O
Ry

wherein Ry and Ry are independently hydrogen or alkyl containing
one to three carbon atoms; and wherein said-contacting is carried
out for a time and at a temperature sufficient to form in situ carbon
‘dioxide and alkylene glycol, or a reacting equivalent, to form a
nroduct comprising a Group || metal carbonated, overbased

Mannich condensation product of alkylphenol.

in the alkylene carbonate structure above, preferably one of R{and Ry is
hydrogen and the other is hydrogen or methyl. In other words, the alkylene
carbonate is preferably ethylene carbonate or propylene carbonate. More
preferably, Ry and R, are both hydrogen,; that is, the alkylene carbonate is

ethylene carbonate.

In step (a) of the above embodiment of the present invention, the temperature
" of reaction mixture is in the range of about 35°C to about 170°C.

A further embodiment is directed fo a process for making Group Il metal

carbonated, overbased Mannich condensation products of alkylphenols, in

-11-



typically water, a G -C5 nono- or di-alcohol or a C2-Clo al kyl ene glycol or
a mxture thereof. Preferably, the pronoter is a C2-Cl1" al kyl ene gl ycol,
and nore preferably the pronoter is water. In step (a), the am ne nay be
an aliphatic amne, an aromatic am ne, a polyfunctional am ne, such as

et hanol am ne, or mxtures thereof, containing at |east one am no group
characterized by the presence of at |east one active hydrogen or nethylene

group, and wﬁi%h%racééseawpm%awm@@@c&rﬁﬁﬁ @érbﬁﬁrcﬂox@@\'étﬂagéws only
secondary am no ‘groups, or primary and secondary an no [gr oups. The
|

al i phatic aaikyi@nm@rtzm\aé@lra$t|ep|(@herf@r@bheth@CdT%bw}hyé@nenglyca Spol yal kyl ene

pol yam ne o thereof. The aromatic am ne may be a single-ring
aromatic arétﬂgr%%ﬂ}?%&ubl e-ring aromatic amne. In step (a), the al dehyde

may be an aliphatic al dehyde, aromatic al dehyde, a heterocyclic al dehyde

or par af or rEruglyRse AEOHE Rl Ralhat TR b BUSTHE
het er ocycl i st deimpitéStd alidutr120. mibdeegToPRsTeradly, ®e @fkytdm cdrisphatesigol , the
al dehyde and the amne in step (a) are fromabout 1;1.8:1 to about 1: 3 1.

The al kyl gadf-lﬂs! t@fthﬁﬁ@a@thfymmﬁlé’@cnve\wlrﬁ@ p@flpauczjﬁboéhéﬁ)mlawt%rta@%@ chain
d wlli f b
et b ks ) el Plorb AN A RAEROR AR ipRles fPlje |1 o about

t he al kyl pheaotior arittarenevdm aiimaebmariodd atbmudab@utxmuﬂ@tomﬁwt@ﬂmmﬁes.
predom nantly straight-chain al kyl groups containing from about 15 to
about 35 carbon atons and from about 75 to about O nole percent

branched- chaﬁ@gairmytbr ge@dmtSstepr(bpomh@q;rbc@m althgtatfdverabent 18 carbon
atons. Preferably, the al Ir% roup of the al kyl phenol contains from about
40 to aboutembogipiant b e 10;?19 lodene alveel y straight-chain al kyl groups

The promoter optionally used in step (b} of the above present embodiment is
typically water, a C1-Cs mono- or di-alcohol or a C2-C1p alkylene glycol or a
mixture thereof. Preferably, the promoter is a C,-Cqg alkylene glycol, and

more preferably the promoter is water.

In step (a), the amine may be an aliphatic amine, an aromatic amine, a
polyfunctional amine, such as ethanol amine, or mixtures thereof, containing
at least one amino group characterized by the presence of at least one active
hydrogen or methylene group, and wherein the amine contains only primary
amino groups, only secondary amino groups, or both primary and secondary
amino groups. '

The aliphatic amine may be an alkylene diamine, a dialkylamine, a
polyalkylene polyamine or mixtures thereof. The aromatic amine may be a

single-ring aromatic amine or a double-ring aromatic amine.

In step (a), the aldehyde may be an aliphatic aldehyde, aromatic aldehyde, a
heterocyclic aldehyde or mixtures thereof. Preferably, the aliphatic aldehyde

-12-



containing fromabout 15 to about 35 carbon atons and from about 60 to
about 30 nol e percent branched-chain al kyl groups containing fromabout 9
to about 18 carbon atons. In a preferred enbodi nent, the al kyl group of

t he al kyl phenol is attached predomnantly at the para position of the
phenol ring. Preferably, the alkylphenol containing the para attachnment of
the al kyl group is fromabout 70 to about 95 wei ght percent of the total
al kyl phenol is ftmeldehgde nabhyafotnaldelaydey It enmhatioaldehydeds t he para

attachnent of t al kyl group is fromabout, 80 to about 95 wei ght percent
of the tot age%alz@?'ﬁﬁgé‘ﬂg th@,@e@rg%?lma?ci@]yge 'Egli'r&é',aﬁhydroxi de or C. 1-C6
al koxide is selected fromthe group consisting of calcium barium and

magnesi um oxi de, hydroxide or Ci -C6 al koxi de and m xtures thereof.
Pref er abl y, 1 @EQRGES0s of the alkyiphenael, thagigebydeiandtheamisen rtpn @9 i s

cal ci um hydﬁ%&ﬁ-aﬁ 1q0{3j1°(Baéﬂdbt1tﬂ“? process of this enbodi ment further
conprises the step of recovering the product by filtering the reaction

m xture to renove sedi nent. The carbonation processes of the instant

i nvention a ' | f d : | | r bonat ed,
over based @ﬁ%?%‘ Q'g)l# gélfs?é?%wwﬁrnggmqygéeggﬁébﬁgfﬂ%@ﬁlHgéﬂggéscggg%ﬁg a C02
to Ca rati oand willtybiwatly cehiin aDie@at 10 aathapr stbatsaplefetably frent abget of about
0.1 to about_0.6, and nore preferably in the range of about 0.3 to about

0.5. The prbe€3d0n Ypmsie ahosd SAcarhRealoNdh may be carried out in a batch
or a continuous process. It is believed that small changes in pressure
will have [little effect on the carbonation process of the present

i nventi on. Ftedengbbs &g alirlaivoupsd the alityiphenot eentainstfoon ahaué 2§databeus per sant

s o LSRN bt BrARRELALP BrEALRb 51 B GALBONBE R BfE” 520
to Ca ratiabamft 1&ttolabast 38kaiorDatdms anddopt abeutats 1o albodtienicknge of about
0-1to percent branched-chain alkyl groups containing from about 9 to about

18 carbon atoms. Preferably, the alkyl group of the alkylphenol contains from

about 40 to about 70 mole percent predominantly straight-chain alkyl groups

containing from about 15 to about 35 carbon atoms and from about 60 to

about 30 mole percent branched-chain alkyl groups containing from about 9 to

about 18 carbon atoms.

In a preferred embodiment, the alkyl group of the alkylphenol is attached
predominantly at the para position of the phenol ring. Preferably, the
alkylphenol containing the para attachment of the alkyl group is from about
70 to about 95 weight percent of the total alkylphenol. More preferably, the
alkylphenol containing the para attachment of the alkyl group is from about
80 to about 95 weight percent of the total alkylphenol.

The Group Il metal oxide, hydroxide or C4-Cg alkoxide is selected from the
group consisting of calcium, barium, and magnesium oxide, hydroxide or
C4-Cs alkoxide and mixtures thereof. Preferably, the Group Il metal oxide,
hydroxide or C+-Cs alkoxide is calcium hydroxide.
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about 0.6, and nore preferably in the range of about 0.3 to about 0.5. The
det ergent - di spersant anti oxi dant additive of the present invention
conprises Goup 11 netal carbonated, overbased Manni ch condensati on
product of al kyl phenol wherein the Manni ch al kyl phenol is a condensation
product of an al kyl phenoi, an al dehyde and an aliphatic, an aromatic, a
pol yfunctional am ne or m xtures thereof, said additive having a CO2 to Ca

rati o of atopgasdlly aﬂwpro@egéofﬁr@eﬁmﬂﬁﬁ@bﬂfﬂrther theprissgthostepbsfut 0.1 to
about 0.6, and nore referabl%ﬁtln t he range of about 0.3 to about 0.5. The

present i nvigseveing theaprogugh bibltering Hederaiion BB IRiRBRY RedimAltict
conprising a reaction product of an al kyl phenol, an al dehyde and

N- phenyl - 1, 4- phenyl ene di am ne wherein the al kyI group of the al kyl phenol
is a straitie carenation pwce@saapfthe mstaat&mr@ﬁauaﬁemmul@ﬁlbu&@bt\%ra. ni ng

or oup - 14 dePREG RGMBIEE Ral il RN AR CIRGEANY ' 02 Bon”
atons. The pratdefysiellyspitanad pp@@ssmgaé mrytdﬁ(Da aatioref at:leat;uatmteﬁ 04,

het er ocycl i ¢ al dehyde |, or mxtur s, t her ef erably the atic
al dehy de .sarﬁbpeﬁ%taﬁm iadhg G874 of Rguhl- 14 PBU NG, 8hEapis BISTYZBIE ol Kyl

group of tgﬁﬁ éhgé gggﬁt@g%%}agmoﬁz carbon atons, the al dehyde S
ehyde;

par af or mal e amne IS N-phenyl -1, 4- phenyl ene diamne in the
Manni ch condensati on product of this invention. DETAILED DESCRI PTI ON OF

THE | NVENT! 0% pRIgesb bR diestatifly B Mrayithfod bl A RWalteféibohave the

foIIovm ng mean ngs unl ess express y state to the contrary: The term
"al koxi de" gurdingoas pooqessndt mkhembvecathdtesmajrmm intpeesmetwltbrlnavproduct of

an al cohol and reac ive The ter "al k col" nmeans an
aliphatic dite % fﬁea%a%g&pwsaﬁg he pri SRR

The present invention is also directed to a detergent-dispersant and
antioxidant additive comprising Group Il metal carbonated, overbased
Mannich condensation products of alkylphenols, said additive having a CO- to
Ca ratio of at least about 0.01, and preferably in the range of about 0.1 to
about 0.6, and more preferably in the range of about 0.3 to about 0.5.

The detergent-dispersant antioxidant additive of the present invention
comprises Group i metal carbonated, overbased Mannich condensation
product of alkylphenol wherein the Mannich alkylphenol is a condensation
product of an atkylphenol, an aldehyde and an aliphatic, an aromatic, a
polyfunctional amine or mixtures thereof, said additive having a CO2 to Ca
ratio of at least about 0.01, and preferably in the range of about 0.1 to about
0.6, and more preferably in the range of about 0.3 to about 0.5.

The present invention is also directed to a Mannich condensation product
comprising a reaction product of an alkyiphenol, an aldehyde and
N-phenyl-1,4-phenylene diamine wherein the alkyl group of the alkylphenol is
a straight-chain alkyl group or branched-chain alkyl group containing from
about 10 carbon atoms to about 50 carbon atoms. Preferably, the alkyl group
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on adj acent carbon atons. The term "al kyi phenol " neans a phenol group
havi ng one or nore al kyl substituents, at |east one of which has a

suf ficient nunber of carbon atonms to inpart oil solubility to the phenol.
The term "carbonat ed, overbased Mannich condensati on products. of

al kyl phenol s" neans the products obtained after carbonation and overbasi ng,
as described in the process of the present invention, of Mnnich bases
prepar ed byof gecdlkylphamoldidsydbauenalcanbéh atometalabyate2ao8rbon #oimse Ter ei n
the amine is a primry Qr secondan%%aliphatic or aronmti c anmi ne or

pol yani ne, aldeBYge ifeay gliPhaticaldahydm aromale algelivde: a8 hateroeyalic aldeBydg e of

the term"e : ae gl : -ﬁjléltpﬁ,'t-

car bonat e, éﬂcl)&ggesg@%py .eﬁefggérlﬁg,ﬁtgg Zal@héwf Re iEg.'yiﬁﬁ%f?}éﬁ%{#gggﬁ Based"
as used her firmatttftydiebddorehureterablyytheldlkytegralip of dndalkgipdhednobhies baset
Manni ch condensati on product f .al kyi phenol 5 in, which the ratio of carbon
i oni do + o 12 Eatan ARl e BRiePiad i MBI ehvtte. Ao atineds' The 1 orm
"pronoter” RBsHEnmR1 Qzﬁﬁéiﬁ)yléﬂué,‘ma@aﬁiﬁe% YO M RRAMPEShinsais h ProdeLtion thik he
carbonation step of the process of the present invention. The term
"pronot er olpvedHe.ly used" neans any polar chemical, such as water, a
C3-C5 nmono- or di-al cohol or ethylene glycol or a mxture thereof, that 1is
capabl e of assisting in the process of the present invention. The term "one
or nore pronoters" neddETAILED RESCRIFTION OimbHE , ly used as
defined herein. The term"reacting equival ent” neans any materi al

equi valent to ethylene glycol and carbon di oxide, such as the carbonic
acid half ester. Sulfur content waPEEATIGNSby ASTM Test No. D 4951-92.
The term "Total Base Number" or "TBN' refers to the amount of base

As used herein, the following terms have the following meanings unless
expressly stated to the contrary:

The term “alkoxide” means a compound which can be formed as the reaction
product of an alcohol and a reactive metal.

The term “alkylene glycol” means an aliphatic diol having two hydroxy groups

on adjacent carbon atoms.

The term “alkylphenol” means a phenol group having one or more alkyl
substituents, at least one of which has a sufficient number of carbon atoms to
impart oil solubility to the phenol.

The term “carbonated, overbased Mannich condensation products of
alkylphenois” means the products obtained after carbonation and overbasing,
as described in the process of the present invention, of Mannich bases
_prepared by reacting an alkylpheno! with an aldehyde and an amine wherein
the amine is a primary or secondary aliphatic or aromatic amine or polyamine,

the aldehyde is an aliphatic or aromatic aldehyde.
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equivalent to mlligranms of KOH in one gramof sanple. The TBN of a sanple
can be determ ned by ASTM Test No. D 2896 or any other simlar procedure.

Cal cium content of the carbonated, overbased G oup Il netal Mannich
condensati on products of al kyi phenols was measured using the follow ng
procedure: Sanples of 0.5 grans to 2.0 grans placed in 8 mlIliliter vials

with plastic-lined screw caps and diluted with a solution of ortho-xyl ene

that cont ai Use&ftherterar ‘@thyéhe ca#tma,ateiridcladég afyirsAlstitateet alkyleseandar d

el enent. Analysis is done usin nduct i veI Coupl ed Plasma in an

| nduct i vel yca%ﬁﬁﬁ?d sprh ggeropyje %é’?r ale ahf '3% E8rometer. Results are
reported as parts per mllion (ww or weight percent. Carbon dioxide
content of the carbonated, overbased G oup Il netal Mannich condensation
pr oduct s of The terinp femobasei @ smesesiihedinudesaibeldhosd Gmuimcy metabcedur e:

Appr oxi mat e 100 of sample is weighed into a test .t and aC|dified
o TR oI of tRENSIEy eHPaREl A Te el Cotde ee B prRgURRit ARGATRED ot e cvept
through sevaEtlh tRE THIRD BT EarbBn/REGRYE t BhRIUMR 4 ag|e@@€910q5andTm rtfbsé% tant gas
streamis bubbled into a solution that contains nono-ethanol am ne (VEA)

and a pH sehightdsv@6i ndi cat or. The addition of CO2 to the solution changes
the pH, which changes the color of the indicator. The color change is
sensed by a visible spectrophotoneter, and a controlling coul oneter

gener at es hygg e “profidvtat nishrd £ CLLO[&klehid1glyeol Gépamebﬂabéusmlitrhe pH
bac

back to its origi naI value. The titration charge is related to the
ori gi nal aniemarbenatigristep @it el pracass o the presend l¥endoBy means of Coul onb' s
|l aw. The result is given as weight percent CO2. Kinenmatic viscosity of the
car bonat ed, overbased G oup Il netal Mannich condensation products of

al kyl phenol Shewarmrifaemotel aptionglly heed binleans gy podal ¢hardicabsVcT@st No. D
445: water, a C4-Cs mono- or di-alcohol or ethylene glycol or a mixture thereof, that

is capable of assisting in the process of the present invention.

The term “one or more promoters” means a promoter or a promoter optionally

used as defined herein.

" The term “reacting equivalent” means any material equivalent to ethyiene
glycol and carbon dioxide, such as the carbonic acid half ester.

Sulfur content was measured by ASTM Test No. D 4951-92,

The term “Total Base Number” or “TBN" refers to the amount of base
equivalent to milligrams of KOH in one gram of sample. The TBN of a sample
can be determined by ASTM Test No. D 2896 or any other similar procedure.

Calcium content of the carbonated, overbased Group i metal Mannich

condensation products of alkylphenols was measured using the following
procedure:
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A portion (1-5 mlliliters) of sanple is |oaded into a calibrated Zeitfuchs
cross-armyvi sconeter. The sanple and visconeter are brought to thernal
equilibriumby inmersion in a tenperature-controlled bath. The sanple |evel
is brought to a mark on the visconeter. The sanple is induced to flow by
applying a small nomentary pressure; after the flow has begun, the sanple
-17 flows under gravity. The tinme is neasured for the sanple to fl ow

bet ween t woSafRldsoln 5tdramei t8C00R s plated |hf83mllﬁhtéle'l/létseﬂ:tﬁ pldshie-linagp! e
viscosity by means of the previously determ ned calibration constant.

Resul ts ar eSCfEWﬁéﬁ‘RSeWChgilttt@ﬁMlﬁtfé)ls@l#tl@ﬂ of gdtoo-ignasthad caeleimss@%s peci f i ed,
al'l percemﬁﬂﬁeﬁa?@? 3400egN =8 fxﬁ,'a&p .ﬁ%gn @g n&%(r&%?é’rh%n{ SA%iggglt?{e”C

pressure gen determ ne Ity reésérve e Goup

Il metal I\@nﬁnieablnglthallrmlmwbﬁ/ Cauplbé Fri:msmaasedlb&udtiweiya@dupledmiaéma
car bonati on sb?% after the neutralizatjon of the Gou Manni ch

condensat i o demIssionypPestiQMmeieen Sesulls ere E%ﬂmqgn@%?g'ft%i??ﬂ@’"?%e term

"over based" (@, 5 Sebi rBeptdescri bes those Goup Il netal Mannich
condensati o oduct@ﬁfé al kyl phenols in which the ratio of carbon dioxide

to cal ci umis at least 0.01 and may be as high as 0.6. In contrast, the

eqw val ent ratio aof carbon diqxi de a ciumis 0.0 in uncarhonat ed G oup
reral NeSiartn Qonde et b Gatonatil oaﬁﬁia%ﬂeﬁmupﬁéeﬁélﬁ?n@ i

neut ralizat ¢&fﬁé?fsa%ﬁrb&)ddcts§r8f aikyMhBRbERvas RIRIFRRT LSRG MR BileWing

al kyl phenol is 3enera y carried out with calcium hydroxide and w thout

car bonat i onRrO@EaU®It bei ng bound by any theory, it is believed that one
possi bl e chem cal structure of the Goup Il netal carbonated-overbased
product of the carbonation step is as depicted below. A-CH2 CH2-A -Ca-0 O

Ca7----0  Approximately 100 mg of sample is weighed into a test tube and acidified with
p-toluene suifonic acid to release CO,. The liberated gases are swept
through several scrubbers to remove interfering species. The resultant gas
stream is bubbled into a solution that contains mono-ethanol amine (MEA)
and a pH sensitive indicator. The addition of CO; to the solution changes the
pH, which changes the color of the indicator. The color change is sensed by
a visible spectrophotometer, and a controlling coulometer generates hydroxyl
ion at an electrode in the solution to bring the pH back to its original value.
The titration charge is related back to the original amount of acid evolved
carbon in the sample by means of Coulomb's law. The result is given as
weight percent CO,.

Kinematic viscosity of the carbonated, overbased Group il metal Mannich
condensation products of alkylphenols was measured using the following
modified ASTM Test No. D 445;

A portion (1-5 milliliters) of sample is loaded into a calibrated Zeitfuchs
cross-arm viscometer. The sample ahd viscometer are brought to thermal
equilibrium by immersion in a temperature-controlled bath. The sample level
is brought to a mark on the viscometer. The sample is induced to flow by
applying a small momentary pressure; after the flow has begun, the sample

=17~



wherein Ris alkyl and Ais an amne or a polyamne. -18 Current autonotive
formul ations require very |ow sulfur levels, less than 0.3 percent, and
future fornulations may require even |lower |evels of sulfur. Thus, the
additive itself nmust add little or no sulfur to the finished |ubricating
oil product. However, conventional detergent-dispersant additives, such as
G oup Il metal overbased sulfurized al kyi phenols, increase the sul fur

content offisveuhtior ey Theitkaé isviieasliredrfodthet sdiaglausdlon bétadhi ko sul fur
content of the additive. The carbonated, overbased Manni ch condensati on

products of MagfsQn Brevisromgtart iNhestine i ralatgdda dne sampiaviseesibae t he
distinct a : ' i e = di additives in
that the fiBANSS o Ployidaf SOH e R e BRI RIS TS ent . " o
sul fur contmreportedyaseeniised@statit®0°Che diluent oil used for making the

car bonat ed, overbased Mannich condensation products of al kyi phenols. The
car bonat ed, overbased Mannich condensation products of al kyi phenol s

t hemsel ves ldnlessiotitarmiisd spedifidd)rall phscanthgds aboireweight perddneahtiehei s
directed to a novel process for the rapid carbonation of Mannich -

9
condensat | JHEFFHGUERMEEPRSIS PISSEHIR: s usi ng et hyl ene carbonate or
al kyl ene-substituted ethyl ene carbonate. W have di scovered that the
et hyl ene carbonate in the carbonation step for the preparation of
car bonat ed, It bas beasaiidmnined thatdhe attsidinity regerezlotthe Gfoug kymgthenol s can  be
used as bot

f bon di oxi d t hyl.: I | . Under th
eact | on cIRANORB GRS FRD Periaciearer RueS spUpPA o5 SRanalN SePvanni ch
condensat i Qfte?tRE welifraRZatRinkofitRB @Y1els 1 melt dbdhiich EonddiwatiBhepad@itson of
car bonat ed, overbased Mannich condensation products of al kyi phenols which

has not - bedfraligdplenaie with aaieiupy hysiroxide. gihedernéeverbheedaahused hereinf
NenoLeh CoNSRSALL Al SRR | Pl BBl S o 1
accept abl e alkygplesndly i aiar e ratlo oh eabonafioddé t6 ahiciurafis Meastd.01

and may be as high as 0.6. In contrast, the equivalent ratio of carbon dioxide

to calcium is 0.0 in uncarbonated Group Il metal Mannich condensation

products of alkylphenol because the neutralization of Group Il metal Mannich

condensation products of alkylphenol is generally carried out with calcium

hydroxide and without carbonation.

Without being bound by any theory, it is believed that one possible chemical
structure of the Group [l metal carbonated-overbased product of the

carbonation step is as depicted below:

A"——CHz : : CHZ_A

O——Ca——0_ _0—Ca—0

Q

wherein R is alkyl and A is an amine or a polyamine.

-18-



condensation products of al kyl phenols without any loss in the quality of
the product. The chem cal and physical properties of the product of the
present process are al so good, including high base content, |ow crude
product sedinent and fast filtration rates. -19 EXAMPLES Cener al
Procedure for Exanpl es Preparation of Carbonated, Overbased Mannich
Condensati on Products of Al kyl phenols Below is described the procedure

general |y UWrérQ%luldfﬂowmmidti@ﬁs@équu?@(r@@ﬂéﬁv%lfuﬂ@fe@% Manni ch
condensatlonpgroducts of al kyi phenols in accordance With the pr esent

i nvention pefoent, anslivfwefewaulptionhemaygeapise gveaiower iexelssifsslfar 46 and

AE are i vy LTl it il add il hd A0 1o HIORRERCERIRCKERS b

react or equi pped w e | NSEér turbrne’ D

stirrer andpgodgdt) womedmnttoﬂmals:@de@bnt-mpewm adtmneeé oetdcxhvamg
conponents were conbi ned: 804.8 %Ba.ms o] Cl5. al k phenol ms of
def oamer, p&irgHPHeNRiA!l vEthased suppiizesh? y 629 ¢ ncre f&fFPB n

Corni ng 168 oft Xonﬁjg.l%ﬁé ﬁq Hﬁbmﬁeéﬂ@og@%w%ﬁgg@ RS G el '

pur chased fro contai ned O 4 percent sul fur.
The cont ent additivehd he&mrbomatmdrevabasecémarmmﬁoﬁondmnsahdn pheductsper at ure was

ranped to 50 d 8 r ans f nononet hyl am ne S ded qver, a eriod of
75 hour - TRKYIRe) adeRERBe e ARsa VRN e sTeinct avantage Refour
cool i ng bei ebAwSC.
et The. 1 S STRIENBHl dotBREHE Yinerdant SRBRGD ) URTIAS Shil Sl oMt 1
140C for 1/ of tmuaddifives isdadow O3 petoegt,twiieh peﬁwoa;nntemte"naam;wesent in

the diluent oil used for making the carbonated, overbased Mannich

condensation products of alkylphenols. The carbonated, overbased Mannich

condensation products of alkylphenols themselves do not contain sulfur.

As noted above, this invention is directed to a novel process for the rapid
carbonation of Mannich condensation products of alkylphenols usihg ethylene
carbonate or alkylene-substituted ethylene carbonate. We have discovered
that the ethylene carbonate in the carbonation step for the preparation of
carbonated, overbased Mannich condensation products of alkylphenols can
be used as both a source of carbon dioxide and ethylene glycol. Under the
reaction conditions using ethylene carbonate, rapid carbonation of Mannich
condensation products of alkylphenols is feasible for the preparation of
carbonated, overbased Mannich condensation products of alkylphenols which

has not been possible in the prior art processes.

The carbonation of Mannich condensation products of alkylphenols using the
processes of the preéent invention provide a product with good alkalinity
reserve and acceptable viscosity compared to the prior art salts of Mannich
condensation products of alkylphenols without any loss in the quality of the
product. The chemical and physical properties of the product of the present
process are also good, including high base content, low crude product
sediment and fast filtration rates.
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was broken with air and 244.4 grans of 150 Neutral oil, which contained
0.278 and 0. 374 percent sulfur, was added to the reactor. The reactor was
cooled from80C to 90C, and the foll owi ng additional components were added
to the reactor: -20 213.6 grans of cal cium hydroxide 18.8 grans of water
The tenperature of the reactor was ranped to 120C whil e pressure was
reduced to 500 nm Hg. The vacuum was broken with air and 58.6 grans of

et hyl ene glycol was added to the regotAqpLpigxture over 1/2 hour. Pressure
was gradually reduced to 500 nn1k? 6V§T‘ﬁ€¥f‘l/2 hour, whil e hol ding the.
tenperature at 120C. The tenpenaia : @eﬂGOC over the next 1

hour. The vacuum was en br.okep it o hyl ene car bonat e
was added to the r,eacH? AR 8?&35%}3’(% Zaﬁ%ﬂ?ggm}ﬂ' e tenperature was
ranped to 200C whil e maxi MgRdeneHtion Pasducidpt Akglghenblke reactor. The

tenperature was nmai ntained at 200C for 1/2 hour. Next, the vacuum was
broken with nitrogen gas and 233.2 grans of 150 Neutral oil was added to

the reactio ] filtration
W th the addeBibls gecHBeahe Brhoclife BeAgtafly JbBa i Thpamontl 1

Car bonat ed, c@benbmdvmedwlar@mnhieosd@msztloﬁrprddmts of falldd phdrpiteimo| s
Exanpl es 1- cted usin the procedure descrlbgd bove, except

re CO
Thal Pt he. anfiteo daue s 16 6 eghrt daRUAN L SHCOTIS Arag S Use was a singl e
am e wh | oofetAmGiEoRBr AR R4S AREYE ERS oLt IR TASER1 BAAD of Lo
0 ents

am nes. Con% ept constant in Test 46 were the Charge‘

Into a 4 liter, 5-neck resin kettle reactor equipped with metal baffle insert, a
turbine blade mechanical stirrer and a reflux condenser (closed at the top),
the following components were combined:

804.8 grams of C10-Cy5 alkylphenol

7.5 grams of defoamer, polydimethylsiloxane, Dow Corning 200®
purchased from Dow Corning

168.2 grams of paraformaldehyde

480.8 grams of 150 Neutral oil purchased from ExxonMobil, which
contained 0.278 and 0.374 percent sulfur. |

The conients of the reactor were stirred to 600 rpm and the temperature was
ramped to 50°C and 88.4 grams of monomethylamine was added over a
period of 1/2 hour. The temperature was ramped to 70°C to 95°C over the
next 1 hour, cooling being employed if necessary to keep the temperature
below 95°C. Next, the temperature was ramped to 140°C for 1/2 hour, and
then held at 140°C for 1/2 hour. Af the end of this time period,‘ the vacuum
was broken with air and 244.4 grams of 150 Neutral oil, which contained
0.278 and 0.374 percent sulfur, was added to the reactor. The reactor was
cooled from 80°C to 80°C, and the following additional components were

added to the reactor:
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Mol e Rati os of parafornmal dehyde at 1.942, of Ca(OH)2 at 0.899, and of water
at 0.362. -21 Table |I below lists the conponents that were varied in

Exanpl es 1-29. Table | Ex. Amount of Reaction Conponents Charge Mdle Ratio
relative to the Alk | henol 1,4- N, phenyl- Diethylene- Ethanol -

Mononet hyl - Phenyl ene 1, 4- Ethyl ene Ethyl ene

tri am neam neam ne- di am nephenyl ene- d ycol Carbonat e di am ne

| --0.987--0. 32809394 r‘r@;cﬂ‘%@m ¥&3 3--0.914--0.2980. 358

4--0.942--0. 2840 358 970--0. 2840. 358 6--0.987--0.3280. 634

7--0.987--0. 3280.18@zgram90@‘0~ater 0. 3280. 394

The temperature of the reactor was ramped to 120°C while pressure was
reduced to 500 mm Hg. The vacuum was broken with air and 58.6 grams of
ethylene glycol was added to the reaction mixture over 1/2 hour. Pressure
was gradually reduced to 500 mm Hg over next 1/2 hour, while holding the.
temperature at 120°C. |

The temperature was ramped to 160°C over the next 1 hour. The vacuum
was then broken with nitrogen gas and ethylene carbonate was added to the

reaction mixture over 1/2 hour.

Next, the temperature was ramped to 200°C while maximum vacuum was
applied to the reactor. The temperature was maintained at 200°C for
1/2 hour.

Next, the vacuum was broken with nitrogen gas and 233.2 grams of
150 Neutral oil was added to the reaction mixture and mixed.

The product was collected after filtration with the addition of a filtration aid.

Examples 1-46
Preparation of Carbonated, Overbased Mannich

Condensation Products of Alkylphenols

Examples 1-46 were conducted using the procedure described above, except
that the amine added to the reaction mixture in Examples 1-29 was a single
amine while Examples 30-46 were conducted using a combination of two
amines. Components kept constant in Test Examples 1-46 were the Charge
Mole Ratios of pafaformaldehyde at 1.942, of Ca(OH), at 0.899, and of water
at 0.362.
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91. 000----0.3281. 000 101. 000----0.3280.697 111.000----0.3281.000

120. 667----0.3280. 667 130.495----0.3281. 304 14-0.997-0.499-0. 3280. 394
15-0.997---0.2840. 358 16-1.047---0.2840.358 17-1.047---0.2840. 358
18-1.047---0.2840.376 19-1.047---0.2840.376 20-1.047---0.2840. 376

21-1.152---0.2840. 376 22-1.204--

.-0.2840. 376 23-1. 256---0.2840. 376

24-1.047---0.2840. 376 25-1.047---0.2840.395 26-1.047---0.2840. 413
27-1. 047- - - DaRl84beld4 lisadhé .cdfnponcdtLBrd0 wbbe valled in ExA0Re2848. 413 The

results obtained for Exanples 1-29 are given below in Tables II
shows the results obtai ned when nononet hyl

Tabl e 11

the Manni ch bases. Table Il Ex. C02/ CaTgplgul fur Viscosity

to V.

am ne was used to

Ex. Amount of Reaction Components
Charge Mole Ratio relative to the Alkylphenol
Diethylene- | Ethanol- | Monomethyl- 1.4- N,phenyl- Ethylene Ethylene
friamine amine amine Phenylene 1,4- Glycol Carbonate
-diamine phenylene-
diamine

1 - - 0.987 - - 0.328 0.394
2 - - 0.987 - - 0.328 0.453
3 - - 0.914 - - 0.298 0.358
4 ~ - 0.942 - - 0.284 0.358
5 - - 0.970 - - 0.284 0.358
6 - - 0.987 - - 0.328 0.634
1 7 - - 0.987 - - 0.328 0.634
8 1.000 - - - - 0.328 0.394
9 1.000 - - - - 0.328 1.000
10 1.000 - - - - 0.328 0.697
11 1.000 - - - - 0.328 1.000
12 0.667 - - - - 0.328 0.667
13 0.495 - - - - 0.328 1.304
14 - 0.997 - 0.499 - 0.328 0.394
15 - 0.997 - - - 0.284 0.358
16 - 1.047 - - - 0.284 0.358
17 - 1.047 - - - 0.284 0.358
18 - 1.047 - - - 0.284 0.376
19 - 1.047 - - - 0.284 0.376
20 - 1.047 - - - 0.284 0.376
21 - 1.152 - - - 0.284 0.376
22 - 1.204 - - - 0.284 0.376
23 - 1.256 - - - 0.284 0.376
24 - 1.047 - - - 0.284 0.376
25 - 1.047 - - - 0.284 0.395
26 - 1.047 - - - 0.284 0.413
27 - 1.047 - - - 0.284 0.434
28 - 1.047 - - - 0.284 0.456
29 - - - - 1.000 0.284 0.413

The results obtained for Examples 1-29 are given below in Tables |l to V.
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Sedi ment (weight 9% (cSt at 100C(vol une 10.3941590. 21154NA *

20. 4251880. 1721912. 0 30. 4242000. 204023. 6 40. 3501960. 165514. 8

50. 3422070. 176931. 4 60.4221860. 201034. 0 70.4921800. 1421410.0 * Data are not
avai l able. Table Il shows the results obtained when di et hyl enetri am ne was
used to nake the Mannich bases. Table 111 Ex. CO21CaTBNSul fur Viscosity
Sedi nent (weight %9 (cSt at 100C) (vol une % 80.3162580. 1830211.0 9NA

2520, 20609%40/@ 1903 GR2RuRS bRAAG: Unbh(ndRORBHNY ARRIOER used to

120. 4891550. 1625116. 0 Data are not available. Table 1V shows the results
obt ai ned whmaketthahanraeh hasesas used to nake the Mannich bases. No data
wer e obtai ned for Exanple 13 because the product was too solid. Table IV

Ex. CO21 CaTBNSul f ur Table ||
Ex. | CO,/Ca | TBN Sulfur Viscosity Sediment
(weight %) | (cStat 100°C) | (volume %)
1 0.394 159 0.21 154 NA *
2 0.425 188 0.17 219 12.0
3 0.424 200 0.20 402 3.6
4 0.350 196 0.16 551 4.8
5 0.342 207 0.17 693 1.4
6 0.422 186 0.20 103 4.0
7 0.492 180 0.14 214 10.0

* Data are not available.

Table 11l shows the results obtained when diethylenetriamine was used to

make the Mannich bases.

Table ll
Ex. | CO,/Ca | TBN Sulfur Viscosity Sediment
(weight %) | (cStat 100°C) | (volume %)
8 0.316 | 258 0.18 302 11.0
9 NA * 252 0.20 609 . 14.0
10 0.310 | 221 0.16 1181 14.0
11 0.336 | 200 0.19 599 1.3
12 0.489 155 0.16 251 16.0

* Data are not available.

Table IV shows the resuits obtained when ethanol amine was used to make
the Mannich bases. No data were obtained for Example 13 because the
product was too solid.
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Vi scosity Sedi ment (weight
1611031.5 160..3902140.1713740. 8
137480.5 190. 401209<0. 057210.5 200. 3921990. 136851. 2
158310. 3 220. 400207<0. 1210420. 3 230. 385205<0. 049170. 3
193310. 8 250. 3902000. 19, 5250. 9 260. 4131960. 134034.0

150. 3472160.
180. 3742080.
210. 3842090.
240. 3821950.

270. 3691970

% (cSt at 100C) (vol ume % 140.4362080. 648520. 8
170. 3852110. 1512822, 2

. 16-3496. 8 280. 3691970. 163496. 8 Table V shows the results
obt ai ned when N-phenyl, |, 4-phenyl ene ghggipe was used to make the Mannich

bases. Table V Ex. CO2/ CaTBNSul fur Viscosity Sedi ment (weight 9% (cSt at
100C) (vol ume_%_290. 144870.103748. 0 Table VI below lists the conpopents
that were vharkEed |i E0Gap| dBM0F 46Subdr gr ps \o$casityy | benzeedimmnitf opat e,
wherein the}al kyl| group gn the péweight%) | (cStat 100°C) | (volume %)

14 0.436 208 0.64 852 0.8

15 0.347 216 0.16 1103 1.5

16 0.390 214 0.17 1374 0.8

17 0.385 211 0.15 1282 2.2

18 0.374 208 0.13 748 0.5

19 0.401 209 <0.05 721 0.5

20 0.392 199 0.13 685 1.2

21 0.384 209 0.15 831 0.3

22 0.400 207 <0.12 1042 0.3

23 0.385 205 <0.04 917 0.3

24 0.382 195 0.19 331 0.8

25 0.390 200 0.19° 525 0.9

26 0.413 196 0.13 403 4.0

27 0.369 197 0.16 " 349 6.8

28 0.369 197 0.16 349 6.8

Table V shows the results obtained when N-phenyl,1,4-phenylene diamine

was used to make the Mannich bases.

Table V
Ex. | CO/Ca | TBN Sulfur Viscosity Sediment
(weight %) | (cStat100°C) | (volume %)
29 0.144 87 0.10 374 8.0

Table V1 below lists the components that were varied in Examples 30-46.

50 grams of alkylbenzene sulfonate, wherein the alkyl group on the benzene

is 80 percent straight-chain Cy-Cz4 and 20 percent branched-chain C1¢-Cis,

was added to the reaction mixture in Examples 35, 36, 38, 39 and 45.

Ethyiene glycol was not added to Example 45.
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Is 80 percent straight-chain C20-C24 and 20 percent branched-chai n Cl10-C15,
was added to the reaction m xture in Exanples 35, 36, 38, 39 and 45.

Et hyl ene gl ycol was not added to Exanple 45. Table VI Ex. Amount of Reaction
Conponents Char a Mble Ratio relative to the A kylp henol 1,4- N, phenyl -

Di et hyl ene- Et hanol - Mnonet hyl - Phenyl ene- 1, 4- Ethyl ene Ethylene

tri am neam neam nedi am nephenyl ene- d ycol Car bonat e di am ne

30--0. 9690. 030- 0. 3280. 394 31--0.9380. 08#e13280. 473

32--0.9690. 030-0. 3280. 315 33--0.9690.030-0. 3280. 473

34--0. 9620. 030- 0. 3280. 474 35-Ardo Gl REB3{tion LBipdiidnts

36- - 1. 010.030- 0. 2980. 358haige NMcRBRA!IS dlatve BBthe3ARyIphenol

38- - 0. 3T40. OBiétnPerslqUER?BI- | Monomethyl- 14- N,phenyl- | Ethylene | Ethylene

friamine amine amine Phenylene- 1.4 Glycol Carbonate
diamine phenylene-
- diamine

30 - - 0.968 0.030 - 0.328 0.394
31 - - 0.938 0.050 - 0.328 0.473
32 - - 0.969 0.030 - 0.328 0.315
33 - - 0.969 0.030 - 0.328 0.473
34 - - 0.969 0.030 - 0.328 0.474
35 - - 1.001 0.030 - 0.328 0.474
36 - - 1.001 0.030 - 0.298 0.358
37 - - 0.882 0.027 - 0.298 0.358
38 - - 0.914 0.027 - 0.298 0.358
39 - - 0.914 0.027 - 0.298 0.358
40 - 0.915 - 0.027 - 0.298 0.376
41 - 0.915 - 0.027 - 0.298 0.376
42 - - 0.961 - 0.027 - 0.284 0.358
43 0.915 - 0.026 - 0.284 0.358
44 - 0.870 - 0.023 - 0.258 0.358
45 - 1.001 - 0.030 - 0.000 0.358
46 - 0.915 0.027 0.284 0.358

The results obtained in the above Examples 30-46 in Table VI are given
below in Tables VIl and VIil.

Table VII shows the results obtained when a combination of two amines,
monomethyl amine and 1,4-phenylene diamine, was used to make the

Mannich bases.

Table VI
Ex. | CO/Ca | TBN Sulfur Viscosity Sediment
(weight %) | (cSt at 100°C) | (volume %)
30 0.413 194 0.19 307 5.6
31 | 0.425 176 0.17 175 6.0
32 0.411 186 NA * 284 8.4
33 NA* 1562 0.23 117 9.2
95



39--0.9140. 027- 0. 2980. 358 40-0.915-0. 027-0. 2980. 376
41-0.915-0. 027-0. 2980. 376 42-0.961-0.027-0. 2840. 358
430. 915- 0. 026- 0. 2840. 358 44-0. 870-0. 023-0. 2580. 358
45-1.001- 0. 030- 0. 0000. 358 46-0.9150. 0270. 2840. 358 The results obtained in
t he above Exanples 30-46 in Table VI are given below in Tables VII and
VI1I. Table VII shows the results obtained when a conbi nati on of two
am nes, norjorgf hyl gegamne|andg4l, - pliety! ene di agggne, was ubad t o [make the
Manni ch_basasaeTab® Mg T LTS AT VL Sgec tyw ght

U VA w'l“g‘lﬁ/() OU@.’JL{-J. J.vj 7L30L J. O ﬂ?;l 4ZO[1L 70 N$ [ . 0
320. 411186NA—22343- NA:1520 D31179 2 125340 ~3971540 19100NAT*
350. 4461600.]23891p .45 414{139710 2701 % 4 370 %851070] 235 2 2
380. 4501930-|. ZHNA 3 0450 193 0.26 NA * 3.2
39 0.454 190 <(.06 178 5.0

) S Ul

* Data are not available.

Table VIl shows the results obtained when a combination of two amines,

ethanol amine and 1,4-phenylene diamine, was used to make the Mannich

bases.
Table VI
EX. CO,/Ca | TBN Sulfur Viscosity Sediment
(weight %) | (cStat 100°C) | (volume %)
40 0.437 183 0.25 573 NA *
41 0.356 190 0.08 681 5.6
42 0.347 196 0.07 947 2.4
43 0.323 203 0.05 926 24
44 0.349 195 0.19 967 2.2
44 0.386 195 0.0 2966 4.0
45 0.385 102 0.21 59 10.4
46 0.350 201 0.00 589 4.0
* Data are not available.
Examples A-E

The preparation of carbonated, overbased Mannich condensation

products of alkylphenols using ethylene glycol and carbon dioxide

Examples A-E experiments were conducted using the same procedure as
used for Examples 30-46 above, except the ethylene carbonate was replaced
with ethylene glycol and carbon dioxide for the carbonation of Mannich
condensation products of alkylphenols. Components kept constant in
Examples A-E were the Charge Mole Ratio of paraformaldehyde at 1.942, of
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390. 454190<0. 061785.0 * Data are not available. Table VIII shows the
resul ts obtai ned when a conbi nati on of two am nes, ethanol am ne and
1, 4- phenyl ene di am ne, was used to nake the Mannich bases. Table VIII
Ex. C02/ CaTBNSul fur Viscosity Sedi nent (weight % (cSt at 100C) (vol une %
400. 4371830. 25573NA * 410. 3561900. 086815. 6 420. 3471960. 079472. 4

430. 3232030. 059262. 4 440. 3491950. 199672. 2 440. 3861950. 09664. 0

450. 385102002(@6]206&0 489, a@abmatem%wﬁm Ethm glyeolwas added antren
Exanpl es A-E arati on of car bgnat rb sed_ Manni ndensati on
product s ofp%”%gpﬁ{lé ”:{E\Jng G@(CW @Wé"%ﬁ% gﬁ OX‘EFB&r‘?r'&ﬁoqc'g%o%xarrpl es
A-E experinents were conduct ed using the same procedure as used for
Exanpl es 30-46 above, except the ethyl ene carbonate was replaced wth

ethyl ene gl lndoramplesdnh &0 arrms efalkibenzanccaulionata.ivdiersmn mrﬁilmdh

Beam oa. A roRBrt s tizePsdt RRIHERSaR oy ARARE SerCPialif B2 a0, of

-26 branched-chain C43-C45 was added to the reaction mixture.

Table A below shows the components used in Examples A-E.

Table A
Ex. Amount of Reaction Components
Charge Mole Ratio relative to the Alkylphenol
Diethylene- | Ethanol- | Monomethyl- 1,4- N-phenyl- | Ethylene COs
triamine amine amine Phenylene- 1,4- Glycol
diamine phenylene
-diamine
A - - - 0.027 - 0.238 0.655
B - - 1.001 0.060 - 0.238 0.818
C - - 0.969 0.030 - 0.328 0.788
D - - 0.969 0.030 - 0.328 0.788
E - - 0.882 0.027 - 0.656 0.358

The results obtained for Examples A-E are given below in Table B.

Table B
Ex. | COo/Ca | TBN Sulfur . Viscosity Sediment
(weight %) | (cStat 100°C) | (volume %}

A 0.480 134 0.29 78 NA *

B 0.600 130 0.17 88 NA *

C 0.375 140 0.29 162 8.0

D 0.564 149 0.26 235 7.2

E 0.456 198 0.31 434 7.2

* Data are not available.
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Ca(OH)2 at 0.899, and of water at 0.362. Ethylene glycol was added over a
period of 1/2 hour and the carbon di oxi de was added over a period of 1
hour. I n Exanples A-D, 50 grans of al kyl benzene sul fonate, wherein the

al kyl group on the benzene is 80 percent straight-chain C20-C24 and 20
percent branched-chajn C10-Cl5 was added to the reaction mxture. Table A
bel ow shovWHMé%%@ﬁ[M% used in Exanples A-E. Table A Ex. Anbunt of
Reacti on Conponents Charge Mdle Ratio relative to the Al kyl phenol 1, 4-

N- phenyl - | Di et hyl ene- Et hanol - Mongnet hyl - Phenyl ene- 1, 4- Et hyl ene CO2
triani neant: neM%&ﬁ?Sa‘?W REFRERY QIRUP @h W%@YCQVBP%?F? eo‘ﬁrb@%ﬁdd‘é?m‘éxmo. 655

B- - 1. 0010. 0608ndaRi8A Prdercts SOMORID: WRiBA cRprides:0. 9690. 030- 0. 3280. 788
E--0.8820. 027- 0. 6560. 358 The results obtained for Exanples A-E are given

bel ow i n Tabl e B.
forming a reaction mixture by combining a Mannich condensation product of

~ an alkylpheno! wherein the alkyl group contains a sufficient number of
carbon atoms to render oil-soluble the resulting Group il metal carbonated,
overbased Mannich condensation products of alkylphenol, a Group Il metal
oxide, hydroxide or C4-Cg alkoxide, one or more promoters, and an alkylene
carbonate selected from ethylene carbonate or a mono-alkyl or di-alkyl
substituted ethylene carbonate, said alkylene carbonate having the

following structure:

wherein Ry and R; are independently hydrogen or alkyl containing one fo
-three carbon atoms; and wherein the combining is carried out for a time and
at a temperature sufficient to form in situ carbon dioxide and alkylene
glycol, or a reacting equivalent, to form a product comprising a Group H
metal carbonated, overbased Mannich condensation product of an
alkylphenol.

2. A process for preparing Group 1l metal carbonated, overbased Mannich

condensation products of alkylphenols which comprises:

forming a reaction mixture by combining a Mannich condensation product of
an alkylphenol wherein the alkyl group contains a sufficient number of
carbon atoms 1o render oil-soluble the resuiting Group !l metal carbonated,
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Tabl e B Ex. C02/ CaTBNSul fur . Viscosity Sedi nent (weight % (cSt at

100C) (vol une % AO0. 4801340. 2978NA * B0. 6001300. 1788NA * (0. 3751400. 291628.0
D0. 5641490. 262357. 2 EO0. 4561980. 314347.2 * Data are not avail able. WHAT IS
CLAIMED IS: | . A process for prepari ng G oup II nmet al car bonat ed,

over based Manni c ens tion products of alk henols whi ch conpri ses:
formng a reacqvieg?? ;}3 90'}9(?%?%'}1%‘09“%%? p@@ﬂﬁ’eﬁs(%FPPBrlll BEEluct of

an al kyi phenoloxzm;en@mxrd@%raika alﬂéﬂé‘@ cﬁ%ﬁh@ﬁe @ro%iérb%rﬁﬁé dumper of
carbon atons to render oil-soluble the resultin nmet al car bonat ed,

“over based Manraligferaaied! sadicarbgy dexide @ndwvfmrw%mémgmm igcated outnet al
oxi de, hydrox'fgfegﬁ]ferom etf! }ﬁg&&!rﬁ'tﬁre ﬁttB%FmB 7 ﬁ‘FEémpﬂE'iﬂ gn al ky' ene

carbonate sel ec car e or AONo- gi- al Ky
substituted etGyuprikemetal barrbanetedsaweibmdwwlenmcbaobmoh@vmdlg;t bh&n
followng stru aﬁ Lllre V\,herei n RL and R2 are independently hydrogen or

al kyl contai ni }@’%r?'? three carbon atons; and wherein the conbining is
carried out for a tine and at a tenperature sufficient to formin situ

o oduct corpr 1 LIRS ol Wi (Blo At I Re o B i o ¢

condensation @mdjuct of an

4.  The process of claim 2 Wherein the Mannich condensation product of an

alkylphenol is a Group [l metal salt.

5. A process for preparing Group [l metal carbonated, overbased Mannich

condensation products of alkylphenols which comprises the steps of:

(a) forming a reaction mixture by combining a Mannich condensation
product of an alkylphenol wherein the alkyl group contains a sufficient
number of carbon atoms to render oil-soluble the resulting Group |I
metal overbased Mannich alkylphenol, and one or more promoters,
and a Group i metal oxide, hydroxide or C4-Cg alkoxide; and

{b) contacting said reaction mixture with an alkylene carbonate selected
from ethylene carbonate or a mono-alkyl or di-alkyl substituted
ethylene carbonate, said alkylene carbonate having the following
structure:

Ry o
>:0
(0]
Ry
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al kyl phenol . 2. A process for preparing Goup Il netal carbonated,

over based Mannich condensation products of al kyl pheno[s which conpri ses:
form ng a reaction m xture by conbi ning a Manni ch condensati on product of
an al ky{phenol wherein the al kyl group contains a sufficient nunber of
carbon atons to render, oil-soluble the resulting Goup I[ netal carbonated,
-28 overbased ManMefeie bdedda a8AngRRsadently @fdrggq(yq)wm@ontaam@@gg |

netal oxide, hyd and a
C2-G 0 alkyl ene é‘?*y”é‘?;@%"ﬂ%‘?ﬁ%ﬂé“&?féﬁ?ﬁz‘ 8 SoflocliRy s FAERLE Prany ' &

carried out for &meand arfitempesatuempidficienirte ferot in siuesarbendiogide andor oduct

conprising a Go b, io
product of an %ﬁﬁyﬂe?q I@f&’k é)(}%Tl%g%rgeéj%sl%Yot %ﬁgﬂﬂ] V\Fllgér}ecl ﬁ{h‘#ﬁﬂ%cz C10
al kyl ene gl ycol . | s (értdupllmneta[ ghr;boohtedébveﬂtkaseﬂﬂ\ﬂm&s@ obnddnaatior? wherein the
Manni ch condensatl o ﬂuct of .an . al kyl phenol is a Goup Il netal salt.
5. A process for @%IBB M. retal car bonat ed, overbased Mannich
condensati on products of aI kyi phenol s whi ch conpri ses the steps of : (a)

formng a ot lon m tu nbi ni n nni.ch con |or1 product of
o 5l Kyl pifeno hiees for BrebatfeTrogp B peel st Bpracd, SGrPrtONEt MRt Rber of
carbon atons tcondemdion Procues oitdiRylbieholLRbich icBehpases thd dtepsiBf:al over based
Manni ch al kyl phenol, and one or nore pronoters, and a Group Il metal

oxi de, hydroxi de or Cl-C6 al koxide; and (b) contacting said reaction

mxture with 49) alidnrlieg e fiest réadtivhenigtk@ by edmbinityae kikylppeaooaidrerat € or a
nono- al kyl or a'?F‘eglf(HSUbStl tuted ethylene carbonate, said al kyl ene

carbonat e havi ng t 19TENR ReNtalEs A RUfiifient number of carbon atoms to rerider
oil-soluble the resuiting Group Il metal carbonated, overbased

Mannich condensation products of alkylphenol with an aldehyde and

an amine, in the presence of an inett hydrocarbon diluent;

(b) contacting said first reaction mixture with a second reaction mixture
comprising a Group Il metal oxide, hydroxide or C4-Cg alkoxide, and a
promoter to form a third reaction mixture; and

{c} contacting said third reaction mixture with an alkylene carbonate
selected from ethylene carbonate or a mono-alkyl or di-alkyl
substituted ethylene carbonate, said alkylene carbonate having the
following structure:

R
1 0

s

O
Rs

wherein Ry and Rz are independently hydrogen or alkyl containing one

to three carbon atoms; and wherein said contacting is carried out for a
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0 -29 wherein R1 and R2 are independently hydrogen or al kyl containing one
to three carbon atons; and wherein the contacting is carried out for a
time and at a tenperature sufficient to formin situ carbon di oxi de and

al kyl ene glycol, or a reacting equivalent, to forma product conprising a
Goup Il netal carbonated-overbased Mannj ch condensati on product of an

al kyl phenol . 6. A timeaedat 3 tamprrapue sHdicenblggorm imsifkrapapsimddeand

over based Manni ch Igw [ ; j > ri ses
the steps of: (a) afl rm n%?gél,f%%a?eg’%%ﬁ%g&%ﬁﬂ*ﬁﬁogﬁ%%o?#\é? %ﬁaﬁﬂﬁ@

al kyl phenol wher eisnGraupd aiekal lcathomated; onerbansd Masnichi atindensatiotber of car bon

atons to render | I ulting Goup Il netal carbonated,
over based Manni cﬁjré%%ggﬁgét%{%@%gbg@ucts of al kyl phenol with an al dehyde

and an amine, in the presence of an inert hydrocarbon diluent; (b)

cont acti ng;sai i Sﬁéﬁj 1 xtu i : I . Xt.ure
conpri si ngY'a éﬂ?)%%go?%[s%eta dg)%lal('jﬂgé 1h§g)rr\§>’<| 8%669%2@%8’[‘@%8@5%@*%(1 a
pronoter to formdacttdiiandliityenobis anGrdupriemetaldaltc) contacting said third
reaction m xture with an al kyl ene carbonate selected from ethyl ene

carbonate or a nono-al kyl or di-alkyl substituted ethylene carbonate, said
al kyl ene cé@r bottat process oftprivhef cldimk19bian®, stherein thecalk@ebe Barbameteisn R1 and

G TR i R N

about 120 minutes.

9. The process of any of claims 1, 5 or 6, wherein the alkylene carbonate is
added to the reaction mixture over a time period of about 30 minutes to

about 90 minutes.

10. The process of any of claims 1, 5 or 6, wherein one of Ry and R; is
hydrogen and the other is hydrogen or methyl.

11. The process of any of claims 1, 5 or 8, wherein the alkylene carbonate is
ethylene carbonate.

12. The process of any of claims 1, 5 or 6, wherein the promoter comprises a

C2-Cyqp alkylene glycol.

13. The process of any of claims 1, 5 or 6, wherein a second promoter
comprises water, a C4-Cs mono- or di-alcohol, ethylene glycol or a mixture
thereof.

14. The process of any of claims 1, 5 or 6, further comprises recovering the

product by filtering the reaction mixture to remove sediment.
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time and at a tenperature sufficient to formin situ carbon di oxi de and

al kyl ene glycol, or a reacting equivalent, to forma product conprising a
Goup 11 netal carbonated, overbased Manni ch condensation product of an

al kyi phenol . 7. The process of any of clainms 1, 5 or 6, wherein the Mannich
condensation _product of an a[kylphenol is a Goup 11 netal salt. 8. The
process of1%n9p hefprecesismy any o clerms 1, Qﬁéﬁe‘i\/h@ftel'fblnatﬁﬁﬁnéﬁ% ican piphate i s

added to the r i @ﬁ‘att r.e. i i fnutes to
about 120 minu e@%’ %_Pa e '%raggg%’gé %@@h}%ﬁ%hﬁ&ﬁg T@gﬂétgrtpr%e%\ﬂher ein the
al kyl ene car baoataining at eddiecha aminoayroem chamantenized by ¢h®passeace ofrat peri od of
about 30 m nutles to aPouf“écﬁO m nut eﬁh'[ 10. The %Ir]GQCﬁss.o anr%. of clains 1,
5 or 6, wher eil ¥ 088 GEU¥L gogBof we ﬁﬂeo‘ﬂng’a YHE YL Hgr@ g'ehydrogen or
methyl . 11. ThenBi®ces§ pimadnimiio gbabpsfonly sdcodtials amier gbips, e batky! ene

carbonate is ethylene carbonate. 12. The process of any of clainms 1, 5 or
6, wherein t hPRFWEHE SCEYHAY JBUNRATOEPS.C10 al kyl ene gl ycol . 13. The
process of any of clains 1, 5 or 6, wherein a second pronoter conprises
water, a Cl- nono- or di-al cohol, ethylene glycol or a mxture _ thereof.
14. The prBtesd1edirogesp giciaimathwhareimthgralighatiqamiieris agiiens digitker i ng
the product bé/diﬁlkwa%ﬁhé‘gai 661??%%?%?&2&%&@%@%&%%@?&6{,Sed' ment. -31 15.

The process of any of clalns 1, wherein in the amne is an
aliphatic amne, an aromatic am ne, a polyfunctional am ne or m xtures

thereof, ONt@idhBEeA of BAF 1R MR HbMEic GhtaRI£5hgRiRY the presence
of at |east one active hydrogen or nethylene group, and wherein the am ne
aromatic amine, a double-ring aromatic amine or mixtures thereof.

18. The process of any of claims 1, 5 or 6, wherein the aldehyde is an aliphatic

aldehyde, aromatic aldehyde, a heterocyclic aldehyde or mixtures thereof.

19. The process of claim 18 wherein the aliphatic aldehyde is formaldehyde or

paraformaldehyde.
20. The process of claim 18 wherein the aromatic aldehyde is benzaldehyde.
21. The process of claim 18 wherein the heterocyclic aldehyde is furfural.

22. The process of any of claims 1, 5 or 6, wherein the molar ratios of the
alkylphenol, the aldehyde and the amine are from about 1:1.8:1 to about
1:3:1.

23. The process of any of claims 1, 5 or 6, wherein the alkyl group of the

alkylphenol is a straight-chain alkyl group or branched-chain alkyl group

containing at least 10 carbon atoms.
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contains only primary am no groups, only secondary am no groups, or both
primary and secondary am no groups. 16. The process of claim 15 wherein the
al i phatic amne is an al kyl ene diam ne, a dialkylam ne, a pol yal kyl ene

pol yam ne or mxtures thereof. 17. The process of claim 16 wherein the
aromatic amne is a si ngl e-ring aromatic am ne, a double-ring aromatic

ani ne or %t dhepre fclaimg23 wherept heesdigtt-chaip Jkylaregmerthe 5 or 6,

V\hereinthealﬁmﬁg 1Sy |4 Lcos Al , j a

het er ocycl i ¢ al de y?e&%r“?%kgtqj@g@&?ﬁglr%ﬁh %gsutl'ﬂzee%r%%g%@h%g] éc{ﬁtg‘l‘tm 18
wher ei n t he alG0ptaboramimehyde i s formal dehyde or paraf or mal dehyde. 20.
The process of claim 18 wherein the aromatic al dehyde is benzal dehyde. 21.
The process of claim 18 wherein the heterocyclic al dehyde is furfural. 22.

The proces?p.ofThergroogssodtailaig 23 whersin the alkid geoup ofibe @ityiphanat ¢odaios t he

al kyl phenol , ] rLQm: t. i 1.8 1t bout
1:3:1. 23. Théﬁtbﬁ? gég@% az%g** i@‘?E’F"E% Ergm%w%'jegg%\?‘\ﬂﬁéfq}ﬁ ?Héma‘eﬁwl group
of the alkyl greum cortainingtfram gbbuictfadonataluk 36 cgrimnpatomstaraifedradbobai n al kyl
wher oi n the. stiibgheut i Bite RPiEP! BRbeheShenaoh B HARGANEIANA PRyl group
contai ns fromaRaud td Abe@ M¥hBéPERME about 50 carbon atoms. 25. The
process of claim 23 wherein the al kyl group of the al kyl phenol contains

from about 25 to about 100 nol e percent predom nantly straight-chain al kyl

groups con@i MHROrHEess GFPalin IPwherePiidlalRa FRIPENha i Rhel ésMamngbout 75

to about O nol e percent branched-chain al Kyl groups containing from about
9 to about 18 fraam BBAUtAGIPEaboRE 70 made petreat Bregpminantiv strrigishaimelie al kyl

group of the g kyldheRahing3RrALBSut 15 to about 35 carbon atoms and from about

60 to about 30 mole percent branched-chain alkyl groups containing from

about 9 to about 18 carbon atoms.

27. The process of any of claims 1, 5 or 6, wherein the alkyl group of the
alkylphenol is attached predominantly at the para position of the phenol

ring.

28. The process of claim 27 wherein the alkylphenol containing the para
attachment of the alkyl group is from about 70 to about 95 weight percent of

the total alkyiphenol.

29. The process of any of claims 1, 5 or 6, wherein the Group |l metal oxide,
hydroxide or C4-Cg alkoxide is selected from the group consisting of
calcium, barium, and magnesium oxide, hydroxide or C;-Cg alkoxide and
mixtures thereof.

30. The process of claim 29 wherein the Group Il metal oxide, hydroxide or

C4-C; alkoxide is calcium hydroxide.
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from about 40 to about 70 nol e percent predom nantly straight-chain alkyl
groups containing fromabout 15 to about 35 carbon atons and from about 60
to about 30 nol e percent branched-chain al kyl groups containing from about
9 to about 18 carbon atoms. 27. The process of any of clains 1, 5 or 6,

wherein the al kyl group of the alky IPhenoI is attached pr edom nantly at
the pars poki t' BPdBet Rde b did procesy gt amgof opignspl. Se@iss vatereindhenCOz wher ei n

the al kyl pheng}, C%Oﬂéﬁlé'o@tﬂwprbﬁﬁctﬁé‘hﬁthe%ﬁ f@%ut@fmtg)y Satukple group is from

‘about 70 to about 95 wei ght percent e total | phenol'. 29. The
process of any of clains 1, 5 or 6, \/\herel n the Goup Il netal oxide,
hydroxi de g7 (ﬁld&@r@édﬁ%p@%drﬁaﬁﬁéﬁ&érﬁ%dﬁfti@@‘cbﬁ%n@fn LéOGFdUbSI'I pldt&)g of
cal cium barium and nagnesi um oxi de, hydroxi de or al koxi de and

m xtures t her @@fborgted, Perhmsed ddannigh @Qraieﬁsat@m\wr@d@ctﬁ on‘la&ytah@upISI | netal
oxi de, hydr oxi I | I i : I pr oduct
made by the prst%gde rrodu&ao%@m/% H%gﬁﬁd %ﬁgf@ﬁ?%@%@#%@ép%%{ ﬁ2§%61 %dg\ Ca
rati o of the mhodti®®B.is in the range of about 0.01 to about 0.6. 32. A

det ergent - di spersant anti oxi dant additive conprising a G oup 11 netal

.car bonat ed, overbased Manni ch condensati on products of al kyi phenols, said
product adifi.t i diﬂeigegt—disﬁ]é)%anbarﬁ'mxi@ni additive bieclaiang2 hatinglao©. 01 to
about 0.6. 33. Th det.er gent - R&l t _antioxidant additive of claim 32
havi ng a Ccp {GP 14 145 6198 A ABOVEGGL0 8POUER: 0.3 to about 0.5. 34. A
det ergent - di spersant antioxi dant additive conprising a Group I f netal

Pk e N e
carbonated, overbased Mannich condensation products of alkylphenols
wherein the Mannich condensation products of alkylphenol is a
condensation product of an alkylphenol, an aldehyde and an aliphatic
amine, an aromatic amine, a polyfunctional amine or mixtures thereof, said

additive having a CO; to Ca ratio is in the range of about 0.01 to about 0.6.

35. The detergent-dispersant antioxidant additive of claim 34 wherein said
product additive has a CO; to Ca ratio in the range of about 0.3 fo about
0.5.

36. A Mannich condensation product comprising a reaction product of an

alkylphenol, an aldehyde and N-phenyl-1,4-phenylene diamine.

37. The product of claim 36 wherein the alkyl group of the alkylphenol is a
straight-chain alkyl group or branched-chain alkyl group containing from
about 10 carbon atoms to about 50 carbon atoms.

38. The product of claim 37 wherein the alkyl group of the alkylphenol has
about 12 carbon atoms to about 24 carbon atoms.
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condensati on product of an al kyi phenol, an al dehyde and an aliphatic

am ne, an aromatic am ne, a polyFunctional am ne or m xtures thereof, said
additive having a CO2 to Ca ratio is in the range of about 0.01 to about
0.6. 35. The detergent- dispersant antioxidant additive of claim 34 wherein
sai d product additive has a ratio in the range of about 0.3 to

about 0. %9 38h enrwﬁiaptﬁiamﬁ@@ft%%mane Bldshyee Ismpinhetiagldehydect i on

product of anarcﬂt'igt}'déiﬁsﬂw o, aHutétbBRik %%a%e%mﬂwéstiaeﬂeo@henyl ene di ani ne.
37. The product of clai 6 wherein the al'kyl group of the al kyl phenol is a

strai ght-chain al kyl group or branched-chain al kyl group containing from
about 10 cgr b%e%r@cﬂf&:tbpclémgg \nﬁ{ér&ﬁrtﬁ@Qliiﬁ'iaﬁﬁ%ide?@de-@gai@'f&ﬁi#ﬂe Hec! ai m 37
wherein the alk¥ group of the al kyi phenol has about 12 carbon atons to
about 24 carbehfaimeiaehydg4 X39. The product of claim 36 wherein the

al dehyde is an aliphatic al dehyde, aromatic aldehyde, a heterocyclic

al dehyde or m xtures thereof. 40. The product of claim 39 wherein the

al i phatic al dehyde is parafornai dehyde or formal dehyde.
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