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' Polyalkenyl substituted mono- and dicarboxylic acid producing materials
~ have been prepared using a orie-ste‘p chloro proc_ess' in w_hich'a_ polyalkéhe and
an unsaturated mono- or dicarboxylic acid producing _compodnd are reai::te'q_ at
_ elevated temperature in the presence of chiorine. The polyalkeny! mono-or
30 ~ dicarboxylic acid materials have also been 'p?epared using a two-step chloro
process in which the_pdlyalkene is chlorinated in the first step and the resulting
chlorinated polyalkene is then reacted with the unsaturated mono-or
dicarboxylic compound at elevated temperature,.' The one- and two-step chloro
. brocesses’ can produce polyalkenyl substituted mono - or 'dicarboxylic_acid o '
35 materials in relatively high yields and without the formation of substantial
amounts of sediments and other undesirable byproducts. On the other hand,
these products typically contain residual chlorine, and environmental concerns
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" The resulting product had 0.2% sediment. The procedure of Example 1 was
followed in Example 2 except that no sulfonic acid was present. The resulting
_product had 3.0% sediment, based upon which the patent discloses that it is
" 30 apparent that the presence of-about 0.13 wt.% of an acid reduced the sediment
formation by 93%. T | .
 Improved thermal ene processes utilizing polyalkene reactants having a
relatively high proportion of 'termi'_nal double bonds have also been disclosed.
Terminal double bonds, particularly terminal vinylidéne bonds, in polyalkenes
35 are recognized to be generally more reactive in the thermal ene process than
" internal double bonds. US-A-4152499, for example, discloses that adduct
formation between maleic anhydride and-polyisobutene virtually only occurs -
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: terminal ethenylidene (i.e., vinylidene) content with monounsaturated carboxylic
reactants. The patent discloses that the ethylene-a-olefin polymers readily
undergo thermal ene reactions under conditions in which the formatjon of
_sediment or other-byproducts contributing to product haze is greatly minimized
30 oravoided altogether. It is further disclosed that the resulting eéne reaction
product mixture can be employed, without filtering, centrifuging, clarification,
phase separation or other conventional product purification treatments. =
~ There is a continuing need for the development of improved thermal ene -
processes. In particular, while prior art processes employing tar suppressants:
35 and sediment inhibitors have reduced the amount of sediments and/or tars, they
have not generally not eliminated their formation, particularly as applied to
polyalkenes having a low content of terminal vinylidene polymer chains.
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producing compound, the process comprising the step of reacting the
25 monounsaturated C, to Co dicarboxylic acid producing compound with a
polyalkene having a number average molecular weight of from about 300 to .
5000 in the presence of a sediment-inhibiting amount of an oil soluble
hydrocarbyl substituted sulfohic acid at a reaction temperature of at least about -
. 200°C (e.g:,.ffbm about 200 to 300°C) under an inert gas partial pressure of at
30 least about 200 kPa (e.g., in the fange of from about 200 to 1 000 kPa)andina -
mole ratio of monounsaturated dicarboxylic acid producing compound to
polyalkene of from about 0.9:1 to 3:1, the process being characterized by the -
substantial absence of tar formation and the polyalkeny! derivative being
characterized by containing sediment in an amount of no more than about 0.1 |
35 volume percent. - | S '
. In a preferred embodiment of the invention, the process further comprises
the steps of providing a mixture of the polyalkene and the oil soluble
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| processef the invention involves the reaction of a pol yal kene W t h a

BRIEF DESCRIPTION OF THE DRAWINGS |
- Figure 1 shows the tar deposits on the reactor internals at the conclus:on
of the reaction described in Example 1.
Figure 2 shows the tar deposits on the reactor lnternals at the conclusion
25 of the reaction described in Example 2.
Figure 3 shows the varnish on the reactor internals at the conclusion of
the reaction described: in Example 3. ' o

'_DETA!LED DESCR!PTION OF THE INVENTION

30 The process of the invention involves the reaction of a polyalkene WIth a.
monounsaturated mono- or dicarboxylic acid producing compound at high
temperature under a high inert gas partial pressure in the presence of a
sediment-inhibiting amount of hydrocarby! substituted sulfonic acid. The =~ .
reaction proceeds by the addition of the mono- or dibarboxylic acid producing

35 reactant to the polyalkene with the monounsaturation in the mono-or
dicarboxylic reactant becoming saturated. -
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25 While the polyalkenes are generally hydrocarbon polyalkenes, suitable
polyalkenes can contain non-hydrocarbon moieties such as lower alkoxy (lower - -
- i$ defined as g‘rbupé having up to'7 carbon atoms), lower alkyl mercapto,
hydroxy, mercapto and carbonyl, provided that the non-hydrocarbon moieties do
not substantially interefere with the process of the invention; i.e., they do not
30 interfere with the thiermal ene reaction between the polyalkene and the
monounsaturated mono- or dicarboxylic acid producing compound. The non-
hydrocarbon moieties can be introduced into the polyalkene by employing
polymerizable olefin monomers containing non-hydrocarbon substituents in the -
preparation of the polyalkene. ' '
35 The polyalkenes have a humber average molecular weight in the range of
from about 300 to 5000 (e.g., 700 to 5000), preferably from about 300 to 3000
(e.g., 700 to 2500), and more preferably frorn 400 to 2500 (e.g., 400 to 1200).



30 interfere with the thermal ene reaction between-the polyal kene and the
nmonounsat ur awexbgmmn®- .or di carboxylic acid praduci ng conpound.pdtressmoess
hydr ocar bon noi eti es can be introduced into the polyal kene by enpl oyi ng
pol ynmeri zabl e ol efi n nononmers cont ai ni ng _ngr_l- hydr ocar bon substituents in

t he preparation of the polyal kene. 3 The pol yal kenes have a
nunber aver nmol ecul ar wei ght in the range of from about 300 to
5000 (e.g., can beodetprminest by aevsral koawadechnigoes sucl3@sael permeatioy. |

700 0 2500) enifbtBBripHY CEPEY, VYaddr PRl odhonalty, pfutén NdRCGdPcadiihi13

WO 98/ 31718
PCT/ US97/ 100MMR. GPC additionally provides molecular weight distribution ('MWD")

ot oy ar O, Bdh RfeR@ARE 3 thoaNTad GSEIspuRGE WiiFts dterinbany’ | on
RGeS, oG i Atyvelabl BversaRnBlagiar Weiolht Nk 0P Mus MWD SpBLE
ot o ned by e B P Y SO e B es of Werr 1) 10
VLerr] i redagon Tybicaly? howguer ad belvlieriansiave wRGorgss dadh BhRlt 6.
pol ynmer for the pThegssyalkehds san be furtheecharatterizad by their tdrmirakevinylidene
Do Yor e Sa¥Bok 7R Blyb5Re KA BARHG derying idene I BIRE fHa80 8"
pol yal ke cimdthe arhesmyteminal dthemylidengl group cgn berepatsantediasrPOllYio 10
inth t 4 i ' POLY -
R morer 1 SRR Wired RORYr BRI Mo S8 enfity BBbEREE LN e
NDNONEer uni t@‘q\oﬁ?ﬁfmlt%ﬂ@mé'v@§h}%$ rehy@lkeneajisiderived @.g. R s methwdfory| f or
pol yi sobut eng&n ; d?ﬁhéj arkd POLY mbnémaiﬁaeﬁmpecﬁ ?élkgﬁ@ cRBM. “Tﬂé.f h§5
Per cent ages. BTCGNKAGe b fie,belymsr shalns 1vitd oAl VBYISRIeISnatie ned by
26 OE on1 O1 05/() percem{tm_ af 'StHWR: peobvfysibfie uesaturatiog cfah deétbt ridirad by @hotoe. g.
o] 9 r Vi S r r,r eLLl o
eact i ve poﬁﬁ@ﬁ&?ﬁ RR 2 RENEs PVl o e Rt ARl (B o581 1HRpe
reactivity miraiptioylisterienchains are referned| todiereipr as eeagtivegpalyalkenes, t he
anal 0gous popyahkRNEs mp&yé%ér%%%eha% hélde 2R rﬁ@g&(\/“i’tygﬂheﬁeﬁfb@%@o ina
termnal vin ?I dene c%a ns; 1.e., polyal kenes™wtha ' ow (l'ess, than
“about 30% tmpneimype%ﬁéleéwmteﬁ%e BeRlPaRIsRRIKalkensRdAving lesgdiaRe of

conver siZm t Spout 30%! (V@ , RAbYU% PrReMinH) deiylRienbiiigs; 1 RAChbI98lkenes with a
condi tions. l'I'hu reactions é%ﬁ I alla< nes.<¥v| th lf(h)!\év Egﬂrﬂ nah Vi nél‘lﬂdene _
content  lawiessFign pagd: S trgnalnyidee content tend GhaygRIWRERC i on
t enper at ur esdegrezbof eariversienthgniréactivet polyalkenes umdeo anatogtas readtion
breof ton’ acEanpliBhe: Tbist FekkBrady polvalséhisrith tof elfinal iV dERERonfE
t he reacti ontypigaliyrequirellopgersreastion timesang/ar kighes reaation temperatures to
25 achieve significant conversion to the desired polyalkenyl derivative products, as
a resuit of which the reactions are often accompanied by the formation of more
sediment and tar than the reactions of the analogous reactive polyalkenes. In |
any event, both groups of polyalkenes are suitable for use in.the process of the
_invention; i.e., the process of the invention results in the reducfio_n or elimination
30 of sediment and tar formation, as applied to polyalkenes having either a low
(less than about-30%) or a high (at least about 30%) content of terminal
vinylidene chains. L
Preferred polyalkenes include polyisobutenes (i.e., homopolymers of
isobutene) and polybutenes. The polyisobutenes and polybutenes can be
.35 reactive polyisobutenes and reactive'polybutenes, i.e., those having at least
about 30% terminal vinylidene chains. The reactive polyisobutenes and -
polybutenes preferably have at least about 50% (e.g.; 50 to 95%) and more
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25 Exenpl aPjoRANG Ruteneily hexanen'e ostesischet-mstbyioentanes], decenmrly
dodecene-1, and mixtures thereof (e.g., mixtures of propene and butene-1).
25 Exemplary of such polymers are propene homopolymers, butene-1 -
~ homopolymers, ethylene-propene copolymers and the like. Preferred polymers
are those derived from ethylerie and the C; and C4 a-olefins of the above
formula; i.e., ‘polyethylene, polypropene; polybutene-1, and copolymers of
- ethylene and propene, ethylene and butene-1, butene-1 and. propene and
30 ethylene and propene and butene-1.
) The molar ethylene content of the unsaturated ethylene copolymers. -
employed in the process of this invention is preferably in the range of from about -
20 to 80%, and more preferably from about 30 to 70%. When propene and/or.
butene-1 are employed as the comonomer(s) with ethylene, the ethylene
35 - content of such copolymers is most preferably between about 45 and 65%, -
although higher or lower ethylene contents may be present,
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sel-ected frproducihgtompoandsrdltis t@enerally selected from C; to C4o monounsaturated
25 dicarboxylic acids and esters derived therefrom. The monounsaturated
-~ monocarboxylic compound is typically selected from the group consisting of (i)
monounsaturated Cs to Cyo mbnocarboxylic acids wherein the carbon-carbon .
double bond is allylic to the carboxy group; i.e., of the structure -C=C-C(=0})-,.- ... -
- and (ii) esters of (i) derived from C, to Cs.alcohols. Exemplary mo‘nocarboxylic
30 reactants are acrylic acid, methacrylic acid, cinnamic acid, crotonic acid,
" isocrotonic acid, and the C, ta Cs alkyl esters of the foregoing (e.g.; methyl
acrylaté, methyl methacrylate, ethyl acrylate, and the like). _
The dicarboxylic reactant employed in the process of the invention is at
least one C,4 to C4o monounsaturated dicarboxylic acid-producing compound and
35 . is generally selected from C,4 to C4o monounsaturated dicarboxylic acids, and the
esters and anhydrides derived therefrom. The monounsaturated dicarboxylic
compound is typically selected from the group consisting of (i) monounsaturated
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about 10 wt.% of the total weight of the atoms in the hydrocarbyl substituent.
25 The preferred hydrocarbyl substituent is alkaryl, and the preferred
suifonic acids are accordingly alkaryl sulfonic acids. Alkaryl sulfonic acids can
- be obtained by sulfonating alky! substituted aromatic hydrocarbons such as
those obtained from the fractionation of petroleum by distiliation and/or
. extraction, or by the alkylation of aromatic hydrocarbons as, for example, those
30 obtained by alkylating benzene, toluene, xylene, naphthalene, and biphenyl.
Preferred alkaryl sulfonic acids include those obtained by the sulfonation of
hydrocarbons prepared by the alkylation of benzene or toluene with 'tri-, tetra-or
pentapropene fractions resuilting from propene polymerization. |
The élkaryl suifonic acids typically contain from 15 to 76, preferably from
35 24 to 40, and more preferably from 28 to 36 total carbon atoms. The aryl moiety -
can be derived from any aromatic hydrocarbon such as benzene, napthalene,
anthracene, biphenyl, and the like, but is preferably derived from benzene or
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The reaction between the polyalkene and the monounsaturated mono- or
25 dicarboxylic reactant is conducted in the presence of the sulfonic acid at a
temperature of at least about 200°C. The temperature is suitably in the range of
‘from about 200°C up to a temperature at which decomposition of one or more of
the components in the reaction mixture occurs. The temperature is typically
_from about 200 to 300°C, preferably from about 210 to 250°C, and most.
30 preferably from about 225 to 245°C (e.g., 230 to 240°C). :

' The reaction is conducted under an inert gas partial pressure of at Ieast
about 200 kPa (gauge). The inert gas partial pressure is typically in the range
of from about 200 to about 7000 kPa, although higher pressures can be used
(e.g., up to about 70,000 kPa). The pressure is preferably in the range of from

35 about 200 to about 3000 kPa, more preferably from about 200 to 1000 kPa (e.g.,
- - 200 to 700 kPa) and most preferably from about 400 to 700 kPa. Unless -
otherwise indicated, all pressures disclosed herein are in gauge. The inert gas



20 the selected reaction tine and conditions. The amount -of sulfonic acid

- enpl oyed Wb%{ﬁﬁ’if esent invention is typically in the rangepgfmsgmmout
0.05 to .% preferably 0.15 to 0.5 w. % based on the total

wei ght of the pol yaI kene and the rrp{m- or dicarboxylic reactants.
The reaction between 't he pol yal kene and T he  nonounsat ur at ed nono- or 25
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mono- or dicarboxyiic acid compound and the hydrocarbyl substituted sulfonic

25 acid is introduced into the reactor below the reaction temperature, after which
the reactor is pressurized with the inert gas to the selected inert gas partial .
pressure and sealed. The reactor is then brought to and maintained atthe =
selected reaction temperature for the selected reaction time, usually with -
continual stirring. The mixture of reactants and sulfonic acid can be mtroduced

30 into the reactor in any convenient manner prior to pressurizing and heating to .
reaction temperature. For example, they can be individually charged to the .
reactor concurrently or seguentially in any order; or they can be mixed together
in @ separate mixing vessel, followed by charging the mixture to the reactor; or a
mixture of the polyalkene and sulfonic acid can be charged separately to the

35 reactor, either coricurrently with the charging of the mono- or dicarboxylic acid
producing compound or sequentially in either order. However introduced, the
polyalkene is normally in liquid form (e.g., polyalkenes which are normally solid



2:1), and preferably in a nole ratio of fromabout 1.1:1 to 1.5:1 (e.qg.
1.1:1to wOoms4718). The use of. nole ratios below 3:1 in thq)@rmsgquggf
the invention is 20 necessary in order to inhibit the formation of tar.
The process of the invention can be condygted in batch, staged or
continuous reactors, but is preferably run in a pressure reactor. In one
enbodi nent of the process, a nixture of the polyal kene, nonounsat urat ed
nmono- or diataoboxignmperature areripwoddeediad a melttal dhigharteyipesatuses) and the
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nmono- or diREPRRENRIYE t%@ﬁb@ﬁ&"%&@ﬁ"ﬁ%’rﬂﬁ Iscaley the addition of the
nono- 20 di car bORlyé beoddtibiNiite dahaaé eﬁsﬁaueﬁz%dqrﬁéﬁhé iof @te flActiondifty nert
gas and hel ch f‘ ﬁ'befta on terrpefJ ure Le é e sel sectB%Grer%ctl on tine.
At the concVUSTER T aVRAdeAINPELOT Rles QLMPPPHESHHERGEMAN e e i s
normal |y  dicarboxylic eehcztanrwmmhmavwramt@pwmatmnbpolyalkéneamrlrmpg_drto thei d
Pt oduct o dgariaf MR i dhddBeRb ik r@rﬁ%ﬁ%ﬁS{s}r%&W@P?@%ﬁW?h or
wi t hout a \Raseshupamthesapenification numb@ré AP efthe peedidt spixtuse antbthgesi r ed
pol yal Bgne Nier bihk! pilysikeRe chafged! SARYIs the number of milligrams of KOH .
consumed in the complete neutralization of one gram of the resulting product
mixture, and can be determined using ASTM D94. The average number of
-succinic groups per mole of product mixture obtained when reacting maleic
_anhydrlde with polyalkene is determined using the following formula: [SAP x
30 Mp}[112,200 - (SAP x 98)] :
| The functionality of the polyalkenyl derivatives resultmg from the process
of the invention is typically at least about 0.5 and preferably at least about 0.7
(e.g., atleast about 0. 9). Functronahty is typlcally in the range. of from about 0.7.
to2(e.g.,091t02). In one preferred embodiment the functionality is in a range
35 from about 1 to 2 and preferably from about 1.1 to 1.5 (e.g., 1.1 to 1.4).
The product mixture can also be characterized interms of its active
ingredient ("Al"), which is the weight fraction of reacted polyalkene based on the



substituted nono- or dicarboxylic acid producing material) and at |east
sonme %%gisonal i zed pol yal kene. The unfunctionalized po} lﬁ -)'fﬁ&% IS
normal 'y not renmoved fromthe product m xture, because sUch renoval
is difficult and woul d be expensive to achieve on a conmercial scale.
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of sedi % nt unger Examgle %5 exc-'zmphiu es a reactor which has been employed in the
process of the invention and which is clean except for this varmsh
The products of the process of the invention are useful per se as
additives in lubricating oils, fuels, and functional fluids, but are more typlcally |
_employed as mtermedlates for producing addmves The polyalkenyl derlvatlves
30 can, for example be reacted with monoamines, polyamines, monoalcohols,
polyols, and/or amino alcohols to form products having nitrogen-containing
functional groups (e.g. amides or imides) and/or ester functional groups, which
products are useful as dispersants or detergents in lubricating onls fuels, power-
transmission fluids, gear oils, and the llke -
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The resulting product mixture normally has such insubstantial anounts of 15
sedi nent t W 98/317e8n be used as an additive .or a chem cal i npPeTnSd7/#088

wi t hout treatnent to renove the sedinent. The process of
the invention is characterized by the sufstantial absence of tar
formati on. As used herein, the substantial absence of tar formation refers
to a reactor whose surfaces formng the reaction zone (including reactor
walls 20 EXAMBEESnal s such as stirrers, piping and the like) can be
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a sediment content of 3.0 vol.%, kinematic viscosity at 100°C of 64.33
centistokes, and an ASTM D1500 color rating of lighter than 6.0. The reactor
had a heavy tar deposit almost entirely covering its walls and internals. Figure 1

25 is a drawing of the post-reaction reactor internals (including head 1, cooling
water tube 2, and central stirrer shaft 3 having three turbine blades 4)
subsequent to discharge of the reactor contents. Figure 1. shows heavy tar
deposits 5 on the internals. The tar was removed from the reactor internals and
_walls by dissolution with a solvent cleaner sold under the tradename Decon 80 .

30 by Decon Laboratories Limited (U'nited Kingdom), which is an emulsion
containing anionic and non-ionic surface active agents, stabilizing agents,
alkalis, non-phosphate detergent buliders and sequestering agents in an
aqueous base. Following dissolution, the solvent cleaner was evaporated and
the residue dried at 100°C leaving 62 grams of tar residue.

35 '



. N . 4
reaction mxture was maintained with stirring at about 220[err]C for six
hours, 15 dgigrighi ch tinme the total system'pressure incregs@guéd bout
0 kPa (0 ps?}g to about 760 kPa (110 psig) after three hours gﬁ to
about 966 kPa (140 psig) after six 3 urs. The reactor was subsequently
cooled to 60[err]C, the system - preSstre was vented, and the reactor
contents discharged. The di scharged reactor contents were stripped
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gg—? tgég /10 gag of greater than 8.0. The reactor had a slight to significant tfé deposit
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was repgnat eﬁosﬁé“a‘éﬂbn trBaétof imernals (1916 éﬁeadm @86Rhg Wdteﬁ@xbétz Ghd

~cont-ai ni ng about, 70 % of . an, a a n benzene
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Lotal syst G FSRTER. 15 aansione, RFale iy e fingrl tedefifand’s,

(89 . pstigsolftioarevaparationurging emocedureatascribeddn S@mpled0 psi g) after
si x houy f The di scharged reactor contents were stripped wth nitrogen
for one hour at 1 30[err]Cto 10 renove unreacted nal ei c anhydride. The
stri pped prEEQElElﬁn'ixture (< 0.1 Wm,% mal ei ¢ anhydride) had a-

saponi fication nype ro@édér@aéde@cr%ﬂ FEBkampi! 2 WasTepeated, @xeepbihata
Fating of gPURKEN RafA! BraFsO b%@ae%ﬁﬁaa‘?és ias@maﬁ apgi‘%r?ﬁfsf’oaarﬁeaﬁaa
deposi t the reactor. The total system pressure increased from 449 kPa (65 psig) to
25 about 890 kPa (129 psig) after three hours reaction and then decreased to 704
kPa (102 psig) after six hours. The discharged reactor contents were stripped
with nitrogen for ‘ane-hour at 130°C t6 remove unreacted maleic anhydride. The
stripped product mixture (<0.1 wt.% maleic anhydride) had a saponification
- - _number of 177.6, a sediment content of 0.1 vol.%, kinematic viscosity at 100°C
30 of 73.58 cSt, and an ASTM D1500 color rating-of 8.0. The reactor had a yellow
to brown varnish on less than 25% of its walls and internals, with the balance
having no observable tar. Figure 3 is a drawing of the post-reaction reactor -
internals (including head 1, cooling water tube 2, and central stirrer shaft 3 '
having three turbine blades 4) subsequent to discharge of the reactor contents.
35 Figure 3 shows that the reactor internals are clean except for some varnish
indicated by the shaded surfaces. 3.2 grams of tar residue was abtained from
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or sone v [ . r ar
esi due wagé nlg?)g nte §¥%t§ﬂ4 &aets%r&%a%@%@g@%ﬂé 13t cotitén@ G8Enafgel’
PCT/ US97/ 108 stripping the discharged reactor contents with nitrogen for ong hour at 130t he
t o d bed :
Ecanpl 401 Ctd Ripdl e Sl e iRty ae; %S%Pﬂéfgaaﬁﬁ‘t@%@‘?s descr i bed
i n Exarrpl e cpnt@lemgg%eéﬁéhan 0.07 wt. /e malei @Fﬁd&ewa% "E}/ RA¥E B a sulfonic
aci d m ner f%iaﬁbdlfc%ﬂohtmﬂﬂbéﬁof 176. QdQﬁﬂII&%OUBO%@é@dlﬁ\emmntémrcﬂﬂs o a

2-liter st g |, Par % or, and then heated under
~a nitrogen b ﬁ@gé FZ"B(ﬂ"\S{ ﬁoﬁoglr?pngg?gﬁ ipe reacto\,\ﬁagmlg{ i trogen
parti al prmspfeamwalmﬁﬁaet(rms padgjo oserupbleitead and 10 the reactor
seal ed PThe reaction mxture was maintained with stirring at about

230[err[C for eight hours, during which time the total system pressure
i ncreased tExample & naxi num of about 1740 kPa (252 psig). The reactor was -

subsequent |y cooj4sh grams of a polybutene as in Example 1 and 5 grams of a sulfonic

acid mineral oil solution as in Example 2 were charged to a stainless steel
Baskerville autoclave reactor (5 liter capacity), and heated to 240°C with sttrnng

25 under a blanket of nitrogen. 766 grams of maleic anhydride were then added to
the reactor and a nitrogen partial pressure of about 449 kPa (65 psig) was |
applied and the reactor sealed. The react»on mixture was maintained with
stirring at about 240°C for six hours, during which time the total system pressure
.increased to a maximum of about 2030 kPa (294 psig). The reactor was

30 . subsequently cooled to 130°C, the system pressure was vented, and the reactor
contents discharged. After stripping the discharged reactor contents with
nitrogen for one hour at 130°C to remove unreacted maleic anhydride, the
stripped product mixture containing less than 0.07 wt.% maleic anhydride was
found to have a saponification number of 170.9, an Al of about 0.78, & 'sediment -

35 content of 0.1 vol.%, and an ASTM color rating of less than 5.0. The reactor

' had nil tar deposifs; i.e., its walls and internals had no observable tar. -
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'PCT/ US97/ 100 Ex@80 e 6 was confuct ed

eaction tdmpenatare Cand 230

usi ng the sa eneral. procedure. as described in anpl e 4, and] Exanpl e
7 was conduct Bgagﬁ%hfff?e&‘g gener aP pr ocedure1g described ih

4

Exanpl e 5. Thej { on paraneters enghiydtdioxide thQﬁﬁ}o?éﬁ.le es anfl the
properties ofy the Stripped product m xtures were as ol | ows: :

Par aret er Inert gas partial presadsee 6 680  Exanpl e 7 505 Pol ybut kne
Merr] (kPgbgauge) 938* Pol ybut ene charge [ g)

800 Maxitddm total system 2055 1185
pressure (kPa gauge) :

Residual maleic anhydride <0.1 0.2
in stripped product (wt.%) : '

Al : - 079

SAP _ 173.7

Sediment (vol.%) 0.09

Tar deposit No observable tar

0.66
80.3
0.012

Slight
discolorationon
<25% of reactor

_ _ . o surfaces

*The 938 M, polybutene has less than about 10% terminal
vinylidene content. - -’ : ' :

10

Example 8 __ - . _ _
In each of a series of three batch runs, maleic anhydride and 450 M, =~
polybutene were reacted in a 5-gallon stainless steel autoclave reactor in a
" mole ratio of maleic anhydride to pdlybutene of 1.3:1 at a reaction temperature
15 of220°Canda nitrogen partial pressure of 443 kPa (65 psig) for six hours in the
presence of 0.25 wt.% (based on the weight of polybutene and maleic '



Mal ei ¢ anhydri de charge (g) 226.5 294 o Sul foni ¢ aci d"(g)

5.13 - Reaction temperature (C) 230 . 230
React i on W%%Bl:tl#ﬂs 6 18 | ner t PGLLS97/10098

car bon di oxi de ni trogen Inert gas partial pressure 690
505 (kPa gauge) Maxi mf8 ¢ ot al system 2055

1185 pressure (kPa gauge) Resi dual nal ei ¢ anhydri de

<0.1

0. '79 anhyé)ric;e) Qj‘ the sulfon%cnaglﬁr@%%%\ aif é)oqﬂﬁén (avsvtdeo@cribed in Efc%n;ﬁle 2,
80. 3 whereinShdipuolyhuténeland) sulfonic acid were0eharged to the reactor fitst and
tar _deposhbated o about 200°C, fOovARPBY KBitor! & the thilic anhydride while

di scol oratro .
<25% of r gadtgining the temperature at about 200°C, application of the nitrogen partial

surfages pressure, and then H@@ﬁlr?g?% o) ﬂ'ﬁétfﬁiiég t&%?s& & n%r*é%@ PEOHSr thE %0

term nal dene _cont ent

each of . alWi§WVeee ﬁﬂgt'?'?r%@ igh 98%¥Pa (@1 esig)aang di pi“d@:’ afth2e8ig)] err]
pol ybut enﬁeswcﬁvé@a%ﬂ%el doritldsien bf eacﬁtran nhe&&aétcﬁe:basaewebavsmre@a@t or in

rati‘o, of mal ei c_aphydr action
t enper at ug&ng@pl‘l\qﬁc RIRFSHFS: ]Qﬁc{;% rglaﬁfqr 9%'@ tééﬂ?‘? rgﬁ?’ei‘?\%é‘sﬁé‘ar kPaI (65
psi g) ' f or batchesaesalting frére the secpne enddhirdfrufis Weretstipddadt mitrogen foei ght

of._pajyb u%g{g&gggﬁi 1%% t§ reduce the unredeted ‘n%}exc anhydride content 195 <0.2

PCT/
an hydr i deywt. % The first batchovas hat stripped|dus fo difflaultieswilk rdﬁwongbadhe n

Ex le 24 d d .
e e DR 0 S i
of the mathirdh @fﬁhﬂﬁd §6Rwi16d.8. Each gfthe siripneg hatehe r%1§9¢'é"%ﬂ about -

200[ er r] Ceortapit bf 2DIPNVvERs.t ITRetuhs MR8 deRiduERId ovér a p éﬂéa lufewe&mizst\bm
SSur es uns

here o' Befeaing o thd Teagol Bavrrt puisy, e FERGa wassorislell frop of taf
respecti vat the éondlasionwithe shioa ruri ereeit foria, sméikblack depositapprogineatelyv ent ed

In

Lo 8 PERNR diSmRI G the 88ctbPBLRIGRC! O contents di scharged. The
i schar ge _ _
Example 9 | .
20 : 1250 grams of ethylene-butene-1 copolymer (M, = 1713; ethylene

content = 44.9 wt.%; terminal vinylidene content = 62.9%), 92.3 grams of maleic
anhydride, and 2.68 grams of a sulfonic acid mineral oil solution as described in
Example 1 were charged to a 2-liter stainless steel Parr autoclave reactor, and
then heated under a nitrogen blanket to 275°C with stirring, after which a
25  nitrogen partial pressure of about 517 kPa (75 psig) was applied and the reactor
sealed. The reaction mixture was maintained with stirring at about 275°C for
four hours, during which time the total system pressure increased to a maximum
of about 1738 kPa (252 psug) The reactor was subsequently cooled to 130°C,
the system pressure was vented, and the reactor conténts dxscharged. The
- 30 resulting product mixture, after stripping with nitrogen to reduce the residual
maleic anhydride to <0.1 wt.%, had a saponification number of 59.2, an Al of
about 0.79, and a sediment content of 0.08 vol.%. The reactor had nll tar
deposits; i.e., its walls and internals had no observable tar.

35 Example 10 (comparative) _ o
' 1250 grams of ethylene-butene-1 copolymer (M = 2972; ethylene
content = 44.5 wt.%; terminal vinylidene. content = 62%) and 61.82 grams of



bat ches resulting fromthe second and third runs were stri pped wth
nitrogen for 10 4 hours at 150[err]C to reduce the unreacted naleic

anhydri de c3YR &N <0. 2 .% The first batch was notPnglUﬁbWé’B”jue -
to difficulties with refluxinglnthe over head system After

stripping, the second batch had SAP = 16&®; and the third batch had

SAP = 161.8. Each of the stripped batches had a sedi nment content of

<0. 01 vol % uns e conduct ed .ov d of fjxe days - with 15 no

cl eani ng of "fﬁﬂﬁ'ch eo‘@?(ﬁe&?? 340 ar?él?%ii %s%get%ﬁm tRPlavVer ee of

tar areadtor,ant-then loeated urider amitrdgen blaniet bd 260PCavithielifring, after

depost { SPDURIAE idgen Pl prér <l ABoB BT W o 0008) VRS el o -
1713; et hyl ¢eereactor sealete nfhe-regatfionwixbyre veasinairitainedywithl sticring at about=

62.9% . 62 SagaTar Ro ABLR, Suring whiBTHE WP Ysforibrotams Rt hop ©

acid mnera

2-liter st amﬁmyrrspfe@bomaﬁ%w?a&i%es@aamreasm was SUb$¢ﬂ!4$ﬂﬂ¥aQCgQie@nde?

a nitrogen I&qubec e Qisiéﬁrﬁrbgsé{}'et\bﬁK/bﬁféd’ﬁnd%é%a&@t eanén’ié disthafgee
partial pressure about 517

h
seal ed. The @tsl" TN "WQH" %&ﬂ?ﬂ'ﬁﬁ‘&ng\ﬁ"\f‘ﬂi‘a’gﬁpg?ﬂﬁ@ ra@*tlagtﬁﬁe ?eietf‘g‘g?'f or
four hours, nﬁhléld@wwa{rld%ﬁ”ggfigtvhﬁ%t Radla @ﬁdmmairoesmmct Orbe:‘/\gﬁsizszaﬁ ‘ﬁ'g%f?l
maxi nmu ou
cool edni% 1?8?&* ] ,andas @@Pﬁ%ﬂ ?sgﬂpg%ma‘g 5?1?%18" Caﬂﬁ* r?%cg r eac%/or

contents di sigrificad. taif depeﬂts cmnng mgrepthanhizi%nifthe reactst serfasesi ppi ng

with nitrogen to reduce the residual mal ei ¢ anhydride to <0.1 wt.%
had a saponification nunber of 59.2, an Al of about 0.79, and a

- sediment content of 0.08 vol.% The reactor had nil tar - deposits;
i.e., its walls and internals had no observable tar. 35 Exanple 10
(conparative) 1250 grams of ethyl ene-butene-1 copol yner
(Merr] = 2972; ethyl ene content = 44.5 wm.% ternnal vinylidene
content = 62% and 61.82 grans of WO 98/ 31718
PCT/ US97/ 10098 - - =20 -

mal ei ¢ anhydride were charged to a 2-liter stainless steel Parr autoclave
reactor, and then.heated under a nitrogen blanket to 230[err]C with
stirring, after which a nitrogen-partial pressure of about 517 kPa (75
psig) was applied and the reactor sealed.. The reaction m xture was

mai ntained with stirring at about 5 230[err]C for two hours, during which
time the total system pressure increased to a :



maxi nrum of about 1262 kPa (183 psig). The reactor was subsequent |y cool ed

to. 130[err] Gydda stem pressure was vented, and the reactor b
di schar ged. A ﬁl)eé resul ting product mixture, after st r| ppi ng-w t @;’1&’98
nitrogen to reduce the residual nale anhydrid

saponi fication nunber of 35.5, an Al of 1 “about 0.6
content of 6.0 vol.% The reactor contained Si gniﬂ‘l@ﬂ!ﬁmﬁﬁ“ﬁﬂ |ts
covering nOIQLAIMST 75% of t he reactor surfaces

PCT/ US97/ 10098 -21 - CLAIME:

1. - Alowtar, |ow sedinent process for preparing a polyal kenyl derivative

of a carboxylic dcid i tmwmtamipwe setiment protess foxt preparninga polyalikenphsi st i ng

and nonoune Sehaf e Ot ELeApb R prORAF DAL KE HicleBRit the Srb@FT T G

t he process copaistingiofgnoneunsatyrated Cade G gIQﬂwacmxnhzﬂQlti pmduclm oduci ng

conpound w ?gﬂdg %s@@g t of from
about 300 tg:Bg@ [ n"é{rﬁﬂ%}\%@‘éﬁ%@ 0 -| nt tt:tglli-}'ngﬁ';lrn)unt of’. an oi l
sol ubl e hydfceamasNdss ths: pracess CosiRTising th%éﬁe@ %ftreacmmma earhexfieasidir e of

ZE OLteazg Oangéde&ﬁ %H&u#@ﬂwn?@b kéné%“avﬁfg”é'rﬁ#nﬁér%%#r B glg%%olébulgﬁﬁztto
pol yal kene W‘&P‘(ﬁﬁtﬁ%&ﬁ@%ﬁ@% %‘ 01""6“:'e gseric %?ﬁgdﬂ?%té@g' Q{@B rding to
cl fu gwl &eng uahisuntof ey oit soluibld hydrioearbyd fsupstituted solfmmaddlateawéahﬂgm At
Poanti on't o PRyt bt S0lehRl BodiEsqHe dderatb Bidr RS Hanit pPRssI B4t
conmpound t oleast abioxt 208 kita Bod mmannaierﬂatug oftearboxicracid produging compound

t enperat ur e4g po rding to claiml or claim 2,
wherein the OR Iyalker?e oi;frrtl ?%@ggﬁr%q?g in the range of from about 200 to

1000 kPa. 4. The process according to any one of clains 1 to 3,
wherei n the reactd on tEWe féﬁeseeadcardmgrm@mm F0Rhep ceRiprisirid the steps of 5.

The process accardin one cl ai ns erei,n the pol

has no nor e FRYR! %%%?'xgﬁe szél??rpﬂ alkANg 27, é??e%&f’b}rgi? F‘Xﬂ%ﬂq"ﬁbﬂ %?{ulieg

pref erabl y sulfoniccadid ab rehction tenipearaturenand thery bddimgetheatarbexylichadids .
producing compound to the mixture while maintaining the msxtur_e at reaction
temperature. '

3. - The process according to claim 1 or claim 2, wherein the inert gas
partial pressure is in the range of from about 200 to 1000 kPa. '

4. The process accordi:ng to any one of claims 1 to 3, wherein the
reaction temperature is from about 200 to 300°C.

5. The process ac‘cordihg to ény one of claims 1 to 4, wherein the
po!yalkene has no more than about 30% terminal vinylidene polymer chains and
preferably no more than about 15% termmal vmyludene polymer chains.

| 6. The process according to any one of claims 1 to ‘5 wherein the
hydrocarbyi substituted sulfonic acid is present in an amount of from about 0.05
to1.0 welght percent based on the total weight of polyalkene and the carboxylic
acid producing compound. -



s

6. The process according to 1 to 5, wherein the -
hydrocar byl substituted sul fonﬁ“mtmnl“mwﬂgmt in an amount of from about
'0.05to 1.W 18 percent basetl onh tthe #t otal *wei ght of pol yR¢NERE/40E the
car boxylic acid produci ng -conpound. 8. The process
according to claim8, wherein the al kary22sul fonic acid conprises an
al kyl ated benzene sul fonic aci d havi ng a nunber average nol ecul ar weight in
t he range from apout 475 ta I}e% fis ac rd.l to
claim1, whereid-the BW&?@F&PE&”@:@?BY%? cl e
pL oduci ng tydrsuanbyli wt&t:mgdwnﬁagwmndd? én dilcaryl wlfdm?gcwgla_ﬂminmgmnd ?nd
the esters erived t r e process o
claim?9, wﬁgng 22%%dn%ﬂgﬁﬂsaﬁ?mgaqeégﬁélggﬂﬁboxyI ic acid producing conpound
conprises nal ei ¢ anhydri de. ' The process according to claim1,
wherein the nmongy nsat ng
conpound is a m)nounﬁg &F‘cﬂ: géé%goq'ﬁéqéﬁ%?‘ﬁ rﬁ%%@ﬁgé@?f q’hlgrgﬁit}ﬁgnd
esters der icagepxyfierasid preducing compound is a monounsaturated C4 to Cio b
dicarboxylic acid producing compound.

9. The process according to claim 8, wherein the carboxylic acid
producing compound comprises maleic anhydride.

10.  The process according to claim 8 or claim 9, wherein the
polyalkene is selected from the group consisting of polybutene and
polyisobutylene.
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