
1 _ #B!/!-7'. 
' l 

:.·· 

---·-··---·-

•. 

- 1 -

IMPROVED POLYBUTENE fRQCESS 
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This invention relates to the polymerization of .. 

isobutylene-oontaininq. feadstreams and, :more particularly, 

this invention re_lates to tha production of polybutenes 

from a mixed C4 :feedstream utilizinq an organo-a.l.uminwa 

chloride-hydroqen chloride· co-catalyst system. 

The production of isobutylene polynaers rrom mixed 

c 4 hydrocarbon feedstrea:ms is qenerally known, in the 

art. It is also known to utilize A1Cl 3 as the 

polymerization catalyst in such-processes and the prior art 

discloses a number of co-oata~yst or catalyst promoters, 

including hydroqen chloride for use under various 

conditions in isobutylene polymerization. 

Representative disclosures include U.S. Patent No. 

2, 957, 930 which shows the use of 10 to 20% A1Cl3 catalyst 

in the production of polyisobutylene from a c1 to C5 

petroleum gas feedstock with o. os to 0.12 percent HCl, 

relative to AlCl3, used as a catalyst. promoter. Thia 

:r:e~erence notes that conespondin91y small. quantities of 

water vapor or chlorofot:11, which can react with AlC13 to 
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release HCl, may also ba used. British Patent No. 
l,195,760 (1970) discloses the production ot olefin 
polymer• by polymerization in the presence of th• catalyst 
comprising a liquid conaplex of A1Cl3 , HCl and. an alkyl 

benzene. Polymerization products include materials other 
than polyisobutylene and products with a narrow molecular 
veight distribution are disclosed in this reference. 

u.s. Patent No. 3,349,065 relatas to a process tor 
forming butyl rub~er ~rom teadstreams comprising 
isobutylene and isoprene, employing a catalyst system or 
dialkyl aluminUll halide ~ hydrogen halide oataly•t systea. 
The patent illustrates tha addition ot HCl to the aonomer 
feed be:f°cre addition ot diethyl aluminum chloride in 
several examples (e.g., Bxample 8, run V). 

u. S. Pa tent No. 3, 119, 884 discloses a series af 
vertical column reactors useful for polymerizing 
isobutylene and furth~r disc~oses a catalyst comprisinq 
A1Cl 3 and HCl or a sUbstanca wich generates HCl. 'rh.• 

catalyst syste11 is describad as an acid prOl!loted A1Cl3 
catalyst. In such a system, a reaction :between BCl and 
Al Cl 3 occurs to form H+Alcl4_ which is the species that 

initiates polymerization. Accot'dinq to this process, one 
method of intraducinq catalysts and. reactants is to have 
the three materials, i.e., Alc1 3, HCl and liquid. feed, 
enter the reactor through the same duct. '!'his neeessarily 
reaulta in polymerization beqinninq i.n the duct line in an 
exothermic reaction and the reaction is not contrQlled :by 

the refriqeration system of the reactor. Any product 
formed under th••• conditions will have an undesirable low 
moiecular weigbt and broad molecular weight distribution. 

U.S. Patent Nos. 3,200,169 and 3,200,170 daal with 
the reaction •ixture separation methods arter 
polymerization of propylene or butylena feeds utilizing an 
a=monia treatment precess. Bel is disclosed in th• 
r~ferenc::es aa a suitable catalyst promoter added to the 
reaction zone which contains an AlC13 catalyst. 

-~-- -------
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u.s. Patent No. J,!Ol,551 is dir•oted to a process 

tor producinq normal butene polyaen at aolecular weiqbts 
of frolll about 200•750 Wherein a c3_5 hydrocarbon mixture 
containinq isobutylene and normal butylenas as 
aubatantially the only olafins present are reacted in 
1 iquid phase with an aluminum chloride . catalyst to form a 
reaction mixture containinq only isobutylene polymers. 'l'h• 

isobutylene polymers are separated and thereafter tha 
resulting reaction mixture is treated with a Priedel•Crarts 
catalyst to form a second reaction mixture containing 
non&al butylane polymers. 'l'h• a.l.Ulllinwa ch1orida in the 
first polymerization aaction i• indicated to be added alone 
or in combination with promoten, such as alkyl chloride, 
e.q., isopropyl chloride. 

o.s. Patent No. 3,639,661 relates to processes for 
polymerization of isobutylena a'IRployinq as polymerization 
catalysts either a reaction product of titanium 
tetr~fluoride with a chlorine baarin9 Friede1-Crafts 
catalyst which is soluble in isol:lutyle.n• or a reaction 
prcduct ot titanium tetrachloride or boron trichlorida with 
a. fluorine bearing aampound whose fluorine atoms are 
capable ot partly rep~acinq chlorine atoms in the titanium 
tetrachloride or boron tetrachloride. It is indicated that 
the catalyst can be made in situ by adding the catalyst 
components separately to the reaction mediume 

'O. s. Patent No. 3, 991, 129 relates to th!! 
production ot polybutene e:mployinq recycled reaction 
liquid, liquefied bu.tenes and Fri•del•Crafts catalyst, 
which i• stated to be preferably aluminum chloride promoted 
with hydrochloric acid qas or its water equivalent. The 

catalyst is admixed with th• recyc:le and fresh feed lines 
upstream of a static mixer prior to ch1u::-9inq to the 
polymerization reaction column. 
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o.s .• Patant No. 3,932,371 relates to a precess for 

preparing low bulk viscosity polymer• caaprising copolymers 

o:f isoolefins and conjuqated diolafina, •!9•, isobutene -

isoprene mixtures, as in the preparation ot butyl rubber, 

employing an ethyl aluainum dichloride catalyst optionally 

promoted with hydrogen chloride or a c3 to c 7 orqania 

halide compound. Hydrogen chloride is disclosed as a 

promoter which can comprise from o .1 to 50 wt. ' ot the 

total catalyst system. In Example 2, benzoyl chloride 

promoter is added to an isobutylene-isoprane monolber 

mixture which is then contacted· with ethyl alwdnum 

dichloride (!ADC) in a continliowi reactor. 

U. s. Patent No. 3, 985, 822 rel at•• to th• . . - . 

production of poly-n-butanes by wse of AlC13 promoted. 
with HCl wt the c:bjactive is to riaduCG th• iaobutylene 

content of the polymer product. 
11. s. Patent No. 3, 997, 129 discloses polybutylenes 

from a c 1 to c 5 liquatied. refinery stream wherein th• 

catalyst is solid particles ot AlC13 i 
promoted w th HCl 

gas or its equivalent. This process etnploys a static mixer 
fer mixing cata.lysts and :fe~d prior to canductinq 

polymerization. 
t1. s. Patent Nos. 4, 038, 474 and 4, 039, 733 each 

relata to ethyl aluminum dichloride - HCl catalyzed 
proc:essea for preparing polymers from a c 4 olefin-styrene 

•onomer mixture, which in '474 contains at least 2ot 

styrene and which' in '73.3 contains d1vinyl benzene tor 

partial crosslinkinq. Exampl .. 4, 5 and 6 ot '474 descri~e 

procedures in which the c4 olefin-styrene monomers are 

first blend•d with HCl and a hydrocarbon solvent, and then 

treated with EADC to affect polymarization. 
u.s. Patent No. 4,495,887 relates to a process tor 

producing butylene polymers havinq 110leeular weights or 
from about 4 oo-5, 000 wherein the f'aadatream containinq 

mixed butanes is fractionated to remove recited amounts of 
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ci•-2•butene. Th• overhead traction frOJI the fractionatinq 

step contains isobutylene and is·reacted in the preaence of 

an aluminum chloride catalyst to polymerize the isobutylan• 

and to form a react.ion mixture consistincJ of isobutylene 

polymers and unraaction hydrocarbons inc1udinq normal 

.butenes. This reaction mixture is flashed distilled or 

recover the isobutylene polymers and the unreacted 

hydrocarbon mixture is then reacted in a presence of a 

catalyst system consistinq of alw.inum chloride and a 

promoter ta polymerize butylenes in the fraction and f'orm 

in a second reaction product Jlixture containinq l'>utylene 

polymers havinq lower molecule weiqhta, e.g. , ot troa 
400-900 molecular weiqht. · The Patant indicate• that a 

promoter is essential o~ a second polymerization reaction, 

and indicates that typical promoters are isopropyl 

chloride, t•butyl chloride, water- and hydrogen chloride. 

The patent's pr01Doters are added to the reactor separately 

from the aluminum chloride 'and the first hydrocarbon 

reaction mixture containinq the u.nraacted normal butlj\na. 

o.s. Patent No. 4,558,170 is directed to a process 

for preparation of polyisobutylene from a mixed c4 
hydrocarbon feedstream using an AlC13 - KCl catalyst 

system wherein the HCl is · introduced aoparately int~ the 

feedstream, prior to contactin9 th• feed.stream with the 

A1Cl3 , to form orqancchloride in the teedstraam, · e.. q., 

the t•butylchlaride is formed by reaction o~ the HCl with 

th• feedstream'• isobutylena. 
Belqiu• Pat•nt No. 731,006 relates to the 

alJtylation of aromatic hydrocarbons usinq .n-butena 

polymers, wherein the polymers are produced froM a rafin•r 

stream containing n-butena basically tree from. isobutylen• 

whiab are pclyineriaed in the presence of aluminW'lt chloride. 

European Patent No. 115,635 relates to a 

continuous proeeas for producing polyisobutylene from 

isobutylena feeds, wherein solvents and monomer Yaporizad 
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durinq th• polyzaariaation are recycled after liquetacticn 
to the polymerization zone. 

u.x. Patent Ho, 1,449,840 describes a proc•ss tor 
alkylatinq banzanca, wh•r•in benzene is contacted with a 

polybutene in tha pre•ance of' aluminu• chloride. The 
polybuten• itself is prepared l>y pclymerizinq a mixed c4 
faadstock containing ·from 2-20 wt. t of isolnltane. The 
polybutenes are stated to ba prepared by conventional 
polymerization process using a Fried.el-crafts catalyst such 
as aluminum chloride. 

u.x. Patent Application 2,001,&&2.1. relatu to the 

preparation ot polybutene by po~ymeri.zation of a c4 
olefin at~eam over a fix8d bed catalyst comprisin«J a Lewia 
acid chloride (AlCl3 beinq illu•trated) intercalated with 
graphite, with KCl beinCJ added optionally as a promoter. 
The pat'ent disclosas that the SCl may ba added to the 
monomer feed before it contacts the Catalyst bed. 

SUMMAR.I or THE PRESPT INYJNTION 
The present invention is considered distinguished 

trom the fora9oinq references in that it produces a 
poly~utene which is especially suitabla as th• oil soluble 
hydrocarbon component·o~ a lul:>ricatinq oil disparsant based 
upon the reaction of polyisobUtanyl succinic anhydride with 
aompounda such as ethylene polyamines and polyols. 
Polybutene produced in this invention are characterized by 

a na.:rrow molacular weiqht distribution in the dispersant 
m.ol•cular weight range, that i•, a numb•r avera9a molecular 
weight <Rn> of about 700 to 3, ooo. Molecular 
weight distribution is used here in its norm.al sense as a 
measure of the breadth ot molecular weiqht distribution and 
ia defined as ~he ratio ot Sw (weight averaqe 
molecular weight) ta Rn (number averaqa molecular 
weight). This narrow moleoular weiqht distribution results 
in a ·product having a relatively lowar viscosity than 
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polybutene• produoad in her•tofora convutional processes 
in the same molecular weight ranqe. Th• proces• is 
especially eharacterizecl in the technique of addition ot 
liCl co-catalyst to the .faedstreaa prior to tba :teadstraam 
entering the reactor. other aethods of providing HCl which 
the prior art considers suitable, i.a., such as addinq HC1 
to the reactor itself, addinq water or other HCl-qeneratinq 
reaqents or adding HCl to ethyl aluminWll dichloride (BADC) 
prior to initiation of polymerization are not suitable in 
this invetion and do nat provide the degree ot process 
control and product quaiity achieved herein. 

In particular, it has :been surpri•inqly touna that 
the use of orqano-alUllinum Chloride catalyst, instead of 
A1Cl3 as c!asaribe4 in U.S. Patent Ho. 4,558,170, in 
combination vith HCl pre-addition to the monomers, .provide• 
a polybutene of still further narrowed molecular weight 
distribution, hiqher catalyst efficiency, higher monomer 
conversion, and decreased light ends by-produot make, as 
compared to product obtained in use of H20/AlC13 or 
:a2o/EADC: as a promoter/catalyst systa. 

BBIIP DESCRIPTION 01' THB ACCOMPANYINJi QRAWIHG 

Fiqure 1 is a sche:mmatic illustration of one 
embodi:alent of the process the present invention. 

DifAILID QESCBIPTIOH OP THE ImF1'J:ON 
Zn aocordance with the prC&Sent invention tltere has 

bean discovered a process for preparinq low molecular 
weight polybuten• having an An in the ranqa ot 
about 700 to about 3, ooo (and preferal:tly from about 900 to 
2, 500), and a molecular weight distribution less than 
about 2. o :from. a f•edatream :mixture ot c4 hydrocarbons 
containinq at leaat aJ:>out 6t by weiqht isobutylen• in a 

I 

stirred reaction zone maintained at a temperature of about 

··-····-----·-------
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-so·c to +Jo•c, which compriaas: (a) injecting HCl into 
the feedstreaa mixture in an amount of ~om a.bout 25 to 200 
parts by weight per one million parts by weight or the 
feadat:r:aam. mixture, in the su!Jstantial absence o'! t.he 
orqano•alUlldnua 'catalyst and under conditions suf~iciant to 
.substantially completely react the injected HCl with 
feed.stream monomers, thereby producinq a treated feedstream 
mixture which contains not greater than about l. o ppa free 

HCl: (b) introducing the treated feedstream mixture and 
the orqano-aluminum chloride catalyst as separate streams 
into the react.ion zone; (c) contacting the introduced 
treated faedst:raaa :mixture and the introduced catalyst in 
the raa~tion zone ror a ti•• and under conditions 
sutf icient to form a polymerization reaction mixture 
cont.aininq the polybutene; (d) withdrawinq th• 
polymerization reaction mixture from the reaction zone; 
and ( e) recovering the polybutene product from said 
withdrawn polymerization reaction mixture. The polybutenes 
can be recovered from tha reaction mixture by quenching the 
withdrawn reaction mixtura with aqueous alkali and 
saparatinq therefrom polybutenes product, which can then be 
stripped of unreacted c4 hydrocarbons and polybutenes 
below Rn of 300 sufficiently ta provide less than 
25 wt~ ' polybutene below •n of 500 in the final 
product. 

'l'h• feedstock for the process ot this invention 
c:cmp:rises a mixture of pressure liquetied c4 hydrocarl:>ons 
(such . as catalytic cracked . c4 or steam cracked c 4 
fractions) which comprise at least about 6%, up to a.bout 
50t isobutylene together with butana•l, cia- and 
trana-butene-2, n-bqtana, isobutane and lass than al'>out lt 
butadien•. ~he preferred c4 feadStream is derivad f'rom 
ratinery catalytic:: or steam crackinq and contains from 
a.bout 6•45' by w•iqht isobutylena, trom about 25-3!5' 
sa.turatad butanes and from abou.t 1!5-50' l- and 2-butenes. 
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Tlie c4 products other than isobutylena function as th• 

re.action m.adiu• and are a non-critical aspect o~ thi• 

invention. 'l'h• isobutylene content ot the faedatock shoUld 
not however tall below about 5 wt. ' of the faedatream. 

The c4 taedstreaa preferably ia substantially 
free of a2 and sulfur contaminants (e.g., •ercaptans), 
e.q. <20 wppm B2 and. <5 wpp11 s. such low levels of free 
H2 'lllinimize the degree of saturation in the polyOt.ltene 
products or this invention, and the low s levels are 
desired to avoid undesired side-reactions with the monomer, 
polymer and catalyst compone.nta, and to avoid the need to 
resort to add.eel expense and tac:hnical difficulties in 
removinq the sulfur c~'tal!linanta frcm the polymers thereby 
t'orm.ad. Further, the c4 feedatraam i• praf'eru.bly 

. substantially anhydro~, ~~ .1.t, contains less than about 
o. OS wt' water, mo.re pre:ferably less than about JOO wppm 
water, based on th• c4 monomars in the taedstreu. It 
has been found that water, whidl can be typically present 
in catalytically cracked or steam cracked c4 streams, is 
not an effective co-catalyst in the man~facture of the 
polybutene polymers oi the present invention employinq the 
or9ano-aluminum. catalyst/HCl pra-reacted·aocatalyst systems 
in the present invention. Rathar, such excess amounts of 
water ara undeaired due to side-reactions of the water with 
the orqano-aluminUll eata.lyst which decrease the eff active 
catalyst concantration in the reactor, and do not offer any 
offsetting enhancement in the rat• of polymerization or in 
anr observed polY1Der performance property. 

The dryinq of th• c 4 feedstream can ba 
accolllplished by c:on1:act1ng the stream with a c:lQseicant 
which is aubstantially nonreactive with any organic 

component ot the stream, such as cac12, molecular sieves 
(a.q., JDol sieves 3A and lJX from Linda Division, tJnion 

carbide), and thQ like. '!'he drying ot the .taed.stren can 
be effected in one or more vessels containing a solid 
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dessicant through which c 4 teedstream is passed, and 
usefully can comprise a seri•• of separate vassal• arranged 
in parallel to fascilitata the. charginq to any vassel of 
fresh dessicant in the continuous practice ot the procasa 
of this invention. 

The c4 :f eadstreu is maintained at a su~i'icient 

pressure to be in liquid for.m. both in tha reactor inlet and 
in the reaction mixture itself at the reaction temperature, 
which is generally troa about -so•c ta +lo•c, conventional 
cooling means (e.g. , providing cco1·inq coil• within the 
reactor: cooling the external surtaca• of tbe reactor: 
withdrawing a portion of the reaction mixi:ure froia the 
reaction ~on• to an external cooler and recyclinq it to th• 
reaction zone; ate~) ~ainq used to mai:ltain tha reaction at 
these taperaturu in view of the exotharmio nature or the 
reaction. Preferred reaction temparatures are fro• a.bout 
-1s·c to +1s•c and most preferred from about -s•c to 
+1s·c. Generally, ralativaly higher tamparaturea tend to 
produce relatively low moleaular weiqht polymer. Reaction 
pressures are generally from CIRout 100 ta 600 kPa, and aore 
~ypioallr from about 200 to 400 kPa. 

The process of the present invention employs 
either a tubular reactor or a stirred reactor (preferably a 
continuous tyPe stirrad reactor) havinq- two separate inlet 
means for introduction ot c 4 teedstream and the 
ortJano-aluminum chloride catalyst, the latter beinq added 
alona or in admixture with a diluent o:r solvent which is 
substantially inert under the preaixinq and polymerization 
conditions. Useful diluent• include liquid saturated 
hydrocarbons, such as n .. butane, isol:>utana or mixtures of 
saturated butanes. 

The feedstreua inlet means (e.g., a conduit) is 
fittad with a deviae for injection (preferably tor 
conti:n11ous injection) of BCl (pratarably gaseous HCl) 
co-catalyst into the c4 feedstream at a p.oint prior to 

--------···------~----·-------------· 
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reactor entry. Th• HCl injection point sbould ba placed in 
the c4 .teadstr~ sufficiently in advance of the reactor 

entry to per.it substantially ao11plete reaction ot the BCl 
in the feedstrea• with 1- and 2-butenes prior to tbe 

polymerization reaction zone. ·The HCl ia believed to react 
with the isobutylene to· fora t-butyl c:hloride in the 
resulting treated feedstream 11.iX'ture. Other organo 

chlorides can also be formed, principally a 2-chlora1!'ltane 
from reaction with.· the 1- and 2-butanea- of the monome~ 
faedatreu. The concentration o~ tree HCl in the treat:-4 
reedstreaJI mixture at th• point ot reactor entry should 
therefore be not qreater than al>out 1.0 ppm (parts par 
million) or less ·in order to achieve the adVantage ot the 
invention. The concentration· of the KCl can be determined. 
by conventional •••n•, ·t_or axampie by analyzing the 
teedstream for organic Chl.oridea and f're• KCl WilinlJ a CJaa 
chromatograph equipped with a Hall detector. The rate of 
mixing (and., hence, reaction) ot the lllODomers and the HCl 
can be conveniently ·enhanced by usa ot an in-line static 
{kinetic) mixer in the feedstrea21 conduit downstream of the 

HCl injection point. (Alternatively, or in addition, the 
HCl can be added to the c4 teed.streu prior to an in-line 

indirect heat exchanger to aid in mixinq the HCl and the 

monomers· prior to the reactor by means ot the turbulence 
CJenerated in passincJ therethough. ) To fUrther enhance the 
rate o:f :mixing of the HCl and monomers, tha 111ixture of the 
HCl and. th• c4 f'eedstreaa i• preferably maintained at a 
temperature of from at least abOut 5 •c, e.q., rrom abOut 5 
to 70 •c. 

Preferably, th• orqano-alwainUll chloride catalyst 

is not admixed with the c, teedstreall prior to, or 
durinq, the injection ot tha HC1 (and pZ"eferably is not 
admixed with th• c 4 mono111ar containing' stream prior to 
the charqin9 or the treated teedstraam mixture into the 
reactor)1 otherwise uncontrolled, exothermic po1YJ8erization 
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will be initiated un.leaa extraa :measures are taken (sueh 
as maintainin9 tha admixture at a temper•ture below that 
which polymerization proceeds.} Of course, the extent of 
such undesired pre-polymerization will vary, depending- on 
the residence time of the admixture outside of the 
reactor's reaction zone. 

Therefore, the treated faedstream mixture, 
containinq the c4 monomers and th• pre-reacted HCl, is 
preferably added (preferably continuously) to tha reactor: 
with orqano-aluminua chloride catalyst beil1CJ introduced 
into the reaction mixtura through a separate inlet. 

The process of this invention can be practiced in 
a Ju1.tchw~s•, semi-continuoua or (a• is pr•ferred) in a 
continuous :maMer. Preferably, the treated feedstreaa 
mixture, containing the c4 JtODOJllCll"S and th• pre-reacted 
HCl, and the orqano-al.Ulllinua chloride cataiyst streams ara 
added to the reaction zone substantially simultanaou~lYr at 
a rat• sufficient to uintain· the selected ratio of the 
mon~mars and orqano-aluminua catalyst in the liquid 
reaction mixture. However, it is also possible to add. 
these streams in a staqewise :manner to a liquid reaction 
lDixt.ure. 

Polymerization occurs in an exothermic reaction by 
contactinq the two incoming streams in a cooled reactor 
with reactor temperature, prefaral>ly maint~inad at about 
·-15 •c to +15 ·c. For a continuous-type stirr.acl reactor, 
averaga reactant residence ti.lie will generally be about 10 
to 4 5 minutes. There will qenarally be employed o. 001 to 
o.ooa moles (prefaral>ly froa about 0.002 to 0.006 moles) of 
orqano-aluminu:m catalyst per mole ot isobutylene charged in 
the feed.stream and from a.bout 25 to 300 PPll by weight (and 
preferably from about 50 to 150 ppm by weight) ot HCl 
cc-catalyst per part by waiqht or c 4 teadstream. 
Gan•x-ally, the orqano-aluminum chloride catalyst and 
HCl-cocatalyst will J:>e employed in a ratio of %rom about l 

-------------------~-
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to 4 parts 1:.ly weight, pratarably frcm abou~ 1. 3 to 3 parts 
by weight, and more preteral:>ly f.l"OJI about 1.5 to 2.7 parts 
by weight, or the orga~o-aluainum chloride cata.1.yat par 
part l:ly weight or the.HCl-coeataly11t (calculated u &Cl). 

The orqano•aluminu. chloride usetul. in th• process 
of this inven:tion comprises at laast one compound ot the 
formul.a (I) 

(R)x.Al(Cl)3-x 
wherein R ia c 1 to c 20 hydroc:a.rbyl and z is an intaqer 
of from l to 2 • R can comprise branched or straight 

chained alkyl, aycloalkyl, aryl, alkaryl, aralkyl, al.kenyl, 
and alkynyl, and hydrocarbyl (e.g., c 1 t·o C10> 
suJ:uatitu~ed derivatives therao~. Whc :R 111 alkyl, the 
alkyl qroup can contain trom 1 to 20,. praferal>ly from 1 to 
10, and :mo•t preferably troa l. to 4, carbon atoms. 
Illustrative of ~uch alkyl groups . are methyl, ethyl, 
isopropyl, propyl, n-butyl, isobutyl, tertbutyl, pentyl, 
hexyl ·, haptyl, octyl, nonyl, decyl, dodecyl, tridecyl, 

tetradecyl, octadecyl and the like. When R is alkenyl, the 
alkenyl qroup can contain from 2 to 20, preferably from 2 

to 10, and most preferably from. 2 to 4, carbon atoms. 
Illustrative of such alkanyl 9roups ethenyl, isopropenyl, 
propenyl, n-butenyl, isobutenyl, tartbutenyl, pentenyl, 

hexenyl, heptenyl, octenyl, nonenyl, decanyl, dodecenyl, 
tridecenyl, tetradecenyl, octadecenyl and the like. When R 

is alkynyl, the alkynyl qroup can contain from 2 to 2 o, 
preferably fro11 2 to 10, and most preferably fr011 2 to 4, 

carbon atoms. Illustrative of suc:h alkynyl qroup11 are 
ethynyl, isopropynyl, propynyl, n-butynyl, isobutynyl, 
tertbutynyl, pentynyl, hexynyl, heptynyl, oc:tynyl, nonynyl, 
clac:ynyl, dodacynyl, tridecynyl, tetradecynyl, octadecynyl 
and the like. When R is aryl, the aryl 9roup can contain 

from 6 to 10 carbon atoms. Illustrative of such aryl groups 
are phenyl, naphthyl and the like. Whan a is alkaryl, the 
alkaryl group can contain from 7 to 20, preferably frD!ll 7 

-·-·-·--·--------·--------------
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to l!S, and moat preferably fro11 7 to 10, carbon atoms. 
Illustrative o~ such alkaryl group• are tolyl, xylyl, 
di(ethyl)ph.nyl, di(haxyl)phenyl, and the li.kCl. Whan R is 

aralkyl, the aralkyl qroup can contain ~roa 7 to 20, 
pra~erably from 7 to 15, and most prater&bly troa 7 to 10, 
carbon atoms. Illustrative of such a.ralkyl qroupa are 
banzyl, ethylbenzyl, phenylhexyl, naphthYlhexyl, and the 

lilte. When R is cyeloalkyl, tha oycloalkyl qroup can 
contain frOlll 3 to 20, pref erely from 3 to 10, and moat 
preferably from 3 to 4, carbon atoms. Illustrative of such 
cy~loalkyl grcupa are c:ylcopropyl, cyclobutyl, cyclopentyl, 
cyclohe~yl, cyclohaptyl, cyclooctyl, cyclononyl, 
cyclodacyl, cyclododaayl; cyclotriclecyl, cyclotetrad.ecyl, 
cyclooctadacyl and the like. Illustrative of 
bydX'ocarbyl•substituted derivatives o~ the foregoing groups 
are 2 -ethylcyc:lohexyl, cyclopropylphenyl, phenylcylohexyl, 

and the like. 
Illustrative o~ usetul OrrJano-alU»linum chlorides 

are (CH3)AlClz, (CR3)3AlCl, C2R5AlCl2, 
(C 2 B5)2AlCl, (CH3)2CHAlCl2, [(CH 3 ) 2 CH]2~lCl, 
( C l If 7 ) A l C l 2 , ( ·c 3 H 7 ·) 2 A l C l , C H 3 C H ( C H J ) A l C l 2 , 

{CH3CH(CR3)} 2AlCl, (CB3) 3CAlCl, [(CH3) 3C] 2Alcl, 

C5H13AlClz1 C5B11AlCl2, C10H21AlCl2, and 
mixtures thereof. Especially preferred are 
c 2 H 5 A1Cl 2 , (C 2 H 5 ) 2 .AlCl and mixtures thereof. 

Preferred are organo-aluminum Chloride catalysts which are 
liquids under the reaction conditions. 

The polybutene prepared in accordanc;:e with this 
invention qenerally ocntai~ an averaqe of about l double 
bond per polymer chain ancl up to about. 10 percent ot the 
polymer chain• may be saturated. 

R•t'errin9 now to P'iqure l wherein one embodiment 
ot the process of this invention is il1-ustrated., a C4 
.f eedstrao ~ is passed through a drying zone 10 tor removal 
of water (e.CJ'., using cacl2). 
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is then passed throuqh tubular heat •xchanqer l.2 for 

ooolinq ot th• teedstream to the daeir•d reaction 

temperature. HCl qas ia introduced via conduit 4 into 

conduit ll upstream or exchanger 12. Th• treated 

fe.adstreu ia then inb:Oduced· via conduit 14 into reactor 

20, the free HCl ·content of the thµs-intraduced :teed 14 

being as described. above. Liquid orqano-almainum catalyst 

( e. q., ethyl aluminum dichloride) is introduced into 

reactor 20 via a separate conduit 18. A portion ot tha 

liquid reaction medium ia. withdrawn via .conduit 22 and 

passed to external heat exchanger 30 via conduit 24 for 

cooling of the reaction liquid, and th• cooled liquid i• 

:reintroclucad to reactor 20: via c:o~duit 26, to aid in 

reaction tmaperature control. Polymar reaction liquid ia 

withdrawn from the reactor 20 via c~t 22 and passed to 

conduit 28 ancl introduced. into a first water washing zone 
40 (to which water is int;-od.uced via conduit 42) to quench 

the catalyst. The aqueous and ozvanic layers are allowed 

to separate, and the upper aqueous layer is withdrawn via 
aonduit 44. 'l'he washed orqanic layer containinq the 

polymer is withdrawn via conduit 46 and passed to an 
aqueous cauatic .contacting zone 50 far further 

neutralization and rem.oval cf c:atalys1'... residues. Aqueous 
.. - . . . . . .. 

caustic is introduced via.conduit 52, the separatad aqueous 

· 1ayer is withdrawn via conduit 54 r and the treated orqanio 

layer is passed from zone 50 to a aacond water washinq zone 

60, for contactinq with additional water, introduced via 

conduit 62. A second aqueous stream 64 is removed and a 
second washed organic stream 60 containinq the polymer 

vhich i• praterably su))stantially free of the catalyst 

(e.g., as determined by a substantially neutral pH, and by 

an aluminum content ot: less than about 10 wppm Al) is 
withdrawn as stre&lll 6Ge 

--·-·-----------·--·----
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Polyaer streaa 66 can then be passed to 

distillation zone 70 tor· removal or c4 '• (butan .. and 
unreacted butenu) as an overhead prOduct 72. Th• bot.t011S 
7 4 can be passed to a second dis-tillation zone 80 for 
removal o:r the light polymer traction aa .an second overhead 
produat 82. The resul tinq second bottOlllS strcaaa 84 c:a.n 
then he passed to a third distillation zone 90 for rQJloval 
of water theretroa as a third overhead product 92, if steam 
strippinq is employed in a prior distillation, to fora the_; 
polymer product stream !H. 

It will be understood that reactor 20 and 
contactinq zones 40, . 50 and 6.0 can b• provided with 
suitGle !!9'itator• tor ·m!xinq ot the s.traa:ms so contacted, 
and that the distillations in zones 70, BO and 90 can ba 
accomplished. by aeans known to tho•• skilled in the art, 
employin~ conventional distillation equipment and 
techniques. The praces• or tbi• invention oan :be operated 
continuously, or on a batc:::hwise or semi-continuous basis. 

'l'h• polybut.ene prepared in accordance with this 
i·nvention off a:r:s a number of advantages over poly.butene 
prepared by prior art tech·niques with respect to those 
properties which are important for its use in making 
lubricatinq oil dispersant, typically in a term of tha 
reaction product of polyisobutenyl succinic anhydride with 
polyamines or polyol•. 

Tha significant aspect is that the process ot' this 
invention permit• a more precise control of polybutene 
production than heretofore possible. In lubricatincJ oil 
dispersant technology it ia known that a relatively hiqher 
molecular weight polybutene group provides dispersant 
additive exh.ibi1::in9 batur engine performance in terms of 
sludge dispersancy and varnish deposit inhibition. 
However, conventional techniques ~or manufacturing 
polybutene hava haretotare l>ean sClllle.what unsatis:ractoty, 
since the viscosities of such relatively higher molecular 
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wei9ht materials increased proporti~ to the molecular 
weiqht, thereby aausinq a number o~ problems in both 

handlinq and manufacture of the dispersant producta. 'l'h••• 
proble•• wara due to the inherently broader mol•aUlar 
weight distribution of such products. Hare, the pre•ut 
process offers th.a advantage of controllinq molecular 
weight in that a narrow molecular weight distribution is 
obtained which, for a 9iven molecular weight range, results 
in a material having a relatively lower viscosity. 
Molecular vaiqht distribution of the product is le•• than 
2, generally from about l.BO to 1.95, and preferably about 
1.85 to 1.90. Pratarred polybutene• are those havi.nq an 
Rn of about 900 to 2,500. 

l'.n the proceaa ot the present invention, a hiqh 

degree of reactor controllability is achieved and the 
target specification of 11.oleoular veiqht and molecular 
weight distribution which is desired can be met through 
moni torinq and a~j ustment of inccminq catalyst addition 
rate, such as the HCl addition rate relative to isobutene 
content, reactor temperature, residence_ time, feedstream 
introduction nte and the like. These para.meters and the 
quality of the _finished product can be monitored at close 

time intervals in the practice ot the pres:ent invention .. 
Thus, for a given polybutene molecular weiqht d~aired, 

process c:ondi tions can be de.tined which will direct the 

process toward. the target product. 
Tha pl:'oo••• of this invention 11tlso provides a 

number ot product quality improv•ents in the polybutene 
produc-t; which a:r:e carriad over to the quality of tha 

· dis$)ersant additive ultimately produced. :It has bean 

ol::u,;ervad in ac:cordance with this invention that ultra 
violet absorption values for the product are relatively 
lover than prior art product. Th••• analyses have bean 
conside~ad a measure of instability in dispersant products, 
probably related to the presence of moieties other than 
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polybutene. .Alao, the product.a prepared in ac:co%danc:• to 
the invention exhibit relatively .lower c:hlorine level which 
is a distinct advantage since it dou tend to minimize or 

eliminate expensive clay filtration taabniques commonly 
used in order "to uet maxilllua chlorine specification in 
polybutene-containinq products. 

Another advantage of th• invention is a 
siqnificant reduction in the quantity of so called "liqht 
ends" in the polybutene prcducea These are polybutenes in 
the undesi:ral:lle Ara range of aJ:lout 200 to soo. The 

process of this invention •inimizu th• quantity of th••• 
materials and the yield of daired product in the high 
molecular. weight ra.nqe inc:raasu accordingly. Produats ot 
this invention will c;enerally contain less than about. 35' 
by weight of such low molecular vaiqht polybutanes in tha 
reaation mixture prior to product tiniahin9. After 
stripping of volatile• and light ands ot Rn of 
less 300 and below, the finished product polybutene will 

contain . less than 25t by weigh~ o~ polybutene having .an. 

Rn below 500. The exact amoun~ of acceptable low 
molecular weiqht polybutene will vary depending on product 
viscosity. 

'l'he techniqu.e ot addition ot HCl to the feedstream 
in the abcence of organo-aluzinum chloride to form a 
pre-reacted feedst:rea:a offers tlla further advantage of 

substantially reducinq the pr•••nce ot chlorinated 
polybutene in the :tinished product:. When dispersant 

precursor, i. a. , polybutene succinic anhydride, is uda 
from polybutene, any product• from the reaction of 
chlorinated polybutene ara distinctly disadvantageous. Any 
po1ymerization proc:ass which permits tree HCl to exist in 
th• reac:tot' bas this problem and the present invention 
successfully avoids it throuqh use ot tha pra-raacted 
f eedstream. 
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In the present invention, BCl injected into th• 

feedatrea• reacts quickly with iscbutylene to produce 
t-butyl chloride which, upon entering the reactor, 
functions as a co-catalyst with orqano-aluminW11 Chloride to 
initiate th• polymarization, the orvano-aluminu:a chloride 
react1nq with the t-butyl chloride to form ethyl alu:ainum 
trichloride and a t-butyl cation and thereby initiatinq 

polymerization. In contrast to this. when HCl is used to 
pro11ote orqano-alumi~wa chl~ride, the species B+BtAlC13 
which. is formed by reaction. between HCl an.cl orqano-alum.inua 
chloride initiate• the polymerization. Polymerisation in 
aaaordanc• with the pracant invention is mor• efficient and 
provicl- .a degree of proc:ea• control and pr~ quality 

net c~tainabl• with prior art procedures based upon th~ use 
of orCJano-alwlJ.nwa chloride and HCl. 

Polybutenes prepared in aoccrdanca with this 
invention are particularly usef\ll as a feedstook for the 
production ot improved 'lubricating oil additives, includinq 
dispersants. One· class of useful. additive are the 
polybutene-s.ubstituted mono- and dicarboxylic acids, 
anhydrid.e.s and· eaters which: can be :made by reaction ot the 
polybutene with a ~anaunsaturated mono- or dicarbcxylic 
acid, anhydride or aster. Such materials can be Made by 

conventional methods wherein with a. monounsaturatad 

carboxylic reactant comprising at least one member selected 
from the qroup consisting of (i) monounsaturated c4 to 
c10 dicarboxylio acid (preferably wherein (a) th• 

carboxyl qrottps a.re vicinyl, (i. •· located on· adjacent 
carbon atoms) and· (b). at least one, preferably both, of 
said adjacent carbon atoms are part ot said mono 
unsaturation) ; (ii) derivatives ot ( i) such as anhydride• 
or c1 ta c5 alcohol derived mono- or di-esters of (i) ; 

(iii) monounaaturatad e3 to e10 monocarboxylic acid 
wherein the carbon-carbon double bond. is conjugated to the 
~arboxy group, i.e, or t:ha structure 

--------~-- --·-·-------

This Sheet Has Been Replaced 
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I 0 -cJJ_, 
and (iv) 4ar1vat1ves o~ (111) 8UCh a• c1 to c5 alcohol 

derived •onoeatera o~ (iiiJ. · Upon reaction Vith th• 

polybutene, the aonounsaturation ot the aoncunsaturatect 

c:amoxylio reactant becomes saturated. 1'hwt, for axuple, 
maleic anhydride become• a poly!:Nten• llUbstitutacl nccinic 

anhydrid•, and 'acrylic acid beco••• a polybutene 

S'QJ:)atitut.ad prapianio acid. 
Typically, troa about 0.1 to aboUt: 4.0 (e.g., o~a 

to 2. 6) , preferably ~ about 1. o to ahout 2. O, and scat 

pref•rably troa about 1.1 to about 1.7 aol•• ot ••id 

aoncnmsaturatecl carboxylia reactant are char9e4 to the 

react.or P*r 'Sala of polybutentt chartp4~ 

·Kormally, nat all or the p0lybutane reacts vi th 

th• •onounsaturated carboxylic reactant and the raaction 

mixture will contain untunctional.:Lzed polylnltene. The 

unfUnational i1ed polybutene is typically not reaoved tram 
• 

th• reaction •ixt.u:e (because nob raoval ia diffic:ult and 

would be CO'IDJllercially intaaaibl•) and the prcduct 11ixtur~, 

stripped of any . aonounsaturatad carboxylia react.ant. 1• 

employe« tor further reaction with th• aJlina or alc:chol as 
described hereinafter to make the dispersant. 

Characterization of th• average nWlb~ of JaOles of 
monounaaturatad OQ"l:loxylic reactant Which have reacted. per 
lllCla of polybutene charg-ed to tll• reaction (whether it has 

under9ona reaction or not) ia daf ina4 herein as 
functionality. Said functionality 111 based upon (i) 

determination of the •aponif1cation number of the raaultincJ 
product ai::ictura usinq pot&ssiua hydroxide; and (ii) th• 

number average molecular weiqht of th• polyl>ut:ane c::bart:Jed, 

uaing tactmiquu well known in tb9 a.rt. l'\met.ionality i• 

defined solely with rataranc• to the resUltinq product 

mixtur•. Al thou;h the amount of said untunctionaliiad 

polybutene contained in tha raauI.tinq product mixture can 

----·--------------------
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b• sui:usequently modi.fiad, i.•. incraued. or 4ecreasad by 

techniques known in the art, such aoditications do not 
alter functionality as datined aJ:Jove. The term• 
•polybutan• substituted. monocarboxylic acid :material• and 

••palytlutene substi'tuted diaa:rboxylic acid material" as u•ad 
herein are intended to refer.to the prod\lcl: mixture Whether 
it has undergone such modification or nota 

Ac:cordinqly, the functionality of the polybutene 
substi tut:ed lllono- and dicarboxylic acid material will b~ 
typically at least about o .. 5, preferably at least al>Out 
O. 7, and i.ost prefarably at least abOUt o. 9 and will vary 
typically fro• about o.s to about 2.a (•·9•, 0.6 to 2), 
preferably troa about o.s ta· abaut i.4. 4nd most preferably 
from about 0.9 to al)oUt 1.3. 

Exemplary ot such monounsaturatad carboxylic 
reactants ara fu111.aric acid., itaconic acid., maleic acid, 
maleic anhydride, chlorcmaleic acid, cbloro•aleic 
anhydride, acrylic acid, methacrylic acid, crotonio acid, 
cinnaaic acid, and lower alkyl (e.g., c1 to c4 alkyl) 
acid eaters ot th• toreqoinq, e.q., methyl m.aleate, ethyl 
fumarate, methyl fumarate, etc. 

The polyb~tane can be reacted with the 
monaunsaturated. carboxylic reactant by a variety of 

met~o~a. For example, the polybutana can ba first 
halogenated, chlorinatad or brominated to about 1 to 8 wt. 
t, preferably 3 to 7 wt. ' chlorine, er bromine, based on 
th• weight of polybutene, by passin9 the chlorine or 
bromine through the polybutene at a temperature of 60 to 
250 .. C, preferably 110 to 16o•c, e.g. 120 to 14o•c, for 

about 0.5 to 10, prafarably l to 7 hours. Tha halogenated 
polybutene may than ba reacted with sutticient 
:monoun•aturated csarboxylio reactant at 100 to .zso•c, 
usually about 1so• to 23s•c, tor a.bout o.5 to 10, a.q. 3 to 

s hours, so the product obtained will contain the desired 
number of moles of the monounsaturated. carboxylic reactant 

-~-----------
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per mole of the halogenated polybutene. Procassa of this 

qeneral type ar• taught in u.s. Patents 3,087,•36; 

J,17·2,892; 3,27Z,74S and others. Alt.ernatively, t.he 
polybutene and. the monounsaturated oarboxylic reactant are 
mixed and heatad •hil• addin9 ahlorine to the bot 
material. Processes of this type are disolosecl in o.s. 
Patents 3,21.5,.707; 3,231,,5871 3,912,764; 4 1 1.10,3491 

4,,234,4351 and in u.x. 1,,440,219. 
. . 

Altern~tely, the polyb~tene and the 
monounsaturated car:boxylic reaCta.nt can be contacted. at 
elevated tqperatura to cause a therllal •ene• reaction to 
take pl~ce. Thermal "•n•• reaction• have .been heretofore 
described in u.s. Patents l,361,673 and 3 1 4'01,118·, the 

disclosure• of which ara hereby incorporatad l'>y reference 
in their entirety.· 

Preferably, th• polybutenes used in this invention 
contaiil lass than 5 wt.t, more preferably less than 2 wt\, 

and most preferably less than 1 wtt ot .a polybutene 
fraction comprisinq polybutene molecules havinq a molecular 
weight of less than about 300, as determined by hiqh 

telltperature qal permeation chromatography employinq the 
correspondinq polybutene calibration curve. Such preferred 
polybutenes have bean found to· permit th• prctpara.tion of 
:reaction products, particularly when amployinCJ' maleic 
anhydride as the unsaturated acid reactant, with decreased 
sediment. In tha event th• polybutene produc;:ed as 

. daaoribed above contains CJrU.ta~ than about 5 wtt of such a 
low molecular weiqht polybutene traction, the polybutene 
can be first treated by conventional means to remove the 
low molecular we1qht traction to the d .. irad level prior to 
ini tiatinq the en• reaction., and praterably prior to 
contacin' the polybutene with th• selected unsaturated 
carboxylic reactant(s). tor example, the polybutene can be 
heated, prafarably with inert gas (e.q., nitroqen) 
strippinq, at elevated temperature under a raduced pressure 
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to volatiliz• th• low molecular weight polybutene 
component• vhieh can then b• removed fraa th• beat 
treatment vessel. Th• precise temperature, presaure and 

time for much heat treatment can vary widely dependin9 on 
such factors as·as the polybutene nW!lber avera~e ll.Olecular 
weight, the amount ~: the low molecular weight fraction to 
be re-.oved and. other factors. Generally, a tnperaturs of 

trom a.bout so to aso•c and a pressure of rro:m about 0.1 to 
1. o atmospheres and a thle ot tro11 aboUt 0.5 to 20 hours 
(a.q., 2 to 8 hours) will be sufficient .• 

:In this process, th• selected polybutene and 
mcsnounsaturatad carboxylic reactant and halogen (e.g., 
clhorine gas), where employed, are coni:aated tor a time anc1· 

under conditions eftecti va to tora the du ired polyl:nltene 
substituted mono- or dicarboxylic acid material. 
Generally, the polybutene and 111onounsaturated carboxylia 
reactant will be contacted. in a polybutene to unsaturated 
c:arboxylic reactant mole ratio· usually troll. a.bout l: l. to 
1:10, and preferably from about 1:1 to 1:5, at an elevated 
tamperature, qenerally tram about 120 to 2eo·c, preferably 
from about 160. to 24o•c. Thea mole ratio at halogen to 
monounsaturated. carboxylia reactant charged will also vary 

and will qenerally ranqa from about o.5:1 to 4:1, and More 
typically from about 0.7:1 to 2:1 (e.q., from about 0.9 to 
1.4:1). The reaction will be qenerally carried out, with 

stirring for a time ot from a]:)out l to 20 hours, preferably 
from about 2 to 6 hours. 

By th• usa ot haloq•n, a.bout 65 t.o 9!5 wt. ' ot tha 
polybutene will normally react with the moncunsaturat•d 
c:a rbcucyl ic acid reactant. Upon canyinq cut a thermal. 
reaction without the uae of halogen or a cata1yat, then 
usually only about 50 to 75 wt. t of the polybutene will 
raact. Chlorination helps increase th• reactivity. 

---------- -----~----·--- ----
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It d .. ired, a catalyat or prOJ10t•r tor reaction ot 

tha polybutene an4 aonounsaturated carboxylic reactant 
(Whether the pol:ybutena and :monounsaturated carboxylic 
reactant ara contacted. in the presence or al:lsenca of 
haloqen (e.q., chlorine)) can ba aployed in tha reaction 
zone. such catalyst of promoters include alkoxides of Ti, 
Zr, V and Al, and nickel salts (e.g .. , Hi acetoacetcnate and. 

Ni iodide) which catalysts or promoters will ba generally 
employed in an amount of froa al:Jout l to 5, ooo ppm by 

weight, based. on tha mass of the reaction •edium. 
The reaction is preferably conducted in the 

aub•tantial al>sence of o2 ancl water (to avoid competing 
side reaationa) , and tO thi• and can be conducted in an 
atmosphere Of dry· Nz 9aa or Other qa. inert under the 
reaction conditions. Th• reactant• can ba charged 
separately or together as a mixture t:o the reaction zone, · 
and the reaction can be carried cut continuously, 
semi-continuously or batchwisa. Although not qenerally 
necessary, the reaction can ba oarriacl oui: in the presence 
ot a liquid diluent or solvent, a.q., a hydrocarbon diluent 
such as mineral lul>ricatinq oil, toluene, xylene, 
dichlorcbenaene and. the like. The polybutene substituted 
mono- or dicarboxyl1a acid. ma1:erial thus formed can be 
recovered from the liquid. reaction mixture, e.g., after 
stripping' the reaction mixture, it daairad, with an inert 
qas such a• H2 to remove unreacted unsaturated car:boxylic 
reactant. 

Dispersant• qenerally coapriso the l:'eaction 
product of polyb.u~enyl succinic anhydride or th• acid fora 
thereof with mcnoamin•• er polyamin•• having up to a]:)out 30 
carbon at01Qs, havinq at l•a•t ona primary or secondary 
amino gJ:oup such as t:he alkylane polymdnea, particularly 

the ethylene polyamines, th• polyo:xyalkylena amines, 
aromatic and cycloaliphatia a•ines, hydroxyamines, 
mono-aliphatic and. di-aliphatio substituted amines. Useful 

--- -----------------· ------
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disper•ant• are also formed by reacting monabydric and 
polyhydric alcohols with the polybutenyl suc:cinic anhydride 
or diacid provided from the polybutenes made in ac:cordance 
with this invention and preferred materials are thus 
derived frOJI polyols haVillCJ 2·to 6 OH tp:oupa acntaininq up 
to al:loUt 20 carbon atou such as the alkana pclyols and 

alkylen• qlycols. Also suitable are the polyoxyalkylane 
alcohols such a polyoxyethylene. alcohols and 
polyoxypropylene alcohols, monohydric and polyhydria 
phenol• and naphthols, ether alcohols and amiDo alcohols 
and tbe like. Borated derivative• o~ th• foregoing 
di •persants ara al.so usefU.l, especial.ly borated ni troqen 
containinq diaper•ant• resul tin9 frm1 boration with boroa 
oxide, boron halide, boron acida and esters to provide o.:z 
to 2. o wt.. 5 boron in the dispersant. Xetals and 
metal-containinq compounds can also form usefUl dispersant• 
and these are COJ111)ounds aapa1'le ot 1'orm.ing sal t:s with the 
polyiaobutenyl succinic anhydride or acid of the present 
invention and this· includes metals such as th• alkali 
metals, alkaline earth metals, zinc, cadmium, lead, ccbalt, 
nickel, copper, iron, Chromium:, mag-na•iu.m · and derivatives 
thereat such as oxides, carboxylatea, halides, phosphates, 
sul~ates, carbonates, hydroxides and the like. 

Also useful are Mannich Base condensate 
disperaarata wherein the polybutenes of this invention are 
reacted with a hydroxy-s'UDsti tuted aroma tie compound ( •. q. 
phenol) in an alkylation reaction to form a 
polybutana•substituted hydroxyaromatic compound. This 

polybutene-subatituted hydroxyaromatia compound can than be 
eondensad in a Mannich Base reaction .with an amine (·e.q., 
any ·of th• mono- or polyamines described above) and an 
aldehyde (e.9., formaldehyde). such alkylation and Hannich 
Base reactions aan l>e accompl.ishad usinq any ot the 
conventional alkylation and Mannich Base condensation 
methods. 
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Lubriaatinq oil compositions will usually contain 

dispersant& in amounts ot froa about 1 t.o 15 wt. t ba•ed on 
th• overall weight of the ccmposition. Lubriaatinq oil 
compositions will typically contain other additive. in 
custa11ary amounts ta prov i~a their normal attendant 
functions such aa metal detergents or basic matal 
deterqent, anti-wear additives, anti-oxidants, viscosity 
modifiers and tha like. Disporsants are conveniently 
pac:kaqed and dispensed in the form or solution concentrate~ 
c:ontaininq about 20 to 50 wt. t cllsparsant in mineral oils. 

Th• invention is further illustrated by the 
fellowing example• (wherein parts are by weiqht unless 
otherwise indicated) which are not to be considered aa 
limitativa of its scope. 

EXAMPLI 1 

A liquid c4 f'eadstream composed ot 38 wt. t 
isobutene, 3 o wt. t butene-1, 4 wt. t isobu1:ane, 1 o wt.' 
n-butana, 18 wt.t bUtene-1 and less than o.2t butadiene waa 
dried with cac12 and than introduced into a reactor feed 
line. 'l'ha moisture content in the feed after dryinq was 
less than 40 pp:m. Anhydrous qaseous HCl was introduced 
into the feed line in advance of the r•actor entry point to 
form a treated faedstraa. Th• amount ot HCl introduced 

' into the feed line was in th• ranqca at so to 190 ppm by 
weight with average of about 74 ppm HCl by weiqht. 
Analysis ot tha treated faedstrea11 showed it to contain 
les• than 0.1 ppm free UCl and showa4 that t-butylchloride 
was the major organo-chloricla in the treated reedstre.a, 
which was tound to have an overall orqano-ahloride 
concentration of so ppm to 280 ppm by weight. The treated 
feadstraa.m was added to a continuous stirred reactor at a 
rate ot a.bout 13 .4 cubic meters per hour. Tha reactor 
residence ti~e was maintained at about 30 minutes, ·the 
reactor pressure was :maintained at about 2.1 Bar, and th• 

·--------------·-·---------
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reactor temperature wa• aaintained at about 5•c. 
Ethylaluminum didlloride (EA.DC) waa ailllult:aneously added as 
a 15 wtt solution in ISOPAR• r., an inert hydrocarbon 
solvent, to provide an amount of EADC equal to 0.023 wt.t 
of the c:4 feedstream. Reaction product was withdrawn at 
a rata correspondin9 to the total teed introduction rate. 
The polymerization reaction mixture was withdrawn from the 
reactor and the · catalyst removed by the steps of water 
washing and aqueous caustic treataent of the washed organic 
layer. A oaustic treated orqanic layer was then obtained 
which waa subjected to a second water washinq step. Tba 

wa111had org"anic product was than strip1>9cl ot unreacted c4 
hydrocarbons and oliqomer• ias• than An•300 to 
form a finished. polybutene p~ containinq less than 2! 
wt.t ot polybutene ot lfn•SOO or less. 

97t ot isobutene was round converted to 
polybutene, and less than o .1 PPll o'l tree HCl remained. in 
the reactor vapor phase. The finished product polybutene 
was found to have a number average molecular we.iqht of 
about 1300, an averaqa viscosity ot 580 to 640 est at ioo•c 
and a molecular weight di.stribution ot a.bout 1.80 to 1.90 .. 

The stripped light ollqomer was about a wt.' ot tbe . total 
finished polybutene product. The residue chlorine in the 

tini•ha4 polybutene product: was found to be about 50 J>P•· 

EXAMJ>LI 2 
The procedure ot Example l wa• repeated except 

that acunt of HCl introduced 'into the feed line was in.the 
ranqe of 150 to 220 ppm by weight with averaqa of about 190 
ppm, HCl by weight. Analysis of the treated feedstream. 
showed it to contain lass than 0.1 PPll free HCl and showed 
that t-bu.tylehlorid.e was the major orqano-c:hlorid• in the 
treated feedstraam which was found to have an overall. 
org-ano-chloride concentration of .190 ppm to 320 ppm. Th• 
reactor temperature wa• maintained at about 10 •c, the 
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reactor prasaurtt wa• uintainad at about :a .1 Bar, and the 
reaator r••id.enc:e tiae vu maintained at: abou1: 30 .tnutea. 
The DDC 110lut~on vu add.eel to provide u ~ of EADC 

equal to 0.030 wt.% of th• c4 feedatreaa. 981 of 

isobutena was f cund to be converted to polybutene, and leas 
than 0.1 PP• ~f fr•• HCl remained in the reactor vapor 
phase. Th• finished product polybutene wa• found to have a 
number averaqe molecular weiqht of about 950, an averaqa 
visc=c•ity ot 190 to 240 est at ioo•c, and a •al.aular 

weight distril>ution of a):)out 1.ao to 1.90. The residua 
chlorine in tha finished polybutene va• found to be about 
70 ppa. 

coppaTm IWIPLJS 3-~ 
'l'h• procedure at Bxa11ple l vaa repeated except: 

that th• catalyat aoaprised finely divided A1Cl3 rather 

than EADC, 1111in9 th• run conditions described in Tabla J: 

below. 

Reactor tap. ·c 
Wt.t AlC13 in feed 
RCl cocat, ppa in fud 

Isobutana convar., 
Kol. wt.., In 
Kol. wt. diatr. <iw/Hn> 
Residue chlorine, PP• 
Visco•ity, est at 1oo•c 

-- ---------·--------··-··--·--

Tabla I· 

COlllparative comparative Comparative 
IXtamlt 3 BxaJIPle t sxamp1• 5 

l to 3 5 O to -2 
.os-.67 .oa-.67 .oa-.67 

150 lOO•:ZOO 70 

99 98 

1300 900 ..,., 950 

1.90-1.95 1.90-1.95 1.90•1.95 
..-100 .-..100 ~ 100 

590-640 210 190-247 
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No1:e1 re.a tor coap. Bxamplu l. 4 and 5, 

$:01l1'0Jlln.t fnall coma. ln1· J IDd t cmm. 1¥1 I 
isobutene 23 15-22 
butene-1 22 15-22 
saturated butanes 55 

iaobutane -- 45-55 
n-butan• 6-8 

'butadiane $ g.a s ~.a 
Total 100 100 

copABATm UAKPLES 1-1 

'l'he piooc41dur• of zxample 1 i• repeated except thai: 
water, rather than Hel, waa employed as cc-catalyst. The 

conditions of th• raa=ion ar• aucril:Jetl in 'l'ilbl• Ir. 

reactar temp. •c 
wt., BADC in feed 

H20 cocat, pp11 in ieed 
isobutena conver., ' 
lllOl. vt. distr. <iv/in> 
residue Chlorine, ppa 

Rn 
Hota: 

Feed rate 

Table ri. 
comparative 
Bgp11 I 

10 
o.oas 

135 

93.6 
_.. z.1 

56 
· 1231 

12 x3/hr. 
Reactor pressure 2.0 Bar 

Comparative 

sxampl• 7 

10 

G.082 

100 

86.6 

...- Z.3 
5fi 

2049 

Residence time about JO minutes 
C:a'talyst added as a ll5t DOC solution in ISOPAR9•L 
solvent. 

--·---······-·--· --·----------
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'l'he above data illustrate the simul taneou improved 

low chlorine residual concentrations and narrower molecular 
wei9ht distributions achieved by the process ot tbe pres•nt 
invention over those achieved by uae of tbe A1Cl3'11Cl 
c:atalyat/co-catalyst system ·when compared at the aaDle 

numl:>er average :aoiecular weiqht product, and these data 
further illustrate the improved molecular weight 
distribution achieved by the present proeesa c011parad to an 
EADC/water catalyst/ao-catalyst ayatem. 

Generally th•· polybutene products produced by the 

procees ot this invention will contain 1••• than abOUt 100 

wppa, preterably l••• than about 75 wpp•; and •c•t 
preferably les• than about 60 wppa cblorina· ·(as- Cl) • 

"l'h• principltas, preferred embodiments, end modes ot 
operation of the . present invention have · been ducril>ed in 
the foregoin9 specitioation. 'l'ha- invention which is 
intended. to be protected herein-, however, is not to- be 

. . 
construed as liaited to the particular forms diselo•ad:, 
since those are to b9 regarded as illustrative rather than 
restrictive. Variations and ehan;es may be made by those 
skilled in the art without departing from the spirit ot the 
invention. 
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CLAIMS: 

l. A process for preparing low molecular weiqht 

polybutene havinq an •n in the ranqe ot from 700 

to 3,000 and a molecular weiqht distribution lass than 2~0J 
from a f aedstream mixture of c4 .hydrocarbons containinq 

at least 6t by weiqb.t isabutylena in a stirred reaction 
zone maintained at a. temperaturo of fro1o1 -so•c to +3o•c, 
which comprises= 

Ca) injeotinq BCl in an amount of from 25 to 300 

parts by weight per one million parts by waight ot said 

feedstream mixture into said faedstrealll mixture, in the 
substantial absence ot said orqano-aluminum. catalyst and . . 
under conditions sufficient to substantially completely 
react said injected BCl with isobutylene, there.by producinq 
a treated feeds;tream mixture which contains less than 1. o 
ppm free HClJ 

(b) simultaneously introducinq said treated 
feedstreaD :mixture and said orqano-alu111inu11 chloride 
catalyst as separate streams into said reaction zone; 

{c) contacting said introduced treated -teedstrea:m. 
mixture and said introduced catalyst in the reac:tion :r;one 
for a time and undeJ: conditions sufficient to form a 
polymerization reaction mixture containinq said polybutene; 

(d) withdrawing said polymerization reaction 
lllixture frcnii. said reaction zoner and 

( e) recovering- said Poly.butene product from said 
withdrawn polymerization reaction mixture. 

2 • The process of ala.im l wherein said catalyst 
comprises at least one •eml>e:r: selactad from th• qroup 
consisting of compounds of the tonimla: 

11111111 111111111111111111 IHI 
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(R)xA.l(Cl)3-x 
wherein R is c1 to c20 hydroc:arbyl and x is an i:nteqer 
Ot frODI l to 2. 

3 • The process of claim 2 wherein said R. qroup 
conrprises branched or straiqht chained alkyl havinq from l 
to 10 carbOn atoms. 

4. The process of claim 3 tr'herein said R group 
comprises c1 to C4 alkyl. 

5. The process of c1abi 3 wherein said catalyst 
co111prises at least one melll>er selected from the qroup 

consi•tin9 of (CH 3 )A1Cl2, (CB3)2AlCl, 
C2H5AlCl2 1 (C2H5)2AlCl, (CH3)3CBAlCl2 1 

[(CH3)2CB]2AlCl, (C3H7)AlCl2, 
(C3H7)2AlCl, CH3CK(CB3)AlCl2, 
[CB3CH(CB3)]2AlCl, (CH3)3CAlCl, 
[(CH3)3C]2A1Cl, C5H13AlCl2, C5H11AlCl2 1 

and C10H2iA1Cl2· 
6. The process of any of claims l to 5 Wherein 

there is employed from 0 .. 001 to o. 008 moles of ethyl 

aluminum dichloride catalyst per mole of said isobutyl~e. 
7. The process ot ala.ill 6 wherein the ethyl 

alwllJ.nUlll dichloride catalyst is added in an amount of from 
0.002 to 0.006 moles per mole of said iso.buty1ene. 

s. The process of any of claims 1 to 7 wherein 
the ethyl aluminUJL dichloride and HCl are added in a wt:wt 
ratio of from l to 4. 

9. The process of any of claims 1 to S wherein 
the polybutene prOduct has a JUOlecular weiqht distribution 
of from 1.80 to 1.90. 

10. The process of any of c:laim11 1 to 9 wherein 

the polybutene has an Hn of from 900 to 2,500 .. 
11. The process of any ot clailns 1 to l.O wherein 

the temperature range is f:ro:m -1s•c to +is•c, preferably 
-s•c to +1s·c. 

--------·----------- -
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12. The process.of any of claillls l to 11 wherein 
said reaction is effected in a stirred tank reactor. 

13. The process of any of claims l to 12 wherein 
said reaction is effected in a tubuJ.ar reactor. 

14. A continuous process for preparing low 

molecular weight polybutene having an Rn in the 
range of from 700 to J,ooo and a molecu1ar weiqbt 
distribution less than 2. 0 trom. a feeds:treaJI mixture Of 

C4 hydrocarbons containing at least 6% by weight 
isobutylane in a stirred reaction zone maintained at a 
te111perature o~ -1s•c to +1s•c, vbich comprises: 

·(a) injectinq HCl in an amount: of :frOll about 25 to 

300 parts by weight par one million parts by weight of said 
f eedstream 11ixture into said feedstream mixture, in the 
substantial absence of said orqano-aluminum catalyst and 

· under c:oncli tions suf:f icient to substantially completely 

raaot said injected HCl with isohutylene, therel:Jy producinq 
a treated feedstream mixture which contains not greater 

than about 1.0 ppm free HCl; 
(bl simulta:neousl.y continuously introduoinq said 

treated feed.stream mixture and said organo-alum!num 
chloride catalyst as separate streams into said reaction 
zone; 

(e) contacting said introduced treated feedstream 

mixture and fiail! introduced. catalyst in the reaction zone 
for a time and under conditions sufficient to form a 
polymerization reaction mixture ccntaininq said polybutene; 

(d) continuously withdrawing said polYJl'Qrization 
reaction mixture trom said reaction zone; and 

-------~--~--~-------~ - -----------·------------
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( e) recoverinq said polybutene product :from said 

withdrawn polymerization reaction mixture. 
15. The process of claim 14 wherein said 

withdrawn polymerization reaction mixture is quenched with 

ac;rueous alkali and said polybutene product is recovered 

trom said quenched polymerization reaction mixture. 

16. The process of claim 14 or claim 15, which 

incorporates one or more features as claimed in any ·of 

claims 2 to 13. 
17. 'l'he process o~ any of claims 14 to 16 wherein 

the organo-aluminum chloride is added in admixture with 

c4 hydrocarbons. 
18. The process of any ot claims 1 to 17 wherein 

the poly1'utene product has a viscosity of 190 to 250 
centistokes at ioo•c. 

---
-------------------------------
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