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(57) Abstract

A composition including polyalphaolefins that function as drag reducing agents and a process for the proparation of polyalghaolgﬁns
that function as drag reducing agents arc disclosed. The process includes contacting alphaolefin monomers with catalyst particles in 2
polymerization mixture that includes a hydrocarbon solvent. The polymerization of the alphsolefin monomers produces polyalphaol_eﬁn
drag reducing agents having an inherent viscosity of at least 10 dL/g. During polymeﬁzagion of the polyalphaolefin monomers, Yocalized
micelles compromising high molecular weight polyalphaolefin polymer are formed in micellar zones around the catalyst particles, The
polymerization is conducted in the presence of a viscosity reducing agent that includes a substantially hydrophobic dispersant. The vl?oosity
reducing agent is present in an amount sufficient to reduce the viscosity of the reaction mixture and disperse the localized micelles.
The addition of the dispersant during the polymerization process provides for high malecular weight polynlphao{eﬁn and a more uniform
molecular weight distribution of the resulting polyalphaolefin. A process of forming a polyalphaolefin drag reducing agent in one or more
polymerization seactors and a process for reducing drag in a conduit are also disclosed.
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20 I n anot heprogesyss and redyce ﬁgﬁsvw PEsts lossessugh thgt the pratsprsgiropfent givep flow rate is
introduced intOjeg GAREHI rdtdfof £ BNER pressure drop is greater. Because DRASs reduce frictional energy

15 losses, increase in the flow capability of pipelines, hoses and other conduits in which liquids flow

can be achieved. The use of DRAs can also decrease the cost of pumping fluids, the cost of
equipment used to pump fluids, and provide for the use of a smaller pipe diameter for a given flow
capacity.
Recognizing the desire to reduce frictional energy losses in the flow of liquid in pipes, a
20 number of polymers, copolymers and methods for making polymers and copolymers have been
proposed. For example, in one approach, a polymer is produced by the polymerization of an
alphaolefin in a hydrocarbon solvent. The entire mixture, containing polyalphaolefin, solvent, and
catalyst particles, is used without separation to make up dilute solutions of the polymer in crude oil
or other hydrocarbons. In another approach, a composition of a polyacrylamide, water and a
25 dispersing agent, which may be an anionic or nonionic surface active agent, is used. Earlier DRA
polymer mixtures have certain shortcomings. For example, one of the problems associated with
those DRA polymer mixtures is that the polymers, which are of high molecular weight, tend to be
difficult to dissolve without degradation of the polymer and without significant reduction in
molecular weight.
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| east 10 polyalphaolefin drag reducing agents are formed by the polymerization of alphaolcﬁn monomers.
20 In another aspect, the polyalphaolefin drag reducing agents are introduced into a conduit to reduce
drag. The polymerization of the alphaolefin monomers is conducted in the presence of a viscosity
reducing agent. The viscosity reducing agent may be added as an initial raw ingredient or as an
additive at any time during the polymerization process. Preferably, the viscosity reducing agent is
added to the polymerization reaction mixture at the same time alphaolefin monomers are added.
25 Altematively, in a two-stage process, the viscosity reducing agent is added to the second stage while
polymerization is continuing, €.g., in the absence of “‘catalyst killers” or any other polymerization-
terminating ingredient. Preferably, the viscosity reducing agent is present in an amount sufficient
to reduce the viscosity of the polymerization reaction mixture.
The viscosity reducing agent preferably includes a substantially hydrophobic dispersant such
30 as polyacrylic acid. As used herein, the term “substantially hydrophobic™ means substantially
incapable of dissolving in water. Other useful dispersants include, alone or in combination,
copolymers of polyacrylic acid; polymethacrylic acid; copolymers of polymethacrylic acid;
polyethylene; copolymers of polyethylene; polynonylphenol and/or polybutylphenol, including

2
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process OfIS the | nveﬂlt gtﬁ)lnanother aspect of the invention, localized “micelles™ or droplets comprising high
molecular weight polyalphaolefin polymer are formed in micellar or droplet zones around the
catalyst particles during the polymerization of alphaolefin monomers. Advantageously, the visdosity
reducing agent that is present during polymerization reduces the viscosity of the reaction mixture
and disperses the localized micelles or droplets.

20 In yet another aspect of this invention, a metallocene catalyst slurry is prepared by mixing
the solid metallocene catalyst with a small amount of hydrocarbon solvent, such as olefin, and is
directed to a storage vessel. The catalyst slurry is then metered from the storage vessel into a first
reactor where it is mixed in desired proportions with the cocatalyst, the viscosity reducing agent and
the alphaolefins which are metered from a separate vessel or vessels. The polymerization is initiated

25 in the first reactor at an appropriate temperature and pressure. A second reactor may be provided
in which the polymerization is continued and from which the polyalphaolefin drag reducing agent
may be recovered. In one aspect, materials, including the catalyst slurry, the viscosity reducing
agent, hydrocarbon solvent, unreacted alphaolefins, oligomers and formed polymer may be
continuously pumped from the first reactor into the second reactor where the molecular weight of

30 the formed polymer product may be increased while fresh reactants may be added to the first reactor
as the material is pumped into the second reactor.
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25 provides for improved contact between unreacted monomer and/or low molecular weight polymer

material (i.e., oligomers) and the catalyst polymerizing the unreacted monomer and low molecular
weight polymer to form high molecular weight polyaiphaolefin polymer. In a preferred aspect, it is
contemplated that such improved contact results in a polymer having higher molecular weight and/or
a more uniform molecular weight distribution. Additionally, it is contemplated that such improved
30 contact results in a finished product having a higher weight percent of completed polymer.

In another aspect, this invention is directed to a high molecular weight polyalphaolefin drag
reducing agent formed by a process wherein a substantially hydrophobic dispersant is added during
the polymerization reaction. The polyalphaolefin drag reducing agent includes a high molecular

4
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Sui t abl e rret aI la6idt aaﬁné;aihaiq&s thydiobstbonsByictbas cyclohexane; Ianqtmﬂxclhydiommmrsych as

net al | ocene co oun lknovvn i n t e art. vant age of netall ocene
catalyst is th 'ke@eiﬁy%? V%0 gﬁ?‘gﬁ its activity is not
i nhi bited20f a di sp‘eaiéaﬁmalyéthwﬂ therpresent inventibas include canlp e¢amalystsC chat arenicap@bie of

OXYGEN 15 oo e SABRBLEE 5l 2 ] ST A 25 TR, RSB, Ziper it
processes are Qe Gidtdldcene rbaHly&s 3'9 en;pld?@d @ theNm®ention 4 4Por OchBre adeehils , oft 1 @aditichal
the extent. not ZiSRESGHS GBSt 395 1oh SRR (T, hEro HAD1Sy e aicionys of yhifh s
It is further qoipeiueddy fuference to the éxfent not eorzivtend \hﬂﬂﬂﬂﬂa&ﬁh@ loff the préBent h®@ention.
supported zgn 3 Lj\p or tprer?arreJ (I:a%allysst ﬁnaor\a@tal o'?:er;[qutaﬁ'st. Sunglg le gl)c(:taHche catalysts that may be
employed include any metallocene compounds known in the art. One advantage of metallocene

catalyst is that, unlike Ziegler-Natta catalysts, its activity is not inhibited if a dispersant (further

described below) containing oxygen is used. Examples of suitable metallocene compounds, their

preparation, suitable cocatalysts, and their use in polymerization processes are described in U.S.

30 Patent Nos. 5,442,019 and 5,416,179, the disclosures of which are herein incorporated by reference,

to the extent not inconsistent with the practicing of the present invention. It is further contemplated

that the metallocene catalyst may be supported on support materials known in the art, for example,

inorganic oxides, such as silica, alumina or magnesia, or polymeric materials, such as polyethylene.
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I norgani ¢ oxi des, such as silica, alum na or nmagnesia, or polyneric

mat eri als. such as pol yet hyl ene.

5 WO 97/ 34937

PCT/ US97/ 04325 The concentration of the metall ocene catal yst of
the present invention is preferably in the range of - at | east about

1 to 2000 nol ea,&%% §39 per nole of catal yst and hi gher, nore éﬁ{]&%ﬂg

from about 10 to 1000 nol es ol efi n per nole of catal

The polyneri z on .t not .cr he range
ot o Abou T RedE R o lafeod By 2 prelh i i i ndbly i rf oS
reacti on m xt arleast aboat! 130 Zomtmalcsldleﬁna:b: maie df daglyad dnyt higher] mort hreferably from abogiige

of from about sphe r bout 1500 psig. The
viscosity redife °ﬁg E“-é ke%flﬁs gfﬁ%gr ophobi ¢ di spersant. During

pol yneri zation,  The polynikipdtion Mﬂeﬁtﬁ@ﬁ@ﬁﬁ&rﬁxcﬂ&h&ﬁ&bﬁiﬁlyh@&é fibjge bfOfEcHh hvoafl

m cel l es of high_ nol ecul.ar ht al phao ef|n|n mcellar zones
around t cat’& 9&%&&33&\/@“(#?"’(‘% fé'i‘ﬁ{?”é:ﬁ?ﬂ‘é’t’@ nqt Grtica}, AngHspally ds in the
material in caagasﬂﬁdmaﬂbuimofpawdwdsmewaw&rnswpslg0 form pol ymer of hi gher
nol ecul ar wei ght npre t han the nononer material that is not

in contact with t h'g‘ec"é?“a?‘Vﬁd“"'Pﬁégmt &?&d“%ﬁ‘@&ﬂb hic dispersant. Dying pol YRstizatien,

i s of higher mpmt shohétadts [hofyniekizé Qb Nfdkd JlobRARicaMes! dTOhYREBhoIBRAR" v hht
further limting the polynerization of the surroundlwg materi a
!

Consequent | y, N‘Y?é?@'&@hmb‘@"ﬂmf pggearapnd fhecataist particles. It i ppntemplaiad|taas the monomer
vei ght dit ri piedifl r-h %m%ﬁ&@éaﬁl}%ﬂp%&&éﬁ@%h%!y&eﬂ@ftlﬂiﬂeﬂhole&ﬁ&Wefﬁh{‘ﬂbéé

it is 15 contenpl ated that the viscosity reducing agent of present

i nventi on, whrapidly than thgarongmer material that,isobincppipgtywithtbg ‘@E‘B@bl Hledilsmémg'amlar
and i s added Rk gﬁ ngfyﬂ)e@ﬂ AF miphet! Visé o3ty M ﬁgﬁﬁfoﬁlﬁﬁﬁé}ﬂomﬁﬁg I materl furth r

viscosity of th action mxture and di sperses the l[ocali'zed m cel
hi gh nol ecul alimiliag Hiepolymerization qf@wmundmamstenﬁp(awpqvgntbﬁn@expewdveméa;geﬂ@naume

catal yst to cg r}f.,@ﬁ,é er a%?ﬁ?h gE bf @B FinsRl pogyalplblaoleﬂ?pnjnﬁ&'igl aAc%ﬁ&:ﬂ%% it is

pol ymer materi I spersants o I's 1 nventlon
subst ant 1%l | ycmmplattrdnﬁm ithet Mlecowr yeduping agend rofpthe essent imyration, swhich tincludes a

reduci ng agengpbmy: |
pol yrer  zat | oRCER *‘f BUphO6l ikl ol syc Py e duving plfiion reduces e
the reaction wiscesiti ef the reaction mixtirel il dispsescs thi dodalizsd Imvipadigs of high ms!ccdar Weight
nmol ecul ar wei hxgg el ﬁ%hy g&@} unreacte

feature of thﬁgﬁl nven &lﬂ gi?Erougﬁ ef ?g:lt r?p&[mtn & VI SCOSI y&?g%%ngllﬂg
agent prior tmolecular we:g_hmwdt{mmtmalngrefdmblspﬂiedsmo{fs otfbisynventnozdo natisubstahtally
ol ecul agp VeI Mw%e%%fy%&ﬂ%‘p% hﬂxe@%l:é’sﬂi' %&?Ageafg&ﬂ may be introduced prior to and/or

during polymerization in any manner that provides reduction in the viscosity of the reaction mixture

and disperses the localized micelles of high molecular weight polymer. Consequently, as another
important feature of this invention, through the addition of the viscosity reducing agent prior to
and/or during the process of polymerization, the molecular weight distribution of the polyalphaolefin
25 may be controlled to achieve a more uniform molecular weight distribution. Advantageously, by
controlling the molecular weight distribution, solubility of the resulting polyalphaolefin drag
reducing agent may be improved. It is contemplated that by varying the concentration of the
dispersant, the molecular weight of the polyalphaolefin may be controlled. It is further contemplated
that a preferred concentration of the dispersant is from about 0.5 ppm to about 50,000 ppm of the

30 polymerization mixture.
Preferred dispersants are polymers and copolymers of acrylates and methacrylates; polymers
and copolymers of ethylene; polymers and copolymers produced from the polymerization of

nonylphenol and butylphenol in combination with ethylene oxide and/or propylene oxide;
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25 may be controlled to achieve a nore uniform nol ecul ar wei ght

di stribution. Advantageously, by controlling the nol ecul ar wei ght
distribution, solubility of the resulting polyal phaol efi n drag

reduci ng agent may be inproved. It is contenplated that by varying the
concentration of the ~ dispersant, the nolecular weight of the

pol yal phaol efi n]aW controlled. It is further contenpl ated poruserngabdat
a preferred concCent Irsgytgl on of the dispersant is fromabout 0.5 ppmto a%out

50, 000 ppm of E&ﬁp(ﬁgds or BRAGY mﬁhﬁaﬁdﬁ’&n@xﬁ‘ihé‘ﬁ&:‘olew sulfanates; and comﬂooruﬁésecroﬁﬁﬂung
di spersants are mers and | ymers of acryl ates and net hacryl at es;

pol yners ethylam gb'e?iomym‘y Gﬂle'éﬂml Fﬁﬂl"ﬂ?b'le)’/)fre Most, prgfezablio | therpplymers and
produced from Lhg; Wmﬂé@ﬁ%&wg‘emmm@qmemmehmﬁemnbut yl phenol in
t thyl ene o

conbi nat ion W e and/or propyl ene oxide;
6 As yotler/feange pf this invention, the viscosity reducmg agent may also include an

PCT/ US97/ Ofl 32f5anm[atxc solvent P@Rﬂgﬁl mfic Ql@ﬂ&%@ﬁyl&%%ﬂ#&d ﬁ%rhy ene 3{\% ar?matxc

petrol eumsul npounds cont a
monobut yl et henaphthat ;daprcifallﬁd@sxbbmbr)t, mwgmqnsgwan&ﬁqm aholye8 300 195 wesight pancent of

copol yrer s of Ehhevxg %sﬂér %d&c%ng@gntng{dher ﬁ%é&%aﬁ? is uk lsztgq56\§e1%ln%e{x:ﬁxg. More

di spersant. nventi
Vi scosity redupteft@pblzgthahrormtycsalvsntxsﬁmwm&m95welghtmmmmfﬂe\MWMucingagent

Preferred aronatj ol vent.s.are, x uene nze ticC
naphtha. 1 o Pe ifeeetiE sBResh 750 T il RS =08y MMl oen
to 95 wei gt pirabewt90okeight percent of the viscasity sediging mumnngheaijmtsaxarmwohew weight
di spersant is fromabout 5 to 15 wei ght percent, Mre preferably,

the aromatic sBf¥®ht is fromabout 88 to 93 wei ght percent of the viscosity
reduci ng agent The polyalphhdlefindiof s frevaiitionard ofOkipgla holstular weight? Invgessndl, these

percent, and re rabl the aromati.c s about 9 I glt
percent of thepé?'%l&?é’;e? B%’Fﬂ@%@eﬁi ‘ﬁ‘ﬁ’ﬁ'%f ﬂfgafaéﬁ)lé)r‘?ﬁ“ ?d% Otk
wei ght umetreﬁﬁﬁhkosxfy of the polyalphaolefing ixdepepnined Pim(!hmﬁnﬂﬂ:bélﬁhdehbﬁ' bulb shear
i nvention are Q mol ecu] ar  wei

pol yal phal® ef i frlutigp sc%&a{rﬁ gﬁé ngﬁg%qtgé%f I“iffreﬁ“é’é??s“i"ﬁ apfsleplated far
per gram (dL/ ggach dfthie four bulbs. ThéWisdositis avd theplbtted adh fiinbfonbd kheat fatea The plobis theh

determ ned by a nnon- Ubbel ohde four, bul b, shear d| | ution visconeter
(0.1 g pol yms\r’""fga termyie ths jahergat visgosity gt ethméﬁ?swl scosities are

cal cul ated for Referring now to Fig. 1, in a specific embodiment, polyalphaolefin drag reducing agents are
prepared in a batch polymerization system. The apparatus includes a catalyst preparation tank 10

20 and a batch reaction vessel 20, The catalyst preparation tank 10 includes a first inlet 11 for receiving

catalyst and a second inlet 15 for receiving hydrocarbon solvent or alphaolefin, or a combination

thereof. An appropriate mixing or agitation device 17 mixes the catalyst material with the
hydrocarbon solvent, alphaolefin, or combination thereof to form a catalyst slurry 18. The catalyst
preparation tank 10 has an outlet 16 in communication with a first inlet 21 of the batch reaction
25 vessel 20. Valves, pumps and other devices (not shown) may be interposed before the catalyst
preparation tank and between the catalyst preparation tank 10 and batch reaction vessel 20 as
necessary. The batch reaction vessel 20 has a second inlet 22 for introduction of alphaolefin material
to be polymerized. The batch reaction vessel 20 also has a third inlet 23 for the introduction of co-
catalyst, a fourth inlet 24 for the introduction of the viscosity reducing agent that includes the
30 substantially hydrophobic dispersant, and a fifth inlet 25 for the introduction of hydrocarbon solvent.
Aromatic solvent may also be introduced through inlet 24 or, alternatively, may be introduced
separately through inlet 25. The batch reaction vessel 20 also includes an appropriate mixing or
agitation device 19. In one embodiment the catalyst slurry 18, prepared in the catalyst preparation
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each of the four bulbs. The viscosities are then plotted as a function of
shear rate. The plot is then used to determ ne the inherent
viscosity at a shear rate of 300 sec-1. Referring now to
Fig. 1, in a specific enbodi ment, polyal phaol efin drag reducing agents are
prepared in a batch polynerization system The apparatus includes a

catal yst prepa nk 10 20 and a batch reaction vesse
catal yst prepar‘@t?l on :{ﬁnk 10 includes a first inlet 11 for re%‘é‘lgl\al nénﬁs

catalyst and aggefp ﬂg% thddb&@hi tothe batdh éﬁﬁﬁ\)&%ﬁ%ﬂ&%ﬁgﬁfepﬁ ! Xt@mea&on v(e)ssel 20

al phaol efin, or a ¢onbi nat1on ] ) rorlate m X1
agi t ati on deviand ismixed sedesirddcproportiong with percasaliya thwisdthsxtyl‘mducmg agent and alphaoleﬁn

hydr ocar bon_ s aygil. wilPRAch&ked imB e S} RALAR" 0S8 hudhh FRLEYS, 5LA 45!

slurry 18. The cataly preparat | has an~o
conmmuni cati on mpbtnvalyf Polsmemzatum is Diitiaséd at hpprépsiathempeaatreand Diessuresy Adtesiativly,

cataryst S PVl o 6L ey SR Bl and PR Bier iR siion.

10 and bat ch rafahé¢ viscosityeredadingdpents the viscosity rechxcmgagmt xheﬁaﬁerhﬁlnghnmeéd difing

vessel 20 has a,second iplet 22.for introduct efin materi
to be pol ymer  PPhmenationy, Belymenzation may be rerming t"éfﬁé’ d”%ﬁgg?g’ef’m?‘ﬂe’ 'ﬂﬁl?t'e"f@r
for the int rOdHEdmﬂmiB‘ramnauvely,bymu'odﬁbﬁ@ayﬁicnvaorf Quéiw&lydlﬁﬂaﬁéﬁn?cﬂ'ag reducirip@gent

i ntroducti on of Vi SCOSI re nt t hat
substantial |y 'HWQEMB‘?EV g”ﬁ’@?’é qﬁ"T’ f"“ B‘Fb%t‘f%é'“"“‘mmk
i nt roductiigon cmdw Alar 350 Vahed, parips and other devﬁam&hmmay%etntme&ﬁéc&@m
i nt r oduced throu | nI et 24 or, alter n ti ngI e | t roduced

U'%H‘ et P

separately t hriBugmoYs the entife “?’I’f@"%df“&l & é‘?'e% tigm ghe batch feactign,
appropriate mpelysgbriestion vessel.  agi tatlon device 19. In one enbodi nent the
catal yst slurry 18, prepared jn the catalyst preparation

7 in n acpgdapee Wit anpther embodiment of this invention. shown in Fig. 2, a catalyst slurry
PCT/ US97/ 0432580 that includes nie@ficeheatal ¥t tnil BeQrtaRd it cdidlpt P@%&ﬁﬂloﬁ%ﬁ& &bﬂ@e vessel
vessel 20 through inlet 21 of the batch reacti on vesse and

m xed in ldesi riO8 by wpdng thefactailocepeccgtalyst intrpdyced thyeungh; @@béiq y'ltbeawémhﬁgleﬁgé\m
and al phaol ef ifgdrocarbon solveli®f @Jnﬁb@flansmeﬂaoﬁa@omm%dgu lakpxioh@fmta%hmrye@&w

vessel 20 through inlets 23, 24 and respectively,
Pol yrer i zat i orlHescaialyst preparation; an&pﬁm*eqsr\feaaebmb Aids o Mixing 01 Pejiationsdevisy 170 as
Alternativel Y pecessary. TRl brePirhtRR alPMorBE: veltel Haf iRt R0 zm:ﬂ&ﬁdaﬁbﬁwnh a first

t enperatures and g‘essures prior to the introduction

vi scosity reddelehdlOefanfirst nescton 200 Jhe eafalyst glvay 480 mau e cmi@ri@é}vt lé?tersé {9 the
i ntroduceg durdffs preparation and storage vessel 100 through outlet 160 in communication with first inlet 210

of a first reactor 200 into the first reactor 200 whereby the catalyst slurry 180 is mixed in desired
proportions with a cocatalyst introduced through second inlet 230 alphaolefin monomers introduced
through third inlet 220 and hydrocarbon solvent introduced through fourth inlet 235, which are
continuously metered from other sources not shown. Polymerization is initiated in the first reactor

25 200 at appropriate temperatures and pressures. First reactor 200 includes an appropriate mixing or
agitation device 270 and an outlet 250 for removal of polyalphaolefin and the other materials in the
reactor 200. The viscosity reducing agent, which includes a substantially hydrophobic dispersant,
may also be metered from a separate’source into the first reactor 200 through a fifth inlet 240 prior
to commencing the polymerization reaction. Additionally, or alternatively, the viscosity reducing

30 agent may be metered into the first reactor 200 through fifth inlet 240 during polymerization.
Additional reactors may also be provided in which polymerization continues and from which high
molecular weight polyalphaolefin drag reducing agent product may be recovered.



pol ynmeri zation. Polynerization nmay be term nated naturally when all the
mononer in the reactor I's consunmed or alternatively, by introducing
a deactivator. The pol yal phaol efin drag reduci ng agent mat eri a
formed by the process of polynerization may be withdrawn fromthe batch
reaction tank 10 20 through inlet 26. Valves, punps and ot her devices
(not shown) nmaywefsrhkdser posed as necessary to renove tihga9Hbd3ss

m xture, including forned polyal phaol efin, fromthe batch reaction

pol ymeri zati on VvesSganother embodime refemdg@o ﬁFﬁenoLaseeoadwa&Br F00Q8 b:emd&ma%idmu
of this invention. shown in Fig catalyst slurr

i ncl udes net al Ineatesials %&Fﬁfﬁwcm%%@sﬂﬁ@ﬁ%‘églﬁuﬁa ’é‘ét“ﬁp&g‘t‘a‘bﬁtéﬂw dﬂfﬁ'@ﬁﬂkﬂ’d.
storage vessel glen umemgd QF aaeﬁhrmlgmers mﬁlja%%l@ﬁmaﬂaﬁhpwwnamﬁ@ from

through inlet 110 with an al phaolefin or drocar bon "sol vent or

conbi nat i on t hewta25] efithedfirstareagtor bir mp260 intethe mdtreacmﬁﬂq thrqugh iley 310, svhege the
The catal ygt P é}fy%} LR il B&lgﬂgl?éﬁﬁﬁ udifl kg&% p@llymef‘( wm& increased.

agl tat i on evi ce ary cata epara I on an
storage vessel Aﬂdsxoonllyl, giscos@redncingaseot hayzal sodmmtwd intof the second reactor (ndt ;shayn).

210 of a first Sr @@gtr%to%%o lncll‘l?!e %:X%{nn lnlﬁgn o} gm dgﬁcecmt%%gﬁﬁ %0 f

nmet er ed fromthe cat al I on an rage vessel roug
outl et 160 i n comwahifdlt DRA pmdtld:t Whlqhsnclndwk Bqumleﬁn and the othergerhiining mamaﬂ'sur

dosired - sebafeRaG Rk KRG GOl iR Ptk bl it iR 0b

inlet 2301al phaniyeﬁel atcompimhﬁby purnp G8Qic ddlves, pumps anmomagﬁeﬂdes (nin ishdvet) niyCbe

o 1 00 Gt i O R s B i i o

initiated in tireactor 200as meatsriabis beihg pumﬂﬁ(ﬁoﬁmammmmoraoetdmmommm 36 dThe

Boi tat | on dovi SECURO R B P ISR ROV o I Bl i

t he ot her mat ennagties:ninmhit&‘ally when all tHe@@nbomer ifiOreactdreare camsmaed. \Asaratiditions] option
agent, h I n S tLaII hydr ophobi ¢ dIS ers

al so be er e8“4 ?‘%ﬁﬁ ﬁég‘g’é? °§‘Z)V|5P'X‘5" %ﬁﬁ?&f%énﬁ ¥, e @EQS forygrging ﬁ!?eofgé%d
fifth i nI et  24@olpilpiaablefin and other fefhafhinFinittiald ¢ 4 ﬁiessﬁiﬁewﬁ&agm‘esemotrsﬁcam) where the

Tetered 1t o' ROIPHRSH o e bt olloBi e Ve e Sept T potyaphacisha

pol ymer i zat i on drag reducing apéistinkdyGeaihuraduadd ifitosa dlil&mﬁio&@dxfée muuda&gy Fosds iof khe

pol ymeri zati on contj ues nd from ich high mol ecul ar wei ght
pol yal phaol ef i MafRafioy gh th ce “ﬁ'r oduct may be recover ed.
8 20 Itis to be understood that the invention is not limited or restricted to the specific

embodiments described herein, which are intended to assist a person skilled in the art in practicing
the invention. Although the invention is preferably directed to the formation or recovery of
polyalphaolefin drag reducing agents, it is not necessarily limited to such applications. The
invention may also be used to control the molecular weight distribution of the high molecular weight
25 polyalphaolefins, allowing more durable or more potent molecules to be produced as desired.
Additionally, various components may be configured or connected in a variety of ways to carry out
the process of the invention. Accordingly, the scope of the invention should be determined based

on the claims below, including any equivalents thereof.
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PCT/ USQ?/ﬁ“mg I n anot her enbodinent, referring to Figure
3 a seco lm“""umd”"k provided in which the materials of the-
first reactor® 260 fal 80 shown in Figure 2), including catalyst slurry,

hydr ocar bon sol vent, unreacted al phaolefin, oligoners and
pol yal phaol efi purrped continuously from out | el;c.l%ﬁg; he
first reactor g’ﬁé‘n%gzeo into the second reactor 300 through in eg%i%

where the 5 nol ecul ar wei ght of the Bﬁw@kghaol efin drag reduci ng agent
polymer is further increased. |y, viscosity reducing
agent may al SOVHATISICLAIMEDt 0 t he second reactor (not shown).

Second reactor 300 includes an appropriate m xing or agitation device 370
and outlet 380 for removal of the DRA product which includes

pol yal phal ef iln and ﬁrdsuessibhbﬂnmgﬁpblpﬂmolmmfdgaédﬁmh@agent,compns&rgcond react or

300. Renpyal of the po d other re |n| naterjal s i.n
reactor 300 10 H{?ﬁ‘? ﬂ‘ﬁ'gfi ‘é%’“a;?ﬂﬂ’ﬁ?g“

devi ces (gmot shown&o,ﬁpﬁguigah drocarbondoWEﬁtmﬂsed as necessary As anot her
feature of this invention, fresh_ rea GBP be added to the first
drintae

reactor 280 as materi alﬂﬂneﬂé‘f‘&ﬁ‘ WPW@F‘P@%R‘B?%W t he

second regctor 3004p jhiiGent viscosity of £ Mkt 10eR%rsiRr framiWiNigd DY lntrodum ng a
deactivator (not shown) or, ({er natjvely, the reaction

terninat ebnatural |y whehTing said Rolypesizatian’ stoleash @ portion efg%ra@hwleﬁmeamm
an addi tignal optigdlyrherize in 30 pBHelibRidf mik@at 4 BrmP lochied lnnuénes b&ﬂ%nstn@%gh

reacti on may be cont]nued by forwardi ng the fornped aol ef
and ot her8renmai ni nmoleler N‘WH&%F@SW%@HWH#&@@S#@%&N% VES T
where theg ecul ar wei ght of the fornmed pol yal phaol efin may yet be
further increased. The polyal phaol efin drag reducing agent may be

i ntroducd® into a conduiaid padymerization is conductsd dn therpresgyce] of s wiscogify raducing agent

material (§1 ow ng tmn?&h?t*lﬁxw @mbxc dis; el'santI {aid %séo?xt;PFedH&ﬂfEéehPQéing

t hat thernventron trict dtothe specific

enbodi med?s descri mnhemmommmfﬁ%ﬂm@edmmowd ofithe jreaction mixpiemdaiisperse d
inthe agg-in prac f@ﬂed the invention. Al though the invention is
prefer abI y directe i rPor mat i on or recovery of pol yal phaol efin
drag reduci ng agents, it is not necessarily limted to such applications.

The jvent i %a@@&t 16dendiei ght
distri butllon of the n‘gllcg%ﬁlqg?%mgﬁgﬁt ﬂ'afﬂcle%t'&rﬁﬁgo efl ns aI | owi ng

nore durable or nore potent nol ecul es to be produced as desired.

Addi tionally, vari ;Iﬁ!l Eﬂ \ i .
vari ety o* Qs to CH @9&1%8{'@1&&?1 Wh‘?’ﬁe proce H‘% @%%@%ﬁ?ﬁg*}@o&n&sm
Accordi ngy, tatnmancsqiwmf the invention should be det erm ned based

on the clains below including any equival ents thereof

1 4, The process of claim 3 in which the aromatic solvent comprises a substance selected from
the group consisting of xylene, toluene, benzene, a heavy aromatic naphtha, and derivatives of
3 xylene, toluene, benzene, and heavy aromatic naphtha.

1 5. The process of claim 1 in which the hydrocarbon solvent comprises an aromatic solvent.

6. The process of claim 1 in which the dispersant occupies from about 0.5 ppm to about 50,000

2 ppm of the polymerization mixture.
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PCT/ US97 CLAI V5
VWHAT | S umwlll,!“'l‘s”“! |1. A process for form ng a pol yal phaol efin drag
reduci ng agent, conprising: 2 contacting al pha olefin
nonopers with catal yst particles in a polynerization mxture 3

conpri sing a hygyensmpdon solvent; and 4 PO b Ve 597704528

sai d al pha ol efin nonomers to provide apol yal phaol efin having 5

an i nherent Vi $cosithé pricesdof d8mStin Whict e Vidch Gty TediRing dfenftonyisésdioi alut 5 to 15
during said polynerization at |least a portion of ,sard al pha, ol efi n nononers

7 2 pwrightercsnt disgersant andfEmy akaut $3:40i98 vepgh perreat arematissplVEc al i zed

m cel l es conprising high 8 nol ecul ar wei ght pol yal phaol efin
polynmer in mcellar_zones around said catal yst particles; 9 and
10 = - 1 8 Thegppicess pirlaimesrip whichdhe vissosityrerlyeing ageptcompeisss frospshout B 13

viscosity yeduglipt Rnedispdriant and from aboti®H 095 Widight Serddif AbthdtRsbiedty dr OPhODI C
di spersant, saﬁ Qvi Scosl tlsf; reducl nénagent ﬂgei nglg? s present in an
anount sufficient to reduce the viscosity of the reaction m xture and

di sperse m%@srk. O 4203 ih ¢hfkh HeVRbsRY reduci Comprises MErehAM f
claim1l i nJiSWni %h. th’It‘ahe atal yst pardtli C eg]ecorrpr .seucrlr%g[agﬂtogrgﬁ%s.ega 1 Ca%&i 18
The procesk of weightipercentidispersant and;less thanabent PO weighthetdenfgramptin solventii t i onal | y
conprises an 2 aromati c sol vent.

10.  The process of claim 1 in which the substantially hydrophobic dispersant comprises

2 polyacrylic acid or polymethacrylic acid.

11.  The process of claim 1 in which the substantially hydrophobic dispersant comprises, alone
or in combination, ethylene glycol monobutyl ether; a copolymer formed by the copolymerization
of a first comonomer and a second comonomer, the first comonomer comprising acrylic acid; a
copolymer formed by the copolymerization of a first comonomer and a second comonomer, the first
comonomer comprising methacrylic acid; polyethylene; a copolymer formed by the copolymerization
of a first comonomer and a second comonomer, the first comonomer comprising ethylene; a polymer
produced from the polymerization of petroleum sulfonate; a copolymer formed by the
copolymerization of a first comonomer and a second comonomer, the first comonomer comprising

O 0 N W AW N -

petroleum sulfonate; a first substance, comprising a polymer selected from the group consisting of

pod
[

polynonylphenol and polybutylphenol, and a second substance selected from the group of ethylene

o
[y

oxide and propylene oxide; a first substance comprising a copolymer formed by the

oub
N

copolymerization of a first comonomer and a second comonomer, the first comonomer comprising

—
w

nonylphenol and the second comonomer comprising butyphenol, and a second substance selected

—
&

from the group of ethylene oxide and propylene oxide.

i 12.  The process of claim 1 in which the hydrocarbon solvent comprises xylene, toluene, benzene
2 or naphtha.

13.  The process of claim ! in which the hydrocarbon solvent comprises a heavy aromatic
2 naphtha.

11



1 4. laim3 in which the aromatic sol vent conprises a
sabst ance H @il&cl (1 “j .the group consisting of xylene, toluene,
benzene, a i %1 Cynapht ha, and derivatives of 3 xyl ene, tol uene,

benzene, and heavy aronatic napht ha. 1 5. The process of claim1l in
whi ch- t he hydrocarbon sol vent conprises an aronmatic sol vent. 1 6.

The process of #l3igsd i N which the dispersant occupies from%,}gﬂgs ppm
to about 50, 000 2 ppm of the polymnerization m xture.

10 - 4. A pblestoryddiiting drag in a condyi

PCT/ US97/ 6432% R > %&engprt%clgggono "SPEPRE 0 which the viscosi ty

reduci ng agent conpri sewnietingalphoelefiromongmess with catalystpitities ip a polpmerizdtiopeixtwnt
and from @bout 85 VB aromati c sol vent. 1 8. The
?‘ &&ﬁ%}@gﬁ%&@&ﬁm&m

process of claim3 € viscoslty reducing agent conprises from
about 7 té 12 2 wei pphimegiging said alphia olsfin marnmezstd providea pdiyaiphadéfin haviag

wei ght pegcent aropati . . The process of claim3 in
5 mﬁ%ﬂﬁ%&%ﬁg“? '%‘%‘n‘Brd eghtersr%rr%m?han about 10

whi ch the viscosity reduci ng agen I'Ses
6 recovering a polyalphaolefin drag reducing agent comprising the polyalphaolefin ;
7 wherein
8 . during said polymerization at least a portion of said alpha olefin monomers
9 polymerize in said polymerization mixture to form localized micelles comprising high
10 molecular weight polyalphaolefin polymer in micellar zones around said catalyst particies;
11 and
12 said polymerization is conducted in the presence of a viscosity reducing agent
13 comprising a substantially hydrophobic dispersant, said viscosity reducing agent being
14 present in an amount sufficient to reduce the viscosity of the reaction mixture and disperse
15 said localized micelles; and |
16 introducing said polyalphaolefin drag reducing agent into said conduit.
1 15. A process for forming a polyalphaolefin drag reducing agent, comprising:
2 contacting alpha olefin monomers with catalyst particles in a polymerization mixture
3 comprising a hydrocarbon solvent; and
4 polymerizing said alpha olefin monomers to provide a polyalphaolefin having
5 an jnherent viscosity of at least 10 deciliters per gram; wherein
6 said polymerization is conducted in the presence of a viscosity reducing agent
7 comprising a substantially hydrophobic dispersant.

16. A process for recovering a polyalphaolefin drag reducing agent, comprising:
contacting in a first reactor alphaolefin monomers with catalyst particles in a
polymerization mixture comprising a hydrocarbon solvent;
polymerizing at least a portion of said alpha olefin monomers to form
polyaiphaolefins;
passing at least a portion of the polyalphaolefins, alphaolefin monomers, and catalyst

particles to a second reactor;

0 N N N AW N e

continuing in said second reactor the polymerization of alphaolefins; and

12



2 wei ght percent dispersant and | ess than about 90 wei ght percent
aronmatic 10. The process of claim1 in which the

subst ant iI Emmmamawﬂ)‘m di spersant conprises 2 pol yacrylic acid or
pol ymethaerykicracy d.s * 1 11. The process of claiml in which the
substantially hydrophobi ¢ di spersant conprises, alone 2 or in

conbi nati on, et‘g%l@&,.gl ycol nonobutyl ether; a copol yner for pegusyr6485
copol ynmeri zati on of a first conononmer and a second conononer, the
first comgponer conpri S!pggnﬁﬁiiﬂé dt fea @i pditioft of the polyslptiRelefinEpasde id el sddiind festtor
copol ynerization of a first comononer and_a second conpnoner hs, first 5
conononer 1@onpri si rig ferm pelyalphaplefinschaying g ighstept, vigeosity %\fc%g‘??ﬂ/‘rpe‘i“ TR e
t he copol yfnari zat i QPnerdin of a first conononmer and a second conononer, the

first comonomer conprising ethylene; a polymer 7 = produced fromthe
pol yneri z#2i on of petroldutieg said|polymerigation at dassh 4 pertiop i vaid #ipha plsfin gnonomers

copol ymer jgation of oi’yrgérfzé to %ﬁgﬁg@%& ﬁge&oﬁgﬁﬁg@ iR FR LB weif it PofyhipRdolefin

cononomer “conpri si r'Pg p onat frrst substance,
conpri si nid a pol ynerolysesr griivelldr zones alound gaig ratalygtpaftisiesyagdof 10

pol ynonyl phenol and pol %%Htp‘éiyg%ﬁ%g{on iggg,dact%eg,g@g 8)?(#%3& %Fﬁﬁiéﬁgiﬁgﬁﬁg%ﬂg:@gh

the group of ethyl ene and prop a first s €
conpri si ngéa copol yoveprising estibstantialtye hydtophobic dispersaptisaidviscpsity reducingfagenstbeing

| ; ehyd v .
nonyl phentl and i nd SRR i BEGH iy ke 50 PRRRRPA GO RO il dnd dpere

subst anceigel ect ed shidl localizadanicéllee gr oup of et hyl ene oxi de and propyl ene
oxi de. 1 12. The process of claiml in which the hydrocarbon sol vent
conprises xylene, toluene, benzene 2 or napht ha. 1 13. The

process ofyclaim 1 A ragfedading dgent bymposition doanprising apmipalpbaviefinihgvisg an iherentviscosity

aromatic 22 2? thgilszti 10 deciliters per gram polymerized in a polymerization mixture and a substantially
3 hydrophobic dispersant introduced to the polymerization mixture during polymerization.
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WO 97/ 34937 :
PCT/ US97/ 04325 1 14. A process for reducing drag in a conduit,

conprising: 2 contacting al pha ol efin nononers with
catal yst particles in a polynerization mxture 3 conprising a
hydr-ocar bon sol vent; 4 pol ynmeri zing said al pha olefin
nononmers to preno edass7pol yal phaol efin having 5 anpa Ty 042s

viscosity of at least 10 deciliters per gram 6

recovering a pol yal phaol efin drag reducing1i9ent conprising the

pol yal phaol efin; 7 wherein 8 during said
pol yneri zation at | east a portion of said al pha ol efin nononers 9

pol ymeri ze in said polynerization mxture to formlocalized mcelles
conprising high 10 nol ecul ar wei ght pol yal phaol efin polyner in
m cellar zones around said catal yst particles; 11 and 12

said polynerization is conducted in the presence of a viscosity reducing
agent 13 conprising a substantially hydrophobic dispersant, said
vi scosity reduci ng agent being 14 present in an anount
sufficient to reduce the viscosity of the reaction m xture and di sperse 15
said localized mcelles; and 16 i ntroducing said

pol yal phaol efin drag redu€ing agent into said conduit. 1 15. A
process for form ng a polyal phaol efin drag reducing agent, conprising: 2
contacting al pha ol efin nong S with catalyst particles in a

polyneri zation m xture 3 o= conprising a hydrocarbon solvent; and 4
pol ymeri zi ng said al pha oﬂd#in nononers to provide a pol yal phaol efi n havi ng
5 an i nherent viscosity of at least 10 deciliters per gram
wherein 6 said polynerization is conducted in the
presence of a viscosity reducing agent 7 conprising a
substantially hydrophobi c di spersant. 1 16. A process for recovering
a pol yal phaol efin drag reduci ng agent, conprising: 2

contacting in a first reactor al phaolefin nononmers with catalyst particles

ina3 pol ynmeri zati on m xture conprising a hydrocarbon sol vent;

4 pol ymeri zing at |east a portion of said al pha olefin

nononers to formb5 pol yal phaol efi ns; 6

passing at | east a portion of the pol yal phaol efins, al phaol efin nononers,

and catal yst 7 particles to a second reactor; 8

continuing in said second reactor the polyneriquion of alphaolefinﬁ and
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12 WD 97/ 34937

PCT/ US97/ 04325 9 pol yneri zing at | east a portion of the
pol yal phaol efi ns passed to the second reactor 10 to form

pol yal phaol efi ns having an inherent viscosity of at |east 10 deciliters per
grant 11 wherein 12 during said polynerization
at |l east a portwossbarsai d al pha ol efin nononers 13 Pﬁ?ﬁﬁ+9§&ﬁiz%ze
to formlocalized mcelles conprising high | ecul ar wei ght pol yal'phaol efin
14 - polymer in mcellar zones a?égﬁd said catalyst particles; and
15 said polynerization is conducted in the presence of a
vi scosity reduci ng agent 16 conprising a substantially

hydr ophobi ¢ di spersant, said viscosity reduci ng agent being 17
present in an anount sufficient to reduce the viscosity of the reaction

m xture and di sperse 18 said localized mcelles. 1 17. A
drag reduci ng agent conposition conprising apol yal phaol efin having an

i nher-ent viscosity 2 of at least 10 deciliters per gram polynerized in
a polynerization mxture and a substantially 3 hydr ophobi ¢ di sper sant

i ntroduced to the polynerization m xture during polynerization.
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