ELASTOVERI C REACTOR BLEND COMPOSI TI ONS CROSS REFERENCE

TO RELATED APPLI CATI ONS Thi s application clains the
whemehs109of Serial Nos. 60/618, 301, filed Cct ober/usBNs5/034988

2004, and 60/645,138, filed January 20, 2005, the

di scl osures of which are incorporated by reference.

BACKGROUND Fi el d of Invention [0001] This application

relates to elastoneric reactor blend conpositions and

to continuous processes for_ maki | ast [
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crystallinity. Description of Related Art [0002]

Eneldiedeyppdicatfonshe i nvention relate to el astomeric

reactor bl end conpositions. There have exi sted ongoi ng
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numer of applications. Such conposition enhancenents

c aisferenrefie & ehshsel ves in a variety of ways depending

on the specific application and the specific blend

c ohechnisebField ofdhe Hivenfithcenment s i ncl ude, but are not

limted to, (1) processibility in the nolten state in
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i nt ended; and (4) |ong-term physical properties such
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physi cal properties at el evated tenperatures. A
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provi de useful el astoners havi an overall Mboney
from16 to 180, and to enploy the series reactor
recycle yet at the sanme tinme provide polynmers in the
conposition with have different crystallinity
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pol ymeri zati on zone, or both in series node or in

paral | el node. BRI EF DESCRI PTI ON OF DRAW NG [ 0013]
wWO-2@ana70%4 i | | ustrates an exanpl e of a reactor PCT/US2005/034988

configuration capable of operating in series reactor

or parallel reactor nodes. DETAI LED DESCRI PTI ON [ 0014]

A detailed description will now be provided, beginning

with various definitions and properties fol |l oned by

an outline of specific enbodi ment i C
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Various terns as used herein are defined below To the

ex[t0606] Antadditivastbat ideesanat|rgsult ins theoforaietiom e ryedipifates and burns

ul d, be ven br oadest persons in the
pe ?"rnrfgﬁtnggb? C‘l’fﬁ{’/‘e&’ﬁp‘%‘ﬁefsh‘ﬁ?u &&F @re%%a%i]efr ected in at
Ieast one:prlnted publication (e.g., a dictionary or
S ar 1L ent or published appl i cation.
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t e 00 rﬁ?@gfé@@ﬂ% aventidecideed fuel adeiti®e Mndi Henethod of using the
rtles such as nol ecul ar wei ght, Mboney Vi scosity,
C&dﬂ@p@ﬂdﬂh@n foumpByocagos. fuglowever, when a person of

or dinary skill reads this patent and W shes to
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proced res, even ext ent er ent
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15 st at ethuahivdiee Bolutlelw ofOneh prerﬁertetslir endfodfresstti mgludes adding these
gre%)éwner a 68{50017%% gogegterllcg]lcj c?éw&teg\?tgggr%gtg dtag Ophggglfo%f&s %ogl?ammg parent
St &fhutid % dnSiqibousQiikdnd YQHSon. ANk Whidr ARS hy/@eis¥Rent. Other preferred

i ncluding "continuously," shall cover any process or
st prentrsohtiontsobeatseintluda aldohasc radthsr gt f prefsrred cations would
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20 [ OQkﬁlIve'\ﬂﬁt ehsmbed Fieherfdifint&rtitrenee ifstatwtalhenat is preferred to
shall nean atactic or anDrphous shal | excl ude

i smoa@ammomummmr@man@nqm%almeﬂ%d el sewhere
her ein), and shall also exclude any material that
t@@gb’?@ﬁ pl“fbs{}ﬁ Con ﬁrrmﬁa}%n@ golﬁﬁb@ 15 aglﬁgd ngnnlgxéagﬁﬁgb? dispersion

Weﬂtnldn QTHBth@pFerﬁf)ﬁ lediﬁrteﬂhﬂdrtgatﬁ@ pparablewe ehalﬁﬂaﬁﬁthe salts within the
hours). [0019] Pol yner. Except as, required by

padispeeipa rﬂuebm i least 4 ptieley thispesendysialr and ghaf §éalsﬁ§t% Pheapable of
25 1 SPélﬁé nﬁﬁrﬁ%ﬁ&ﬁ P eth Y 1 @rroEérﬁiﬁIl Ale1 CAMA Pfé‘;t*éﬂ'b?l embodiment, the

pol'ynmerization in a partrcu ar polymerizatfon zone or

r egslvet . is [1Q20] réfedvedeirom ahe @hosﬂmnwsmdntdmngl pareltt teolution in the

term "pol yperi zation' to be |ve

neélﬁprr@wasfglgd Eyongl @Gﬂgiéﬁ‘?ﬂpﬁ iy ooy H%%éﬁl ?hFd?“el additive
the o‘p% &R éﬁﬂaﬁl{] e doRHSEdn \k/ﬂélpplﬁégdylﬂﬁ)r conbR Wi'tﬁrﬂ.lélfJIh'aQﬁrect fired
zone're ers to e zone I n which polynerization takes

pl beeand oengdameahbd/ combnsed. by Eahdnek qondwidtioreaneaps that fuel
for formng a substantially random pol ynmer. [0021]

Pol ysplit. As used herein, the term"polysplit" shal

nmean the cal cul ated result of the weight of the first

pol ynmer (propyl ene polynmer) that is produced fromthe

first polynerization zone divided by the conbi ned

merght of the flrst polyner and the second polyner




particularly with respect to certain enbodi nents of

the first polyner, a "honbgeneous distribution" as
wae@d/obmpein is defined as a statistically PCT/US2005/034988

insignificant internolecular difference of both

di stributions in the conposition of the copol yner and

in the tacticity of the polynerized propyl ene. The

definitions of those ternms and the nanner of

cal cul ating thentare di scl osed in

t g qen.
6 @fﬁslemsyz is dngreasad ovhen rgpaged 49 f&ﬁ‘dw&l}P : BlN?@ﬁﬁlé@e or that
oﬁﬁt’tan%hﬁoﬂt PQhahis g&? rﬁ%gythg%ﬁﬂﬁo HA 8 AeB¥ased or a cfombmatlon

erencelnl S entl ecCl IC Enbodi nents o

Pr oTmssesfand Wprpﬂspdl]umm ca[nOt(ﬂB]ﬂ]ie WIHCN 802 particulate matter,
enbodi nents are t forth bel ow,_ sone of ?h b ¢
al @asbemhmoReXide Apfother feepegfzed w@ilat?ﬁenr&él&ﬁeg o B combustion o

5 defy cﬂgcsar@onsﬁgﬁrﬂtt§noteﬂ ek 'dﬁfbrfﬁ‘f'?e& abQEall bl fﬁgtﬁéT@rphlnlmlz1ng a
purposes I's recogni zed as inc I ng equivalents to the
v aparticigarep e et siepﬂ:ndhngn)m atri chasicepistidsf | Refuiction Ioé a target pollutant

cl ai ns endi n t he contex al | bel.o
t 5% ReborIRRY Bhpo {0ty SUn @S e ang SRR B 550y gt fitageons.
S P& fbrnhfelyE HROEIBB Mt eOMidncy!BsulshE T t6@S ﬁﬁNértvo‘l‘Arhé opﬁollutants as

recogni zed that references to the "invention" w

r ewell a ecopuimieadvantage.er recited in one or nore, but

not necessarily all, of the clainms. Each of the

in 'nsvv|II scr|b e i :
10 bet@# gﬂ%*ﬁfdﬂ?&“%%e%ﬁ?? glFna}:’n Og?h%\?}&esr éolng%éﬁg&? rent solution

eXHIRIIES thebidditidheof Mnmmtme [tzrq),ntzPom [t d HRO 4, Iaoc‘o @vater Yet

enbodi ments, versions or exanple ch are_ includ

t oansitlags| canbpdisaens GAclhaGs g %@ﬁﬂloﬁaftnyEkCsz(?anbﬂ@ (ézﬂaOg oon is an

make e I
RS ARSI LS o0 LR RPITLER0, D,
t eNlBHGiZHg@Z[ £0B3Jatdrn ANyenothet fel mddﬁ%sesmépsnedl i ammonium
above or el sewhere herein, the sq unr eact e ..
15 rmia@nm BNPPRQIIIY FPDREUHS RGH% d%élﬁdbes Hoeg SPR@ORRS containing
ﬁ'[—fﬁg:réﬁzpspﬂleyﬂﬁf)%&aﬁf {#8 séﬁ{t}gn ?g 8§59Tt§ebﬁ/ ﬁ?ﬁpﬂl@ form of ammonium

ation zo or bo any of
pr Qﬁ@ss@ﬁetéeﬁcatl bedt abm@lgdﬂe elosoewnh exf efrtferamnmmit heIn a preferred

solve and unr aot mer can be
pafip 1F’5¢n% il a?ﬁp?ﬁ%ef%t}t%’&%? 8@8@? ‘ng, prior
to being introduced to the first or second

poLﬂOﬁ?LAﬁ@ﬂlblo Bref@R&SembO iRt J)Ptll@rﬁllo@;%hdrﬁﬁccﬂ{t@iﬁﬁfgsﬁent solution

described above or el sewhere herein he first polymer
20 cainchsieethefadditionafYa PQs ttba By bRQoshd [YMIPQ1+4) @
125 0C) of from16 to 180 and a heat of fusion |ess

h /.
t f@léﬁﬂéﬂ@hgﬁﬁo@@8@%‘§?¥ﬁ€r ﬂt‘f'fs %g 0%213]/3 %%S%Iggscod led phosphoric
( M&mﬂ@"‘ﬂﬂs @cl@cfbsq%y@{: dsphdric t6id45whidh03fd ther oafl&'erméd analogs of

rocesses described above or el sewhere herein, the

secﬁ fpwmracchnﬂnfedlfﬁeomekeﬁs theat, through demPiospsity sapdense the
or 813% r‘he n%ngcng,r gxpey Eo \?E beL:Qrgl'? \;\;1) Lr 0Yorfle E&?densed phosphates.

escri e or e e herein,

251 e@'ﬁéreﬁﬁé LYOfHPm®R, ehd [VRMPOS atehsredurset t@pbl_mmmmnc anids. The
zone can be continuously directed to the secaond

pobsaref itk myerp 2@1?*@“[@6%8‘] ef cordRpsest fomms by Hresafogss encompassed
desihiPBd RAYSH OF bl RUPRIBnaEahD. at least part of

the er uen e first polynerization zone can be
conbined with the ef fluent of the second ,

pol[g018] That plasprane-cofteind®] parenansolaiont d pnocembadiment of the
descrlbed above qr. el sewhere herein I.I.st

seddi8 1%13% Psedtip GRY F9ie %lé(ﬁoﬁl@e%th Sﬂ&é&yﬁt"é’#ﬁm or hydrophobic
operation in series node to operation in parallel node

or fromoperation in parallel node to operation in

series node, or both. [0040] n%any of the processes

descri bed above or el sewhere herein, the polysplit can

range, for exanple, from5 to 95. [0041] In any of the
processes descrlbed above or eIsemhere hereln t he

o " ] g~



[0056] In any of the processes descri bed above or

el sewhere herein, renoving solvent and unreacted
WOorRwensT1094 rom t he m xture can include subj ect i POI/ES2005/034988

| east a portion of the mxture to liquid phase

separation (preferably at high pressure) to provide a

sol vent-rich portion (polyner-lean portion) and a

sol vent-| ean portion (polynmer-rich portion), and

wherein the solvent-rich portlon is directed (e.g

a snvipomentst e g case of Bd1yHiapeb lﬁ(ﬂnywemm% it @ﬁayz%eeceﬁsary that a

the sec I ri ] Al
BRI BT 008 9 AL o0) g et

r edoRyirRgos Slithethé camidr ﬂnrdea@bledtenhmﬁmgddmomst diso encompassed ina

e ed o gerby GioR KLk RGP By g1 e 4Eaons, S 18t one carie
SO | V. ibl

5 PN DRSS o Bk bl AR iR s misci
f i with tipofughteracizat dompatibiligingragetan segjondiquov §indisperasriton

zone or both, e.g., as part of recycle. [0058] In any
| sewher e

@BF&:@%@O@F;&&@Q%S@ ﬁlleglglg }%gl\élg élger:i?,l anee gom’pustlo‘n such that
p%ﬁf@édné}ﬁ&t’e RBmBAstHNAL gc&@ve*dhﬁt@ﬁfé%ﬁ’e@@n%{ﬁﬁbﬂ & €O and H,0 as

zone to ovide a recycle split, wherein the recycle
sptdnpared wdhesombusimoed tia fdeb‘elﬁhomtﬁhpﬁwﬂ additige. The outcome is the

10 { RREFER, PE pBTER wepatnh SRy, b walcks, {8t 502, thereby

th&Eﬁﬁh%@&ﬂ@ﬁi%@ﬁ§ [0059] Any of the processes
descri bed above or el sewhere herein can be operated in

a series reactor node wherein a recycle streamis

di iO@éﬁleth duel pdditive 96 sed piradding ﬁns Ve R the ﬁiqll dn an amount
sec 101e 1@653%%%10&ﬁ&8 rororf ?gllﬁt t@cyﬁlle% | énthanced and
whe ércent rec C IS equal to

2. &lh’hnééﬁs):oﬂﬂbﬁiloﬁ dethTEﬂtherl oﬂ. t]iese affidtonheei axa@Ple= of reduced

olysplit; RT2 = _second reactor te erat re (0Q); d .
15 PrpoTERents b a et of BiscRa LY ipGE SXipe 6] PRIyesF Hom a dircct
the 9&%@15 §§ oﬁ@ﬁ ?[a'n%edlﬁﬁffg gl o&l %%g’ﬂ 8F endieT G¥dtsCAR observed

b e operate a paral wherein a
r ethpagle thé radditionsofithee fted dad'dmxteh of fthe sturpdl jnventiorat ifonpreferred

;ogrgg%ﬁ@}@ﬁtp%es %gﬂg‘tﬁglﬁﬁ ge%%q%gt@ho&][r@o | lei%t s ph osphorus into
gl% V{ﬁél tﬂoﬂr@ tgg H&iltl%lpofqt‘hé fllel @5@}1@6 STrcrdaS8RAiIunt 98 phosphorus are

erei = polysplit = second reactor
20 t eafffertive s eve{l0 @) is natedlcRht zvemyrcgst-af@atwmolufmp@nahqmepared with

I( 2 %)éiv é'{ﬁq%g@l}’?rf: n‘?ﬁq PB%ﬁPﬁg{rEng Zlé’fstnlg ré% é}qlgf%frgg Srﬁgggg elrgﬁ Sar%und 1 ppm
g@osﬁﬁ&uy@@ NSy ppYlphbdishodds. 1ritlk 164t résufFhdfe béenliberated as low

heat of fUS|on of less than 50 J/ g conprising a

f|a$®2©ppynﬂx)wgrmg an el astoneri c random pol ymer
havi ng a content of propylene derived units of at

| egst ent and i r
o Bt 0 SO 40 40 RGP R AShanc of o
25 | eﬁ%%ﬁoﬁ@d /1ﬁl aOGondbu¥Ebh lsﬁ@elﬁQhﬂhdﬂngStﬁe tsteps ofGlodding the fuel
and second pol ynmer being a ﬂgolyner of ethylen and
g

pr @(i@ltlem éeaﬁebcd/ glpvigrintan ameunh §Tigehs o @hRYAceivs! pgpimance to the
aII t .

L) B 5 kB IR n PR . T

( 1¢éxhb1@c1bﬁ5yﬁéi)1 oaf bt hagy mwmmdwmto thasegesh drdimarg 8kiflan the art for

180; or fromany |ow of 16, or, 20, or 24, ny hi gh .

of cargbustige hygencaghony o§he F@’@h@ﬁtloflrﬁyé@m 5¥h 1%?‘{5%eé%ee819 more direct

de [l?lﬁ—ﬁ € R Eimboditent WilpRlcedshS used with a
30 % {d 31%&?% %ﬁg?@%%ﬂ?g to 1000 g/ 10° mﬁp or from

any Ion/of 0.5, or 0.8, or 1.0 g/10 min. to any high

of 40, or 30, or 20 g/10 mn. [P0O64] In certain

processes descri bed above or el5ewhere herein, the MFR

of the reactor blend ranges fromO0.05 to 1.3 g/10
mn.; or fron1any | ow of O 05 _or 0.06, or 0.07 g/10

a - o A ~ o




60 W % of ethylene derived units and preferably from
45 wt % or 55 wt % [0085] Certain conpositions

waemensied herein have | ess than 30 wt % of et hpECBDS2005/034988

10

15

20

derived units. C. Miltistage Polynerization [0086] The
reactor bl ends described herein are forned in a
continuous "nultistage polynerization," neaning that
two (or nore) different polynerizations (or

pol ynmeri zation s%gggs) are conduct ed

S

re.. .
diid | aralinyefied hydresasberydugol MiveFasiit 3@&8@&% fhgyaidjgve to the
el :
" abiboatph Rl FOAF IRALR RIeR mh Bl AXOEFAA LGS B hydrocarbon
mofuel pataklel fol combystienj aat amasowlof dhe &fekpdditive opérebleite enhance

as a "parallel process"). [0087] The polyners, made. i.n

F heotnubiR: | DRt dhe BhAeRd h CORROL P LIS &0 dn amount
re ' Akhneed Widl @8 dt
e e B e A cHRed Bl o compared o
nethe bembhstionefiiihe hysfromerineselrwitlus theofpel asdditiie, Manepreferably, the
the effl t of.a first reactor enters a ond .

- GaBiedT OREIS RIS e r oo pre s b by eient

can be submtted to finishing steps involving

depooit At Ah iak@tda@NemBéBmBhiest thesiveltRa deludbearestdss faf enhancing
paral lI'el reactor operation where the effluents of_ both

r efiet pardoranancaoihyisecasnn Bebiria easebusion pyfitan ipduding the steps of
teps. Either. opti i i At :
R RGP SRR TSP IR &b o

pesfictive & whithacy afel éforafanpd| Yhthidnsiciladdiionreepgposition is created
wher eby the proportion of the ampunts of polyners, ¢
prioicisaiing an theMedigirotalition el THHES dnAD BEUSPRS medium a source o
wi del v, 0 f] and second pol yner
rraelg%%’eulﬁ)ﬁf %@“‘P%g% 8#15 Ef%l%ﬁ&%%gy tion are discussed

bel ow, followed by a section on the_series process

. y . ) »
ant t het®) an slkaliinesieldyydrorredejaraiss e Dbt oicths intepigdiaicgplption above
di r j . processes
i 1 R o R e A B B8 e s
the series process discussion should be regarded as '
equal | y(pmourcallf @hdsphpac atitléd lgwartespdof tIR: inkirmsdiate solution to

Pol ymer (Propyl eng Pol ynmer) [0089] As noted above, the
r e3Pt FapAn 35 I%FW%“B'F%F%’EHWW nclude at |east a
first polynmer, which is preferably the polyner forned

bysa fifgd n&&ls\)lle‘mﬁ‘?lﬁélﬁéésie@tﬂef QAT DB the Rk neaRRidhit@msof step (i.2.)
descri bed el sewhere herein) and preferably in a "first

r ewithathé sesrcpanft phofplwriserdidsorptheciatssmediatg sodutian ef (1.b.) with the

. 090] The.first I I 2 t Q. :
ﬁ;ﬁ%ﬁﬁ%gg [a.?ﬁérage ﬁPEfebcg’ffnlé rlié cbe%%y%g}%%}}ﬂ g@%@% gé\’?rgﬁ‘ L Phis results in
M Rl BREAPE) NETD (gmu% BE@PYbRARCE M bSluti@nduiiethe Falhatiofwf ehe chemical
as noted bel'ow. The first polynmer should be a

pr afsiptiem ecopepopition. ( pFlkis eehasnigala additippr epppesiigon 1s added to the
co&§§¥negklﬁ§ying 60 w% or nore units derived from

pr EHe ing isotactically-arranged

propyl ene-deri ved sequences and having a heat of

L;Eiog?] #géaé%rgg?s&}u?}?n;]&g:he dignitdirahitieal ¥ ABbsiAb e beiRBhvention, can

nonpr opyl ene comononer units, e.g,

25 et by hédee inwi drincladela nombustioe flesla grimtt ¢andwtadyentagsgns to include

nore ethylene units. The crystallinity of the firs
poﬁ&?ﬂ%rﬁm‘{vt% I BFRRLE dfﬁpslfﬂqns](%ﬁl(’?ﬁi fha a%%%wh% et’ase&' Exemplary
S eAUENER Ssend NBedePRIEPAId 18diliYal Fhelé.ne first polymer can
be 1llustrated by the presence of a preponderance of
the propylene residues in the polynmer in nmmtriads.
[0091] The crystallinity of the first polyner can be
expressed in terns of heat of fusion. The first

pol yner of the invention can have a heat of fusion, as
determ ned by DSC, ranging frong any lower |imt of 1.0
J/g, or 1.5 3J/g, or 3.0 J/g, or 4.0 J/g, or 6.0 J/g,
or 7.0 J/g, to any upper limt of 30 J/g, or 40 J/g,

or 50 J/g, or 60 J/g, or 75 J/g. Preferably, the heat

o r Y a1 " o "



vi nyl cycl ododecene, and tetracyclo (A-I

,12)-5, 8-dodecene. [0099] Any first polyner that
w@oivbasT%4 et hyl ene preferably has stati stical | BCT/US2005/034988

insignificant intranolecular differences of

conposition, which is the ratio of propylene to

et hyl ene al ong the segnents of the sane chain

(intranmol ecular). This conpositional analysis is

{ HOBES 1o riesmsed Bel it veaie SEeBes OSBPHT HUBOBY of SOURhRtable for
5P ATy P BRNura lution
prapyik eshemies iaddieion JoaGibeitibn Bofidient $o rpdlognamissibsoor to increase
Lo LR AL bRt By s, i
s FUbREAAEINE 7 SR Bt RSO0, SIS g

cofipbsi tional analysis is inferred fromthe results of
a detailed analysis which includes differenti al

sC ing calorinetry,, electron,mcrosc and. .

- O30 smingsigheniobhosP o A pp kel FEdhpIPYe and gpource of
| nih@nRI¢ay bsupd ihhé BERNG@Rorédin BE. iPatdny No. 5{58058BIfecte creation
structures are forned, as descri bed bel ow where the

nusfbe conversiontsatface the disgloswe ofethie uaent heing Beprpoeatesherein by
another is ch greater than stati sti . .

10 n.el‘le qrﬁbcep oiﬁje 8]11%??;{8 IéVGB (i)]%/ r}g(?lggecfegﬁeen gé o%iF thll%ée Q%BVergllaﬁ surface
Cr 3cniRsitioni 4y a fEEINERIIGINE WA Rhdokiman! therud afiditedis chemical
have a higher nelting point as well as depressed }

s odgigiany @qmpcmttcmofﬁrttgm@rﬁa@m@t@é Ihyerpcarben fagls gpfpre the chemical
Pol ymer (Et hyl.ene, Po 1001. r tor

ol AR PR E QAR eEiE m s s5e07sn
( SEEie BANbP SIS is) uniywl i6 heusefof tieddoyrdesof reactiva NHydgsypsawhich can
el astonmer havi ng nore than 30 wt % or \flﬂng% %r S0 wWm% ..

15 unba gdvrrtagrens fngRT TN cHCUMSIHBATY | ile the chemical composition
cry | Al d | Wl i th £
SR A 0 ABEE R RS RS A8 S frnce
of fré@mfniontt alopsether pRbodineRseff dheafileladditines efébismavention avoid
pol ymer (also_referred. to Z@ tr% "ethglene pol ymer™)

i sthRpreduchen af frpqammenis and thegelafed 15U npr phous, but i n
certain enbodi nents the second polyner is crystalline
(i Petailed Bgscripiign- crystal line"). But any crystallinity
of the second polyner is preferably derived fromthe

20 €t LM&S‘ :?he a8 2aaHPOIr B RNBhicH S OBENRSo perform a gas phase
procedures and techniques are available for eval uating
whedriversidrhef hydrstarbon fielsytoodchieveanoiccesnapleterogrbuation t CO, and
derived from et hyl ene. Th stallinity of the secand .
polyhia i Rrasessa, Rt e s s ias cfSiied i A dyopfon in the
E E&is%érﬁ%h fﬁ?d.yﬁ%galgﬁoﬁ BRMARNG ihdMedds | fhShinD @he/ ARJeohd SdFent solution

e n

onposi tion then nmeaSuring the crysta Iinjtg
of thiahis enegsifiedlnd deorddgbinjorbase ofigc Wispeysiomkan he giged through the

measured is.usual |y. calibrated using.th al lij.ni .

25 o UROHOTBN IRy R LSTREE e 1 B0 C e e ahat dspbidht with o
CORfifMase AIRLRESCROI U %S16U it Brh ©ojl-frdt SdsthisQRERS Tests run using
measured as a percenta%e_of honp- pal yet hy| ene

cr indtadd amd pthen testing fiec ep£PRfirm gre reduction ef §Q figm {he offgas
f hyl ' t abl | ; | i. )
JETLIC My e 1

pol ymer al so includes units derived froman a-ol efm

O [UR2R] U. SV Patdht INb. Ge340188 (#etidefhlve pateni)steadhes agmeceas for creating

the a-ol ef m nononer. used in formng the first golym%r, .
30 anan jiigndthesphosyh Seans ihzouRh the f@%‘[’g@n;ﬁfr% cgiLygysion ‘surface on iron

different fromthe a-olefin nononer used in formng

the first polyner, in which casge it isreferred to as

a "second a-olefm" Any of the a-olefmnmononers |isted

above in the context of the first polyner can be used,

particul arly butane- 1, pentene-1, hexene-1, heptene-

o o A o - s o o



cal endered into a sheet, can be forned as a second

pol ynmer. The portions of that patent describing the
web@svmes s, their properties, and nethods forPCEKRI995/034988

them are hereby incorporated by reference for

purposes of U S. patent practice. [0113] Finally, any

of the ethyl ene, al pha-olefin, vinyl norbornene

el astoners described in U S. Patent No. 5,571, 883, or

any of such el astoners incorporatin ENB s the

pofupetraies iinddeang 2pEotlezIpg cPEPeHIDE Y Retgedluid. The present

vi bratd o%n aﬁﬁ@ilf?igs BRI iR ofctﬂé] B {)é?ﬁgﬂe fr PRF §%§% 1 additive for

p&P portions of 't g ent describing t

el @&b@mioﬁ, 1ntd‘| ai burpeope rdpleﬁ-sﬂ,amn dheetdnoptsitionr lmiaddemga source of

them are hereby incorporated by reference for

Bl coRt, 8 aJiRl P PCORS, Mot pafioR i epeive, NE2 eroups
5 eXREBbi 'tl%dsohfketd'f%@%&?veoﬁhg%ﬁu g;fi@d%Q @Hbdreﬁ@ci%' H2 groups as

can in e one or nore optiona yenes, i ncluding

pa# trésuitl @ thy Iag]niyeamxhermusreatﬂlml ﬁmtosn degvoibypdran thabedialco patent.

an_et hyl ene ne-di ene (co nly called "EPDM ). .

TESRY GIERE I dRE e CRUGRRL A ob = dngourde of reictive NH2

hy B GERRNNEY 1B pAIdub Bt TN afn@er different
%ﬁeﬁagg?gln at easp one oP tﬁe_unséturategﬁ%%ﬁds i s

r epi@tsicyd iconditipoy astr@d th@yofoélowo Iaydﬁfereﬁf hl@a@émo péthhonbhis specific

ma artially t ar rrerlzat m |

10 Crihefiphents BUE BFcrehBoPPFEl Gectar JSgufich 2 Deraleo
unﬁﬁérﬂr afeg Qﬁsdﬁot@d’ ithabihe ﬁlgirslc&l»' b&l@(ﬁﬁ@ﬁg of Hig @D kesults in the
cani zation in post polynerization processes.

Expuogigneff fiesh@mpperiisnal pol yene inclu.de, but are not

Ilnlted to but adi ene, pentadi ene, hexadiene (e.g.,
fbgg?ﬁﬁ%ﬁleﬁl%) hew & p%‘éittﬁgfg%cgy&dh%ergl hgﬁ&e %I(ilé _%gs?iouﬂy described

1 &nﬂﬁb%ﬁiﬁn&ff@efald@ eaﬂi)@ﬁ@d(t@pﬂlducelﬂl@ ctkardd red performance.

undecadiene (e.g., 1, 10-undecadi ene), dodecadi ene

15 1 []0%2{1} Thégé.gtgcgggfn%ﬂ{dg{] Fe)gdlést@tﬁ!?dg% a eggltl{/e if te direct-fired burners

g:l?i rpdesadheng)y g tt@d}%%ﬁic@[ﬁ? EIAUCEARBUBRES using heavy
bt adecad ta

. I ene, ocC i ene,” nonadécadi ene,
i csidivehas binﬂmerﬁmd)s amblmdmg budeo €ady gio, the bimes eniflane appears to

tetracosadi dlene hexacpsadi ene
heBoxidss Sefr Wélon g é@P}yH@ for, HaEf‘cS@‘Std‘i’% 48 €particulate and other

tr WhdH:iRe i eeresiRawi the hig etatés produced
meégﬁgﬁ%ngﬁgéncgggfﬁﬁgn 100019 rm1 Exanp es o? " produes

20 st aspayhof thh abmbugion jrecads slmésthatrth¢ fiweb additive isragntpdned or present in

of B GHR APL ddyai e oo phar B S Bisp AR gfpuston.

I|n1ted to 5-nethyl -1, 4- hexadi ene,

F 5 h@yéxahlp@e Qt adp&!t&redaﬂﬁfnﬁdaﬁroﬁl petthy| invetion includes the
adlene | es of S|Qg@e ring alICﬁBllc di enes

| nfxﬂlsvd&eng mliIOSarle5970mOlS R BQ:, 1098 BJDI:% @eax%ail%ﬁ@l [NH4J,HPO4

a‘?}ﬁ It dl'g ,?ytg? Ugffgée andg(gl Rififon of the

251 n@itié@'%if tlbééb cafponéts.| By Ihﬁﬁplﬁl@tllﬁ@ﬂfe&ﬁudﬂ' of théene&ultmg HZPO4 and
nor bonpdi ene; net hyl -tetrahydr.oi ndene
d| BPQo pentss Ehgi sehionispe pe cErated ip allarefﬁgﬁ@ gHyansgphahout 6.0 to about
g al kenyl -, al kylidene-, cycl oal keoyl -, and
cylcoal kyl i ene norbornenes [including, e.g.,
5- net hyl ene- 2- nor bor nene, 5- ethylidene-2-norbornene,
5- po02BE Iy b - plefonsel osmisriiment; [[@-bzﬁﬂapﬁzHﬂ@a,e[Tint]zHPOzt and water are

gor@g:g{egﬁgg%thp d’(i‘ﬁ%p- ?l 0 qe o enér}?@rengﬁgfu 1on At 38 added to a dispersion

5-vi nyl - 2- nor bor nene] . Exanpl es of
cycl oal kenyl -substituted. al kenes include, but are not
limted to vinyl cycl ohexene, a}lyl cycl ohexene, vinyl
cycl ooct ene, 4-vinyl cycl ohexene, allyl cycl odecene,
vinyI cycl ododecene, and tetracyclo (A-1I

12) 5, 8 dodecene F Serles Process [0115] As noted

______ o Y - )



[0121] Residence Tines. As used herein, the term
"residence tine" neans the average tine during which

wo e@e3mops for a particul ar pol ynerizati on ar ePQI/ESHN5/034988
together with catalyst in a particular reactor. This
is calculated by dividing the reactor volune by tota
volunetric flow rate. The residence tine per reactor
i s dependent on many factors, including the size of
the reactor. An exanpl.e of r slden

r efieidopuchsasts tdingd p& %P@f%% an fen%f‘gntﬁéﬁﬁp&wayts Exemplary
f r&)lg%e?seﬁl?s ltfr@gg}bggﬁnl cerfl tsﬁ‘&lﬁgﬁu@éshs%ﬁh BT H8HE TFA Vf@§0C Oronite

or ranges o ce’tinmes may in certain cases
ut ODiAz €8012 tind Ettpd éitecr @b. t Hamay alsofber a;dvan’egeranoelnclude certain
time range froma | ow af nut e of 5 mnutes, or 6.
m RetiEo 0. BrimRgbatier et tiods pobTRORTILE slomdfs tiols and
a fi HiShondl %@olﬁnaﬁlﬂ 191 ﬁa 1E‘I‘aﬂ tBsyer Actacl

3 orl!;‘}’?lgarsﬁ Eﬁl&@%ﬁﬂtﬁ T onut es, 513%#1) nures. y B?yer clactedt
pr¥Dafr e’EhEt piatsplndres setd@lmilg Eegmtemxémun lﬁr@ddechgeaif amwamately 10
| ow of 4 'nues r..5 m nutes, . 6_m nut or 7, .
m Wht @0t qﬁﬁ]ﬁéjésf’egllmbhﬁt%nu?@ rﬂgatﬁdﬁf)gdﬁwgfo%@ significant
M AHE @ of e @véﬁ't NHYES caf wakkr MY hE%urdEanlBe dds8Hb&Bat this point
or 12 mnutes, or 10 minutes, [0122] Mononers. The
rmatsoatrewlémdlséfvﬂhqnnthb oesltpg %@hﬁmnzlamlmé 11&@ hesiiel, fagraffgetive amount

10 LG M RS S L AP S5, B of g ot

bed:rﬁﬂocﬁﬁfeﬂﬁﬁ' 0.ThasTpREpBESs R Yhd BOltisle, U&)@n aamiasnlte the fuel, the
et hylene (C2) and a-ol efns ("al pha-ol efins'

i nphlthwgs rogteat @ phradnethientngeseicsol 00 a@b\md sl be effective.
' p
oYy, 2 PR FRPAYIESF bl R, S0 PALGUAAOLIS e ao
hl effetival Ploge pregdrilily, FAY0 ppniikestphsus ol \i/@ghthls in the fuel with the
el sewhere herein. [0123] Solvents. As noted above, a
15 pr&rbp¢didvaret hod i nvol ves sol ution pol ymeri zati on,
mhlch reqU|res a sol vent. Exanples of solvent that can
1ef S 8mBOEinRAL ¥IMRIe ARIspIRRHs-cont t
de Cri EAgrbﬁ( e &Ea%t aél?e?&}tn troduced to teh%ﬁ)tgl rst g%rammng paren
s esaduidorr tat tsofos useire ity dinadades boimingsabolt 29 mblap )i arthophosphate
and aromaf.i C ons. Prefe

gg%&g%@%&g&e@g AT, C2 P]ilsa:.%ehﬁeolﬁﬁ A bzﬁqugpus parent & ofifion having
br Q[}ﬁg‘%ﬁt 04 rﬁ@'a&hbléﬁt @t Reirby & ogadsiRasvoland &H i a@ueous parent

sat ted alicyclic or aromatic hydrocarbons. Exanple
20 of sclutidn soksented bremivused, reﬁmdambdlsp@wparfbud W@bd@mrsam most

oot BRATE AR TR snEiin & eRLBRT e, amd diuted to abou

t op deRsighing, Ky TS SnixtleX &esddS W@theffuﬁhéﬁ&ilutﬁheﬁﬁ ralbitive to fuels.
the sane solvent is used in both pol ymerizations,

e ghe dulnum)mh preeq@blar@mean@ with phecspercetpfingd oif dispersien fluid. A
bé(i)lﬁ) [118 852%25(3??%6 pAéSfer?éds %% bt lﬂﬁ?&%ﬁféﬁ;de light

conti nuo S proces

25 eaﬁi?drb@aacs&fsr gORRE, |@!{5’-‘g@§ 1&%5&511&; rdigsal, m@phthmghtpmd@mqa L, IIL, 1V,
an effluent Stream hat effluent stream can be

c owpvs\éhb@fe opls lagy deﬁnqﬁlrbisdéeécﬂr@mmﬁ eifse PRLPYISRES: fgbigbﬁ)ols heavier
ef Pl| %8}150%1 %géﬁnlsggaftnth% gwaﬂc':é ea?llﬁgtg géj gg@,ﬂ@v ﬁeoxﬁaﬁﬂent solution

paf)idp@ﬂéﬂaﬁ thie [ fydiiin & Ctﬁnhmahs}othe disission X @nﬁlhtent tobkecules under
yner concentration in the effluent of eac react
c aromeal QRPIANRE FRAdionSt AB cXeRpE oéfan fltergatg o udes the use

i LA TR Il e, prs

the Exanpl e be|OMI i nvolving a serles reactor
configuration, the polyner concentration of the first
effluent preferably represents the first polynmer only
(which can be neasured, for ex | e, by separating the
formed polyner from non-polyner materials). In
contrast, the polyner concentration of the second
effluent represents aII the polyner naterlal present




(ethyl ene and an a-olefin), catalyst m xture and
sol vent. The output or effluent (e.g., polynerization

w@e@dosty4 i s second pol ynmer, catal yst, sol ventPEmtiS2005/034988

10

15

20

unr eact ed nononer, e.g., ethylene nononmer. [0130] For
a particular plant design, the plant productivity may
be limted by the bottl eneck presented by the recycle
system For exanple, a parallel reactor operation wl|l

typically require the recycling of |arger amounts of

s ARcHlED DRzAddedy T AR PE HC SOTBRATENET CaPors AUPSIGH (i Teach the
t hes5agggPol yspl it as series reactor operation. Also,

a paraltéel reactor operation will permt wider

vak at i in the residence tinme and reactor conditions
thﬁﬁﬂéggies reactor operation. In series reactor

opgeratign the tesi.dence.ti q . r

bl docr BBYA e R Ao L foIpBSEREPCRRRO RS GRHon). For
adghid uanhk FBPOYRITA L Sulitish 1§ ebeutd0remolest HiP(,ant 6% mole of
cg&acity l[imt for recycling the solvent. Wth

pall@Acel reactors the residence tinme of each reactor

can be chosen i ndependently as long as the total

sol.vent Plepanw foomsctmmt Deianetsd water recycl e capacity.

[0131] The use of different polynerization

t ehiper a2,03€39 itss ltisoPatassivmp Biytienxide is atddadeto dlic whter

paral |l el process, and the di scussion above for series

reqct or gda w{rﬁﬁﬁﬁe@molmiohq 31 b 4 sy 6l the AnsisiiemHylrsxide (29%)
t he di scussi on above relating to reaction pressures

used | NpeiHcGesuiRifCoRition! A&EHE ¢EPORPIOLSSSIRtion and allow for
paral | el processes 1n the sane manner. Further, al

di ectssi.on of residence tinme for series reactors al so
applies to parallel reactors. [0132] Effluent Streans.

As6.di scassectactigewtiastorhwithianetictacid tog i ef altdud .0ofThe hesulting

cont i nuous .process, each reacior, e tiences
PoPpHitho) B ek 1rphe D Chmie AUl CpmoRRt 4 ujance
ef fddisMbai fgfM can be conposed of pol ymer produced
frd%1 e polynerization as well as catal yst and any

ungea nononers. Each effluent stream can be
chggﬁﬁ]s%'zed as having a particul ar pol yner

concentration. As an exanple, the pol yner _
co[0028} Lattarataryi tests hveitleflfel fwehaddtive af KH:BOet KeHR@n [BEL4].HPO4 in

mai nt ai ned,.in the.rgnge of .1 to 30% i ght or . .
pethBeh o8 e By ReapANdiss oo ol el yeSigdmppyyements n
of fleherRakEhdycu! Sdaihf hatehlso bébnPavAhdted foraEOdsSa cation in this
there can be three effluent streans, i.e., one from .
eafohmuléion oGravgi 1A hestas asi alesdprefertedenations: rasiars Taleted to selection
pol r concentration of the effluent.from h of the
P! e setr St Repdiieph cipet and B RRoLATRER nace 1n

that reactor al one (which can be neasured, for

ex €py separating the forned pol yner from

non- pol ymer materials). Polyner concentration of the

Commfﬁ_s@u‘ ke ffe] hEMTES BBdcEibad in ERemPR ¥ iR combimRtibRIwith a low
present In the two reactors, neasured at a gl ven timne,

e. splfuratiesel fizel paotidesus 44 % tespetioncm COveMisPions i thet grhiaust gas as
set point. That . pol r rial..jinc e . | eas h 0
r eg@ﬁ}gﬂre 8n ?S%ﬁ"iflélﬁ"qlﬁntlﬁgﬁﬁgﬁ 5%{(91“%({] céeéiré}tg a]i%(rll]?%ﬁ%uﬁlt S(()}tz 'and 55%

25 t hesdhibtisit inRattioweiest oget her with at | east one ot her

polymer, e.g., a second polynmer or a reaction product
of the other reactants thenselves, e.g., the nononers,
or both forns of reactant product. Although other

pol ynmer concentrations or ranges of concentrations nay
in certain cases be utilized, it is preferred that the
first effluent polynmer concentration range froma | ow
of 1 wt% or 2 % or 3 w% or 4 ww% or 5 wm% or 6
w% to a high of 30 w% or 25 w% or 20 wt% or 16
w% or 12 ww% or 8 w% It is preferred that the
conmbi ned ef fluent polymer concentration range froma
low of 3 W% or 4 wt% or 5 wm% or 6 W% or 7 w%

o ' o o ~ N N Y. Y 2



pol yner has a Mooney (M. 1+4 at 125 0C) of from 25 to
180 and a heat of fusion less than 50 J/g. [0139] An
wex@apsmInf a flow diagram of a nmulti-reactor PCT/US2005/034988
configuration i s shown in FIG 1. The flow diagramis
intended to illustrate certain processes described
herein (particularly when viewed in conjunction wth
the process descriptions above), including processes
invoIvin% alternating between series reactor flow and
pa feactor flow, as well as variable recycle.
Each box i n the flow diagram (identified bel ow
I e O§§f05§ 0B RRA A4 1USI N veE AekcAPEN bbowd irt BoeBhallén with natural gas
conventional and need not be described in detail. Each
of shomedl am 83 desistipth énl tbelf@wat@an@lfe@ftrbh@ rRoRoXiglex as compared to

GapSE008 of Waaly Cland B8 e B PRl bl B TPPrsyeigp in O

a arlety of types o f conduits, e.g., pipes, which
ma: > nt erveni ng equi pnment (not shown) such a s
but not limted to standard connections, valyves and
punps. The contents of WD 2002/ 34795 rel ati hgaiigeto
re nd ot her conponents are reby in rat ed
b égéﬁ?%?gnce particularly the de@glls relgf% gto
t he_conponents.-also found in FIG 1--herein, -e--¢g-+~ the

separators and reactors.[0140] Referrlng to at | east
cePhesphoeeeidi nents of the process&88¥escri Bed

el sewher e rei.n, an overall syste is s t hat
ﬁ%@”?ﬂ% Loy 12, i.e., a strgkggre ianxpc

fIAﬁﬁn@ﬁth%hh&ﬁhbon can take placggjsnd |sogBeferably
"“first reactor” described el sewhere herein. Box 14

|sAoﬂuLAmﬂudes a structure in whicé/Za secon®.06

polymeri zation can take place, and prefe ly a

" sBEORTC NELr . " Box 16 i s a stru%tﬁ?e t hat-*dan

i nclude a vessel for receiving the_output otzgna=or

both of the structures 12 and 14 (e.g., effluent

st TeahPR&pantsCondBling Pdrentfolatiso 1041 ide a1.00

l'iquid-]iquid phase separation device. Box 18 i ncl udes

a gﬁ@ﬁEﬁﬁie in which devolatilization can occur, e.g.,

a "devolatilizer." Box 20 is a structure that receives

and di schar ges monomers and sol vent andmBpk i onal Uyt Ratio

Iudes fracti onator or sone ot her ar at us
aPReR nononers and sol vent, eithe?ﬁ?ogether()‘%gght
sepaLaLeLyh“LQl4ll The polynerlzation in.ElG. 1 can-he

practiced as a series process, i.e., sequentia
poBtamdBagaOilons, or as a parallel proces844e.g., 0.79

paral | el pol ynmerizations. Referring to % rst
cagﬁﬂngacan be introduced to the firstfzééynerlga i on

Eﬁ) ? g., reactor) via stream 23, 4g4pi cal |l yoas
ar a catalyst m xture, described el sewhere
heﬂabn64®bnoners can be introduced to fSyneri zatio@n

zone 12 via stream 26. Fresh nononmers can be
inﬁpﬁﬁh%bHINl% strean128 A first polyn® (e.g., 901

i zati on ne
PR B Lo P SERUER B B PG a0 8
propylene effluent (i ncl udi ng the propyl ene pol yner)
is directed via stream 34 to second pol yneri zati on
zone 14, where a second pol ynerization TS5 conductfed to
& @ie a second polyner (e.g. ethylenﬁ)ﬁﬁiynerl The
P | eavi ng the second polynerizat 0 |nclu9 ng
both propyl ene pol ynmer and et hyl ene polyner) via
stream 36 is directed to a first separator 16 where it
can be treated to separation, e.g., liquid-liquid
phase separation, to separate a polyner-rich conponent
froma non-pol yner conponent (hoe., substantially no
pol ynmer). The non-pol yner conponent includes sol vent,
unreact ed nononers and catal yst. The polynmer-rich
conponent preferably |ncludes prlnarlly the polyner

o " o I [T e I T L T o




TABLE 2 | . Recycle [0144] A particul arly advantageous
feature of certain processes described herein is the

wQo 2006ak10e4 recycl e feature, which contenpl at es BEWESHND5/034988
different versions (enbodinents). In at |east one
version of the process, a given anount of non-pol ymer

(e.g., in the formof one or nore streans) from an
effluent (e.qg., either the first effluent, second
effl uent or, a ed effluent) r to eit
or [093Hh!lipeis tedetto rk?asepBFIyWe P?Ji-‘étt D eﬁ%?ﬂesconceﬂfraﬁon of

V\Cﬁlfdg?ﬁosrug ?rpﬁ?eT%ﬁHﬁg'e' i sd1eds lis Fe@ﬁdx%ﬁnﬁ&{mﬁg'sﬁﬁlﬁbﬁ in order to

st and second reactors. Preferably,

r espatet the efualmadditive.of Imdlis pakg nibe shilvent tiedwater tand dehydration is
first agdgﬁe ondugolynerlzatlon zones are different
f r HiPORES Dependi ng on the nature of the first
and second polymers, the recycled material may be

5 SO}0082| An GREAaMSEMbEUIMERNRIRISs tHeNuse N}ﬁ Hgnop [NH,],HPO, and
separately. [0145] Thus, in a preferre odi nent, a
cowarenubus pmfge@cb gmbgdlpre@mtde@pl’rw inaks Hy t indefingd hypsepubility or

]?Fz%a Ilﬁ I?eb g%lps a]ggtﬁg Ssoﬁr—f.% e[ss&felp % ﬁ{ﬂolgtﬂﬂgadfstﬁg‘ 95‘1%11‘[. For

e process prefe

' n@iaﬂﬁﬂ@ tlfl@iaﬂ’ﬂs e preterdbly ﬂIsp@r@bd’ﬂ@dSug‘hﬁﬂlt the @Ollvéntﬂﬂit yheegolvent is of
in first and second pol ynerization zones (in series

pamhrveiayllleaﬁﬁt jtpan I’ﬁ’é beiled apicet S@fut@n%ﬂ@é‘#?rablryarecrﬂéereJ for reuse
| vent th
10 0 Ffb R AP T lod D) G0 C T hed Rbove 1n

greater detail); and aIso usi ng nononer systens for

eafuo3ppihite the alvetivrzitseheth atovpr ef éesatibgd mnailyideme of its forms, it

propylene and eth t in different

pr R popRpareas t%%r) Gi%}d%i/ 11? s aabit i, o0 §miseds Pyt jsssceptible
Wﬁ%‘ﬁy Eﬁ s RAfbEl @é@dai/t ngﬁ&ﬁrthé B&fpetdFehd ifvehtion. For example,

ynerizati n tenperature by a substantial anmount, as
noirmddammmeqf ‘Ehegsa,lts ipto2the CRGeloor thor dispeasian tfhéd set dedaccomplished
ed to.the. sec

15 polyHEn o PO SO0S BRECY BT e o ediste solution and

Vmﬁ{eeﬁt%s&{u%ﬁteﬁﬁ:ﬁhm i\l ofQhélisEREst. ORegfkding the salts, [Y]H2PO4,
i nsubstanti al anmount of dienes (less than 2 wt % or

| e B¥]tHROw sanvendonzrassea dYdGHIRO 41k EY 1i FEROovhere i sl 4 aig variable
gﬁ The process invol ves polynerizing the first and
%ol ymers in different polynerization zones, and
provrdlng a reactor blend that includes first polyner,
second pol ynmer, solvent and unreacted nononmer. Then
the process includes renoving sol vent and unreacted
nononmer fromthe reactor blend; directing a recycle
stream that includes solvent and unreacted nonomer to
the first polynerization zone and the second
pol yneri zati on zone; and recovering an el astoner
conposition that includes first polyner and second
pol ymer and has a Mooney Viscosity (M. (1+4) @125 0Q)
of from16 to 180, or other levels (or ranges) as
specified el sewhere herein.[0146] Preferably, the
process includes splitting the recycle streaminto a
first recycle streamand a second recycl e-stream
directing the first recycle streamto the first
pol yneri zati on zone and directing the second recycle
streamto the second polynerization zone. Preferably,
t he anmbunt of solvent in the second recycle streamis
selected to be sufficient to (i) obtain a desired
second pol ynerization tenperature relative to the .
first polynerization tenperature; or (ii) obtain a
desired polysplit, as noted bel oLVand el sewhere
herein. [0147] As discussed el sewhere herein, the
renmovi ng of solvent and unreacted nononmer fromthe
reactor blend can include (i) subjecting the reactor
blend to a first separation step to provide a first
solvent-rlch portlon and a second solvent-lean

. - . 1. rf " . e



Serial No. 60/613,699 filed on Septenber 28, 2004,
which is incorporated by reference inits entirety.

wdewhnoswed Field of the Invention [0002] The pPEBFES1005/034988
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invention relates to the field of fuel additives, in
particular, to an additive for hydrocarbon fuel ed
burners and flanes to enhance efficiency and/ or reduce
undesi rabl e em ssions, such as pollutants. Background
of the Invention [0003] Many hydrocarbon fuels have
beWi Gla@d, each with their own advantages and

dr awbacks. Exanpl es of such fuels include diesel,

ker osene, heavy distillates and bunker fuels. Chem ca

conmpounds have been used as conbustion_inprovers to )
enhanceActigbaddifive cemprisingne yixgre (Hedls tapdes dgpersion fluid, the
fW%i%n %@gﬁmqknggﬁﬁg.additives contain netallic

el BHENtS SUCH as ha ganese, iron, copper, cerium

cal cium and barium Each of these el enents has

advant agps and,MiP<adeadt ages in particul ar
applications. Drawbacks of certain iron conpounds

i ncl ude, | i mi ted bility in fuels, .toxigi d .
exponsChs oY bt vEheidh dVACK: Brsiiptn L NopAGiny fuid being

creati ogeRfp1SHY ﬁib%ﬁgaéigifﬁelcéaﬂ’c‘s LAt TRYAi§PRoP 861l in e}méeféha partially

i s undesirabl e. n addition to the goal o

i mpr ov edisprosedustate,ahe &dl iadiligine peingrapkesbleniosenhamree combustion when
reductign is. al so concern, .particul arl.y. for heavier

fuel s By i cpnPe A Riet 4f i atréetriied) Rigtiet 27 sE fame and
not madgniREHAMd hhdHced s Husiiord 8¥iakoReBtabd by fridfdased fuel

additive for reducing snoke and particul ate em ssions
i n t hesefTigispéy omdeaeased pobasht gutputan andexbeps)ezas Fagulting from the

i ncl ud nbust i I . {ed k d
oar t 1 corenpusiiy aEs e el AR L Rer s and

other direct-fired applications would be advant ageous.
A fuel additive that increases efficiency and/or

do5Teastr B LA Lo BRI ot vood

advant ageous. It woul d al so be advant ageous to reduce
snoke, particul ate andnitrogen em ssions fromfue

appl i cati ops .addj ti on,t educti.on ; .
reBuct: BhEBR! e ftifdh o 2o LS TR Ogiihpre CoHIOs i
deg{ §RkkEeroliPO06] An additive that does not result in

t he forna?ion of precipitates and burns cl ean during

t he conmbusti on process woul d be desirable. Summary of

the I nvention [0007] The present invention includes a

fugl adghd fieeadiflvéolBlahed Wherbiti tAg pHNer 186 dblutive i Petween about
relation to hydrocarbon fuel. [0008] The fuel additive

of 6.0Red 8fvent i on i ncl udes a phosphor us-cont ai ni ng

parent solution containing [Y]xH2PX, [Y]x+HPO4, wher e

Y is a cation. Y does not have to be the sane cation

in both salt conpounds. The cationic portion of the _
saft coApopreentss faraanlipacingy fiusht pesformangen oot dwdraggbon fuel m a

bei ng a.preferred .catipn. Ln.this case he prefer.

corPanHPE St FOwBE e BRe M il F S Dot POBbHhE Bho stepsof
| eg®lidias the FhdDadaitiR I SRhnodih Rl cffie@belty @bhirte Watlgierfokmance to
other appropriate solvent to create the

20 phibephiscuftedrhvanari ovppsarfiame ansl camipisting\deahydigessben fuel with the

t hi. s, enhodi of,.t.he fuel. ditive is an
anﬁﬁh? }?Yeeg%%?lﬁdfiglr{e C&%‘imsfr% ferred enbodi ment

i ncl udes addi ng these conponents, in the presence of
wat er, {9 crpaiERMg apiosphor us-contai ni ng parent

sol ution as an aqueous parent solution. The water acts
as the solvent. Qther preferred parent sol ution

sol vents include al cohols. Another group of preferred
cations woul d be the al kali neigls or Goup IA
elements. While NH4 used as Y CTreates a fuel additive
t hat enhances fuel performance, there are instances
when it is preferred to avoid anmoni um and t her eby

o I F A/ T




fuel performance of a hydrocarbon fuel in a conbustion
systemincluding the steps of adding a chem cal

wW@elsn3m conposition to the hydrocarbon fuel PCI/ES2005/034988
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amount effective to enhance fuel performance. The

chem cal addition conposition is created by creating

an internediate solution by (i) mxing in an aqueous

medi um a source of reactive NH2 groups with one of the

fol | ow ng: (a) an alkali netal hydroxide to raijse

the pH @ thEY]lx medihgren JY1 uisi drfatipby e thep disgersignpfluid being
an aqueo ni u l.ka

a sour c(epqu‘b?%ED%lplr?g‘jlﬁg éljfea%ﬁ“a %?{h“{l Bﬁﬁgﬁ%&g Iﬂluo mtzzﬁ eléem a partially

i nt er negikpdreedsedatelt the fudl adabied beigtapefdianoagnbantedt@nbustion when
amoni um m xture. 3. The next, step includes either

conbi ni plgcadhinte rpoatage aiy &ied dnua |d€ﬁ0toﬁre§t Bymey o gpen flame and
with t he e

i nt er nedl aq%{eg 0 IﬂS |e%£%? 8 ocro “%%nd bﬁﬁ% hltéllaﬁsurdarbéilba] emcmased fuel
arate eﬂﬁf:i‘ency entledreased @atl&taﬂt bt iy aalxmﬂaestrgas resulting from the
reaction. This results i ctive NH2 groups being

cont ai n‘eﬂnl?%tlg%thieéPﬁd@BElt ehadditsemat i on of the

chem cal addition conmposition. This chem cal addition
conposition is added to the hydrocarbon fuel. [0018]

The parent solutiagn, or the chem_ cal additian fuel
cobposi Thomresess BE Guhgaieg diel pafPrBanceI g £lam § Bherein the fue

in ain, it can be
ad%%ngggeouén?b |nc{£§ﬂpklsggrsants to pronote

di spersion in fuels that are hydrocarbon based.

Exenpl ary fuels kerosene, diesel fuel and residual

fuel s. [

subst an?ﬂel%]ra%su s r@);ﬂ&&q?% "fﬁel &f&fnl%géee grf V@g%ﬁ}o ‘38 Wlhgrra]am the fuel
| Saduidtig fetlemdontprizss NERCHT:; ®f wheve C,H30, is an acetate group.

phosphor us-cont ai ni ng parent solution or the cheni cal
addi ti on conposition sufficient to reduce em ssions or

to increase efficiency upon conbustion of the enhanced

fugl. |Theeproadss of ramapdianchsl pdformbsgercdi ohihl Gi dvherein the
is a quantity of a target fluid, that is, a fluid that

c ohydspeasbarhisickis & Lo hyrepcarhaBish A conposition of
phosphoric acid, alkali nmetal hydroxide and a source

of reactive NH2 groups has been explored in U S

Pat ent No. 540, 788 for. the creation of a. conversion
su9faceAmﬁﬁbmHﬁ§@#%§W@Bﬂ8ﬂgthe patent bei ng

i ncorporated herein by reference. The current

i nventi in d
composi (on A AER e FndiR oP ind: b aDEL S 1St betiRustion, an
fuel additive is chem cal addition conmposition for the
enhance(®nt ad ainyurtod dnd addifivebEclaine i epetabledhenhange combustion.
addi tion conposition has the conposition disclosed in

U. S. Patent No. 5,540,788. This enbodi ment is unique

in the use of the source of reactive NH2 groups, which
camo.be Eﬂwaaﬂmgmdufumlndﬁrclmar t%i whereinc phesphonss is \Mcseet in the

Gy Gor b AT of belu gt $RGLA Aok Ao R de

of free ammoni a. Vari ous ot her enbodi ments of the fuel
additive of this i nventi on avoid the production of

N e

éﬁghﬁteg}g&at%@ tBefe‘:iﬁééne 1&%8 ﬁgﬁ;ﬁeccﬁ%ﬁéﬁbﬁ' SMief enhanced fuel as
rocar uels to ac Il eve re conpl ete conbustion

t oC@ﬁﬁaradhtb tHe Combustiva qfithcipsisocaraf foelapithout thefupladditive.
additive is provided as a dispersion in the dispersion
fluid. Preparation preferably includes formng the

aqueous parent solution that is emulsified and then

added into base oils. D spersi can be aided through

the use of emulsifiers and di sggrsants. In a preferred
enbodi nent, a dispersant with a total base nunber of

from 30 to 160 on an 0|I-free basls |s used Tests run

o " 4 .= M T Y L




Exanpl e 2 [0028] Laboratory tests wth the fue
additive of KH2ZPO4, K2HPO4, [NH4] 2HPO4 in refined oi

waele@pos®don fluid as an additive in diesel fuePGT/BEkN5/034988
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maj or i nprovenents in fuel efficiency. Sodium has al so

been evaluated for use as a cation in this

formulation. Goup |A netals are also preferred

cations. Factors related to selection of the cation

i ncl ude conmerci al expense and corrosion resjstance. )
Exl@pl eA prodegofpycregsing eh enhenced dlydragerbon el dos By ieagcombustion
in §¥aqple 2.ithonbb,ation wth a |low sul fur diese

f CPPy CIPESHEA "7 2% P&duction in CO enissions in the

exhaust gas as conpared to diesel wthout the fue

addi ti Vﬁ@) 3484ddieg ugt iagdunh Hetiveas cnhindee fuedt parformance to the
particul ates. Exanpl e 4 . [OOSO&@LBe of the fwﬁl ) ...
addi t i vydsegeronpaigl abavbemiral AR CPBROWAPR hyichemycal addition
gas sha . 879 [ ' r | QR rbo

Tonoxi daripedfichy SHbRAAE BRch bRREE R Mble TR aqurce of
Wi t houtpHolhdriselcidadnl alkiali eneta hydexide8 ¥mneduot hydroxide and water.
NOx. Exanple 5 : Um Ratio Conponent | bs wei ght

Phosphoric Acid 2,583 0.25 Pot assi um Hydr oxi de 2, 736

0.26 Ammoni um Hydr oxi de 1,315 0.13 Acetic Acid 672

0.06 Deflonpoeeks\Witctain3110& Ge@dhglat ethanced hydrocarbon fuel wherein
Phosphor us- Cont ai ni ng Parent, Sol uti.on 10,41.1 1.00
Exthaphanigal: addijagicopippsitgn Ek‘f“é&i RPBRESES aPHHE ARt -ght St ar

4 Base Ol 8,544 0.79 Kerosene 1,282 0.12 ODA 78012

205 0.02 Hitec 646 205 0.02 ActaclearND 17 85 0.01

Phosphor us- Cont ai ni ng Parent Sol ut.i on ( Ex l.e 5 .
2214733 4. Drocasst T ersatiag o fog e@gﬁye fﬁf se“%gg%% t(?%‘“rbustlon of a
di ' S ' j oL LEed concentration
ofﬂ%alg%g%oglr@g’ ?lﬁ%fr%ceersggﬂ‘g#ﬁﬁ\/geﬁlg% §§2§| vent is renoved

fromthe solution in order to create the fuel . o
addi tiv@) | nMiting tleaals [YRERRQY emhiY fi-d1RQ4 avherginl[Y] is a cation, in

dehydration is acc lis hermaly. .] 003 An
al tgr nat :§°1¥ﬁ‘|ﬁo@i ?Fe%?nﬁl ﬁ’?&ﬁ*ﬁg'e 1Spgfac Ellééle SQ#S '[“T\éf%] PP o create an
[ NHA 2HR(H s WaHiSihing! fAréht BEIGfi&E " ed enbodi ment, the

solvent” 1s one that is defined by solubility or

di spersability of the salts in the solvent as well as . ,
the vol @il ngxmg therhosphoreneontaaing areamh pelutimwith gispsrsion fluid

f Ly, di dth h . .
the SorvehanqngpRERRAT sy Pibnt My oL K ppeMl dispersed in

boi | ed @YidisperssRl tii.on and preferably recovered for
reuse without affecting the resulting product. [0033]
Wil e the invention has been shown or descri '

d .
only sot of Remgvingmanwbstrrtial periior Hdha splyFd o s Fggigre of the
ski | | ed %ﬂ@gﬁ%s-%ﬁtaﬁl pa#nt sSuAGH %Va'% thé Bisb&§on Biid tocreate a fuel

suscept? vari ous changes w ut departing from
t he scogilitife thaeisi opeeadlié tnenhknce eoabmstien whenradded td adirect fired

of the salts into the fuel or the, dispersion. fluid can
20 pe accobprFiHSpen ﬁlﬁ@@gﬁ H}ﬁ @Wegﬁee%fcpd@ﬁﬁ%qa%lmg(ﬁuﬁgand cosibusted.

wi thout the creation of an internedi ate sol ution and
t he subsequent thernmal renoval of the solvent.
Regarding the salts, [Y]xH2PO, [Y]X+tHPO4 al so
enconpasses [ Y] X[ H2PA] Z, [ Y] X+[ HPO4] Zwhere x and z
are variable integers.W Claim 1. A fuel additive
conprising a mxture of salts and a di spersion fluid,
the m xture of salts conprising: (a) [Y]xH2PO4 ; and
(b) [Y]x+HPO4 , wherein [Y] is a cation, the

di spersion fluid being operable to maintain the salts
within the dispersion fluid in at |least a partially
di spersed state, the fuel additive being operable to
enhance conbusti on when placed into contact with fue
in a direct fired burner or opﬁg flame and conbust ed,
t he enhanced conbustion bei ng asurabl e by increased
fuel efficiency or decreased pollutant output in an
exhaust gas resulting fromthe conbustion of the fue

o ——r o 1 A



