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This application is related to co-filed patent applications titled "Process
to Make awDi2quied483at al yst Having a High Ml ar Ratio of ACEASReNN064596

Ni t rogen” and "A Process for Hydrocarbon Conversion Using, A Method to

Make, and Co LElon f { t," i d by
reference i nm@m‘ghﬁ@a&@kﬁ@ﬁﬁﬁ@'@é|W@Lﬁ%%ﬁ?é?ﬁ@lﬁt| on is
directed to ionic liquid catglymiSuMTOANTROGEN | qui d cat al yst system
having a nolar ratio of Al to N greater than 2.0. DETAI LED DESCRI PTI ON OF
THE I NVENTION An ionic liquid catal yst conprising an amoni um

chl or oal ug nat e ,sa The joni¢c Ii Uld ata st has a nol ar
Fati o of ARG e RR10 B0 1o Rele Y Rerldalitet BN R R st {5 hel o
at a tenpplakeW E.q@td gétdwdt%\ﬂﬁé‘/afl-ﬂghMolbﬁR&tlob\f\mmﬁm&Jﬁa toThﬂfdgelns al so
provided an ionic liquid cat alr%st conprising an al pa;h i ni um

hal oal unm ABE eAdiacess fombludresa Qﬂé}QﬂVﬁri’tlﬁ@ s, A Me&ﬂ@ taciiekeyand has a

nol ar rat Q r £ aI yst is
hel d at ab?)e Oesﬁ!a nt&r%cN%'tgA%f& §|h§[ g%%g\rmg Feas{j%p &t r%ﬁér:gsg‘ tﬁ% athird
enbodi menentitchiese is provi ded an ionic liquid systemfor isoparaffin/olefin
al kyl ation, conprising a quaternary anmmoni um chl oroal um nate, a conj unct

pol ymer, and a hydrogen chloride. The ionic liquid systemhas a nolar ratio
of All(?o Nfrom2.1to 8.0. #IEE??P""I‘T—I@NVW@IQW'?’ precipitates fromthe
ionic liquid systemwhen it rs or |longer at 25C or

| oner. Definitions: The term "conprising"” neans including the elenents or

steps that are identified following that term but any such el enents or
steps ar e Thistinesminisisidirecteshid igRicd kbiticatehstnand rRdPuIBdquidneatalysement s or

steps. "1 iG] ASHhG'S mBIaf ratdI8l ASo I gR&atRIanPo! S comprised of Tons as a

15 DETAILED DESCRIPTION OF THE INVENTION

An ionic liquid catalyst comprising an ammonium chloroaluminate salt
is provided. The ionic liquid catalyst has a molar ratio of Al to N greater than
2.0, when the ionic liquid catalyst is held at a temperature at or below 25°C for

20  atleast two hours.

There is also provided an ionic liquid catalyst comprising an alkyl-
pyridinium haloaluminate and an impurity, wherein the ionic liquid catalyst has
a molar ratio of Al to N greater than 2.0 when the ionic liquid catalyst is held at
a temperature at or below 25°C for at least two hours.

25 In a third embodiment, there is provided an ionic liquid system for
isoparaffin/olefin alkylation, comprising a quaternary ammonium
chloroaluminate, a conjunct polymer, and a hydrogen chloride. The ionic
liquid system has a molar ratio of Al to N from 2.1 to 8.0. Less than 0.1 wt%
AICI; precipitates from the ionic liquid system when it is held for three hours or

30 longer at 25°C or lower.



conbi nati on of cations and anions. The nost common ionic |liquids are those
prepared from organi c-based cations and i norganic or organic anions. lonic
i quid cawealzysrE4ssse used in a wi de variety of reacti on®CTiUsCI0IB64596

Friedel -Crafts reactions. "Alkyl" nmeans a |inear saturated hydrocarbon of
one to ni Eeg.c?.r bon atons or a branched saturated hydrocarbon of three to
twel ve cai . I'n one enbodi nent, the al kyl groups are nethyl.

Exanpl es of al ik tQﬂnQUé&nthg’dﬁleaﬁgﬁn@u@ng%e ble'ﬂﬁhérﬂgoTr‘%te@rt‘ﬂb\i@ﬁre’sUCh as
met hyl , ethyl, n-propyl, 1sopfopyl buty | sobutyl, sec-butyl, t-butyl,

n- pentyl icgndified éollowirg thaseren thqlarw swh;ﬂlgmentWestebaa& hPguid catalyst is

commozed Blodlshg" i % TOTTRRSL ) b Ehs i AR S ytR. ot ot v

cat al yst conprigai Ijuids” fa&e%ﬂﬂ@%se&ﬂdk@«@ﬂ%@dwpk@@ﬁ@%ﬁs aghe first
conponent of the catalyst will typically conprise a Lewi s acid conpound.

Lew s aci 6@Mbhatioaal ca @manfi@nms‘ﬂm M9ss COMEIQNIENIGiRUIGS arenOSE i t ed
to, al h t
nal i des b EaoThoralc SR Batdiand REFe Ty RisEhic sl IaNER <"

al um num h@huddﬂtajystg@lré |used rabivdde vEdetyeofasptionsalinoudingRriedehCeaftsde

(Al Cl 3) mag/ﬁﬁye used as the first conponent for preparing the ionic liquid
catal yst O88cond component making up the ionic liquid catalyst is an

or ganj sal t OrAIE}ﬂ sql.ﬁéérts%turgk@@ﬁ &r%ké?bdﬁ%‘fcﬁfe ©hanechridzed by the
genera f or mul ere| n 'S an arrrmnl um honi um or sul fonium
cati on andtoms osadorare@ﬁd smu;ate@aygmtarbnn eﬂkhhe@to Melye BarbonGiterhs, NO , BF4
, BCl4 ﬁl 2C1 7 Al F6. .. TaF6 CuCl 2

cocr s SieRd embotihgt g eyl 9ioned ste StV Exgieles talkidibubthe. seoond

conponent .riomdiselb@t:bﬁéinétr|méd1ﬁ§@r&?p@ é\gcrﬂa@mtmrath@mm@d@ hal i des
contai ning one or nore al kyl noieties having from about 0 about 9 carbon

at oms, suiSePseRY! frobubkdapuy!, sec-hutyiytbuib Arpentyl, and the like.
hydr o | oride, nethyl tributylanmoni um 1-butylpyridinium or alKkyl
substituted i m dazolium halides, such as for exanpl e,

1- et hyl - 3tgre¢ hiquid Catkyst! | unn chI ori de.
The ionic liquid catalyst is composed of at least two components which

form a complex. To be effective at alkylation the ionic liquid catalyst is acidic.
The ionic liquid catalyst comprises a first component and a second

20  component. The first component of the catalyst will typically comprise a Lewis
acid compound. Lewis acids that are useful for alkylations include, but are not
limited to, aluminum halides, gallium halides, indium halides, iron halides, tin
halides and titanium halides. In one embodiment the first component is
aluminum halide or gallium halide. For example, aluminum trichloride (AICls3)

25 may be used as the first component for preparing the ionic liquid catalyst.

The second component making up the ionic liquid catalyst is an organic

salt or mixture of salts. These salts may be characterized by the general
formula Q+A-, wherein Q+ is an ammonium, phosphonium, or sulfonium
cation and A- is a negatively charged ion such as Cl", Br, ClO4, NOs ™, BF4,

30 BCl47, PFs7, SbFe, AICI4™, AloCl7, AlsClig, AlFs~, TaFs™, CuCly™, FeCls™,
SOsCF3', , and 3-sulfurtrioxyphenyl. In one embodiment the second
component is selected from those having quaternary ammonium halides
containing one or more alkyl moieties having from about 1 to about 9 carbon

atoms, such as, for example, trimethylammonium hydrochloride,
-2



In one enbodinent the Al is in the formO AICI3 and the Nis in the form
of RANHX or RINH+X , where R is an alkyl group and X is a halide. Exanples
of suitabWe nuli7¢sss are chl oride, brom de, and iodi de. PATASR0QMOMMHSUS meNt
the ionic liquid catalyst is a quaternary anmoni um chl oroal um nate ionic

ar e al kyt MU EC ARG 1B Ry akpes Al st notas iy "

anmoni um ﬁBlldHéJ%héﬁ‘a@»%leeké?ﬂbl‘é HlétH*},/]I@rr?étﬁylﬂﬁu&ézﬁilllﬁbH chighdé ni um
chl oroal um nate, an N-al kyl - di ni um chl oroal um nate, a pyridinium

Kyl
hydr ogen chl or traorumeﬁdaogllmant t’mlek‘yllspfymedfpﬁnmﬁﬁsi%raf@etnecm||83mdaed@inmate a

chi or oal ] RAEE S R X G h iR ol Bad k¥ IR Bmelesa m i ur e

thereof . Ehwlwrﬁéﬁﬁﬁd’eSJéretélﬂoﬁdé Lrosmemenibdrieoul d give the ionic liquid a
Lew s or Franklin acidic character Generall the greater the nole ratio

of the first cB’hﬁ"dﬁhéﬁtqudf“?ﬂbth%@@'ﬁd'%tﬂﬁﬁiﬁb’ﬁé IS q AUAGFRAY AMMENIURR aci di ty
of the 'OBHIB{&#IHH]' gldﬂlb'ﬂ&w Py fﬁ'@pé. erQlonrﬂhFélaﬂQRr RAR HG?\I iture to
um i in

prepare n-bu nium'c Ior aelonlc uld sal an Al/N
mol ar rat mmeoéun RRY arsl Rharnalgl groupseontdieingaste 13 caﬁbenath\xerrrm@@bf on, and
for typical quaternary ammm um chl or oal um nat e sal tsIg '{ g nmol ar ratio of

A to N cHHAEMaYRHOP LN £0IOrQRIHMIRAHE APTHE liAkIdp e &gt PYEFINGHE. This is
becau aebﬂ asigll tirne) arANC%Iﬁglpélﬁﬁ .a.awcﬁwoé}nﬁh.rv%'ngﬂ%.pa@y in the

ionic IC]UI I't has bee cove the nol ar rat to Nin the
ionic li qhydrog&najhyx*oablfnmai&s anraHeyinyodlnan hydrdgegherlotoafurminiaée, a8 s possi bl e

in a freshl repa a chI roal um nate salt or al kyl
pyri di ni u&'ﬁ'gﬁl' l‘xfﬁzﬂlétﬂgq P@ L%‘“Hﬁ €2 t&mﬁ 3&5\/’%’“8 W% num ol ar ratio of
Al to N otRiofballimirfeddEa mﬂ@ BRMGHiLIenEROGEN bﬁlb'réhleﬁmrfﬁtet@r ANligtuges eat er
than 2.1 , greater than 2.5 or even greater than 2.8. In some enbodinents

t he nol arthefeole of Al to Nis less than 9, |ess than 8, less than 5, or
less gman 4 lI'He?)rf'gsence of the first component should give the ionic liquid a

Lewis or Franklin acidic character. Generally, the greater the mole ratio of the
first component to the second component, the greater is the acidity of the
ionic liquid mixture.
For example, a typical reaction mixture to prepare n-butyl pyridinium
20  chloroaluminate ionic liquid salt having an Al/N molar ratio of 2.0 is shown

below:

\ /nButyI nButyI
N

1| °|ad + 2AICL — O Al,Cl,
25 /

For the case of the above reaction, and for typical quaternary
ammonium chloroaluminate salts, the molar ratio of Al to N cannot exceed 2.0
at room temperature for extended periods. This is because any additional
30  AICI; precipitates out and would not stay in the ionic liquid.
It has been discovered that the molar ratio of Al to N in the ionic liquid
catalyst of this invention can be higher than what is possible in a freshly
prepared quaternary ammonium chloroaluminate salt or alkyl pyridinium

haloaluminate ionic liquid, which have a maximum molar ratio of Al to N of
-3



enbodi nrent the nolar ratio of Al to Nis from2.1 to 8; such as, for
exanple, from2.5to 5.1 or from2.5 to about 4 . In one aspect, the ionic
| i qui d caweal2ysxo7¢838pri ses an inmpurity in the catal yst tRaT/USa@woeses t he
catal yst's capacity to uptake nore AICI3 in the catal yst phase. In one

enbodi nen he catal yst conpri.ses conju mer _as .an inmpurity which
i ncreases&tozelncs‘é’.tr%ﬂ3 ﬁé'i odirpg Qgﬁgwﬁar [PB{Oa%Cé&'AB%* %é_grpﬁ?qrﬁﬁ ngrrn;godi nent the
llevel of HhatEOMaHNES, MOWEIRGreaterRhESOM8. 1R sBMeAdmBBEIn RS ti5d hidlarenabl es
the ionic liquid catal yst or catal yst systemto performits desired

cat al yt i cratioeftAlda.N Elespthancdcessthamd, leapihan §, ordeasthansaniragee over ot her

enbodi mentMredin R PeTafRr P RS Bl PORAY i 8 SOHERS B B ¢ 1 ui o
cat al yst frorp? B0 .1 ot fiove 2itosdueum i ts desired catal ytic function. The

lonic liquid catal yst can be used for a hydrocarbon conversion w thout
havi ng to stlBpnemspeshdhe ipniaHavidcpéalystaamprirescan Bty frvtheagatalysbnded

period. | : g%%d g L gk L Ul al yst havi ng
a nol ar rg}a:?@?cor? {hge%‘%'é’ggﬁ g?ﬂmﬁgglpggﬁi%?ﬁ%?@lg 'i%ﬁ#%ﬁ@g{to function
ef f ecti vepliase In@meagrhbddiendny thie catabah comiprisesia doajumdt polyengmad acant | y
deactivated by conjunct polynmer. |In fhis enbodi nent cid catal yst can
be used cHﬂW'ﬁMdﬁE&@'W? tﬁg&\?it?{?‘éﬁttsocq}@qt%%U@@%r%ﬁ%hé‘ tg@aetor for an
ext enged | i | k Sti
errbod?gj@rnenfe ﬁ{dﬁgﬂg(e:lﬁ’t;th%gié’\ﬁl%@ ﬁ?ﬂjggar%%gﬁgfﬁgﬁg?ﬂﬁgﬁ Qnsold@%tth{é F\g%l” only a
porti on ofnablesdlae tbriatiquig catalgstrar patalysitsystenn ta peifoem dtsdiasiredhydr ocar bon
conver si on t‘%é/?.cgss tdoes not need to be interrupted. For exanple, a slip
stream of C¥FYCIHIC"N - qui d catal yst effluent can be regenerated and

recycled to Bheyisaras bPthePiRity is0dn baaghtage over efferesmedgarent the |evel
of the conjunct polyner is maintained within a desired range by parti al

r egener at Faialysts aomensinguausNMifty .deenabsa the reurklydn this eoddiment | evel of
the 1 puriybys (8t Signifahlly' PekPAEUAE chialldt 198N8hR!IqlidEatafi3E rdERs
effective to perform its desired catalytic function. The ionic liquid catalyst can
be used for a hydrocarbon conversion without having to stop the reaction and
regenerate the catalyst for an extended period.
In one embodiment, an advantage of the ionic liquid catalyst having a
20  molar ratio of Al to N greater than 2.0 is that it continues to function effectively
to convert the hydrocarbon, without becoming significantly deactivated by
conjunct polymer. In this embodiment the acid catalyst can be used
continuously without having to be removed from the reactor for an extended
period, or the catalyst drainage can be reduced. In this embodiment the acid
25 catalyst may be regenerated in part, such that only a portion of the acid
catalyst is regenerated at a time and the hydrocarbon conversion process
does not need to be interrupted. For example, a slip stream of the ionic liquid
catalyst effluent can be regenerated and recycled to a hydrocarbon
conversion reactor. In one embodiment the level of the conjunct polymer is
30 maintained within a desired range by partial regeneration in a continuous
hydrocarbon conversion process.
The level of the impurity (e.g., conjunct polymer) will generally be less than
or equal to 30 wt%, but examples of other desired ranges of impurity in the

_4.-



or equal to 30 Wt % but exanples of other desired ranges of inpurity in
theionic liquid catalyst or catal yst systemare froml to 24 w% froml to
20 wt % fwWOrmD/B4838 15 wt % or from 0.5 to 12 wt % The PETHSC@]0o450¢

pol ymer was first used by Pines and | patieff to distinguish these polyneric

compounds anst et Febys Bh caiv umre e i R PPV dtred AR BHE o1 ca o

sem - cont fghi @@tgqlal\np;;,lg,awo@@gm()cpzlm%ct pol yners" are "pseudo-pol yneric"
conpounds for ned asymTetrlca ly fromtwo or nore reacting units by

concur rent aldiedtesax canjurel pohanmer wasriitst sisedibydPings @gddga&efétq zat i on,

oL 2 By TR o S BT R Le

| ar ge numpelynters aaMigtoEfElsombbiindifarined frdrmwepedtes amits Gldmmalldrut i on
patterns. The skeletal structures of "conjunct polyners", therefore, range

from t he T&IgcUespy sontraked onseratepricolied Rﬁéyfpeﬂéﬂt&@x ‘GANjY¥NGteat ur e

mol ecul es Pers eé‘r%”@%@@d&‘c J}ﬁerjlct %%Hpo?%’d%%%&d ?B@ﬁh‘f‘eﬁnb{ﬂ ygfﬁcghunc.t

pol yners fRvE ort PCPon ourna em ca Engi neeri ng

Dat a, |196E&o oand;ré’lrﬁa@tur@@mm bﬂeﬂmur@ﬁ%btdd@a]wedttraqurrrmtuisnere al so o
comonl y to those Int rerinin | hdustr alls ue to their
r eddi sh amﬁm’%%wﬁnzaaeﬂ EH?U‘B” ecy& ;@tmr@@gdi/@ngh@;mmﬁ HgRs @Bgake in the

cat al y, ni &?{fy w

ol ef i n| CI t andw?ﬁé]% %@F’@ﬁa@é&% re ug y SCI gﬁdgﬁﬁbnrk?he

cat al yst plreyseclute a large appibec af Ctampoumms V\/dhmarymgjstmcwrgs)ayder s" also

i ncl udes acid-sol uble-oi|s) and red oils. The |evel of conjunct

ol yier 1 AURRE G BoBSinary Ene ki BiniFhEe by et pEVESE known el ght s
of the cajdr¥fre, @HPQX@WH% Péryasimpld ¥ rheietuleBtH9lry o ngl%&rmmﬂd in
Exanpl e 3 of common assigned 'U. S. Patent Publication Nu

US2007014feat@mmolecoi§sunct pol ymers can be recovered fromthe acid catal yst
by nmeans of hydrolysis. The hydrolysis recovery nethods enpl oy procedures
that lead to cEepieexampleswitye blﬁely@@Iwmnlmsmmmlrym@nqrmlm@r%eneral |y

used for aréaé ¥édorf’ed t%? R/Ilrotﬁaétaaqt@ LA io?&h%%igﬁsa%sd Engineering Data,

1963), and Pines (Chem. Tech, 1982). Conjunct polymers are also commonly
known to those in the refining industry as "red oils" due to their reddish-amber
color or "acid-soluble oils" due to their high uptake in the catalyst phase where
20  paraffinic products and hydrocarbons with low olefinicity and low functional
groups are usually immiscible in the catalyst phase. In this application, the
term “conjunct polymers” also includes ASOs (acid-soluble-oils) and red oils.

The level of conjunct polymer in the acid catalyst is determined by

hydrolysis of known weights of the catalyst. An example of a suitable test

25 method is described in Example 3 of commonly assigned U.S. Patent
Publication Number US20070142213A1. Conjunct polymers can be recovered
from the acid catalyst by means of hydrolysis. The hydrolysis recovery
methods employ procedures that lead to complete recovery of the conjunct
polymers and are generally used for analytical and characterization purposes

30 because it results in the destruction of the catalyst. Hydrolysis of the acid
catalyst is done, for example, by stirring the spent catalyst in the presence of
excess amount of water followed by extraction with low boiling hydrocarbon
solvents such as pentane or hexane. In the hydrolysis process, the catalyst

-5-



because it results in the destruction of the catalyst. Hydrolysis of the

acid catalyst is done, for exanple, by stirring the spent catalyst in the
pr esence Wb 201009¢835anount of water followed by extracti @aTMISLVII0645960i | | ng
hydr ocar bon sol vents such as pentane or hexane. In the hydrolysis process,

t he catal yst sal,t and er salts duri drolysis,go into the
2queous. | SPLANGAING 4 s HGheed ghrod By ol o saukais e vig. ' Tre 1 ow
boi I'i ng S@bN@H&t myﬁ@wg@%tbhﬁe@%ﬁm%lvemWﬁéﬁw@bsmﬁg%ﬁ;@nm ated on a

r ot ary evaporat or under “vacuum and noder at e terrperat uré to renove the

ext r act an€ontaEdng e eemunet AalgMaIsy@renesincentiatassenl aabtasy eyaper@iprunct

e Ao Vel FAl R ARBNE W rerdfle UR eRR D IS S her " e

level »f peRindnBé high boking réBI@lh'iﬂ dll@r(bﬁnjhhatttbdiym&@'mbh@Fe eollcdtect system
the higher is the nolar ratio of Al N. This is because the catalyst's

capacity f£Bf angtyzre. JﬁeApm@IIﬂrm:eéta&@@n@tcaﬁn%él’soCr@mqyﬁetbywﬁMpn
concent ra}deqﬁ?dan t he catal yst phase. In one enbodinment, the solubility of
i ncrenent a '3 above the 2.0 AI/N nolar ratio in the ionic liquid
catal yst or catrabryesterrmuraenﬁ shehighter tite Ileivgh@frccm]uriﬂ%lwmerﬁaltbmodm ot her

enbodi nent.s the soI ubi | i Nncrenmen Al Cl 3 above t 2. [N nol ar
ratio in ['%‘é‘ dicstal EStIqr(f@it@J %ta‘%y§ ef@tth‘gﬁ Q(tk1 S/r@tmgk%tr%tﬂﬁ Pgilfttoo'ﬁ\ ?lh\ﬁt %to 20
W % 0 % nt, the
SO|?Jb |ty%%éﬂu§%r{2%ﬁgag¥é&%le§% ﬁgg\gelﬂ{t%@épm%{’ EhN no ar ?ﬁ%ﬁ% in the ionic
| i qui d catahjysct polymar ablysentatl@nemtlns caia@mtfpheaat | y higher at 100C than at
500C. For exanpl e the sol ubi ove,t 2.0 AI/N
oobar 1ot o rh finé BTt e sqbitE B rRntpl AT SOV 0 g bt 1

than 10 whliNahofbyP&tio ﬁM‘h@ |@ﬁlcfllhgl6 é'éiaFy@t 5@0%%t Neﬂ@i‘n]ig I WAYrWm % or from
15 to 35 % at 100C. In one enbodinent the solubility of increnmental AlICl3

above t hehlher Al bOF Gror &elovat Inpothar eﬁ@omne@tsﬂhqlspwbdéy af ipsreroenteht al yst
FYSt TR SARA BT Aot LSt Bl AR bR ARl P cBB o
cat al yst SyStbeMsITRIMI3NEt% @ 20IVE %, rortffsen ORI td HEuWiig 6861 BF below.
In one embodiment, the solubility of incremental AlCl; above the 2.0
Al/N molar ratio in the ionic liquid catalyst or catalyst system is significantly
higher at 100°C than at 50°C. For example the solubility of incremental AlCIs
20 above the 2.0 AI/N molar ratio in the ionic liquid catalyst or catalyst system
can be greater than 10 wt% at 100°C, such as from 12 to 50 wt%, from 12 to
40 wt%, or from 15 to 35 wt% at 100°C. In one embodiment the solubility of
incremental AlICl3 above the 2.0 Al/N molar ratio in the ionic liquid catalyst or
catalyst system is at least 10 wt% higher at 100°C than at 50°C.
25 In one embodiment, the AICIs that is soluble and stable in the ionic
liquid catalyst or catalyst system remains soluble in the ionic liquid catalyst or
catalyst system. An example of this is where less than 0.1 wt%, less than
0.05 wt%, less than 0.01 wt%, or zero wt% AICl3 precipitates out of the ionic
liquid catalyst or catalyst system when it is held for at least three hours at
30 25°C or lower.
In one embodiment, the conjunct polymer is extractable. The conjunct
polymer may be extracted during a catalyst regeneration process, such as by
treatment of the catalyst with aluminum metal or with aluminum metal and

hydrogen chloride. Examples of methods for regenerating ionic liquid
-6 -



catal yst system An exanple of this is where less than 0.1 % | ess than
0.05 wt% less than 0.01 wt% or zero wt% Al ClI 3 precipitates out of the

i oni c |i guiDRoAL7ad3gst or catal yst system when it is hel #Crams2@v/obsast t hree
hours at 25C or |lower. In one enbodi ment, the conjunct polymer is

B o BB B, S Mo B R O DT, 75 5

metal or W‘SZ'IDO?bWQMﬂﬂD@?O@W‘I4%¢6A99082@b?0H412214ﬁ\<ﬁ”p| es of methods for
regenerati n% ionic liquidcatal ysts are taught in U S. Patent Publications

US200701425209£014 20 19320040131221 1AUS 70442276/41,, US20070142214A1

us2007014 7 : 7 . 7014221 8A1
ls20070059RBL0N 32 TRt Whedrioo Mgt AR A UL B b 1 e
Decenber 19/062809; fildd/B¥s¥ber 19, |2@@7D¢2/@0*3577 2ﬁ3ed BYEEemPet/28)2608; fil ed
Decenber 28, 2007; 12/099486, fil ed Ap ; and 61/1 18215 filed
Noverber 28/003848. filed Degemkenii200nt %2/1098486nf'|@d IApcﬁluﬁsz% angst is useful
for catal ion reaction. One exanple of a

hydr ocar bgﬁhggrzl@g?@?gn re %r@@bg Friedel -Crafts reaction. O her

exanpl es are alrkgd>raelembod|mmﬁriheabnmmquid/datatysa@qusejul footytabyzirgpdi on,

di neri zat ol i goneri zati on, acyl tion, t|on net at hesi s,

copol ymar}‘!‘é'ﬂcéﬁ’o YRINEF P e AR, G%I%ﬂa 8 ‘P NOrQESFRRN SRRYSISIOB) ef i n
hydrog@napé iondé'd FErHal- g;?%fté’F@acttl Rr € %erﬁ?{agﬁ% " alk %ﬁSnOf the ionic

liquid catal ysts are use | sopar a tion. Exanples of

i oni ¢ | i gisothereatiby siydraamhckingi, polyswerfzatlons(dlpm’rahtlorm,/@lg@fmeﬂzaltlbm ation are

taught, for eﬁgnpl ey in US, E'tent Nu b % t7 432, 409,

7, 285, 6989CYALON a&EBa N, Mala %Sé%t‘iod?ﬂ o7 pyd r§ gb’a\f’i”r ed July 3 1,

2008. H 9Beﬁéléﬁéﬁé(tlcgﬁ%‘é'hyal%t@hea@flﬁ%y@?c?%@?@hsaﬁd‘@omdﬂ@ﬂt%ng'tﬁéﬂédfat es can
odi

be made from these proceSses. [n some ments the al kylate fromthe

i sopar af f Far ekample, sbrg efithenomadiquidrraielysisiareatseddonisoaaeafim/oedin ( RON) of
e o b I8k a8, Bites BE iRl oy b tngPLgE e using ASTM D

isoparaffin/olefin alkylation are taught, for example, in U.S. Patent Numbers
7,432,408 and 7,432,409, 7,285,698, and U.S. Patent Application Number
12/184069, filed July 31, 2008. High quality gasoline blending components

h—~

and middle distillates can be made from these processes. In some

20 embodiments the alkylate from the isoparaffin/olefin alkylation has a
Research-method octane number (RON) of 86 or higher, or even 92 or higher.
The RON is determined using ASTM D 2699-07a. Additionally, the RON may
be calculated [RON (GC)] from gas chromatography boiling range distribution
data.

25 The time the catalyst is held at a temperature at or below 25°C can be
fairly lengthy. In general, the time is for at least two hours, three hours or
longer, up to two weeks, more than 50 days, several months, or even a year.

The alkyl-pyridinium haloaluminate may comprise a haloaluminate
selected from the group consisting of chloroaluminate, fluoroaluminate,

30 bromoaluminate, iodoaluminate, and mixtures thereof. In one embodiment,
the alkyl- is methyl, ethyl, propyl, butyl, pentyl, or hexyl.

In one embodiment, the hydrogen chloride is at least partially produced
from an alkyl chloride. In one embodiment, the hydrogen chloride increases

the acidity, and thus the activity of the ionic liquid catalyst. In one
-7-



be calculated [RON (GC)] from gas chromat ography boiling range distribution
data. The tinme the catalyst is held at a tenperature at or bel ow 25C can be
fairly | enNgthw/o7¥835general, the tinme is for at | east twpChASR@/06450€€ hour s
or longer, up to two vveeks nore than 50 days, several nonths, or even a

Th | kK hal oal t , ' h I t
el ect ed_ PRBREITEN LY HBHEn SOIaRRo CoTBY Bl G e G 74 PSS i nt e
br onpal U”‘tH@é&wvérgéﬁ@f% ﬁ‘%ﬁ:ﬁve éﬁ%n%l@&f@%rﬁhﬁ"e@%re addldRhenbodi ment, the
al kyl - is methyl, gﬁﬁ propyl, butyl, pentyl, or hexyl. In one

enmbodi neneffective ¢N@|r inate species fas aékylat@a“ﬁstsughmlmlay AbCddu@regveiy om an

aci ity AR el oRE ERBGRHRE oh SR toRAET: flieg L pe Thoe 11

oneenbddi pRbrafiiher bidinagra iaH §ived eeadtionC GFEN dd@ime, With Ifh@bmmalnum assi sts
in the conversion of the inactive anion AICI4 to formthe nore acidic and

ef fect i veOf:ﬁpbw@@puwfhav@@p@@hawl@m"&m@p@plII@HIdSsU@walésél Alenide Al 2a1 7
or even Eéﬁblo% bh@fl%ﬁfg?id%@%ﬂtﬂ% otidd ?%ug}li&ﬂorﬂl@l ng%x{Lﬁede“Ved from
a erin used |

the i sopar I'n or Ivenr exanple, with the
al kyl at i othepéof. @meaemmleshofoalkwmlondeshheroaﬁ bmused@re@thyi chlcmvaileds t he

al kyl chlorlde uld be 1- | chloride -butyl chloride,

chl ori de, 'S9PeALY, Q'PGP'@ *t“FPéV? @Eﬂ%r'd@t fie e@%&?@?"é‘g nanwrntm'ra%@gg that can
be us a | ﬂ.&ﬁp& rﬁl’[;éf‘?( or heptyl
chl orlﬁge 55@@%%% IcH’fFondeS rr)[ét%n‘{t\e'ﬂ% Itoﬂ\gco Ilagﬁﬁ%)(réﬁ gﬁ)sthou | d be
kept at Iemceam&mrmomrloonseratrmlomf tbr desds ahid pm‘tlam ot treceatalyst,iAdBlsof t he
Lew s aci ortion of the catal Al Cl 3. one enpodi nent, .t he anounts
of 't he al RyPTERMEACTBeRs &if AP imyete i s RRSas, Pay ToRO%EPos of t he
Lewi s aci d.g5nbl %taf0d ARl PPBF the! L@Mb%cﬁ‘cﬁbéﬂt%ﬁtof tihe grﬁc Tﬁlﬂd%@%%t of the
al kyl chloride can be adjusted to keep t acidity of ionic liquid

cat al yst &iClz.ohhe amayunt of the alkylsthlenjda ean ae adjustert o k@@p ﬁwra@dﬁy af
canacht Y i oPROLREY TR PERe WAE AU la BRI LT L0 5
t he ol ef i petforrhing dapapiy.afi andtabeémbodinismiaticoamoaacsi 8-alkyl chloride
is proportional to the olefin, and does not exceed the molar concentration of
the olefin in the isoparaffin/olefin alkylation reaction.
Any term, abbreviation or shorthand not defined is understood to have
20  the ordinary meaning used by a person skilled in the art at the time the
application is filed. The singular forms “a,” “an,” and “the,” include plural
references unless expressly and unequivocally limited to one instance.
All of the publications, patents and patent applications cited in this
application are herein incorporated by reference in their entirety to the same
25  extent as if the disclosure of each individual publication, patent application or
patent was specifically and individually indicated to be incorporated by
reference in its entirety.
This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to
30 make and use the invention. Many modifications of the exemplary
embodiments of the invention disclosed above will readily occur to those
skilled in the art. Accordingly, the invention is to be construed as including all

structure and methods that fall within the scope of the appended claims.
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Any term abbreviation or shorthand not defined is understood to have the
ordi nary neaning used by a person skilled in the art at the tine the

appl i cat iwe 208/d74838d. The singular fornms "a," "an," andPCTRS2060%05Pede
plural references unless expressly and unequivocally limted to one

instance. Al of the publications, ten and patent applications cited in
this application are herein incor reference in their entirety to

the same exh@iple #s if the disclosure of each individual publication, patent
application or patent was specifically and individually indicated to be
incorporated by reference in its entirety. This witten description uses

nal o any. per SonSamPrE-R o Sttt u A BURESb P R0t on. - vany

nodi fi cat ceidsoalimirife fxRONY @ity aedeoa@NESd Rithttisutyyresideowvad scl osed above
will readily occur to those skilled in the art. Accordingly, the invention

is to be PBHGiMeRH asONHRYQUS liyidPhage Feraten Do F’ﬁﬁﬁ'&l'@t'@'hat@ef all within
t he scope - but ene
al kyl ati o'r?%ca@@ﬁd %S’ﬂa%é@d [mpg%ﬁ%@hl umc ?m%m Af'wlt@%%l ({:} i quid,
and co- catrfdtalza&dl 0®|°Crafterlwtylpacsbltnrrdu@a thmmwrmelaetbrl Mhe alominuroous
l'iquid phase reactor the a | at the ionic |liquid catalyst was
cont i nuou§1§@l r@@@ﬂ@@é‘?@dre&}’%ﬁf&f%t'}’%@ tbﬁ Cé‘ falystAyremaving 5108198 after
each SS fik I neration
Croat hont CoURUIAG T sEU PO T b Aol B BATS Fbe cat e

pol yner s phase and byuhakied aasl ral-m'glklaglAdﬁlgbyThﬁ egenesation nebeltemtrailhyest phase

d'b ' d ki,ng Al Q3. Th L, te th
For mat | on QSRR €aea AlCTa AABRACIG O PRBGr oA R ERPB A 1BQHRS, n o ¢ he

catal yst pa@fRtbhase fdm ﬂdé%nkywdwmidéﬂ@sé&g@a% datéRsgat al yst. The level of
conjunct polymer in the ionic liquid catalyst was maintained between 2 and

23 wt % during tThe leyatpr gonjonct polgmeniratheainnioligud eatatyse wasnnaintaiged d showed
t hat §1e ggmenr 5%"18 ﬂw@}o otu?lngl th@% k?/?é"t%ﬂ Oé’lgheﬁﬂltgean%ﬂ/rsggf tthlé ionic

liquid showed that the molar ratio of Al to N increased over time during the
alkylation with no precipitation of excess AlCl; formed during the continuous
generation cycles. The freshly prepared ionic liquid, with no conjunct
polymer, had a molar ratio of Al to N of 2.0. During alkylation, the molar ratio
20 of Al'to N in the liquid catalyst increased to 2.1, and then to 2.5 and then to
4.0 when sampled over a period of fifty plus days. Even with a higher molar
ratio of Al to N, the ionic liquid catalyst still remained effective for alkylation
and produced an alkylate product with a RON greater than 92. The higher
molar ratio of Al to N in the catalyst with conjunct polymer extended the life of

25  theionic liquid catalyst before it required complete regeneration.
Example 2:

The solubility of incremental AlCl; above the 2.0 Al/N molar ratio in the
30 different samples of n-butyl pyridinium chloroaluminate ionic liquid catalyst
with different levels of conjunct-polymer impurity were tested at four different
temperatures. The solubility study results are summarized in Table 1, below.



al kylation with no precipitation of excess AICI3 fornmed during the

conti nuous generation cycles.
conj unct WwOl29ren74838ad a nol ar

t he nol ar

The freshly prepared ionic liquid, with no
ratio of Al to N of 2.0. Pamiusgooalok4sb@t i on,

ratio of Al to Nin the liquid catalyst increased to 2.1, and

then to 2.5 and then to 4.0 when sath‘ Ed'over a period of fifty plus days.
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y struesh Cetalystsvity @ venBanjuneti i n
es of catal ySLH:)Cf rrgrl si ng conj unct
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hi gher af
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over tinmg for AI Cl 3 pr@&')ﬂﬂ@@tl on. Room temperat ure wag appr oxi mat elly 25C
or bel ow cll ' I |a||y olubt N the
fresh caf 5“%{13@%@‘@&@3% T%ETWV&% F’oﬁ”‘{r\g hgaLFs ofgstc cﬁ g|at 2?oom
tenperatyire (e.g. at omPdwghew 25C). Approximately 75% of the|increngntal

Al Cl t haf Qi i enerafed catalvst lwith ~?2 wt%
conj unct | pol $aemt @MSbMtbt@Nb@tC%JWﬁtn 72 hBurs of0 st ardfi ng aB3rogm
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regenerated catal yst w wt % conj unct pol yner when|it was held at room
tenperature overnight. No substantial additional anbunt precipitated out

over a two week

10

15

20

period of standing at room tenperature.
All'of the samples of catalyst comprising conjunct polymer had a

solubility of incremental AlCIs in the ionic liquid catalyst that was at least 10
wt% higher at 100°C than at 50°C. The samples, with various amounts of
solubilized incremental AICls, were moved to room temperature and observed
over time for AICI3 precipitation. Room temperature was approximately 25°C
or below.

All of the incremental AICI3 that was initially soluble in the fresh catalyst
precipitated out within two hours of standing at room temperature (e.g. at or
below 25°C). Approximately 75% of the incremental AICI; that was originally
soluble in the regenerated catalyst with ~2 wt% conjunct polymer precipitated
out within 72 hours of standing at room temperature.

A slight amount of incremental AlCIs precipitated out of the regenerated
catalyst with 11 wt% conjunct polymer when it was held at room temperature
overnight. No substantial additional amount precipitated out over a two week
period of standing at room temperature.

No precipitation was observed in the spent catalyst samples held at

room temperature for over two weeks.
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No precipitation was observed in the spent catal yst sanples held at room
tenperature for over two weeks. WHAT IS CLAIMED IS: 1. Anionic liquid

cat al yst ,woanwi7¢838g an anmoni um chl oroal um nate salt, &ad/usav9m06s96 ol ar
ratio of Al to N greater than 2.0, when the ionic liquid catalyst is held
at a tenpegr rlg t or elc_)w 25C for at least two hours. 2 . The ionic
liquid ca = wherein the Al is in the formof AICI3 and the
Nis in the formof RAN+X or R3INH+X , where R is an alkyl group and X is a
hal i de. 31. AmEniGkaWd catalys @@PQT'?‘QQ %fammmﬁrm chigiepliminateesapl ar rati o

of Al to N 'a?wogﬁg\ﬂﬁgﬁ rlhB%P r&tiorof Alto: N&é‘atbeH bq\‘z\'/hgﬂ"fﬁé ASH %@8 claimi,

addi tional |y conpri conj unct e conjun pol ymer is
preseni in tdmalgzsltlalhjein abh tembenaﬁhrefaitambblcm ZBZlefbt%lt |Bast t"v'\hbehomel c liquid
cat al yst f laim1, wherein the solubilit i ncrement al ?I 3 above the

20 ALIN PRI i SeTay St S BT bitieeiBe LS e Ry Gh gnor ot
500C or Dbel 8‘%% fieN 1% th?'?gﬁn 'o'fﬁéz{t\)ldxcé}tlﬁéh‘t’ﬁ’fx O\f/vpﬁfl\?aRWF M‘Z’flrg‘?bl'jbt he

solubility | nCrenent a ove the 2 I'n the ionic
l'i qui d cat alqrEansadttalldeast 10 wt % hi gher at 1000C than at 50C. 7 . The

ionic lig cat al a er % Al Cl 3

precipita egr%'Pn I|0[ur1| C?%INS& Ofp[?d%hl Mﬁleé?vetﬁe\m@ﬂr qu'q %f%’ Bor three
hoursi@r | org;ggteffltthe%§18 . The ionic liquid catalyst of claim1, wherein
the ionic liquid catalyst is used for a hydrocarbon conversion reaction

sel ected fir oine leeigiquiey Catalyst by ckaim dn addgiomety aempnisingyaieorjtacki ng,

ot 4t nesi o, R EisaR bR bt S PERRA R pﬁ%eniirﬁéhaet Aol B0 Yoy arati on,

ol efin hydr dgenat oy wesd combi nati ons ther eof . . The ionic liquid

catal yst of claim1, wherein the anmpniu
5. The ionic liquid catalyst of claim 1, whereln the solubility of incremental

15 AICl3 above the 2.0 AI/N molar ratio in the ionic liquid catalyst is 3 wt% or
higher at 50°C or below.

6. The ionic liquid catalyst of claim 1, wherein the solubility of incremental
AICl; above the 2.0 AI/N molar ratio in the ionic liquid catalyst is at least 10
wt% higher at 100°C than at 50°C.

20 7. Theionic liquid catalyst of claim 1, wherein less than 0.1 wt% AIClIs
precipitates out of the ionic liquid catalyst when it is held for three hours or
longer at 25°C

8. The ionic liquid catalyst of claim 1, wherein the ionic liquid catalyst is used
for a hydrocarbon conversion reaction selected from the group of

25 alkylation, isomerization, hydrocracking, polymerization, dimerization,
oligomerization, acylation, acetylation, metathesis, copolymerization,
hydroformylation, dehalogenation, dehydration, olefin hydrogenation, and
combinations thereof.

9. The ionic liquid catalyst of claim 1, wherein the ammonium

30 chloroaluminate salt is an N-alkyl-pyridinium chloroaluminate, N-alkyl-
alkylpyridinium chloroaluminate, a pyridinium hydrogen chloroaluminate,
an alkyl pyridinium hydrogen chloroaluminate, a di-alkyl- imidazolium
chloroaluminate, a tetra-alkyl-ammonium chloroaluminate, a tri-alkyl-

ammonium hydrogen chloroaluminate, or a mixture thereof.
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chloroalum nate salt is an N-al kyl -pyri di ni um chl or oal um nat e,

N- al kyl al kyl pyhdi ni um chl oroal um nate, a pyridi ni um hydrogen

chl or oal uwDreato7488 al kyl pyri di ni um hydrogen chl or oal uRCHALS2Q09A64506 al kyl -
i m dazol i um chl oroal um nate, a tetra-al kyl -amoni um chl oroal um nate, a

Lon o | qtPde et (a0 2aE eThERsS AN R B R R AR o and an
i npurity, whg ghdurithevh&rirttHe iBHicdiot! 8htu/st R8s aamBRIr atid ALy Al to N
Om‘I when t

greater than 2. he ionic liquid catalyst is held at a tenperature at
or bel ow 25@reater &han gdswhemthehomicsliquid catabystasheld atquiegnrerature st o6f cl ai m

10, wherein th Kyl - i_dinj al oal um nate conprises a hal oal um nate
sel ect ed fré?ﬁl?\?{?5g¢g8g¥@8%§{]t¥%nh€u'JST chl oroal um nate, fluoroalum nate,
br omoad um nati ionadelid ehdist of 8l MoK Wwheesintthe @efi-pydidiniuFhe i onic |iquid

catalyst of claim1l or claim 10, wherein the nolar ratio of Al to Nis from
2.1 to 8.0. hedoalyrénatggoenrisggiaihaladkynysgtesielestad fiono thexd@udi n t he

solubilit I NG : b : | I atio in the ionic
Caui d cat arseoeREeR ShtodldaR RictoRiBal. BrodefRihale 1. MoniG

| i qui d cat aliggdalomirdte] and hixtehes thieredfhe i npurity is present in the

catal yst a level froml1l to 24 wt% 15 , An ioni¢ lLiquid systemfor an

i sopar af f ﬂ%/ﬁ]‘-’e'ﬁ”w '&N@PQH'%P E@Hﬁﬂ? Qi ¢igim éBqWB?EGr'%QP%/”@ﬂ%%F'Gm?]A'

chl or gal um gétl\?is RormO Yo @t pol ynmer, and a hydrogen chloride; wherein the

ionic liquid systemhas a nolar ratio of Al to Nfrom2.1 to 8.0, and
wher ei n | é8slhehimnidliquidvcetaiysCios claire cliGyivtrereis the solubiléy obmocemengial d syst em

e e o ORI el H i oRR A o Qe SR Sl °h P8l O
1 or claim 4o wt% at 100°C or below.
14.The ionic liquid catalyst of claim 10, wherein the impurity is present in the
15 catalyst at a level from 1 to 24 wt%.
15. An ionic liquid system for an isoparaffin/olefin alkylation, comprising: a
quaternary ammonium chloroaluminate, a conjunct polymer, and a
hydrogen chloride; wherein the ionic liquid system has a molar ratio of Al
to N from 2.1 to 8.0, and wherein less than 0.1 wt% AIClI; precipitates from
20 the ionic liquid system when the ionic liquid system is held for three hours
or longer at or below 25°C.
16.An alkylation reactor comprising the ionic liquid catalyst of claim 1 or claim
10.

25

-12-



