A PROCESS FOR HYDROCARBON CONVERSION USING, A METHOD TO MAKE, AND
COMPOSITIONS OF, AN ACID CATALYST This application is related to co-filed patent applications

titted "An lonic_ Liqui Vi ' | lumi o Nj . "Process to
Make a u&ﬁéﬁﬁ%ﬁiﬁ%@nﬁ%@@%ﬁéﬂ% rocjé&hl gﬁ%ﬂ?gn%%ﬁporated by
reference in their enktA#S, AHHLE ONMPHEIINUESTIENAN DR rEAN AL RTted to a process for
hydrocarbon conversion using an acid catalyst with high wt% conjunct polymer; a method to make a
catalyst having greater than 15 wt% conjunct polymer that is effective for catalyzing a reaction; and

acid catalygiigeippsiionsisSidMidARYcOFIFH BalR S CANBLIRBNS titldd AAindbagpeatyitiere is provided

a process for hydracarbon conversion, ¢ rising: contacting a.hydrocarbon with id catalyst
containingég%ﬁ{’é?ﬁa\ﬁ'% %ﬁﬁgﬂﬂﬁé%ﬁ? iqr'ﬁglvl\ilﬁ]épéllwtﬁ%%@%%%?aly%%;%}g%%%&raﬁo of Alto a
heteroatomsetestedironChtelgso tinoily, PHy SMVanar ddatin wHtidins tineredbgiéatgethin 2.0; and
wherein t%h drocarbon% céggve@d durin%tg% f}%}%ﬁ%ﬁg and the hydrocarbon conversion is
paraffin al [Bn7COPHAUCRESHE %858? here is provi eg'a method to make a catalyst, comprising:
mixing aluminum chloride in the presence of a hydrocarbon solvent and an organic chloride and
optionally an ionic liquid to make a idic ignic, liguj - Whereby the acidic ionic liquid catalyst
has greater than 20 wt% conjuct p eI fﬁ\(} tﬁl?( to a heteroatom selected from the
group consisting of N, P, 0, S, and combinations thereof greater than 2.0; and wherein the acidic ionic
liquid catalyst is effective for catalyzing a reaction that is paraffin alkylation. In a third aspect, there

is provided Bi§ 401§ CHEAYSCUIRRISEE IR PEORTSESRG YIERERTRAR SBWRF IBhHRIPBSPmer and having
a molar ratiigf k10, a:Rpiereaiarysgles Qﬁf@@d?f%ﬁ?@@ﬂﬁ@!ﬂ%‘éﬂ!@grﬁé% B c8i&y&nd combinations
ec

thereof greater than'2.0; wherein the catalyst is efiective for a conversion of a hydrocarbon, and the

conversiorRVEIRyBiESHEH ARt % CONUDRI RV AiHe e 8 HhetiRE FaIF YEH S\ roconversion
catalyst, cqmygﬁgﬁ@%@atgmg@tv&@/mbggq%ﬁ@ntaining conjunct polymer and having a ratio of Al to
a heteroatom selected from the group consisting of N, P, 0, S, and combinations thereof greater than
2.0, and a Lewis acid; wherein less th&u®i14r% SslidHEdeipTaesBEm the acid hydroconversion
catalyst when it is held for three hours or longer at 25C or below; and wherein the acid
hydroconversion catalyst is effective for an alkylation of paraffins. DETAILED DESCRIPTION OF THE
INVENTION IR @ng@n@ﬁéaﬁhéhﬁr& ISroER4d98rh paPEBasHSR BYRRSETeR COMSTISIPY: conbasing a

hydrocarbesrtdtiara ackleaiadysseontaining sreateninan tomakiconivasipolyments pioyidediunct

wherein the acid catalyst has a malar ratio, of Al to a heterpatom selected from the group of N, P, O, S,
and combRANERS tHARe e ier et 5! GRS AT Tt Bor i CHIN B Pt aFe e
contactinggrouplnfdhdth€), émbodieesttinatinestibareyhgaketer tatalysh is priovideeindbenpyiincarhuixiisg
aluminum ghloddednthnPresenre i dasahenaalt andarisroans shieuls aad optionally an

ionic liquid; whereby the resulting acidic ionic liquid catalyst has greater than 15 wt% conjunct polymer
and has a molar fath BICANb A ARrO&EN SUREEET RoNFIReYIBUPAEERISAIRY 8% ROBPESIRY:4REIN
combinatiensntirereotigreakerith dre 20: Sdne s esiitingybroteligend sstetystisde Hactive for eatalizingra

reaction. itional 1S rovi ' lyst ¢ gsition, comprising greater.than 1
ot coniuS R e e B S e e A BT g
of N, P, 0, &} tamisifpaionshaRef8o e aRsi PR BYOISThencatalystias afictiie’foicm @d1pieierderof a
hydrocarb@BiectédsperanracifdiydseaauagsioN Crlay st is il QWershARMPIRing Oyealel - thhah 1245
halide-contaHnin c%njuncé.go.lgmer,ang a Lte}/vi.? acid; wh.ereip X , _ _
whereln the' acidic ionic” liquid catalyst is effective Tor catalyzing a reaction that is paraffin

alkylation.

In a third aspect, there is provided an acid catalyst composition, comprising greater than
20 wt% conjuct polymer and having a molar ratio of Al to a heteroatom seiected from the group
consisting of N, P, O, 8, and combinations thereof greater than 2.0; wherein the catalyst is
effective for a conversion of a hydrocarbon, and the conversion is alkylation of paraffins.

In a fourth aspect, there is provided an acid hydroconversion catalyst, comprising
greater than 20 wt% halide-containing conjunct polymer and having a ratio of Al to a heteroatom
selected from the group consisting of N, P, O, S, and combinations thereof greater than 2.0, and
a Lewis acid; wherein less than 0.1 wi% solid precipitates from the acid hydroconversion
catalyst when it is held for three hours or longer at 25°C or below; and wherein the acid

hydroconversion catalyst is effective for an alkylation of paraffins.
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5less than 0.1 wt% solid precipitates from the catalyst when it is held for three hours or longer at 25C
or below. Definitions: The term "comprising” means including the elements or steps that are
10identified following that term, but any such elements or steps are not exhaustive, and an
embodiment may include other elements or steps. The term "effective for catalyzing a reaction”
means that a commercially sufficient amount of a hydrocarbon js converted by a reaction. The term
"effective for conversion 8EdAldeBcRiEsRRIREIMBERE J 5 isH sufficient amount of the
hydrocarbon is converted. For example, in an isoparaffin/olefin alkylation this could be greater than 75
wt% conversion of an olefin, greater than 85 wt% conversion of an olefin, greater than 95 wt%

conversion of an'BIEfik, YPORHEEOG BOERTRRISIdN Bf A PERITh CFMEEER Flin SRIBRY LRfificant amount
can vary %@ﬁb%ﬂﬁ%ﬂé AoRRNEHRSANNTE dRMudEosaRI0B kRinG ANy afted ane-he valuesf the
t

converted product that is produced. The term conjunct polymer was first used by Pines and Ipatieff to
distinguisRAABLICHBRHABRE BTHIES AP ISR BRA R URIRE LIS Bl Which are
compounds fpHBRGJEBHTeBRAEE Hals Bleshaley Zomaeales bynserirapeansemi-controlled

polymerizations, "conjunct polymers" are "pseudo-polymeric” compounds formed asymmetrically from
two or moteSreRtEHEIRME Y coRcanent %%ﬁﬁ%é’fﬁﬁ%%ﬁf%’?ﬂé%ﬁﬁﬁﬁgcﬁ%"Eﬁ)ﬂr/}%erization,
alkylation cgyfthizgHen, additions, eliminations and hydride transfer reactions. Consequently, the
produced "pseudo-polymeric" 30may include a large number of compounds with varying structures

and substitution Paf8RISeTREEREIGIENSAMRFECHAXBIIERA FBIGHEHE RFRYEGH:, range from the

very simplesiRgasimplassies umisanelexdaulii featrssaiecsieshdamraxamples of the likely

olymeric species in conjunct polymers o
i sc?lvent and anjorgarl?ic Béhlortde and optionally an ionic liquid; whereby the

resulting acidic ionic liquid catalyst has greater than 15 wt% conjunct polymer
and has a molar ratio of Al to a heteroatom selected from the group consisting
of N, P, O, S, and combinations thereof greater than 2.0. The resuiting ionic
liquid catalyst is effective for catalyzing a reaction.

Additionally, there is provided an acid catalyst composition, comprising
greater than 15 wt% conjunct polymer and having a molar ratio of Al to a
heteroatom seicted from the group consisting of N, P, O, S, and combinations
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were reported by Miron et al. (Journal of Chemical and 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¥BEI HIHE&H-amber 5color or "acid-soluble oils" due to their hidif GtaKEMUIEhE Catalyst
phase where paraffinic products and hydrocarbons with low olefinicity and low functional groups are

usually immjssibls: i dae:cakaiss Bhase: inthisRppliertion<ths 18 B GaRiHICbPalymers” also includes

ASOs (acid-soluble-oils), red oils, and C12+ polyalkylates. 10In one embodiment the acid catalyst is a
solid. ExampY§§asesbha -acid catalysts are supported catalysts, supported Lewis acid catalysts, H-form

zeolites, mass gulfater ZEROR/RARLBIFESsIFCOILTDTS SRS SRR SPBSHiS acid catalysts,

crystalline tin oxide, supported sulfonic acids, and heteropoly acids. 15In oné embodiment the acid

catalyst is aflanido EEriAdd HLRiRNdAERAIE AR BONIFR R 6 hywisfiricveRfIeiR another
embodinenithetigHig aGidGadalishiv e 1eRks irsrd FrRIdsBMeniFrdAud GaiRlyek #denic liquids” are

liquids whose make-up is comprised of ions as a combination of cations and anions. The most

common ioﬁ@ﬂf@t%é%%@sﬁ%%ﬁé@@@%m organic-based cations and inorganic or organic anions.
lonic liquid catalysts are used in a wide variety of reactions, including Friedel-Crafts reactions. 25The
ionic liquid catalyst is composed of at least two components which form a complex. To be effective at
alkylation tk@ﬁﬁﬁl@i@id catalyst is acidic. The ionic liquid catalyst comprises a first component and a

second componentEhg ftesmpanegt pihecmalishuuRikahssanprise s bawaacid compound

selected from components such as Lewis acid compounds of 30Group 13 metals, including aluminum

halidet? alkydaniifduel puice taliigrn St e ransHak A §EIRMS REIRIBRS &8 riteFnational Union of Pure
and Applied:Chanisie/ QW&C&?W@@%gﬂgﬁ@g’?f%OW@gé%é&W%@ﬁ.the periodic table).

Other Lewis acid compounds besides those of Group 13 metals may also be used. In one
embodiment the firSt@ sREbLIRSRGHA(RTIRaH MaNge DFeARYPRIURMARIM Hiide. For example, aluminum

trichloride (AlABLraaN PeaekAsIRR IR GOMRRNSRE IR APasREIEI oY Glidkigenalyst. The
second component making up the ionic liquid catalyst is an organic 5salt or mixture of salts. These
salts may bé thipariepiieativg ioe eRmeEtion of a hydrocarbon” also means a

15 commercially sufficient amount of the hydrocarbon is converted. For
example, in an isoparaffin/olefin alkylation this could be greater than 75 wt%
conversion of an olefin, greater than 85 wt% conversion of an olefin, greater
than 85 wi% conversion of an olefin, or up to 100 wt% conversion of an olefin.
The commercially significant amount can vary substantially depending on the

20 hydrocarbon being converied and the vaiue of the converted product that is
produced.

The term conjunct polymer was first used by Pines and Ipatieff to
distinguish these polymeric moiecuies from typicai polymers. Unlike typical
polymers which are compounds formead from repeating units of smaller

25  molecules by controlled or semi-controlied polymerizations, “conjunct
polymers” are “pseudo-polymeric” compounds formed asymmetricaily from
two or more reacting units by concurrent acid-catalyzed transformations
including polymerization, alkylation, cyciization, additions, eliminations and
hydride transfer reactions. Consequently, the produced “pseudo-polymeric”

30 may include a targe number of compounds with varying structures and
substitution patterns. The skeletal structures of “conjunct polymers”,
therefore, range from the very simple linear molecules to very complex multi-

feature molecules.



formula Q+A-, wherein Q+ is an ammonium, phosphonium, boronium, oxonium, iodonium, or
sulfonium cation and A- is a negatively charged ion such as Cl-, Br, Cl04-, NO3-, BRIT, BCl4-, PF6-,

SbF6-, AIGYA 2041834443 AI3C110- , ArF6-, TaF6-, CUCI2-, FeCI3-, SO3CF4: TASHES/064]
3-sulfurtrioxyphenyl. In 10 one embodiment the second component is selected from those having

quaternary ammogitiehatisies eenidimisgicsie pomorerialksyevieietiesdaving fromrabraut 1 to about 9
carbon atoms, such as, for example, trimethylammonium hydrochlaride, methylitibutylammonium,
1-butyl pyr?ﬂﬁﬁ%r‘f‘f",Wé&’éﬁgﬁﬁjfg@’%‘%&ﬁlrﬂﬁ%ﬁ@gétéﬂggpcﬁj@(g eB qta;
15ethyl-3-mg$ryj;ia?idazmm@h&ﬁd%ch, froens eprpdinepbihedonieriqaisocadatyabisiya quaternary
ammonium chloroaluminate ionic liguid having the general formula RR' R" N H. Al2CH, wherein RR'
2nd R ot TS B PGS A NG9 T A Ibhe e A EAGs BFE S E A SHRAGR RS
chloroglumigade ipnigdiguidislis ¢irs" audltelkyti20igyridinine ehibeoahintiatenase where

N-alkyl-alkylpyridinium chloroaluminate, a pyridinium hydrogen chloroaluminate, an alkyl pyridinium

hydrogen dPRGROATIFARHY ClSRTHGY Fﬂfb@?ﬁ&ﬂﬁ’r‘("éﬁgﬁ/&éﬁ%ﬁfﬂ I'-éy grﬂéng\-%@igﬁ?ﬁgﬁium

chloroalumgiates@aft alkMbayimenistibleydragecakivmalhataate dia apgtiostigreread. 25The

presence of the first component shquld give the ionic liguid ad_ewis ir Franklin acidic %Egracter.
RORIEES A

Generally, {REYrEaRHEG ARYE R0 BPthL R q%t‘f??b 258 RIS RIS o PSS EPHE greater is

the acidity gfthe ialigaliguisiagixture. For example, a typical reaction mixture to prepare n-butyl
pyridinium 30chloroaluminate ionic liquid salt is shown below: a,...,..", N...."".nButyl e e ¢ + 2 Alc413
-1/ 0 MButyl 9 IHa@0Z emboHiment neraticl afatdtysthe hateldatbxeis giemtdradlich 2@ when the acid

catalyst is held at a temperatur I r : iffel embodiments the
molar ratio %?%&%??hge{%gtﬁéé{%% i%ég%%%&%%é%g%%‘?ﬁ&% % ' olrd%'iraeggg’ a‘ﬁi%t O or greater, or
even greateethdns] 00243 soffeethhiadinme natthestsivittengnmohiste reai@wstsospkédmolar ratio of Al to

the heteroag}%rgs%%%ﬁg aacggucgajtgi\}/%tgpgg‘{}sjfg[%e‘%fneg%Q,i%%rported sulionic acids, and
heteropoly acids.
15 in one embodiment the acid catalyst is a liguid. Examples of liquid
catalysts are sulfuric acid or hydrofluoric acid. In another embodiment the

liguid acid cataiyst is an ionic fiquid catalyst.

lonic Liquid Catalyst:

20 “lonic liquids” are liquids whose make-up is comprised of ions as &
combination of cations and anions. The most common ionic liquids are those
prepared from organic-besed cations and inorganic or organic anions. lonic
liquid catalysts are used in a wide variety of reactions, inciuding Friedel-Crafts
reactions.

25 The ionic liguid 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 liguid catalyst comprises a first component and a second
component. The first component of the cataiyst will typically comprise a Lewis
acid compound selecied from components such as Lewis acid compounds of

30 Group 13 metals, including aluminum halides, alkyl aluminum halide, galiium
halide, and alkyl gallium halide (see International Union of Pure and Applied
Chemistry (IUPAC), version3, October 2005, for Group 13 metais of the
periodic table). Other Lewis acid compqunds besides those of Group 13

“3.



The acid catalyst comprises greater than 15 wt% conjunct polymer. 10The high level of conjunct
polymer in the catalyst increases the catalyst's capacity to uptake acids, such as AIC13. In different
embodimete té&4titFtatalyst comprises greater than 20 wt% conjunct pdi§heEYPeAs than 25 wt%
conjunct polymer, greater than 30 wt% conjunct polymer, greater than 40 wt% conjunct polymer, or

greater thamafayut ¥ Hpaie & absteinIsnEneraoBiHatEG: MRYTRECHH RipaMe iR RPSIaMIRIKNoWN to
produce good hydrocarbon conversion. These temperatures can raﬂae from about -20C up to about

500C. For 13BAP:Ai b AR {IHTb RIS Ag 20 BFRTR|GrP AR BRI ehR B ge from
about -20Cy¢ tecrbay R8st Iocriffereat eimboiments the tempeialineaamie from -10C to 100C,

from OC to 50C, 20 or below 25C. In one embodiment the acid catalyst is made with reagents

having no nitrogenB&MR&RFARG COMBOIRTE MakNgivther 'Brib oAk AEtRY SR Fa@IFEiE made from

at least onesgARWREHAKYBEEAINS THEWSAGOrAICES imarscexaallepirussidrbewis 25acid. In yet
another empodiment the acid catalyst is made from at least one conjunctggolymer, Alas, and hydrogen

chloride. TRBTBYARIYEE Doty EXh CEnTHARE T MAdE e RIRBRE L4 R A fitiorine, chlorine,

bromine, iogiagriand raphinationssihererinTdgtisvelref conigrchoghtvsryintibryaeidopatalyst is
determined by 30hydrolysis of known we%w-‘t:s _o&t;he (_:at%I:yst. An example of a suitable test method is
igtied

described if E8fble 3 HcotmionI) Hasi dterét Prbfieatiofriuriter USYee79142213A1.
Conjunct polysrers Tar Peteiversddromaimeacid catalyst by naeauas ol mdsglysissyThmhydrolysis
recovery methods employ procedures that lead to complete recqvery of the conjunct polymers and
are gérqeraﬁipﬁs‘aé@%&ggﬂﬁ&im 3%80&%?889&‘?ﬂ=ﬁfgdsp§ﬁb%§§§ %@ﬁu&?ﬁ%gﬁﬂggn the destruction of
the catalysighiverelysiscoftheracit Galialystisrdanenipsexamplerdrisifringithrspentegtalyst in the

presence of excess amount of waeéer followed b extraﬁtion \g{th low b%iagng hydrocarbon 5solvents
such as peﬁ‘fﬁﬁb- xaleahPH tﬁﬂﬁﬂﬂﬂk%%&?@@%ﬁc ke 5@/@@% nd other salts formed during

hydrolysis gerinseii@rameous ayarorhilsrieeinahprizsoe/s geniotadhe orgatic solvent. The low
B o 5 ST Bl = E SoResALatec o 2 e Sy o uncer
15 ethyi-3-methyl-imidazolium chioride.
in one embodiment the ionic liquid catalyst is a quaternary ammonium
chioroaluminate ionic liguid having the general formula RR* R” N H™ ALCly,
wherein RR' and R” are alky! groups containing 1 to 12 carbons. Examples of
quaternary ammonium chioroaluminate ionic liguid salts are an N-atkyl-

20 pyridinium chioroaluminate, an N-alkyl-alkylpyridinium chloroaluminate, a
pyridinium hydrogen chlorcaluminate, an alkyl pyridinium hydrogen
chloroaiuminate, a di-aliyi- imidazoiium chioroaluminate, a tetra-alkyi-
ammonium chlorcaluminate, & tri-alkyl-ammonium hydrogen chloroaluminate,
or a mixture thereof.

25 The presence of the first component should give the ionic liquid a
Lewis or Franklin acidic character. Generally, the greater the mole rafio of the
first component to the second component, the greater is the acidity of the
ionic liguid mixture.

For example, a typical reaction mixture to prepare n-buty! pyridinium

30  chloroaluminate ionic liguid salt is shown below:

\N/nButy! \@N/enButyl
1 ®°|d + 2AICH — Al,Cly
s o e



10behind the high boiling residual oils (conjunct polymers) which are collected and analyzed. The low
boiling extractants can be also removed by distillation methods. In one embodiment, the conjunct
polymer is BardtEblé34Fhe conjunct polymer may be extracted during a cdtel/siSe8peiEtion process,
such as by 15treatment of the catalyst with aluminum metal or with aluminum metal and hydrogen
chloride. Examples of methods for regenerating ionic liquid catalysts are taught in U.S. Patent
Publications US20070142215A1, US20070142213A1, US20070142676A1, US20070142214A1,
US20070142216A1, US20070142211A1 , US20070142217A1, 20 US20070142218A1,

US20070249485 Abyaiddithic s a0t ARRIGIERS 14/960 340 lethReeenbaeA 9,2007; 12/003577,
filed December 28, 2007; 12/003578, filed December 28, 2007; 12/099486, filed April 8, 2008; and

61/118215, 3R ERBeP2l 2bademRe alvEntAGE Betaw 28 cirapttansiioa@enar ratio of Al to a
25 heteyoatom selgciagdram HAHARANR Aolrant combingtinnskersgigherier than 2.01s its

ability to continue to function effectiveléto convert the hydrocarbon, without becoming significantly
deactivated®9PebRjon 8 peiomaPaHttils @nsiseatfiebrid S0 PCaragia’con Bealsaeatiitinuously

without having o be remeyRe ERRBSeFBREGRIRE TRIRNEIEHAB IBIBMIRRLS fiRymdngre 30than 25

days, or more than 50 days. In this embodiment the acid catalyst m%be regenerated in part, such

. y :
that only a pRYRd 61 irelBRiDeisragians sagderied! aatarneaid HOngaREnBa @ nversion
process does not repdAadedriRiEHREHLFOE S ¥R AR §W\%@Uh%][]ﬁ&%%lgﬁ’i@b’5t effluent can be

regenerated and recycled to the hydrocarbon conversion reactor. in oné -6- embodiment the level of

the cotfjunct pBIpIEEI Ry R SheanIWiBRIVIRE dedherrAipys iy parraTdaeraalei i a continuous
hydrocarbopgomgr ’PnREREesSids xaHes o ydracarhenreBYesSigns<R aleykatign, isomerization,

Shydrocracking, polymerization, dimerization, o\fl\i&omerization, acylation, metathesis, copolymerization,
hydroformyfieh ERAIG SRS ARh AT Vari b RbRelYENB8ETalAr dharertbodiment the

hydrocarboy,epnysiABtipdspRarati/alsfimalidatinn. xumplesfians liguidiertalysta@nd their use

for isoparaffin/olefin alkylation are taught, for example, in U.S. Patent 10Numbers 7,432,408 and

7,432,409, V385808 N5H A D165 85 A AMSH ARSI e FARIAGBDY RIEH July 31, 2008. In another
embogiment the comyersinn of Ry eRERRHiSAKYAHAB etRY ’RRGnatk RNl fsematics, or

combinations thereof.
hydrocarbon conversion. These temperatures can range from about -20°C up
to about 500°C. For isoparaffin/olefin alkylation using an ionic fiquid catalyst
the temperature can range from about -20°C up to about 200°C. In different
embodiments the temperature can be from -10°C to 100°C, from 0°C to 50°C,
20 orbelow 25°C.
In one embodiment the acid cataiyst is made with reagents having no
nitrogen-containing compounds.
in another embodiment the acid catalyst is made from at least one
conjunct polymer and a Lewis acid. AlCls is one example of a useful Lewis
25 acid. In yet another embodiment the acid catalyst is made from at least one
conjunct polymer, AlCl3, and hydrogen chioride. The conjunct polymer can
comprise a halide. Examples of halides are fiuorineg, chiorine, bromine,
iodine, and combinations thereof,
The levei of conjunct polymer in the acid catalyst is determined by
30 hydrolysis of known weights of the catalyst. An example of a suitable test
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
5.



In some embodiments the acid catalyst comprising greater than 15 wt% 15 conjunct catalyst remains
liquid, and does not precipitate significant amounts of solids when it is held for extended periods of

time at ZSH.QZ%PQ%ﬁﬁle, in one embodiment the Lewis acid remains soIaﬁgfﬁ%ﬁ@fggfanéatalyst, such
that less than 0.5 wt%, less than 0.1 wt%, less than 0.05 wt%, less than 0.01 wt%, or zero wt% of the

Lewis acidmiptherssatid precipitaies|puisetitier boe/2Odadaty sthatertidt izt fortmeshours or

longer at 25C. This provides a significant technical advantage gver ather ionic liquid catalysts that
precipitate%%?%[é?ﬁg(ﬁﬁ% u 3}%& iéuﬁ?‘?éjtﬂﬁh tS@EJ%an }Q%ﬁé%s}ﬁ gc:'\frt][elhr% &Hgture at or below
25C can be#aiflysieingibyicrfgesesatpibe tirsiisigrtheespentheat aysinutidoptes8carobe much

' rs, or Ior%%er, more than 7

| “such as f ter th , least two h hree h
o, e e ATV o A .o

abbrevjatiogodreshorthancs gictefinecishagerstoodite hydedlyeiordivassseamicetaiget by a person
skilled in the art at the time the.30application is filed. The singular forms "a," "an,” and "the," include
plural referéﬂ%é@ﬂrﬁﬁ%%ré?é%@iwgﬁﬁﬂﬂgam g ?ﬁ\?n%?e@ %@Wea}ﬂg%%%se%ayérmhgp the
publicationgppatettpalydpatend afplitatiorsaciedahdrs appidationaiieghecdimcorporated by
reference in their entirety to the same extent as if the disclosure of each individual publication, patent
application99“—%‘-‘“%é%g\ﬁggjgﬁgiﬁggwee{ﬁc?fﬁa‘fﬂﬂﬁ%ﬂ% E%#:g{ég @é@/ iﬁggl%%rraatt%rd by reference in
its entirety.undérhissutitie acke scoipticat e sas paarnple sotoatisplasin chexingetaidnigaeloding the best
mode, and also to enable any.person skilled.in the art to 5make and use the invention, Many

e B R SRR T

modif?@atioﬁ’g i iﬁﬂ) 'BthSoa ?éiso ?H@E%%%rﬁf%‘ﬁrﬂ%rab‘s“’edc Apdvewirres ily occur to
those skillegna tre:Brtedcclindinghy btbitni eentamizs O dae dun staceasireduondisllistracture and
methods th%t Jﬁ‘ﬂ;‘c’}’ét.hin the scope of the appended claims. 10EXAMPLES
In one embodiment, the conjunct polymer is extractable. The conjunct
polymer may be extracted during a catalyst regeneration process, such as by

15 treatment of the cataiyst with aluminum metal or with aiuminum metal and
hydrogen chioride. Examples of methods for regenerating ionic liguid
catalysts are taught in U.S. Patent Publications US20070142215A1,
US20070142213A1, US20070142676A1, US20070142214A1,
US20070142216A1, US20070142211A1, US20070142217A1,

20 US20070142218A1, US20070249485 A1, and in U.S. Patent Applications
11/860319, filed December 19, 2007; 12/003577, filed December 28, 2007;
12/003578, filed December 28, 2007; 12/099488, filed April 8, 2008; and
61/118215, filed November 26, 2008.

One advantage of the acid catalyst having a moiar ratio of Al to a

25  heteroatom selected from the group of N, P, O, S, and combinations thereof
greater than 2.0 is its ability to continue 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 regeneration for more than 7 days, more

30 than 25 days, or more than 50 days. In this embodiment the acid cataiyst
may be regenerated in part, such that only a portion of the acid catalyst is
regenerated at a fime and the hydrocarbon conversion process does not need
to be interrupted. For example, a slip stream of the acid catalyst effluent can

be regenerated and recycled to the hydrocarbon conversion reacior. in one
-6-



Example 1: An ionic liquid catalyst based on n-butyl pyridinium chloroaluminate, 15having a molar ratio
of Al to N of about 5 was prepared and tested as follows: 10.8 g (81 mmolej) of AICI3 was combined
t

with 5.0 mM P52MPAGIEES of n-butyl pyridinium chloroaluminate ionic liquid SEENYSERPRPentane. 20
ml (180 mmoles) t-butyl chloride was added over a period of 15 minutes. As the reaction proceeded,

the hydrocasheibsphaiantwiedatitedemparapvigRedienpethtaiabautithio the oaeethe t-butyl
chloride addition ended, the temreer ture, started to climb back up. Most of the added AICI3 was
dissolved, éﬂﬁ%gﬁ’ LA "SI tﬂﬁ%ﬂ%’%ﬁ%%&c FPQ&QWSW&I@@%I isopentane was

added and grédesample revealed that the hydrocarbon phases consisted of a mixture of saturated

isoalkanes predo inantlgy in gi%igé)S to 07 range. After stirrinio er the,weeke,ndt,almost all the AIC13
was dissolved, an&HR&" PRALRY HEPDH. B RO YGH AR CISBRFAERYON: 5 ml of the

conjungt polyariciIGpate b aleve: s cogiedie Ao bikbmistizabon! atagndsh (0C) solution of 3.6%
2-pentene in isopentane was added and the mixture was stirred on an ice bath. GC samples of the 30
ychooarbol B Aot YO B Lo R HALD TR A 0 S WGF e otin was
converted. Balioysing istiadditioaredB0mbgaseabsdiytsag ercaharidesbeneorolessithe ikeaction rate
increased d,ramatsiac(Flly. After an ?ddition | 3 minutei 100% of the olefin was gg:g\nverted. The

hydrocarbolPPRAZETLHBIGER Y OB eI ABIET S ARG R &S ) EER S isoalkanes.
Example 2:1Br isopeligtfid/arifrcatriystionage estictly, edrcorimpiqalynes, sadhaving no

R S RRH R CE AN, 22D B3 PO A st T i ac
greater thaml@fber 12/184069, filed July 31, 2008. In another embodiment the
conversion of a hydrocarbon is alkylation of paraffins, alkylation of aromatics,
or combinations thereof.
in some embodiments the acid catalyst comprising greater than 15 wi%

15 conjunct catalyst remains liquid, and does not precipitate significant amounts
of solids when it is held for extended periods of time at 25°C. For example, in
one embodiment the Lewis acid remains soluble in the acid catalyst, such that
less than 0.5 wt%, less than 0.1 wt%, less than 0.05 wt%, less than 0.01 wt%,
or zero wit% of the Lewis acid or other solid precipitates out of the liquid

20 catalyst when it is held for three hours or longer at 25°C. This provides a
significant technical advantage over other ionic liquid catalysts that precipitate
out solids during use.

The time the catalyst can be heid at a temperature at or below 25°C
can be fairly lengthy. in general, the time is for greater than a minute, but it

25  can be much longer, such as for greater than 5 minutes, for at least two
hours, three hours or longer, more than 7 days up to two weeks, more than 50
days, several months, or even up to a year.

Any term, abbreviation or shorthand not defined is understood to have
the ordinary meaning used by a person skilled in the art at the time the

30 application is filed. The singular forms “a,” “an,” and “the,” include plurai
references unless expressly and uneqguivocally limited to one instance.

Alt of the publications, patents and patent applications cited in this
application are herein incorporated by reference in their entirety to the same

extent as if the disciosure of each individual publication, patent application or
-7 -



1014.2 g (106 mmoles)AICI3 was slurried up in 30 ml isopentane at room temperature in a flask. 45 ml
(38 g, 410 mmoles) t-butyl chloride was added gradually over about half an hour. Gas evolution was

observed. W28 fidfature of the slurry in the flask dropped during additidif- WHEREMR#ERY bound by
theory, it is expected that the temperature drop was caused by 15evaporating hydrogen chloride and

the formatien ehsaldtepedrithayerctionivitiestierrannieiacdditieabdhgitdulyl chloride, the flask
was allowed to warm back up to room temperature. At this point the flask contained a clear brown

somewhat (REBHRICRTIERRAESRry small amount of clear hydrocarbon phase on top. The yield of the

clear brown somewkiatwiseanaigithues e 3R:anFle elearerovntsememwhabyiscous liquid was
analyzed and was found to contain 43.5 wt% conjunct polymer. This clear brown somewhat viscous

liquid was aCHHIRREPBIGATR MPREEJABHIEIRGLIB. ANaRIFAR) RIS eHEEach B A6\ dtat the conjunct

polymer prepakedhindtiisemganerdarmnmdaymogiagniivens exiert giféenfiar the conjunct polymer
formed in ionic liquid 25catalyzed isobutane alkylation. 5 ml of the conjunct polymer based ionic

liquid descifFRRCHBEE R DR UPHRRRIFIRAPSSE PeRYR MU/ LieRdin Qreds R BRBreacted with 25 m

of 5% 2-peniensdimisepertancabliinas/dessibashiloRiampie Sokalbd Mmimdrrithg alefin
conversion was 74 wt%, and after 3 minutes more than 98 30wt% of the olefin was converted. The

reaction pr&%&%%fﬁ?ﬁé@%@%ﬁ@ﬁﬁéﬁgmgﬁm Brcena ARAPRRRZRY, GIRIME experiment, much

of the reacted olefin was converted to a mixture of 2- and 3-pentyl chloride, which subsequently
reacted to form the final alkylate product. Example 3: Two alkylation experiments using different
ionic liguid catalysts were run on the same feedaBEE Same temperature, and for the same length of
5time. The feed was isopentane and 2-pentenes; the temperature was 0C; and the time was 6
minutes. In one experiment the alkylation catalyst was n-butyl pyridinium heptachlorodialuminate. In
the second Exgerpreent the alkylation catalyst was the same conjunct polymer acid catalyst as
described in Example 2 (ASO.HAI2CI7). The reaction products were collected and 10 analyzed by GC.
The GC results are shown below.

An ionic liquid catalyst based on n-butyt pyridinium chioroaluminate,

15 having a molar ratio of Al to N of about 5 was prepared and tested as foliows:
10.8 g (81 mmoles) of AlCl; was combined with 5.0 m!l (15 mmoles) of n-buty!
pyridinium chloroaluminate ionic liquid sait in 30 ml isopentane. 20 mi (180
mmoies) {-butyl chloride was added over a period of 15 minutes. As the
reaction proceéded, the hydrocarbon sotution boiled and the temperature

20 dropped io about 2 to 5 °C. After the t-buty! chloride addition ended, the
temperature staried to climb back up. Most of the added AlCI; was dissolved,
although a smail amount still remained undissoived. An additional 10 mi
isopentane was added and a GC sampie revealed that the hydrocarbon
phases consisied of a mixture of saturated isoalkanes predominantly in the

25  C51o C7range. After stirring over the weekend, aimost all the AICl; was
dissolved, and the acid catalyst phase contained 24.6 wt% conjunct polymer.

5 mi of the conjunct polymer, prepared above, was cooied to 0°C. At
t=0 min., 25 mi of a cold {0°C) solution of 3.6% 2-peniene in isopentane was
added and the mixture was stirred on an ice bath. GC samples of the

30 hydrocarbon phase showed slow olefin conversion. After 15 minutes, about
33 wt% of the olefin was converted. Following the addition of 30 ml gaseous
hydrogen chloride (1.2 mmoles) the reaction rate increased dramatically.
After an additional 3 minutes, 100% of the olefin was converted. The

-8



lonic Liquid:1 NBuPyAL2CL7 (Reference) ASO.HAI2017 Example 2 Reaction Conditions: 6 min, OC 6

min, 0C C6 15.44 22.85 C7 4.07 11.47 C8 3.35
WO 2016/074843 PCT/US2009/064751

hydrocarbon phase showed that the olefin conversion was to predominantly
C8 to C10 isoalkanes.

Example 2:

A liguid acid catalyst made entirely of conjunct polymer, and having no
heteroatom-containing compounds containing N, S, O, or P, was prepared
and tested. This liquid acid catalyst had a molar ratio of Al to heteroatom
selected from N, S, O, P, or combinations thereof much greater than 100.

10 14.2 g (106 mmotes) AIC!; was slurried up in 30 m! isopentane at room
temperature in a flask. 45 mi (38 g, 410 mmoles) t-buty! chioride was added
gradually over about half an hour. Gas evolution was observed. The
temperature of the siurry in the flask dropped during addition. Without being
bound by theory, it is expected that the temperature drop was caused by

15 evaporating hydrogen chloride and the formation of isobutene in the reaction.
After the complete addition of the t-butyl chioride, the flask was aliowed to
warm back up to rcom temperature. At this point the flask contained a clear
brown somewhat viscous liguid with a very small amount of ¢lear hydrocarbon
phase on top. The yieid of the ciear brown somewhat viscous liquid was 31.9

20 g. The clear brown somewhat viscous liguid was analyzed and was found to
contain 43.5 wt% conjunct polymer. This clear brown somewhat viscous
liquid was a conjunct polymer based ionic liquid. Laboratory experience has
shown that the conjunct polymer prepared in this manner does not to any
significant extent differ from the conjunct polymer formed in ionic liquid

25  catalyzed isobutane alkyiation.

5 ml of the conjunct polymer based ionic liquid described above was
saturated with hydrogen chloride at 1 atm pressure and reacted with 25 ml of
5% 2-pentene in isopentane at 0°C as described in Example 3. After 1.5
minutes the olefin conversion was 74 wt%, and after 3 minuies more than 98

30 wit% of the olefin was converted. The reaction product contained a substantial
amount of C9-C11 alkyiate. Initially, in this experiment, much of the reacted
olefin was converted to a mixture of 2- and 3-penty! chioride, which
subsequently reacted to form the final alkylate product.

_9.



5.79 C9110.45 12.68 C1033.36 32.10 C11+33.33 15.11 The yields and selectivity of the products
were similar between the two experiments. Although the n-butyl pyridinium heptachlorodialuminate
15hydrocat¥8rdsiiVE ion gave a slightly heavier product in this particulaf €kgertiiéfit ik can be
controlled by the adjustment of the hydrogen chloride level during the reaction. The adjustment of the
hydrogen chlgsidgiteyel to control product selectivity is described in U.S. Patent Application No.
12/233,481, filed September 17, 2008. 20 WHAT IS CLAIMED IS: 1. A process for hydrocarbon
conversion, comprising: contacting a hydrocarbon with an acid catalyst containing greater than 20 wt%

conjunct polymer; By ameiistishasis satadrathasmy aplardativecAldeie betareaaneaslected from the

group of N, P, 0, S, and combinations thereof greater than 2.0; and wherein the ?gdrocarbon is

converted dHAMGHE QHBEIRRS HdMRSATR JEMBEFPLIR GRS E SAHREIRYHAH.

5 time. The feed was isopentane and 2-pentenes; the temperature was 0°C;
and the time was 6 minutes. In one experiment the alkylation catalyst was n-
butyl pyridinium heptachiorodiaiuminate. In the second experiment the
alkylation cataiyst was the same conjunct polymer acid catalyst as described
in Example 2 (ASO.HAIZCI7). The reaction products were collected and

10 analyzed by GC. The GC resulis are shown below.

lonic Liquid:, NBuPYyAL2CL7 | ASO.HAI2CI7

{(Reference) Example 2

Reaction Conditions:| 6 min, 0°C & min, 0°C
C6é 15.44 22.85
C7 4.07 11.47
C8 3.35 5.79
Co 10.45 12.88
C10 33.36 32.10
C11+ 33.33 15.11

The vields and selectivity of the products were similar between the two

experiments. Although the n-butyl pyridinium heptachlorodialuminate

15 hydrocarbon conversion gave a siightly heavier product in this particular
experiment, this can be controlled by the adjustment of the hydrogen chloride
ievel during the reaction. The adjustiment of the hydrogen chioride level to
control product seiectivity is described in U.S. Patent Application No.
12/233,481, filed September 17, 2008.

20
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2. The process of claim 1, wherein the acid catalyst comprises an ionic liquid 10catalyst. 3. The
process of claim 2, wherein the ionic liquid catalyst is a quaternary ammonium chloroaluminate. 4. The
process of claim 1, wherein the heteroatom is N. 5. The process of claim 1, wherein the molar ratio is
5 or greater. 15 6. The process of claim 1, wherein the acid catalyst comprises greater than 25 wt%
conjunct polymer. 7. The process of claim 1, wherein the contacting occurs at a temperature below
25C. 8. The process of claim 1, wherein the acid catalyst is made from at least one 20conjunct
polymer and a Lewis acid. 9. The process of claim 1, wherein the conjunct polymer comprises a
halide. 10. AYhAAdS QLASKER fBtalyst, comprising: mixing aluminum chloride in the presence of a
hydrocarbon solvent and an organic chloride and optionally an ionic liquid to make an acidic ionic
liquid catalydt; W RIRISFEIEBRIGORROPSTeNG MSinalyerimpsisireateontanting avtddeooghotpolymer
and o molar raliel 4 & Belaras oo Riaced Sagy e 0y SIS PhAl Bep. S anc

ic lonic a

combinations thereof greater than 2.0; and whérein the aci Iquid ca P& effective for

catalyzing a red¥iBreth At ssas Shtemnagon molan tatihefrbihedhetetantotd selbeteih the acidic ionic
iquid catalyst compriRes ERwAIeman STumANYRISAIAIGALRELE ieaLhemeiod glplaim 10

wherein the acidic ionic liquid catalyst has greater than 25 wt% conjunct polymer. 13.An acid catalyst

composition, cOMISHER G G EXEEPARERCOIRIN KeRifth B F By ther camiasaumigaadbr ratio of Al to a
heteroatom selegtddepbvtheoarapieonsisangref Miadlh®, and combinations thereof greater than

2.0; wherei thﬁ.catalxst iS ef¥e tive {or conversion of a hydrocarbon, and the 5conversion is
alkylation orrbpa a{fﬁr%r cess of ciaim 1, wherein the acid catalyst comprises an ionic liquid
10 catalyst.

3. The process of claim 2, wherein the ionic liquid catalyst is a gquaternary
ammonium chloroaluminate.
4. The process of claim 1, wherein the heteroatom is N.
5. The process of claim 1, wherein the molar ratio is 5 or greater.
15 6. The process of claim 1, wherein the acid catalyst comprises greater than 25
| wt% conjunct polymer.
7. The process of claim 1, wherein the contacting occurs at a temperature below
25°C.
8. The process of claim 1, wherein the acid catalyst is made from at least one
20 conjunct polymer and a Lewis acid.
9. The process of ciaim 1, wherein the conjunct polymer comprises a halide.
10. A method to make a catalyst, comprising: mixing aluminum chioride in the
presence of a hydrocarbon solvent and an organic chloride and optionally an
ionic liquid to make an acidic ionic liquid catalyst; whereby the acidic ionic
25 liquid catalyst has greater than 20 wt% conjunct polymer and a molar ratio of
Al to a heteroatom selected from the group consisting of N, P, O, S, and
combinations thereof greater than 2.0; and wherein the acidic ionic liquid
catalyst is effective for catalyzing a reaction that is paraffin alkylation.
11. The method of claim 10, wherein the acidic ionic liquid catalyst comprises a
30 quaternary ammonium chioroaluminate.
12. The method of claim 10, wherein the acidic ionic liquid catalyst has greater
than 25 wt% conjunct polymer. |
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14. The acid catalyst of claim 13, comprising greater than 25 wt% conjunct polymer. 15. The acid
catalyst of claim 13, having a molar ratio of 5 or greater. 16. The acid catalyst of claim 13,
additionally comprising a quaternary ammonium 10ionic liquid salt. 17.An acid hydroconversion
catalyst, comprising greater than 20 wt% halide-containing conjunct polymer and having a ratio of Al to
a heteroatom selected from the group consisting of N, P, 0, S, and combinations thereof greater than
2.0, and a Lewis acid; wherein less than 0.1 wt% solid precipitates from 15 the acid hydroconversion
catalyst when it is held for three hours or longer at 25C or below; and wherein the acid

hydroconvelSidhtagiil sl SRR, ARVIKISHNeIPs R 15 anR oW Ruius @t claim 1, wherein
at least 33 wi%ef thrudposarendsaavestrdduing hesepiaringA0424 isinathod of claim 10,

wherein at least 33 wt% of a hydrocarbon is converted during the reaction. 20.The acid catalyst of

claim 13, wher@P4PIE3RESUG9H Wr the“hyeir 685 68 RINGiRRs ib@reof sreptrr foan R Broconversion
catalyst of clairnvAdrevhgreiatarsatabrscnprosascihgeesaiar Banmewi4rbalidgrezepaining conjunct
polymeg. conversion is alkylation of paraffins.
14.The acid catalyst of claim 13, comprising greater than 25 wt% conjunct
polymer. _
15. The acid catalyst of claim 13, having a molar ratio of 5 or greater.
16.The acid catalyst of claim 13, additionally comprising a quaternary ammonium
10 ionic liquid salt.
17.An acid hydroconversion catalyst, comprising greater than 20 wt% halide-
containing conjunct polymer and having a ratio of Al to a heteroatom selected
from the group consisting of N, P, O, S, and combinations thereof greater
than 2.0, and a Lewis acid; wherein less than 0.1 wt% solid precipitates from
15 the acid hydroconversion catalyst when it is held for three hours or longer at
25°C or below; and wherein the acid hydroconversion catalyst is effective for
an alkylation of paraffins.
18. The process of claim 1, wherein at ieast 33 wt% of the hydrocarbon is
converted during the contacting. '
20 19.The method of claim 10, wherein at ieast 33 wt% of a hydrocarbon is
converted during the reaction.
20.The acid catalyst of claim 13, wherein at least 33 wt% of the hydrocarbon is
converted.
21.The acid hydroconversion catalyst of claim 17, wherein the catalyst comprises

25 greater than 25 wt% halide-containing conjunct polymer.
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