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These 15 additional capabilities are made possible in
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ionic liquid catalyst used for these reactions. The
present invention provides its greatest benefits when
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(b) separating a C2+ fraction fromsaid first stream
to produce a second refinery streamricher in
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(c) providing an isopentane-containing refinery
stream (d) contacting said isopentane-containing
refinery streamwi th said second refinery streamin
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liquids as a new nedia and sol vents for chem ca
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others. In short, ionic liquids have been used as
sol vents in a wide range of organic reactions and



20- A large number of liquid or solid add catal ysts
are known which are capable of effecting al kyl ation
of isoparaffins such as isobutane or isopentane by
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Due to the low solubility of hydrocarbons in ionic
liquids, olefins-isoparaffins alkylation, |ike nost
reactions in ionic liquids is generally biphasic and
takes place at the interface in the liquid state. The
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(CsHsNC4HuALCY). A metal halide may be employed as a co-catalyst to

modify the catalyst activity and selectivity. Commonly used halides for such

purposes include NaCl, LiCl, KCI, BeCly, CaCly, BaClz, SiCl, MgCly, PbCls,
20  CuCl, ZrCls, AgC!, and PbCl, as published by Roebuck and Evering

{Ind. Eng. Chem. Prod. Res. Develop., Vol. 9, 77, 1970). Preferred metal

halides are CuCl, AgCl, PbCl,, LiCl, and ZrCls.

HCt or any Broensted acid may be employed as an effeclive co-catalyst, The
25 use of such co-catalysts and ionic liquid catalysts that are useful in practicing

the present invention is disclosed in U.S. Published Patent Application

Nos. 2003/0060359 and 2004/0077914. Other co-catalysts that may be used

to enhance the catalytic activity of ionic liquid catalyst system include IVB

metal compounds preferably metal halides such as TiCls, TiCls, TIiBRs, TiBRy,
30  ZrCly, ZrBrs, HICL4, HiBra, as described by Hirschauer et al. in U.S. Patent

No. 6,028,024.
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10 chl oroal um nates. The reactions were all conducted
at 50C and autogenic pressure at a feed
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invention would not have been considered in the past.

Reaction Conditions

Due to the low solubility of hydrocarbons in ionic liguids, olefins-isoparaffins
alkylation, like most reactions in ionic liquids is generally biphasic and fakes
place at the interface in the liquid state. The catalytic alkylation reaction is
generally carried out in a liquid hydrocarbon phase, in a batch system, a
semi-batch system or a continuous system using one reaction stage as is
usual for aliphatic alkylation. The isoparaffin and olefin can be introduced
separately or as a mixture. The molar ratio between the isoparaffin and the
olefin is in the range 1 o 100, for example, advantageously in the range

2 to 50, preferably in the range 2 to 20. In a semi-batch system the
isoparaffin is introduced first then the olefin, or a mixture of isoparaffin and
olefin. Catalyst volume in the reactor is in the range of 2 vol%.to 70 vol%,
preferably in the range of 5 vol%. to 50 vol%. Vigorous stirring is desirable to
ensure good contact between the reactants and the catalyst. The reaction
temperature can be in the range -40°C to +150°C, preferably in the range
-20°C to +100°C. The pressure can be in the range from atmospheric
pressure to 8000 kPa, preferably sufficient to keep the reactants in the liquid
phase. Residence time of reactants in the vessel is in the range a few
seconds to hours, preferably 0.5 min to 60 min. The heat generated by the
reaction can be eliminated using any of the means known to the skilled
person. At the reactor outlet, the hydrocarbon phase is separated from the
ionic phase by decanting, then the hydrocarbons are separated by distillation
and the starting isoparaffin which has not been converted is recycled to the

reactor.

Typical reaction conditions may include a catalyst volume in the reactor of
5 vol% to 50 vol%, a temperature of -10°C to 100°C, a pressure of 300 kPa to
2500 kPa, an isoparaffin to olefin molar ratio of 2 to 8 and a residence time of
1 min to 1 hour.

-8-
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A catalyst system comprised of aluminum c¢hloride and hydrogen chioride
{(hydrochloric acid) for catalyzing the alkylation of iso-paraffins and olefins in
jonic liquids (chloroaluminate ionic liquids) is preferred. The HCI can be used
as a co-catalyst to enhance the reaction rate. For example, the alkylation of
isopentane with ethylene in a batch autoclave is complete in <10 minutes in
the presence of HCI. In the absence of HC, the reaction usually takes 1/2
hour to 1 hour time (50°C and autogenic pressure of ~965 kPa and feed ratio
of ~4). The product selectivity was comparable to that of chloroaluminate

ionic liquid without the presence of HCI.

Process Configuration
A scheme for an integrated refinery alkylation process to implement an

embodiment of the present invention is shown in Figure 1.

An ethylene-containing refinery stream is fed to an Ethylene Extraction Unit to
separate a C,: fraction rich in ethylene. The Ethylene Exiraction Unit is
typically comprised of membrane and/for distilfation column separation
equipment. A second refinery stream containing isopentane isfed to a
Distillation Zone. Streams enriched in ethylene and isopentane are contacted
in the presence of an ionic liquid catalyst in a Reactor under alkylation
conditions. Then the catalyst and hydrocarbon phases are separated in a
Catalyst Separator and the catalyst is recycled back to the Reactor. A portion
of the recycling catalyst is sent to a Slip Stream Catalyst Regeneration unit,
The hydrocarbon phase is sent to a Distillation Zone to recover unreacted
isopentane for recycle, and the alkylate product is collected at the bottom. As
needed, the alkylate product can be treated to remove any trace impurities.

The reject stream from the Ethylene Extraction Unit now has higher hydrogen
purity. Further upgrading of the reject stream can be achieved by recovering
pure hydrogen gas with use of a Hz Recovery Unit if desirable. The Ha
Recovery Unit is typically comprised of a selective hydrogen-permeable
membrane unit and/or pressure-swing adsorption (PSA) unit.

-g-
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68.8 C3 9.9 98 9.2 9.7 Cs 7.3 6.57.36.4dd05.54.7
4.3 4.3 1.6 3.4 1.9 3.0 The results above indicate
that conversion of ethylene and product selectivity

“@‘,ﬁ%%ﬁ?‘{ fﬁt ed by the catal yst selection. A PCTITS005/M45707

m nate catal yst nade with 20
tributyl-nethyl-amoniumis |ess active than the
other three catalysts. Chloroal uninate catal ysts nade

WI t
e e e

ﬂg*\bﬂggmt respediibejadable & Wepre ,g{a§ollng glending components
of varying composition by selecting both the source of olefins used for

alkylation and the paraffin-containing feedstock. Alkylation reactions in
accordance with the present invention may be conducted in one or more
alkylation zone using the same or different ionie liquid catalysts. For example,
the C,. fraction described above may contain propylene, butylene andfor
pentenes and the isopentane containing stream may also contain isobutane.
Isobutane may be altkylated with ethylene to producé a high-octane Cg
gasoline blending componeni. A C, olefin containing stream may be isolated
and used for the alkylation of isobutane, isopentane ortheir mixtures. Other

variations and combinations will be apparent fo refiners generally.

The following examples are illustrative of the present invention, but are not
intended to limit the invention in any way beyond what is contained in the
claims which follow.

EXAMPLES

EXamgie 1: The Preparation of N-Butyl-Pyridinium Chloroaluminate lonic
Liquid
N-butyl-pyridinium chloroaluminate is a room temperature ionic liquid
prepared by mixing neat N-butyl-pyridinium chloride (a solid) with neat solid
aluminum trichloride in an inert atmosphere. The syntheses of butylpyridinium
chloride and the corresponding N-butyl-pyridinium chloroaluminate are
described below. In a 2-L Teflon-lined autoclave, 400 gm (5.05 mol.)
anhydrous pyridine (99.9% pure purchased from Aldrich} were mixed with
650 gm (7 mol.) 1-chlorobutane (99.5% pure purchased from Aldrich). The
neat mixture was sealed and let to stir at 145°C under autogenic pressure
over night. Then, the autoclave was cooled down to room temperature,
vented and the resultant mixture"was transferred to a three liter round bottom
flask. Chloroform was used to rinse the liner and dissolve the stubborn crusty
-10-
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Et hyl ene Eval uation of ethylene al kylation with
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Ccimgeirricbmf rédidcbetter (Nabdtylpyridinium chioride is hydroscopic and
15 readily absorbs water from exposure to air). Five hundred grams (2.91 mol.}
of the dried N-butylpyridinium chloride were transferred to a 2-Liter beaker in
a nitrogen atmospherea in a glove box. Then, 777.4 gm (5.83 mol.) of
anhydrous powdered AlCl; (99.99% from Aldrich) were added in small
portions (while stirring) to control the temperature of the highly exothermic
20  reaction. Once all the AlCI; was added, the resulting amber-looking liquid was
left to gently stir overnight in the glove box. The liquid was then fillered to
remove any un-dissolved AlGl;. The resuiting acidic N-butyl-pyridinium
chloroaluminate was used as the catalyst for the alkylation of isopentane with

H3 - ch
=]
N cl AICITAICY
I % HSC/\\/\Ci g\ 2 Equiv. AICh - g\ 4 3
7  meatsolution, 145°C u il

@ aowtogenic pressure

ethylene.
25
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Example 2:  Batch Alkylation Run Procedure

Isopentane and ethylene batch alkylation was typically run at 50°C with

paraffinfolefin molar ratic of about 4. Under nitrogen atmosphere in a glove

box, an autoclave vessel was charged with ionic figuid catalyst and anhydrous
isopentane. The autoclave was then sealed and transferred to a hood and
affixed to an overhead stirrer. Then, ethylene gas was introduced to the
vessel. The autogenic pressure of the vessel usuaily rises to 2000 kPa to
24000 kPa depending on the amount of sthylene gas introduced into the
autoclave. Once the reaction begins stirring (~1200 rpm), the pressure
quickly drops down to ~900 kPa to 1100 kPa. The reaction is allowed to
continue and stir until the pressure drops to 0 kPa to 70 kPa. Then, the
stirring is stopped and the heating mantle is guickly removed. The autoclave
is then cooled down t6 room temperature using a cooling coil. Then, a gas
sample was drawn and the reactor is vented and weathered to relieve the
sysiem from any remaining gas. The resulling solution is a biphasic with the
product and excess isopentane phase is on top while the dense ionic liquid-
catalyst phase is on the bottom. The top phase is then decanted and saved
for analysis. The bottom phase s either recycled for further use or neutralized
with water, Chernical analysis of the products in excess isopentane is usually

done by gas chromatography analysis.

Example 3: Batch Alkylation of Isopentane in Butylpyridinium
Chloroaluminate without Applying Any Additionat Pressure (Only
the Autogenic Pressure of the System)

Ethylene (9.5 gm) was alkylated with isopentane (103 gm) in 20 gm

butylpyridinium chloroaluminate ionic at 50°C and the autogenic pressure in a

closed 300 cc autoclave fitted with an overhead stirrer and a cooling coil. The

reaction was allowed to stir at ~1200 rpm until no significant drop in pressure
was hoticeable. Table 1 below shows the reaction results.

-12 -
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oct ane nunber. of pure conpounds assumn [rjumatr

Pﬁ%“éwetﬂnéﬂa‘%@m ﬁrf@% T 'sastionavas me@ no further
mpmt ﬂr@;ﬂin?iwgs rﬁﬂh:@émeooo 1\2@@5@!@3@ r@ﬂctrbﬁ\(\%lcsj noﬂid@tﬁay
extr o a and av ensity were
eff(? %%ﬁb‘%‘ﬂ‘as ‘Elgiea{e%%%l? ﬁgeqcf'%ar 15 nol ar
bl endi ng T10, T50 and T90 were neasured using ASTM
D2887 si nmul ated di stl I at11 Tabl e 4 Product
Properties O%a%' G?'égjlr%e fr t(@ﬁ ent ane 'and
Et hyl ene Al I% r%{u% Rgﬁélmm VSiEQG%VP .

Aver age er I yire, m le.3 Exl—é\'l.ncllu
Average 'nﬁﬁécﬁ@ke“d' ng Raﬁﬁoutl—!(:l With HCI

iC5/C = 4 4
Temp. (°C) 50 50
Starting pressure, kPa 2050 2080
Ending Pressure, kPa 76 48
Reaction Time (min.) 44 5
Yields %

G, 0 0
Cy 36 4.1
Cs 4.1 8.0
C; 705 63.3
G, 8.9 9.1
Cs 6.2 7.1
Cio 35 4.2
Citr , 3.4 4.3

The resuits from isopentane/ethylene alkylation are excellent and most of the
products are in the desired alkylates range where Cys constitute the major

' fraction of the product mixiure. Very little heavy products were produced.

Example 4 shows that addition of HCI as a co-catalyst enhances the activity
of the ionic liquid catalyst and changes the product selectivity. When HCl was
added as a co-catalyst, the reaction was done at much shorter ime
{completed in 5 minutes) and slight change in product selectivity was

observed.
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Bl ending MON 84 Sinulated Distillation, 02887, C
T-10 Wt % 76 T-50 wt %88 T-90 wt % 119 The product
property data shows that by enploying the process of

the present invention, high RVP isopentane

%?0@%}} Mrted to al kyI ate gasol i ne having ag’FWﬁefgﬂ”“s'm
of 2.5. The high-octane (91 bl endi ng RON) and

excel l ent 25 boiling point distribution are ot her

desi le f

R A R e L D

nmet hod. To GQrogvminalelonicilgiiddCatalye, it is preferable

S R L T L L A L
5 Coaminglelide saltieqn perfasm thé sqnse plyiatonechainisiiy Pl el E dalows

Pr Q&M;Ba%@th@'alkylkﬁ’éd r%&lﬁé"otr Eobé&m&{@h&f@& CIH Bk RLEed

via a simlar procedure to that described in Exanple
6 eierepimineeianie iquigeaalsis @B??@T"lal’yo?\'%m%‘ﬂfé opgmige sgity

o}y dré‘ﬁlbﬂtypﬁyridﬁﬁﬂ@mﬁy{ Gi—rﬂ@ﬂlxyipf Qﬁwlﬁﬂ@nfﬁinWP@) was
fed to the reacto C.react or tenﬁerature and

vol SpbyH4-aethyt Waazsal*“gh@ﬁ%\ﬂwam gy meth W BoTe fBF?MA)
10 gndné%rb?bdmafa‘so Zlnﬁteaarbr%rveer@ fanswmuettéd Eﬂstﬂ’a?ng aﬁtogal'{mbl e
nt1 NUOUS on sopen e an e} ene
3 efiemy AR b6 et Tearantir Y i b e e
Vol iom. Fracti on 0,07 External 110 Ratl o, nol ar

Table 2
15 Batch Alkylation of Isopentane and
Ethylene with Various Chloroaluminate Catalyst
Salt used to make the MBPy BPy TBMA BMIM
chloroaluminate catalyst _ .
Starting Pressure, kPa 2040 2230 2140 | 1920
Ending Pressure, kPa 250 76 540 89
Ethylene Conversion - B5%. - 95% 55% | 95%
‘Product Selectivity, wi% _ .
Cs. ' 26 0 301 0
1 Cx 3.3 3.6 24 3.6

Cs 3.8 4.3 2.7 42
C, 65.8 65.6 59.1 68.8
Cy _ 9.9 9.8 92 } 97
C. 7.3 6.5 7.3 6.4
Cuwo I b5 4.7 43 4.3
Ciin 1.6 3.4 1.9 3.0

The results above indicate that conversion of ethylene and product selectivity
are affected by the catalyst selection. A chloroaluminate catalyst made with

20 fributyl-methyl-ammonium is less active than the other three catalysts.
Chloroaluminate catalysis made with hydrocarbyl substituted pyridinium
chloride or a hydrocarbyl substituted imidazolium chloride shows high activity
and good selectivity.

25
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A

8.0 Oefin Space VelocityNol. of Cat (LHSV) 4.4
Resi dence |inme of Reactant, min 24 Conversion of
Propyl ene, wt % 100 Sel ectivity of Converted Products

o .
WP HE 2 ° G Product i comer D1 stribat onPCHESERSST?
Example 8: Conitinuous Alkylation of Isopentane with Ethylene
Evaluation of ethylene alkylation with isopentane was performed ina 100 cc
continuously stirred tank reactor. 4:1 molar ratio of isopentane and ethylene
mixture was fed to the reactor while vigorously stirring at 1600 rpm. An lonic
5  liquid catalyst was fed fo the reactor via a second inlet port targeting to
occupy 15 vol% in the reactor. A small amount of anhydrous HCl gas was
added to the process {10:1 molar ratio of catalyst to HCI). The average
residence time for the combined volume of feeds and catalyst was about
40 minutes. The outlet pressure was maintained at 2300 kPa using a
10 backpressure regulator. The reactor temperature was maintained at 50°C.
The reactor effluent was separated in a 3-phase separator into C4 gas;
alkylate hydrocarbon phase, and the ionic liguid catalyst. Operating
conditions and yield information are summarized in Table 3,

15 . Tabie 3
Continuous Alkylation of Isopentane and Ethylene

Temperatire, °C 50
[Total Pressure, kPa 2300
Catalyst Volume Fraction 0.15
{External }/O Ratio, molar 4.0
Olefin Space Velocity/Vol. of Cat (LHSV) 14
Catalyst to HCI Ratio, molar 10
Residence Time of Reactant, min 40
Conversion of Ethylene, wt% 95

Belectivity of Converted Products, wit%

C.. 4.3
n Cst nec C; 2.4
Ce 4.2
G, 78.6
Gz 1.4
Cs ) 7.0
Cios 24
Total _ 100.0
C; Product Isomer Distribution, %

Trimethylbutane/ total C; 0.2
2,3-Dimethylpentane/ total C; 490
2,4-Dimethylpentane/ total C; 48.6
Other-Dimethylpentane/ total C; 0.1
Methylhexane/ total C; 21
n-heptane/ total C, 0.0

Sum 100.0
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Tri net hyl pentane/ total Cs 36.5 Dirnethyl hexane/
total C8 54.8 Methyl heptane/ total G23 8.7 n-octane/
total C9 0.0 Sum 100.0 The hydrocarbon product vvas

distilled to generate n-pentane and hi gher 15 boi |
WRARE gasol i ne (30C+) fraction and prope}f)ﬂ[g?mbﬁf“" 07

10

15

20

25

the al kyl ate gasoline were neasured or estimat ed, and
reported in Table 6. Table 6 Product Propertl es of

Al kﬁk%tkﬁia@‘?&b&&% Ié g@ﬁi& E?g&%@’ %[lw é{rﬁgég %ed

kyl ati on Avera e

mp@émtaﬁ Cx/\;éq)w ngy/ Eﬁ@a@ﬂp@mmama@mrw@m cmtm{yme
Rob&%mﬁ’é ﬂaﬂstegma@%%c%ﬁegb %@%ﬁg@%&% o

till at | on
50 8y S arnrn Aisatporpuner g dbumsssre hat

enpémbsegsomewma@ﬁ-@faﬁ@ gadnte Esﬂ atnBQ‘iQrF@ﬁ@% pectively).
i nvention high RVP isopentane was ¢ ver

to al kyl ate gasoline having a | ow R\/P of 1.0. The
hi Gie ocraabcaGodeoNyvas disitlee kE@IphRI n-pentane and higher

boiling alkylate gasoline (30°C+) fraction and properties of the alkylate
gasoline were measured or estimated. Research octane number was
calculated based on GC composition and research octane number of pure
compounds assurning volumetric linear blending. Blending octane numbers
were measured at 7.5% and 15% blending level, then extrapolated to 100%.
RVP and average density were estimated using the GC data assuming linear
molar blending. T10, T50 and T90 were measured using ASTM D2887
simulated distillation.

Table 4
Product Properties of Akylate Gasoline
from Isopentane and Ethylene Alkylation
{Average density, glcc 0.89
IAverage molecular weight, g/imole 104
Average RVP 25
Average RON 87
Biending RON 91
Blending MON 84

ISimulated Distillation, D2887, °C

T-10 wt% 76
T-50 wi% 88
T-90 wi% 119

The product property data shows that by employing the process of the present
invention, high RVP isopentane (20 RVP) was converted {o alkylate gasoline
having a low RVP of 2.5. The high-octane (91 blending RON) and excellent
boiling point distribution are other desirable features of the gasoline blending
components prepared in accordance with the present method. To achieve the
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boi l'ing point distribution are other desirable
features of gasoline bl ending conponents prepared in
accordance with the present invention. 10 Exanple 8:

Al kyl ation of |sobutane with 2-Butene Eval uation. of
W&zoéchﬁ M alkylation with isobutane was per EGFISH03/45707
a 100 cc continuously stirred tank reactor. 8:1 nol ar

r aﬁgroocﬁ)énel, mmuéfameleaa dnafhtautm&mmw@em deleattivity

t t 1600 RPM An
Iﬁogee%%} f?laiwp@@g;{%f%gé{)ﬁ%gg ?e:jr'::)n?hg reactor via a

second inlet port targeting to occupy 10-15 vol %in

el BRSE P conth IR Ao ARl BY o GlernilBXH P M, 025 vas
5 ( Gonbylereciytitiomwito fsopertare wamwglrraew?)a sivaiar gERsadurg to
mstﬂétto%&nblaﬁl %&é 6 BL&® Hiﬁéreﬂﬁ%oé@b RbAAIRRE vitke 3

pressure regulator. The reactor

p usi n
eﬁﬁga e oﬁﬁgpq@enﬁaanﬁpapmeaﬁwmcﬁfsfﬁ%o B reading at

CORJ°C Rehctol RngePGleQindef \fdi%%%atﬁﬁﬁ &Q{lﬂ{rﬁé df dperating

3- phase separato I nto %E JE ydr ocar bon

pHesditiongandyeld infsnation 'ﬂa.pae aled i, biEBet o I ed

jp conposi tion of alkylate gasoline was anal yzed using
gas chromat ography. Researgh O tane nurrber was

cal cul at ed i .

Cct ane nu

vol unetri di tions
and perfo Tabl e 1:
Paraffin Fin

y

Source ci ':aﬁrmﬁaeavabewmlzﬁh:ute;nsteed Pasaffin
Sour ce i s@but ane i sobut ane Cat al yst BupyAl pC17

Cud / Bupy Re2i@eiceinge 9f Beactanti@pinpl ar rati 64 60
Conversion of Propylene, wt% 100
ISelectivity of Converted Products, wit%
Cy 3.6
Cs 23
Oy 1.4
C, 74.2
Cs 2.9
Ciox _15.6
Total ) 100.0
ICs Product lsomer Distribution, wi%
Trimethylpentane/ tofal C; 36.5
Dimethylhexanegf fotal C, 54.8
Methylheptane/ total Cy 8.7
n-octane/ total Cs 0.0
Sum 1060.0 |

The hydrocarbon prodtuct was distilled to generate n-pentane and higher
15  boiling alkylate gasoline (30°C+) fraction and properties of the alkylate
gasoline were measured or estimated, and reported in Table 6.
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WOHIEYSSn, wt % 100

10

15

20

25

40_ Acid volune fraction 0.1 0.15 RPM of reactor
stirring 1600 1600 Tenp O O efin space velocity,
LHSV 6.6 4.3 External I/Oratio, nolar 8.0 8.0

Resi dence tinme of reactant, min 8.0 8.1

9(:%%'5%05/045707
Table 6

Product Properties of Alkylate Gasoline
from Isopentane and Propylene Alkylation

Average density, g/ce 0.71
Average molecular weight, gimole 119
Average RVP 1.0
y Average RON 82
Blending RON 79
Blending MON 78
Simulated Distillation, D2887, deg C
T-10 wit% 107
T-50 wt% 111
T-90 wt% 169

The product property data shows that employing a process according to the
present invention high RVP isopentane (20 RVP) was converted to alkylate
gasoline having a low RVP of 1.0. The high-octarie (82 RON), and excellent
boiling point distribution are other desirable features of gasoline blending
components prepared in accordance with the present invention.

Example 8. Alkylation of Isobutane with 2-Butene

Evaluation of C, olefin alkylation with isobufane was performed in a 100 cc
continuously stirred tank reactor. 8:1 molar ratio of isobutane and 2-butene
mixture was fed to the reactor while vigorously stirring at 1600 RPM. An lonic
liguid catalyst was fed to the reactor via a second inlet port targeting fo
occupy 10-15 vol% in the reactor. A small amount of anthydrous HC! gas was
added to the process. The average residence time (combined volume of
feeds and catalyst) was about 8 minutes. The outlet pressure was maintained
at 100 psig using a backpressure regulator. The reactor temperature was
maintained at 0 °C using external cooling. The reactor effluent was separated
in a 3-phase separator into C4” gas, alkylate hydrocarbon phase, and the ionic
liquid catalyst. Detailed composition of alkylate gasoline was analyzed using
gas chromatography. Research Octane number was calculated based on GC
composition and Research Octane number of pure compounds assuming
volumetric linear blending. The operafing conditions and performance are
summarized in Table 7.
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100

100.0

C5+ Gasol i ne Conposition

WQ 2006/073749

10

C51.11.5C6 2.4
1.8 C7 2.7 2.3 C8 82.9 79.8 C9+ 10.9 14.6 Sum 100.0

PCTUS2005/045707

Table 1: Paraffin Alkylation with C4 olefins

Feed Olefin Source cis-2-butene trans-2-butene
Feed Paraffin Source isobutane ischutane
Catalyst BupyAI2CI7 | CuClBupyAI2CI7
AICI3 cat: HCI molar ratio 60 40
Acid volume fraction 0.1 0.15
RPM of reactor stirring 1600 16006
Temp 0 0
Olefin space velocity, LHSV 6.6 4.3
External HO ratio, molar 8.0 8.0
Residence timeé of reactant, min 8.0 8.1
Olefin conversion, wi% 100 100
Ch+ Gasoii-ne Corrip’ osition

C5 1.4 15
C6 2.4 18
C7 2.7 2.3
ce 82.9 79.8
ca+ 10.9 14.6
Sum 100.0 100.0
% tri-Me-pentane! total C8 95.3 95.3

% Di-Me-hexanef total C8 4.5 45

% Me-Heplane/ total C8 0.2 0.2

% n-Octane/ total C8 00 _ 0.0
Research Octane 98.6 98.4

The resulis in Table 7 show that high octane alkylate can be obtained with n-

butylpyridinium chloroaluminate ionic liquid catalyst. With 2-butene, over 95%

of the C8 fraction is composed of trimethylpentanes having a RON of about

100.

Example 9; Fuel Gas Reduction and H, Recovery Option

The process of the present invention can decrease the amount of excess fuel

gas production in a refinery by converting ethylene in FCC offgas. This

aspect of this invention is shown in this Example using a typical FCC offgas

data from a refinery, as summarized in Table 8.
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10

15

%tri-Me-pentane/ total C8 95.3 95.3 % Di - Me- hexane/

total C8 4.5 4.5 % Me- Heptane/ total C8 02 02 %

n-Cctane./ total C8 0.0 0.0 Research Cctane 98.6
The results in Table 7 show that high

wgﬁgéqnginéy - : L _gc_t RGs/04
can be obtained with nbutyl pyri di nEUmY S707

chloroal um nate ionic |iquid catalyst. Wth 2-butene,
over 95% of the C8 fractiaMeBs conposed of

trimethyl pent anes,diaui R@gdciBbn@t, about 5 100.

Exanpl e 9: Ré&ve 75088 Qeing EMyicRRduyRtBecovery Option

The—process—of the present T Avention Canfdee)eqse the
anpunt of excess f UE!ng@aﬁ FBCOdUgitdr @) | Bxiadtiehiknery by
cohverting ethyl enej oy &s-Bf f Gasactidhi anéboae!g%ect of
t hiokghdwairhe mMserehown #67 thi s Exanpl e usizng a
typical FCC offgas Hata fooma refinery, as
sufRagdtisnin fuel §am | g(Basecase) 19 5

H.: Recovered, MMSCFD 4] 0 9.2

ffgas Composition, vol%

H.S . 10 ppm 0 0

N, ; 6.0 T4 13.2

0. 0.1 0 0

CO, 0.4 0 0

cCO 0.3 . 0 0

H, 35.8 440 0

Methane 275 33.8 60.4

Ethane 108 13 23.2

Ethylene 15 0 0

Propane 1.2 15 27

Propylene 25 0 0

n-Butane 0.1 0.1 0.2

Isobutane 0.1 0 0

Butene 0.1 0 0

Css 0.3 02 .04

Sum 100 100.0 100.0.

This refinery generates 26 million standard cubic feet (MMSCFD) of fuel gas
from an FCC unit daily and the stream contains 15 vol% ethylene. Usinga
process according to the present invention results in converting the ethylene
stream into high-octane gasoline blending component by alkylating the stream
with isopentane or isobutane. The amount of fuel gas from the ethylene
extraction unit is reduced to 21 MMSCFM, thus lowering the burden of fuel
gas processing equipment. In this case, approximately a 19 percent reduction
of fuel gas is feasible.

Extracting ethylene or the C,. stream will improve the purity of hydrogen in
FCC offgas as shown in Table 8, from 36% to 44%. Further upgrading of the
reject stream can be achieved by recovering pure hydrogen gas with use of a
hydrogen recovery unit such as a pressure-swing adsorption (PSA) unit or a
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Tabl e 8 Fuel Gas Reduction and H2 sinu Et hyl ene Al k
Teton Typical FCC Offgas As-is After 02+ Extraction
After C§+ Extraction + H2 Recovery O fgas Vol une,
W%C;%%g) ég Eé I%Qgc oeer e(?,edk/lf/ltslcgg bno FS?IZ GaPSCT’&/gzg"%%gsem"
membrane unit. By combining exiraction of ethylene and hydrogen recovery,
the amount of fuel gas is reduced substantially. In this case, up to a 55%
reduction of fuel gas can be realized relative to the base case. In addition,
9 MMSCFD of hydrogen gas can be recovered. Considering the very:
stringent environmental regulations that are associated with fuel gas
production and storage of hydrogen in refineries, the benefits of fuel gas .
reduction and hydrogen production that are made possible by using the
present invention are significant and highly desirable.

There are numerous variations on the present invention which are possible in
light of the teachings and supporting examples described herein. ttis
therefore understood that within the scope of the following claims, the
invention may be practiced otherwise than as specifically described or

exemplified herein.
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Oicias Conposition, vol % HS io ppmO 0 N2 6.0 74
132 02 0.1 0 0 C2 0.4 00 CO0.300 H2 35.8 44.0

WHAT IS CLAIMED IS:

VI. An integrated refinery process for the production of high quality gasoline blending |

components having low volatility comprising:

(a) providing a first ethylene-containing refinery stream;

) separating a Cy4 fraction from said first stream to produce a second refinery
stream richer in ethylene than said first streain;

(c) providing an isopentane-containing refinery stream;

(d)  contacting said iéopentane-containing refinery stream with said second refinery
sfream in the presence of an ionic liquid catalyst man alkylation zone under

alkylation conditions for 0.5 to 60 minutes whereby an ethylene conversion of at
least 65% is.obtained; and

(e) recovering high quality gasoline blending components of low volﬁtility from said -

alkylation zone.

2. A process according to claim 1, wherein the ethylene-containing refinery stream

comprises offgas from a FCC unit.

3. A process according to claim 1, wherein the ethylene-containing refinery stream

comprises FCC de-ethanizer overhead.

4. A process according to claim I, wherein the ionic liquid catalyst comprises a hydrocarbyl

substituted pyridinium chloride or a hydrocarbyl substituted imidazolium chloride.

3. A process according to claim 4, wherein the ionic liquid catalyst comprises an alkyl

substituted pyridinium chloride or an alkyl substituted imidazolium chloride.
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0 Methane 27.5 33.8 60.4 Ethane 10.6 13 232 Et hyl ene
15 0 O Propane 1.2 1.5 2.7 Propylene 2.5 0 0 n-Butane
0.1 0.1 0.2 Isobutane 0.1 _

WO 2006/073749 PCFAIS2005/045707

B. A process according to claim 5, wherein the ionic liquid catalyst is
selected from the group consisting of 1-butyl-4-methyl-pyridinium
chloroaluminate (BMP}), 1-butyl-pyridinium chloroaluminate (BP),
1-butyl-3-methyl-imidazolium chloroaluminate BMIM) and
1-H-pyridinium chioroaluminate (HP).

7. A process according to claim 1, further comprising blending the highr
quali’ty gasoline blending components into gasoline.

8. A process according to claim 1, wherein the Isopentane-containing
stream comprises isopentane extracted from an FCC unit, isopentane
extracted from a hydrocracking unit, Cs and C; sireams derived from
distillation of crude oil, or Csand Cs streams extracted from a reformer.

o A process according to claim 1, wherein the ionic liquid catalyst further
comprises an HCI co-catalyst.

10. A process according fo claim 1, wherein the first ethylene-containing
refinery stream comprises ethylene, propylene, butylenes and

pantenes,

11. A process according o claim 1, wherein the first refinery stream
contains hydrogen and further comprises separating a C,. fraction from
the first refinery stream which is richer in hydrogen than said first
stream; and recovering hydrogen from the Cs. fraction.

12. A process according to claim 1, further comprising:
H providing a third refinery stream comprising at least one olefin

selected from the group consisting of ethylene, propyiene,
butylenes, pentenes and mixtures thereof;
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13.

0 O Butene 0.1 0 0 C0.3 0.2 0.4 100 100.0 100.0 Sum
5 This refinery generates 26 million standard cubic
feet (MVSCFD) of fuel gas froman FCC unit dail y and
the stream contains 15 vol % et hyl ene. Using a process
according to the present invention results in.
converting the ethylene streaminto high-octane

gasol i ne bl endi ng conponent by al kyl ating the stream
Wi th isopentane or isobutane. The amount of fuel gas
frgm t Y: h 3dHineXt dtrdkh Ofptigind atiléast @BUSEAralffn Rlected
M@CFV\P%F{?B@%%&EH ng Iisfﬁle_ bur de}r)l_ ofgfuel a,s§®d

pr oces§pmdhegraip pensisting of isthugang dswentappintshmniipes ergof;
19 percent reduction of fuel gas is feasible. |
Extracting ethylene or the G+ streamwill inprove

_ EFQ@I gu%d,ntta}é?g%ﬁaga Q988 fhudhkOnRE st SafE Asthas i6K6WauidRatalyst in a-

6% to 44% Further upgrading of the
r ej ect sesomdsalkylataon d9ue ader elkaltioy canditippsrandg pur e
hydrogen gas with use of a hydrogen recovery unit
such as a pressure-swi ng adsorption (PSA) unit or a

' gﬁgb L;%&dépﬂlé Fas%‘ﬁn@ 91@{9&1{}% BshsorkA@ ElohrOfe Scofd H)18#iéh zone.

rogen- fecovery, e amount of fuel gas is
reduced substantially. In this case, up to a 55%

- reduction of fuel gas can he reali z-e%_ relati yje .o tﬂgeaS

bagueetoersel improvaifhe Pptiating ofiERseD 5P MHy WP gHRS fig
b&o’d&&%ﬁ%ﬁg gimuﬁ@ﬂe%‘uﬁ? Ik cihb Bigh&fuMlity easoline blending components of

low volatility comprising:
(a) . providing a first refinery stream comprising hydrogen and C,-Cs olefins;

(b)  separating a Cy. fraction from said first stream to produce a second refinery

stream richer in olefins than said first.stream and a third refinery stream richer in

hydrogen than said first stream;
(c)  providing an isopentane-~containing refinery stream;

(d)  contacting said isopentane-containing refinery stream with said second refinery
stream in the presence of an ionic liquid catalyst in an alkylation zone under

alkylation conditions for 0.5 to 60 minutes whereby an ethylene conversion of at

least 65% is obtained;

(e) recovering high quality gasoline blending components of low volatility from said

alkylation zone; and

() recovering hydrogen from said third refinery stream.

24
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associ ated with fuel gas production and storage of
hydrogen in refineries, the benefits of. fuel gas
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et hyl ene-cont ai ning refinergy stream conpri ses

ethyl ene, propyl ene, butylenes and pentenes.



WO 2006/073749 PCT/US2005/045707

31. A composition according to claim 24, wherein the ionic liquid catalyst
further comprises an HCI co-catalyst.

32. A composition according to claim '24, wherein the first

ethylene-containing refinery stream comprises ethylene, propylené,
butylenes and pentenes.
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