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The present disclosure provides an integrated
refinery process for the production of high quality
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i So- pent ane, 8% n-pentane, 0.9% n-butane, 3.4%
Ces-Ces and 0.2% olefins (C4 and C5 olefins). It also
cont ai ned 88 ppm sul fur (nercaptans) and 0.4 ppm
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HCl or any Broensted acid nay be enpl oyed as an
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of the means known to the skilled 25 person. At the
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hydr ocarbons are separated by distillation and the
~starting isoparaffin which has not been converted is
recycled to the reactor. 30 Typical reaction
conditions may include a catalyst volune in the
reactor of 5 vol%to 50 vol% a tenperature of -10C
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i sopentane with ethylene in a batch autoclave is
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t he absence of Ha, the reaction usually takes 1/2
hour to 1 hour tlne (50C and autogenlc pressure of



Process Configuration A schene for an integrated
refinery al kylation process to inplenent an

enbodi nent of the present invention is shown in
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Those processes suffer from major disadvantages: hydrofluoric acid by virtue
of its toxicity and its high degree of volatility; and sulfuric acid by virtue of a
substantial volumetric consumption of the catalyst requiring burdensome
regeneration. These reasons have motivated the development of catalysts
which are solid or which are supported on solids such as aluminosilicates or
metal oxides such as zirconia treated with sulfuric acid. However, solid
catalysts are generaily found to present a low level of selectivity and a low
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temperature can be in the range -40°C to +150°C, preferably in the range
-20°C to +100°C. The préssure 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 80 min. The heat generated by the
reaction can be eliminated using any of the means known to the skilled

person. Atthe reactor outlet, the hydrocarbon phase is separated from the
jonic phase by decanting, then the hydrocarbons are separated by distillation -
and the starting isoparaffin which has not been converted is recycled fo 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.
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A catalyst system comprised of aluminum chloride and hydrogen chloride
(hydrochloric acid) for catalyzing the alkylation of iso-paraffins and olefins in
ionic liguids (chioroaluminate fonic 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 baich autodlave 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
fonic 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 refinety stream is fed to an Ethylene Extraction Unit fo
separate a Cy. fraction rich in ethylene. The Ethylene Extraction Unit is
typically comprised of membrane and/or distillation column separation
equipment. A second refinery stream containing isopentane is fed 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 o 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 H, Recovery Unit if desirable. The H.
Recovery Unit is typically comprised of a selective hydrogen-permeable
membrane unit and/or pressure-swing adsorption {(PSA) unit.
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G. 2.6 0 3.0 3.3 3.6 2.4 3.6 C 3.8 4.3 2.7 4.2
65.8 65.6 69.1 68.8 Ca 9.9 9.8

A process according fo the present invention offers a refiner considerable
flexibility with respect to being able to prepare gasoline blending 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 ionic liquid catalysts. For example,
the Ca. fraction described above may contain propylene, butylene andfor
pentenes and the isopentane containing stream may also contain isobutane.
Isobutane may be alkylated with ethylene fo produce a high-octane Cs
gasoline blending component. A C; olefin containing stream may be isolated
and used for the alkylation of isobutane, isopentane or their mixtures. Other

variations and combinations will be apparent to refiners generally.

The foilowing 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
EXamgle 1: The Preparation of N-Butyl-Pyridinium Chloroaluminate [onic
Liquid
N-bytyl-pyridinium chioroaluminate is a room temperature ionic liquid
prepared by mixing neat N-butyl-pyridinium chioride (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 fo stir at 145°C under autogenic pressure
over night. Then, the autoclave was cooled down io room temperature,
vented and the resultant mixiure was transferred to a three liter round bottom
flask. Chioroform was used to rinse the liner and dissolve the stubbomn crusty
-10 -
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10 NMR analysis. N-butylpyridinium chloroaluminate was prepared by slowly
mixing dried N-butylpyridinium chloride and anhydrous aluminum chloride
(AICIs} according to the following procedure. The N-butylpyridinium chioride
(prepared as described above) was dried under vacuum at 80°C for 48 hours.
to get rid of residual water (N-butylpyridinium 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 fransferred to a 2-Liter beaker in
a nitrogen atmosphere in a glove box. Then, 777.4 gm (5.83 mol.) of
anhydrous powdered AlCl; (98.99% from Aldrich) were added in small
portions (while stirring) te control the temperature of the highly exothermic

20 reaction. Once alf the AlCI; was added, the resulting amber-looking liquid was

left to gently stir overnight in the glove box. The liquid was then filtered to

remove any un-dissolved AICl;. The resuiting acidic N-butyl-pyridinium
chloroaluminate was used as the catalyst for the alkylation of isopentane with
ethylene,
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Example 3: Batch Alkylation of Isopentane in Butylpyridinium
Chloroaluminate without Applying Any Additional 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 noticeable. Table 1 below shows the reaction results.

-12 -
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T-10 Wt % 76 T-50 wt % 88 T-90 wit) 119 The product
property data shows that by enploying the process of

nt invention, high RVP isopentane
wb%oa%?ﬁ? 0%5%@@45707

10

15

20

Was converted to alkylate gasol i ne having a
of 2.5. The high-octane (91 bl endi ng RON) and
exo@plet:  Batchdiltiatign pdlspperdarst in iBbtytdyﬁdﬁm&ihe ot her

desi r abl

component s Pl ARABRE PSR iF PR s 8hsnen it
met hod. ToasaekiceGealalyble hi gh-octane, it is preferable
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409 oreI atlve to
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Pr%ﬁh@ﬁ@axﬂi &Y lgaf dthfleNd. tThd @Qﬁ%ﬁg@g@%@%&ﬁ? %ﬁ(gxmn%mc

% procedure to that
6 F’é%?é@*ﬁtand PP Fom BHTRG c Bissreaglivnivas derdninpiadovhpsed fugher
;T@la@fsuﬁe&ﬁmmmﬁ ndteefRet wia éﬁ:ﬂ theRbadh QA8 nHﬁciéEHS(e Wgs .
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and yield information are presented in Table 5. 10
Table 5 Continuous Al kyI of Isopent ane and
Propyl ene Te ?["gjiebn%f‘gé%gal rEeﬁqure, kPa 290
pentane and Ethylene :
Cat al yst Vo'\M{FPB H1BHidiflm Chioroaluminate Catalyst
Example 3 Exampie 4

Reaction Without HCl  With HCI
105f02 4 4
Temp. (°C) 50 50
Starting pressure, kPa 2050 2080
Ending Pressure, kPa 76 48
Reaction Time (min.) 44 5
Yields %

Cs. 0 0
‘04 3 6 4.1
Cs 4.1 8.0
C; 70.5 63.3
Cy 8.9 9.1
Cs 8.2 7.1
Cio 35 4.2
C11+ 3.4 4.3

The results from isopentane/ethylene alkylation are excellent and most of the
products are in the desired alkylates range where C;s 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 jonic liquid catalyst and changes the product selectivity. When HCl was
added as a co-catalyst, the reaction was done at much shorter time

{completed in 5 minutes) and slight change in product selectivity was
observed.

-13-



0.07 External I/O Ratio, nolar 8.0 Aefin Space
Vel ocityNol . of Cat (LHSV) 4.4 Residence Tine of
Reactant, mn 24 Conversion of Propylene, w % 100

| vj,ty of Converted Products w% C4. 3.6 Cg 2.3
"%‘;E@%ﬁ@g’ 74.2 C9 2.9 15.6 Total 100.0 Cg %FE’&J%"S"““S"‘”
| somer Distribution, W%

Example 6. Batch Alkylation of Isopentane and Ethylene with Other
Chloroaluminate lonic Liquid Catalyst
Other chioroaluminate jonic liquid catalysts with quaternary ammonium or
5 amine halide salt can perform the same alkylation chemistry. Table 2 below
compares the alkylation results of isopentane with ethylene in different
chloroaluminate ionic liquid catalysts. Quaternary ammonium or amine salts
used are 1-butyl-pyridinium (BPy), 4-methyl-1-butyl-pyridinium (MBPy),
1-butyl-4-methyl-imidaazolium (BMIM) and tributyl-methyl-ammonium (TBMA)
10  chioroaluminates. The reactions were all conducted at 50°C and autogenic
pressure at a feed paraffin/olefin molar ratio of 4, in 20 gm ionic-liquid for

1 hour.
Table 2
15 Batch Alkylation of Isopentane and
Ethylene with Various Chloroaluminate Catalyst

Salt used to make the MBPy BPy TBMA BMIM
chiorcaluminate catalyst |
Starting Pressure, kPa 2040 2230 2140 1920
Ending Pressure, kPa 290 76 540 69
Ethylene Conversion L 65% 95% | 55% - 95%
Product Selectivity, wt%
Ca. 28 0 30 | 0

{1 Gy 33 | 38 24 1 38
Ce 3.8 4.3 27 | 42
[ _ 65.8 65.6 9.1 68.8
Cs 9.9 0.8 2.2 97
Cs 7.3 6.5 73 | 64
Cyo | 55 4.7 43 | 43
[ - 16 | 34 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 tributyl-methyl-ammonium is less active than the other three catalysts.
Chloroaluminate catalysts made with hydrocarbyl substituted pyridinium
chloride or a hydrocarbyl substituted imidazolium chloride shows high activity
and good selectivity.

25
-14 -
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Tri met hyl pent ane/ total
Cg 54.8 Met hyl heptane/ total

Cg 36.5 Di net hyt hexane/ total
Cg 8.7 n-octane/ total ;

0.0 Sum 100 0 The hydrocarbon product was
to generate n-pentane and hi gher %?T}ﬂ@ioo#/&%m

e gasoline (30C+) fraction and proper
the al kyl ate gasoline were neasured or

i'es
esti mat ed, and

r ep@inpld:i rCofitiilars Bkylalial bids@enne ditbtEtRdenser t i es of

A als,

SR B iR a0 o

eP oﬂﬂé(c! ﬂ%el 00 cc

vera

nmoetﬂwﬂaﬁy wireghiank eator-¢- 11m9lam§¢ ayjieomRyang aod Alfwieage
RONxBre BheRd td@eRNtor while vigorously stirring at 1600 rpm. An lonic

liquid catalyst was fed to the reactor via a second inlet port targeting to

occupy 15 val% in the reactor. A small amount of anhydrous HCl gas was

added to the process {10:1 molar ratio of catalyst {o 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

backpressure regulator. The reactor temperature was maintained at 50°C.

The reacior effluent was separated in a 3-phase separator into Cy4. gas;

alkylate hiydrocarbon phase, and the ionic liquid catalyst. Operating

conditions and yield information are summarized in Table 3.

Table 3

Continuous Alkyiahon 2 of Isop Isopentane and Ethylene

Temperature, °C

Total Pressure, kPa
Catalyst Volume Fraction
{External VO Ratio, molar
Olefin Space Velocity/Vol, of Cat (LHSV)
Catalyst fo HCI Ratio, molar
Residence Time of Reactant, min

Conversion of Ethylene, wi%

Iselectivity of Converted Products, wit%

Cs.
n Cst neo Cs

24

50
2300
0.15
40
1.1
10
40

95

4.3
2.4
4.2
78.6
14
7.0

100.0

C, Product Isomer Bistribution, %

Trimethylbutanef totaf C,
2,3-Dimethylpentane/ total C;

2 4-Dimethylpentane/ totai C;
Other-Dimethylpentane/ total C;
Methylhexane/ total C;
n-heptane/ total G,

Sum

0.0

02
4990
48.6

0.1

21

100.0
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79 Blending MON 78 Sinul ated Distillation, 02887, deg
C T-10 wt% 107 T-50 wt % 111 T-90 wt % 169 5 The
product property data shows that enploying a process
ceor di to the present invention high RVP

25?9“3"% %e (20 RVP) was converted to al kyl ol G1/US2005/045707
gasoline having a low RVP of 1.0. The hi gh-octane (82
RON), and excellent boiling point distribution are
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in T_abl e 7. Prgﬁpét E’ro]pértte of Al yi&eﬂas%l&naetl on with C4

20 0l efins from Isopentane and Ethylene Alkylation

verage density, glcc 0.69
verage molecular weight, g/mole 104
verage RVP 25
verage RON 87
Blending RON 91

lending MON 84
imulated Distiilation, D2887, °C

T-10 wt%. 76

T-50 wit% 83

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 fo alkylate gasoline
having a low RVP of 2.5. The high-octane (91 blending RON) and excellent
25 boeiling 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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Feed A efin Source cis-2-butene trans-2-butene Feed
Paraf fin Source isobutane isobutane Cat al yst
BupyAl 2C17 Cud / BupyAl 2C17 Al C13 cat: HCl1 nolar ratio

0 4 Acid volunme fraction 0.1 0.15 RPM of r
“gﬁ“?@?‘f’ﬁ”’ds'leoo 1600 Tenp O Ferl R s

high-octane, it is preferable to maintain the 2,3-dimethylpentane selectivity
above 40% relative to the total C; yield.

Example 7: Continuous Allcylation of Isopentane with Propylene

5  Propylene alkylation with isopentane was performed via a similar procedure 1o
that described in Example 6 except different process conditions were used.
8:1 molar ratio of isopentane and propylene mixture was fed to the reactor, at
10°C reactor temperature and 7 vol% of catalyst. A summary of operating
conditions and yield information are presented in Table 5.

10
Table &

Continuous Alkylation of Isopentane and Propylene
Temperature, °C 10
Total Pressure, kPa 280
Catalyst Volume Fraction 0.07
External ##O Ratio, molar 8.0
Olefin Space Velocity/Vol. of Cat (LHSV) 4.4
Residence Time of Reactant, min 24
Conversion of Propylene, wt% 100

Selectivity of Converied Products, wi%

Cs. 3.6
Ce 23
C, 14
Cs 4.2
Cs 2.9
Cio: 5.6
Total 400.0
C; Product Isomer Distribution, wt%
Trimethylpentane/ total C; 36.5
Dimethythexane/ total Cg 54.8
Methylheptane/ total C; 8.7
n-octane/ total C; 0.0
Sum 100.0

The hydroearbon product 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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O Aefin space velocity, LHSV 6.6 4.3 External 1/0
ratio, nolar 8.0 8.0 Residence tine of reactant, mn
8.0 8.1 A efin conversion, wt% 100 100 Co5+

wsRbhAg,Composition G -1.1 1.5 06 PCI/US2005/045707

Table 6

Product Properties of Alkylate Gasoline
from Isopentane and Propylene Alkylation

iAverage density, glcc 071
Average molecular weight, g/mole 119
Average RVP 1.0
‘ Average RON 82
Blending RON 79
Blending MON 78
Simulated Distillation, D2887, deg C
T-10 wi% 107
T-50 wi% 111
T-90 wit¥% 169

5 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-octane (82 RON}), and excellent
boiling point distribution are other desirable features of gasoline blending

components prepared in accordance with the present inventien.

10

Example 8: Alkylation of isobutane with 2-Butene

Evaluation of G4 olefin alkylation with isobutane was performed in a 100 cc
continuously stirred tank reactor. 8:1 molar ratio of isobutane and 2-butene
rnixture was fed to the reactor while vigorously stirring at 1600 RPM. An lonic
15  liquid catalyst was fed to the reactor via a second inlet port targeting to
occupy 10-15 vol% in the reactor. A small amount of anhydrous HCl 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

20 maintained at 0 °C using external cooling. The reactor efftuent was separated
in a 3-phase separator into C4 gas, alkylate hydrocarbon phase, and the ionic
liquid catalyst. Detailed eomposition 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

25  volumetric linear blending. The operating conditions and performance are
summarized in Table 7.
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2.41.8 07 2.7 2.3 C8 82.9 79.8 09+ 10.9 14.6 Sum

100.0 100.0 %tri
D - Me- hexane/ t ot al

“% 2%0(907%749

10

- Me- pent ane/ total

08 4.5 4.5 % Me- Hept ane/ total

C8 95.3 95.3 %

C8
PCT/US2005/045707

‘Table 1; Paraffin Alkylation with C4 oleiins

Feed Olefin Source cis-2-butene trans-2-hutene
Feed Paraffin Source isobutane isobutane
iCatalyst BupyAIZCI7 _ ICuCI/BupyAl2CI7
AICI3 cat: HCI molar ratio 80. AQ
Acid volume fraction 0.1 0.15
RPM of reactor stirring 1600 1600
Temp 0 0
Olefin space velocity, LHSV 6.6 4.3
External /O ratio, molar 8.0 8.0
Residence time of reactant, min 8.0 8.1
Olefin conversion, widh 100 100
Ch4+ Gasoline Composition

C5 1. 1.5
C6 24 1.8
c7 2.7 2.3
ca 82.9 79.8
Co+ 10.9 14.6
Sum 100.0 100.0
% tri-Me-pentang/ total C8 95.3 95.3

% Di-Me-hexane/ total C8 45 45

% Me-Heptane/ total C8 0.2 0.2

% n-Octane/ total CB 0.0 0.-(_)'
Research Obtane 98_.6. 98.4

The results in Table 7 show that high octane alkytate 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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% n-Cctane/ total 03 0.0 0.0 Research Cctane 98.6
98.4 The results in Table 7 show that high octane
al kyl ate can be obtained with nbutyl pyridinium

mnate ionic liquid catalyst. Wth_2-
'ovgé)gﬁr’qg o of the C8 fract?on IS con')p/)osed of P%T}aﬂh%g}&mm
trimet hyl pentanes having a RON of about 5 100.
Exanpl e 9: Fuel Gas Redud&®®® and H2 Recovery Option
The process of thgpLeRRRlicioRkAAH, 0N can decrease the
anount of exc&van tision 98g EtIREMetAloRtDA a refinery by
copiverting etnyrenefin FCC off gas. Thi s aldr@gpéct of
this invention is shaygicdlFCChi SAfe¢ERp| Extuaditing +3
typi cal FCC of f gas {effgas Aslw aErwddtiner ¥i; Revery
Sujoigss Yeldme, MMSERDE 8. Tmble 8 Puel Gas Redugti on

anfl H2 very 0 tion psing ®Ethyl ene k tefl Typi cal
FORedyqtign it Fyel Pas, & | o (Bagofaseliy i r adlj on Af t%qu yP
H. Recovered, MMSCFD 0 0 9.2
Offgas Composition, vol%r
H.S 10 ppm 0 0
N. ' 6.0 74 13.2
0, 0.1 ] 0
CO, 0.4 0 0
CO 0.3 . 0 0
H, 35.8 44.0 0
Methane 275 33.8 60.4
Ethane ' 10.8 13 23.2
thylene 15 0 0
ropane 1.2 15 27
Propyleng 2.5 0 0
n-Butane 0.1 0.1 0.2
isobutane 0.1 0 o
utene 0.1 0 0
Cs: 0.3 _0.2 o4
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 Cs, 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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10

Extraction + H2 Recovery O fgas Vol unme, MUWSCFD* 26 21
12 O Reduction in Fuel Gas, % (Base case} 19 55 H2
Recovered, MMSCFD 0 0 92 O fgas Conposition, vol %
1128 10 ppm O O

WO 2006/07374 PCT/US2005/045707

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 fust 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. ltis
therefore understood that within the scope of the following claims, the
invention may be practiced otherwise than as specifically described or

axemplified herein,
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N2 6.0 7.4 13.2 02 0.1 0 0 CO2 0.4 00 CO0.3 00 H2
35.8 44.0 0 Methane 27.5 33.8 60.4 Ethane 10.6

WHAT IS CLAIMED IS:

1. 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;

(b) separating a Cy- fraction from said first stream to produce a second refinery
stream richer in ethylene than said first stream;

(c) providing an isopentane-containing refinery stream;

(d) contactmg said 1sopentane-conta1n1ng refinery’ strearn with said second refinery
stream in the presence of an jonic liquid catalyst in an alkylation zone under

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

least 65% is fobtained; and

(e) recovering high quality gasoline blending components of low volatility 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 1, wherein the ionic liquid catalyst comprises a hydrocarbyl

substituted pyridinium chloride or a hydrocarby] substituted imidazolium chloride.

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

suBstituted pyridinium chloride or an alkyl substituted imidazolium chloride.

22
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1 Et hyl ene 15 0 O Propane 12 1.5 2.7 Propyl ene
2.5
0.1

3.2
O O n-Butane 0.1 0.1 0.2 Isobutane 0.1 0 0 Butene
00 ,

WO 2006/073749 PCT/U82005/045707

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

7. A process according to claim 1, further comprising blending the high
qualify gasoline biending components info gasoline.

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

9. A process according to claim 1, wherein the onic liquid catalyst further
comprises an HC! co-catalyst.

10.  Aprocess according to claim 1, wherein the first ethylene-containing
refinery stream comprises ethylene, propylene, butylenes and

penienes.

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

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

selected from the group consisting of ethylene, propylene,
butylenes, pentenes and mixiures thereof;
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Mg 09 ByIRARAMGH Rfindr dreddl Lo oNRARIEA End-5 bReIns;

t present "I nvention  are significant and h|g%ly
desirable. 10 There are numerous variations on the
present invention which are possible in |ight of thF

t @dchi segerabnga Seplrstien ﬁ@me%ﬁﬁ%ls@eﬂ@é‘& PIOHRE gpendyetinery
It i's LRehel RESn ORRE HaRQiatiatstrddnh Bhdla thile rSERPEs1REm richer in
the fol OMAng‘cPalns, the 1 nvention may be practiced

ot her viisleogeh éinassiddpsicsiteasal | y descri bed or

exenplified herein. WHAT IS CLAIMED | S:

(c) providing an isopentane-containing refinery stream;

(d) contacting said isopentane-containing refinery stream with said second refinery
stream in the presence of an jonic 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.
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1. An integrated refinery process for the production

of high quality gasoline bl endi ng conponents havi ng

| ow volatility conmprising: (a) providing a first

et hyl ene-containing refinery stream (b) separating a
va22006nBe49 on fromsaid first streamto prodRCEUS2005045707
second refinery streamricher in ethylene than said

first stre c) ,provi.di ng ap isqpent ane-cont.ai ni ng
Feftnerh MERPH ahforg 9 Radh Phyebdfgrhiese SSkithg

I Sopentrafireryg sirdam cormgiseedifgas fpnsd Feé@ommiv th sai d .
second refinery streamin the presence of an ionic
l'iquid catalyst in an al kyl ati on zone under

al k§l atA oethod adéardiog & dlam 13, Whereindile sthyleneesonidiaing by
an eth ] I %1 s ,0bt ai ned;
and (e¥£ﬁgﬁ%§§%¥ﬁ%§ﬁ?§ﬁgﬁﬁgp?f@ﬂégggﬁﬁ%g%g1ending
conmponents of low volatility fromsaid al kyl ati on

ZORE. N Mol SESTIIAG RAIAINS, WRerBidhdTotic YRS Eﬁgngﬁ ggs

et hyl ene-caontai ning refinery stream conprises

f r om a SPOPrigRFa Dydeocarhyl ybetiyted pyddiviimghioddera m 1,
wher ei mytifegarBiiRviben@ed PRdBoMm enibdd nery stream
conpri ses FCC de-ethani zer overhead. 4. A process
according to claim1, wherein the ionic liquid
catal yH procsieace@8ing tdwanomvayleinshid Bhicliylie datalyst

pyridinium.chl orid ra hydracarby| .substituted

P oz SPEES e DB EYhRRED Hoole 8 A G ai m
4, whemrsebstititdrbimideroturh cigosidd. cat al yst conpri ses an

al kyl substituted pyridiniumchloride or an al kyl
substituted imdazoliumchloride. 6. A process

acthr didrgotass ebeirding jo ciier il whereia thoiehic liuid catdlyst is
cataly j Lo K > LSt

bt y oo FRhe S bR Pl 0P EABR AR

1- but ychiggpaltgitrate (BNR), dbubd-pyridinire cilgppluminate (BP),

1- but y h=pdyististhytiadAA oM S iR aa Byinaie BM M
and 1-H pyridinium chl oroalum nate (HP). 7. A process
accor ditdgPyisiniyra chiproalumiate & )c onpr i si ng bl endi ng t he
hi gh quality gasoline bl ending conponents into
gasoline. 8. A process according to ¢laiml, wherein
URii o BbetboaBinep e o HeShoeBRR IS dnsdhe blne
ext r actyedlityf gaRoMrfbiétding dintponkiftd Pangasamee Xt ract ed from
a hydrocracking unit, Cs and C6 streans derived from
distillation of crude oil, or Cs and Cs streans

eXa0x acAankthodoancardingf to iciaim 13,9hefeip thedepentaae-oordainggt O

claim ' Lonl c ki qui st .further
compr 1 SreaEripdto RSpurtCatrlil o i O inl Kobdlitne,
to cl afxhatiedvifeny 2 hydrodrecking wit, €4 &yl @oireems dalivedrigpm

[ e el BGRTN bRl ENEHRs RFRRY A roformer.
but yl enes and pent enes. 51 process according to
claim1, wherein the first refinery stream contains

hydr ogg el dcebldiBito BRIP4 SARrsif BRGHd f%d?cg%;{sg further

fraction fromthe first refinery stream

ri cher SamprgpeipdHEhCe-RRiAYEai d first stream and
recovering hydrogen fromthe C2. fraction. 12. A
process according to claim1, further conprising:
(f)providing a third refinery stream conprising at

| east one olefin selected fromthe group consisting
of ethyl ene, propyl ene, butglenes, pent enes and

m xtures thereof; -25- x



(g) providing a fourth refinery stream conprising at

| east one isoparaffin selected fromthe group

consi sting of isobutane, isopentane and m xtures
thereof; (h) contacting said third and fourth
webdomersyssst reans with an ionic |iquid catal PSEUSIHOH45707
second al kyl ati on zone under al kyl ation conditions;

and,(i),recoverin sql.i bl endi C nents from
R AR e e el B
t he opeefitennsgireeint canmisey etbfleae, pafpyless,\bubyenesdoudi ng
fuel ¢ n@hggucti on ‘and si nmul taneously produci ng high
qual i tgigaso ine bl ending conponents of |ow
volatility conprising: (a) providing a first refinery
St BSAM £ ARk SbAdY B AR RANERoRBOhE! T 1S (D).
separating a C2+ fraction from sai PPt streamto
produce a second refinery streamricher in olefins
than saphy fhrositiinglartBiRMeARly Birddhh EShprRfngRe lesidre®Rih
.richer Tn hydrogen than said fjrst stream (c

provi di ng afPeSSHEND Hirare g tseisingeh elmienerRiomteeam
(d) contact hiigiendd, feMsRRMINRuRB Y Ng refinery
streamw th said second refinery streamin the
presence of an ionic liquid catalyst in an alkylation
zone unper pbWingtalfourtroefckny seden Eopfipriding at Badne

m nut es wher eb n_ethyl ene conversion.of at |east
506 1 < obt aieery skt BOB GO SreRu e BpeyBREl | e
bl endi ng coisprEmariesandimikionesviodredf) | ity from said-

al kyl ati on zone; and recovering hydrogen fromsaid
third refinery stream 14. A nethod according to
claim 18, whtasting sdieé thirdlapt! Enetheolinesi sticags with anénjc
stream co j § j et hod
accor di ng ”Pgugf%t%%gﬁﬁcgﬁg%ﬁy!?ﬁg AR bndet gﬂ(yléhdﬁe

et hyl ene- co¥ndiiansi@d ef i nery stream conpri ses FCC

de- et hani zer overhead. 16. A nethod according to
claim13, wherein the ionic liquid catalyst conprises
a hydr d@ar pPovesine sasAipe Biepyipg ERPRONRNS IffP%'rtF%l geqend 5
hydr ocar byl afigdimhizbed.ed i m dazoliumchloride. 17. A
process according to claim 16, wherein the ionic
l'iquid catal yst conprises an al kyl substituted

py24.di & high qualigr gadelinerbleandingl doyiposiidsdiaving telvolatility

i mdazaliu hloride. 18 _.A process according to

cl ai m %fpa%‘i@%yeﬁ Provee SPORI'E i qui d catalyst is

sel ected fromthe group consisting of

1- but yl -\4- AR & djn0i P! (SKI P),
but yl r (et RAfs Sl B GaRhg ugtly bain

1- butyl - 3-net hyl -i m dazol i um chl or oal um nate BM M

and 1- kpyrd di ok | ] t hod
accor d:(br?g tégg%rl%gﬁn%%%ﬂ%ﬁ%%@%é?@ar%%%ﬁl I ng

t he hi gh qurcendrefiesnysirern Behen i siyylensrirhesid st sieam;
gasoline. 20. A nethod according to claim 13, wherein
the i sopentane-containing stream conpri ses i sopentane
extrac{@d fAreyidingariseremane-coniaiihieirsy 8%a%ct ed from
a hydrocracking unit, Cs and C6 streans derived from
distillation of crude oil, or CB and C6 streans
extracted froma refornmer. 21. A nethod according to
claim 13, wherein the ionic |iquid catalyst further
conprises an NCl co-cat al yszt6




25.
26.

27.

- 28.

29.

30.

22. A nethod according to claim 13, wherein the first

et hyl ene-containing refinery stream conprises

et hyl.ene, propyl ene, butylenes and pentenes. 23. A

met hod according to claim 13, further conprising:
(9)providing a third refinery stream conprising at

| east one olefin selected fromthe group consisting

of ethyl ene, propyl ene, butylenes, pentenes and

m xtures thereof; (h)providing a fourth refinery
s{d)eamdeahg MidBogdntdneasitaining refieppstedafi witls slidstcent refinery

fromthe group consisting of isopbutane, i ent ane

and i ARG TEEFEEE. ol 68 SV CIIY Akt &t i Riagpone under
fourt halkﬁgﬂé&ﬁoﬁdﬁbﬁ%%j% 50 ARd Ot eBeblyl 4 Wkt 1 dnd teahiesdion of at -
in a second al kyl ati on zone under al kyl'ation

condi t leant §5%anabtaipyd;@sdver i ng gasol i ne bl endi ng

conponents fromthe second al kyl ation zone. 24.A

hi gh quality gasoline blending conposition having |ow .
v@) at i fetdveripg bighredith gawmlipe blcadisg evmpnneris aflow wpjatility from said
providHE a first ethylene-containing refinery .

st reanf )g'ﬁ‘)t)‘onszé’ﬂ‘%(rati ng a C2+ fraction fromsaid first
streamto produce a second refinery streamricher in

et hyl ene .t han said fjrst, strea rovidin
B SmRoS e Sadaatr S o i M el ShydHe P h itk Rfinery stream
cggﬁﬁﬁkg@@@ﬁq&ﬁjipgg@ﬂ&ane-containing refinery stream

with said Second refinery streamin the presence of
an ionic liquid catalyst in an al kylation zone under

al kirRbiiQsh senddidy t8Rmirh 24, Whépeih CheGthyRudioatiniereeibsry stream

“an ethyl ene conversion of at |east 65%is obtained,

aemnrsys FEC de-ethanigetivgtheadial i ty gasol i ne bl endi ng
conponents of low volatility fromsaid al kyl ati on

zone. 25. A conposition according to claim 24, .
wAepmpositidreaceordyrzgn elabo Ad-alireip thedpnip dayid gpialyshgomprises a

g‘gﬁ%ﬁégf 3’ s %%tfi C%éiprﬁig%?& mﬁg&é#@;&:ahhgaﬁrca@y%ﬁ%ﬁﬁeﬁ ifAfdazolium

ettoridne- contai ning refinery stream conprises FCC

de- et hani zer overhead 27. A conposition according to

claim 24, wherein the ionic liquid catalyst conprises

aA Rysipesasiccordiipab iclatih @, whyréidithel iomic dilyhidreailysorongprises an alkyl
hydr ocar byl _substituted i m.dazolium,chloride. ,28. A -
CORBUiet PIFORBERUTHS o 80 A1) TP PRI
l'iquid catal yst conprises an al kyl substituted

pyridi niumchloride or an al kyl substituted

| NippRzal deborimb ke Elaii28, 2fherdin edes Hquid camlybtrig stleted from the
claim28, wherein the ionic l.i uiglcatal¥st &ﬁMP 1 butvl
swPwiLeQagisHRGHM Pty gf-Bus b arEdis iy giegpaluminate (BMP), T -butyl-

) 3 inR%(BEY, Al bheh A 0REA chiBMRlumihat
Eﬁ@‘?‘%ﬁ?%%ﬁ“%@%%ﬂﬁiﬁat REES CRTTETImIRE
1B MINAY bad31-dEpymidinium dipzedimirae{HE).oal uni nate BM M

and 1-H pyridiniumchioroalum nate (HP).” 30. A
conposition according to claim 24, wherein the

Iy 98886%%_308&851@ t5bRAfn 85 V3R in the isopentane- containing stream
comprises isoPenfane extracted from an FCC unit, isopentane extracted from a '

hydrocracking unit, Cs and Cg sﬁeﬁms derived from distillation of crude oil, or Cs and Ce

- streams extracted from a reformer.
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conprises isopentane extracted froman FCC unit,

i sopent ane extracted froma hydrocracking unit, C5

and C6 streans derived fromdistillation of crude

oil, or C5 and C6 streans extracted froma reformer.
W2006078@fposi ti on accordi ng to clai m24, whEEBURPHUSTT

ionic liquid catalyst further conprises an HC

seat t. 22. A It dj to claim 24,
wndlel i PR RaT oY Briitinoh ANHERgh Brefeny cabEan
conpr i Jetheetdnyprises an biG py-catalyst. but yl enes and
pent enes.

32. A composition according to claim 24, wherein the first
ethyiéne-containing refinery stream comprises ethylene, propyiené,
butylenes and pentenes. '
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