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STARTUP PROCEDURES FOR
FONIC LIQUID CATALYZED HYDROCARBON CONVERSION PROCESSES

FIELD OF THE INVENTION

The present invention relates to startup procedures for iomic Uquid catalyzed hydrocarbon

conversion BEOCQESCS.

BACKGROUND OF THE INVENTION

Meial halide ionic Hquid catalysis are attractive in many refinery process applications where
the Hyuid catalyst is casily mixed with the reactants in a reactor, and veadily separated from
hydrocarbon products in & settier, Tonic liquid catalysts may be used in a range of
hydrocarbon conversion processes, such as parafiin aikyiation, paraffin isomerization, olefin
isomerization, olefin dimerization, olefin oligomerization, olefin polymerization and aromatic

alkylation,

An example of an ionic liguid catalyzed hydrocarbon conversion process is the alkylation of
isoparatfing with olefins to make gasoline cuts with high octane number {see, e.g., LS. Pat,
No. 7,432 408 to Timken et al.). In contrast, a widely used convenhional process for the
alkylation of isoparaffing with clefins is catalyzed by sulfuric acid or hydrofiuoric acid.
Apart from environmental, health and safety concerns related to the use of large volumes of
H2S04 or HE, tomic Bauid catalyzed alkylation offers a sumber of advantages over
conventiona! alkylation, including: lower capital expenditure on plants, lower operating
expenditure, lower catalyst inventory volume, lower catalyst make-up rate, expansion of

usable feeds, and higher gasoline yield.

The presence of HC as a co-catalyst with an fonic liquid provides an incressed leved of
catalytic activity, for example, as disclosed by U.S. Pat. No. 7,432,408, Typically, anhydrous
HCH or organic chloride is added with the reactor feed to direct the reactions to the desired
activity and selectivity (see, e.g., 11.S. Pat. Nos.7,493,144 1o Elomari, and 7,531,707 to Harrts
et al.}. In the case of organic chioride as co-catalyst, HCl may be formed in sty in the
reacior. However, the presence of HCI in the downstream product separation sections of the
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plant may corrode distillation columns and other equipment, especially if there is any water
present. Accordingly it is important to avoid the introduction of water during ionic liquid

catalyzed hydrocarbon conversion processes.

There is a need for a systematic startup procedure for ionic liquid catalyzed hydrocarbon
conversion processes, including alkylation processes for alkylate gasoline manufacture, not
only to optimize the process performance and efficiency, but also to increase plant reliability

and prolong the useful life of the equipment.

SUMMARY OF THE DISCLOSURE

The present disclosure provides startup procedures for greatly improving the performance of

ionic liquid catalyzed hydrocarbon conversion processes. In an embodiment, a startup
procedure of the present disclosure also substantially decreases equipment maintenance and

extends the life of the equipment used in systems for performing such ionic liquid catalyzed

hydrocarbon conversion processes.

In one embodiment, there is provided a method for starting up a chloroaluminate ionic liquid
catalyzed alkylation system, the method comprising:

a) purging air and free water from at least a portion of the system;

b) introducing at least one reactant into the at least a portion of the system,;

¢) via at least one feed dryer unit, re-circulating the at least one reactant through the at least a
portion of the system until the at least one reactant exiting the at least a portion of the system
has a water content at or below a threshold value of 10 ppm; and

d) after step c), introducing a chloroaluminate ionic liquid catalyst into a reactor of the

system.
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In one embodiment, there is provided a method for starting up a chloroaluminate ionic liquid
catalyzed alkylation system, the method comprising:

a) purging air and free water from the system, wherein the system comprises a reactor, a
distillation unit in fluid communication with the reactor, and a catalyst regeneration unit in
fluid communication with the reactor;

b) introducing at least one reactant into the system;

¢) via at least one feed dryer unit, re-circulating the at least one reactant through the system
until the at least one reactant exiting the system has a water content at or below a threshold
value of 10 ppm;

d) after the water content has attained the threshold value according to step ¢), introducing a
catalyst promoter into the reactor; and

e) after step d), introducing a chloroaluminate ionic liquid catalyst into the reactor.

In one embodiment, there is provided a method for starting up a chloroaluminate ionic liquid
catalyzed alkylation system, the method comprising:

a) purging air and free water from the system, wherein the system comprises a reactor, a
distillation unit in fluid communication with the reactor, and a catalyst regeneration unit in
fluid communication with the reactor;

b) recycling a dried feed through the system, via a feed dryer unit, until the residual water
content of the feed is at or below a threshold value of 10 ppm;

c) after the water content has attained the threshold value according to step b), introducing at
least one reactant into the reactor;

d) after initiation of step c), introducing a catalyst promoter into the reactor;

e) after initiation of step d), introducing a chloroaluminate ionic liquid catalyst into the
reactor;

f) contacting the at least one reactant with the ionic liquid catalyst in the reactor to form at
least one hydrocarbon product;

g) separating the ionic liquid catalyst from a hydrocarbon phase containing the at least one
hydrocarbon product;

h) feeding at least a portion of the hydrocarbon phase to the distillation unit;

1) adjusting distillation conditions of the distillation unit to provide the at least one
hydrocarbon product under steady state distillation conditions; and

) adjusting the catalyst regeneration unit to provide steady state catalytic activity of the

reactor.
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According to one aspect of the present disclosure there is provided a method for operating an

ionic liquid catalyzed hydrocarbon conversion system, the method comprising purging air
and free water from at least a portion of the system; introducing at least one reactant into the
at least a portion of the system; via at least one feed dryer unit, re-circulating the at least one
reactant through the at least a portion of the system until the at least one reactant exiting the
at least a portion of the system has a water content at or below a threshold value; and after the

re-circulating step, introducing an ionic liquid catalyst into a reactor of the system.

In an embodiment, the present disclosure also provides a method for operating an ionic liquid

catalyzed hydrocarbon conversion system, the method comprising purging air and free water
from the system, wherein the system comprises a reactor, a distillation unit in fluid
communication with the reactor, and a catalyst regeneration unit in fluid communication with
the reactor; introducing at least one reactant into the system; via at least one feed dryer unit,
re-circulating the at least one reactant through the system until the at least one reactant

exiting the system has a water content at or below a threshold value; after the water content
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has attained the threshold value, introducing a catalyst promoter into the reactor; and after

introducing the catalyst promoter, introducing an ionic liquid catalyst into the reactor.

In another embodiment, the present disclosure provides a method for operating an ionic liquid

catalyzed hydrocarbon conversion system, the method comprising purging air and free water
from the system, wherein the system comprises a reactor, a distillation unit in fluid
communication with the reactor, and a catalyst regeneration unit in fluid communication with
the reactor; recycling a dried feed through the system, via a feed dryer unit, until the residual
water content of the feed is at or below a threshold value; after the water content has attained
the threshold value, introducing at least one reactant into the reactor; and after initiation of
the step for introducing reactant(s), introducing a catalyst promoter into the reactor. After
initiation of the step for introducing the catalyst promoter, the method farther comprises:
introducing an ionic liquid catalyst into the reactor; contacting the at least one reactant with
the ionic liquid catalyst in the reactor to form at least one hydrocarbon product; separating the
ionic liquid catalyst from a hydrocarbon phase containing the at least one hydrocarbon
product; feeding at least a portion of the hydrocarbon phase to the distillation unit; adjusting
the distillation conditions of the distillation unit to provide the at least one hydrocarbon
product under steady state distillation conditions; and adjusting the catalyst regeneration unit

to provide steady state catalytic activity of the reactor.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a biock diagram representing a scheme for an tonic liquid catalyzed hydrocarbon

conversion process, according to an embodiment of the mvention:

e

1gure 2

ped

[y

s a block diagram representing a scheme for an ionic Haquid catalyzed hydrocarbon

conversion process, according {0 an embodiment of the invention;

Figure 3 is o block disgram representing a scheme for an tonic liquid catalyzed aikviation
& = o« W

process, according to an embodiment of the invention;
Figure 4A scherpatically represents steps involved in a method for preparing a system for an
tonic liquid catalyzed hydrocarbon conversion process, according to an embodiment of the

invention,

Figure 48 schematically represents steps fuvolved in 8 method for operating an jonic Hquid

catalyzed hydrocarbon conversion system, according to an embodiment of the invention; and

Figure 5 schematically represents steps mmvolved i a method for operating an jonic Hauid
& 7 I fe

catalyzed hydrocarbon conversion system, according to another embodiment of the invention.
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DETAILED DESCRIPTION

Iomie Hauid catalysis are nseful for a range of hydrocarbon conversion processes, including
paraffin alkylation, paraffin isomerization, olefin isomerization, olefin dimerization, olefin
oligomerization, olefin polvmerization and aromatic alkylaton. Applicants have now
discovered that the use of an appropriate startup procedure can greatly improve the
performance of ionic Hquid catalvzed hvdrocarbon conversion processes and can also extend

the life of the equipment used in performing such processes.

Startun procedure for 1onic hauld catalyzed hvdrocarbon conversions

According to one aspect of the present invention, a starkup procedure for an tonic liquid

catalyzed hvdrocarbon conversion system may be performed as follows:

1y Purge of the system with dry inert gas;
2) Activation of dryerants for feeds; and

’

3y Purge of the system with dry feed(s) to a threshold level of residual wate

in an embodiment, e 1) may comprise purging the system with dry nitrogen gas to remove

any trapped air and free water. In another embodiment, itern 1) may comprise purging the

system with a dry hydrocarbon gas, In an embodiment where, as an example only, the purge
gas in item 1) is a dry isoparaffin, and the feed in item 3) is the same isoparaffin, ftems 1) and
33 may be combined into a single step. In another embodirsend, ifem 3) mway be performed
after item 1), e.g., the system may be purged first with dry nitrogen gas in ftern 1), and
thereafter the system may be purged with dry isobutane in itenm: 3). In an embodiment, ifem
2} may comprise passing dry nitrogen gas through a dryerant, such as a molecular sieve, at an
clevated temperatare for an extended period of time (e.g., up to several hours)., Inan
cmiboditnens, the thweshold residual water content according o itemn 3) may generally be less

than about 10 ppm.

After the purge with dry feeds to the throshold level of residual water, the following may be

performed;
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4y Introduction of reactant(s) into the svsteny

5y Introduction of a cé%.alyﬁt prowoter or co-catalyst;

6y Introduction of tonic Hquid catalyst;

7y Line-out of the distillation section 1o provide steady state product purification:

&) Generstion of product{(s); and

D
e

Line-out of the catalyst regeperation unit and/or catalyst draining 0 maintain steady

state catalytic activity and hydrocarbon conversion process performance.

In an embodiment, the reactani(s) introduced according fo jtern 4) may comprise an
isaparaffin, e.g., a Gy — Cg isoparaffin, or an olofin, such as & Gy — Cg olefin, or both an
isoparaifin and an olefin.  In an embodiment, the catalyst promoter may comprise HCl or

organic halide. Such a promoter may also be referred to beremn as a co-catalyst.

According to one aspect of the present invention, a procedure as described hercinabove
may be applied, for example, to an ionic liguid catalyzed hydrocarbon conversion
system that is undergoing an initial startup, or (o a system that has been taken out of
service for a period of Ume and entively emptied and cleaned. According to another
aspect of the present invention, a system that was previously operated and subsequently
shut down for service or maintenance of only 2 portion of the svstem, may undergo a
simpler startup procedure. For example, depending on the particular portion(s) of the
system involved in a service operation, some of the steps described herein, e.g., with

eference to Example 2, may be omitted.

Siartup procedure for jonic hguid catalvzed alkyladon

According fo an embodiment of the present invention, a startup process for an jonic liqwid

catalvzed hydrocarbon alkylation process may include the following:

i Purge of an jonic Liquid catalyzed alkylation system with inert gas to remove any
trapped air and free water;
fi.  Activation of dryverants for feeds; and

ii.  Purge of the system with dry feed(s) to a threshoid jeve! of residual water.
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In an embodiment, items 1. and 1il. may be performed substantially as described hereinabove

for items 1} - 3). The threshold level of residual water of Hern iif) may generally be less than

sbout #4 ppm.
Atfter the purge with dry feed(s) to the threshold level of residual water, the following may be

performed:

iv.  Introduction of isoparaffin reactant to the system
v, Introduction of HCE or organic halide catalyst promoter;
vi.,  Infroduction of ionic lquid catalysi;

vii.  Introduction of olefin foed;

vith,  Line-out of the distillation scotion to provide sicady state purification of alloviate

produc
ix.  Generation of alkylate product; and
x.  Line-cut of the regeneration section and/or catalyst draining to maintain steady state

catalytic activity and alirylation process performance.

in an embodiment, items v, through x. may be performed in the order given. In other

embodiments, items iv. through x. may be performed in a different order or concurrently.

With reference to Figure 1, an fonic liquid catalyzed hydrocarbon conversion system 100
according to an embodiment of the present mvention may include 2 reactor 110, a separation
unit 120, a regeneration unit 130, and a distillation unit 140, Reactor 110 may be in fluid
communication with separation unit 120, Separation unit 120 may be in fuid communication
with catalyst regeneration unit 130 and with distillation uryt 140, Catalyst regencration unit
130 rozy be in fluid communication with reactor 116 for feeding regenerated catalysi 1o

reactor 114,

fonic Hguid catalyzed hydrocarbon conversion system 100 may be in fluid communication
with a drying system 200. In an embodiment, drying system 260 may inchude a plurality of
feed dryer units, represented in Figure 1 by a first feed dryer unit 22¢a and an N feed dryer

7
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unit 220n. The number of feed dryer units may vary, e.g., according to the number of feeds
to conversion system 100, The samber of feeds to conversion systern 100 may in turn

depend on a particular hydrocarboun conversion process to be performed using conversion
system 100, in an embodiment, the number of feeds to conversion systern 100 may be

~

generally in the range from abowt one (1) to four (4}, and typically from about two (2) to
"1

three (3} Inan embodimeont, the feeds for conversion system 100 may include af least one

resciant and at least one catulyst,

In an embodiment, each dryer unit may be used io effectively dry a fluid to a water content of
nol more than about 1 ppro, i 2 sub-smbodiment vot more than about 3 ppm, and in another
sub-embodiment not more than sbout 1 ppm. The fluid to be dried by the dryer units of

drving system 200 may comprise a gas, ¢.g., Purge gas,

5

or a liquid, e.g., a co-catalyst or
reactant foed, As non-limiting examples, the purge gas may comprise dry nitroges or dry

isobutane.

According to an aspect of the present invention, dry purge gas wmay be passed through
counversion system 100 Lo remove air and free water from all or at least a portion thereof. In
an embodiment, dry purge gas may be passed once through conversion svstem 100, In
another embodiment as shown in Figure 1, drying system 200 may include a purge drysr unit
210, and the purge gas may be recycled through conversion systern 100 via purge dryer unit
210, As an example only, purge dryer unit 210 may be used to effectively dryv purge gasto a
water content of about 10 ppm or less. According io an embodiment of the invention
mvolving & complete or initial startup of conversion systern 100, the entire system 100 may
be purged with purge gas. In another embodiment, e.g., mvolving a procedure o re-staxt a
;31'evi0usiy operated conversion system 100, only a portion of system 100 may be purged with
ie dry purge gas. The portion(s) of conversion systern 100 involved in the re-start procedure
may mchade reactor 110, separation undt 120, regeneration unit 136, distillation undt 140, or

any combingtion thereof

Inan embodiment, feed dryer units 220a — 2200 may be used to effectively dry one or more
feads to a water content of not more than about 10 ppm, not more than about 5 pprm, or not

more than about | ppm. Each of foed dryer units 220a ~ 220n may comprise one or more

vessels. The feeds to system 100 may include reactant{s) and catalyst promoter. Bach feed
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may be dried using a dedicated dryer unit. For example, a first reactant, a second reactant,
and a catalyst promoter may be dried using a first, a second, and a third feed dryer unit,
respectively. Each vessel of the plurality of drver units may countain a dryerant, such as a
molecular sicve or other adsorbent. The dryeram in cach vessel may be activated using dry
mitrogen gas flow through the vessel at an elevated temperature.
Figure 2 is a biock diagram representing a scheme for an fonic liquid catalyzed hydrocarbon
conversion process, according to an embodiment of the present invention, During an fonic
hquid catalyzed hydrocarbon couversion process, dry feeds may be introduced into reactor
110, e.g., substantislly as described with roference to Figure 1, supra. The dry foeds may
inchude one or more reactants, which may be introduced into reactor 110 via one or more
veacior infet ports (not shown). Tonic Hauid catalyst may be jntroduced into reactor 110 viaa
separate indet port, Reactor 1 may be vigorously stirred fo promote contact between
reactant(s} and ionic lijuid catalyst. Reactor conditions may be adjusted to opfiniize process

performance for a particalar hiydrocarbon conversion process of the invention.

During hydrocarbon conversion processes of the mvention, reactor {10 may contain a
mixture comprising ionic liguid catalyst and a hydrocarbon phase. The hydrocarbon phase
ray comptise one or more hydrocarbon products. The ionic Hquid catalyst may be separated
from the hydrocarbon phase via separation unit 120, e.g., comprising 2 settler; and the
hydrocarbon and ionic liguid catalyst phases may be allowed to settle under gravity, The

bulk of the heavier ionic liguid catalyst phase may be recycled to reactor 110,

With contirued operation of couversion systemn 100, the ondc Hauid catalyst may tend to
become partially inactivated or spent. Catalyst inactivation is associated with the formation
of conjunct polymer in the fonje Hauid phase, for example, as disclosed in commonly
assigned U5, Pat. No. 7,674,739, the disclosure of which is incorporaied by reference hercin
in its entirety. In order to maintain the catalytic activity, a portion of the tonic Hquid catalyst
phase may be fed to rogeneration unit 130 for catalyst regeneration. Therecafter, the
regeneraied ionic bguid catalyst may be recyeled to reactor 110, As an exampie, a process
for the regeneration of ionic liquid ca‘;'a‘iyw‘ i digclosed in U8, Pat. No. 7,674,739,

mcorporated by reference herein,
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The hydrocarbon phase from separation unit 120 may be fed to distillation unit 140,
Distitlation unit 140 may represent or comprise a plurality of distillation columns. In an
embodiment, distiiation unit 1490 roay comprise one (1), two (2}, three {3), four (4), or more
distillation columns. According to one aspect of the instant invention, distillation unit 140
may be adjusted, e.g., with respect to temperature and pressure, (o provide one or more

bydrocarbon products from the hydrocarbon phase under steady state distilation conditions.

Distillation unit 140 may also separate unreacted feed(s} and/or by-products from reactor
110, For example, one or more reactants may be separated via distillation unit 140 and
recycled to reactor 110, In an embodiment, hydrogen chloride may also be separated via
distiflation unit 144 and recycled to reactor 110, The hydrocarbon products from distillation
unit 140 may be further treated, as appropriate, to remove any trace impurities from the final
product(s}. As 2 non-limating example, a hydrocarbon conversion process of the instant
invention may comprise an alkylation process, and a product obtained from the disiitlation

unit may comprise an alkylate gasoline or alkylate distillate, as described hereinbelow,

Figure 3 is a block diagram representing a scheme for an jonic lquid catalyzed alkvlation
process, according to another embodiment of the invention. An alkylation process according
to the scheme of Figure 3 may be performed using a hydrocarbon conversion system
comprising a reactor 110, & sepavation umt 1206, a regeneration unit 130, and g distiflation onit
140, substantially as described with reference to Figure 1. Dry feeds may be introduced into
reactor 110 vie a drying system 200. Drying system 200 may comprise a plurality of feed
dryer units 220a-220n, substantially as described with reference to Figure 1. The feeds may
include a catalyst promoter, such as anhydrous HClor an alkyl halide. In an erubodiment, the
catalyst promoter may comprise a Uy — g alkyl chloride. In a sub-embodiment, the catalyst

promoter may comprise n-butyl chloride or i-butyl chloride.

In an embaodiment, the alkyiation process may mvolve an isoparaffin-olefin alkylstion
reaction. In an embodiment, the reactants may include a Cq ~ Uy isoparaffin and 2 G5 ~ Ty

olefin. In a sub-embodiment, the isoparaffin reaciant roay comprise isobutane, as

exemplified in Figure 3. 1t is to be understood that the scheme of Figure 3 s not limidted 1o an

isobutane feed.

10
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With further reference to Figure 3, fresh fonic liquid catalyst may be introduced nto reactor
110, substantially as described with reference to Figure 2. The catalytic activity of reactor
110 may be maintaived under steady state conditions by monitoring the catalytic activity, and
by adjusting process parameters, such as the degree of catalyst regeneration, the amount of
catalyst drainags, the amouent of fresh tonic quid introduced, and combinations thereot,
according 1o the monitored catalyvtic activity, The catalytic activity may be gauged by
nonitoring the conjunct polymer concentration in the ionic liguid catalyst phase. Inn an
embodiment, the catalytic activity may be monitored by analysis of the alkylate product, e.g.,
for the presence of unreacted olefin(s), the boiling point distribution, and the octane number

{sce, e.g., U.S. Pat, No. 7,432,408, incorporated by reference herein).

The hvdrocarbon phase from separation wait 120 may be fed o distillavon unit 140, e.g.,
substantially as described with reforence o Figure 2. Tn an embodiment, the alkylate product
ay comprise Cs. a!i@'iam, and in a sub-embodiment predominantly Cs — Cgallcyiate. Asa

non-limiting example, using isobutane as the isoparaffin feed in an isoparaffin-olefin

afkylation reaction, cuts from distiltation unit 140 may inchude HCL, isebutane, propane, n-

butane, and alkylate product,

The HCI from distillation unit 140 may be recycled to reactor 110, thereby decreasing the

«

make-up rate for HCI or organic chloride promoter. The unreacted isobutane may also be
recyclod from distillation unit 140 to reactor 114, thereby further increasing process
efficiency. Moreover, the anhydrous operation of the conversion system, including
distillation unit 140, allows the isobutane stream o be recycled directly fo the reactor 110,
i.e., without further drving. Furthermore, the anhyvdrous operation of conversion system 100
may also allow components of distillation unit 140 to be consiructed using relatively low cost

materials, such as carbon steel.

Svstem preparation for jonie liquid catslveed hivdrocarbon conversions

Figure 4A schematically represents steps involved in a method 300 for preparing 2 system for
an jonic Hquid catalyzed hvdrocarbon conversion process, according fo an embodiment of the
invention. Step 302 of method 300 may involve purging any air and/or free water fromy at

feast a portion of an ionic lquid catalyzed hydrocarbon conversion system. The hydrocarbon

i1
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conversion system may include a reactor, a separation unit, 2 distillation unit, and a catalyst
regeneration unit {see, e.g., Figure 1). The at least & portion of the systen may be selected
from the reactor, the separation unit, the distillation unit, and the catalyst regeneration unit, or
any combination thereof including all of the system components; i.e., in an embodiment, step
302 may involve removing air and/or free water from the entire hydrocarbon conversion
system. The hydrocarbon conversion system, ot a portion thereof, may be purged by passing
dry purge gas through. In an embodiment, the purge gas may comprise dry nitrogen gas. In
another embodiment, the purge gas may comprise a ight hydrocarbon gas, e.g., dry

isobutane,

Step 304 may involve introducing at least one reactant into the hydrocarbon conversion
system or a portion thereof. In an embodiment the at least one reactant may comprise a first

reactant and a second reactant. In an embodiment, the al least one reactant mgy comprise 2

Cy — Cyq 150paraffin and/or a Oy — O olefin. The at feast one reactant may be thoroughly
dried prior to s introduction into the system. As a non-limiting example, the at least one
reactant may be thoroughly dried to a water content of about 10 ppm or less by a feed dryer
unit, The feed drver unit may comprise a vessel containing a suitable dryerant or adsorbent.
In an embodiment, the dryerant may comprise a molecular sieve. In a sub-embodiment, the

drverant may comprise 13X or 5A, or 4A or 3A molecular sieve.
3 ¥

The dryverant or molecular sieve may be activated prior fo use, e.g., by passing drv nifrogen
gas through the drverant or moiecular sieve af an elevated temperature. As a non-limiting
example, the drverant or molecular sieve may be activaied by passing dry nitrogen gas
through the dryerant or molecular sieve at 2 temperature gencrally n the range from about
300 1o 750°F, more typically from about 350 to 700°F, and often from about 400 to 600°F for
2 time period generally in the range from about 2 to 48 hours, and typically from about 12 10

36 hours.

Step 306 may involve re-circulating the at least one reactant through the system or a portion
thereof via at least one feed drver unit, whereby water 1S yemoved from the at least one
reactant; and returning the af least one reactant from the at least one feed drver unit to the at
least a portion of the system. Inan embodiment, the at least one reactant may be re-
circulated through the at least a portion of the system umtil the at least one reactant exiting the

12
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at least a portion of the system has a water content at or below a threshold value, inan
ermbodiment, ihe threshold value may be not more than about 10 ppin. In a sub-embodiment,
the threshold value may be not more thao about 3 ppm, and in a further sub-embodiment not
more than about I ppm. The moisture content of the circulating reactant meay be monitored
vig one or more on-line moisture analyzers. In a sub-embodiment, the at least one reactant

wmay cotnprise isobutane,

After the at least one reactant exiting the system has attained a waler content at or below the

~

threshold value, the sysiem is ready for the introduction of one or more of a catalyst

promoter, an tonic Houid catalysy, and additional reactant(s) into the hydrocarbon conversion
system (see, e.g., Figure 48, infra). According to an aspeet of the present invention, various
additional steps, e.g., selected from steps 408 through 412 of method 400, yoay be performed

o

in conjunection with steps 302 through 306,

Operation of lonic Heuid catalveed hyvdrocarbon conversion svsiems

Figure 4B schematically represends steps invalved in a method for eperating an lonic liguid
catalyzed hydrocarbon conversion system, according to another embodiment of the invention.
The systesn yuay be used for a range of jonie liguid catalyzed hydrocarbon conversion
processes. As non-limiting exampie such tonic liquid catalyzed hydrocarbon conversion
processes may include: paraffin alkyvlation, paraffin isomerization, olefin isomerization,

olefin dimerization, olefin ohgomerization, olefin polymerization, and aromatic alkvlation.

The hydrocarbon conversion systern may include & reactor a distillation unit (see, ¢.g.,
Figure 1). The hydrocarbon conversion sysiem may be in fudd communication with & drying
gystem for receiving dry feeds frovn the drving system and for re-circulating cuts from the
distillation unit to the drying sysiem (see, e.g., Figure 1}, The distillation unit may be in fluid
compmmcation with the reacior for recycling unrescied feed{s) or other distitlation cuts {e.g.,
anhydrous HCI} (o the reactor. In an embodiment, the system may further include 2

separation uni in fluid communteation with the reactor and with a cafalyst regencration unil.

13
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teps 402 through 406 of method 400 may be performed substantially as described with
reference to Figure 4A. After the Uweshold value for reactant water content bas bean attained
accordmg to step 4406, step 408 may involve recycling the at feast one reactant divectly fo the
reactor. For example, step 408 may involve feeding the at least one reactant to the reactor
from a downstream portion of the system, without further drying of the at least one reactant
stream. As pon-limiting examples, the at least one reactant recycled in step 408 may
comprise an isoparaffin or an clefin. In an embodiment, the at least one reactant may
comprise a Cy —~ Cyg isoparaffin or a T — Cyg olefin. In a sub-embodiment, the at least one

reactant may comprise isobutane.

Step 410 may invelve mtroducing a catalyst promoter into the hydrocarbon conversion
systept. In an embodiment, step 410 may be performed afier the initiation of step 404 and
AT

prioy to the mitation of step 412, The catalyst promoter may comprise anhydrous HCI or an

alleyl halide.

Step 412 may involve jutroducing an tonie liguid catalyst into the reactor. The ionic Hquid
catalyst may comprise 2 chioroaluminate jonic liquid, ¢.¢., selected from the group consisting

£ 1-butyl-4-methyl-pyridinium heptachlorodiatuminate, N-butylpyridinium
heptachlorodiatuominate, I-butyl-3-methyi-imidazolium heptachiorodialuminate and 1-H-
pyndinium heptachiorodialuminate, The activity of the jonic Higuid catalyst in the reactor
may be monitored and adjusted for steady state catalytic activity, substantialiv as described

hereinabove,

After step 412, vartous additional steps, ¢.g.. selected from steps 512 through 520 of method
500, may be performed in conjunction with steps 402 through 412 1o provide at least one

hvdrocarbon product under efficient, steady state operating conditions.

Figure 5 schematically represents steps involved in a method for operating an ionic Hquid
catalyzed hydrocarbon conversion system, according to another embodiment of the invention.
Step S02 of method 500 may involve purging air and free water from the sysiem. The system
may comprise a reactor, a distillation umit in fluld communication with the reactor, and a

catalyst regeperation unit in fluld communication with the reactor, Siep 504 may nvolve
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recveling a dry feed through the sysiem, via a feed dryer unit, until the residual water content
of the feed is at or below a threshold value. Tn an embodiment, the threshold value may
generally be not more than about 10 ppm, and typically not more than about 5 ppra. Inan

embodiment, the dry feed may comprise a Cg ~ Cyy isoparaffin,

After the water content has attained the threshold value according fo step 504, step 306 may
involve introducing at least one reactant into the reactor. In an embodiment, the reactant(s)
may comprise an isoparaffin or an olefin. In an embodiment, the reactani(s) of step 506 may
comprise the dry feed of siep 504, such that step 506 may be 2 continuation of, or combined
with, step 504, To an embodiment, the roethod may mclude an alkylation process, wherein
step 506 may comprise introducing an isoparaffin, and thereatier step 506 may further
comprise inroducing an olefin into the reactor. In an embodiment, the soparaffin way be

T

introduced before step 508, and the olefin may be miroduced affer steps 508 and 510 (see,

!

e.g., Example 2}

Step 508 may involve introducing a catalyst promoter into the reactor, wherein step 508 may
be preformed after the intuation of step 506, In an embodiment, the catalyst promoter may
comprise anhydrous HCI or an alky! halide. Step 510 may invelve introducing an ionic liquid
catalyst into the reactor. In an embodiment, step 510 may be performed after initiation of
step 308, The fonde Hauid catalyst may comprise a chloroaluminate, such as N-
butylpyridinium hepfachlorodialuminate.

Step 5127 may involve contacting the ai least one reactant with the ionic Hiquid catalyst in the
reactor to form at least one hvdrocarbon product. Step 514 may involve separating the 1onic
fiquid catalyst from a hydrocarbon phase containing the at least one hydrocarbon product.
The more dense tonic liquid catalysi may be separated from the hydrocarbon phase in a
separator, Thereafter, at least a portion of the lonic liquid catalyst may be retarned to the

reactor for participating in further hydrocarbon conversion reactions.

The ionic liguid catalyst may be subject to deactivation with continued use. Accordingly, a
variable portion of the jonic hquid catalyst roay be fed to the catalyst regeneration unit, and
the regenerated catalyst may then be retumed to the reactor. In this way the catalytic activity
of the ionic liquid catalyst may be maintained at about a constant level. The catalytic activity

]
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and the volume of ionic liguid catalyst may also be maintained at about & constant level by
draining portions of partially spent catalyst and/or by adding fresh catalyst {o the reactor. By
adjusting both the catalytic aciivity and the volume of the ionic Hguid catalyst, the reactor
section of the hydrocarbon conversion system can be stabilized, thus allowing the ionic hquid
catalyzed hydrocarbon conversion processes of the invention to operate under steady state

conditions.

Step 516 may involve feeding at least a portion of the hydrocarbon phase to the distiliation
unit. The hydrocarbon phase may comprise al least one hydrocarbon product. In an
embodiment, the hydrocarbon product may comprise an alkylate product obtained by reaction
of an isoparaffin with an olefin. In a subembodiment, the at least one hydrocarbon product
may comptise a Csealkylate. Step 518 may involve adjusting distillation conditions of the
disiitlation unit to provide the at Jeast one hydrocarbow product under steady state distillation

comditions.

Step 520 may involve adjusting the catalyst regeneration unit to provide sieady state catalytic
activity of the reactor, In an embodirsent, step 520 may nvolve adjusting the severity of
catalyst regeneration and/or adjusting the amount of any catalyst draining from the system.
By operating the entire system under steady state conditions, the efficiency of the
hydrocarbon conversion processes of the invention may be maxinmzed, while shotdown and

maintenance of the system can be minimized.

Feedstocks

in an embodiment, feeds for the present invention may comprise various streams in a

petrof finery, a gas-to-liquid conversion plant, a coal-to-liquid conversion plant, or in
naphtha crackers or wax crackers, e.g., streams containing isoparaffins or olefins. Examples
of olefin containing streams include FCC offgas, coker gas, olefin metathesis unit offgas,
polvelefin gasoline unit offgas, methanol fo olefin unit offgas, FCC Hght naphtha, coker light
naphtha, Fisher-Tropsch unit condensate, and cracked naphtha. Some olefin containing
streams may contain two or more olefins selected from ethylene, propylene, butvienes,
pentenes, and up to Cyp olefins. Such streams may be fed o the reactor of a hydrocarbon

conversion system of the invention via one or more feed dryer units. Exammples of isoparaffin

16
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containing streams include, but are not limited to, FCC naphtha, hydrocracker naphtha, coker
naphtha, Fisher-Tropsch unit condensate, and cracked naphtha, Such streams may comprise
a mixture of two ot reore tsoparaffing. Isobutane may be obtained, for example, from a

hvdrocracking unit or may be purchased.

Yonic lguid catalysts

in an embodimant, processes according to the pregent invention may use a catalyiic
composition comprising at least one aluminum halide and at least one quaternary ammoniunt
halide and/or at feast onc amine halohvdride. The jonic Hquid catalyst can by any halogen

aluminate ionic liguid catalyst comprising an alkyl substituted pyridinium halide or an alky!

5
-

ibstinuted imadazolhun halide of the general formudas A and B, respectively.

Y ) -
X
R
A B

where R=H, methyl, ethyl, propyl, butyl, pentyl or hexv! group and X is a halide and
preferably a chioride, and R, and Ry=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group

and where Ry and Ry msy or may not be the same.

An exemplary aluminum halide that may be used 1 accordance with the present invention is
ajumimum chloride (AICL). Quaternary ammoeniym halides which can be used in accordance
vith the present imvention include those described in U.S. Pat, No. 5,750,455, the disclosure

of which i3 meorporaied by refarence herein.

in an embodiment, the jonic liquid catalyst may be a chlorcaluminate ionic liquid prepared by
mixing AICh and a hydrocarbyl substituted pyridiniom halide, a hydrocarbyl substituted
mndazotivin halide, a triallylammonium hydrohalide, or a tetrastiviammoniom halide, ag
disclosed in commonly assigned U8, Pat. No. 7,495,144, the disclosure of which is

incorporated by reference herein in its entirety.
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Reaction Conditions

Due to the low solubility of bydrocarbons in ionic Hquids, hydrocarbon conversion reactions
in ionic liquids {including isoparaffin- olefin alkylation reactions) are generally biphasic and
occur &t the inferface m the Hquid state.  The volume of fonic liquid catalyst in the reactor
may be generally In the range from about | to 70 vol%, and usually from about 4 to 30 vol¥.
Generally, vigorous stirring is used o ensure good contact between reactants and catalyst.
The reaction temperature may be generally i the range from aboul -40°C to +250°C
typically from about -20°C 1o +100°C, and often from about +5°C 10 +6G°C. The reactor

pressure may be in the range from atmospheric pressure 1o about 8000 kPa. Typically, the

reactor pressure is sufficient (o keep the reactants in the Hquid phase.

Residence tinie of reactants in the reactor may generally be in the range from a fow seconds
to hours, and usually from about 0.5 min to 60 min. In the case of ionic liguid catelyzed
fsoparsffin-olefin alkylation, the reactants may be introduced in an isoparaffiniolefin molar
ratio generally tn the range from about 1 o 100, more typically from about 2 to 50, and often
from about 2 10 Z0. Heat generated by the reaction may be dissipated using various means

well known to the skitled artisan,

The following cxamples are ilkustrative of the present invention, but are not intended fo limit

the invention in any way bevond what is contained in the claiims which follow.

EXAMPLE

Example 1: fonic Liquid Catalyst Comprising Anlydrous Metal Halide

Various ionic liguid catalysts made of metal halides such as AICh, AlBrs, GaCls,
(GaBrs, InCls, and InBr3 could be used for the catalytic processes. N-butylpvridinium
heptachlorodialuminate (CsHNCHALCEH)Y lonic Bauid catalyst is an example used in

our process. The catalyst has the following composition.

Witde Al il.4
Wi% 1 56.5
Wige C 4.6

oo
o0
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Exarople 2: Startup of a Ty and Cy olefin/isobutane alkylation process

Evaluation of 5 and C4 olefins alkviation with isobutane was performed in a
contimecusly stirved tanuk reactor of an jonic hquid catalyzed allovlation systerm. In
addition fo the reactor, the system further included a gravity separafor, a catalyst
regeneration section, and a distillation section.

el

Before the start of the run, the system was dried with dry Ns purge gas to remove any
trapped air and free water. A fivst dryer vessel and a second dryer vessel, each charged
with 13X molecular sieve dryerant, were used to dry the isobutane feed (both fresh and
s in 1o hutaned, a 1 the olefin feed, resnectively, A th i irver vasael che f;md rith
recycle tsobutane), and the olefin feed, respectively, A third dryer vessel charged with
15 3A molecular sieve was used to dry i-buty! chlornide catalyst promoter. The molecular
sieve dryerants in each of the dryer vessels were previously activated with 5 v/v/rin

dry Ny gas flow at 600°F for 12 hours,

Then the dry isobutane feed was infroduced to the reactor section, the distiflation
20 section, and the regeneration section; and the isobutane feed was re-circulsted through
the systemn via the isobutane dryer vessel. The moisture levels in various parts of the
systers were monitored with on-line moisture analvzers, By re-circulating the dried
isobutane feed through the system via the dryer, the residual water conient of the
isobutane feed was graduoally lowered fo less than 10 ppm. Once the recycle isobutane
25 feed was thoroughly dried in this mammer, the isobutane feed was recycled directly to

the reacior,

Then 2 small amowny of buty! chloride promoter was introduced into the reactor by 8

fivst inlet port, followed by introduction of the ionic Hguid catalyst (Example 1) to the

30 reactor via a second inlet port to g catalyst volume of 6 vol%, while vigorousty stirring
the reactor. The buiyl chiortde was added in an amount corresponding w an olefin o
organie chioride molar ratio of 20:1 upon the introduction of the olefin feed (described

hereinbalow),

The reactor outlet pressure was maintained at 200 psig and the reactor

femperature was mainteined at 70°F using external cooling. The reactor effiuent was
18
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separated with a gravity separator with a coalescing pad info a hydrocarbon phase and
ant fonic Hauid catalyst phase. The catalvst phase was recycled back to the reactor

divectly.

Then the dried olefin feed was introduced into the reactor, with vigorous stirsing, to
provide an isobutane to olefin molar ratio of &1, The average residence time in the

resctor (combined volume of feeds and catalyst) was about 4 minutes.

As atkylate gasoline was synthestzed, the distillation column temperatures were

adjusted to produce pure streams of propanc preduct, u-butanc product, and Cs~
alkvlate gasoline product, as well as isobutanc recycle feed. The isobufane recycele

stream was returned Lo the reactor, and fresh make-up isobutane was fed to the reactor

as isobutane was consumed by the alkylation process,

While the distillation section of the system was operating and producing product, the
atalyst regeneration system was prepared for regeneration of the jonic hquid catalyst.

A fraction, 5-50% of the catalyst was diveried to the regeneration section and the rest of

the catalyst phase was recycled back to the reactor directly, The regeneration reactor

emperature was raised gradually to maintain the overall process performance.

The catalyst was sampled daily to determine the conjunct polymer concentration in the
ionic Hquid catalyst phase, and the conjunct palymer fevel in the catalyst was
maintained at 5 - 15 wit% by adjusting the severity of catalyst vegeneration and the
aroount of catalyst draining. A method for the guantification of conjunct polymer in
ionic Hquid catalyst is described, e.g., in Example 3 of U.S. Pat. No. 7,674,739 1o
Elomari et al,, the disclosure of which is incorporated by reference herein in its entirety.

5

Shut down of ionic liguid catalyst based process runs may be needed on occasion to

accomimodate equipment service and maintenance or for various other reasons. As an
example, jonic hquid catalyzed isoparaffin-olefin alkylation processes may be safely

shut down using the procedure of Exanple 3.

™D
ol
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Example 3: Shutdown and re-start procedure for ionic lguid catalyzed Cr and Cy
£ ¢ Y

olefin/isobutane alkylation

First, the olefin foed injection was stopped. Then the circulation of the ionic hquid

catalyst and butyl chioride promoter was stopped. Thereafter, isobutane flow was

continued for several bours 1o flush any reactive olefing from the reactor section, after
vhich time the isobutane flow was furned off. The heaters for the distillation columns

were also turned off.

Once the process has been safely “parked” according to the above procedure, any
required service or maintenance of the system may be performed. When the service or
mainienance has been completed, the process may be put back on stream, ¢.g., using
the startup procedure of Example 2. 1f the shutdown is limited fo only 2 portion of the
system, a simpler startup procedure may be used and some of the steps described in

Example 2 miay be omitied, as approprisie.

There sre numercus variations on the preseunt invention which are possible in ght of the

teachings and supporting examples described herein. It ts therefore undersiood that within

the scope of the following claims, the mvention may be practiced otherwise than as

specifically described or exernplified herein,



CLAIMS:

1. A method for starting up a chloroaluminate ionic liquid catalyzed alkylation system, the
method comprising:

a) purging air and free water from at least a portion of the system;

b) introducing at least one reactant into the at least a portion of the system;

¢) via at least one feed dryer unit, re-circulating the at least one reactant through the at least a
portion of the system until the at least one reactant exiting the at least a portion of the system
has a water content at or below a threshold value of 10 ppm; and

d) after step c¢), introducing a chloroaluminate ionic liquid catalyst into a reactor of the

system.

2. The method of claim 1, wherein: the system comprises a separation unit in fluid
communication with the reactor, a distillation unit in fluid communication with the separation
unit, and a catalyst regeneration unit in fluid communication with the separation unit and with
the reactor, and the at least a portion of the system is selected from the group consisting of
the reactor, the separation unit, the distillation unit, the catalyst regeneration unit, and

combinations thereof.

3. The method of claim 1, wherein step a) comprises purging the at least a portion of the

system with dry nitrogen gas or dry isobutane.
4. The method of claim 1, wherein: step a) comprises purging the at least a portion of the
system with dry nitrogen gas and further comprises purging the at least a portion of the

system with dry isobutane.

5. The method of claim 1, further comprising: e) after initiation of step b) and prior to

initiation of step d), introducing a catalyst promoter into the reactor.

6. The method of claim 5, wherein the catalyst promoter comprises anhydrous HC] or an
alkyl halide.

22



7. The method of claim 1, wherein: the at least one reactant comprises a first reactant and a
second reactant, the at least one feed dryer unit comprises a first feed dryer unit and a second
feed dryer unit, and the method further comprises:

f) drying the first reactant via the first feed dryer unit; and

g) drying the second reactant via the second feed dryer unit, wherein the first reactant

comprises a C4 to Cyg isoparaffin and the second reactant comprises a C; to Cyp olefin.

8. The method of claim 7, wherein:
step b) comprises introducing the first reactant and the second reactant into the reactor,
the first reactant is introduced into the reactor before step d), and

the second reactant is introduced into the reactor after step d).

9. The method of claim 2, wherein: the at least one reactant comprises a Cy to Cy isoparaffin,
and the method further comprises:
h) after the water content has attained the threshold value according to step c), recycling the

Cy4 to Cyp isoparaffin from the distillation unit directly to the reactor.

10. The method of claim 7, further comprising:

1) contacting the first and second reactants with the ionic liquid catalyst under alkylating
conditions to form an alkylate product;

j) separating the ionic liquid catalyst from a hydrocarbon phase containing the alkylate
product; and

k) feeding at least a portion of the hydrocarbon phase to the distillation unit.

11. The method of claim 10, further comprising: 1) adjusting distillation conditions of the

distillation unit to provide the alkylate product under steady state distillation conditions.

12. The method of claim 1, wherein:

the system includes a catalyst regeneration unit for regenerating the ionic liquid catalyst, and
the method further comprises:

m) adjusting the catalyst regeneration unit to provide steady state catalytic activity of the

reactor.

23



13. The method of claim 1, wherein the chloroaluminate ionic liquid catalyst comprises N-

butylpyridinium heptachlorodialuminate.

14. A method for starting up a chloroaluminate ionic liquid catalyzed alkylation system, the
method comprising:

a) purging air and free water from the system, wherein the system comprises a reactor, a
distillation unit in fluid communication with the reactor, and a catalyst regeneration unit in
fluid communication with the reactor;

b} introducing at least one reactant into the system;

¢) via at least one feed dryer unit, re-circulating the at least one reactant through the system
until the at least one reactant exiting the system has a water content at or below a threshold
value of 10 ppm;

d) after the water content has attained the threshold value according to step ¢), introducing a
catalyst promoter into the reactor; and

e) after step d), introducing a chloroaluminate ionic liquid catalyst into the reactor.

15. The method of claim 14, further comprising:

f) contacting the at least one reactant with the ionic liquid catalyst in the reactor to form at
least one hydrocarbon product;

g) separating the ionic liquid catalyst from a hydrocarbon phase containing the at least one
hydrocarbon product;

h) feeding at least a portion of the hydrocarbon phase to the distillation unit;

i) adjusting distillation conditions of the distillation unit to provide the at least one
hydrocarbon product under steady state distillation conditions; and

j) adjusting the catalyst regeneration unit to provide steady state catalytic activity of the

reactor.

16. A method for starting up a chloroaluminate ionic liquid catalyzed alkylation system, the
method comprising:

a) purging air and free water from the system, wherein the system comprises a reactor, a
distillation unit in fluid communication with the reactor, and a catalyst regeneration unit in
fluid communication with the reactor;

b) recycling a dried feed through the system, via a feed dryer unit, until the residual water

content of the feed is at or below a threshold value of 10 ppm;
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c) after the water content has attained the threshold value according to step b), introducing at
least one reactant into the reactor;

d) after initiation of step c), introducing a catalyst promoter into the reactor;

e) after initiation of step d), introducing a chloroaluminate ionic liguid catalyst into the
reactor;

f) contacting the at least one reactant with the ionic liquid catalyst in the reactor to form at
least one hydrocarbon product;

g) separating the ionic liquid catalyst from a hydrocarbon phase containing the at least one
hydrocarbon product;

h) feeding at least a portion of the hydrocarbon phase to the distillation unit;

1) adjusting distillation conditions of the distillation unit to provide the at least one
hydrocarbon product under steady state distillation conditions; and

J) adjusting the catalyst regeneration unit to provide steady state catalytic activity of the

reactor.
17. The method of claim 16, wherein: the dried feed comprises isobutane, the catalyst

promoter comprises t-butyl chloride or n-butyl chloride, and the at least one hydrocarbon

product comprises a Cs to Cy4 alkylate.
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