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(57) Abstract: A process for the production of diisopropyl ether
from high purity propylene without the need of a propane-propyle
ne fractionation column has been developed. The process involves
(1) reacting a high purity propylene feedstock and water to produce
isopropyl alcohol in a reactor and reacting the isopropyl alcohol
with propylene to produce diisopropyl ether in the presence of an
acidic ion exchange resin catalyst and a propane diluent to gener-
ate a reactor effluent stream containing at least water, isopropyl al-
cohol, diisopropyl ether, propylene, and acid, (2) passing the reac-
tor effluent to an acid removal zone to produce an acid depleted
stream, (3) dividing the acid depleted stream into two portions, (4)
recycling a portion to the reactor (5) allowing propane to build-up
to an amount sufficient to operate as a diluent and (6) recovering
product diisopropyl alcohol.
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PROCESS FOR PRODUCING DUSOPROPYL ETHER
FROM HIGH PURITY PROPYLENE

STATEMENT OF PRIORITY

This apphication claims priority to U.S. Application No. 62/439303 which was filed December

w

27, 2016, the contents of which are hergby meorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

As tetracthyl lead is phased out, oxygenates have become more tmportant in the
petroleum refining industry as a source of gasoline octane boosters. The most common
oxygenates for this purpose are the diatkyi ethers, cspecially those in the Cs to Cr range. One

such dialkvl ether that 1s generating much interest is disopropyl ether (DIPE). DIPE is inthe

<O

bothing range of gasoling, has a high blending octane number, and one reactant generally used in

the formation of DIPE, propylene, is a by-product commonly available in refinenies. The

preparation of DIPE from propylene proceeds by two sequential reactions, where propylene is

furst hvdrated to isopropyl alcohol (IPA} (1) followed by reaction of the alcohol with the oletin
15 (2} or by a single bimolecular dehydration reaction of the alcohol (3) (Williamson synthesis)

according to the equations,

OH
CHiCH = CHa + HiO _ CHaCEHCHs 1)
OH
CH:CH = CH2 + CHiCHCH: _ CHiCH-O-CHCH: (2
OH
2 éHaCHCHz _ CH:CH-O-CHCHs + He0 (3
CH’* CHy

These reactions are catalyzed by a varniety of catalvsts such as activated charcoal, clays,
resins, and zeolites. In particular, the reactions may be catalyzed by acidic ion exchange resins

20 including sulfonated cation exchange resins such as sulfonated polystyrene resins and sulfonated
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styrenc/divinylbenzene co-polymers as disclosed in U.S.S.N. 08/079,768, G.B. 1,176,620, and
US. 4,182 914. Halogenated strong acid ion exchange resing such as those described in ULS.
4705 808, UK. 4,269,943, and 3,256,250 also may be used. A recognized problem of these
catalysts is their susceptibility to hydrolysis of the acidic groups causing the transfer of acidic
material from the catalysts into the reaction mixture and ultimately into the reactor effluent. The
hydrolysis depends strongly on the reaction temperature, and the higher the temperature the
greater the degree of hydrolvsis. Steps may be taken to remove acid from process streams to
protect downsiream process units.

The propylene-containing hydrocarbon feedstock may be a refinery Cs hydrocarbon
stream and will most likely be a mixture of propylene and propane. Previously, the
propylenc-containing hydrocarbon feedstock typically contain at least 50 mass-% propylene, or
from 70 to 80 mass-% propyviene. Sources for the propyiene-containing hydrocarbon feedstock
have included gas plant off-gas containing propylene, naphtha cracker off-gas containing light
olefins, propylene from a propane dehydrogenation process, and refinery fluidized catalvtic
cracked (FCC) propane/propylene streams.

Recently, high purity propvlene feedstocks have become avatlable where the feedstock
comprises from 90 mass-% to 99.9 mass-% propylenc. Therefore there is a need for a process

for generating dialkyl ethers using high purity propylene feedstocks.
SUMMARY OF THE INVENTION

The mvention provides a process tor producing diisopropyl ether from high purity
propylene feedstocks comprising from 90 mass-% to 99.9 mass-% propviene and from $.1t0 1
mass-% propanc. The process of the invention nvolves (1) reacting, in a reactor and in the
presence of an acidic ion exchange resin catalyst, the propyviene of a high purnty propylenc
feedstock and water to produce 1sopropvl alcohol and reacting the 1sopropyi alcohol with
propyvlens to produce ditsopropyl ether to afford a mixture contaning at least water, isopropyl
alcohol, diisopropyi ether, propylene, and acid; {2) passing the reactor effluent tc an acid
removal zone to produce an acid-depleted mixture; and (3) recycling a portion of the acid-
depleted mixture to the reactor (4) passing a portion of the acid-depleted mixture to a light ends
removal zone to separate unreacted propyiene and propane from the reaction products and water

and {5) purging a portion of the propane and recycling propylene to the wactor,

]
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The light ends removal zone also provides a water, 1sopropyl alcohol, and dusopropyl
ether enriched stream . Dusopropyl ether is recovered from a portion of the acid-depleted stream
through the generation of the water, isopropy! alcohol, and dissopropyl ether enriched stream
and then passing the stream to a separation zone to afford a water stream, an isopropyl
alcohol-water azeotrope stream, and a diisopropyi ether-isopropyl alcobol-water azeotrope
stream; passing the water stream to a water wash zone, the isopropyl aleohol-water azeotrope
stream 1o the reactor, and the diisopropy! ether-isopropyl alechol-water azeotrope stream to a
scttier to afford a diisopropyl ether enriched stream and a water enriched stream; and passing the
diisopropyl ether enriched stream to the water wash zone to afford an isopropyl alcohol and
water stream which is passed to the second separation zone, and a ditsopropyl ether product

stream containing at least 96 mass-% diisopropyl ether.
BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a schematic representation of the preferred embodiment of the

mvention.
DETAILED DESCRIPTION OF THE INVENTION

The mvention applies to single stage DIPE production processes where the hydration of
propylene to form IPA and the cthenification of IPA and propylenc to form BIPE are performed
concurrently using an acidic ton exchange resin to catalyze both reactions, while protecting the
reaction catalyst and downstream zonges from degradation due to the introduction of acid. The
mvention further provides a DIPE production process which does not require breaking the
IPA-water azeotrope which is formed in the process.

The process of the invention begins with introducing water and a hvdrocarbon feedstock
containing propylene 1o a reactor contaming an acidic 1on exchange resin catalvst. The operating
conditions of the reactor include pressures of 100 to 1500 psia, or from 700 to 1000 psia, and
temperatures of 105 to 133°C, or from 108 1o 130°C or from 108 to 125°C. It is common to
slowly imcrease the operating temperature as the catalyst ages. Suitable water to olefin mole
ratios include from 0.1:1 10 0.8:1, or 0.5:1. Greater water to olefin mole ratios may be used, but
the imvention would become less economically attractive, as discussed below. The
propylene-contaming hvdrocarbon feedstock may be a refinery Cs hyvdrocarbon stream and will
most likely be a mixtore of propylene and propane. The propylenc-containing hydrocarbon

-3
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feedstock should contain at least 90 mass-%o propyiene, or from 90 to 99 mass-%6 propyvlene, or
from 90 to 99.9 mass-%%. Suitable sources for the propvlene-contaimng hydrocarbon feedstock
include, but are not limited to, gas plant off-gas containing propylene, naphtha cracker off-gas
containing light olefins, propviene from a propane dehvdrogenation process, and refinery
fluadized catalvtic cracked (FCC) propane/propyiene streams or high purity propylene from
other sources.

A dilvent of {4 may be added to a system to produce DIPE. The diluent may be a closed
loop diluent, 1t 1s not reactive and merely circulates. The diluent provides dilution of the
reactants to control the temperature m the reactor and minimize an exotherm. The diluent may
be added at start-up of the process, and additional diluent may be added if needed. The Cs may
be isohutane or normal bitane or mixtures thercof. {4 diluent is particularly advantageous since
C4s do not form azeotropes with the oxygenate byproducts.

However, it has been found that an external dituent such as Cs 15 not required. Applicants
have found that the exasting propane that is introduced with the feedstock may be allowed to
butkd up in the system so that it functions ag the diluent. In this way, additional material need not
be acquired to function as the diluent. No further diluent bevond the propane in the feedstock s
required. After the propane has built to a concentration sutficient to serve as a dituent, a purge
may be crmploved to control the concentration of propane.

The acidic 1on exchange resin catalysts may be any of those commonly used for a DIPE
production process including sulfonated cation exchange resins such as sulfonated polystyrene
resing and sulfonated styrene/divinvibenzene co-polymers. An exampile of a suitable sulfonate
styrene/divinylbenzene co-polymer catalyst is Purclite CT-175 sold by Purolite. These
sulfonated cation exchange resins are common in the art and do not require discussion here. For
reference, see, U.S. SN 08/079.768, G.B. 1,176,620, and U.S. 4,182,914, Halogenated strong
acid 1on exchange resins such as those described in U.S. 4,703,808, UK. 4,269,943, and U S.
3,256,250 may also be used.

As the propylene and water contact the catalyst, the hydration reaction {1} takes place
and IPA 1s formed. As the IPA and propviene contact the catalyst, the etherification reaction (2)
takes place and DIPE is formed. Reaction (3) may also take place to form DIPE, but it 1s less
preferred due to the increased consumption of IPA as compared to reaction (2. The reactor may
be a single bed reactor or may contain two or aore beds with interstage cooling. Propanc 1s not

reacted.
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During operation, some of the acid from the catalvst will enter into the reaction mixture.
For example, the reactor effhuent mayv contain from as little as 1 o greater than 100 mass ppm of
oxo acids of sulfur with a typical vahie of 1 to 20 mass ppm, and/or ag hittle as 1 to greater than
100 mass ppm chlonide with a typical value of 1 to 20 mass ppm depending upon the catalyst
composition and the age of the catalyst. It is common practice to recyele a portion of the reactor
ctfluent tn order to mcrease conversion of propylene and IPA to DIPE and to control the
temperature in the reactor. However, when the acid is not removed from the reactor effluent, and
a portion of the reactor effluent is recyeled to the reactor, the catalyst is rapidly deactivated.
When the acid is removed from the reactor etfluent prior to recycling, the life of the catalyst 1s
significantly extended. Therefore the entire reactor effluent may be troduced to an acid
removal zone prior to recycling,

The acid removal zone containg any solid particles capable of removing the acid from
the reactor effluent. For example, the solid particles may be alkaline metal oxides, base on
exchange resins, basic organmically-bridged polysilsesquioxanes particles, or activated carbon, or
any other strongly basic inoreanic compounds with reasonable thermal stability considering the
reactor effluent will be at temperatures from 105 to 133°C. Examples of suitable base ion
exchange resins mclude strong base guaternary anunonium anion exchangers, anine-type weak
base amon exchangers, or pyvriding-type anion exchangers. Specific snitable commercial base
ton exchange resing include Amberlite® IRA-67 | Amberlite® IRA-68, Amberdite® IRA-93,
Amberlite® CG-420, Amberlite® IRA-410, Amberlite® IRA-900, Amberlite® IRA-904,
Duolitc A-7, Duolite A-368, Amberlyst A-21, Amberlyst A-26, Amberlyst A-27, Dowex® 1X2-
100, Dowex® 1X2-200, Dowex® 1X2-400, Bowex® 1X8-58, Dowex® 1X5-100, Dowex®
1X8-200, and Dowex® 1X8-400 which are sold by companies such as Rohm and Haas,
Diarnond Shamrock, or Dow. The more preferred resins are those that arc stable at higher
temaperatures such as Amberite® IRA-67 and Amberlitc® [RA-6R. These types of basc ion
exchange resins are readily commercially available and are very well known in the art and do
not require discussion here. See generally, Ullmann's Encyclopedia of lndustrial Chemistry, Sth
¢d.; Elvers, B, Hawkins, S, Ravenscroft, M., Schulz, G, Eds ; Wienham: Cambridge, New
York, Vol. Al4, pp. 397-398. The basc ion exchange resins may be regenerated for reuse, and
typically a process would contain two interchangeable base ion exchange chambers so that one
chamber is m use while the base 1on exchange material in the other chamber is being

regenerated.
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When using the base ion exchange resins, it is imporiant to observe the thermal
timitations of the resins. Most resing arg stable at temperatures from ambient to a maximum of
100°C with a fow being stable atup to 108°C. It 1s advantageous to operate the reactor so that
the reactor effluent will be at a temperature within the stable temperature range of the resins so
that heat exchangers would not be required to lower the temperature of the reactor effluent
before entering the acid removal zone. Suitable basic organically-bridged polysilsesquioxanes
are any which are capable of removing acid from the reactor effluent. Examples of basic
organically-bridged polysilsesquioxanes that are appropriate for use in the acid removal zone
iclude those having a divalent radical whose parent is selected from the group consisting of
dipropvlamine, dipropviphenylamine, tripropvlamine, and diphenylamine.

As the reactor efffuent 1s mtroduced to the acid removal zone, the acid contacts the
base ion exchange resin and ts exchanged with the basic group of the resin and is no longer
carnicd with the fluid flow. Alternatively, the acid contacts the basic organicallv-bridged
polysilsesquioxane and is removed from the fluid flow. The stream exiting the acid emoval
zone 1s acid-depleted and has an oxo acids of sulfor concentration, or an oxo acids of sulfur and
chioride concentration sum of less than 0.1 mass ppm. At least a portion of the acid-depleted
stream is recveled to the reactor fo react the propyvlenc and {PA to form DIPE and to control the
temperature 1n the reactor. Suitable recvele mtios range from 2:1t0 10:1 or 5:1. Atleasta
portion of the acid-depleted stream containing water, IPA, DIPE, propylene, and propane, 1s
passed to downstream processing zones 1o recover product DIPE. One possible downstream
processing flowscheme which has the advantage of not requiring equipment to break the
IPA-water azeotrope 1s as follows,

A portion of the acid-depleted stream is passed to a light ends fractionation zone for
removal of compounds such as propvlene and propanc. The light ends fractionation zonc may be
operated at a temperature of 80°C and a pressure of 235 psig,

In other processes, it 15 common for the light compounds such as propylene and
propane 10 be passed to a propyiene/propane fractionation colurmn where propance and propviene
are separated into two streams. The propane enriched stream would be collected, and the
propylenc enriched stream would be recveled to the reactor. The recvele may be combined with
the seed stock or may be used as an interstage quench. The heavier compounds such as water,

IPA, and DIPE are passed to a water-[PA-DIPE splitter column.



(03]

Ut

v

<

WO 2018/125612 PCT/US2017/066694

With the feed here being high purity propvlenc, the propylenc/propane fractionation
column of traditional flow schemes is not necessary thereby saving large capital and operational
COsts.

Instead, a stream of propane and propylene is taken as an overhead stream from the
light ends fractionation column. As the concentration of propane m the overhead stream is very
small due to the feedstock being a high purity propylene feedstock, no propyvlene/propane
fractionation columm is requured. Furthermore, the unreacted propanc is used as the diluent {o
minimize the exotherm in the reactor. Since propane 15 part of the feedstock, albeit a small
concentration, and it is not reacted, the propane is allowed to build up in the system until
reaching a sufficient concentration to operate as the diduent. After reaching the desired
concentration, a small purge stream may be taken from the overheard stream so that the
concentration of propane does not excced the amount required as a diluent. The rest of the
overhead stream is passed to the reactor for reaction of the propylene.

As discussed above, at least a portion of the acid-depleted stream 15 recycled to the
reactor to react the propylene and IPA to form DIPE and to control the temperature in the
reactor. The remaining portion of the acid-depleted stream is passed to the water-IPA-DIPE
splitter columm which 1s a fractionation column operating at from 63 to 100°C and from 5 to 25
psig that separates the heavier compounds mnto a DIPE-IPA-waler azeotrope stream, the water
nio another stream, and an [PA-water azeotrope into a yet another stream. The water stream 15
passed to a water wash zone, discussed below, and the DIPE-IPA-water azcotrope stream is
passed to a settler. The IPA-water azeotrope strean is recycled to the reactor without breaking
the azeotrope which is a sigmificant cost savings since, in order to break the azeotrope, another
process unit would be required.

fn the settler, the DIPE-IPA-water azeotrope forms two phases, a DIPE cnriched
phasc of 95 mass-% DIPE, 1 mass-% water, and 4 mass-% IPA, and a water ennched phase of
94 mass-Ye water, 1 mass-% DIPE, and § mass-% IPA. The water enniched phase is recycled
cither dircetly to the water-IPA-DIPE splitter, or 18 combined with the IPA and water stream
exiting the water wash zone; see below. The DIPE eaniched phase is passed to a water wash
ZOmne.

The water wash zone is operated at from 10 0 66°C and from 1 to 10 psig. The
DIPE ennched phase and a water stream, which mcludes the water stream from the water-IPA-
DIPE splitier, are mtroduced to the water wash zone in a ratio of 1:5 to 1:10 to form an IPA and

)
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water stream which is recveled to the water-IPA-DIPE sphitter, and a DIPE stream, containing at
lcast 96 mass-% DIPE, which is collected.
Without intending any fimitation of the scope of the present invention and as merely

illustrative, the invention is explained below in specific terms as applied to a specific

Ut

embodiment of the invention which 1s based on a design for a commercial scale umt. Referring
to the FIGURE, a 99 mass-% propylene-1 mass-% propane feed 2 water, IPA propyvlene,
propane, and DIPE containing recycle 12, IPA-water azeotrope containing stream 32, and
propylene and propane-containing recycle 24 are combined and introduced to hydration and
cthenification reactor 4 which contamns sulfonated styrenc/divinvibenzene co-polymer ion

10 exchange resin catalyst. Reactor 4 is operated at 110°C and 1000 psig. In reactor 4, the
hydrolysis of propylenc 1s catalyvzed and IPA 18 formed, the IPA is then catalytically reacted with
propvlene to form DIPE. Some 5G; will to split off from the sulfonated styrene/divinvibenzene
co-polymer ion exchange resm catalyst. The 8Os s then hydrolyvzed to forra HySGy which is
carned into the reaction mixture. Other oxo acids of sulfur such as HSO: or HSO4 may be

formed, but for ease of understanding, only H:504 will be discussed. The reactor offluent 6

o

contains propylene, propane, water, IPA, DIPE, and HoS504, and is passed to acid removal unit 8
which contains Amberlite® IR A-68 basc 1on exchange resin. Acid removal unit § is operated at
80°C and 975 psig. As the fhuid reactor effluent 6 contacts the Amberlite® IRA-68 base ion
exchange resin, SOy or HS04 from the reactor effluent 1s exchanged for OH or 2 OH— from
20 the resin, which neutralizes the HY thereby resulting in an H,SOs-depleted stream 10, The
H>80-depleted stream 10 1s divided into two portions, one portion, stream 12, is recycled to
reactor 4, and one portion, stream 14, is passed to a light ends recovery unit 16. The recycle to
feed rate is 5:1. Fractionation in light ends recovery unit 16 at 80°C and 235 psig results in an
overhead propane and propylene stream 18, and a bottoms water, IPA and DIPE stream 26

which is passed to a recovery zone 60, and specifically a water-IPA-DIPE splitter columm 28 of

o

the recovery zone. After a period of time during which the propane concentration has grown to
an amount sufficicnt to operate as a diluent, a purge stream 17 18 removed from overhead
propane and propylene stream 18 and the remainder 24 15 passed to reactor 4. The purge stream
prevents build-up of propane which is not consumed in the reactions of reactor 4.

In water-IPA-DIPE splitter colunm 28 the water, IPA and DIPE stream 26 1s

<

fractionated to form a water stream 30, a water-IPA azeotrope stream 32, and a DIPE-IPA-water
azeotrope stream 34. Water-IPA azeotrope stream 32 1s recyeled to reactor 4, and a first portion

-8 -



Ut

<O

o

jan]

30

WO 2018/125612 PCT/US2017/066694

of water stream 30a 1s recveled to a water wash umit 42 while a second portion of water stream
30b may be recyeled to reactor 4. DIPE-IPA-water azeotrope stream 34 is passed 1o water wash
unit 42 where the azeotrope is separated into a second water-IPA azeotrope stream 38 and 3
DIPE rich stream 40. DIPE nich stream 40 1s passed to drving column 52. A DIPE product
stream 48 containing at least 96 mass-% DIPE s withdrawn from drying cohmmn 52 and
collected. A drying column overhead stream 54 1s withdrawn from drying column 52 and passed
o unit 56, A water stream 38 is removed from unit 56 and the remainder in stream 62 18
recycled to light ends recovery unit 16, Water feed 50 may be used to add additional water to the

gystem if necessary.
SPECIFIC EMBODIMENTS

While the following is described in conjunction with specific embodiments, 1t will be
understood that this description is intended to illustrate and not Iimit the scope of the preceding
description and the appended claims.

A first embodiment of the invention is a process for producing dissopropyl ether
comprising {a) reacting water and the propylene of a feedstock containing at least 90 mass-%
propyienc and the balance propane, to produce isopropyl alcobol and reacting the isopropyl
alcohol with propviene to produce diisopropyvl ether in a reactor without an external diluent and
1n the presence of an acidic ion exchange resin catalvst at a temperature of from 105°C 1o 133°C
to generate a reactor efftuent comprising water, 1sopropyl alcohol, ditsopropyl ether, propylene,
propane and acid; (b} treating the mixture in an acid removal zone {0 gencrate an acid-depleted
mixture; (¢} recyching a portion of the acid-depleted mixture to the reactor, and passing a second
portion of the acid-depleted mixture o a light ends fractionation column; (d) separating, in the
light ends fractionation column, an overhead stream comprising propane and propylene, and a
bottoms stream comprising water, isopropy! alcohol, and ditsopropyl ether; {¢) passing the
overhead stream to the reactor until the concentration of propane is sutficient to operate as a
diluent and then purging a portion of the overhead stream and passing the remainder of the
overhead stream to the reactor; and (£} passing the bottoms stream {0 a recovery zong 1o separate
and collect the diisopropylether. An embodiment of the invention is ong, any or all of pror
embodiments in this paragraph up through the first embodiment i this paragraph wherein the
reactor comprises at least two beds with mterstage cooling. An embodiment of the mvention is
one, any or all of prior cnbodiments in this paragraph up through the first embodiment in this

-0.
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paragraph wherem a portion of the acid-depleted mixture 1s recycled to the reactor at a location
between beds to provide the mterstage cooling. An embodiment of the invention is ong, any or
all of prior embodiments in this paragraph up through the first embodiment in this paragraph
wherein the feedstock contains at least 99.9 mass-% propylenc. An embodiment of the invention
is one, anv or all of prior embodiments m this paragraph up through the first embodiment in this
paragraph further comprising in the recovery zone {g) passing the second portion of the acid-
depleted mixture to a water-IPA-DIPE-splitter columa to afford a water enriched mixture, an
isopropvl alcohol-water azeotrope mixture, and a duisopropyl cther-isopropvi alcohol-water
azeotrope mixture; (h) passing the 1sopropyl alcohol-water azeotrope mixture o the reactor; (1)
passing the water mixture and the ditsopropyl ether-isopropy! alcchol-water azeotrope mixture
to the water wash zone to afford a diisopropyl ether enriched mixture, and a water and isopropvl
alcoho! enriched mixture; (§) recycling the water and 1sopropyl alcohol entiched mixture to the
water-IPA-DIPE-splitter column; and (k) passing the diisopropyl ether enriched mixture to a
drying column to generate product disopropyl ether containing at least 96 mass-% ditsopropyl
cther.

Without further claboration, 1f 1s belicved that using the preceding description that one
skilled 1n the art can utilize the present invention to its fullest extent and casily ascertain the
essential charactenstics of this invention, without departing from the spirit and scope thercof,
to make various changes and modifications of the invention and to adapt it to various usages
and conditions. The preceding preferred specific embodiments are, therefore, to be construed
as merely lustrative, and not himiting the remainder of the disclosure in any way whatsoever,
and that 1t 15 intended to cover various modifications and equivalent arrangements mcluded
within the scope of the appended claims.

In the tforegoing, all temperatures are set forth in degrees Celsius and, all parts and

percentages are by weighi, unless otherwise indicated.

- 10~



WO 2018/125612 PCT/US2017/066694

CLAIMS:

1. A process for producing ditsopropyl ether comprising:

{a) reacting water and the propylene of a feedstock contamng at least 90 mass-%
propylene and the balance propane, to produce 1sopropyl alcohol and reacting the

5 isopropyl alcohol with propylene to produce diisopropyl ether in a reactor without an

external dilugnt and in the presence of an acidic 1on cxchange rosin catalyst at a
temperatare of from 103°C to 133°C to generate a reactor effluent comprising water,
1sopropyl alcohol, ditsopropy! ether, propylene, propane and acid;

{b) treating the mixture in an acid removal zone to generate an acid-depleted mixture;

{c} recycling a portion of the acid-depleted mixture to the reactor, and passing a second

-
<

portion of the acid-depleted mixture to a light ends fiactionation colunm;
{d) separating, m the bight ends fractionation column, an overhead stream comprnising
propane and propylene, and a bottoms stream comprising water, 1sopropyl alcchol,

and ditsopropyl ether;

\

15 {c) passing the overhead stream 1o the reactor until the concentration of propane is
sufficient to operate as a diluent and then purging a portion of the overhead stream
and passing the remainder of the overhead stream to the reactor; and

{f} passing the bottoms siream o a rocovery zone 1o separate and collect the

ditsopropylether.

ja%]
[l

2. The process of claim 1 wherein the reactor comprises at least two beds with

mterstage cooling.

3. The process of claim 1 wherein a portion of the acid-depleted mixture 13 recyeled to

25 the reactor at a location between beds to provide the interstage cooling.

4. The process of claim 1 wheremn the feedstock contains at least 99.9 mass-%

propylene.

[&V]
<O

5. The process of claim 1 further comprising i the weovery zong:

- 11 -
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(g) passing the second portion of the acid-depleted mixture to a water-IPA-DIPE-splitter
column 1o afford a water enriched mixturg, an 1sopropyl alcohol-water azeotrope
mixture, and a dusopropy] ether-isopropyl alechol-water azectrope mixture;

{(h) passing the isopropyl alcohol-water azeotrope mixture to the reactor;

Ut

{i} passing the water muixiure and the dusopropyl ether-isopropyl alcohol-water
azeotrope mixture to the water wash zone to afford a diisopropyl ether enriched
mixture, and a water and isopropyl alcohol enriched mixture;

(1) recveling the water and 1sopropyl alcohol enriched mixture to the water-1PA-DIPE-
sphitter cofumn; and

(k) passing the dusopropyl cther ennched mixture to a drying cohumn to generate

product ditsopropyl ether containing at least 96 mass-% dusopropyl ether,

-12 -
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