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ethers, which are high octane blending conponents for notor fuels, can be
prepared by reacting a prinmary alcohol with an ol efin having a doubl e bond

on a tertiary carbon atom For exanple, nethanol reacts with isobutyl ene

or isoanylene to formrespectively nethyl tert-butyl ether (MIBE) and

tert-anyl

nmethyl ether (TAME). Simlar reactions are known which

produce et hyl

ETHER RECQVERY

This inventior relates to the recovery of ethers from a

reaction mixture. In one aspect it relates a method of separating
o

reactor effluent in the preparation of tertiary alkyl ethers. In

another aspect this invention relates to an arrangement of columas

designed for extracting alcohol with water.

Backgzround of the Inventicn

It is known that tertiary alkyl ethers, which are high octane
bleading components for motor fuels, can be preparad by reacting a
primary alcohol with an olefin having a donble bond on a tertiary carbon
atom. For example, methanol reacts with isobutylene or isoamylene to
form respectively methyl tert-butyl ether (MTBE) and tert-amyl methyl
ether (TAME). Similar reﬁctions are known which produce ethyl
tert-butyl ether (ETBE) and tert-amyl ethyl ether (TAEF). Reference is
had to U.S. Patents Nos. 4,071,567; 3,979,461; 3,135,807; 3,846,088;
among many others.

These ether reactions are so selective for tertiary olefins

that they constitute a valid process for the removal from olefinic



tert-butyl ether (ETBE) and tert-anyl ethyl ether (TAEF). Reference is had
to U S. Patents Nos. 4,071,567, 3,979,461; 3,135,807; 3,846,088, anong

nany. others. These ether reactions are so selective for tertiary
olefins that they constitute a valid process for the renoval fromolefinic
- 2- streams where there are encountered together with |inear ol efins.

When producing such ethers however, it is desirable to renove the
unreacted alcohol fromthe ether in the reaction effluent and reéecycle it
to the etlhereamegagitage. there are encouptaradi Eigptofr pibiceggest iodekhiewn F6f t he
separation of alcohol fromtertiary al kyl ether products. Al'l of the
known i ndi wicersling prushesdess Woowsrer it figi detigaploFPdEetone FleefrmaActey of
separating alcohaol froma nunber of different ether products such as MIBE,
ETBE, TAMElaehelTARm the ether in the cgaefiingl §hltets 28R BHYect U P hnihe
invention to provide a process which will recover alcohol froma reaction
m xture coftBFNiTRECP tertiary al kyl ether. Anot her obj ect of

this invention is to provide an inproved arrangepent of .colu far
extracting al cohol %Vgﬁl’\ﬁétc’efr.pmces‘ Bs s knoKHo‘%rgr“n%bﬁeé’gfatdfontﬂ?glf%\?elnti on
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to separate

processes, however, fail to provide the flgxibilicy of separating
alcohol from a number of different ether producﬁs such as MTBE, ETBE,
TAME and TAEE. |

Accordingly it is an object of this invention to provide a
process which will recover alcohol from a reaccion mixture containing a
tertiary alkyl ether.

Another object of this invention is to provide an improved
arrangement of columns for extracting alcohol with water.

Another object of this invention is to provide a process which
uses essentially identical process equipment to separate MIBE, TAME,
ETBE or TAEE reaction products.

Still another object of this invention is to recover unreacted
hydrocarbons from a tert-alkyl ether reaction product.

Brief Summary of the Inventicn

In accordance with this invention there is provided a process
for separating alcohol from a reaction effluent stream in the
etherification of C, or Cs isoolefins, which précéss uses essentially
the same process equipment to separate a variety of ether compounds such
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MTBE, ETBE, TAME or TAEE or mixtures therecf. [In this process, which

’

features dual water wash steps plus fractionation, the entire reaction

product from a tertiary alkyl ether reaction containing the high octane



ETBE or TAEE reaction products. Still another object of this

i nvention4is to recover unreacted hydrocarbons froma tert-alkyl ether
reacti oh product. Brief Summary of the Invention

I n atcordance with this invention there is provided a process for
separating al cohol froma reaction effluént streamin the etherification
of Clerr] or - (Jerr] isoolefins, which process uses essentially the sane
process equi pment to separate a variety of ether conpounds such as MIBE,
ETBE, TAME or TAEE or mi xtures thereof. In this process, which features
dual wat er sh steps plus fractionation, the entire reaction product from
a tertiary &FI&7 °@f éF“? aﬁFF@n”H&n?&?ﬁfﬁﬁ“fﬁe“hfgh -ydt'apeinreacted Gy or

- 3- eth conponents, al,.on ﬁrocarb ns_ which in de unr eact ed
Clerr] or g{errﬁ e§bo|ef|nsm%1nd m“ Y SEAF b8hs §U@ﬁ §g “Fnéé ol efi ns

and par af f{:&%t@@ﬁs %|n§ a" ﬁ@@&ftq C%hét;)r a lLSann?ﬂeait I a f 1r<tt ﬁeparat ion

separat| on " zone to provide a pro am C al ni ng

conponent, tJ.e &an r P, Xt Ln regm
primarily %gﬁfgln?%g,hyd%g%g?gg%gﬂﬁﬁ%gékgggggﬁ%alnlﬁghgfanﬁglné&Thls | at er

stream of Lydlhacabhens ieOnd aldt.ph 13beNhal ik $cd Wokiher separ aiadaiiya second

separation zone to provide a hydrocarbon product stream for further
containing hydrocarbons but also containing alcohol. This later stream
of hydrocarbens containing alcqhol is Eurther-saparated in a second
separation zone to provide a hydrocarbon product stream for further
utilization as desired, and a water/alcohol mixture stream which is
combined with the water/alcohol mixture stream of the first separation
zone. The combined water/alcohol mixture stream is separated in a third
separation zone to provide an alcohol product stream which is suitable
for recycle to the ether reactor and a water stream which is suitable
for other uses.

In a preferred embodiment the first separaticn zone includes a
water extraction step followed by fractiomation of ether in which the
water extraction step removes a first portion of alcohel froam the
reaction effluent. Accordingly, this water extraction vields an extract
containing alcochol and a raffinate containing the ether, hydrocarbons
and also containing lesser amounts of alcohol carried over with the
hydrocarbons. This raffinate is passed to the ether fractiomator to
yield the ether product in a bottom stream and an overhead stream
containing hydrocarbons and aleohol which is passed to the second
separation zone.

The second separation zones includes a water extracticnm step
followed by a hydrocarbon stripping operation. This extraction step in

the second separation zone removes a second portion of alcohol which is



utilization as desired, and a water/al cohol m xture streamwhich is
conbined with the water/al cohol m xture streamof the first separation
zone.. The conbi ned water/al cohol mnixture streamis separated in a third
separation zone to provide an al cohol product streamwhich is suitable for
recycle to the.ether reactor and a water 4streamwhich is suitable for

ot her uses. In a preferred enbodi nent the first senaration zone
includes a water extraction step followed by fractionation of ether in
which the wakgtieMbr act id@Nesd §Rnd GIRY 63 cendll [t cROLEA AN oRTa @h £ONOI o fg OM
the reaction effluent. Accordingly, this water extraction yields an
extract copd ainpisykdakeohhand-andaahiidhat eigQptai nidg-dHg 18t h8E, vater
hydrocarbons and al so contai ning | esser anounts of al cohol carried over
with the heydrracatdnons. chEhisscdrmlf égaat €idns zpas sadid0 ashhexatabercdatactingnat or
to vyield the ether product in a bottom stream and an overhead stream
cont ai ni ng Mcdtotazdsorss rapbivakeohroka ithing hhidgopassed & ot hessedehd no
separation zone. The second separation zones includes a water
extracti on &tepols ol Thdweda ffjinatshydrowariboprssedi ppindydpeseabeorsteifivrs
extraction step in the second separation zone renoves a second portion of
al cohol whi¢Humg for further purification and produces a stabilized_ Wydrocarbon

essenti al | ystarIeLmof the remaining al cohol in the'reaction effluent, and

The third separation zone is an alcohal fractionation yielding
products of ether and water separated from water/alcohol mixtures
obtaiged from the first and second separation zomnes.

Other objects, aspects as well as the several advantages of
the invention will be apparent particularly in the art upon reading the
specification and the appended claims and the drawing in which:

Brief Description of the Drawing

FIG. 1 is a simplified schematic illustratiecn showing a
process flow and arrangement of apparatus according to a preferred
embodiment of this invention.

Detailed Description of the Invention

It will be appreciated by those skilled in the art that since
FIG. 1 is schematic only many items of equipment which would be needed
in a commercial plant for successful operation have beean omitted for the
sake of clarity. Such items of equipment would include for example,
flow, pressure, and temperature measuring instruments withR corresponding
process controllers; pumps, heat exchangers, valves, etc. all these
items would be provided in accordance with standard chemical engineering
practice, however, they play no part in the explanation of the present

invention.



is enployed to further reduce al cohol |osses. Accordingly, the water
extraction in the second separation zone yields an extract containing

al cohol® and a raffinate containing hydrocarbons with essentially no
alcohol. This raffinate streamis passed to a hydrocarbon stripper colum
for further putrification and produces™a®stabilized hydrocarbon stream
The third separation zone is an alcohol fractionation yielding products of
ether and water separated fromwater/al cobol mxtures obtained fromthe
first and second seﬁ)arat ion zones. . Ot her obj ects, aspects as
vel | as the several *&fFaittage¥ ot Fifnheli MrefPfbif vﬁef‘?tﬁé’é 8ppHFentt 2 |
particularly in the art n reading the specification .and the.appended
clai ns and ‘%lel"i‘ét’cﬁ“a\ﬁ’?‘ltg Siexg&mﬁi'%ﬁ: reatts’ altectbary ol SHin Q;B'r‘in‘?éfa ISés%rCPaﬁf?rbn of
the Drawing,.q, ity 18 BSLIPLLTL 04, SENSTALL G hdd LALLM

FH "
showing a Pprocess ??%ev%uaend"arrangerre 6f ¥ appar at us accor di ng

pr eferred ﬁﬂt&%ﬂhfer?”i‘s qfee& h.iﬁ 'cS'A/c@x@E' Qnto 3 first sepactation, zcrll:;ptw%i?]:ied

Description of t I nvent1 on It wll be appreciated by those

skilled in {he.ald dhhalcBLhcR Flfn 4 indt SCRR/MELLOR! ¥, NMBRYs | {L0S; Hf
equi pnent whi ch woul d be needed in a commercial plant for successful

operati on hat@ubeerupdliiel edal edndube 4 sakRiaf lpaeddadt. toSuahy i1ePP e@ber
equi pnent woul d i nclude for exanple, flow, pressure, and tenperature
measuri ng iimstanurRedss WEt nreectedspodidinegt pydreessbonentudldlep s¢omqpammps, heat
exchangers, valves, etc. all these itens would be provided in accordance
W th st andamdesttendi @edtobodgi rikher pxtracpiamcepbenn howeyerallehepter sgshtngpart in
t he expl anation of the present invention. ) _
operation, involves counter currently contacting the feed matecial with
water supplied via conduit 12 at a temperature typically about 40°C and
a gauge pressure e.g. 1000 to 1200 kPa, which is sufficient to keep the
hvdrocarbons in the liquid phase.

A first portion of the nnreacted alcohol comprising at least
about 350 wt.% of the alcohol in the feed is removed in the extraction
step in the first separation zore. While not wishing tc be limited by
theory, it is thought that sufficient alcohol is ramoved from the feed
material by ths water extraction step carried out in extraction cclumn 2
such that operation of the ethar fractionator 6, which follows, is
enhanced either because the separation factors of the remaining
components are improved or because the ether fractiomator “ «ues not
operate in an ether/alcohol/hydrocarbon azeotrope. The overhead
raffinate from the extraction in column 2 contains principilly inert
hydrocarbons plus the product ether together with lesser amounts of
unreacted isoolefins and alcohol. This raffinate stream is passed to a

distillation column 6 via conduit 8 from which is recovered an overhead

stream in conduit 10 containing hydrocarbon plus lesser quantities of



- 5- ) Referring nowto FIG 1 the entire reaction product of a
reaction that selectively reacts a tertiary olefin having 4 or 5 carbon
atons per nolecule with an al cohol (e.g. nethanol or ethanol) to produce
an ether, is feed via conduit 4 to a first separation zone which includes
an extraction colum 2 and a fractionatof 6. This reaction effluent
supplied via conduit 4 contains a product tertiary alkyl ether in an
excess of unreacted and inert hydrocarbons and al so contains unreacted

al cohol . The extraction colum or so called water washing operation,

i nvol ves co®cdplculherfotyor Ghrzam imgonfelf éedrararessi ahe wiredhctwather for
supplied via conduit 12 at a tenperature typically about 40[err]C and a
gauge presshite By 2519008k PLo0d Rp inghFmiRorents G7 ¥ imeFehtfuet b keep t he
hydrocarbons in the _liquid phase. .. Afirst portion of the

unr eact ed al cohol cdi r|e§"l:r?§tag°‘ft€§§t frahotiht® SFERE. 60T THE2ERCoRB in the
feed is renpyed in the.extraction step in the first separatjon zone. \Wile
not wi shi nge’ft(fqﬁélﬂ e %yco"ttﬁle[grg?, mlp‘\ftuirg ?ﬁé‘ﬁ@ﬁ af‘%a%)ﬁé’ﬂ?Jf i”@leé?ltt%é’tl cohol

! ST ermved ££&r{] %Mmftegp al to?réo%lprp. est Q?co%;[a et:rraﬁ)t(c;[nr %ﬁtal.b%nt S%O?.pb\'gairer‘!'h%d OUt
in extraction colum 2 such that operation of the ether fracti onator 6,

whi ch fol | oyp thieSto@ingIces. eirt hekbacause the sepa-ahi Al (AGLe S QF ‘{nhe

remai ni ng conponents are inproved or because the ether fractionator [err]
does not OpBEicAbE fdaktddha€bhag/ al cohol / hydrocarbon azeotrope. The
over head ’

A bypass conduit 30 ‘around the extraction column(2), is

provided for excluding the water wash column 2 when processing MTBE.

The overhead hydrocarbon phase withdrawn from the ether
fractionator 6 is passed to tﬁe second separation zone where additional
alcohol may be recovered while purity of the hydrocarbon stream is
improved. The second separation zone includes water extraction column
20 and stripper column 22. The overhead stream withdrawn from
fractionator 6 is passed via conduit 10 to extraction column 20 into
which water is introduced via conduit 24. A hydrocarbon raffinate
stream being substantially free of alcohol is withdrawn from column 20
via conduit 26, and an alcohol/water-mixtu:e is withdrawn via conduit 21
and combined with a stream of similar composition in conduit 15.
Further purification of the overhead hydrocarbon stream so as tc weet
certain purity specification is provided in stripper column 22, where
the lighter fractions are removed from the hydrocarbons via conduit 26
and a stabilized hydrocarbon product is removed via conduit 28.

The water/alcohol mixture supplied to fractionator 18 wvia
conduit 32 is separatsd in fractionater 18 toc provide an alcchol stream
in conduit 34 which is suitable for recycle to the ether reactor, and a

water stream in conduit 36 which is suitable for recycle to extractors 2



raffinate fromthe extraction in colum 2 contains principally inert

hydr ocar bons plus the product ether together with | esser anmounts of
unreact’ed i sool efins and al cohol. This raffinate streamis passed to a
distiillation colum 6 via conduit 8 fromwhich is recovered an over head
streamin conduit 10 containing hydrocarbon plus |esser quantities of

- 6- al cohol. The bottomstreamin conduit 14 recovers the product ether
for- use such as a high octane bl endi ng conponent for notor fuel.

The extract bottons fromthe water wash operation in extraction colum 2

contains a md&togrﬁpf Wﬁ\@iteegcaﬂq eQthgllg Wl%lgll&e Eot:oékél imqaﬁaloﬁm@dscorlm

conprises a concentration of about 20%by weight of the total stream
This streamjsskassd yimcconduif Sedbhdand 32t Oxdht 8l c@BOhakkF@L bironas or
18. A bypass conduit 30 around the extraction colum(2), is
provi ded fofeRXClyislicAy dgaeswWakedond@sidngod UnthAe 2iddiendarnoceissi af tMi Bithar

The overhead hydrocarbon phase withdrawn fromthe ether fractionator 6 is
passed to thecveepnshesepmnabionizandnwissle dddetdonaherealtbohninbary ine
recovered while purity of the hydrocarbon streamis inproved. The second
separ at i on gareethecisudes evpdndr texhe aetteomeeotunenalPGnani$-stri pper col um
22. The overhead streamw thdrawn from fractionator 6 is passed via
conduit 10 to extraction colum 20 into

Table I

Typical Operating Conditions

Extractor (2)
Temp °C 40
Gauge Press. kPa 1100

Fractionator (6)
Temperature °C
Top 50-60
Bottom

Gauge Pressures kPa

Top 540-740
Bottom 580-770
Extractor (20)
Temp °C 38
Press. kPa 827
Stripper (22)
Temp °C 50-70
Gauge Press. kPa 540-1360
Fractionator (18)
Temperature °C
Top 76-103
Bottom 116-130
Gauge Pressures kPa
Top 158
Bottom 172

The present invention is applicable to a variety of ether
forming units where the above described dual washing steps in

combination with fractionations provide the novel elements. In



whi ch water is introduced via conduit 24. A hydrocarbon raffinate stream
bei ng substantially free of alcohol is withdrawn fromcolum 20 via

condui t' 26, and an al cohol/water m xture is withdrawn via conduit )21 and
comjined with a streamof simlar conposition in conduit 16. Further
purification of the overhead hydrocarbonBstreamso as to neet certain
purity specification is provided in stripper colum 22, where the |ighter
fractions are renoved fromthe hydrocarbons via conduit 26 and a
stabilized hydrocarbon product is renoved via conduit 28. The
wat er / al coh@ﬂerﬁi:mmrtéestjpptiw'@@otr actanonzicor 48 ekat adonduilt w872, iasd
separated in fractionator_18 to provide an al cohol stream in conduit 34
which is suPiefiFedorbPdcyTIé -t ot Ree éf pefiolr eenreréned dndfee foreterbittreamin
condui t 36 which |s suitable for recycle to extractors_2

-7- andP 1983 1Y \RiREeE a?éf‘ua? %ﬁér‘%‘te“ﬁgab"cﬂ)‘l‘ﬂllt FoiRgat of° tAEveHdiari dual
units illustrate g):h }é\n endtiros meextent’_onthe make- up of
the feed, TYI5itCa °°5‘B { fchc@ %’hd‘l’?‘? FRB® of OFhE° B VitddAT S GRTE$ 0P t‘he

et her recoyery,ope qQn are |ven Ta

par ent hesi s cc?)rér e‘g on%ct Chm@r “ér%{ﬁ%é n’glr‘rgér at

Tabl e | thus improving separation -Expfr%@Llowggxatél.'ng\dgqudntallOﬁ%ohol is then

removed in a second water extraction 20.

cpq.lqggvlﬂ where the nunbers in

T ml"tures theraof,

Reasonable variations -and modifications, which will become
apparent to those skilled in the art, can be made in this invention.
Such modifications and variations are within the scope of thes described

invention and the appended claims



Extractor (2) Tenmp [err]C 40 Gauge

Press.” kPa 1100 Fracti onator (6) Tenper at ure
[err]O° Top 50- 60 Bott om
110-:160 Gauge Pressures kPa Top

540- 740 Bott om - 9 580-770 Extract or
(20) Tenp [err]C 38 Press. kPA
827 - Stripper (22) Tenmp [err]C 50-70
Gauge Press. kPa 540-1 360 . Fractionator (18)

Tenper ature 4 er rFl Top 76-103

Bottom W IffGIﬁﬁ“mED Is: Gauge Pressures kPa

Top Bott om .E.172 .
The present i nvent i oﬁ' i & éﬁﬁT?SSang’é f%”aéatiﬂ“-”i &ty e'tf""%’t Hé"f‘cwf‘orrFﬁcﬁd%ni ts

fract | onati ons prov e nov el ement s Y ation
the first e&gﬂb@%ﬁ{g %n?@zﬂ:t@@n@y&l@hdse%%n @bp&t @Q:Wt hMcarbons, and

unreacted alcohol, said process comprising:

(a) passing said etherification‘reaction effluent stream to a
first separation zone including a water extraction step followed by
fractionation;

(b) separating said reaction effluent stream in said first
separation zone under conditions which provide a first stream comprising
a mixture of said hydrocarbons, said alcohol and water, a second stream
comprising said tertiary alkyl ether substantially free from alcohol,
and a third stream comprising a water/alcohol mixture;

{c) passing said first stream to a second separation zone
including a water extraction step followed by sﬁripping:

(d) separating said first stream in second separation zone
under conditions which provide a fourth stream comprising said
hydrocarbons substantially €ree ~f alaohol and a £ifth stream comprising
a water/alcohol mixture; and

(e) combining said fifth stream and said third strear to form
a sixth stream and passing'said sixth stream to a third separation zone
comprising a fractionation which yields a seventh stream substantiallw
comprising alcohol.

2. A process in accordance with claim 1 wherein said

separating step {(b) further comprises:

RN PR



preferably about 75 wt. of the alcohol contained in the feed, which as
previously stated can be sufficient al cohol renoval to prevent an

et her/ dl cohol / hydrocarbon azeotrope fromformng in fractionator 6 for
reaction products conprising ETBE, TAME, and TAEE or m xtures thereof,
thus inproving separation in fractionatdf 6. Additional alcohol is then
renoved in a second water extraction 20. Reasonabl e vari ati ons
and nodi fications, which will becone apparent to those skilled in the art,
can be made in this invention. Such nodifications and variations are
within the scope of ekt@ctamCral edst igaved aF anebidie cappendeadigs! ad 1

-9- THAT WHICH IS CLAIMED | S: 1. A process for separating
an et heri f i oaick ddh re¢dbddnonstehh| rent idtvaeam €ant @ Rinngtep todr baar ¥iadkyl

et her, hydrocarbons conprising unreacted isoolefins and other inert

hydr ocar bonsspaastionurereacdrdd al cohol, said process conpri sing

(a) passing said etherification reaction effluent streamto a first
separation zone i nckemtivagg asaidt i rextreatidqror fswdpotid] | foredspid first
fractionati on; ) . (b) separating said reaction effluent streamin
said first SePEpaArAn Bezhe2ihd@ATt AT ons whi ch provide a first stream
conprising 3. A process in accordance with claim 2 wherein said third
stream is formed by counter currently contacting the alcohol contained
in said reaction effluent stream with water.

4. A process in accordance with claim 2 wherein said first
portion of alcohol comprises the major part of unreacted alcohol
contained in said etherification reaction effluent stream.

5. A process in accordance with claim 1 wherein said
separating step (d) further comprises:

extracting a second portion of alcohol comprising alcohol
contained in said first stream in a water extraction step in said second
separation zone; and

removing said second portion of alcohol from said second
separation zone in said fifth stream.

6. A process in accordance with claim & wherein said fifth
stream is formed by counter currently contacting the alcohol contained
in said first stream with water.

-

7. A process in accordance with claim 2 wherein said alcochol
is selected from the group comprising methanol and ethanol.

8. A process in accordance with claim 2 wherein said
tertiary alkyl ether is selected from the group comprising MTBE, TAUE,

ETBE and TAEE or mixtures thereof.

AR



a mxture of said hydrocarbons, said al cohol and water, a second stream
conprising said tertiary alkyl ether substantially free from al cohol, and
a third stream conprising a water/al cohol mxture; (c) passing
said first streamto a second separation zone including a water extraction
step followed by stripping; - @d) —separating said first streamin
second separation zone wunder conditions which provide a fourth stream
conprising said hydrocarbons substantially free of alcohol and a fifth

stream conprising @ water/alcohol mixture. a aw | whede®) GONINing
said fifth stream and s’gi %got%ﬁisrdmstarcégwtngéfo?ﬂn s xth stream and passi ng

sai d sixth ﬁiémqatf?ycﬁo&mbroqs SERAL A @ 2PNE, GRAPIHiSkNEgnA Jaiactigmation
whi ch yi el ds a seventh stream substantiall y ~conprising al cohol.

2. A proceggdidta2essy dadi8sWidaha £diak mnd WhRkeidies2dd separating step (b)
further conprises: - 10 -
extracting a firstiqoridapatfs abfebpdracomnd ainnethek 0f igak tbn keactican ef f | uent
streamin said water extraction step of said first separation zone; and
renovi ng saktsldeink SétHaark tasode ihedlinokol oframisaildadd 1’stc Sepat ati on zone in
said third stream

apparatus comprising:

a first water extraction means;

means for introdﬁcing.water into said first water extraction
means;

means for introducing said reaction effluent stream into said
first water extraction means for producing a first stream comprising an
extract mixture of alecohol and a second stream comprising a raffinate
mixture of said ether, hydrocarbons and alcohol;

a first fractionator means;

means for intreducing said second stream as a feed stream to
said first fractionator means wherein sazid second stream is fractionated
under conditions sufficient to produce a third stream comprising said
ether substantially free of alcohol, and a fourth stream comprising a
mixture of said hydrocarbons, alcohol and water;

a second water extraction means;

means for introducing water into said second extracticn means;

means for introducing said fourth stream into said secend
water extraction means for producing a fifth stream comprising an
extract mixture of alcohol and a sixth stream comprising a raffinate of
said hydrocarbons substantially free of alcchol;

a second fractionation means; and

—————
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3. A process in accordance with claim2 wherein said third streamis
formed by, counter currently contacting the al cohol contained in said
reaction effluent streamw th water. 4. A process in accordance
with claim?2 wherein said first portion of al cohol conprises the major
part of unreacted al cohol contained Fnl8atrd etherification reaction

ef fl.uent stream ' 5. A process in accordance with claim |
wherein said separating step (d) further conprises: extracting
a second portion of alcohol conprising alcohol <contained in said first
streamin a water ewspactorosemdtininsi e idafiirdeciondn adparist £ ofFhzere2 ai
renovi ng said second portion of alcohol fromsaid second separatiqgn zone
in said fiffohm gt sewgnth stream, and fog irkrpfusdeg $aiith HEBTHAREL W I EPt m 4
wherein said fifth streamis fornmed by counter currentlr}/ contacti,ng the
al cohol corfftatdfedo isﬁl%aﬁetff°F4r?t“%‘t“f‘é%‘%rvﬁ"ﬂ?f%t gpid seventh stream; is,
process in accordance with ¢ m \f/\lhfefr.ei n._said aé&cqplglcg‘ ioie&%lagcst\__ggarx rom

| ai m 2
the group CBAPTIGRRY ﬁﬁ??faﬁ?)‘fﬁ:'ih%f'se anof="t ¢ Pre process I n

accordance wWith claim2 wherein sai tertigl kyl s&hhetsisigelected from
the group CSApridithb Wﬁélgﬁn&lvél%gﬁﬂfngné %K)IétE@hlor mXtures thereof .

comprising water.

11. Apparatus in accordance with claim 10, said apparactus
additionally comprising:

a stripping column;

means for introducing said sixth stream as a feed stream near
the top of said stripping colﬁmn wherein said sixth stream is stripped

of light ends to provide a stabilized hydrocarbon stream.
12. Apparatus in accordance with claim 10 additionally

comprising:

a bvpass means around said first watexr extraction means.

U
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9. A process in accordance with claimwherein said unreacted hydrocarbons
conprise err], or (Jerr] isoolefins and said inert hydrocarbons

conprisé paraffins and linear ol efins. 10. Apparatus for
sepafating an etherification reaction effluent streamas defined in any of
claims 1 and 7 to 9 said apparatus conpri sing: a first water
extracti on neans; means for inlsn/tlr oduci ng.water into said first
wat er extraction neansg mean< ‘f or introducing sdid reaction

effluent streaminto id first water extraction neans fd@ [producing a
first stream conprisifg an extract_m xture of al cohol and® d second stream
conprising a raffinat@ | m xture of Raid et her, hydrocar bor§ and abcohol ;

a first fractionator ; nmeans for introduci'ng sai dzsecond
streamas a feed stred i S wherei nFsai d
second streamis fracti 0 proffuce a
third stream conprising sa cohol £ and a

under conditions suffici
ther substantially free

fourth streamconprisingfa mxture of said nhydrocar bons, al aohol |i'-_'and
wat er ; a secoﬂ;d wat er extracti on ngans; S meams for
i ntroducing water into said second extractionfjneans; mgans for

introducing said fourth streaminto sai dseco pnTnmeans for

producing a fifth stream conprising an %xt ract m xtu of al cohol} and a

sixth streamconprising a raffinate of ogaid hydrocarpons substantfially

free of algohol; < ot
o
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a second fractionation neans; and

-12- : means for conbining said third streamand said fifth
streanpto forma seventh stream and for introducing said seventh stream
as avfeed streamto said second fractionator, wherein said seventh stream
i s-/sfractionated under conditions sufficient to producing on overhead

stream essentially conprising aIcohoAB§HBA§nbotton1streanlessentiaIIy

conprising water. 6 11. Apparatus in
accordance with claim 10, said apparatus additionally conprising:
a stripping colum; nmeaBTHER REQOVERYCi ng sai d sixth streamas a

feed streamnear the top of said stripping colum wherein said sixth
streamis stripped of light ends to provide a stabilized hydrocarbon

stream ., 12. Apparatus in accordance W t(Rigrai M 10 additionally
conpri si ng: a bypass neans around said first water extraction
nmeans.

The alcohol, ether and hydrocarbon components of the reaction
effluent from various etherifications of C, or Cg isoolefins with an
alcohol such as methanol or ethanol which produce MTBE, ETBE, TAME, or
TAEE are separated using identical process equipment. The components
are recovered by first removing a portion&;f the alcohol in a first
water extraction step, then fractionating the ether, followed by the
removal of additional alcohol in a second water extraction step and then
fractionating the alcohol. Hydrocarbons are recovered from a extract

stream of the second water extraction step.



