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this normally equilibrium 1limited reaction. The.

description of the process using the distillation column

reactor and variations thereon are disclosed in commonly

assigned U.S. patents 4,218,011; 4,232,177; 4,305,254;"

_ 4,504,687; 4,978,807; 5,118,873; 5,120,403; 5,248,836;

20 5,248,837; and 5,313,005. Catalytic distillation has been

widely applied to etherification of isoolefins, which is
described in several of the noted patents.

U.S. Pat. No. 5,431,888 discloses a multi-purpose

distillation column reactor wherein a hydrogenation

25 catalyst for hydrotreating an isoolefin containing light

naphtha from a fluid catalytic cracking unit to remove

diolefins and mercaptans is stacked below an etherification

catalyst.
Normally the olefin feed to a methyl tertiary butyl
30 ether (MTBE) process is a mixed C4 stream containing

normal and iso butanes, normal and iso butenes and ‘some
butadiene. The isobutene (iC; ) preferentially react with
methanol to form the MTBE with the remainder being
essentially inert. The unreacted C,4's are frequently used
3s as feed stock to a cold acid alkylation process which
reacts the normal butenes with isobutane to form
isooctane. While butadiene at the levels used does not
affect the etherification, any butadiene in the feed to the
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catalyst prepared as a distillation structure in a

15 distillation columii reactor downstream of an etherification
reaction. Preferébly? the hydrogenation is carried out in
a bed stacked above an ether‘ifidationi-catalyst prepared as
a distillation 'structure wherein isoolefins are
preferentially reacted with alcohol in the 1lower
20 etherification bed ‘and dienes are hydrogenated ' with
hydrogen in the upper hydrogenaﬁion- bed. = The
hydrogenation, contrary to expectations was not inhibited
by methanol in the "hydrogenation zone. Methanol in
azeotropic or in excess (usually less than 10% excess)
25 . thereof may be present in the hydrogenation zone with no
appreciable detriment to the hydrogenation of the dienes.
In a preferred embodiment the invention is a catalytic
distillation process for 'Ehe prbd_uction of methyl tertiary
butyl ether (MTBE) ---‘frbm ':t'he' reaction of reactants
30 comprising isobutene in ¢4 streams’ 'cont'ain'ing- normal -
-butenes, butanes and butadiene and methanol (MeOH) by
feeding a mixture of 'the_: reactants into the reaction.
distillation column, below a bed of acid ion exchange resin
catalyst which constitutes a first reaction distillation
35 zone. Hydrogen may be fed to the -distillation column
reactor along with the mixed methanol/C; feed. '
In the first (lower) reaction distillation zone the
methanol preferentiall'yrrea'i::ts with the isobutene to form
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pressulrse fou'Ir‘]he phenomenon of condensation which is a constant factor
in a distillation is believed to result in the same or
better hydrogen availability, as the high pressure in the
liquid phase, that is, the hydrogen is introduced into the
liquid so that the hydrogenation occurs.

20 The eth_erif.ication feed may contain C4 to Cg isoolefins,
usually butenes and amylenes and the alcohol may be C; to
C4 monools, preferably methanol and ethanol. The dienes
are impurities, usually less than 1 wt.%, and usually those
corresponding to the hydrocarbon feed cut.

25 Although it is preferred that the etherification is also
a catalytic distillation reaction, the effluent from any
etherification reactor,. such as a straight pass 1liquid
phase reactor or a b01ling reactor can be fed directly to a
distillation reactor containing the catalytic distillation

30 hydrogenation zone, pi-eferably to a c_:onventional
distillation zone below  the hydrogenation zone. The
conventions distillation zone may be contained in a
separate unit and the overhead fed to the hydrogenation
zone.

35 _ BRIEF DESCRIPTION OF E WING

Fig. 1 is a simplified flow diagram in_ schematic form of
a process embodying the present invention. '
Fig. 2 1is- graph show_ing hydrogenation performance at
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4 ﬁﬂF?oﬁsfeFévﬁf’ge'of hydrogen feed rate and . butadiene
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distillation zone contalnlng an’ etherlflcatlon catalyst to
concurrently: ! _
15 (1) pre'feren'tia'lly react at least a portion of the
isobutene with a portion of the methanol to form methyl
tertiary butyl ether, ' '
(ii) distill the methyl tertlary butyl ether
downward out of the etherlflcatlon reactlon d1st111at1on
20 zone and ' - :
(iii) distill the unreacted isobutehé ‘ methanol,
butadiene and hydrogen upward out of the etherification
reaction distillation zone; ' '

(c)  contacting the unreacted ieobutene, methanel,

25 butadiene and hydrogen in a hydrogexiation reaction
"distillation zone containing a hy'drogeli'ation' catalyst to
selectively hydrogenate a portlon of the butadiene to
butenes; S

(d) w:.thdrawxng ether product from the dlstlllatlon

30 column reactor as bottoms; and ' '

(e) withdrawing an overheads stream from the
distillation column reactor having a reduced butadiene
content as compared to the butadiene content of the first
strean. - .

35 In the hydrogenation reaction as in the etherification
- reaction, catalytic dis_tlllatlon is' a benefit first,
because the reaction is occurrihg concurrently with
distillation, the initial’l reaction pi:'bducts and other
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15 washing effect that the internal reflux provides to the
catalyst thereby reducing polymer build up .and. coking.
Internal reflux over the range of 0.4 to 5 L1L/D (wt. of
liguid just below the catalyst bed/wt. distillate) gives
excellent results.

20 The catalyst for the etherification is preferably an
acidic cation exchange resin such as Amberlyst 15 as
supplied by Rohm and Haas Chemical Company. A suitable
catalytic distillation structure for use herein comprises
placing the cation exchange resin particles into a

25 plurality of pockets in a cloth belt, which is supported in
the distillation column reactor by open mesh knitted
stainless steel wire by twisting the two together in a
helical form. This allows the requisite flows and prevents
loss of catalysts. The cloth may be any material which is

30 inert in the reaction. Cotton or linen are useful, but
fiber glass cloth or "Teflon" cloth are preferred.

Hydrogenation is the reaction of hydrogen with a .carbon-
carbon multiple bond to "saturate" the compound. This
reaction has long been known and is usually done at super

35 atmospheric pressures and moderate temperatures using a
large excess of hydrogen over a metal catalyst. Among the
metals known to catalyze the hydrogenation reaction are
platinum, rhenium, cobalt, molybdenum, nickel, tungsten and
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1985, presents a general non ena-bl:.ng overview of various

uses of hydrogenation catalysts, including selective
hydrogenation of a propylene rii_::h stream and otheér cuts.
20  Conventional 1liquid phase hydrogenations as presently’
practiced requires high hydrogen partial pressures, usually"
in excess of 200 psi and more 'frequently ‘in a range of up
to 400 psi or more. In a liquid phase’ hydrogenation the-
hydrogen partial pressure is essentially the system
25 pressure. - o
The preferred hydrcgenation catalyst is an "alu'migha'
supported palladium catalyst hav1ng a palladium content of
about 0.5 wt%. The hydrogenat.ton catalyst is generally
supplied in the form of small spheres or extrudates of from
30 1/32 to 1/4 :mches in diameter. A preferred catalyst
structure for the present hydrogenatlon reaction comprises
flexible, seml—rlqid open mesh tubular material, such as
stainless steel wire mesh, filed with a particulate
- catalytic material in one of several embodiments recently
35 - developed in conjunctlon with the present process. Most
particularly the structure described  in U.S. pateht
5,431,890 which ‘is herein " incorporated by refereh_ce is
preferred for the hydrogenation catalyst structure.
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syste%a reaction dlsti lation column along with the: other
reaqtants. Within the hydrogen partial . pressures as
defined no more hydrogen than necessary to hydrogenate the
highly unsaturated compounds (dienes) is employed, since
the excess hydrogen is usually vented. This preferably is
20 a hydrogen partial pressure in the range of about 0.1 to 10
psia and even more preferably no more than 7 psia. Optimal
results have been obtained in the range between 0.5 and 5
psig hydrogen partial pressure.
One of the advantages to the instant process is that
25 Cy's from a fluid catalytic cracking unit (FCCU) may be
- used without pretreatment. This C4 stream. contains about
13.28 wti isobutene, with up to 0.5 wt% butadiene. The

remainder of the stream is essentially butanes and normal

butenes.

30 Referring now to the Flg. 1 one preferred embodiment is
described in more detail. The reactor 10 is preferably
operated as the reactor described in U.S. Pat. No.
4,950,803, although any preliminary reactor configuration
or no preliminary reactor at all may be used. Methanol is

35 fed via flow line 101 and the FCCU Cu's are fed via flow
line 102, both being combined in flow line 104 and fed to a
fixed bed down flow guard reactor 10 containing a bed of
the acid cation exchange resin 26.
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stream atthe ethert waaictanted heforeenteting thephgﬂrug@nﬂtnﬁnlzﬁné about
0.1 psia %? | ess than 70 psia, preferably l'ess than 50 psia is
conveni entfly fed to the 15 reaction distillation colum along wth
the other The isobutene preferentially reacts with methanol in the

15 etherification reaction distillation zone 22 to form methyl
tertiary butyl ethér which is higher boiling than either
the C,’'s or the methanol and so is distilled downward into
the stripping section 28 where any C4's and methanol are
boiled back up into the etherificétion'ﬁreactioﬁ'

20 distillation zone 22 for further reaction. '

The unreacted C,'s and an azeotrope of methanol (about”
4%) are boiled upward into the hydrogenatlon reaction
distillation zone 24 wherein the 'butadiene reacts with the
hydrogen to reduce butadiene content to about 20-100 wppm.

25 Ether is withdrawn from the distillation column reactor
20 as bottoms via flow line 107. The overheads contain
mostly unreacted C4's but having less than about 100 ﬁppm
of butadiene. When the distillation column reactor first
comes on line the methanol concentration in the

30 hydrogenation zone 24 was kept below about 2 wt% until the
hydrogenation catalyst is 'activated. After the
hydrogenation catalyst was activated the concentratlon was
allowed to rise to the azeotropic level of 4 wt%. The
activation time perlod must be determlned for each

35 individual catalyst. ' :

The overheads are taken via flow line 108 and the c4'
are condensed in the condenser 30 and collected in the
receiver 40 where any uncondensed material is separated and




react ants. Wthin the hydrogen. partial ¢ pressures defined no

nor e hydrogen than necessary to hydrogenate the hlghly

corrpounds e i s enpl oyed, since the excess hydrggiﬁ}sy@%gg
usually vented. This preferably is 20 a hydrogen partial pressure in the
range of about 0.1 to 10 psia and e®en nore preferably no nore than 7
psia. Optinal resul ts have been obtained in the range between 0.5 and
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cation excp:aqgédeseg| reagitsitian |tenperature in the e_therz.f:.cat:.on zone

of between 90 and 175 °*F and a temperature within the

15 hydrogenation zone of between 85 and 170 °F. '

| EXAMPLE. |

A reactor system was configured as shown in the Fig. 1.

The catalytic distillation (CD) column reactor comprised a

stripping section of fifty feet packed'with pall 'ring's.'

20 The diameter of the stripping section was four inches below

the feed point and three inches above the feed point. The

vapor from the stripping section was passed to a three inch

diameter reaction 2zone having the two beds of catalytic

distillation structure. The lower twenty feet of the

25 reaction zone was packed with acid cation exchange resin

catalyst in the cloth bags as described. The feed point

for the CD reactor was below the resin catalyst. Directly

above the etherification catalyst the column was packed

with twenty five feet of the palladium on alumina catalyst

30 in wire mesh containers as previously described. The

liquid from the reaction section (the middle reflux) was

passed directly down to the stripping section with a sample
being taken and analyzed by IR for methanol content.

~ The hydrocarbon feed to the guard bed reactor was Cy

35 FCC. The iscbutene concentration averaged 12-13 wt.$%.
Butadiene in the feed concentration averaged 0.5 wt.%
(about 0.3-0.6 wt.%). When higher concentrations were

required as shown in Fig. 2 commercial grade 1,3-butadiene



structure which in turn is below a hydrogenation reaction )
distillation zone 24 which contains the hydrogenation catal ytic
distillatigwopetssature. The colum al so includes a I arnisosRbseen
section 29 above the hydrogenation zone 24. 10 Hydrogen is fed via fl ow
line 105 in feed line to colum 20 1 bel ow t he catal yst cont ai ni ng
zones, and thus is mxed with t he 8t her reactants before entering the
hydr ogenat s e 1hesy e r ept | y reacts
with met el At ko & hezéft T fi%l-io%esrljé%g ?%ﬁ&d?gﬂgﬁt‘?aﬁgo_iﬁ?%égeg‘z to
form net hfleed rateerenahptagignet Fonvemsdeon saki gravions | ileyealmnodi t her
the Jerrputddidie redbheértrafion? 'ﬁya':%gbh' eqraloWWEEKhi®4P gragel M€
stripping_seqgtion 28 where gny err; S . and net hanol are - bgl Feg back
up into PEFEtYei(1:197%alrdn (MeEErBHADs weFesiless: than,ahopn ARd
furtBer razetiomitrile conddretrattimred cavélagedl' 20amppmn aPledt hePRafbl

nmet hanol (aho %9 are boiled upward into the hydrogenation
reaction val lérgd'g%t iql\r;kﬁ on zone 24 wherein the butadiene reacts with the
hydrogen to Th¢uscolunmdvascopeirated tat sdpuovethead peaswes of 1EOher is
wi t hdr awnkram t-he pdirgiadndiat ks CELEM ¢FaGt i a ja flow
l'ine 107. r’EJ’%he over heaé‘s 1cont al nqil & rmst}fgy u%rplé%ctzg%. g‘?‘?‘?egsb%b

havi ng | e3gepkxePdSoaluy appabout 4 wE.Rudadithe overhead feext theat i on

col yon r eagFogenatiion catal$ s hadl) bdddife ddcivda®ddanol concentration:
in the 30 #ﬂ%dr c‘)%enaéon‘-.’ezxgrf][ 2{; V\gstle(ggt- bel ow.about_ 2 V)érgﬁ) until ,the
hydr ogenat i o c&ta 7% i YAPRYTENS convgisien fior the run in
hydr ogena€Pon reackioyst evherddfticattion t lmoreonoeas r greatems than adddwed to
rise to t Rgedage! 12BbutleREe cotkretsWcths b'g% Mﬁ!{i ' & eriod
nmust be .,dgte m r}ed =fct)ar ggcheSSS. I ndiavi ua‘?n cata ys/%i&)rhné_ ’E’gﬁg '
over heads1&Pbutgeren t2d foovkhe nainids are Kl latgd  $o be 98.8%ondensed
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uncondensgg material is gepar gt ed ar]td _ .
e presence o ethanol to less than 100 wppm butadiene

from a feed gas stream containing up to 0.5 wt% (5000 wppm)
'~ butadiene. A typical run for the CD reactor is described

in the following TABLE. ' '
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returnéd to the colum as reflux via flow line 109 or taken as
product via flow |line 110. The overheagf C4 stream contains |ess

t han about 100 wppm of butadi ene and in sone 5 cases only about 20 wppm
Cenerally the overhead products are water g §hed to renove any

met hanol which is al so harnmful to a cold:iacid alkylation
rocess, overheads,gr raffinate c nt ai ni ng t hezgnor nal

Eut enes"oc’gtsn E@TIE% used in a col (‘j&am d_al k\/l ati gn nrnmegc 10 The—
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et herifi catgym zone of betweess 90 and 175 [krr]F and a e®nperature
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EXAMPLE (22f reactor system wa® configured ab shown in th® Fig. 1.

The catal ytic distillation (CD) cohidtesreactor cohprised a 13 stripping
section of dvedweap feet packed with P8 | rings. 20 | The dianet &2 of the

stripping section was four inches bel ow t he feed poi nt _and three

i nches atrese the feed poit®¥t. ThWs Wapor Mm {h¥3striplfng se@fion Wk
passed (CoMPOSITIONQOMIXY nch di anet er reaction zoné havi ng the tvvo beds of
cat al yt Methane  di st || at PGH" st r?;E‘E"ure 0-090The 2-10H o‘tgggent yg Seet 1 oot he °2g§9
reacti ofit®®he was packed h 2209 catd g)ﬁﬁ exﬁhbz% 1N o 0a0 © at Al o bo0
the cl ofHYb®Gs as descrl feeodootam nt1 63 ? t hey m dar vvq,s,_,‘é'
bel ow t BEPP¥si n cat al yst 0. o rec 7g1e ep| ggl f '63960' on ocggoal Y5iors
the col gRTMAS packed ;. caiti tent yo dove &Rl Phrlehe Pad badi UG &3 32.280
al uri na ; Ea 0750 il e reh conf aanor's ms pr £4bPuS! dLogiescra.d. olsu
The ! d fromt he,zrzg@ct | 9BocSeCtd. 093 (t e fidbos ef | 4l¥go Waso.000  4.447
passed 4'ie&f.&i¥mdom to bhee Stragsy Ny diedat i 0.0kt N 6.3eANDI €000  dasdong  0.000

t aken anptweal Yzed by | Rsfses neélasunol oodet enz.4s0. | 8.909 Thes.hgedr ocasdoon fremd
to the grakd-fureeher cact orisias Cl ewod 35.000FCG1.810 The.490 sobupwne o.000  31.521
concent rgd-bmath\-propaed Dbed 3 W.066 0.000  0.000: | 0.004 0.000 - 0.000 0.000

Methyl-cyclopropane 0.013 0.000 -0.000 0.014 | 0.013 0.000 0.000  0.016
cis-2-Butene 11.749 0.000 0.000 14.407 | 11.749 6.000 0.000 15.247
3-Methyl-1-butene 0.359 0.000 0.05¢9 0.017 0.35? 0.000 0.098 0.029
iso0Pentane' 0.599 0.000 2.239 0.009 0.599 0.000 2.166 0.008
1-Pentene 0.032 0.000 0.122 0.000 0.032 0.000 0.127 0.000
2-Methyl-1-butene 0.016 0.000 0.029 . 0.013 0.016 0.000 0.041 0.0%4
n-Pentane 0.005 0.000 0.017  0.000 0.005 0.000 0.076 0.000
2-Methyl-1,3-butadiene 0.003 0.000 9.003 - 0.000 0.003 0.000 - 0.004 0.000
trans-2-Pentene 0.011 0.000 0.037 0.000 0.011 0.000 0.030 0.000
cis-2-Pentene ' 0.004 0.000 0.015 0.000 0.004 0.000 0.013 ¢.000
2-Methyl -2-butene 0.032 0.000 0.481  D.098 0.032  0.000 0.365 0.116
trans-1,3-Pentadiene 0.000 0.000 0.000 0.000 0.000 0.000 0.078 0.000
cis-1,3-Pentadiene 0.000 0.000 0.000 . 0.000 0.000 0.000 0.001 0.000
Dimethyl-ether 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.013-
Methanol 2.855 0.000 0.000. 1.103 2.855 .0.000 6.007 3.725
tert-Butanol 0.000 0.000 0.098 0.000 0.000 0.000 0.000 0.000

12.380 0.000 95.636 0.000
0.015 0.000 0.085 0.000
0.010 0.000 1.097 0.000
0.000 0.000 0.004 0.000

Methyl-tert-butyl-ether 12.380 0.000 95.364 0.000
Methyl-sec-butyl-ether 0.015 0.000 0.203 0.000
tert-Amyl-methyl-ether 0.010 0.000 1.236 0.000
DIB-1(2,4,4-Trimethyl- 0.000 0.000 -0.008 0.000

. D18-2(2,4,5-Trimethyl- 0.000  ©0.000  0.000  0.000 | ©0.000  ©.000  0.003  0.000
Heavies 0.209  ©0.000  0.048  0.271 | 0.209  0.000  0.111  0.095
unknowns - 0.002  ©0.000  0.039  0.003 | 0.002  ©0.000  0.050  0.000
Flow, Lb/hrs. 120 23.6 92.4 112.2 2.7 91.6
Ny SCFM 30.1
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But adiene in the fe ra lon averaged 0.5 wt.% (about 0.3-0.6

w. 9. When hi gher “\,ere required as shown in Fig. .2
PCT/ US96/ 20896 10 was added to

the feed. Fig. 2 shows the effect of “hydr ogen feed rate on butadi ene
conversion at various levels of adi ene concentration. Hydrogen

was techﬂw ng%rleij ?lau{x&’&riéy (99.95% H err]). Mercaptans were | ess

than 2 ppman onrtrile concentrations averaged 20 ppm- - The
met hanol 1. h/a§r999§% forec the producqm cof uakkwds tsp'&llat!wd adtkyeln

over head é’tfl?éxsura‘hd)f h{48ogenatitH 2of ﬁ'ﬁéhad‘f’éneﬁ"ascoﬂf'élln% ife anini t

to produce aze otrggl c, val ue of :about .% 1 n the overhead

after thelwlk?%r GoBNAANING SErGAN MaedEBFe Hhe | ekhexification, The

aver age thﬁﬁ;ﬁﬂ'isiﬁ@bt&eretép@vefsl on for the run in CD reactor
Lhan Aver age i sobut ene

th f t {
gon\?relr s= gﬁsl g%seéog%e fa %ﬁd stt(ﬁeglm contallgéjﬁgt 2% uni t
are cal cudiane, t @ bsegﬁnd% stBeamH gontaihing tdlkcohdl Gredrla r ahfimdat e can
be hydr ogana 4l éc;htalmf ydF E§6R €004 AELPRYPLE SN EﬁgugtﬂaQﬁﬁ%g:ggppmp -

but adi ene froma gas st ream cont al ni ng up
but adi ene‘-“t%iyﬁﬁ?galz?%' for the CD reactor is descrl bed in the

foll owi ng TABJE.cottacting the streams in an etherification reaction
distillation zone containing ‘an etherification catalyst
to: ' 'f; _ _
(1) selectively react at least a portion of the
iscalkene with a portion of the alcohol to form alkyl
tertiary alkyl ether, =
(ii) -dis:tfill' the alkyl tertiary alkyl ether
downward out of tf_{e .etherification reaction distillation-
zone and . o ' o
(iii) Qdistill the unreacted isoalkene, alcohol,
diene and hyd:erh upward _out of the etherification
reaction distillation zone; - |
(c) cbntactin@fthefuhreaCted isocalkene, alcohol, diene
and hydrogen in a hYdrogenation reaction distillation zone
containing a hydrogenatlon catalyst to selectively
hydrogenate a portion of the dienes to alkenes. '
() w1thdrawing ether product from the distillation
column reactor as bottoms; and
(e) withdrawing an pverheads stream from the
distillation column reactor ha#inq a reduced diene content’
as compared to the dieneﬂbontent of the first stream.
2. The process according to claim 1 wherein said alkene
has from four to six carbon atoms. | ' _
3. The process according to claim 1 wherein said

alcohol is a monool having one to four carbon atoms.
4. The process according to claim 1 wherein said

isoalkene comprises isobutene.
5. The procesé according to claim 1 wherein said
isocalkene comprises isoamylenes.
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12. 450 “QQQ a fegd ana 0.000  11.751 trans-2- But ene '
15. 490 o ooéb) °°nteeéln9 Shegsfreamssinggn ethgridjcatiom gmactign. 521

2, 2- Di met hydigt Dppation anQOélontaQTlQﬁQ an th@QQflcgfgonQ:atalgst 1'930000
0. 000 0. 000 clo
0.014 0.013 ?b.o fects iyeddo Pedgons c1r§a§t83t &frtion of the

11. 749 'sobuteneom a Poriibn of 1 theO meth&n6DO0 to f£OrA0Gethyll5. 247
3- Met hyl - 0. 000 0. 059 0.017 0. 359
0. 000 o FEEiary '8“5‘28 TSo-PEnt ene 0. 599 0. 000 2. 239
0. 009 0. 599 (bibpoodisti}ligkhe metipd tertiary butyl ether
downward out of the etherification reaction distillation
. zone and

(iii) distill the unreacted isobutene, methanol,
butadiene and hydrogen upward out of the etherification
reaction distillation zone;

(c) contacting the unreacted isobutene, methanol,
butadiene and hydrogen in hydrogenation reaction
distillation zone containing a hydrogenaﬁion catalyst to
'selective'ly hydrogenate a portion of the butadiene to
butenes: |
| (d) withdrawing ether product from the distillation
column reactor as bottoms; and _ _

(e) withdrawing an overheads stream from the
distillation column reactor having a reduced butadiene
content as compared to the butadiene content of the first
stream.

9. The process according to claim 8 wherein said first
stream also contains normal butenes which are removed with
the overheads from the distillation column reactor.

10. The process according to claim 8 wherein the
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Fl ow, |b/ ipopprising placing a hydroqenatnm ereacticmz distillation

24. 7 Fnd éﬂ&ié]t}gj:é'therification reaction égstillation zone
14. 1 he |1 nveption, clalnme

1. A proc@%g?ﬁﬁeQ?ﬁfpﬁoEﬂEPFBH 8f ﬁqﬁﬂbq§94¥?ﬂ%r%ﬁﬂﬁ?l%f%einaﬁﬂe c4

hydr ogenatstoreamf the di enes contained in an isoal kene containing stream

used for the pf herighgatiol, sﬁeggac%agaqﬁaﬂetst CBfafh 13 (Aerdiiflihd 2

first stream containing |soa
butadiene level in C4 stream is reduced to 100 weight parts

per million or less.

15. The process according to claim 13 wherein the
etherification reaction disti:llatio'n:"zone co‘ntains an acid
cation exchange resin catalyst in the form of a catalytic
distillation structure.

16. The process according' to claim 13 wherein the
hydrogenation reaction dlstillation zone contains an
alumina supported palladium catalyst containing about 0.5
wt% palladium in the form of a catalytic distillation
structure. '

17. A process for the productio'n' of alkyl tertiary alkyl
ether and hydrogenation of the dienes contained in an
isoalkene containing stream used ‘for the etherification,
comprising the steps of:

(a) feeding a first stream containing alkyl tertiary
alkyl ether isoalkene, diene and alcohol and a second
stream containing hydrogen to a distillation column reactor
into a feed zone; _

(b) distilling the alkyl'tertiary'alkyl ether downward



di ene, a second stream containi ng ﬂ and a third st ream cont ai ni ng
hydrogen to Lsiillation colum r W!! £Mﬂ zone; /208
contacti ng ﬁﬁ%g@é%t ns in an etheriff#catl drstrllaf’ronsgzong6
containing an etherification catalyst to: *(i) selectively react
at least a portion of the isoalkene with a5portion of the alcohol to form

al kyl tertraré al kyl et her, (i) distill the alkyl tertiary
al kyl - ethepu oﬂﬁw&r distildptinn @ome iMmation reaction distillation zone
and - (iide) disstillinddetnar eatleadtdd opséstikenedl aalthoj eagenand

hydr ogen r out of herj fic |o.n r tron distillation zone;
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catalyst to r 0 enes
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bottons; angontzigingw ahdhydregenatiorer heatelysiti capreparedthes a
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the diene content of the first stream )
claim1 whePEi ﬁhgaF’ée&PEe'ﬁB pdkenesm f our to sr X carbon atoms. 3. The

process accordl(ag t owikddFawlingeéEhars ProdtEONEromS ShEONPAL L {1BVAEHoRNE
to four carbo oces% according to claim 1 wherein

sai d i soal k‘éﬂguﬁ'BnﬁFPg’égrr §8bﬁf’gﬁggs The process according to claim
1 wherein sai d(ifyoal kenttdrpwiisss |anarrp|vrmaseads stifedd/ 28T the

PCT/ US96/ 20§9§t111atlon column reactor having a reduced diene content
as compared to the diene content of the first stream.



13 6. The process according to clai m 4 wherein said 7. The
process according to claim5 wherein said al cohol is nethanol, ethanol or a

m xt ure thereof. 8. A process for the production of met hyI tertiary o
butyl et hernygdadisgr ogenati on of the butadi ene contained in POFAGI6eE96aM  +
used for the etherification, conprising the steps of: (a) feeding a

first streamcontaining i sobut ene and but adi ene, a second stream contai ni ng
met hanol and a third stream containi ng fydpogen to a distillation colum

reactor into a feed zone; (b) contactfng the streans intgh P
etherification reaction distillation zone containing an ethearif}cation
catalyst to (i) selectively react akplgast a portio |t he

i sobutene with a portion of the nmethanol to Tormyret hyl utyl

et her, b disjill the nethyl tertiary byl et : br d 4t of
the etherifica reac]ion dlstlllatl gZongrm- _srt/ll t he
unr eact ed |sobutene nmet hanol , but adi e g and |hye=eglen up b1t he
etherification reaction distillation zon (c) } he :

unreacted isobutene, nethanol, butadi ene ard hydr ogd)8.i n hydr ogenati on
reaction distillation zone containing_a_hyvdrdgenation ca to

sel ectively hydrogenate a portion of jthe but adi ene t (d)
wi t hdrawi ng et her product fromt h;e"giLs.tTT l'ation colu as bottons;
and (e) wi thdrawi ng an ovepfieads TSiream frol tillation
colum reactor having a reduce@9 bujadqCe S conpar d1 t he
but adi ene content of the first strearh 9. The prjocess acco to claim
8 wherein said first ) - :
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stream al so cont ai ns nor nal

from,the distil

clatm 8 wher®¥PP728%7

but enes which are renoved wth the overheads
| ati on col um reactor. 10. The process accordingato
4 PCT/US95/20896

WD 97/ 28874

PCT/ US96/ 20896 . 14 Dbutadiene level in the
overhead streamis reduced to 100 meigﬂt arts per mllion or |ess. 11.
The process according to claim8 wher '¢/ he ether product is stripped of
any unreacted nethanol and Clerr]'s in a stripping section below the

etherification

reaction distillation zone in the distillation colum

‘reactor. 12. The process according to claim11l wherein the nethanol
content of the ether product entering the stripping section is an
azeotropic anoynt or | ess 13 Lo a process for the productiqn<Hf
methyl tertiary butyl ether using a C4 streamfroma fluid catal yiic
cracking unit In a distillation colum reactor having an etherifigation
reaction distiflation zone, the inprovenent conprising placing a
hydrogenati on yeaction distillation zone above the etherification]reaction
distillation zpne to hydrdfenate a portion of the butadiene contajned in
the C4 stream 14. TF process according to claim13 whereinjthe
but adi ene Ievef in C4 streamis reduced to 100 wei ght parts per Eﬂion or
| ess. 15. The proce according to claim 13 wherein the _
etherificationfreaction dlgjillation zone contains an acid cationiexchangég
resin catalyst]in the formof a catalytic distillation structure. & v
The process acgording to claim 13 wherein the hydrogenation reactionﬁﬂ w2
distillation fone contains ap ' oy
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(54) Title: ETHERIFICATION-HYDROGENATION PROCESS

(57) Abstract

A process for removing dienes from etherification uses a hydro-
genation zone (24) in the reactor distillation column (20) above the ether-
ification zone (22). MTBE is produced and the unreacted C4 stream is
also subjected to selected hydrogenation of the butadiene contained in the
C4 feed stream. The C4 stream is introduced via line (101) and methanol
is introduced via line (102) which is combined in flow line (104) and
subsequently. enters the distillation column (20) via line (103) wherein
the C4 stream is contacted with methanol in the etherification zone (22)
where the MTBE is distilled downward. The unreacted C4’s then are sub-
jected to selective hydrogenation in the hydrogenatmn zone (24) wherein
‘butadiene in the overhead raffinate (108) is reduced by over 90 %. The
hydrotreated C4's are thus suitable for cold acid alkylation or other use

wherein butadiene is harmful.
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