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Process for the preparation of highly pure isobutene by 

dehydration of tertiary butanol 

5 The invention relates to a process for the prepa-

ration of highly pure isobutene by dehydration of tertiary 

_butanol CTBA) in the presence of·a strongly acidic syn­

thetic r~~in cation exchanger as the catalys~. 

The dehydration of TBA proceeds reversibly and 

10 endothermically. With regard to the chemical equilibrium, 

the conversion to isobutene and water increases in 

~rinciple with ri~ing temperature. 

On an industrial scale, the. dehydration of TBA is 

therefore carried out predominantly at high temperatures 

15 ·of about 180 to 450°c in the presence of weakly acidic 

catalysts such as silica gel, thorium oxide, titanium~Iv 

oxide or especially aluminium oxide. (German Offenlegungs­

schrift 2-,716,132 =US Patent Specification 4,036,905, German 

Auslegeschrift 2,058,478 = US Patent Specification 3,665,048, 

20 US Patent Specification. 2,377,026). Although a ·high TBA· 

conversion is achieved by the use of high temperatures, 

the considerable. isobutene losses due to.oligomerisation 

of the isobutene ara unsatisfactory. M~~eover, in addition 

to the oligome~isation of the isobutene, an isomerisation 

25 of the isobutene formed to n-butenes undesirably takes 

place (German Auslegeschrift 2,058,478), and this leads 

to a further product loss and above all, with particular 

disadvantage, makes the separation and isolation of pure 

isobutene more difficult. . . 

30 If the dehydration of TBA is carried out at tempera-

tures lower than 180°c, more active, strongly acidic 

catalysts are necessary. Because of the disadvantages 

inv~lved with these, such as corrosion, eff lu~nt problems, 

expensive reprocessing and the like, the homogeneous 

35 acidic catalysts such as, for example, mineral acids, 

organic sulphonic acids and heteropoly acids lose 
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importance fo~ the dehydration reaction. By contrast, 
cation exchanger resins gain importance as catalysts. 

Owing to the less favourable equilibrium relation­

ships, only partia~.TBA conversions are still possible 

5 at lo~er temperatures. Higher degr~es of conve~sion 
therefore require that the reaction products are separated 

off continuously~ 
This is eflected by ~etiing relatively l~w re~ 

action pressure~. below 2. bar~ so that ~he isobute~e as 
10 the Low·est-boi-ling component. conti.nuously distils off 

from the reaction mixture, togeth$r with a fraction of 
TBA and water in a~cordance with the p~rtial pressure 

; 

CUS ·Patent Specification 3,256~25~>~ Since the rate of 
formation, which is .anyway l~w, sharply decreases ·with 

15 increasing water c~ntent in the reaction mixture, these 

~rocedur•s are suitable only for TBA rich reaction mix­

tures. For TBA solutions, whtch. are richer in water, 
as a feed mixture, process steps have been described which 

propose the use of inert eritrainers for the water of reaction 
20 CUS Patent Sp~ci~icatibn 3,510,538 and US Patent S~ecifi­

cation 4,155,945). However, in the case of the addition 
of, for example, benzene or xylene as an entrainer, in­

creased oligomerisation of isobutene takes place, par­

ticularly above 100°c, according to the teaching of 

25 US Patent Specification 3,510,538. Moreover, the addition 
of a third substance assisting the reaction makes working­
up more difficult, since this au~iliary must be discharged 

and recovered ag•in. 

To overcome these disadvantages, it has been sug-
30 gested to feed the aqueous TBA solution to the rectifying 

section of the column, from which, preferably at 85°C 

and under a pressure of a maximum of 1.9 bar, a TBA-rich, 

water-containing vapour stream is driven through the 
catalyst be~ located as a loose packing above the rectifying 

35 section (German Auslegeschrift 2,454,998 = US Patent 
Specification 4,012,456). The isobutene, together with 
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the proportionate TBA and water, is taken off as a gas 

from the reaction section. This process is satisfactorily 

selective, but requires a cation exchanger resin in a 
special form which is not commercially available. 

In addition to often complicated reaction control, 

all these processes have a serious fundamental disadvan­
tage: 

Isobutene is obtained as a gas, together with a 
fraction of TBA and water in accordanc~ with the partial 

pressure, under a pressure at which it can no Lon~er be 

condensed by means of coolants conventional in i·ndustry. 

To obtain pure isobutene by rectification, expensive 
compre~sion and condensation stages are therefore neces­

sary •. In order to avoid this disadvantage, the dehy-
1·5 dration of TBA in the ~rocess of German Offenlegungsschrift 

2,913,796 = British Patent Specification 2,022,129 is 
~arried out in the presence of acidic c~tion exchanger 

resins under a pressure of at least 5 bar. Correspondingly, 

such a high temperature is selected that the isobutene 
ZO formed can be taken off as a gas together with the pro­

portionate TBA and water from the reaction zcine. De­
pending ·on the reaction pressure, temperatures of about 

180°c or higher are required for this purpose, that 

is to say temperatures which are above the application 
25 limit of commercially available cation exchanger resins 

and therefore lead to the expectation of only a limited 

catalyst life under these conditions. Furthermore, the 

higher temperatures have the consequence of an isobutene 
selectivity which is lower than the abovementioned pro-

30 cesses. All these processes, which represent the state 
of the ari for the dehydration of TBA in the presence of 

acidic synthetic resin exchangers, share the comm-0n 
feature that the reaction compcinents are present in a 
mixed phase, consisting of a gaseous phase and a Liquid 

35 phase, and the catalyst is present as a third, solid phase. 
As a result, the mass transfer to the catalytically 
active centre of the catalyst is inhibited, and this has 
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the result that the rate of formation of isobutene, re-

lative to the reactor volume, that is to say the space­
time yield for isobutene, is unsatisfactory. 

Large quantities of catalyst are therefore re-
s q u i red f o r i mp l em en t i n g t h e p r o c es s on an i n du s:t r i a l 

scale. This raises problems with respect to the 
equipment to be used and the supply of heat for the 

strongly endothermic cracking reaction since, ·because of 
the low t e.m per at u re stab i l i t y of t he syn the t i c res i n 

10 exchangers used, heat can be supplied only from a heat 

soorce of comparati·vely l~w temperature, so that a large 

~eat transmission area is ne~essa~y. 
To improve ·the mass transfer conditions for the 

cracking reaction, a moving catalyst bed is used in the 
1·5 processes of the state of the art·. The synthetic resin 

20 

skeleton of the commercially available cation exchangers, 
'wh~n used in polar agents such as TBA and water, undergoes 

:extensive swelling and deformation, which seriously impair 
I . 

the mechanical stability of the catalyst. 

Attrition and fracture of the catalyst particles 
can therefore not be prevented in a movi:ng catalyst bed. 

The pre~ent invention is intended to avoid the above 

disadvantages of the processes of the state of the art. 

This leads to the object of discovering a process 
25 for the large-scale production of highly pure isobutene 

by dehydration of TBA, which enables the dehydration to 
be· accomplished by a more productive and more ·economical 

process in accordance with a simple procedure. 
According to the invention, this object is achieved 

30 in accordance with the features shown in the patent claims. 

Both technical TBA, contaminated with isobutene 

oligomers, for example diisobutene, and pure TBA are 
suitable as the feed material. TBA/wate~ mixtures such 

as, for example, the TBA/water azeotropes, which are ob-
35 tained in working-up by distillation, are preferably 

employed. 
Surprisingly, highly pure isobutene is obtained 
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by the proce~s of the invention in a ~ery hi9h space-time 

yield at an isobutene selectivity of virtually 100 mol%, 
if the ~racking or te-cracking of TBA to isobute~e and 

water is carried out in a homogeneous liquid pha~e on a 
5 strongly· acidic~ o~ganic ion exchanger arranged.in a fixed 

bed, and the bomogeneous liquid ~e~~tion product is fed · 
to a distillation sectio~ separate from the reaction sp~ce, 
where the separation of the· isobutene and the water.from 

uncoverted·TBA t~kes place which is recycled as an aqueous 

1 0 TB A s o l u t i on i n t ~ · t h e de h yd rat i o.n st a g e • Th fs · w a s u n -

expected, since it ~s describ~d in the already-mentioned 

German Offenlegungsschrift 2,913,976, page 20, columns 
27 to 31, that the dehydration is difficult to accomplish 

unde~ an unduly high pressure, that is to say in the 
15 presence of a homogeneous liquid phase. It was therefore 

surprising that, by the process according to the invention 

in a ~omogeneous liquid phase, isobutene is obtained at 
these temperatures· in hitherto unattained space-time 

20 

yield (STY) and selectivity. 
A further advantage of the process according to 

the invention is the separation.of rea~tion space and 
isobutene working-up, so that this selection of th~ 

optimum conditions for the reaction stage and for the 

distillation stage is free and flexible, which is· a great 
25 advantage particularly with respect to the product quality 

ahd also in view of the catalyst stability. 
The reaction temperature in the process according 

to the invention is 80 to 15ooc. At elevated ~empera­
tures of, for example, 11ooc, an adiabatic procedure 

30 is of advantage. The preferred temperature is 100 to 

130°c, since, in this range, the space-time yield of 

isobutene and the catalyst life are at the optimum under 

economic aspects. 
The reaction pressure is 5 to 25 bar, such a high 

~5 pressure being selected that the isobutene.formed in the 

reactor remains fully and homogeneously dissolved in the 
reac~ion mixture, without a gas phase being formed. In 
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general, it is advantageous if the reaction pressure is 

higher than the column pressure in the working-up section, 
because flash evaporation can then be utilised advan­

tageously for assisting the isolation of isobutene. 
·5 The TBA content in the feed mixture upstream of 

the reactor is 40 to 90X per weight, preferably 55 to 85X 
by weight. The feed m1xture introduced into the reactor 
is composed of the freshly fed te~tiary butanol, preferably 

as the TBA/water azeotrope, and the recycled TBA/water 

10 mixture. Thfs mixture is fed continuously to the reactor. 
The space velocity particularly advantageous in 

an individual case depends on the water content of the 
reaction mixture and, to a high degree, on the reaction 

temperature and on the activity of the catalyst use~, 

15 and this ·must be determined individually for each catalyst. 

The space velocity CLHSV) in litres of charge per 

litre of swollen catalyst per hour is in general 50 to 

100 l/l h, at a reaction temperature of 80 to 100°c, 
100 to 300 l/l h at 100 to 130°c and up to 600 l/l h 

20 at 130 to 15ooc. 

However, less favourable space velocities can also 

be selected. Comparativ~ Example 1 shows the lower 
space-time yield and the markedly poorer selectivity in 

the case of the two-phase liquid reaction mixture. Com-
25 parative Example 2 demonstrates the increasingly poorer 

isobutene selec~ivity in the case of a TBA concentration 
above 90X by weight in the reaction mixture. Comparative 

Examples 3 and 4 in particular show the lower space-time 
yield and the poorer selectivity in the case of a gaseous/ 

30 liquid reaction mixture, from which isobutene is taken 
off in the form of .a gas. 

Suitable organic ion exchangers are sulphona~ed 
organic resins (for example those prepared according to 

US Patent Specification 2,480,940), in particular the 
· 35 sulphonated polystyrene resins (US Patent Specification 

2,922,822) which are crosslinked with divinylbenzene and 
which can be of a gel-like nature or, in order to 
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enlarge the sutface area, can have a sponge struct~re 

with macropores (German Patent Specification 1,224,294 
=British Patent Specification 957;000) or, to increase 
the hydrolytic stability of their catalytically active 
sulphonic acid groups, c~n have a halogenated synthetic 
resin skeleton CUS Patent Specificatibn 3,256,250). 
The comm~rcially available organic ion exchangers are 
preferably used in the hydrogen form. However, commercial, 
macroporous cation e~cha~gers, which have been modified 

10 by partial ion exchan~e or by_ the~mal d~sulphonation, 
can al so have sa tis factory acft i vi ty coup led at the same 
time with a higher hydrolytic stability of the sulphonic 
acid group. 

The isolation of po~e is-0butene and.~he removal 
15 of the water take place in a working-up section separate 

from the reaction space. According· to a preferred em-
• bodiment of the process according to the invention CFig. 1), 

the homogeneous and liquid reaction mixture leaving th~ 
rea~tor via line 5 is passed to a pre~sure column CK1) 

20 for the isolation of pure isobutene. 
The top pressure of the co.lumn Kt i~ in general 3 

to 10 bar, preferably 5 to 7 bar, since a particularly 
economical distillation is possible in this range when 
the distillate is condensed with ~ooling water. The 

25 isobutene is distilled off over the top Cline 6), to~ether 
with the traces of water corresponding to the isobutene 
water azeotrope. The water settles out as a separate 
phase in the receiver and can be separated off without 
problems. The TBA/water mixture obtained as the bottom 

30 product contains in general less than 0.5%·by weight of 
isobutene and the major part is recycled vi~ line 2 to 

a point upstream of the reactor. The bottom temperature 
can, independently of the reactor inlet temperature, be 
selected such that, on the one hand, the distillation can 

35 be carried out under economical conditions and, on the 
other hand, the temperatures to be maintained to safe­
guard the stability of the catalyst are not exceeded. 
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Of course, lower and higher pressures can also be applied 

in this distillation stage, even though this is less ad­
vantageous for economic reasons. 

In order to separate off the water formed in a 
5 ·quantity equivalent to the isobutene and the water intro­

duced, as appropriate, with th~ 'fresh TBA, a part stream· 
of the bottom product is fed via the line 7 to the column 
K2', in which .isobutene dimers which are contained in the 
feed mixture or may be formed in .traces during the reaction 

10 

15 

are distilled off over the top Cline 8) as a ternary 
mixture with TBA and water. The bottom product ts fed 
via line 9 to the column K2, in which a TBA/water mixture 
o~ azeotropic composition is taken off as the top 
product and recycled via. line 3 to a point ~pstream of 
the reactor. In the bottom of the column K2, the excess 
water is removed from the system via line 10. The column~ 
K2' and K2 are operated und~r nor~al pressure or an ele­
vated pressure. 

The t~rnary mixture from the top of K2' is advan-
20 tageously separated by means of water, and the TBA-

containin9 aqueous phase is ~ecycled into the column~ 
If the reaction mixture does not contain any isobutene 
dimers, the column K2' is unnecessary. 

When the TBA/water azeotrope Cabout 88% by weight 
25 of TBA under normal pressure) is used as the fresh feed 

mixture Cline 1>, the ratio of the circulating streams 
from the bottom of column K1 and from the t-0p of column 
K2 is preferably 2 to 130 : 1, in particular 5 to 30 : 1. 

The TBA/water mixture is preferably passed down-

30 wards to the fixed catalyst bed of th~ reactor R. 
A further embodiment, according to the invention, 

of the process, which is particularly economical, is re­
produced in Fig. 2 for clarification. 

The homogeneous liquid reaction product is fed 
35 via line 3 to the pressure column K1, in which the pure 

isobutene is distilled off as the water azeotrope over 
the top. The entrained water separate• out as a separate 
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phase in the receiver. In the stripping section of the 

column, the TBA azeotrope is distilled ~ff from the water 

running down, so that the wa~er freed from isobutene and 

TBA is taken off at the bottom of the column K1 via line 
5 5. A TBA/water mixture .enriched in TBA is branched off as 

a side stream via line 4 from an tntermediate tray above 
the stripping section, is mixed as a circulating stream· 

with the fresh educt stream Cline 1> and then passed via 
line 2 through the reactor, preferab-ly downwards. If the 

10 reaction mixture contains isobutene oligomers~ these can 
be removed by ·means of ~ side take-off i~ the rect~fying 

section of the column K1 via line 7. 
This special preferred embodiment of the process 

is particul~rly economical, for the reason that conden-
15 sation of the TBA/water azeotrope, when separating off 

the wat~r, in a par~icular condenser, as in the case of 
using the column K2, is unnecess~ry and, instead, the heat 

of condensation is utilised for separation in the reaction 

circulation which consumes energy. 
20 By means of the process described above, highly 

pure isobutene can be obtained ~n ~ simple manner from 

TBA with a selectivity for isobu~ene of more than 99.9 mole% •. · 
The degree of conversion of TBA is virtually 100%. Since 
t h e r e a c t i on . is c a r r i e d out u n de r m i L d · _ c on d i t i on s on a 

25 fixed catalyst bed, even commercially available, organic 

cation exchangers re~ch industrially satisfactory catalyst 
Lives. The reaction can be carried out with continuous 

or discontinuous fresh TBA feed into the reaction circu­
lation. The continuous procedure is p~eferred. The 

30 purity of the isobutene obtained is greater than 99.9% •. 

35 

As a rule, values of up to 99.99% can be reached. The 
remainder is water. The highly pure isobutene obtained 

according to the invention is preferably used for the 

production of polyisobutene, butyl rubber and for alkylations. 
The examples which follow serve to illustrate the 

process, but are not intended to restrict it in any way. 
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Example 1 

The catalyst used is a commercial, strongly acidic 
ion exchanger resin Cmacroporous, sulphonated polystyrene 

resin crosslinked with divinylbenzene) •. Other charac~er-
5 istic data of the resin are: BET surface area about 

40m2/g of dry resin, divinylebenzyne content about 18%, 

particle size distribution 0.5 to 1.3 mm, hydrogen ion 
capacity about 3.8 milliequivalents H+/g of dry resin. 

According to Fig. 1, 711 tg/h ot fresh educt 
10 containing 6~3 kg/h of TBA, 85 kg/h of water and 2.85 kg/h 

of c8-olefines are passed via line Cf> into the reactor 

R which is char~ed with 78 l of the catione exchanger 

~esin described above, 10~45' kg/h of circulating mixture 

which is recycled from the bottom of 6olumn K1 and c~ntains 
15 6,480 ·kg/h of TBA, 3,938 kg/h of water and 36.9 kg/'1 

of Cs olefines are passed in·via line {2) and 565 kg/h 
of circulating mixture from the top of column K2, which . 
contains 497 kg/h of TBA and 68 kg/h of water, are passed 
in via line C3>, that is to say a total of 11,731 kg/h 

20 of feed mixture containing 64.7% by weight of TBA via 
line (4.). 

The cracking reaction is carried out under 10 bar 

and at a mean temperature of 120°c~ 

The reaction mixture is fed vi~ line 5 to the column 
25 K1 and, before entry, f lash~d to the column pre~~ure of 

· 6 bar ~~ top pressure). 470 kg/h of pure isobutene are 
taken off in the column K1 over the top Cline 6). The 
distillate contains water corresponding to the azeotrope; 

this water settles out as a separate phase in the receiver 
30 and is removed from the system. The bottom product of 

column K1 has the. composition 6,980 kg/h of TBA, 4,242 kg/h 

of water a~d 39.75 kg/h of Cs olefines. The major part 
is recycled via line (2). A part stream of 806 kg/h is 

fed via line C7>, after f lashinQ to the column oressure 
35 of 1.2 bar C~ top .pressure>, to the column K2'. 2.85 kg/h 

of Cg-olefines together with 2.2 kg/h of TBA and 0.65 kg/h 
of water are taken off as a ternary mixture over the top 
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line C8> of column K2'. The bottom product is fed via 

line (9) to column K2, in which the azeotropic TBA/water 
mixture is taken off over the top (top pressure 1.02 bar) 

and recycled via line (3).· The ratio of the circulating 
5 streams from columns K1 and K2 is 18.5 : 1. In the bottom 

of column K2, 235 kg/h of water are obtained which are 
removed from the system via line C10). The isobutene 

selectivity is virtually 100%. When the t3JTBA/water 
mixture from the t~p of column K2 1 is separated by means 

1-0 of water and the a~ueous ph~se containing TBA is recycled, 

the degree of conversion of TBA is likewise virtually 

100%. The isobutene purity is 99.99X. 
Example 2 

The catalyst used is a commercially available, 

15 strongly acidic ion ex~hanger resin CmacroporoM~, sul­
phonated polystyrene resin crosslinked with divinylbenzene) 

ha vi n g t he f o l low i n g ch a r act er i st i c data : BET s u r f aic e are a 
about 25 m2/g of d~y ·resin, divinylbenzene content ~bout 

8%, particle size.distribution 0.5 to 1.2 mm, hydrogen ion 

20 capacity about 4.1 milliequivalents of H+/g of dry resin. 

In accordance with the flow diagram in Fig. 2, the 

TBA cracking is carried out as follows, at a mean temperature 
of 12ooc and under a pressure of 20 bar. 

4,161 kg/h of TBA, 1,040 kg/h of water and 3.4 kg/h 

25 of c8-olefines are fed with the stream (2) into a re­
actor R charged with 42 l of the catalyst described above. 

The stream C2> contains 80% by weight of TBA and is co~­
posed of the fresh feed stream Cline 1>, which contains 

675 kg/h of TBA, 92 kg/h of water and 2.8 kg/h of C3-
30 olefines, and the circulating stream which.is recycled via 

line 4 from the pressure column K1 and contains 3,486 kg/h 

of TBA, 948 kg/h of water and 0.6 kg/h of Cg-olefines. 
The ci~culatin~ stream recycled via line 4 contains 78.~X 

by weight of TBA. The reactor product is f~d via Line 3 
35 t~ the column K1 and flashed to the column pressure of 

7 bar C~ top pressure). In column K1, 510 kg/h of pure 

isobutene are distilled off over the top Cline 6). The 
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-~' distillate contains water corre:sponding to the azeotr·ope, 
and this is separated off as a separate phase in the 
receiver. 256 kg/h of water are obtained in the bottom 
a n d a r e r em o v ed f r om t h e s y s t em v i a Li n e 5 • 2 • 9 kg I h of 

5 c8-olefines together·with 2~5 lg/h of TBA and 0.7 kg/h 
of water are removed from the rectifying section of the 
column K1 via a side take-off. The ta-olefines/TBA 
water mixture is sepa~ated.by means df the water from the 
receiv~r -0f the· top product and a part of the water r~moved 

10 from the bo-ttom, and t.he TBA-contai.ning aqueous phase is . . 

recycled. ·The cjrcula~i~g stream is bran~hed off as a . 
side stream from the stripping section of the column K1 
via tin~ 4 and recycled to a point upstream of ~he reactor. 
The isobutene •electivity is 99.98%, the degree of con-

15 .·version of TBA is virtually 100% and the isobutene purity 
is 99. 9-9%. 
Ex amp Les 3 to 8 
In a se~ies of further examples, TBA is dehydrated by 
the procedure according to Example 1 (compare Figure 1>. 

20 The commercial macroporo.us;, strongly acidic ion exchanger 
resin Csulphonated polystyrene resin crosslinked with 
divinylbenzene) used as the catalyst ha~ the following 
characteristic data: BET surface ~rea about 35 m2/g of 
d r y r e s i n, d i v i n y l be n z en e c o·n t en t 1 0 % , J? a rt i c l e s i z e d i s -

25 tribution 0.5 to 1.2 mm, hydrogen ion capacity about 4.5 
milliequivalents of H+/g of dry resin. 100 ml of this 
resin swollen in TBA/water azeotrope (about 12% by weight 
of water) are charged into the lower quarter of a 100 cm 
long tube reactor (internal diameter 2.29 cm) with a heat-

30 ing jacket. The remainder of the volume is charged with 
V4A stainless steel packing and serves as a preheating 
zon~. A displaceable thermocouple is arranged centrally 
in the reactor. Inspection windows for checking the homo­
geneity of the liquid mixture are fitted upstream and 

35 downstream of the reactor. The volume of the column 
bottoms of columns K1, K2 1 and K2 is kept constant by 
means.of an automatic level control. Fresh TBA/water 
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·mixture of azeotropic composition and free of isobutene 

oligomer is fed in via line 1. The conditions used and 
the results thus obtained are summarised in Table 1 which 
follows. The space velocity CLHSV) is given in litres of 

5 charge per litre of swol.Len catalyst per hour, and the 
i~obutene space-time yield CSTY> is given in kg of i~obutene 

per litre of swollen catalyst per hour. The analysis of 
the ·flow st re-ams was carried out by gas chromatography. 

With.·the exception of Example 5, column K2' is unnecessary. 
10 The isobutene obtained has a degree of purity of 99.99%. 



Table 1 

Example Temperature kg/h of LHSV Ratio of the 
No. oc fresh l/l h mass flows 

azeotrope 1 2 . 3 : . 
3 ·110 0.39 54 1 . 9 ... 3 1 

4 110 0.69 140 1 15.5 1.1 

5 120 0.44 45 1 6.5 0.9 

6 120 1.02 139 1 8.2 1.3 

7 120 0.48 80 1 12.6 0.6 
.. 

8 120 1.0 206 1 16.0 0.{> 

«:.: 

x by x by lsobutene 
weight of weight of STY selectivity 
TBA in H2o kg/l h mol X 
stream· 4 

70 30 2·.6 100 

70 30 4.6 100 

70 30 .. 2.9 99.9 . 
70 30 6.8 100 

60 40 3.2 100 

60 40 6.5 100 
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The catalyst used is the commercial cation exchanger resin 

from Example 1. An 80 cm long steel ~ube reactor of 2.29 cm 
internal diameter, which has a jacket serving as a therm-

s stat and two zones which can be heated to different tem­
perature levels, is packed with 20 ml of exchanger resin 

swollen in TBA/water azeotrope. Th~ resin is located in 
the lower third of the reactor. The remaining reactor 

volume ts charged with 4VA stainle$s steel packing and 

10 .serves as a preheater zone. A displaceable thermocoupl~ 

i~ arranged centrally in the reactor. An inspection . 
window fitted upstream and downstream of the reactor en­

ables the homogeneity of the liquid mixture to be checked. 
In a series of tests, the TBA cracking is carried ·out 

15 by an almost isothermal procedure (maximum 2°c temper­

ature difference in the catalyst b~d) according to the 
! 

procedure of Example 2, but under a pressure of 11 bar, 

the temperature and the TBA concentration in mass stream 2 

being varied. The fresh TBA is fed in via line 1 as pure 
20 TBA C99X) free of isobut~ne oligomer. The TBA concentration 

in the side stream take-off frem the stripping section of 

the column Cline 4) is about 58% by weight with 60% by 

weight of TBA in stream 2, about 68% by weight with 70% 
by weight of TBA, about 78% by weight with 80% by weight 

25 of TBA and about 85% by weight with 9~% by weight of TBA. 
The flow streams are analysed by gas chromatography. The 

conditions used and the results thus obtained are summarised 
in Table 2. The definition of Examples 3 to 8 applies to 

the space velocity CLHSV) and space-time yield CSTY>. 

30 Example 10 

A macroporous ion exchanger resin having the characterisic 
data given in Example 1 is deactivated with 1 mmol/g of 

dry resin of Na ions in such a way that a residual hydrogen 
ion cap~city of 2.8 milliequivalents of H+/g of dry 

35 resin remains. 30 ml of resin swollen in TBA/water azeotrope 
are charged into the reactor described in Example 9. The 

dehydration of the TBA is carried out in accordance with 
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the procedure indicated in Example 9. The co~ditions and 

the results obtained are.indicated-in Table 3. 
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Table 2 
f' 

Temperature LHSV Isobutene STY Ckg/l h> Isobutene s~lectivity Cmol %) 
oc l/l h at % .bi weight of TBA at% by weight of TBA in· 

· in stream 2 st ream 2 
90 80 70 60 90 ao 70 60 

90 120 2.0 1.4 1.0 100 100 100 

100 120 4 .1 3.0 2.2 100 100 100 

116 120 7.3 6.0 4.8 100 100 100 
; . 

120 120 15 .1 12.0 9.8 99.9 100 100 

130 300 22.6 19.2 15.3 99.9 99.9 100 

140 300 40.5 99.8 

-' The purity of the isobutene is 99.99%. ...... 

0 0 
• .. 
...... 0 
• co 

"' VI .. 
....... '° ....... VI 
().. ....... 

@' 
...... ~··.· 
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Table 3 

Temperature LHSV 
oc l/l h 

100 100 

110 120 
120 130 

140 300. 

- 18 -

Isobutene STY 
at X by weight 

stream 2 

90 70 

2.5 

5.2 
10.5 

28.3 

O,Q82,937 
o.z. 3776 

Ckg/1 h) 

of TBA in 

60 

1.9 

4.1 
9.2 

In ~LL cases, ·the isobutene selectivity is 100 
mol % and the isqbutene purity is 99.99%. 
Comparative Example 1 

This example shows the activity and selectivity 
of the catalyst resin with a two-phase, liquid reaction 

15 mixture. The catalyst and test procedure correspond to 
the data in Examples 3 to 8. At a mean reaction tem­
perature of 13oot, a rea~tion pressur~ of 15 bar and a 
space velo~ity of 120 l/L. h, 0.16 kg/h of fresh azeotrope 
are passed via line 1, together with the circulation 

20 ~treams from lines 2 and 3, downwards through the re-
actor. The ratio of the mass flow..s from lines 1, 2 and 
3 is 1 : 64.5 : 0.12. The TBA/water mixture at the re­
actor inlet contains 25% by weight of TBA and 75% by 
weight of water. The reactor product is two-phase and 

·-· 
25 Liquid. The isobutene space-time yield is 1.1 kg/1 h, 

and the isobutene selectivity is 97.8 mol %. 

Comparative Example 2 
According to the test procedure described in Example 

9, a TBA/water mixture with 95% by weight of TBA and 5% by 
30 weight of water is passed through the reactor via line 2 

(compare Figure 2> at 150°c, a space velocity of 120l/l h 
and a reacti~n pressure of 15 bar. The reaction product 
is homogeneous and liquid. The isobutene space-time yield 
is 21.6 kg/h, and the isobutene.selectivity is 98.6 mol %. 
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The test procedure followed is as in Example 2, 

with the following modifications. 100 ml of cation 
exchanger resi,n from Example 1,.swollen in TBA/water 

azeotrope, ar• as a loose packing in an 80 cm long glass 
! reactor Cinterrial diameter 4.5 cm) with a displaceable 

the~mocouple in the middle and a heating jacket. The re~ 

action pr~ssure is selected such that the reaction mix­

tur:e boils at. the particular· reac_tion tempe.rature. The 
fresh TBA/w,ater ·mixture of azeotropic composition and· free 

10 of isobut~ne oligomer is admixed to the circulated TBA/ 
water mixtures and passed upward~ through the reactor. 

The turbule~ce caused as a·r~sult and by the evaporation 

of the isobutene formed maintains the catalyst in disper­

sion. The isobutene forme~ is taken off continuously in 
• 15 th~ gaseous form via a bubble cap tray column C10 trays) 

located on the top of the reactor. For separating off the 

catalyst, the liquid reaction phase is taken off from the 

reaction space Cvolu~e 1.~ l) via a filter candle at the 
upper reactor erid and treated analogously to.the procedure 

20 de~cribed fn Example 2. The c6nditions used and the 
results obtained are shown in Table 4. The space veloctty 

and the space-time. yield· are related in each case to the 
swollen catalyst volume~ The mass streams were ~nalysed 

by gas chromato~raphy. 
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Table 4 

Comparative Temperature Reaction LHSV % by weight in 
Example oc pressure l /l h the stream of 

No. bar isobutene up-
stream of the 
reactor 
TBA H20 

1 80 1.05 90 80 20 

2 90 1.4 110 80 20 . 

i 

{ 
'-

STY 
kg/l h Selectivity 

mol % 

0.32 99.7 

0.75 99.5 

0 0 
• ... 
N 0 

()CJ 

IV 
lH ... 
---J '° ---J lH 

°' ---J 

i 

'\:''~ 

IV 
0 
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1. Process for the preparation of highly pure iso-

butene by dehydration of tertiary butanol in the presence 

of an acid catalyst, characterised in that 

a> tertiary butanol in an aqueous solution which contains 
40 to 90% by weight of tertiary butanol is con­

tinuously fed to a reactor and dehydrated in homogeneous 
and liquid phase on a fixed cat~lyst bed, consisting 

6f a strongly acidic ion exchanger resin, at a tem­
pe~ature of 80 to 150°c and under a pressure of 5 to 

25 bar, 
b> 'the homogeneous liquid reaction mixture is then 

fractionated in a distillation section separate from 

the reaction space and the isobutene is separated from 

water and the unconverted tertiary butanol, 

cl the terti~ry butanol/water mixture cont~ining the un­

converted terti~ry butanol is then, afte~ enrichment 
of the tertiary butanol by distillation~ recycled to 

the reactor at a circulating flow rate selected such 
that the mtxture of the freshly fed tertiary butanol 
and the recycled tertiary butanol/water mixture at 
the reactor inlet contains 40 to 90% by weight of 

tertiary butanol, and the water prod~ced at a rate 
equivalent to the isobutene formed ·and, if appropriate, 

fed to the reaction circulation with fresh tertiary 
butanol, is removed from the system. 

2. Process according to Claim 1, characterised in 
that tertiary butanol is dehydrated at a·temperature of 

100 to 130°c. 

3. Process acco~ding to Clai~ 1 and 2, characterised 

in that the total mixture of tertiary butanol and water 
at the reactor inlet contains 55 to 85% by weight of 

tertiary butanol. 
4. Process according to Claim 1 to 3, characterised 
in that, in a distillation column, the isobutene is 

·separated off form the tertiary butanol/water mixture over 

.• 
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the top, the te~tiary butanol is azeotropically distilled 

off in the stripping section of the column from the water 

running down, the water freed from isobutene and tertiary 
butanol being obtained in the bottom of the column and 

being removed from the system, and a tertiary butanol 
water mixture enriched in tertiary butanol is branched off, 

at an intermediate tray above the strippi:ng section, as 
a side stream which is directly fed back to the reactor 

as a recycle stream. 
\. 


