
T 1290 PROCESS FOR THE PREPARATION OF TERTIARY-BUTYL HYDROPEROXIDE
CONTAINING MIXTURES The invention relates to a process for the preparation
of tertiary-butyl hydroperoxide containing mixtures, which are suitable to
be used as feedstock in the epoxidation of olefins. Tertiary-butyl
hydroperoxide (hereinafter "TBHP") is a well 5    known compound which may
be used, either as such, or in admixture with one or more other compounds,
in various industrial appli- cations, e.g. as catalyst, as initiator in
free-radical type reactions, as intermediate in the preparation of oxirane
compounds such as propeneoxide (of. Aldrichimica Acta, 12(4), 63 (1979)).
10         A conventional method for preparing TBHP, disclosed in US Patent
No. 2,845,461, consists in the oxidation of isobutane with the aid of
molecular oxygen, at elevated temperature and pressure. According to US
Patent No. 4,408,081, an improved selectivity 15    with respect to the
desired TBHP, without sacrifice in isobutane conversion, is obtained by
conducting the oxidation process in a cascade of essentially steady-state
reaction zones. In general in these isobutane oxidation processes a mixture
of products is formed, containing besides TBHP, unconverted isobutane, 20
tertiary-butanol, water and minor amounts of other by-products, such as
acetone, methanol and organic acids. For some of the known uses for TBHP,
it is desirable, or even 



essential, that the hydroperoxide, or the mixture containing the
hydroperoxide, is substantially waterfree. In particular if the 25
(mixture containing) TBHP is to be used for the preparation of oxirane
compounds by epoxidation of olefins, it is of paramount importance that the
hydroperoxide feedstock does not contain more than insignificant amounts of
water, say less than 1000 ppm. It is known that water can be removed from
TBHP by azeotropic 30    distillation with methylene chloride or
dichloroethane (cf. Chem.    2 Berichte, 113, 3662-3665 (1980)) or, after
addition of toluene, by separation using a Dean-Stark apparatus (cf. J.
Org. Chem. 1983, 48, p 3607/8). It will be appreciated that these methods,
especially on a 5    large scale, are economically not very attractive and,
as regards the azeotropic drying with dichloroethane, may be hazardous. It
is also known that water can be removed from an aqueous TBHP containing
stream by contacting the said stream with a solid absorbant. Again, this
procedure, for large scale operations, is 10    economically unattractive,
as it requires large amounts of adsorbant material and moreover may be
hazardous, depending on the selected adsorbant. Furthermore it has been
proposed to reduce the water content 



of an aqueous TBHP stream by subjecting the said stream to an 15
extractive distillation with dry tertiary-butanol as extractant. Part of
the water in the aqueous tertiary-butanol overhead stream is removed
directly, e.g. by decanting, whilst the remaining water is removed by using
an entrainer. A disadvantage of this procedure consists in that it requires
a considerable number of distillation 20    units and moreover the
temperature and pressure conditions prevailing in the extractive
distillation unit may cause hazardous decomposition of TBHP. Surprisingly,
it has now been found that by a simple non- hazardous distillation
treatment, the water content of mixtures at 25    least containing TBHP,
isobutane and water is reduced to such an extent that the resulting TBHP
stream is a suitable feedstock for the epoxidation of olefins. The
invention relates to a process for the preparation of TBHP containing
mixtures which are suitable to be used as feedstock in 30    the
epoxidation of olefins, whereby a starting mixture at least containing
TBHP, isobutane and water, is introduced into a distillation zone, the
conditions in the said distillation zone being selected such that an
overhead stream is formed, containing part of the isobutane and a major
part of the water, and a bottom    -3- 



stream containing the remaining part of the isobutane and substantially all
of the TBHP. Owing to the presence of isobutane in the TBHP containing
mixtures, the distillation can be carried out such that in forming 5    an
isobutane containing overhead stream use is made of the evaporation heat of
isobutane to maintain a relatively low temperature in the bottom part of
the distillation zone. Thermal hazards, that would occur if TBHP is
processed at higher distillation temperatures, are thus avoided. 10
Suitable starting materials to be used in the process of the invention
include mixtures containing up to 50% by weight of TBHP. Preferred are
starting mixtures whereby the amount of TBHP is in the range of 5 to 30% by
weight. The amount of isobutane in the respective starting mixtures 15
considered suitable for the process of the invention may vary considerably,
but is usually well above 40% by weight. Preferably, starting mixtures are
used in which the amount of isobutane is in the range of 50 to 95% by
weight. In particular in those instances whereby it is envisaged to 20
use the TBHP streams obtained in the process of the invention as feedstock
for epoxidation reactions, it is considered advantageous to apply starting
mixtures already containing relatively low amounts of water. Hence, during
the process of the invention only relatively small amounts of water have to
be removed. Suitable 25    mixtures include mixtures containing not more
than 5% by weight of 



water, preferably from 0.3 to 3% by weight. The available starting mixtures
containing TBHP, isobutane and water, often contain in addition one or more
further compounds, depending on the origin of the starting mixture. 30
In practice, they usually contain tertiary-butanol as an additional
compound. Typical amounts of tertiary-butanol are in the range of 5 to 15%
by weight, calculated on the total starting mixture. Very good results have
been obtained with starting mixtures, 35   originating from a process for
the oxidation of isobutane, for    -4- example the product stream obtained
in the process, disclosed in US Patent No. 4,408,081. This product stream
may be used as such, or may be subjected to one or more washing and/or
other purification treatments, before being introduced in the 5
distillation zone of the process of the invention. If desired, the
isobutane content of the starting mixture may be adapted, in order to allow
a maximal use of the evaporation heat of the compound during the
distillation treatment. A preferred starting mixture consists of the
product stream of 10    a process for the oxidation of isobutane,
optionally after being washed, e.g. with water or an aqueous alkaline
liquid, which stream 



subsequently has been enriched with sufficient isobutane, to raise the
isobutane content of the starting mixture to at least 80% by weight. 15
According to the invention it is essential that the conditions prevailing
in the distillation zone are selected such that part of the isobutane,
initially present in the starting mixture is retained in the bottom stream
of the distillation zone. Suitable amounts of isobutane retained in the
bottom stream include amounts 20    in the range of 3 to 50% by weight,
calculated on the amount of isobutane in the starting mixture. Calculated
on the said bottom stream the isobutane content is usually in the range of
10 to 75%. It has been found that, especially with the starting mixtures
containing from 0.3 to 3% by weight of water, the conditions 25
selected in the distillation zone, as regards the retained amount of
isobutane, allow the formation of an overhead stream containing at least
70% and often more than 85% of the water present in the starting mixture.
Accordingly, the process of the invention is eminently 30     suitable to
produce a TBHP containing stream having a very low water content, allowing
the stream to be used directly as feedstock in a process for the
epoxidation of olefins, in particular of propene. Moreover the conditions
selected for the distillation zone, 35 generally result in the formation of
a bottom stream containing at 



-5- least 95% and often virtually 100% by weight of the TBHP, present in
the starting mixture. Recovery of TBHP from the overhead stream, possibly
involving hazardous conditions, as regards inflammability is thus
minimized, or can even be entirely omitted. 5         In practice,
depending on the exact composition of the starting material, the conditions
prevailing in the distillation zone are preferably selected such that the
temperature at the bottom end of the said zone is in the range of 45 to 100
[err]C, most preferably in the range of 55 to 75 [err]C and that the
pressure in the 10    distillation zone is in the range of 1 to 10 bar
gauge, most preferably in the range of 3 to 7 bar gauge. The process of the
invention is preferably carried out in a distillation column having from 10
to 25 theoretical trays. It is considered that the calculation of the
optimal number of 15    theoretical trays is within the reach of those
skilled in the art. According to a preferred embodiment of the process of
the invention, part of the water, preferably at least 50% of the water,
present in the overhead stream from the distillation zone, is removed
therefrom, e.g. by decantation after partial or complete 20    condensation
of the overhead stream. Preferably, the isobutane containing overhead
stream is at 



least partly recycled to the distillation zone, or to a process for the
oxidation of isobutane. Reference is made to the flow scheme of the
attached Figure, 25    depicting a preferred embodiment of the invention.
For simplicity, conventional equipment such as boilers, heat exchangers and
the likes have not been indicated. To reactor vessel 1 a continuous stream
of isobutane is provided via line 2 and a continuous stream of molecular
oxygen via 30    line 3. From the vessel a continuous bottom stream mainly
consisting of TBHP, unconverted isobutane, water, and optionally
tertiary-butanol, is withdrawn via line 4. The said bottom stream
optionally after removal and purification of part of the isobutane
contained therein, is introduced into a washing unit 5, where it is    -6-
washed, e.g. with an aqueous solution of sodium carbonate, supplied via
line 6 and with water, supplied via line 7. Additional isobutane, e.g.
(purified) isobutane recovered from the bottom stream of vessel 1 or from a
separate source, is 5    supplied via line 8. An effluent stream, mainly
consisting of water and entrained contaminants, is withdrawn from the
washing unit via line 9. A washed, isobutane-enriched stream, additionally
containing 



TBHP water, and optionally, tertiary-butanol is withdrawn from the 10
aforesaid washing unit via line 10 and introduced into distillation column
11. From the distillation column via line 12 a product steam is withdrawn
containing TBHP, isobutane and, if any, tertiary-butanol and minor amounts
of water and organic contaminants. Via line 13 an 15    overhead stream is
withdrawn containing isobutane, most of the water, and if any minor amounts
of tertiary-butanol and organic contaminants. From this stream an aqueous
stream is separated, e.g. in a decanter (not shown) and removed via line
14. The remaining part of the overhead stream is recycled to the reactor
vessel 1 via 20    line 15. The invention is further illustrated by the
following Example. Example An hourly stream of 419 ton, originating from a
process for the oxidation of isobutane and consisting of 86.9%w of
isobutane, 25    8.2%w of TBHP, 3.7%w of tertiary-butanol, 0.5%w of water,
0.5%w of acetone and 0.2%w of methanol was supplied to a wash train. Also
supplied to the wash train were 1 ton per hour of an aqueous solution of
sodium carbonate (23%) and 9 ton per hour of water. The wash train was
operated at a temperature of 50 [err]C and a 30    pressure of 10 barg. An
aqueous effluent steam of 12 ton per hour consisting of 96.1%w of water,
0.4%w of isobutane, 0.6%w of TBHP, 0.9%w of tertiary-butanol, 0.5%w of
acetone and 1.5%w of methanol. The washed hourly stream of 417 ton
consisted of 



87.2 %w of isobutane, 8 %w of TBHP, 3.7 %w of tertiary-butanol, 35    0.5
%w of acetone, 0.1 %w of methanol and 0.3 %w of water.    -7- This stream
was introduced above tray 9 of a 15 tray distillation column. The bottom
temperature was 72 [err]C, the bottom pressure 4.6 barg. At an overhead
temperature of 40 [err]C and a pressure of 5    4.4 barg a vapour stream of
345 ton per hour was obtained. After condensation from this stream hourly 1
ton was removed, consisting of 96.6%w of water, 0.3%w of isobutane, 0.5%w
of acetone 2.6%w of methanol, and only traces of teriary-butanol. The
remaining part of the overhead stream consisted of 99.5 %w 10    of
isobutane, 0.1 %w of tertiary-butanol, 0.3 %w of acetone, 0.1 %w of
methanol and only traces of water. The bottom steam withdrawn from the
distillation column, 70 ton per hour, consisted of 28.4 %w of isobutane,
48.5 %w of TBHP, 21.7 %w of tertiary-butanol, 1.2 %w of acetone, 0.2 %w of
15    methanol and 88 parts per million of water. The bottom stream, as
regards TBHP and water content, fulfils the requirements to be used as
feedstock in a process for converting propene into propane oxide.  



-8- C L A I M S 1.   Process for the preparation of tertiary-butyl
hydroperoxide containing mixtures which are suitable to be used as
feedstock in the epoxidation of olefins, whereby a starting mixture at
least containing tertiary-butyl hydroperoxide, isobutane and water, is 5
introduced into a distillation zone, the conditions in the said
distillation zone being selected such that an overhead stream is formed,
containing part of the isobutane and a major part of the water, and a
bottom stream containing the remaining part of the isobutane and
substantially all of the tertiary-butyl hydro- 10     peroxide. 2.
Process as claimed in claim 1, wherein a starting mixture is used in which
the amount of tertiary-butyl hydroperoxide is in the range of 5 to 30% by
weight. 3.   Process as claimed in claim 1 or 2, wherein a starting mixture
15     is used in which the amount of isobutane is in the range of 50 to
95% by weight. 4.   Process as claimed in any one of claims 1 to 3, wherein
a starting mixture is used in which the amount of water is in the range of
0.3 to 3% by weight. 20     5.   Process as claimed in any one of claims 1
to 4, wherein a starting mixture is used, additionally containing
tertiary-butanol, 



preferably in an amount in the range of 5 to 15% by weight. 6.   Process as
claimed in any one of claims 1 to 5, wherein a starting mixture is used,
originating from a process for the 25     oxidation of isobutane. 7.
Process as claimed in any one of claims 1 to 6, wherein the temperature in
the distillation zone is in the range of 45 to 100 [err]C, and the pressure
in the distillation zone is in the range of 1 to 10 bar gauge. 30     8.
Process as claimed in claim 7, wherein the temperature in the distillation
zone is in the range of 55 to 75 [err]C and the pressure in the
distillation zone is in the range of 3 to 7 bar gauge.    - 9 - 9.
Process as claimed in any one of claims 1 to 8, wherein the distillation
zone is a distillation column, having from 10 to 25 theoretical trays. 10.
Process as claimed in any of claims 6 to 9, characterized in that at least
part of the overhead stream from the distillation zone is recycled to the
process for the oxidation of isobutane. MG2/T1290FF    


