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The present invention relates to a process for the
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~ SUMMARY OF THE INVENTION
In accordance with the present invention, propylene oxide is formed in a
30 plurality of separate steps with the same catalyst being enﬁpioyed in each step.
In a first step, oxygen and hydrogen are reacted to form hydrogen peroxide, the
reaction being carried out in the essential absence of propylene. In a separate
second step the formed hydrogen peroxide from the first step is reacted with
propylene using the catalyst from the first reaction to form propylene oxide. By



propane is avoided. By using the same catalyst in both
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lines 10 and 7 is the overhead from stripper 11 which is described hereinafter.

Liquid reaction mixture comprised of product hydrogen peroxide in the
solvent/catalyst siurry is rem-ot/ed via line 12 and passed.to reactor 13, a portion

30 being recycled via line 4 after appropriate cooling (not shown) to remove heat of
reaction. '

The catalyst which is employed in both reactor 1 and reactor 13 can be &
solid noble metal promoted catalyst such as palladium on TS-1 as described in

Kokai No. 4-352771, USP 6,55,493 and the like. Generally speaking, the
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30 As a resuit of the described process, the undesirable reaction of hydrogen
with propylene to form propane is substantially avoided since propylene is
essentially excluded from reaction zone 1 and hydrogen is substantially excluded
from reactor 13. It will be understood that any propane formed répresents a loss
of yield of the desired reaction product. | '
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accomplished. Thorough pre-washing and oxidative calcination procedures are
described, for example in JP H-26%029 and JP H-269030.

The titanium silicalite washing and calcination is carried out so as to

30 remove essentially all of the residues of materials such as templating agents and

the like used in the silicalilte preparation, especially ammonium-type materials. _.

| The calcined silicalite essentially free of residues is then treated as by ion

exchange or impregnation procedures in order to incorporate the desired noble

metal into the silicalite in appropriate amounts. Of the procedures, ion exchange
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30 The process of the invention may be suitably conducted in each reaction
step under the reaction conditions (e.g., temperature and pressure) described in
the following published patent applications. WO 96/02323, WO 97/25143 DE
19600708, WO 97/31711, WO 97/47386, JP 4-352771, JP H8-269029, and HB8-
269030.
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50° C for 8 hours to give 109 pérts by weight product. The elemental analysis

shows; palladium = 0.31 wit%, Ti = 1.63 wt%. The solids are calcined in air by
30  heating from 23 to 110°C at 10°C/min and holding at 110°C for 4 hours, and then

heating at 2°C/min to 150°C and holding for 4 hours.

| This Pd/TS-1 is placed in a quartz tube and treated with 5%

hydrogen/nitrogen while heating at 50°C for 4 hours to form active catalyst.



times with 140 parts by weight of deionized water and
dried in a vacuumoven at 50 C for 8 hours to give
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Reaction conditions in reactor 1 are 50°C, 55 psig, residence time of the

30  liquid is about 10 minutes. _

Slurry reaction mixture containing about 0.8 wt % hydrogen peroxide
passes to reacior 13 wherein propylene oxide is produced. Also introduced to
reactor 13 is propylene in amount of about 1.1 mols propylene per mol of



which are formed as |later indicated and which enhances
hydrogen peroxide production. Also a snall anmount of_
e.g. 10ppm of HBr pronoter is included in the feed.
Reaction conditions in reactor 1 are 50C, 55 psig,
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a) in afirst reaction step reacting hydrogen and
oxygen in a selvent/solid catalyst slurry-to form
hydrogen peroxi de, propylene being 5 essentially
excluded fromthe reaction, b) introducing propyl ene
int %nﬂydrogen per oxi de and catal yst contai ni ng
reactlo xture fromthe first reaction step, and c)
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wi th py ene t orm pr ne oxi
pr omeegleoe tm:fcammrmpwlhm exidet he solid catalyst is a
obl e al r
({:]I aim geé Wher ei i Q-Fﬁeejsﬁg ajeée't'%q E%B%Pg;&g'ge vﬂu‘i&??{drﬁéréses
of nobl ea)net ah sa st Teactiprozess rehcmigalhydﬂogaheaad noig}@n in a

I || adi t al
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The proclss &RNEIELING ke iydregen rerexidq apd Cﬁ@iﬁﬁ&?”*@%“”g reaction

15ret:hmb to 8.setbed PIREES Somd, a”nldal m 2 wherein the
sol vent is selected fromt he blao consistin
ed

~water, - c4reqiiggsag hwp%mparoes 8, sampqwgtraaeen zone with

thqfreg?iengm e ﬁ}bﬁﬂgﬁsogﬁecl aim 8 wherein the Cl-C4
-~ al kanol is nethano
The process of claim 1 wherein the solid catalyst is a noble metal

on TS- 1 catalyst. ,
20 4. The process of claim 3 wherein the noble’ metal comprises a -
' mixture of noble metals.

5. The process of claim 1 wherein the solid catalyst is a palladium on
TS-1 catalyst. ' _
6. The process of claim 1 wherein the solvent is selected from the

25 group consisting of water, C4-Cs4 alkanols, carbon dioxide, and mixtures thereof.
7. The process of claim 6 wherein the C+-C,4 alkanol is methanol.
) The process of claim 2 wherein the solvent is selected from the
group consisting of water, C1-C, alkanols, carbon dioxide, and mixtures thereof.
9. The process of claim 8 wherein the C4-C4 alkanol is methanol
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