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Claims

1. A continuous process for the production of propylene oxide comprising reactigQ
propene with hydrogen peroxide in methanolic solution in the presence of
5 nium silicalite-1 catalyst to obtain propylene oxide, wherein a reaction fegfl com-
prising propene, methanol and hydrogen peroxide is introduced into a, eactor,
said reaction feed containing potassium cations (K*) in an amount Wrom 110 to
180 micromol, relative to 1 mol hydrogen peroxide contained in reaction feed,
and further containing phosphorus (P) in the form of anions of At least one phos-
10 phorus oxyacid.

fis K* in an amount of
0 micromol, relative to 1

2.  The process of claim 1, wherein the reaction feed contaj
from 120 to 175 micromol, preferably of from 130 to 1£
mol hydrogen peroxide contained the reaction -

15

3. The process of ¢laim 1 or 2, wherein in the feed, the molar ratio of K*

relative to P is in the range of from 0.75 to l , preferably of from 0.8 to 0.95.

4.  The process of any of claims 1 fo 3, w the reaction feed additionally con-
20 tains sodium ions (Na*).

5. The process of claim 4, whereinA  the reaction feed, the molar ratio of K* relative

to Na* is greater than or equat

25 6. , wherein in the reaction feed, the molar ratio of K*
ange of from 1.0 to 3.0, preferably from 1.2 to 1.75, more
7 _ y of claims 4 to 6, wherein in the reaction feed, the molar ratio
30 of K* plus Ng#relative to P is in the range of from 1.43 to 1.53, preferably from

iong fother than K* and Na*, (b) alkaline earth metal ions, and (c) other metal ions
tained in the reaction feed is 5 micromol at most, preferably of 3 micromol at
ost, more preferably of 1 micromol at mosi, relative to 1 mol hydrogen peroxide
contained the reaction feed.

35

The process of any of claims 1 to 8, wherein the reaction feed is obtained irom a
hydrogen peroxide feed, a methanol feed, and a propene feed.

B08/0775US



10

15

20

25

30

35

BASF SE AE 20080775/EKa PF 0000071733/EKa
WO 2012/076343 PCT/EP2011/071955

10.

11.

12.

13.

14.

15.

16.

17.

62
The process of claim 9, wherein the hydrogen peroxide feed contains K* in an
amount of less than 110 micromol, preferably less than 70 micromol, more pre-
ferably less than 30 micromol, in particular less than 5 micromol, relative to 1 mo
hydrogen peroxide contained in the hydrogen peroxide feed.

The process of ¢laim 10, wherein at least one solution containing K* and £ in the
form of anions of at least one phosphorus oxyacid is added to the hydybgen pe-
roxide feed or to the propene feed or to the methanol feed or a ;-’6 feed of two

of dipotassium hydrogen phosphate.

The process of any of claims 9 to 12, wherein hydrogen peroxide feed is an
aqueous or a methanolic or an aqueous/meff Anolic, preferably an aqueous hy-
drogen peroxide feed, containing hydrogperoxide preferably in an amount of
from 25 to 75 wt.-%, mare preferably 30 to 50 wt.-%.

The process of any of claims 9 to ¥ {, wherein the propene feed additionally con-
tains propane wherein the volurg® ratio of propene to propane is preferably in the
range of from 99.99:0.01 to 95°5.

The process of any of 1 to 14, wherein the reaction feed when introduced
into the reactor of one liquid phase.

The process of g Ay of claims 1 to 15, wherein the pressure under which the reac-
tion of propenith hydrogen peroxide in methanolic solution in the presence of
the titaniu catalyst is carried out in the reactor is at least 10 bar, pre-
ferably a Aeast 15 bar, more preferably at least 20 bar and in particular in the
range gf from 20 to 40 bar.

process of any of claims 1 to 16, wherein the reaction mixture in the reactor

As externally and/or internally cooled such that the maximum temperature of the

reaction mixture in the reactor is in the range of from 30 to 70°C.

The process of any of claims 1 to 17, wherein the titanium silicalite-1 catalyst
contains fitanium silicalite-1 as catalytically active material embedded in a porous
matrix, preferably in a mesoporous matrix, more preferably in a mesoporous sili-
ca matrix.
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The process of any of claims 1 to 18, wherein the reaction of propene with hy- :
drogen peroxide in methanolic solution in the presence of the titanium 5|I|callte
catalyst is camed out by a method compnsmg /

(i)

(ii)

preferably operated in isothermal mode, wherein a reaction feg comprising
propene, methanol and hydrogen peroxide is introduced into/ 21, said reac-
tion feed containing potassium cations (K*) in an amount v 110 to 190
micromol, relative to 1 mol hydrogen peroxide containeg in the reaction
feed, and further containing phosphorus (P} in the fg/ n of anions of at least
one phosphorus oxyacid;

separating a stream containing non-reacted hy-gen peroxide from the

wherein the hydrogen peroxide version in R1 is preferably in the range of
from 85 to 95 %, more prefer ly in the range of from 87 to 93 %.

(iv)

The process of claim comprising

distillation , K2 to obtain a top stream having a propylene oxide con-
tent of 1 voi.—ppm at most and a bottoms stream having a propene con-
fent wt.-ppm at most, said distilling preferably being carried out us-
ing stream as external reflux;

illing the bottoms stream obtained from (iv) in a distillation ¢olumn K3 to

o btain a fop stream mixture containing at least 98 wt.-% of propylene oxide
" and a bottoms stream having a propylene oxide content of 100 wt.-ppm at

mosi.

The process of claim 20, further comprising

{vi)

distilling the bottoms stream obtained from {v) in at least one distillation
column K4 to obtain a bottoms stream having a methanol content of 0.5
wt.-% at most and a top stream having a methanol content of at least 98.5
wt.-% and a water content of 1 wt.-% at most;
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recycling the top stream obtained from (vi) as starting material of the conti-
nuous process according to any of claims 1 1o 20 and/or as external reflux
into (iv) according to claim 20.

22. A process for the preparation of hydrogen peroxide, comprising

preparing a reaction mixture via an anthrachinone process;

preparing a crude hydrogen peroxide solution by subjecting the rgfction
mixture to an extraction stage using water, preferably essentia pure wa-
ter as extracting agent, said crude hydrogen peroxide solut: having a K*
content of less than 110 micromol; .

optionally subjecting the crude hydrogen peroxide solut'n to a further ex-
traction stage to obtain a crude washed hydrogen pxnde solution;

adding a solution containing K", preferably containj '- K* and P in the form
of anions of at least one phosphorus oxyacid, toghe crude hydrogen perox-
ide solution or to the crude washed hydrogen geroxide solution.

23. A mixiure containing at least 99.99 wt.-% of prlene oxide, comprising less
than 3 wt.-ppm acetaldehyde, preferably beir 4 iree of acetaldehyde.

24.  The mixture of claim 23, obtainable or ained by a process according to claim
20 as top stream mixture in (v). '
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Claims

10.

A continuous process for the production of propylene oxide com.prising reacting pro-
pene with hydrogen peroxide in methanolic solution in the presence of a titanium sili-
calite-1 catalyst to obtain propylene oxide, wherein a reaction feed comprising propene,

 methanol and hydrogen peroxidé is introduced into a reactor, said reaction feed con-

taining potassium cations (K) in an amount of frem 110 to 190 micromol, relative to 1
mol hydrogen peroxide contained in the reaction feed, and further containing phospho-
rus (P) in the form of anions of at least one phosphorus oxyacid.

The process of claim 1, wherein the reaction feed contains K' in an amount of from 120
to 175 micromol, preferably of from 130 to 160 micromol, refative to 1 mol hydrogen
peroxide contained the reaction feed.

The prbcess of claim 1 or 2, wherein in the reaction feed, the molar ratio of K* relative
to P is in the range of from 0.75 to 1.0, preferably of from 0.8 to 0.95. :

The process of any of claims 1 to 3, wherein the reaction feed additionally contains
sodium ions {Na*).

The process of claim 4, wherein in the reaction feed, the molar ratio of K* relative to

Na" is greater than or equal to 0.1.

The process of ¢laim 4 or 5, wherein in the reaction feed, the molar ratio of K* relative
to Na” is in the range of from 1.0 to 3.0, preferably from 1.2 to 1.75, more preferably of
from 1.3 to 1.6.

The'process of any of clalms 4 {o 6, wherein in the reaction feed, the molar ratio of K
plus Na” relative to P is in the range of from 1.43 to 1.53, preferably from 1.44 to 1.52,
more preferably of from 1.45 to 1.51.

The process of any of claims 1 to 7, wherein the total amount of (a) alkali metal lons
other than K" and Na®, (b) alkaline earth metal ions, and (¢) other metal ions contained
in the reaction feed is 5 micromol at most, preferably of 3 micromol at most, more pref-
erably of 1 micromol at most, relative to 1 mol hydrogen peroxide contained the reac-
tion feed.

The process of any of claims 1 to 8, wherein the reaction feed is obtained from a hy-
drogen peroxide feed, a methanol feed, and a propene feed.

The process of claim 9, wherein the hydrogen peroxide feed contains K* in an amount
of less than 110 micromol, preferably less than 70 micromol, more preferably less than
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30 micromol, in particular less than 5 micromol, relative to 1 mol hydrogen peroxide
contained in the hydrogen peroxide feed.

The process of claim 10, wherein at ieast one solution containing K* and P in the form
of anions of at least one phosphorus oxyacid is added to the hy}drogen peroxide feed or
to the propene feed or to the methanol feed or a mixed feed of two or three thereof in
such an amount that the reaction feed contains K*, Na*,and P i in the form of anions of
at least one phosphorus oxyacid in amounts as defined in any of claims 1 to 7.

The process of claim 11, wherein the at least one solution is an aqueous solution of
d:potass;um hydrogen phosphate.

The process of any of claims 9 to 12, wherein the hydrogen peroxide feed is an aque-
ous or a methanolic or an aqueous/methanolic, preferably an aqueous hydrogen pe}ox-
ide feed, containing hydrogen peroxide preferably in an amount of from 25 to 75 wt.-%,
more preferably of from 30 to 50 wt.-%.

The process of any of claims 9 to 13, wherein the propene feed additionally contains
propane wherein the volume ratio of propene to pmpane is preferably in the range of
from 99.99:0.01 to 85:5.

The process of any of claims 1 to 14, wherein the reaction feed when introduced into
the reactor consists of one liquid phase.

The process of any of claims 1 to 15, wherein the pressure under which the reaction of
propene with hydrogen peroxide in methanolic solution in the presence of the titanium
silicalite-1 catalyst is carried out in the reactor is at least 10 bar, preferably at least 15
bar, more preferably at least 20 bar and in particular in the range of from 20 to 40 bar.

The process of any of claims 1 to 16, wherein the reaction mixture in the reactor is ex-
ternally and/or internally cooled such that the maximum temperature of the reaction
mixture in the reactor is in the range of from 30 to 70°C.

The process of any of claims 1 to 17, wherein the titanium silicalite-1 catalyst contains
titanium silicalite-1 as catalytically active material embedded in a porous matrix, prefer-

- ably in a mesoporous matrix, more preferably in a mesoporous silica matrix.

The process. of any of claims 1 fo 18, wherein the reaction of propene with hydrogen

peroxide in methanolic solution in the presence of the titanium silicalite- 1 catalyst is

carried out by a method comprising

(i) reacting propene with hydrogen peroxide in methanolic solution in the presence
of the titanium silicalite-1 catalyst in at least one reactor R1 which is preferably
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operated in isothermal mode, wherein a reaction feed comprising propene, meth-
anol and hydrogen peroxide is introduced into R1, said reaction feed containing
potassium cations (K"} in an amount of from 110 to 190 micromol, relative to 1
mol hydrogen peroxide contained in the reaction feed, and further containing
phosphorus (P) in the form of anions of at least one phosphorus oxyacid;
separating a stream containing non-reacted hydrogen peroxide from the reaction
mixture obtained from (i) and removed from R1, said separating preferably being
carried out by distillation in at least 1, preferably 1 distillation column K1;

mixing the stream containing non-reacted hydrogen peroxide with a propene
stream, passing the mixed stream into at least 1, preferably 1 reactor R2 contain-
ing the titanium silicalite-1 catalyst and preferably being operated in adiabatic
mode, and reacting propene with hydrogen peroxide in R2,

" wherein the hydrogen peroxide conversion in R1 is preferably in the range of from 85

to 95 %, more preferably in the range of from 87 to 93 %.

The process of claim 19, further comprising

(iv)

distilling a combined stream consisting of the reaction mixture obtained from (iii)
and removed from R2, and the top stream obtained from K1, in a distillation col-
umn K2 to obtain a top stream having a propylene oxide content of 100 vol.-ppm
at most and a bottoms stream having a propene content of 100 wt.-ppm at most,

. said distilling preferably being carried out using a methanol stream as external

reflux;

distilling the bottoms stream obtained from (iv) in a distillation column K3 {o ob-
tain a top stream mixture containing at least 98 wt.-% of propylene oxide and a
bottoms stream having a propylene oxide content of 100 wt.-ppm at most.

The process of claim 20, further compriéing

(vi)

(vil)

distilling the bottoms stream obtained from {v) in at [east one distillation column
K4 to obtain a bottoms sfream having a methanol content of 0.5 wi.-% at most
and a top stream having a methano! content of at least 98.5 wt.-% and a water
content of 1 wi.-% at most;

recycling the op stream obtained from {vi) as starting material of the continuous
process according to any of claims 1 to 20 and/or as extemnal reflux into (iv) ac-
carding to claim 20,



