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Summary of the Invention The present invention relates to the separation of
In accordance with the present invention there is hydrogen peroxide from
methyl benzyl alcohol oxi-  provided an Improved process for the recovery
of hy- date by ethyl benzene extraction.            5   drogen peroxide
from methyl benzyl alcohol oxidate involving the use of ethyl benzene as an
extractive Description of the Prior Art                     solvent Not
only is efficient separation achieved, but the process Is especially
advantageous in that only Hydrogen peroxide Is an Important chemical of
materials normally found in the commercial propylene commerce which is
produced in very large quantities  10  oxide/styrene monomer process are
employed In the for use in a number of industrial applications. The pre-
instant separation and recovery. dominant process used commercially for the
produc- tion of hydrogen peroxide involves the oxidation of an-  Brief
Description of the Drawing thrahydroqulnone, extraction of hydrogen
peroxide and reduction of the resulting anthraquinone to an-  15  The
accompanying drawing Illustrates in sche- thrahydroquinone which is reused.
This process re-  matic form a suitable embodiment of the invention. quires
very high capital expenditures In that use of a working solvent with
efficient recycle of various proc-  Detailed Description of the Invention
ess components is a necessity. Substantial efforts have been directed to
proc-  20  In copending application, EP-A-378 388 filed of esses which
involve direct combination of hydrogen  even date herewith, there is
described a method for and oxygen but thus far such processes have not
the production of hydrogen peroxide by oxidation of found widespread
success.                         methyl benzyl alcohol with molecular
oxygen. Aceto- Hydrogen peroxide has been formed by the oxi-  phenone is a
coproduct of the oxidation. dation of secondary alcohols. At one time the
produc-  25  The present Invention provides an effective tion of hydrogen
peroxide by oxidation of isopropanol  method for the recovery of hydrogen
peroxide from was practiced commercially. Other secondary alco-  methyl
benzyl alcohol oxidate reaction mixtures such hols which have been
mentioned as starting materials  as those formed in the process described
In said co- for hydrogen peroxide production include methyl ben-  pending
application. zyl alcohol and cyclohexanol. See, for example, U.S.  30  In
accordance with the invention, the methyl ben- Patents 2,871,102-4 of Shell
Development. In such  zyl alcohol oxidate mixture, which comprises methyl
prior procedures, difficulties have been encountered  benzyl alcohol,
acetophenone and hydrogen perox- in the separation and recovery of product
hydrogen  ide, is admixed with ethyl benzene extractive solvent peroxide
from the secondary alcohol oxidate mix-  and the resulting admixture is
separated Into an or- tures. See, for example, Shell U.S. Patents  35
ganic phase comprised of the ethyl benzene extrac- 2,819,949,  2,869,989,
2,949,343,  3,003,853,   tive solvent, methyl benzyl alcohol and acetophe-
3,012,860 and 3,074,782.                          none, and an inorganic
phase comprised of hydrogen Hydrogen peroxide has also been formed by ox-
peroxide. In one preferred embodiment, the inorganic idation of very high
boiling secondary alcohols such  hydrogen peroxide phase is extracted with
waterfrom as diaryl methanol, the product hydrogen peroxide  40  the
mixture of methyl benzyl alcohol oxidate mixture being stripped from the
reaction mixture during oxida-  and ethylbenzene extractive solvent. It is
also prefer- tion; see U.S. Patent 4,303,632.                 red that the
inorganic hydrogen peroxide phase be In certain commercial technologies,
there are  further contacted with the ethylbenzene extractive produced
substantial quantities of various secondary  solvent to extract organic
materials from said phase. alcohols. For example, in the coproduction of
propy-  45  Only about three theoretical extraction stages are lene oxide
and styrene monomer by the reaction of  needed to give essentially complete
separation of hy- ethyl benzene hydroperoxide with propylene, methyl
drogen peroxide from the organic phase. benzyl alcohol is formed and
ultimately converted by  Use of ethyl benzene as the extractive solventfor
dehydration to styrene monomer. See U.S. Patent   recovery of hydrogen
peroxide from methyl benzyl al- 3,351,635.
50  cohol oxidate has certain unique advantages. In the In copending
application, EP-A-378 388 filed of  first place, ethyl benzene is highly
effective as the ex- even date herewith, a process is described for the
tractive solvent. Unreacted methyl benzyl alcohol as production of hydrogen
peroxide by oxidation of me-  well as acetophenone are extracted into the
ethyl thyl benzyl alcohol containing streams, such as those  benzene
solvent while water and hydrogen peroxide formed in the Oxirane process.
55  are effectively excluded. In the second place, ethyl benzene is a an
essential feedstock In the commercial propylene oxidelstyrene monomer
process which also can provide the methyl benzyl alcohol for the hy- 2  



3                  EP 0 378 389 B1                4 drogen peroxide
production. Thus there Is outstand-  product. ing synergy between the
technologies.               The following example illustrates the
invention. Referring to Figure 1, a methyl benzyl alcohol  Unless otherwise
indicated, parts are weights per stream is introduced via line 101 into
oxidation reactor   5   hour and percentages are by weight. 102. Most
suitably, the methyl benzyl alcohol stream also comprises acetophenone and
represents a proc-  Example ess stream conventionally available from
propylene oxide/styrene monomer technology. Methyl benzyl     A methyl
benzyl alcohol oxidate In amount of alcohol is oxidized in reactor 102 by
contact with mo-  10  1000 parts comprised of 56.0% methyl benzyl alco-
lecular oxygen introduced as air via line 103. Condi-  hol, 37.9%
acetophenone, 5.34% H202 and 0.7%[err] tions of the oxidation to form
hydrogen peroxide and  Is removed from oxidizer 102 by means of line 104.
To acetophenone are as described in said copending  this stream is added
via line 105, 531 parts of ethyl EP-A-378 388.
benzene and via line 106, 409 parts of an ethyl ben- Liquid reaction
mixture Is withdrawn from reactor  15  zene recycle stream comprised of
98.0% ethyl ben- 102 via line 104 and comprises unreacted methyl  zene,
1.7% methyl benzyl alcohol, 0.2% acetophe- benzyl alcohol, acetophenone
oxidation coproductas  none, and 0.1% [err]. The admixture in amount of
well as such acetephenone as may be present with  1940 parts, comprised of
48.0% ethyl benzene, the methyl benzyl alcohol feed, and hydrogen perox-
29.2% methyl benzyl alcohol, 19.6% acetophenone,
ideproductSmallamountsofwatermayalsobepres-  20  2.8% H202 and 0.4% [err]
is sent via line 107 to the ent, below 4% by weight of the reaction
mixture, pre-  bottom of H202 extractor 108. ferably below 2% and most
preferably below 1%.       To the top of 108 is sent 150 parts of a pure
water Fresh ethyl benzene is introduced via line 105,  stream. The H202
extractor has 3 theoretical stages, and recycle ethyl benzene from ethyl
benzene back  and operates at [err] and atmospheric pressure. The extractor
unit 112 is introduced via line 106 and com-  25  organic product from 108
is 1882 parts comprised of bined with the oxidate mixture. The resulting
admix-  49.5% ethyl benzene, 29.8% methyl benzyl alcohol, ture Is passed to
the bottom of H202 extractor 108.  20.1% acetophenone and 0.6% H20 and
exits the top This light organic phase passes upwardly in 108,  via line
111 and is sent to ethyl benzene distillation countercurrently contacting a
heavy aqueous phase  unit 112. The aqueous product from 108 is 208 parts
passing downwardly from the top, introduced by line  30  comprised of 3.4%
methyl benzyl alcohol, 0.5% acet- 110. The H202 contained in the organic
feed is ex-  ophenone, 25.5% H202 and 70.6% [err] and exits the tracted
into the aqueous stream which exits from be-  bottom via line 109. low via
line 109.                                   The aqueous product from 108 Is
sent to the top The organic phase, now with H202 product re-  of ethyl
benzene back extractor 112. A fresh ethyl moved, exits 108 from the top via
line 111. This is dis-  35  benzene stream in amountof401 parts is sent via
line tilled in column 115 to separate ethyl benzene over-  113 to the
bottom of 112. This extraction column con- head via line 118 from the
higher boiling methyl ben-  tains 5 theoretical stages, and operates at
[err] and zyl alcohol/acetophenone mixture which is removed  atmospheric
pressure. The light organic product in via line 117. The ethyl benzene can
be recycled to the  amount of 409 parts comprised of 98% ethyl ben-
extraction units, or used elsewhere. The methyl ben-  40  zene, 1.7% methyl
benzyl alcohol, 0.2% acetophe- zyl alcohollacetophenone is especially
advanta-  none and 0.1% H20 is recycled via line 106, and geously
dehydrated In accordance with known proce-  mixed with the organic feed to
unit 108. The heavy dures to form styrene monomer from the methyl ben-
aqueous product from 112 in amount of 199 parts zyl alcohol, followed
ultimately by hydrogenation of  comprised of 73.3% [err], 26.7% H202 and
230 ppm the acetophenone to produce more methyl benzyl al-  45  ethyl
benzene + methyl benzyl alcohol + acetophe- cohol.
none exits via line 114. This stream can be concen- The aqueous hydrogen
peroxide phase removed   trated and further purified by conventional
methods. from 108 is sent via line 109 to the top of ethyl ben-  The ethyl
benzene distillation unit 115 which re- zene back extraction unit 112. The
purpose of 112 is  ceives organic product from the H202 extractor 108 to
remove and recover dissolved organics in stream   50  via line 111
separates ethyl benzene for recycle to the 109 by countercurrent extraction
with fresh ethyl ben-  extraction units or for usage elsewhere. The over-
zene. The fresh ethyl benzene enters the bottom of  head stream from 115 in
amount of 943 parts com- extractor 112 via line 113 and travels upwards
through  prised of 98.8% ethyl benzene and 1.2% [err] exits via the column.
The organic product from 112 exits the  line 116; the water can later be
decanted from this top via line 106, and Is recycled to the organic feed to
55  stream. The bottoms product from 115 In amount of H202 extractor 108.
The purified aqueous hydrogen  939 parts comprised of 59.6% methyl benzyl
alcohol peroxide phase exits 112 via line 114. If desired, this  and 40.4%
acetophenone exits via line 117. stream can be treated by conventional
procedures to  The compound referred to throughout this spec- 



further concentrate and purify the hydrogen peroxide  ification as methyl
benzyl alcohol Is sometimes other- 3    5                  EP 0 378 389 B1
6 wise known as 1-phenyl ethanol, a-phenyl ethanol or  phase inorganique
d'eau oxygen6e et d'une pha- methyl phenyl carbinol.
se organique contenant l'6thylbenzene qui cons- titue le solvant, l'alcool
m6thylbenzyllque et l'ace- 5      tophenone. Claims 2. Proced6 selon la
revendication 1, dans lequel la 1. The process which comprises admixing a
methyl     phase inorganique d'eau oxyg6nee est extralte benzyl alcohol
oxidate mixture contaIning methyl  par de l'eau du m6lange qui comprend le
mblange benzyl alcohol, acetophenone and hydrogen per-  io  de prodults
d'oxydatlon, de l'alcool methylbenzy- oxide with ethyl benzene extractive
solvent, and  lique et de solvant d'extraction constitue par separately
recovering an inorganic hydrogen per-  I'ethylbenzene. *       oxide phase
and an organic phase containing ethyl benzene solvent, methyl benzyl
alcohol and  3. Proc6d6 selon la revendicatlon I ou la revendlca-
acetophenone.                             15     tion 2, dans lequel ladite
phase Inorganique d'eau oxygenee est en outre mise en contact avec le 2. A
process as claimed In Claim I In which the in-  solvant d'extractlon
constitue par de l'ethylben- organic hydrogen peroxide phase is extracted
zbne en vue d'extraire des matibres organiques with water from the mixture
of methyl benzyl al-  de ladite phase. cohol oxidate mixture and ethyl
benzene extrac-  20 tive solvent. d'  3. The process of Claim 1 or Claim 2
wherein said inorganic hydrogen peroxide phase is further contacted with
ethyl benzene extractive solvent  25 to extract organic materials from said
phase. Patentanspriche 30 1. Verfahren, bel dem elne
Methylbenzylalkoholoxidat- Mischung, die Methylbenzylalkohol, Acetophenon
und Wasserstoffperoxid enthilt, mit elnem extra- hlerenden
Ethylbenzoll8sungsmittel vermischt wird und eino anorganische
Wasserstoffperoxid-  35 phase und eine Ethylbenzoll8sungsmittbl, Me-
thylbenzylalkohol und Acetophenon enthaltende organische Phase getrennt
entnommen werden. 2. Verfahren nach Anspruch 1, bei dem die anorga-  40
nische Wasserstoffperoxidphase mit Wasser aus der Mlschung aus
Methylbenzylalkoholoxidat- Gemlsch und extrahierendem EthylbenzolIl-
sungsmittel extrahiert wird. 45 3. Verfahren nach Anspruch 1 oder 2, be!
dem die anorganische Wasserstoffperoxidphase welter mit extrahierendem
Ethylbenzoll6sungsmittel in Kontakt gebracht wird, um die organischen Sub-
stanzen aus dieser Phase zu extrahieren.  50 Revendications 1. Proc6de
comprenant l'addition a un m6lange de  55 prodults d'oxydatlon contenant de
l'alcool me- thylbenzylique, de I'acetophenone et de l'eau oxyg6nee, d'un
solveant d'extraction A base d'6thylbenzbne et la recup6ration s6paree
d'une 4   



5                  EP O 378 389B1                  6 wise known as 1-phenyl
ethanol, a-phenyl ethanol or  phase inorganique d'eau oxyg6n6e et d'une
pha- methyl phenyl carbinol.                              se organique
contenant l'6thylbenzbne qui cons- titue le solvant, I'alcool
methylbenzylique et l'acb- 5      tophenone. Claims 2. Proo6d6 selon la
revendication 1, dans lequel la 1. The process which comprises admixing a
methyl     phase inorganique d'eau oxygbn6e est extraite benzyl alcohol
oxidate mixture containing methyl  parde l'eau du melange qui comprend Is
mblange benzyl alcohol, acetophenone and hydrogen per-  io  de produits
d'oxydatlon, de l'alcool methylbenzy- oxide with ethyl benzene extractive
solvent, and  lique et de solvant d'extraction constitub par separately
recovering an inorganic hydrogen per-  I'ethylbenzene. oxide phase and an
organic phase containing ethyl benzene solvent, methyl benzyl alcohol and
3. Proced6 selon la revendication I ou la revendica- acetophenone.
15     tion 2, dans lequel ladite phase inorganique d'eau oxyg6n6e est en
outre mise en contact avec le 2. A process as claimed in Claim I in which
the in-  solvant d'extraction constitu6 par de l'ethylben- organic hydrogen
peroxide phase is extracted      zene en vue d'extraire des matibres
organiques with water from the mixture of methyl benzyl al-  de ladite
phase. cohol oxidate mixture and ethyl benzene extrac-  20 tive solvent. 3.
The process of Claim I or Claim 2 wherein said Inorganic hydrogen peroxide
phase Is further contacted with ethyl benzene extractive solvent  25 to
extract organic materials from said phase. PatentansprOche 30 1. Verfahren,
bei dem eine Methylbenzylalkoholoxidat- Mischung, die Methylbenzylalkohol,
Acatophenon und Wasserstoffperoxid enthilt, mit einem extra- hierenden
Ethylbenzoll6sungsmittel vermischt wird und aine anorganische
Wasserstoffperoxid-  35 phase und eine Ethylbenzollosungsmiftel, Me-
thylbenzylalkohol und Acetophenon enthaltende organische Phase getrennt
entnQmmen werden. 2. Verfahren nach Anspruch 1, be! dem die anorga-  40
nische Wasserstoffperoxidphase mit Wasser aus der Mischung aus
Methylbenzylalkoholoxidat- Gemisch und extrahierendem Ethylbenzollo-
sungsmiftel extrahiert wird. 45 3. Verfahren nach Anspruch 1 oder 2, bei
dam die anorganische Wasserstoffperoxidphase weiter mit extrahierendem
Ethylbenzollosungsmittel in Kontakt gebracht wird, um die organischen Sub-
stanzen aus dieser Phase zu extrahieren.  50 Revendications 1. Procede
comprenant l'addition A un melange de  55 produits d'oxydation contenant de
l'alcool me- thylbenzylique, de l'acetophenone et de l'eau oxygen6e, d'un
solvant d'extraction A base d'6thylbenzene et Ia r6cuperation s6paree d'une
4    


