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We, DEUTSCHE GOLD-UND SILBER-SCHEIDEANSTALT VORMALS ROESSLER, a body
corporate organised under the laws of the Federal Republic of Ger- many of
Frankfurt Main, Federal Republic of Germany, and BAYER AKTIENGESELL-
SCHAFT, a body corporate organised under the laws of the Federal Republic
of Germany, 5  of Leverkusen Bayerwerk, Federal Republic of Germany, do
hereby declare the invention,   5 for which we pray that a patent may be
granted to us, and the method by which it is to be performed, to be
particularly described in and by the following statement:- The present
invention relates to an improved continuous process for the preparation of
anhydrous  solutions of perpropionic acid in benzene, starting from
hydrogen peroxide and 10  propionic acid.
10 Percarboxylic acids have become increasingly important in the reaction
of olefines to give epoxides (D. Swern, "Organic Peroxides", Wiley 1971,
Vol. II, page 360 II.) and of cyclic ketones to give lactones (Houben-Weyl
"Methoden der organischen Chemie" (Methods of Organic Chemistry) Volume
IV/2, page 708). However, the aqueous solutions of percar- 15  boxylic
acids with 2 - 4  carbon atoms, which are readily accessible, for example
according to  15 German Patent Specification 1,165,576 and German Patent
Specification 1,170,926, are not suitable for these reactions in all cases
due to the presence of water, since water promotes opening of the ring in
the products obtained in the reaction. On the other hand, anhydrous
solutions of percarboxylic acids give excellent results (see loc. cit.). 20
The synthesis of anhydrous or substantially anhydrous solutions of
percarboxylic acids in  20 organic solvents is known (see Ullmann,
Enzyklopadie der Technischen Chemie (Encyclo- paedia of Industrial
Chemistry), supplementary volume 1970, Neue Verfahren (New Pro- cesses),
page 181 et. seq. and Swern, Organic Peroxides 1, 1970, page 313 et. seq.).
These solutions can be obtained, for example, by autoxidation of aldehydes
in an anhydrous 25  medium, for example in carboxylic acid esters.
25 This method has the disadvantage that explosive intermediate products
can form in this process and that the carboxylic acid corresponding to the
aldehyde is obtained as a by- product after the reaction of the per-acid.
for example with an olefine. Organic solutions of percarboxylic acids are
also obtained by the reaction of hydrogen 30  peroxide with carboxylic
acids in the presence of an acid catalyst. according.to equation (1)  30 H+
0 [err]    1,550,166                                       2 when the
reaction is carried out in the presence of an organic solvent and the water
is removed by azeotropic distillation (DTAS (German Published
Specification)  1.043.316 



U.S.A.  Patent Specification 2,877.266 and DTOS (German Published
Specification 1.9l7,032).. However, it is also possible first to prepare an
anhydrous  solution of hydrogen peroxide     . in  an organic solvent and
then to react this with a carboxylic acid in the presence  of an  acid
catalyst (DTOS (German Published Specification) 2,038,318). Furthermore,
organic solutions of percarboxylic acids can be prepared by discontinous or
continous extraction of pure aqueous percarboxylic acid solutions with
organic solvents, for 10  example carboxylic acid esters, phosphoric acid
esters and chlorinated or aromatic hydro-  10 carbons, and subsequent
azeotropic dehydration of the resulting extracts, or also solely by
azeotropic dehydration of the aqueous percarboxylic acid solutions. In this
case, part of the organic solvent employed is used to dilute the
percarboxylic acid (DTOS (German Pub- lished Specification) 2,141,155, DTOS
(German  Published Specification 2,145,604 and 15  DTOS (German Published
Specification) 2,141,156).                                    15 Other
processes for the preparation of anhydrous solutions of percarboxylic acids
are based on the extraction, with organic solvents, of the equilibrium
mixture which is set up according to equation (1) and which consists of
hydrogen peroxide,'carboxylic acid, water and percarboxylic acid and which
may still contain the acid catalyst (DTOS (German Pub- 20  lished
Specification) 2,141,156, DTAS (German Published Specification) 1,048,569
and  20 DTOS (German Published Specification) 1,618,625). In these
processes, the extraction to obtain anhydrous percarboxylic acid solutions
are carried out either in several stages or in one stage. In every case the
raffinate, which, regarded from the total preparation of the percarboxylic
acid, still contained considerable 25  amounts of hydrogen peroxide and
possibly of the acid catalyst, was discarded and these  25 substances were
thus lost. However, processes have also been disclosed according to which
the raffinates obtained can be worked up  in order to recover the amounts
of hydrogen peroxide or acid catalysts contained therein and to recycle
these to the reaction of hydrogen peroxide with carboxylic 30  acid.
-       30 Thus, unreacted hydrogen peroxide contained in the raffinate can
be destroyed according to known methods and the acid catalyst can be
recovered (DTOS (German Published Spe- cification) 2,312,281). According
to another  process, aqueous hydrogen peroxide is first reacted, according
to 35  equation (1), with a carboxylic acid with 2 - 4 carbon atoms, in the
presence of an acid  35 catalyst; it being  possible for the molar ratio
of hydrogen peroxide/carboxylic acid em- ployed to be 0.5 - 30: 1. The
reaction mixture is extracted counter-currently with  an orga- nic solvent
and, if appropriate,  the extract, which  has been further treated with
water, is dehydrated by azeotropic distillation. The raffinate  obtained
from the  extractions of the 40  reaction  mixture with an organic  solvent
contains both unreacted hydrogen peroxide and  40 also the acid catalyst.
These can be recovered and recycled into the reaction by feeding the
raffinate to an evaporator unit and distilling off, under reduced pressure,
the water intro- duced with the starting materials and formed by the
reaction according to equation (1) and recycling the raffinate
reconcentrated in this way into the reaction of hydrogen peroxide 45  with
the carbocylic acid. In some  cases it also suffices to work up only a part
of the raffinate  45 in the manner described. The hydrogen peroxide
consumed after the reaction according to equation (1)is replenished after
reconcentrating the raffinate. According to this process, the yields of
percarboxylic acids are 87 - 90.5%, relative to hydrogen peroxide employed
(DT-OS (German Published Specification) 2,262,970).    . . 50    The
present invention is based on a number of surprising findings in  the
preparation of  50 solutions of perpropionicacid in benzene by the reaction
of hydrogen peroxide with prop- ionic acid, which findings make it possible
to carry  out the process  safely,  that. is  to say under  explosion-proof
conditions,  and lead to a substantial improvement. in the yield of
percarboxylic acid. 55    The process according to the invention for the
continuous preparation of anhydrous solu-  55 tions of perpropionic acid in
benzene by reacting hydrogen peroxide with propionic acid in the presence
of sulphuric acid, extracting the reaction mixture with  benzene and
isolating a substantially anhydrous solution of perpropionic acid as the
extract, after-treating this ex- tract with water and returning the aqueous
phase from this after-treatment into the extrac- 60  tion of the reaction
mixture, dehydrating the after-treated benzene extract by azeotropic  60 



distillation, distilling off water, under reduced pressure, from the total
aqueous raffinate from the extraction, recycling the raffinate
reconcentrated  in this  way into the reaction stage and replenishing with
amounts of aqueous hydrogen peroxide and propionic acid such that the
initial state of the reaction mixture is restored, is characterised in that
65    a) the reaction of hydrogen peroxide with propionic acid in the
presence of sulphuric  65    3
1,550,166                     3 acid is carried out at a molar ratio of
hydrogen perioxide  propionic acid employed of 0.8 - 1.4: 1, the reaction
temperature is restricted to a maximum of 60[err]C and the weight ratio of
hydrogen peroxide (100% by weight) : water before the start of the reaction
with  propionic acid is restricted to a  maximum of 1.22:1, the
concentration of sulphuric acid in the reaction 5    mixture being 10 to
40% by weight, b) the reaction mixture is extracted with benzene in a known
manner, and the resulting extract is after-treated in at least 3 stages
with water or with water containing hydrogen peroxide, the aqueous phase,
containing hydrogen peroxide, which is obtained from the 1 azeotropic
dehydration of the benzene extract, which is carried out in a known manner,
10    being used, if appropriate with the addition of fresh water,  for the
treatment in the first 10 stage and the treatment  in the second and third
stage or in further stages being carried out counter-currently with fresh
water, which enters into the system in the third or final stage and leaves
the second stage charged with hydrogen peroxide, the aqueous phases from
the first and second stage being recycled into the extraction of the
reaction mixture, 15     c) all or part of the amount of aqueous hydrogen
perioxide necessary to maintain the reaction, together with all or part of
the raffinate which is obtained on extraction of the reaction mixture, is
fed directly into the evaporator unit, after which the amount of water
introduced in the stationary state of the process with the aqueous hydrogen
peroxide solu- tion, the amount of water formed during the reaction and the
amount of water used for the 20 20   subsequent extraction are distilled
off under reduced pressure, the reconcentration being effected in a
rectification unit which consists wholly or partly of tantalum, zirconium,
a zirconium alloy or a tantalum alloy, with a residence time in the sump of
the rectification unit of 3 - 30 minutes and at a sump temperature of 40 -
120[err]C, and the mixture of hyd- rogen peroxide, sulphuric acid and water
obtained in the sump of this evaporator unit is 25   recycled into the
reaction stage (a), and d) the raffinate which is not used in reaction
stage (c) is withdrawn continuously or discontinuously, the hydrogen
peroxide contained therein is largely recovered and recycled into the
process and the amount of sulphuric acid removed by the withdrawal is
reple- nished. 30     By means of the combination of the measures according
to the invention which are de- 30 scribed above, a quite considerable
increase in the yield of percarboxylic acid is achieved. In addition, the
formation of explosive reaction mixtures is reliably avoided by the  mea-
sures of the invention according to (a). It is known that aqueous hydrogen
peroxide, especially in a concentrated form, can form, 35   with organic
substances, mixtures which are capable of explosion and which present an
explosion hazard. As  expected, reaction mixtures such as are formed by the
reaction of hydrogen peroxide with propionic acid in the presence of
sulphuric acid according to equa- tion (1) are also capable of explosion
and present an explosion hazard. Surprisingly, howev- er, it has been
found, when the reaction mixtures, under conditions of partial,
well-defined 40   enclosure in steel bombs, are exposed to heat and when
the reaction mixtures are subjected to the detonation shock of a primer
charge whilst enclosed in a steel tube (Explosivstoffe 9, 4 (1961)), that
reaction mixtures such as are formed according to equation (1) no longer
present an explosion hazard when the molar ratio of hydrogen peroxide :
propionic acid employed is restricted to 0.8  to 1.4: 1, the reaction
temperature is restricted to a maximum 45   of 60[err]C and the weight
ratio of hydrogen peroxide (100% by weight): water before the start of the
reaction with propionic acid is restricted to a maximum of 1.22:1, the
sulphuric acid concentration in the reaction mixture being 10 to 40% by
weight. A deviation of the molar ratio employed, for example from 1.3 to
1.5, results in a reaction mixture which, as is shown by the comparison
experiment, at 60[err]C exhibits the properties of a high blasting
explosive. 



50    The reaction temperature in the preparation of the reaction mixtures
is generally be- 50 tween 20 and 60[err]C, preferably 30 - 40[err]C. The
starting materials hydrogen peroxide, prop- ionic acid and sulphuric acid
are employed in customary commercial concentrations. Hyd- rogen peroxide is
used in aqueous solution in concentrations of 30 - 90% by weight, prefer-
ably 50 - 70% by weight. Propionic acid is preferably used in the pure form
and sulphuric 55 acid is preferably used as the 95 - 96% strength product.
The reaction mixture is extracted in a known manner with benzene in
counter-currently. The resulting extract, which contains, in addition to
benzene, perpropionic acid, propionic acid, hydrogen peroxide, water and
traces of sulphuric acid, is after-treated with water or with water
containing hydrogen peroxide in order to separate off the hydrogen
peroxide. 60     The extract generally contains 0.2 to 1% of hydrogen
peroxide. The after-treatment is 60 appropriately carried out in suitable
extraction apparatuses, specifically employing at least three stages, a
mixer-settler being used for the first stage. Further mixer-settlers or
other suitable extractors can be used for the following stages. The first
stage is preferably treated with the aqueous phase which is obtained from
the azeotropic dehydration of the benzene 65   extract and which contains
small amounts of hydrogen peroxide. fresh water being added if 65
1,550,166                                        4 appropriate. The
resulting aqueous raffinate, containing hydrogen peroxide; from the first *
stages  recycled into the extraction of the reaction mixture The organic
phase from the first stage is extracted in the second and third stage
and/or in the further stages-counter-currently with fresh water, which
enters into the  system in the third or final stage and leaves the 5
second stage charged with hydrogen peroxide, this  aqueous phasebeing
recycled into the extraction  of the reaction  mixture. Both in the first
stage and in the final stage, 0.5-to 10% by volume of water or of water
containing hydrogen  peroxide, relative to the benzene phase,  are employed
for after- treatment. The ratio of water emanating from the azeottopic
dehydration of the  benzen 10   extract to fresh water is 1 -10 : 1 in the
irst stage. The concentration of hydrogen peroxide  10 in the aqueous phase
from  the azeotropic dehydration can be 0.5 to 5% by weight. Carrying
outthe after-treatment accordingto the process of the invention makes it
possible to use the aqueous-phase, containingbydrogen peroxide, obtained
from the azeotropic dehydration of the benzene  extract andthus to recover
the hydrogen peroxide contained therein. .15    The raffinate which is
obtained from the extraction of the reaction mixture and which essentially
consists of water, hydrogen  peroxide and sulphuric acid, is reconcentrated
in a *    known manner by distillation (DT-OS (German Published
Specification) 2,262,970) All or part of the amount of aqueous hydrogen
peroxide necessary to maintain the reac- tion; according to the process of
the invention is fed together with the total quantity of part 20   of the
raffinate from the extraction  of the reaction mixture to a rectification
unit, which .- generally consists of a reboiler, a column and a condenser.
Thus, a substantial part of the fresh hydrogen peroxide, which  is required
in the process, e.g.  50% by weight of this amount, can be added to the
raffinate prior to the removal of water  by  distillation and the remaining
50%- by weight of the fresh hydrogen  peroxide 25   added to the
concentrated raffinate stream. The   process is preferably carried outin
such a manner that at least 50%  for example, 50 to 75% by weight of the
fresh hydrogen peroxide is added to the raffinate of  the extraction prior
to concentration, whilst the remaining 25 to 50% by weight of the amount of
the fresh hydrogen peroxide needed in the process is added to the
raffinate'after concentration. It is 30  possible to mix the part of fresh
hydrogen peroxide to be added prior to the raffinate  30 concentration with
the raffinate before entry into  the distillation  unit or to introduce
both streams separately at a suitable place into the distillation  unit.
The  amount of fresh hyd- rogen peroxide,  which is not added to the
raffinate prior to concentration, can  also be introduced directly into the
reaction with propionic acid according to (a). 35  - In this case, as in
the case of the addition of a part of the fresh hydrogen peroxide to the
concentrated raffinate, the concentrations of [err] and acid catalyst must
be corresponding- ly altered in the concentrated raffinate  (in so far  as
the partial streams of fresh  hydrogen peroxide-which are used in the
process as aqueous solution have the same concentrations). 



This alteration to the concentrate must be carried out in order that the
required amount 40 40   ratio of [err], acid catalyst and water be kept to
for the reaction with propionic acid. This is expediently carried out in
such a manner that the amount of water, which is introduced into the
process with the partial stream of the fresh hydrogen peroxide added to the
raffinate after concentration or directly to the reaction with propionic
acid is removed by distillation: this is preferably achieved in the
distillation unit used for the concentration of the raffinate. 45     It is
also possible, however, to introduce partial streams of fresh hydrogen
peroxide into the  process which have a varying concentration of [err].
Thus, it is possible, for example, to add 70% by weight of the required
amount of fresh hydrogen peroxide  to  the raffinate of the  extraction
prior to concentration in the form of a 50%  by weight aqueous solution,
whilst the remaining 30% by weight of fresh hydrogen peroxide are
introduced as a more 50  highly concentrated aqueous solution of [err], for
example, as a 70% by weight-solution. In a preferred embodiment of the
process, the process is carried in such a way that the amount of fresh
11202, which is  added to the raffinate of the extraction prior to removal
of water by distillation, amounts to 75 to 95% by weight of the total
amount of fresh hydrogen peroxide and that the remaining 5 to 25% by weight
of fresh [err] is added to the concen- 55  trated raffinate. In a
particularly preferred emobidment,  the process is so performed that  5 the
fresh hydrogen peroxide  is introduced by adding the total amount to the
raffinate of the extraction prior to concentration in a distillation unit.
In the rectification unit, the water formed during  the reaction, the water
introduced with the hydrogen peroxide and the water used  for the
after-treatment of the extract is distilled off under reduced pressure. 60
In place of stainless steels, tantalum, zirconium or a commercially
available zirconium or  60 tantalum  alloy is used as the  material for the
whole or part of the rectification unit. In this context tantalum is  to be
understood as including commercially available sheet tantalum and tantalum
alloys as including alloys with zirconium. The zirconium which can be used
is, above  all, industrial-zirconium with a hafnium content of about 1 -
5%. Commercially 65  available  zirconium alloys  are those with
appropriate amounts of tin, iron, chromium and  65    5
1 ,550,166                                   5 nickel (for example Zircaloy
2 or Zircaloy 4) or alloys with niobium. Zirconium is however in general
the major component of the alloy. The residence time in the sump of the
evaporator unit is restricted to 3-30 minutes and the sump temperature is
restricled to 40-120[err]C preferably 60-(85[err]. The pressure is 0 .25( 5
mm Hg. preferably 50-150 mm l lg.              . On prolonged continuous
operation of the process,  impurities accumulate  after a certain time in
the aqueous hydrogen peroxide solution, which contains sulphuric acid and
which is obtained as the raffinate from the extraction of the reaction
mixture, and these impurities promote the decomposition of the perpropionic
acid  and of the hydrogen perox- 0  ide. In order to keep the
concentration of the impurities at a constant level it is necessary to
withdraw part of the raffinate continuously or discontinuously. Th
fraction of the raffinate which is withdrawn hourly depends on the loss of
active oxygen per unit time and:must he determined from case to case. In
general, because of  the losses of hydrogen peroxide associ- ated therewith
the withdrawn raffinate cannot be discarded. In order to recover the hyd-
15  rogen peroxide contained in the withdrawn  raffinate, this is passed to
a recovery unit for  15 hydrogen peroxide. This consists of a pre-heater, a
column and a condenser. The distilla- tion column has  in its lower part, a
bubble cap tray without a downcomer , so that whilst vapour can flow away
into the upper part of the column, the reflux collects on the bubble 20
cap tray. To separate the hydrogen peroxide from the withdrawn solution
which contains 20 sulphuric acid. this solution is heated in the preheater
and fed, below the bubble cap tray without a downcomer, to the column which
operates under vacuum  At the same time, steam is passed in at the sump of
the column. At the top of. the column in the main water condenses and a
small reflux is passed  to the column. The hydrogen peroxide stripped off
is enriched in the upper part of the column and is withdrawn as an aqueous
solution from the 25 25  bubble cap tray without a downcomer. Since the
hydrogen peroxide recovered in this way is generally more dilute, for
example 10 - 20% strength by weight, than  that employed in the process,
this hydrogen peroxide is passed to reconcentration, according to (c). The
dilute 



sulphuric acid which collects in the sump of the column is discarded. The
distillation column is operated at a pressure of 25 - 250 mm Hg. The
temperature in 30 the pre-heater for the column is 30 -120[err]C,
preferably 80- 100[err]C. Since with this type of hydrogen peroxide
recovery part of the sulphuric acid is lost, this must be replenished. This
can be effected either directly by addition into the evaporator unit or by
addition to the raffinate from the extraction of the reaction mixture
upstream or downstream of the evaporator unit. It is also possible to add
the amount of sulphuric acid to 35  be replenished to the hydrogen peroxide
solution to be fed in before entry into the evapor- 35 ator unit. The
present invention is illustrated by the examples (including comparative
examples) which follow and Example 2 indicates the advantages in the use of
zirconium over stainless steel in the rectification unit for working up the
raffinate. 40  Example 1 (see also Figure 1) In continuous operation, 20.12
kg (= 271 mols) of propionic acid  (99.8% strength by weight, product
stream 3) and 29.94 kg of an aqueous solution (product stream 2), which on
average contains 29.4% by weight of hydrogen peroxide ( 259 mols), 33.0% by
weight of sulphuric acid and 7.5% by weight of Caro's acid, are pumped per
hour through the reac- tion system (1) consisting of a two-stage stirred
kettle cascade. The molar ratio of hydrogen peroxide to propionic acid is
1.03: 1, the hydrogen peroxide bonded in the Caro's acid being calculated
is free H202. With an average residence time of 28 minutes in the stirred
kettle cascade and at a reac- tion temperature of 35[err]C, 57.4% of the
propionic acid is converted to perpropionic acid. 50 50 The reaction
mixture (50.06 kg per hour. product stream 4) contains, on average, 28.0%
by weight of perpropionic acid, 17.1% by weight of propionic acid, 7.0% by
weight of hyd- rogen peroxide, 19.7% by weight of sulphuric acid, 4.5% by
weight of Caro's acid and 23.7%  by weight of water. This reaction mixture
is fed, together with the combined aqueous phases (product stream 14) from
the extraction unit (12), to the extraction system 55 A pulsed sieve tray
column with 60 trays a length of 6 m and a diameter of 72 mm is used as the
extraction system (5). 45.74 kg per hour of benzene (product stream 6),
which con- tains 0.11% by weight of propionic acid and 0.12% by weight of
water, are fed into the column as the extraction agent. At the upper end of
the column  74.27 kg per hour of benzene extract (product stream  60 11),
which contains, on average, 22.3% by weight of perpropionic acid, 13.8% by
weight of propionic acid, 0.54% by weight of hydrogen peroxide, 0.86% by
weight of water as well as traces of sulphuric acid, are withdrawn. The
aqueous raffinate from the extraction (product stream 7) is withdrawn at
the lower 65  end of the column in an amount of 29.18 kg per hour. This
raffinate contains, on average, 65    11.7% by weight of hydrgen peroxide,
33.8% by weight of   sulphuric acid,. 7.7% by weight of Caro s acid as well
as 0.09% by weight  of  perpropionic acid and 0.06% by weight  of propionic
acid. A small partial stream of the raffinate (product stream 7b) of 0.88
kg/hour ( [err] 3.0%) is 5  withdrawn and worked up separately;
5 The bulk of the raffinate.(productstream  a), 28.3kg/hour,,is again made
up for renewed reaction  with proionic acid by passing it, together with
10,98 k/hour  of 50% strength aqueous hydrogen perioxide (=161.4 mols/hour,
of [err] feed  product stream 9) a further, 0.52 kg/hour of 17% strength
by  weight aqueous hydrogen peroxide  (product stream  35) 10  and  0.37.
kg/hour of  sulphuric  acid  (95.9% strength by  weight.product stream
36, as re- placement for the loss of the [err] contained in product stream
7b),  to a distillation unit,(8) and  reconcentrating the mixture thus
obtained  by. distilling off  water . The distillation unit  (8) consists
of a packed column  (length= 4 m,diameter= 150 mm), a condenser and a
falling film evaporator made of zirconium ("commercial grade").The 15
mixture of the product streams 7a, 9, 35 and  36 is passed directly to the
evaporator. At a  15 pressure of 55 mm Hg, a sump temperature of 76 -
78[err]C, a temperature at the top of the column of 38- 39[err]C, a reflux
ratio of 0.55 (reflux/take-off) and with a residence  time in the sump of
about 12 minutes, 10.21 kg of  water are distilledoff erhour.This
distillate  ro 



duct stream 10) contains 0.04% by weight of hydrogen peroxide as well as
0.25% by weight 20  of perpropionic acid and 0.16% by weit of proponic
acid. 20 29.94 kg  per hour  of an aqueous solution product stream 2),
which in turn contains 29.4% by weight of hydrogen peroxide, 33.0%  by
weight  of sulphuric acid  and 7.5%   by weight of Caro's acid, are
withdrawn from the sump of the column. After it has been  cooled to
20[err]C, this  mixture is fed back to  the reaction system (1).   - 25
The raffinate (product stream 7b), 0.88 kghour, withdrawn from the aqueous
cycle is  25 worked up  in a distillation unit (37). This consists of a
packed  column (length =  4.m, diameter=100 mm), which, above the feedpoint
located in the centre,.posseses a take off weir for withdrawing a side
stream. The column is  operated at a pressure of 50 mm Hg, a temperature at
the top of 38[err]C and a reflux ratio of 0.1. - 30      5.5 kg of steam
per hour are blown in above the sump. 0:.52 kg per hour of 17% strength. 30
by weight aqueous  hydrogen peroxide are withdrawn from the column as a
side stream (product stream 35) and fed to the distillation unit (8). In
addition,,4.96 kg/hour of water with 0.04% by weight of  hydrogen peroxide
(product stream 40)  are obtained as the distil- late and 0.90 kg/hour of
an aqueous solution (product  stream 41), which contains 1.2%  by 35
weight  of  hydrogen peroxide, 34.7% by weight of sulphuric acid.and 5.6%
by weight of 35 Caro's acid, are obtained in the sump. The benzene extract
(product stream 11) withdrawn from the extraction columns (5) is passed to
a further  extraction system (12), which is designed as a three-stage
battery of mixer-settlers arranged in one plane and each consisting of a
mixing pump followed by a 40  separator.
40 The benzene extract (product stream 11), together with 0.78 kg/,hour of
fresh  water (pro- duct stream 13) and 2.92 kg/hour of the aqueous phase
(product stream 38)  from the azeot- ropic distillation (16), is fed to the
mixing pump of the first stage. The benzene solution, which is withdrawn
from the  first separator as the light phase, is  fed, after passing
through 45  the second mixer-settler  unit, together with 0.93 kg/hour of
fresh water to the mixing pump of the third stage. The aqueous phase
separated off in this stage is fed into the second stage. The aqueous
phases obtained in the first stage and the second stage are combined (pro-
duct stream 14) and passed back  in an amount of 7.65 kg/hour, into the
extraction colmn (5). These  combined aqueous phases contain  on average,
3.8% by weight of hydrogen 50  peroxide, 33.7% by weight of perpropionic
acid, 21.8% by weight of propionic acid, 10.0%   50 by weight of benzene
and a little sulphuric acid. 71.25 kg per hour of a benzene solution
(product stream 15), which contains, on average, 19.7% by weight of
perpropionic acid, 12.1% by weight of propionic acid, 0,19%  by weight of
hydrogen peroxide and 4.0% by weight of water, are withdrawn, as the light
phase, from the separator of the third stage and 55  fed, together with a
solution of a stabiliser, to the azeotropic distillation (16).  55 A
commercially available Na salt of a partially  esterified  polyphosphoric
acid is used as the stabiliser and is added  as a 15% strength by weight
solution in propionic acid acid (0.11 kg/hour, product stream  39). The
distillation unit (16) consists of a packed column (length = 3 m. diameter
200 60  mm)  a falling film evaporator, a  condenser and a separator for
phase separation of the  60 distillate at  the top of the column. The
product stream (15), is fed into the lower part of the column. At a
pressure of 300. mm Hg and a temperature at the top of the colum  of 46-
48[err]C, 2.92 kg of  aqueous phase and about 54 kg of benzene  phase are
obtained per hour as the distillate. The benzene phase is returned to the
column as reflux, whilst the aqueous 65  phase (product stream 38), which
contains 0.82% by weight of hydrogen peroxide, 1.10%  65    7
1,550,1667 by weight of perpropioic acid and 0.34% by weight of propionic
acid, is passed into the first stage of the extraction system (12). 68.25
kg per hour of a benzene solution of perpro- pionic acid (20.49% by weight
= 155.2 mols), which also contains 12.67% by weight of propionic acid,
0.16% by weight of hydrogen-peroxide, less than 0.1% by weight of water and
the abovementioned stabiliser, (product stream 17) are obtained as the sump
product from this azeotropic distillation. The yield of perpropionic acid
in the dried benzene solution is 96.1%, relative to the 



amount of hydrogen peroxide charged to the process (product stream 9).
Example 2:
10 10    A zirconium tube of the following dimensions was used for the
experiment: 11.2 x 1.75 X 700 mm, the value of the tube was 39.5 cm[err].
The material had the following compositions: zirconium + hafnium     at
least 99.2% hafnium      maximum 4.5% 15   iron + chromium       maximum
0.2% A mixture of the following composition: 31.5% by weight of hydrogen
peroxide, 35.5% by weight of sulphuric acid and 33.0% by weight of water,
20 20  was passed through the tube at 80[err]C, with a residence time of,
on average, 30 minutes. Under the conditions mentioned, an average loss of
active oxygen of 0.68%, relative to the charge, was obtained. Comparative
Example: A stainless steel (material No. 1,4571) was used in place of
zirconium. The diameter of25 25  the tube was 9 mm and the capacity 114
cm3. The mixture employed had the same composi- tion as described above. In
this case, however, at 80C and with a residence time of, on average, 30
minutes, a loss of active oxygen of, on average, 9.5% was obtained. Example
3 (including tests on comparative reaction mixtures). There are various
methods for assessing the explosion hazard of materials. For the pre-  30
30 sent invention, the behaviour of the reaction mixtures when exposed to
heat under condi- tions of partial, well-defined enclosure and the
behaviour when subjected to the detonation shock of a primer charge were
used to assess the explosion hazard of reaction mixtures which are formed
by the reaction of hydrogen peroxide with propionic acid in the presence of
sulphuric acid.
35 35    A method for determining the sensitivity of explosive materials
towards exposure to heat, is to heat the materials in a steel bomb which is
closed off by a nozzle plate with a well- defined orifice. The steel bomb
is fabricated from deep-drawing sheet metal and has an internal diameter of
24 mm, a length of 75 mm and a wall thickness of 0.5 mm. At its open end,
the bomb is provided with a collar. The bomb is closed by a circular nozzle
plate  40 40 provided with a bore. Nozzle plates having the following
diameters for the cylindrical outlet orifice for the gases produced by the
decomposition are used: 1; 1.5; 2; 2.5; 3; 3.5; 4; 5; 6; 8; 10; 12; 14; 16
and 20 mm. The materials to be investigated are introduced into the steel
bombs and, in order to pre- vent the initiation of a catalytic
decomposition, the walls of the steel bomb can be provided  45 45  with a
coating of, for example, polyethylene. The volume of the material sample is
about 27 ml. The samples are exposed to heat by supplying heat in an amount
of on average, 2.4 kcals/sec from 4 Teclu-burners. With 3 tests, at least
one explosion must take place, the bomb being split into 3 or more parts
("limiting diameter"). The limiting diameter deter- mined in this way is to
be regarded as a measure of the heat sensitivity of the material  50 50
examined. The higher the limiting diameter, the higher is the heat
sensitivity. Values of 2 - 2.5 mm are to be regarded as transition values
into the dangerous range. The results of the investigations carried out on
the reaction mixtures by the method described above are shown in the table
which follows. In order to obtain further data on the explosion hazard of
the reaction mixtures, the  55 55 behaviour of the reaction mixtures when
subjected to the detonation shock of a primer charge, under conditions of
enclosure, was investigated. For this purpose about 940 ml of the reaction
mixtures were exposed, while enclosed in a 2 inch steel tube, to the
detonation shock of a primer charge of 50 g of cyclonite with 5% of wax. In
the present case, the conditions were further intensified by the
temperature being raised to 60C and the reaction 60  mixtures being treated
with oxygen gas by adding quartz pebbles coated with palladium. Seamless
drawn 2  steel tubes having a wall thickness of 5 mm and a length of 500 mm
and with a welded-on base were used for the experiments. A cap was screwed
to the open end and the auxiliary charge was fastened to the inside of the
cap. The cap has a bore for the electric fuse with the detonator. This
method gives a clear result with regard to the explosi- 65 bility of a
material but does not indicate whether the explosion induced was propagated
65 



1,550,166 wholly partly or not at all or whether the tube was disintegrated
into   splinters.   The  reaction mixtures tested were   prepared   from
hydrogen   peroxide of the indicated concentration using anhydrous
propionic acid and concentrated sulphuric acid. The proportion of sulphuric
acid was 30% by weight, relative to the mixture of aqueous  hydrogen
peroxide  and propionic 5   acid   .
0 The results of the steel bomb tests and of the 2 steel tube tests are
given in the table which follows:         ,       .  .
. [err]    9                         1,550,166        *   C   L  MS   *
WHAT WE CLAIM IS:- 1.  Process for the continuous preparationof anhydrous
solutions of perpropionic acid in benzene by reacting hydrogen peroxide
with propionic acid in the presence of sulphuric acid, extracting the
reaction mixture with benzene and isolating a substantially anhydrous 5
solution of perpropionic acid as the extract, after-treating this extract
with water and re-  5 turning the aqueous phase from this after-treatment
into the extraction of the reaction mixture, dehydrating the after-treated
benzene extract by azeotropic distillation, distilling off water, under
reduced pressure, from the total aqueous  raffinate from the extraction,
recycling the raffinate reconcentrated in this way into the reaction stage
and replenishing 10  with amounts of aqueous hydrogen peroxide and
propionic acid such that the initial state of the reaction mixture is
restored, characterised in that (a)the reaction of hydrogen peroxide with
propionic acid in the' presence of sulphuric acid is carried 'out  at'a
molar ratio of hydrogen peroxide : propionic acid  of  0.8 - 1.4 : 1, the
reaction temperature being restricted to a maximum of 60[err]C, the weight
ratio of hydrogen peroxide (100% by weight  water before the start of the
reaction with propionic acid being * restricted to a maximum of 1.22: 1 and
the concentration of sulphuric acid in the reaction mixture being 10 to 40%
by weight; (b) the reaction mixture is extracted with benzene, and the
resulting extract is after-treated in at least 3 stages with water or with
water containing hydrogen peroxide, the aqueous  20 20  phase, containing
hydrogen peroxide, which is obtained from the azeotropic dehydration of the
benzene extract being used, if appropriate with the addition of fresh
water, for the treatment in the first stage and the treatment in the second
and third stage or in further stages being carried out countercurrently
with fresh water, which enters into the system in the third or final stage
and leaves the second stage charged with hydrogen peroxide, the 25  aqueous
phases from the first and second stage being recycled into the extraction
of the reaction mixture: (c) all or part of the amount of aqueous hydrogen
peroxide necessary to maintain the reaction, together with all or part of
the raffiate which is obtained on extraction of the 30  reaction mixture,
is fed directly into the evaporator unit, after which the amount of water
introduced in the stationary state of the process with the aqueous hydrogen
peroxide solution, the amount of water formed during the reaction and the
amount of water used for the subsequent extraction are distilled off under
reduced pressure, the reconcentration being effected in a rectification
unit which consists wholly or partly of tantalum, zirconium, a zirconium
alloy or a tantalum alloy, with a residence time in the sump of the
rectification 35  unit of 3 - 30 minutes and at a sump temperature of 40 -
120[err]C, and the mixture of hydrogen  35 peroxide, sulphuric acid and
water obtained in the sump of this evaporator unit is recycled into the
reaction stage (a), and (d) the raffinate which is not used in reaction
stage (c) is withdrawn continuously or 40   discontinuously, the hydrogen
peroxide contained therein is largely recovered and recycled  40 into the
process and the amount of sulphuric acid removed by the withdrawal is
replenished. 2. A process according to claim 1, characterised in that in
each case 0.5 - 10% by 



volume of pure water or of water containing H202, relative to the benzene
phase, are employed both for the extraction in the first stage and for the
counter-current extraction.  45 45    3. A process according to claim 1 or
claim 2, characterised in that the hydrogen peroxide solution is mixed with
the raffinate before entry into the evaporator unit. 4. A process according
to any one of claims 1 to 3, wherein the water is distilled off at a
pressure of from 10 to 250 mm Hg. 50    5. A process according to claim 4,
characterised in that the water is distilled off at a  50 pressure of from
50 to 150 mm Hg. 6. A process according to any one of claims 1 to 5,
characterised in that industrial zirconium is used as the construction
material for the rectification unit. 7. A process according to any one of
claims 1 to 6, characterised in that a zirconium alloy containing tin,
iron, chromium or nickel is employed as the construction material for 55
the rectification unit. 8. A process according to any one of claims 1 to 7,
characterised in that the raffinate is worked up in a rectification unit
made of industrial zirconium, at a sump temperature of 60- 85[err]C. 9. A
process according to any one of claims 1 to 8, characterised in that the
part of the 60  raffinate or of the sump product, which is withdrawn, is
fed to a recovery unit consisting of a pre-heater, a column with a bubble
cap tray without a downcomer, and a condenser, and the aqueous hydrogen
peroxide distilled off under reduced pressure is recycled into the
reconcentration stage (step c). 10. A process according to any one of
claims 1 to 9 wherein at least 50% by weight of 65  the amount of aqueous
hydrogen peroxide necessary to maintain the reaction is fed to the  65
10                                           1550,166 evaporator unit with
the  raffinate. 11.  A process according to any one of claims 1  to  10
wherein from 50 to 75% by weight of the. amount of aqueous hydrogen
peroxide necessary  to maintain the reaction  is fed to the evaporator unit
with  the raffinate.                                - 5   12.  A process
according  to any one of claims 1 to 10 whereinfrom75to95% by weight of the
amount of aqueoushydrogenperoxide necessary to maintain the  reaction is
fed to the evaporator unit with the raffinate. 13.  A process according to
any one of claims ito 10wherein the whole of the amount of 10   aqueous
hydrogen peroxide necessary to maintainthe reaction is fed to the
evaporator unit 10     the raffinate. 14.  A  process for preparing
anhydrous solutions of perpropionic acid  in bezene substantially .as
hereinbefore described with reference  to  the accompanying drawing. 15. .
Anhydrous solutions  of perpropionic acid  in benzene prepared by  a
method according to anyone, of claims. 1 to 14.           . For the
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