
PROCESS FOR PURIFYING ACRYLIC ACID TO HIGH PURITY IN THE
PRODUCTION OF ACRYLIC ACID             This invention generally relates to
a process for  producing acrylic acid by catalytic gas phase oxidation  of
propylene  and/or acrolein (which in the following may  sometimes simply be
referred to as propylene) with molecular  oxygen-containing gas. The
invention particularly relates  to a process for producing highly pure
acrylic acid by  efficiently separating by-products, particularly acetic
acid, from the reaction product obtained by the catalytic  gas phase
oxidation. More particularly, the invention  relates to a process for
producing highly pure acrylic  acid wherein water is added to the reaction
product to  obtain  an aqueous  solution of the product  to which an
azeotrope  solvent  is  further  added  thereby  removing  by-products
through the azeotropic phenomenon.        The catalytic gas phase oxidation
of propylene,  



with molecular oxygen-containing gas in the presence of a
2   catalyst for oxidation provides a reaction product in the  form of a
mixed gas which contains, aside from intended  acrylic acid, by-products
such as acetic acid, formic  acid,  acetaldehyde,  formaldehyde   and   the
like   and  unreacted starting materials such as propylene,  acrolein  and
the  like.  In  known  processes   of  industrially  producing acrylic acid
by catalytic gas phase oxidation  of  propylene,        with  molecular
oxygen-containing  gas, the mixed gas obtained by the catalytic gas phase
oxidation is introduced into an acrylic gas absorption  tower. In the
tower, the gas is contacted with water for  cooling and absorption, thereby
obtaining an aqueous  solution containing acrylic acid and the by-products
such  as acetic acid. Then, acrylic acid is separated and  purified from
the aqueous solution by distillation.      Among the by-products, acetic
acid is undesirably  produced in comparatively large amounts. Since acetic
acid  has a high distillation temperature (boiling point of  118.1 [err]C
under atmospheric pressure), the separation by  distillation involves the
problem that acrylic acid is  liable to polymerize during the distillation
and that the  relative  volatility between acrylic acid and acetic acid  is
so close that it is difficult to simply separate one 



from another by distillation. To avoid this, there has  been    carried
out  a  process  wherein  an  azeotropic
3   phenomenon  of  a  three-component  system  consisting  of  acetic
acid-water-azeotrope solvent or a multi-component  system    is  utilized.
More  particularly,  the  reaction  product  is  contacted  with  water  to
obtain  an  aqueous  solution,  to  which  an  azeotrope  solvent  is
added,  followed by distillation to distil off a mixture of acetic
acid-water-azeotrope  solvent   from   the   top   of   a  distillation
equipment and to collect acrylic acid from the  tower bottom.       In
Japanese  Patent  Publication  No.sho  63-10691,  toluene is employed as
the azeotrope solvent. Although  most  of   the   acetic  acid   could  be
azeotropically  separated,  part of  the acid would be left unseparated,
resulting  in  the    discharge  from  the  bottom  of  an  azeotropic
separation tower along with acrylic acid. This  leads  to  further
separation of  the unseparated  acetic  acid  by  use  of  an  acetic acid
separation  tower,  thus  needing  two  towers  including  the  azeotropic
separation  tower and the acetic acid separation tower.       In Japanese
Patent Publication Nos.sho 46-34691 and  46-18967,  azeotropic
distillation  is  performed  using  ethyl  acetate,  butyl   acetate,
dibutyl  ether,  ethyl 



acetate,  hexane,  heptane,  ethyl  methacrylate,  propyl  acrylate and the
like. The azeotrope solvent, acetic acid  and water are distilled off from
the top of the tower and                                       4
acrylic, acid is obtained from the bottom of the tower. However,
investigations have revealed that mere removal of high boiling point
impurities through distillation of acrylic acid obtained from the tower
bottom according to these processes is not satisfactory with respect to the
removal of acetic acid, such acrylic acid being unsatisfactory for use as
an acrylic acid product.        It will be noted that the impurities other
than acetic acid mentioned as contained in the by-products, e.g. formic
acid (boiling point: 100.8[err]C acetaldehyde (boiling point: 20.8[err]C),
formaldehyde (boiling point: -19.5[err]C and acrolein (boiling point:52.5C
), are all low in boiling point and can be readily removed without
resorting to the azeotropic treatment.        GB-A-1120284 discloses a
process for the production of acrylic acid by vapor phase oxidation of
propylene or acrolein. The process of GB-A-1120284 requires an extraction
step which may be followed by a step wherein the composition of the extract
is modified in order to avoid difficulties during the azeotropic
distillation. This modification of the extract composition can be achieved
by distillating out a part or all of the water or a part of the solvent.
An  object  of the  invention  is  to   solve  the  above prior art
problems and to  provide a  process for  producing highly pure acrylic acid
wherein   a mixed gas obtained by catalytic gas phase oxidation of
propylene and/or acrolein is contacted with water to obtain an acrylic acid
aqueous solution comprising acrylic acid and by-products such as acetic
acid, to which a selected azeotrope solvent is added and the resulting
mixture is subjected to azeotropic distillation to distil off the     



5   azeotrope solvent, acetic acid and water from the top of  a
distillation equipment and to obtain acrylic acid from  the  bottom  of
the  distillation  equipment  such  that  substantially all of the azetrope
solvent, acetic acid and  water are distilled off from the top of a
distillation  equipment and substantially only acrylic acid is withdrawn
from the bottom of the distillation equipment.       Another object of the
invention is to provide a  process  for producing highly pure  acrylic
acid wherein  the liquid withdrawn from the bottom can be used, as it  is,
as a starting material for preparing acrylic esters  and when the liquid is
subjected to further distillation  to remove high boiling impurities
therefrom, there is  obtained an acrylic acid product of high quality.
A further object of the invention is to provide a  process for producing
highly pure acrylic acid wherein an  mixed solvent of two or more azeotrope
solvents in  combination at defined mixing ratio is provided as an
azeotrope solvent for carrying out optimum distillation.       Another
object of the invention is to provide a  process for producing highly pure
acrylic acid in an  industrially beneficial manner wherein a mixture of
acetic  acid-water-azeotrope solvent obtained from the top of an
azeotropic separator is separated, and water is used to  provide the
acrylic acid aqueous solution and the azetrope   



6   solvent is used for recycling in the production system.
Figure 1 is a flow chart showing a process according  to the invention.
An important technical concept or feature of the  invention for achieving
the above objects resides in the  use of a mixed solvent of the following
solvents A and B  as an azeotrope solvent.       Solvent A: at least one
solvent                   of diethyl ketone, methyl propyl ketone,  methyl
isobutyl  ketone,  methyl-tert-butyl   ketone  and  n-propyl acetate.
Solvent B: at least one solvent                  of toluene, heptane and
methylcyclohexane.       The above technical concept can be realized by
embodiments  according  to  the   invention.  A   typical  embodiment of
the invention is described with reference  



to Figure 1 and by way of examples                                   7
In Figure 1, a mixed gas which is obtained by  catalytic  gas  phase
oxidation  of  propylene  and/or  acrolein  with  a  molecular
oxygen-containing  gas  is  introduced  from  line  1 into an acrylic acid
absorption  tower 101 wherein the gas is contacted with water passed  from
line 2, thereby obtaining an acrylic acid aqueous  solution, which contains
acrylic acid and by-products  such as acetic acid and the like, from line
4. Water  which is fed to the acrylic acid absorption tower 101 from  line
2 may be one which is fed freshly from line 13. As  will be described
hereinafter, it is preferred to use, as      said water, an acetic acid
aqueous solution discharged  from the bottom of a solvent stripping tower
103.       With the flow chart of Figure 1, the acrylic acid  aqueous
solution which is discharged from the bottom of  the acrylic acid
absorption tower 101 through line 4 may  be directly fed without any
treatment, to an azeotropic  separation tower 102. The acrylic acid aqueous
solution  from line 4, however, is fed to the acrolein stripping  tower
which is optionally provided (not shown in Fig.l)  wherein acrolein
dissolved in the acrylic acid aqueous  solution  is  caused   to  strip  in
this   tower,  and  



thereafter, the resultant acrylic acid aqueous solution  is fed to the
azeotropic separation tower 102. In this
8  case,  the  stripped  acrolein  should  be  collected  and  recycled to
the reaction system.      In the azeotropic separation tower 102, the
acrylic  acid aqueous solution and an azeotrope solvent which are
respectively  fed  from  lines  4 and  5 are subjected to a  azeotropic
distillation.  By this,  the azeotrope  solvent,  acetic acid and water are
distilled off  from the top of  the tower 102 and acrylic acid is obtained
from the tower  bottom.      In the practice of the invention, although
depending  on the amount of water through line 2 fed to the acrylic  acid
absorption tower 101 and other operating conditions,  the acrylic acid
aqueous solution in the azeotropic tower    102  contains           50 to
80 wt% of acrylic acid, 2  to 5 wt% of acetic acid and the balance being
water.      The azeotrope solvent used in the invention is a  mixed solvent
of the afore-indicated Solvents A and B.      The kind of Solvent A and
Solvent B are those which  have been set out before and all the
combinations of  these two types of solvents produce good results. Choice
of Solvents A and B in combination is left to one who  



carries out the process of the invention. Compounds of  Solvent A are all
hydrophilic in nature. Of the compounds  of Solvent A, methyl isobutyl
ketone is most preferred                                   9 when taking
into consideration the azeotropic composition  with water, the azeotropic
temperature and the costs as a  whole. Compounds of Solvent B are high in
affinity for  acetic acid and are expected to form an azeotrope with
acetic acid. Depending on the progress of the reaction,  an optimum solvent
should be selected.      By the use of a specific type of mixed solvents as
an  azeotrope  solvent,  a mixture which consists  essentially  of  acetic
acid,  water  and  the  azeotrope  solvent  is  distilled off from the top
of the azeotropic separation  tower 102. Moreover, acrylic acid which is
substantially  free of acetic acid, water and the azeotrope solvent is
obtained  from  the  bottom.  The  mixing  ratio  between  Solvents A and B
fed from line 5 is               in the  range of  50:50  to  75:25  on
the weight  basis.  If  the  Solvent A exceeds the above range, the
concentration of  acetic acid at the tower bottom becomes too high.  On the
contrary, when Solvent B is used in larger amounts, the  amount of acrylic
acid distilled from the tower top is  undesirably increased.       The
mixture consisting substantially of acetic acid,  water and the azeotrope
solvent which has been distilled 



off from the top of the azeotrope separation tower 102 is  received in a
reservoir 20.   In the reservoir 20, the  mixture  is  separated  into  an
organic  phase  comprised                                  10   mainly of
the azeotrope solvent and an aqueous phase  comprised mainly of acetic acid
and water.  The organic  phase is circulated through line 5 to the
azeotropic  separation tower 102. On the other hand, the aqueous  phase is
passed through line 8 into the solvent stripping  tower  103  for
distillation.   As  a  consequence,   the  azeotrope solvent is distilled
off from the top of the  solvent stripping tower 103 and returned through
line 9 to  the  reservoir  20.  An  acetic  acid  aqueous  solution
consisting   substantially  of acetic  acid  and water  is  withdrawn
through line 14 from the bottom of the solvent  stripping tower 103 and
discharged to outside. Of course,  the acetic acid aqueous solution may be
recycled through  line 10 to the acrylic acid absorption tower 101 for use
as water which is contacted with the mixed gas obtained by  the catalytic
gas phase oxidation. By this, the acetic  acid aqueous solution is not only
merely recovered and  recycled, but also used as water for contact with the
mixed gas obtained by the catalytic gas phase oxidation.  This leads to the
advantage that the use of acetic acid  aqueous solution for contact with
the mixed gas is higher 



in the acrylic acid-absorption efficiency that water  alone, resulting in a
reduced number of absorption stages  required in the acrylic acid
absorption tower 101. This is  considered for the reason that acetic acid
in the acetic             acid aqueous solution has good affinity for
acrylic acid.  In order not to increase the concentration of acetic acid
during the course of recycling through the reaction  system, it is
convenient to control the feed of water  from line 13 and the amount of the
acetic acid aqueous  solution withdrawn from line 14 thereby keeping the
total  balance in the system.      The acrylic acid withdrawn from the
bottom of the  azeotropic separation tower 102 may be fed through line  15
to an esterification process, by which the acid can be  used, as it is, as
a starting material for preparing  acrylic esters. For obtaining a highly
pure acrylic acid  product, the acrylic acid is introduced through line 7
into a high boiling separation tower 104 wherein it is  distilled to
withdraw high boiling point  materials such  as polymers from the bottom
through line 12. The acrylic  acid product is obtained from the tower top
through line  11.       Since a specific type of a mixed azeotrope solvent
is  used in the practice of the invention, little acrylic 



acid is distilled off from the top of the azeotropic  separation tower. In
addition, there is obtained from the  tower bottom acrylic acid which is
substantially free of  acetic acid, water and the azeotropic solvent. The
bottom  liquid from the azeotropic separation tower may be used,
12   as it is, as a starting material for preparing acrylic  esters. If
this acid is distilled in a high boiling  separation  tower, an acrylic
acid product with a higher  purity can be achieved. In prior art, it is
usual that an  acetic acid separation tower is provided downstream of the
azeotropic separation tower to separate remaining acetic  acid. In the
practice of the present invention, this  acetic acid separation tower
becomes unnecessary, thus  simplifying the process of producing acrylic
acid.      The invention is more particularly described by way  of
examples.       Example 1       A mixed gas which was obtained by catalytic
gas phase  oxidation of propylene with a molecular oxygen-containing  gas
was introduced into an acrylic acid absorption tower  for contacting with
water to obtain an aqueous solution.  This solution was passed into an
acrolein stripping tower  wherein  acrolein  was  stripped,   thereby
obtaining  an  acrylic acid aqueous solution containing 30 wt% of water 



and 3.0 wt% of acetic acid. This acrylic acid aqueous  solution  was
subjected to azeotropic distillation by the  use of an azeotropic
separation tower 102 which had a  sieve tray with 60 stages and a stage
distance of 147 mm  and which was equipped with a distillation line at the
top  thereof, a starting material feed line at the central
13   portion, and a bottom liquid withdrawing line at the  bottom.  In this
case, a mixed solvent of methyl isobutyl  ketone and toluene (at a mixing
ratio by weight of 65:35)  was used as the azeotrope solvent.       The
stationary running conditions included a tower  top  temperature  of
47[err]C  of  the  azeotropic  separation  tower 102, a tower bottom
temperature of   98[err]C , a tower  top pressure of 100 mmHg, a refluxing
ratio (the total  moles of a refluxing solution per unit time/the total
moles  of  a  distillate  per unit  time)  of  1.42,  and  a  starting
material feed of 7.59 liter/hour from line 4. The  aqueous phase from line
8 contained 6.7 wt% of acetic  acid and 0.5 wt% of acrylic acid, whereas
the liquid  withdrawn from the bottom of the azeotropic separation  tower
through line 15 contained 97.0 wt% of acrylic acid,  0.03  wt% of acetic
acid,  0.001 wt% of the solvent and  2.97 wt% of the others.       The
aqueous phase from line 8 was fed to the solvent 



stripping tower 103 and the solvent was recovered from  the top of the
tower  through line 9, whereas acetic acid  aqueous solution withdrawn from
the bottom of the tower  through line 10 contained 7.1 wt% of acetic acid,
0.53 wt%  of acrylic acid, which was recycled to the acrylic acid
absorption tower 101 and used for absorbent to contact  with the mixed gas
produced by catalytic gas phase oxidation.
14      Comparative Example 1      The general procedure of Example 1 was
repeated  excepting that methyl isobutyl ketone was used as the  azeotrope
solvent  and  the  refluxing  ratio  was  1.43,  thereby carrying out the
azeotropic distillation of the  acrylic acid aqueous solution.      At the
stationary run, the aqueous phase of line 8  contained 6.6 wt% of acetic
acid and 4.0 wt% of acrylic  acid which was about 8 times that of Example
1. On the  other hand, the liquid withdrawn from the bottom of the
azeotropic separation tower 102 through line 15 contained  96.9 wt% of
acrylic acid, 0.2 wt% of acetic acid, 0.01  wt% of the solvent and 2.92 wt%
of the others. Thus, the  amount of acetic acid was higher by one order of
magnitude than in Example 1.      Comparative Example 2      The general
procedure of Example 1 was repeated 



excepting that toluene was used as the azeotrope solvent  and the refluxing
ratio was 1.23, thereby carrying out  the azeotropic distillation of the
acrylic acid aqueous  solution.       At the stationary run, the aqueous
phase of line 8  contained 6.7 wt% of acetic acid and 5.8 wt% of acrylic
acid which was about 10 times that of Example 1. On the  other hand, the
liquid withdrawn from the bottom of the
15  azeotropic separation tower 102 through line 15 contained  97.0 wt% of
acrylic acid, 0.03 wt% of acetic acid,  0.01  wt% of the solvent and 2.96
wt% of the others.      Example 2      The general procedure of Example 1
was repeated  excepting that a mixed solvent of methyl isobutyl ketone  and
heptane (mixing ratio by weight of 65:35) was used as  the azeotrope
solvent and the refluxing ratio was 1.65,  thereby carrying out the
azeotropic distillation of the-  acrylic acid aqueous solution.       At
the stationary run, the aqueous phase of line 8  contained 6.6 wt% of
acetic acid and 0.6 wt% of acrylic  acid. On the other hand, the liquid
withdrawn from the  bottom of the azeotropic separation tower 102 through
line 15 contained 96.9 wt% of acrylic acid, 0.03 wt% of  acetic acid, 0.01
wt% of the solvent and 3.07 wt% of the 



others.       Example 3       The general procedure of Example 1 was
repeated  excepting  that  a  mixed  solvent  of  methyl-tert-butyl  ketone
and toluene (mixing ratio by weight of 65:35) was  used as the azeotrope
solvent and the refluxing ratio was  1.89, thereby carrying out the
azeotropic distillation of  the acrylic acid aqueous solution.       At the
stationary run, the aqueous phase of line 8
16  contained 6.7 wt% of acetic acid and 0.5 wt% of acrylic  acid. On the
other hand, the liquid withdrawn from the  bottom of the azeotropic
separation tower 102 through  line 15 contained 97.3 wt% of acrylic acid,
0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.67 wt% of the
others.      Example 4      The general procedure of Example 1 was repeated
excepting that a mixed solvent of methyl-tert-butyl ketone  and heptane
(mixing ratio by weight of 65:35) was used as  the azeotrope solvent and
the refluxing ratio was 1.99,  thereby carrying out the azeotropic
distillation of the  acrylic acid aqueous solution.       At the stationary
run, the aqueous phase of line 8  contained 6.6 wt% of acetic acid and 0.5
wt% of acrylic  



acid. On the other hand, the liquid withdrawn from the  bottom of the
azeotropic separation tower 102 through  line 15 contained 97.2 wt% of
acrylic acid, 0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.77
wt% of the  others.       Comparative Example 3       The general procedure
of Example 1 was repeated  excepting that the mixing ratio by weight of
methyl  isobutyl ketone and toluene was 85:15 and the refluxing  ratio was
1.41, thereby carrying out the azeotropic                                17
distillation of the acrylic acid aqueous solution.      At the stationary
run, the aqueous phase of line 8  contained 5.8 wt% of acetic acid and 0.5
wt% of acrylic  acid. On the other hand, the liquid withdrawn from the
bottom of the azeotropic separation tower 102 through  line 15 contained
97.3 wt% of acrylic acid, 0.10 wt% of  acetic acid, 0.01 wt% of the solvent
and 2.59 wt% of the  others.      Example 5      The general procedure of
Example 1 was repeated  excepting that the mixing ratio by weight of methyl
isobutyl ketone and toluene was 50:50 and the refluxing  ratio was 1.49,
thereby carrying out the azeotropic  distillation of the acrylic acid
aqueous solution.  



At the stationary run, the aqueous phase of line 8  contained 6.7 wt% of
acetic acid and 0.5 wt% of acrylic  acid. On the other hand, the liquid
withdrawn from the  bottom of the azeotropic separation tower 102 through
line 15 contained 96.8 wt% of acrylic acid, 0.03 wt% of  acetic acid, 0.001
wt% of the solvent and 3.17 wt% of the  others.       Example 6       The
general procedure of Example 1 was repeated  excepting that a mixed solvent
of methyl isobutyl ketone  and methylcyclohexane (mixing ratio by weight of
65:35)                                  18   was used as the azeotrope
solvent and the ref luxing ratio  was   1.25,   thereby   carrying  out
the   azeotropic  distillation of the acrylic acid aqueous solution.
At the stationary run, the aqueous phase of line 8  contained 6.6 wt% of
acetic acid and 0.5 wt% of acrylic  acid. On the other hand, the liquid
withdrawn from the  bottom of the azeotropic separation tower 102 through
line 15 contained 97.3 wt% of acrylic acid, 0.03 wt% of  acetic acid, 0.001
wt% of the solvent and 2.67 wt% of the  others.       Example 7       The
general procedure of Example 1 was repeated  excepting that a mixed solvent
of methyl-tert-butyl ketone  



and methylcyclohexane (mixing ratio by weight of 65:35)  was used as the
azeotrope solvent and the refluxing ratio  was   1.60,   thereby   carrying
out   the   azeotropic  distillation of the acrylic acid aqueous solution.
At the stationary run, the aqueous phase of line 8  contained 6.8 wt% of
acetic acid and 0.5 wt% of acrylic  acid. On the other hand, the liquid
withdrawn from the  bottom of the azeotropic separation tower 102 through
line 15 contained 97.4 wt% of acrylic acid, 0.03 wt% of  acetic acid, 0.001
wt% of the solvent and 2.57 wt% of the  others.       Example 8
19      The general procedure of Example 1 was repeated  excepting that a
mixed solvent of diethyl ketone and  toluene {mixing ratio by weight of
65:35) was used as the  azeotrope solvent and the refluxing ratio was 1.58,
thereby carrying out the azeotropic distillation of the  acrylic acid
aqueous solution.      At the stationary run, the aqueous phase of line 8
contained 6.2 wt% of acetic acid and 0.5 wt% of acrylic  acid. On the other
hand, the liquid withdrawn from the  bottom of the azeotropic separation
tower 102 through  line 15 contained 97.2 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.77 wt% of the  others. 



Example 9       The general procedure of Example 1 was repeated  excepting
that a mixed solvent of diethyl ketone and  heptane (mixing ratio by weight
of 65:35) was used as the  azeotrope solvent and the refluxing ratio was
1.83,  thereby carrying out the azeotropic distillation of the  acrylic
acid aqueous solution.       At the stationary run, the aqueous phase of
line 8  contained 6.0 wt% of acetic acid and 0.4 wt% of acrylic  acid. On
the other hand, the liquid withdrawn from the  bottom of the azeotropic
separation tower 102 through  line 15 contained 97.0 wt% of acrylic acid,
0.03 wt% of                                 20   acetic acid, 0.001 wt% of
the solvent and 2.97 wt% of the  others.      Example 10      The general
procedure of Example 1 was repeated  excepting that a mixed solvent of
diethyl ketone and  methylcyclohexane (mixing ratio by weight of 65:35) was
used as the azeotrope solvent and the refluxing ratio was  1.34, thereby
carrying out the azeotropic distillation  of the acrylic acid aqueous
solution.      At the stationary run, the aqueous phase of line 8
contained 6.1 wt% of acetic acid and 0.4 wt% of acrylic  



acid. On the other hand, the liquid withdrawn from the  bottom of the
azeotropic separation tower 102 through  line 15 contained 97.4 wt% of
acrylic acid, 0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.57
wt% of the  others.       Example 11       The general procedure of Example
1 was repeated  excepting that a mixed solvent of methyl propyl ketone and
toluene (mixing ratio by weight of 65:35) was used as the  azeotrope
solvent and the refluxing ratio was 1.67,  thereby carrying out the
azeotropic distillation of the  acrylic acid aqueous solution.       At the
stationary run, the aqueous phase of line 8  contained 6.1 wt% of acetic
acid and 0.4 wt% of acrylic                                21  acid. On the
other hand, the liquid withdrawn from the  bottom of the azeotropic
separation tower 102 through  line 15 contained 97.3 wt% of acrylic acid,
0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.67 wt% of the
others.      Example 12      The general procedure of Example 1 was
repeated  excepting that a mixed solvent of methyl propyl ketone and
heptane (mixing ratio by weight of 65:35) was used as the  azeotrope
solvent  and  the  refluxing  ratio  was  1.94,  thereby carrying out the
azeotropic distillation of the 



acrylic acid aqueous solution.       At the stationary run, the aqueous
phase of line 8  contained 6.0 wt% of acetic acid and 0.4 wt% of acrylic
acid. On the other hand, the liquid withdrawn from the  bottom of the
azeotropic separation tower 102 through  line 15 contained 97.1 wt% of
acrylic acid, 0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.87
wt% of the  others.       Example 13       The general procedure of Example
1 was repeated  excepting that a mixed solvent of methyl propyl ketone and
methylcyclohexane (mixing ratio by weight of 65:35) was  used as the
azeotrope solvent and the refluxing ratio was  1.58, thereby carrying out
the azeotropic distillation                                  22   of the
acrylic acid aqueous solution.      At the stationary run, the aqueous
phase of line 8  contained 6.2 wt% of acetic acid and 0.5 wt% of acrylic
acid. On the other hand, the liquid withdrawn from the  bottom of the
azeotropic separation tower 102 through  line 15 contained 97.1 wt% of
acrylic acid, 0.03 wt% of  acetic acid, 0.001 wt% of the solvent and 2.87
wt% of the  others.       Example 14  



The general procedure of Example 1 was repeated  excepting that a mixed
solvent of n-propyl acetate and  toluene (mixing ratio by weight of 65:35)
was used as the  azeotrope solvent and the refluxing ratio was 2.10,
thereby carrying out the azeotropic distillation of the  acrylic acid
aqueous solution.       At the stationary run, the aqueous phase of line 8
contained 6.2 wt% of acetic acid and 0.5 wt% of acrylic  acid. On the other
hand, the liquid withdrawn from the  bottom of the azeotropic separation
tower 102 through  line 15 contained 97.5 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.47 wt% of the  others.
Example 15       The general procedure of Example 1 was repeated  excepting
that a mixed solvent of n-propyl acetate and
23   toluene (mixing ratio by weight of 65:35) was used as the  azeotrope
solvent and the refluxing ratio was 2.14,  thereby carrying out the
azeotropic distillation of the  acrylic acid aqueous solution.      At the
stationary run, the aqueous phase of line 8  contained 6.2 wt% of acetic
acid and 0.5 wt% of acrylic  acid. On the other hand, the liquid withdrawn
from the  bottom of the azeotropic separation tower 102 through 



line 15 contained 97.4 wt% of acrylic acid, 0.03 wt% of  acetic acid, 0.001
wt% of the solvent and 2.57 wt% of the  others.       Example 16       The
general procedure of Example 1 was repeated  excepting that a mixed solvent
of n-propyl acetate and  methylcyclohexane (mixing ratio by weight of
65:35) was  used as the azeotrope solvent and the refluxing ratio was
1.66, thereby carrying out the azeotropic distillation  of the acrylic acid
aqueous solution.       At the stationary run, the aqueous phase of line 8
contained 6.3 wt% of acetic acid and 0.5 wt% of acrylic  acid. On the other
hand, the liquid withdrawn from the  bottom of the azeotropic separation
tower 102 through  line 15 contained 97.3 wt% of acrylic acid, 0.03 wt% of
acetic acid, 0.001 wt% of the solvent and 2.67 wt% of the  others.
24        It should be noted that various variations and  modifications of
the invention can be made to the  embodiments and examples set out
hereinbefore without  departing from the spirit and scope of the invention
as  defined in the following claims. 



25  Claims   1.  A  process  for  producing  acrylic  acid which  comprises
subjecting propylene and/or acrolein to catalytic gas phase  oxidation with
a molecular oxygen containing gas to obtain a  mixed gas, contacting the
mixed gas with water in an acrylic acid  absorption tower to obtain an
acrylic acid aqueous solution  comprising 50 to.80 wt%  of acrylic acid, 2
to 5 wt % of acetic  acid and the balance being of water, and introducing
the acrylic  acid aqueous solution into an azeotropic separation tower for
distillation of the acrylic acid aqueous solution along with an  azeotrope
solvent to separate acrylic acid from the acrylic acid  aqueous solution,
wherein said azeotrope solvent is a mixed  solvent consisting of at least
one solvent A of diethyl ketone,  methyl propyl ketone, methyl isobutyl
ketone, methyl-tert-butyl  ketone and n-propyl acetate and at least one
solvent B of toluene,  heptane and methylcyclohexane in a mixing ratio by
weight between  the solvent A and the solvent B in the azeotrope solvent in
the  range  of  50:50  to  75:  25  whereby  a  mixture  consisting
substantially of acetic acid, water and the azeotrope solvent is  distilled
off from the top of the azeotropic separation tower and  acrylic acid which
is substantially free of acetic acid, water and  the azeotrope solvent is
obtained from the bottom of the tower. 



26     2.  The process according to Claim 1, wherein the mixture
consisting substantially of acetic acid, water and the azeotrope  solvent
obtained from the top of the azeotropic separation tower  is introduced
into a solvent stripping tower and distilled to  obtain a distillate
containing the azeotrope solvent from the top of the solvent stripping
tower and also to obtain an acetic acid  aqueous solution consisting
substantially of acetic acid and  water from the bottom of the solvent
stripping tower, said  distillate being recycled to the azeotropic
separation tower,  said acetic acid aqueous solution being recycled to the
acrylic  acid absorption tower for contacting with the mixed gas obtained
by the catalytic gas phase oxidation.    


