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Process for purifying raw solid chemical substances obtained, e.g., by crystallization from the melt, based on the general technique
known as sweating (i.e., partial melting with simultaneous purification) and, in particular, on dry—sweating, wherein the chemical product
to be purified, in divided form, is treated in a centrifuge having a basket permeable to melt material only, while a hot inert gas is fed at
the same time in said basket, the gas having a temperature and a flow rate sufficient to achieve the desired sweating. At the end of the
treatment, the purified solid product is recovered from the basket, while the melt product containing a higher concentration of impurities is
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PROCESS FOR PURIFYING SOLID CHEMICAL PRODUCTS
BY DRY-SWEATING

[ 3

SPECIFICATION

The present invention concerns a process for purifying solid chemical
products by dry-sweating. More specifically, the invention concerns a new
method for purifying raw solid chemical substances obtained, e.g., by crystalli-
zation from the melt, which method is based on the general technique known
as sweating, allowing to obtain, at the end of the treatment, a solid of reduced
mass but having a higher purity, and a liquid residue containing a high con-
centration of impurities expelied from the solid.

As it is known, the products obtained at the solid state in the chemical
industry, and in particular those obtained from crystallization processes, fre-
quently contain foreign matter incorporated therein. In particular, industrially
produced crystalline substances may contain significant amounts of inclu-
sions, this term meaning any foreign body (either in the solid, or liquid, or
gaseous state) present in a solid. For instance, a material fastly crystallizing
may entrap droplets of mother liquor, thus resulting in inclusions in the solid
obtained, which negatively affect the solid purity.

For various causes, inciuding, first of all, the influence of a tempera-
ture gradient in the solid, the said inclusions tend to migrate from the interior
towards the surface of the solid, until they are expelled from the solid. In par-
ticular, a controlled heating of the solid mass obtained from the crystallization
process, such as to result in a partial melting, allows to obtain a purification of
the said solid, in an operation currently referred to as “sweating”. The tem-
perature to which the solid is to be brought is slightly above the equilibrium
temperature of the pure solid in contact with the melt mixture present as an
inclusion. In practice, since the presence of impurities lowers the melting tem-
perature, sections of crystalline product with higher impurity concentration
tend to melt first; melting preferentially takes place around the inclusion, thus

resulting, on one hand, in an increase of the inclusion volume and on the other
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hand, in the formation of cracks and pores within the solid, through which the -

inclusions find an easy escape.

The overall sweating process occurs in two phases, the first phase
including the migration of the liquid droplets present in the solid as inclusions
and the partial melting of the solid, which favours such migration. Once the
droplets containing the impurities have reached the solid surface, they must
be removed from said surface, on which they adhere. Draining away this liquid
is increasingly difficult the more the viscosity and the surface tension thereof
are high; in most cases a spontaneous separation of the droplets of impure
melt product from the solid surface cannot be obtained. For this reason, the
sweating technique considered to be up to now the most efficient one, which
has been widely employed at the industrial level, is the technique known as
“wet-sweating”, wherein the solid to be purified is heated by contact with a
liquid at a higher temperature, specifically with the same purified product at
the molten state. It is evident that the presence of a liquid or melt flowing in
contact with the sweating solid enhances the draining, and, in addition, it has
a real washing action on the solid surface.

An industrially applied purification process employing the wet-
sweating technique is, for instance, the Tsukushima process (M. Morita, K.
Nakamaru, K. Tagekami, Tsukushima Kikai Co., “Industrial continuous melt
crystallization”, Proceed. of World Congress Il of Chemical Engineering, To-
kyo, Sept. 21-25, 1986), wherein the product obtained from a cascade series
of crystallizers is purified in a column equipped with a rotary blade stirrer (i.e.,
the purifier), by counter-current contact with the melt purified product. Specifi-
cally, the crystals to be purified are fed at the top of the column, while the melt
purified product is produced at the bottom, by means of heating devices
placed at the base of the column. In the first part of the process the impure
crystals undergo a washing action, which removes the mother liquor residues
adhered on their surfaces; thereafter, as they progress downwards, the crys-
tals undergo a true sweating action, and they are obtained in a purified form
from the bottom of the column. The impure liquid reaching the column head is

recycled to the crystallizers upstream the purifying column.
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A similar industrial process based on wet-sweating is the procesg _

designed by Kureha Chemical Industries Co. (J. Yamada, C. Shimizu, S. Sai-
toh, "Purification of organic chemicals by Kureha continuous crystal purifier",
Industrial Crystallization 81, ed. S.J. Jancic, E.J. de Jong, North Holland Publ.
Co., 1982), which is also covered by the European patent No. 0242181, of the
same owner. Said process employs a purification column with a “8"-shaped
cross-section, having a double rotary blade shaft serving as an elevator/stirrer
device. In contrast to the previously disclosed case, the impure crystalline
product is fed to the column from the bottom thereof and the purified melt
product is obtained at the top of the column, where a heating device is placed.
Apart from the opposed progression sense of the streams being treated, the
purifying system is practically the same as the previous one, the crystals to be
purified being contacted, counter-current, with the melt purified product,
thereby undergoing first a washing phase, followed by a true sweating.
According to various more recently proposed methods, the sweating
process represents the final purification stage in the procedures of crystalliza-
tion from the melt carried out with the falling film technique. After the formation
of a crystalline solid on the inner wall of an externally cooled tube, and after
the first separation of the impure liquid left uncrystallized, by draining (crystal-
lization step), the solid formed on the tube wall is heated again, to a lower
temperature and for a shorter time, so as to result in a partial fusion of the said
solid (sweating phase). A purified solid product is thus obtained, along with a
comparatively less pure melt, which is collected by draining from the bottom of
the tube and removed. Finally, the temperature is increased so as to obtain
the melting of the purified product remaining on the tube and thus recover it.
Such process, carried out in a single stage in a dynamic crystallizer of the
falling film type, has been reported to afford, according to an experimental
work by Jancic (S.J. Jancic, Sulzer Crystallization Systems, “Fractional crys-
tallization”, Proceed. of the 10th Symposium on Industrial Crystallization,
Bechyne, Czechoslovakia, Sept. 21-25, 1987, pp. 57-70), for instance in the
purification of benzoic acid, a coefficient of distribution of the impurities of 0.34
(this parameter defining the ratio between the impurity concentration in the
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solid after the treatment and the same concentration before the treatment),
Specifically, the experimental work reports a reduction of the impurities from
1.38% in the feed to 0.47% in the crystalline layer resulting from the sweating
operation, and an increase to 3.14% of the impurity concentration in the dis-
carded residue, this value amounting to an impurity concentration in the final
residue equal to 2.3 times the concentration in the solid undergoing the treat-
ment.

The above technology, which does not appear, therefore, to be par-
ticularly efficient for a single crystallization stage, has been applied, in order to
enhance its performance, to multistage fractional crystallization processes as
such as the process described for the purification of bisphenol-A in the Euro-
pean patent No. 0475893 (Sulzer Chemtech). In the multistage crystallization
and sweating process disclosed in the said document, the multistage dynamic
crystallizer known as Suizer crystallizer (U.S. Patent No. 3621664, Saxer) is
preferably employed.

By means of the above technique, which is presently considered to be
the most reliable one, it is possible to produce, according to the information
given in the patent, bisphenol-A having a purity exceeding 99.50% and, pref-
erably, above 99.90%. As it is evident from the description, however, such
purification level can be achieved through a complex series of subsequent
solidification and melting steps, in the frame of three or more stages of crys-
tallization from the melt, and, in addition, with a remarkable energy consump-
tion.

On the other hand, the sweating process wherein the solid is treated
by means of a hot gas, referred to as to a dry-sweating, has received lower
attention, up to now, from the researchers, as well as a quite limited industrial
application. Several reasons substantiate the inadequacy of the said process,
carried out with the techniques proposed to date. Among such reasons, firstly,
the following ones should be mentioned:

+ draining away the melt produced by a partial meiting of the solid is a difficuit
operation since, as noted in the foregoing, it is extremely difficult to obtain
the removal of the impure liquid droplets from the purified crystalline solid
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by means of the only action of a flowing gas and of the gravity; .
+ the process may lead, if it is not accurately controlled, to the formation of
large cracks in the solid, which may cause the breaking thereof,
+ the draining of the melt through a bed of crystal particles results in the ag-
glomeration of the said particles.

Another purification process by crystaliization from the meilt falling
within the “dry-sweating” definition is the process disclosed in the U.S. patent
No. 5447542 (Hoechst). According to such process, an inert gas is first intro-
duced into the melt, the melt is then put under pressure and cooled, so as to
induce the solidification, and then the residual melt is separated from the solid;
thereafter, the pressure is lowered in order to cause the degassation of the
solid and, at the same time, obtain a partial melting or sweating of the same
solid. The pressure reduction, thus, brings about the formation of a sweating
oil with a high concentration of impurities. A good separation is obtained, for
instance, for naphthalene/bipheny! mixtures, p-/m-dichlorobenzene mixtures,
etc.. However, no examples are disclosed of an industrial-scale process
showing, specifically, how the sweat oil is drained away from the solid.

A type of process based on dry-sweating which, on the contrary, has
been developed at the industrial scale is the process disclosed in the Euro-
pean patent No. 0492149 (Santrade Ltd.). According to said process, solid
particles, for instance in the form of pastilles, are produced starting from a
melt, by applying the known technique of the cooled steel belts by Sandvik,
and the particles thus produced are then dropped from the top of a vessel with
vertical axis and square cross-section, counter-current with a hot gas stream
having a temperature above the melting point of the particles. The heat trans-
fer from the gas to the particles generates the partial melting of the solid and
the formation of droplets of melt material on the solid surface (sweating); the
detachment of said droplets results in the purification of the solid. However,
the concerned patent does not contain any example of application, and the
yield of such process is not known.

Therefore, it is an object of the present invention to provide a new
technology for the purification of chemical compounds, based on dry-
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sweating, which allows to overcome the drawbacks referred to in the forego-
ing, by providing in an extremely simple operation a high purification efficiency
and a liquid residue with a high concentration of impurities.

To that aim it has been considered, according to the invention, that
draining away the melt produced in the sweating operation, which is a critical
factor for the process efficiency, cannot be readily obtained in the terrestrial
gravitational field, while it may be carried out in a satisfactory way by subject-
ing the solid product to a centrifugal acceleration at least one order of magni-
tude higher than the gravity acceleration. By way of example, considering the
detachment of a drop of e-caprolactam - a chemical compound of great indus-
trial importance - from the purified solid, it may be found that said detachment
may occur only if the drop weight is several milligrams in the terrestrial gravi-
tational field, while by operating with a centrifugal acceleration close to 100 x g
the detachment of a drop having a 1000-fold smalier mass will be obtained.
This resuits in a dramatic reduction of any difficulty in removing the melt from
the solid, in comparison with the problems occurring in a conventional dry-
sweating process.

Accordingly, the present invention specifically provides a process for
purifying solid chemical products by dry-sweating, comprising: a) treating the
solid chemical product to be purified, in divided form, in a rotary centrifugation
apparatus having an inner basket permeable to melt material only, in which
apparatus a hot inert gas is fed at the same time, said gas having a tempera-
ture and a flow rate suitable to heat the said solid product to a temperature
sufficient to obtain the sweating thereof; and b) recovering, at the end of the
treatment, the purified solid product from the said basket, while the melt prod-
uct containing a higher concentration of impurities is collected in the external
container of the centrifugation apparatus.

The melt material produced is rapidly drained away from the solid
surface. Actually, the centrifugal force projects the melt onto the inner walls of
the centrifugation apparatus, and from here the melt flows down the said walls
and is collected through and outlet duct.

According to the invention, the solid compound to be purified (also
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referred to, further on, as the “raw product’), in pieces of a size preferably nof
greater than some centimetres, specifically 5 cm, is placed into the rotary unit
of a centrifugation apparatus with vertical or horizontal axis (said rotary unit
having a perforated surface, with perforations suited to the size or grain size of
the treated product); then the apparatus is made to work with an acceleration
at least 10-fold the gravity acceleration (10 x g), while a hot inert gas is fed
into the rotary unit, the nature of said gas being such as not to contaminate
the product. Preferably, the solid product is heated in the shortest time possi-
ble to a temperature not more than 10°C below the melting point of the corre-
sponding pure solid product, and is maintained at said level to carry out the
sweating process, for a period of time sufficient to obtain the desired partial
melting.

According to an altenative embodiment of the invention, the tem-
perature of the solid is raised by means of the hot gas to a first fixed level, and
is maintained at said level; then, it is further raised to one o more increasingly
higher levels in subsequent steps, for a total period of time sufficient to obtain
the desired partial melting. Carrying out the process in more steps is an ad-
visable method to control in the best way the amount of heat transferred from
the gas to the solid and, consequently, to enhance the preferential melting of
the most impure sections of the solid (namely, the sections containing the
inclusions), this being a basic feature of the purification process. Actually, it is
to be considered that as the purification proceeds the melting temperature of
the solid increases, so that, in order to maintain a steady thermal flow from
gas to solid in the course of the operation it is necessary to gradually increase
the gas temperature.

As it is known, the first drops of melt produced in the dry-sweating are
those containing the highest amount of impurities; as the treatment proceeds,
the impurity concentration in the melt drops decreases. As a result, the rate of
the purification process progressively falls. The melt should be limited to a
mass percent not exceeding 20-30% by weight of the starting solid, both be-
cause for higher melt amounts the purity of the treated solid would not be

appreciably increased, and because the process efficiency, in terms of per-
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cent amount of final solid obtained from the treatment, would be drastically _

reduced. In view of that, the treatment according to the invention is preferably
carried out for a period of time suited to obtain the melting of no more than 20-
30% by weight of the solid chemical product to be purified.

Since the factors determining the amount of heat transferred from the
gas to the solid are the heat-transfer coefficient by forced convection between
gas and solid and the temperature gradient between the gas and the solid
surface, it is possible to obtain the same thermal flow by reducing the amount
of gas and increasing the thermal gradient, i.e. the gas temperature, or, vice-
versa, by increasing the amount of gas and reducing its temperature.

Preferably, at the end of the proper sweating phase the temperature
of the hot gas is lowered back to room temperature, while the gas is still fed to
the centrifugation apparatus, thus accelerating the cooling of the purified solid
before the final stop of the centrifugation apparatus. According to another
preferred solution, before loading said centrifugation apparatus with the solid
product to be purified, the interior of the apparatus is pre-heated with the
same hot inert gas.

As noted before, the purification efficiency in the sweating process is
usually measured by the parameter known as coefficient of distribution of
impurities (kq, equal to the ratio between the concentration of impurities of the
solid after and before the treatment). The treatment concerned affords values
of such parameter in some cases below 0.1, thus showing that it is possible to
reduce the impurities content in the solid treated by one order of magnitude in
one only process stage. By way of example, in one experimentally ascertained
case wherein the melt mass of the residue amounts to 15% and the distribu-
tion coefficient is 0.2, there is obtained a concentration of the impurities in the
melt equal to about 5.5 times the concentration in the solid to be treated, and
about 28 times the concentration obtained in the purified solid product.
Therefore, one only stage of the treatment based on the proposed technology
allows to obtain, besides a good purification of the solid product, a residual
melt having a high concentration of impurities. This second aspect appears to
be quite advantageous if the above data are compared with the data given in
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the foregoing for the technology based on dynamic crystallization with the
falling film technique and sweating (coefficient of distribution of the impurities
equal to 0.34, with a concentration of impurities in the residue 2.3 times the
concentration in the solid undergoing the treatment). As the corresponding
value obtained for the latter ratio with the process according to the present
invention is more than double, from the point of view of the process in its en-
tirety there is achieved a dramatic reduction of the flow rate of the residue to
be recycled to one of the plant sections upstream the one considered.

In order to make a comparison between the proposed technique and
the conventional dynamic crystallization technique (without sweating) known
as “solid-layer” - based on the formation of a crystalline layer on a cold surface -
some tests have been carried out with a laboratory scale apparatus suited to
carry out such technique. The apparatus consisted in an internally cooled
steel cylinder, placed in the middle of a cylindrical vessel, where the melt
product to be crystallized was kept under stirring. The operation procedure
was the following: the sample to be purified, initially at the solid state, was
placed in the vessel and was brought to the melt state, at a temperature some
degrees higher than the initial melting point. When steady operation conditions
where reached, the cylindrical crystallizer was immersed in the melt, and the
crystallization of the melt started on the external surface of the cylinder. Dur-
ing the test the surface temperature of the cylindrical crystallizer was gradually
reduced, according to the technique known as "progressive freezing". As it is
known, this operating procedure allows to optimise the purification of the solid
product. The test was stopped by withdrawing the cooled cylinder from the
melt after some tens of minutes, namely when the growth rate of the crystal-
line layer had become extremely low. The final thickness of the crystalline
layer was comprised between 2 and 4 mm.

On the same samples, the first one consisting in raw e-caprolactam
(CPL) and the second one consisting of raw benzyldimethylketal (BDK), both
the treatment described above and the treatment of the present invention
were carried out. The results thus obtained are compared in the following
table.
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TABLE 1 , .
Crystalline layer formation Dry-sweating in centrifuge
PRODUCT (solid-fayer technique) according to the invention
Kg kq
Raw CPL 0.68 0.16
Raw BDK 0.35 0.14

The data reported in the table are averaged over at least three tests.

From the comparison, the improvements obtainable with the tech-
nique according to the invention aré evident: considering that the minimum
value of the distribution coefficient of the impurities acceptable for an industrial
application does not exceed 0.5, it may be observed that the purification of
caprolactam tailings is not feasible with the conventional technique, while it is
possible with the proposed technique. The purification of raw benzyldimeth-
ylketal is possible with both techniques, although the technique based on dry-
sweating affords a remarkably better performance. ’

The present invention is further described for illustrative purposes in
the following examples; these are not to be intended as limiting anyhow the
scope of the invention.

EXAMPLE 1
Purification of raw e-caprolactam — Influence of the treatment temperature

The purification treatment according to the invention was applied to a
sample of raw CPL coming from an industrial plant, having the following char-
acteristics:

Water content: 0.017 % by weight
Absorbance at 290 nm:  0.818

The above water content was measured with a Karl-Fisher analizer,
while the absorbance value of a 50 wt.% water solution of CPL was measured
with a spectrophotometer at a wavelength of 290 nm. The value of this pa-
rameter was taken as a measure of the organic impurities content.

The sample in solid form was crushed to pieces not exceeding 1 cm in

size, in a laboratory mill. The solid particles were then sieved and two frac-
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tions were collected, the first one having a particle size comprised between 4 _

and 6.3 mm, and the second one between 1 and 4 mm. Of these fractions, the

one having greater grain size underwent the following experimentation.

The purification tests with the technology according to the invention
were carried out employing an apparatus based on laboratory centrifuge. The
latter had vertical axis, a diameter of 120 mm and a capacity of 250 ml, and
could work at a rotary speed comprised between 1000 and 10000 r.p.m.,
corresponding respectively to “g” values of 67.3 and 6730. In order to avoid
any loss of solid through the basket perforations, the basket surface was lined
with filter paper having openings of 30 um.

Each test was carried out according to the following general proce-
dure:

1. the inner section of the centrifuge was pre-heated with a stream of hot
nitrogen, up to a temperature about 5°C below the temperature set for the
test;

2. the centrifuge basket was loaded with 10 g of the solid to be treated;

3. the rotation of the centrifuge basket was started, at 5000 r.p.m., and at the
same time nitrogen at the fixed temperature started to be fed to the inner
section of the centrifuge, with a flow rate of 1750 Ni/h;

4. as the test proceeded, the centrifuge temperature, evaluated as the arithm-
etic mean of the temperature inside and outside the inner basket, progres-
sively increased;

5. once the fixed temperature was reached, the treatment time count started;
this step was optionally repeated at a higher temperature in a subsequent
step;

6. at the end of the period of time fixed for the treatment, the heating of the
nitrogen stream was stopped, and the rapid cooling of the solid particles
started, by operating with gas at room temperature;

7. as soon as the centrifuge temperature reached a level about 20°C lower
than the treatment temperature, the test was stopped by discontinuing the
gas feed and by stopping the basket rotation;

8. the basket was taken out from the centrifuge and the solid was collected,
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weighed and analyzed for the required measures. . .
The following table summarizes the operating conditions and the re-
sults of the tests carried out in order to evaluate the influence of the treatment

temperature on the process performance.

TABLE 2
Test Time Temperature Mass reduction
No. (1% step+2™ step) (1% step/2™ step) % Kg
min. °C
1A 10+10 863/69 14.2 0.45
1B 10+10 63/69.5 20.0 0.39
1C 10+10 63/71 38.3 0.30

On the grounds of what set forth on the foregoing, the coefficient of
distribution of the impurities was held to be represented by the ratio between
the absorbance of the treated solid and the absorbance of the starting solid.
Throughout the test, the absorbance was measured at a wavelength of 290
nm. |

The results obtained show a remarkable influence of the temperature,
both on the amount of melt mass and on the solid purification. A temperature
increase, while being always beneficial to the purification, may involve - as in
the case of the test 1C - an excessive melting of the solid, thus reducing the
final yield of the operation. Among the series of tests reported in Table 2, the
best operation condition appears to be the one corresponding to test 1B, since
it allows to obtain at the same time a good purification and a limited melting of
the treated solid.

EXAMPLE 2
Purification of raw s-caprolactam — Influence of the solid material size

By operating according to the same procedure of the previous exam-
ple, two purification tests on samples of CPL tailings having different particle
size were carried out, the two ranges of particle size being, respectively, 1-4
mm and 4-6.3 mm.

During each test the average temperature of the gas in the centrifuge
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was maintained at the fixed level of 68 °C.

[ -

The following table reports the results of 4 tests, carried out on samples

of different grain size and for different treatment times.

TABLE 3
Test Grain size Time Mass reduction kg
No. mm min. %
2A 4-6.4 30 13.8 0.47
2B 1-4 30 29.7 0.16
2C 1-4 20 20.2 0.16
2D 1-4 15 10.8 0.37

From the above data it appears that the reduction in the grain size of
the solid to be treated results in a quite better performance of the process.
Firstly, it is possible to reach very high purity values in the final solid product.
Actually, the distribution coefficient 0.16 derives from an absorbance value of
0.131, which is very close to the absorbance of the commercial product (i.e.,
0.090). In addition, if the result of the test 2A is compared with the results of
the tests 2C and 2D, it appears that with a smaller grain size it is possible to
reduce the treatment time from 30 minutes to less than 20 minutes, while
obtaining an equivalent amount of melt mass and a better purification.

The better efficiency of the treatment is due to the fact that, for a given
migration speed, in order to reach the solid surface and be expelled therefrom
the inclusions have to cover a path which is directly proportional to the particle
size. As a result, the smallest particles, having an average size of 2.5 mm,
require a migration time for the inclusions expulsion about one half the time
required for the largest solid particles.

On the other hand, the higher melting rate of the smallest particles is
caused by the great amount of heat being transferred to the particles from the
gas, in view of a higher surface/volume ratio.

EXAMPLE 3
Furification of raw benzyldimethylketal

The treatment according to the invention was applied to tailings of the



10

15

20

25

WO 00/06279 : PCT/IT99/00236 .

-14 -

industrial production of benzyldimethylketal (BDK), a product of fine organig
chemistry employed as a polymerization promoter.

The starting product, a solid in pieces of remarkable size, was ground,
and the solid particles thus obtained were sieved and divided into two frac-
tions of size comprised between 1 and 4 mm and between 4 and 6.4 mm
respectively. Of these fractions, the one having greater grain size underwent
the following experimentation.

Pure BDK has a melting point of 66.5 °C. Since the purpose of the
treatment is to obtain a purification of the starting solid by means of a partial
melting involving no more than 20% of the same solid, the temperature of the
hot gas employed did not exceed 65°C. The operating procedure employed
for each test was the same as that described in Example 1, except for the fact
that, in the case of BDK, air was used instead of nitrogen.

A first series of 2 tests was carried out to study the treatment effi-
ciency, employing air at a the temperature of 64°C and a treatment time of 10
minutes. The following table reports a comparison between the purity of the
starting product and the average purity obtained in the two concerned tests

and, finally, the purity of the commercial product, for comparison.

TABLE 4
Product Purity Benzyl Transmittance Transmittance
wt. % wt. % at425 nm, % at 500 nm, %
BDK tailings 97.3 0.9 70.3
Purified 99.5 0.1 94.7 98.0
Commercial >99.5 >97.0 >98.0

Product

A comparison between the details given for the purified product and
for the commercial product show that the purification obtained is similar to the
purification level of the commercial product both as concerns the percent
purity and as concerns the transmittance at 500 nm, while there is still some
discrepancy as concerns the transmittance at 425 nm. The treatment effi-

ciency is also shown by the analysis of one of the most important impurities
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present in the BDK tailings, i.e. benzyl, the final content of which upon the
treatment is about 1/10 of the initial content.
The mass reduction obtained in the two tests is about 16.5%, so that
the impurity concentration in the process residue may be considered to be
5 about 14%, with an approximate, 5-fold increase with respect to the starting
product.
EXAMPLE 4
Furification of raw benzyldimethylketal - Influence of the treatment time
Following the same procedure described in Example 3, a series of 3
10 tests were carried out in order to evaluate the influence of the treatment time
on the purification and on the mass reduction due to melting.
Such tests were performed with an air stream at the temperature of
64°C, and with a grain size of the solids comprised between 4 and 6.4 mm.
With regard to the purification, the results were evaluated in terms of
15  transmittance at 425 nm, which represents the most restrictive requirement.

The results of the experimentation are summarized in the following table.

TABLE 5
Test Time Mass reduction Transmittance
No. min. % at 425 nm
%
4A 5 12.4 90.4
4B 10 15.4 92.4
4C 20 18.2 946

It may be noted that the purification and the melt mass are propor-
20 tional to the treatment time of the test. In all tests performed, a good purifica-
tion was obtained with respect to the starting product, having a transmittance
of 70.3%. Also, a limited mass reduction was obtained, which affords a re-
markable concentration of the impurities in the residue.
EXAMPLE 5
25  Purification of raw benzyldimethylketal - Influence of the solid material size
In order to ascertain the effect of the particle size on the purification
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efficiency, a series of tests following the same procedure of Example 3 was
carried out, employing solid particles of raw BDK having a particle size com-
prised between 1 and 4 mm. The temperature of the feed of hot air was
maintained at 64 °C.

The results of this set of tests are reported in the following table, in

comparison with the results already presented in Exampie 3 for the greater

grain size.
TABLE 6
Test Particle size Time Mass reduction Transmittance
No. mm min. % at 425 nm
%

5A 1-4 10 16.0 95.2

5B 1-4 20 16.1 97.0

4B 4-6.4 10 15.4 924

4C 4-6.4 20 18.2 94.6

From a comparison of the above data it may be inferred that‘the re-
duction of the solid particle size is quite advantageous for the purpose of the
purification of raw BDK, as it is for raw CPL (see Example 2). This is a conse-
guence of the shorter path that the inclusions present in the solid have to
cover to reach the surface thereof, and be expelled from the solid. On the
other hand, the reduction of the particle size does not result in any appreciable
variation of the amount of the melt mass.

Finally, it is to be noticed that the treatment 5B allowed to obtain a
transmittance at 425 nm of the purified product equal to the minimum trans-
mittance admitted for the commercial product.

The present invention has been disclosed with particular reference to
some specific embodiments thereof, but it should be understood that modifi-
cations and changes may be made by the persons skilled in the art without
departing from the scope of the invention as defined in the appended claims.
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CLAIMS

1. A process for purifying solid chemical products by dry-sweating,
comprising: a) treating the solid chemical product to be purified, in divided
form, in a rotary centrifugation apparatus having an inner basket permeable to
melt material only, in which apparatus a hot inert gas is fed at the same time,
said gas having a temperature and a flow rate suitable to heat the said solid
product to a temperature sufficient to obtain the sweating (i.e., the partial
melting with simultaneous purification) thereof; and b) recovering, at the end
of the treatment, the purified solid product from the said basket, while the melt
product containing a higher concentration of impurities is collected in the ex-
ternal container of the centrifugation apparatus.

2. A process according to claim 1, wherein the said solid chemical
product to be purified is in pieces of a size not greater than 5 cm.

3. A process according to claim 1 or 2, wherein said treatment in a
centrifugation apparatus is carried out at not less than 10 x g.

4. A process according to any one of claims 1-3, wherein the said
solid product is heated to a temperature not more than 10°C below the melting
point of the corresponding pure solid product.

5. A process according to any one of claims 1-4, wherein the tem-
perature of said solid is raised, by means of said hot gas, to the fixed level,
and is then maintained at said level for a period of time sufficient to obtain the
desired partial melting.

6. A process according to any one of claims 1-4, wherein the tem-
perature of said solid is raised, by means of said hot gas, to the fixed level,
and is then further raised to one or more increasingly higher levels in subse-
quent steps, for a total period of time sufficient to obtain the desired partial
melting.

7. The process according to claims 5 or 6, wherein the said period of
time is such as to obtain the melting of no more than 20-30% by weight of said
solid chemical product to be purified.

8. A process according to any one of claims 5-7, wherein at the end of
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said period of time of treatment, the temperature of said hot gas is loweged
back to room temperature, while the gas is still fed to the centrifugation appa-
ratus, thus accelerating the cooling of said purified solid before the final stop
of the centrifugation apparatus.

9. The process according to any one of claims 1-8, wherein before
loading said centrifugation apparatus with said solid product to be purified the
interior of the centrifugation apparatus is pre-heated with said hot inert gas.

10. A process according to any one of claims 2-9, wherein the said
solid chemical product to be purified is in pieces of a size not greater than 1
cm.

11. The process according to any one of the previous claims, for the
purification of caprolactam by dry-sweating.

12. The process according to any one of the previous claims, for the

purification of benzyldimethylketal by dry-sweating.
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