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CRYSTALLINE FORMS OF IMIDOALKANPERCARBOXYLIC ACIDS The
present invention relates to imido-alkan percarboxy-
lic acids, having an improved bleaching efficacy,
usable also  at a moderate temperature, even of the
order from 10C to 30C  for the industrial and
commercial applications in the deter- gency and
disinfection. More specifically the invention relates
to a new cry- stalline form of
imido-alkanpercarboxylic acids, stable at the  solid
state but when suspended in water, it is spontaneously
transformed into crystals of various crystalline form,
stable  in aqueous medium and having an average
particle size lower  than 30 micron, preferably lower
than 8 micron, in particular  lower than or equal to 2
micron. The imido-alkanpercarboxylic  acids obtained
with said sizes have a higher bleaching effica- cy,
the concentration being equal, with respect to those
ha- ving sizes higher than 30 micron and furthermore
they can be  formulated in dispersions, for example
aqueous, for industrial  and commercial applications
by using reduced amounts of chemi- cal additive
agents, in particular suspending agents, with re-
spect to those requested by the prior art. It is known
that imido-alkanpercarboxylic acids can be  obtained
for -example as slurries. They are known and used as
bleaching agents in detergent formulations, or as main
compo- nents of disinfectant. or oxidizing
compositions. The composi- tions containing said acids
combine good belaching properties  with a good
stability to storage. The p-rocesses for the
preparation of imido-al- kanpercarboxylic acids are
well known in the literature and  comprise, the
oxidation, in the presence of a mixture of hydro- gen
peroxide and of a strong acid, of the imido-
alkancarboxylic acid precursors. The precursor, in the
case of  the phthalimidoalkanpercarboxylic acids, is
obtained by con- densation of phthalic anhydride, or
phthalic acid with aminoa- cids or lactams, by
reaction, optionally in the presence of  



water, at a pressure from 1 to 30 bar and at
temperatures ran- ging from 100C to -2'50C, with
reaction times from 1 to 20  -1 9 January 2007  WO
2004/007452 PCT/EP2003/007303 hours. See for the
example EP 325,289, EP 325,288, EP 349,940.  EP
490,409 describes a process to obtain with high yields
per- carboxylic acids wherein one operates in the
presence of par- ticular organic solvents for example
CH2C12 and CHC13, by sepa- rating at the end of the
reaction the organic solvent contai- ning the
percarboxylic acid from the aqueous phase containing
sulphuric acid and hydrogen peroxide. The useful
product is  then recovered by removal of the organic
solvent. In EP  560,155 various processes of the
organic solution treatment  wtih water are described,
by which for example E-phthalimido- peroxyhexanoic
acid (PAP) as wet crystalline cake is finally
obtained, by filtration or centrifugation of aqueous
slurries  containing organic solvents, for example
CH2C12 or ethyl ace- tate, with residual water
contents of the order of 20% by  weight and traces of
residual solvent in the range 50 - 2,500  ppm.
Generally the residual amounts of chlorinated solvents
accepted in the alkanpercarboxylic acid formulations
are very  low. To lower the residual content of said
chlorinated sol- vents in the obtained cake, as said,
a subsequent purification  treatment with a non
chlorinated solvent for example ethylace- tate must be
carried out, as described in EP 556,769. However  the
obtained alkanpercarboxylic acid contains not
negligible  amounts of the solvent used in the last
purification. Furthermore, at the end of said
treatments to lower the  chlorinated solvent content
by using the processes of the abo- ve patents, the
water percentage by weight in the alkanpercar- boxylic
acid is of the order of' 20% or higher. This water
amount is too high for the prepartion of
alkanpercarboxylic  acid solid formulations and it is
generally reduced by drying  processes, which must be
slow to avoid explosive peracid de- 



compositions. This is a critical phase of the
industrial pro- cesses for obtaining peracids, due to
its dangerousness and  due to its poor productivity.
Besides with said drying proces- ses a constant value
of the residual water content should be  obtained, as
required to carry out the following working pro- -2 9
January 2007  WO 2004/007452 PCT/EP2003/007303 cesses
of the solid peracid. EP 780,374 describes a process
to reduce the water con- tent of
imido-alkanpercarboxylic acids, initially higher than
12% by weight, to a constant value and lower than 10%
by  weight, said process comprising the heating steps
of a suspen- sion of an imido-alkanpercarboxylic acid
in water until the  complete solid melting, subsequent
separation of the organic  phase from the aqueous
phase and recovery of the organic phase  containing
the imido-alkanpercarboxylic acid. The process of
said patent is based on the fact that the pure imido-
alkanpercarboxylic acids, for example obtained by
crystalliza- tion from organic solutions, have a
melting point very close  to the decomposition
temperature; while the imido- alkanpercarboxylic acids
in the presence of water are such to  melt at a
temperature significantly lower than the melting
temperature, by forming eutectics. The water content
constancy  in the final peracid, typical of the
eutectic composition, is  a very important factor for
the subsequent product finishing  treatments. The
physical form of the peracid obtained with  said
process has the advantage to allow to avoid the
product  granulation, which is carried out when the
peracid is in the  powder form to make easier the
subsequent operations during  the formulation and/or
transport. It is known in the prior art that it is
preferred the  use in the bleach of crystalline
peroxycarboxylic acids, ob- tainable as such in solid
phase and having a high title, and  usable even in
absence of hydrogen peroxide. Among them, spa- ringly
water soluble peroxycarboxylic acids are preferred,  



because they are more suitable for the development of
not ve- ry aggressive compositions for users, but
effective in these  applications already at room
temperature. Among these sparin- gly water soluble
crystalline peroxycarboxylic acids, imido-
alkanpercarboxylic acids are in particular known, for
example  E-phthalimido-peroxyhexanoic acid ("PAP")
sold by Solvay So- lexis (former Ausimont) by the
trademark EurecoO. Said pera- cids are known from EP
325,288 and EP 325,289 in the name of  -3 9 January
2007  WO 2004/007452 PCT/EP2003/007303 the Applicant,
as preferred for the production on an indu- strial
scale and for the applications on commercial scale in
the mentioned fields. For the detergency use see in
particular  the compositions of said peracids
described in EP 852,259 in  the name of the Applicant.
For the uses in the fields of the  body care, of the
cosmetics and pharmaceutics, see the compo- sitions
described in EP 895,777, EP 1,074,607 in the name of
the Applicant. The E-phthalimido-peroxyhexanoic acid
("PAP") is particu- larly preferred in the above
application fields for its excep- tional stability in
crystalline solid phase and for the conse- quent
safety with which it can be handled and used on a
large  scale. The exceptional thermal stability of the
PAP in cry- stalline form, also at the solid state of
technical degree,  obtained both by experimental
laboratory processes and by in- dustrial processes, is
known in the prior art and distin- guishes it from
most of the known crystalline peroxycarboxylic  acids,
see for example EP 490,409 in the name of the Appli-
cant. This higher PAP chemico-physical stability is
lower when  the PAP is present under the solute form
in a solution of a  chemically compatible and inert
solvent, for example water,  within the solubility
limits set by the solution temperature.  A
contribution to the exceptional PAP stability at the
solid  state seems therefore to derive from the nature
itself of its  crystalline form known in the prior
art, since easily obtaina- 



ble by PAP crystallization from its solutions in
organic sol- vents, for example as described in the
already mentioned pa- tents EP 556,7169 and EP
560,155, or also by PAP solidification  from one of
its melted phase of eutectic composition, in the
presence of water, see EP 780,374. In all said cases
the ob- tained PAP crystals have on an average sizes
higher than 100  micron. The imido-alkanpecarboxylic
acids in the known cry- stalline form are not
obtainable by crystallization from an  aqueous
solution, owing to their low solubility in water. An
useful implication for the practical purposes of this
property  of imido-alkanpercarboxylic acids is the
substantial stability  -4 9 January 2007  WO
2004/007452 PCT/EP2003/007303 in the time of the
aqueous crystal dispersions of said pera- cids, which
do not show phenomena of morphological modifica- tion
by spontaneous recrystallization. Therefore said
aqueous  dispersions maintain their chemico-physical
characteristics  even for long storage times. It is
also known that the performances of the formula- tions
based on sparingly water soluble crystalline imido-
alkanpercarboxylic acids, especially in the
applications at  low temperature, are more effective
and suitable if the pera- cid in crystalline phase is
present under the form of parti- cles having sizes on
an average lower than 100 micron. In  this case indeed
in the application phase the bleach action  takes
place without undesired phenomena, as the presence of
solid residues on treated tissues or a local colour
fading or  a located damage of the less resistant
fibers. See for example  patent application WO
00/27.960. Said particles having on an  average sizes
lower than 100 micron can be obtained by two  milling
operations in series starting from crystals obtained
by the processes of the prior art. It is known indeed
that to  have a more effective milling to obtain
particles having on an  average sizes lower than 100
micron, subsequent millings must  be applied utilizing
techniques having a complementary effect.  



See patent application WO 00/27,969. With said
particular mil- ling technologies it is possible to
obtain formulations of  imido-alkanpercarboxylic acids
wherein the peroxyacid is pre- sent in a stable form
under the form of particles having sizes  on an
average lower than 100 micron. Tests carried out by
the  Applicant have shown that said sizes can be
reduced to sizes  on an average of 35 micron. See the
comparative Examples. The  drawback of said milling
technologies is that mills for mil- ling are required
involving significant investment and wor- king,
maintenance and process and quality control costs.
Furt- hermore said technologies imply additional costs
for the use  of specific chemical additives to make
milling easier, and for  the maintenance in the time
of the so obtained microscopic  particles of the
imido-alkanpercarboxylic acids. Indeed in ab- -5 9
January 2007  WO 2004/007452 PCT/EP2003/007303 sence
of said additives the particles would tend to
aggregate  again. The use of said specific additives
makes easier the  hard milling of said peracids
reducing the mechanical stress  to which said
crystalline peracids are subjected. In practice  said
additives allow to obtain particles of said peracids
ha- ving on an average sizes lower than 100 micron,
even to 35 mi- cron and in a stable physical form in
the time. It is known, furthermore, see patent
application WO  00/27,982, that the purity of
imido-alkanpercarboxylic acids  in the compositions
must be high and the residual impurities  in said
peracids must be lower than 5% by weight. Furthermore
pollutants must be absent since could accidentally
enter the  composition during the composition and
milling processes and  which negatively influence the
duration in the time and the  intrinsic safety of said
compositions, in particular of those  having a high
content of imido-alkanpercarboxylic acids. When
milling is used, the use of a peracid originally
having a high  purity and of accurate working
techniques allow in the indu- strial practice to
obtain peracid particles having on an  



average sizes of the order of 35 micron and chemically
stable  in the time. It is also known that in the case
of compositions of  imido-alkanpercarboxylic acids
finely dispersed in aqueous  phase, the selection of
effective suspending agents, capable  to assure in the
time the desired chemico-physical stability  of the
system and the constancy of its rheological
properties,  is critical. To obtain these properties
the concentration of  said suspending agents is not
reducible beyond certain values,  and their cost
results not negligible compared with that total  of
the composition. See for example EP 1,074,607. The
need was felt to have available imido-
alkanpercarboxylic acids in a physical form such to
assure an  improved bleaching efficacy and in
disinfection allowing the  use of said peracids also
at temperatures of 10C-30C in de- tergency and in
disinfection, without making use of the mil- ling
technologies and the additives required for milling as
_6_ 9 January 2007  WO 2004/007452 PCT/EP2003/007303
An <o<oluji,rLl described in the prior art, said
imido-alkanpercarboxylic  acids being capable to give
compositions wherein the used  amount of suspending
agents was lower than that of the compo- sitions of
the prior art, even maintaining the same chemico-
physical stability and the constancy of the
rheological pro- perties in the time. The Applicant
has unexpectedly and surprisingly found
imido-alkanpercarboxylic acids allowing to solve the
above  technical problem. An object of the present
invention are imido- alkanpercarboxylic acids having
formula (I): O 0  A N -X-C-OOM  O 



(I)  wherein A indicates a group selected from the
following:  R1\ /2 /2  CH-(CHZ)n-CH - /C=C\  or R1  R2
-7 9 January 2007  WO 2004/007452 PCT/EP2003/007303 I
N-X-C-OOM  0 wherein:  n is an integer 0, 1 or 2, R1
has one of the following meanings: hydrogen,
chlorine, bromine, Ci-C20 alkyl, C2-C20 alkenyl, aryl
or  alkylaryl, R2 is hydrogen, chlorine, bromine or a
group selected  from the following: -S03M, -C02M,
-C03M or -OS03M, M has the meaning of hydrogen, an
ammonium alkaline  metal, or an equivalent of an
alkaline-earth metal, X indicates a C1-C19 alkylene or
arylene; said imido-alkanpercarboxylic acids being in
a crystalline  form, herein called alpha, stable at
storage at the solid sta- te, and when dispersed in
water it is transformed into cry- stals of the known
crystalline form of the prior art (herein  called
beta), stable in aqueous environment, said novel cry-
stals of beta crystalline form having average sizes
lower than  30 micron, preferably lower than 10
micron, more preferably  lower than 8 micron,
particularly lower than or equal to 2 mi- cron; the
alpha crystalline form being characterized with re-
spect to the known beta crystalline form of the prior
art in  that the respective spectra obtained by the X
Ray Diffraction  and the Surface Infrared Spectroscopy
(IR/S) techniques show,  with respect to those of the
beta form of the same peracid, a  



different spectra]. imagine at X rays and a typical
absorption  shift in the 1697-1707 cm-1 zone at IR/S
towards higher fre- quencies, of the order of about
8-10 cm-1, The crystals of the alpha form have the
same solubility  in water of the crystals of the prior
art (beta form). There- fore they form aqueous
dispersions. In particular in the case of the
E-phthalimido-pe- -8 9 January 2007  WO 2004/007452
PCT/EP2003/007303 roxyhexanoic acid (PAP) the beta
form known in the prior art  shows: - at X rays:
typical peaks at 18.0 and 18.7 and no quadru- plet at
24.2 - 25.0 [020], - at the IR/S spectrum: typical
peak with maximum ab- sorption in the 1699-1704 cm -1
zone, for dried crystals  having water absorption at
3450-3500 cm-2 lower than 5%; while, for the same PAP
compound the alpha form shows the fol- lowing spectral
characteristics: - at X rays: typical peaks at 17.5
and 19.0 and typical  quadruplet at 24.2 - 25.0 [20],
- at IR/S spectrum: typical peak with maximum
absorption in  the 1707-1712 cm -1 zone for dried
crystals, having a wa- ter absorption at 3450-3500 cm
-1 lower than 5%. The X ray spectrum is carried out on
dried powder sam- ples for 48 h at 20C under vacuum
(residual pressure 10  mmHg). Said alpha crystalline
form is therefore distinguishable  from the known beta
crystalline form of the prior art of the  same
imido-alkanpercarboxylic acids both by the above cha-
racterization methods, and mainly due to the fact that
su- spended in water it is spontaneously transformed
into stable  crystals of different form (beta), stable
in water and having  sizes on an average lower than 30
micron, preferably lower  than 10 micron, more
preferably lower than 8 micron and in  particular of
the order of 2 micron. 



The crystal sizes of alpha form are not critical for
the  obtaining of crystals of the beta form having the
above men- tioned sizes. The imido-alkanpercarboxylic
acids in alpha crystalline  form can be formulated in
solid compositions, for example gra- nulated with the
techniques used in the prior art for crystals  of beta
type for their use in the detergency and disinfection
field. See for example EP 852,259, herein incorporated
by re- ference. A further object of the present
invention are imido  -9 9 January 2007  WO 2004/007452
PCT/EP2003/007303 alkanpercarboxylic acids of beta
crystalline form, obtainable  by dispersing in water
crystalline particles of the correspon- ding alpha
form, said particles of beta crystalline form ha- ving
average sizes lower than 30 micron, preferably lower
than  10 micron, more preferably lower than 8 micron,
in particular  lower than or equal to 2 micron. A
further object of the present invention are composi-
tions of imido-alkanpercarboxylic acids, in particular
in  aqueous phase compositions, containing said
peracids under the  form of beta crystalline particles
having sizes, on an avera- ge, lower than 30 micron,
preferably lower than 10 micron, mo- re preferably
lower than 8 micron, in particular lower than or
equal to 2 micron, obtained by treating the
corresponding al- pha form of the peracid, as
mentioned above. The peracid concentration in the beta
form, having sizes  lower than those of the prior art,
in said compositions ran- ges from 0.5% to 25%,
expressed in per cent by weight based  on the total of
the composition. As said, the beta form crystals are
stable both in  aqueous dispersion and at the solid
state. It has been surpri- singly and unexpectedly
found by the Applicant that the cry- stals in beta
form, having the above sizes, can be formulated  even
in aqueous phase using very reduced amounts of
suspending  



agents, even less than 1/5 by weight with respect to
those  used to prepare the commercial compositions
having an aqueous  base containing
imido-alkanpercarboxylic acids obtained by the
milling techniques of the prior art. In particular it
is possible to use suspending additi- ves, for example
polymers as xanthan rubber, at concentra- tions,
expressed in percentages by weight from 0.05% to 0.1%
based on the total of the composition, instead of the
usual  concentrations of 0.40-0.60% by weight. The
amount of suspending additives which can be used in
said compositions, expressed in percentages by weight
on the  total of the composition is from 0.05% to
0.5%, preferably  from 0.05%% to 0.1%. -10 9 January
2007  WO 2004/007452 PCT/EP2003/007303 Besides, to the
invention compositions the other conven- tional
additives, for example surfactants, preferably
selected  from those nonionic and/or anionic, in the
usual concentra- tions useful for the final product
performances, can be added. Optionally it is possible
to add to said compositions  hydrogen peroxide at
concentrations, expressed in percentages  by weight,
from 0 to 10% based on the total of. the composi-
tion. The compositions obtained from said imido-
alkanpercarboxylic acids, in the crystalline sizes of
beta  form on an average lower than 30 micron, result
stable in the  time from the chemical and physical
point of view. Said compositions are advantageously
usable in the  bleach and disinfection field with
lower costs and performaces  higher than those
obtainable with the known compositions of  the prior
art, in particular for the applications at room tem-
perature and at low temperatures. As said, the amount
of su- spending additives in said compositions is
lower than that  used in the compositions of the known
imido-alkanpercarboxylic  acids of the prior art. 



The beta crystalline imido-alkanpercarboxylic acids of
the present invention having the average particle
sizes in the  above limits, are obtainable by an
advantageous process, fea- sible on a large scale,
safe and not very expensive, wherein  milling
additives are not used, thus avoiding potential pollu-
tions of the imidb-alkanpercarboxylic acids. In said
process particles of the imido- alkanpercarboxylic
acid in alpha form, stable at the solid  state but
unstable in aqueous dispersion, are first obtained,
then transformed, as described, into the stable beta
form. To obtain the imido-alkanperoxycarboxylic acids
of for- mula (I) in the beta crystalline form, having
the above sizes,  the peracid particles in the alpha
form are suspended in a  stirred aqueous phase and
maintained at temperatures from 0C  to 70C, preferably
from 20C to 65C, more preferably from  40C to 60C, for
a time ranging from 1 minute to 90 minutes,  -11 9
January 2007  WO 2004/007452 PCT/EP2003/007303
preferably from 10 minutes to 60 minutes, more
preferably from  20 minutes to 45 minutes. A further
object of the present invention is a process  for the
preparation of imido-alkanperoxycarboxylic acids of
formula (I) having particles in the alpha crystalline
form,  said process comprising the following steps: I)
peroxidation in the presence of hydrogen peroxide and
of  a strong acid generally at temperatures comprised
between 5C and 50C, of an imido-alkancarboxylic acid
precursor obtainable by reaction of: a) an anhydride
of formula:  O  A YO O  or its corresponding acids, A
being as above,  with bl) an aminoacid of formula:  



0  H2N-X-C-OH X being as above,  or b2) a lactam of
general formula:  H  Y -O Y having the meanings of X,
preferably a C3-Cig al- kylene; c) water; at
temperatures in the range 100C-250C, under pressure
-12 9 January 2007  WO 2004/007452 PCT/EP2003/007303
of an inert gas from 1 to 30 bar (0.1-3 MPa), for
reac- tion times from 1 to 20 hours; II) obtaining of
a melted phase of eutectic composition of  the
imido-alkanperoxycarboxylic acids of formula (I) by
heating a suspension in water of said peracids until
the  complete solid melting, said eutectic having a
composi- tion on a molar basis of no more than two
moles of wa- ter/peracid mole; III) separation from
the melted organic phase of eutectic  composition from
the balanced aqueous phase, and recove- ry of the
melted organic phase containing the imido-
alkanpercarboxylic acid; IV) quench of the melted
organic phase and obtaining of the  phase called
herein alfa, stable at the solid state (but  unstable
at contact with water), as above. Said quench of step
IV) of the process can be car- ried out in various
ways. For example by dripping the  melted organic
phase of eutectic composition in liquid  nitrogen.
Another quench method is for example the drip- ping in
cold water, under stirring, having a temperature  for
example lower than 15C. To obtain only the alpha
form, the skilled man of the field is easily able to
de- 



termine the most suitable temperature, keeping in mind
that as the temperature increases, the beta form can
be  contemporaneously obtained together with the alpha
form.  Another quench method is the percolation of the
melted  phase on one, for example metal, surface or on
two, for  example metal, surfaces coupled and cooled
at temperatu- res lower than 30C. In step I) the ratio
by moles generally between a/(bl or  b2)/c is in the
range 1/0.8:1.2/0.5:3. Preferably the ratio  by moles
a/(bl or b2)/c is comprised between
1/1.01:1.1/0.5:2.5, more preferably between
1/1.05:1.1/1-2. In step I) it is preferred to react
the anhydride a), or  the corresponding acid, with the
lactam b2). Among the compounds of class al) the
following anhydri- -13 9 January 2007  WO 2004/007452
PCT/EP2003/007303 des or the corresponding acids can
be mentioned: succinic,  glutaric, maleic,
trimellitic, phthalic, pyromellitic and al- kyl- or
alkenyl-succinic anhydride. Preferably the phthalic
anhydride or the phthalic acid are used. Among the
class bl) compounds the following can be men- tioned:
omega-aminobutyric, omega-aminovalerianic, omega-
aminocaproic and omega-aminolauric acids. Among the
compounds of class b2) it can be mentioned as
preferred: gamma-pyrrolidone, delta-piperidone,
epsilon-ca- prolactam and omega-laurolactam,
epsilon-caprolactam (CPL) is  particularly preferred.
Preferably in step I) the temperature is in the range
130C-180C and the pressure between 4 and 8 bar. At the
end of step I) a solvent, preferably CH2C12 and
CHC13, more preferably CH2C12, is preferably added to
make ea- sier the subsequent peroxidation of the
product. The last solvents indeed, as described in the
patent ap- plication EP 780,373 in the name of the
Applicant, are the  most suitable to carry out the
successive peroxidation opera- 



tion. Among imido-alkanpercarboxylic acids it can be
mentioned  the phthalimido-peracetic acid,
E-phthalimido peroxyhexanoic  acid,
3-phthalimido-perpropionic acid, 4-phthalimido-
perbutyric acid, 2-phthalimido-diperglutaric acid, 2-
phthalimido-dipersuccinic acid,
3-phthalimido-perbutyric  acid,
2-phthalimido-perpropionic acid, 3-phthalimido-
diperadipic acid, naphthalimido-peracetic acid, 2-
phthalimido-monopersuccinic acid. In step II) to
reduce the amount of water, sequestrants  can be added
in the aqueous phase. For example there can be
mentioned hydroxycarboxylic acids, as citric acid;
amino- policarboxylic acids, as ethylendiamino
tetramethylphosphonic  acid (EDTMP); pyridincarboxylic
acids, such as dipicolinic  acid; polyphosphonic
acids, for example 1-hydroxy-ethyliden-
1,1-diphosphonic acid (HEDP). Crystalline
imido-alkanperoxycarboxylic acids of alpha  -14 9
January 2007  WO 2004/007452 PCT/EP2003/007303 form
obtained by the above process, are stable at the solid
state, as said and they clearly distinguish themselves
from  the same crystalline acids in beta form since
they are sponta- neously transformed into the
corresponding microcrystals of  beta form by mere
contact with an aqeuous phase. As said, the so
obtained crystals of imido- alkanperoxycarboxylic
acids of beta form distinguish themsel- ves from those
obtained by the known methods of the prior art
(milling) by the improved bleaching properties and the
lower  amount of chemical additives necessary for the
preparation of  the corresponding compositions. The
imido-alkanperoxy- carboxylic acid crystals of beta
form of the invention have on  an average sizes
clearly lower than those obtainable by the  known
milling methods of the prior art. Said microcrystals
in beta form obtained by the inven- tion process from
crystalline imido-alkanperoxycarboxylic  



acids in alpha form, besides the specific bleach
activity, are  more effective than the crystals
obtained according to the  methods of the prior art
also in terms of antibacterial and  disinfectant
activity, especially in the applications at room
temperature (15C-25C) or at lower temperatures. As
said, the microcrystals of the imido-alkanperoxy-
carboxylic acids in beta form of the invention are of
particu- lar interest since they require lower amounts
of chemical ad- ditives for obtaining compositions of
commercial interest sta- ble in the time. Furthermore
they do not need chemical process  auxiliary agents as
described in the prior art for the fine  milling of
crystalline imido-alkanperoxycarboxylic acids. Be-
sides, they can be obtained also on an industrial
scale with  simplified processes and with reduced
investment and working  costs. The
imido-alkanperoxycarboxylic acids in the invention
alpha crystalline form are stable in the time, even in
case of  prolonged storage, and subjected to the above
described pro- cess they are spontaneously transformed
into microcrystals of  beta form, having the above
average sizes and the desired cha- -15 ..........  9
January 2007 WO 2004/007452 PCT/EP2003/007303  --
----------- racteristics for the preparation of
compositions, as above de- scribed. The following
Examples illustrate with non limitative  purposes the
invention. EXAMPLE 1A PAP preparation having alpha
crystalline form by mass- crystallization 100 ml of
demineralized water "Micropure Grade" and 0.5  g of
hydroxyethyliden-diphosphonic acid (HEDP) (Supplier
Boz- zetto: HEDP 10H60), are introduced in a 200 ml
jacketed beaker  equipped with an outlet valve on the
bottom and the solution  



is heated up to about 78C. Then 100 g of crystalline
PAP of  technical degree (Ausimont, Eureco(r) W type)
are added. It is  put under stirring at the rate of
about 250 rpm and the PAP  melting is expected, which
takes place when the system tempe- rature rises again
to a value of about 78C. At this tempera- ture the two
formed liquid phases, respectively the organic  phase
formed by the PAP eutectic with water and the aqueous
phase, result transparent. The stirring is reduced to
20 rpm  and the evident separation of the two phases
with the heavier  organic phase which gathers on the
bottom is obtained. About 250 ml of liquid nitrogen
are drawn in a Dewar  vessel, and a magnetic anchor is
immersed therein to stir the  liquid with a magnetic
stirrer, positioning this vessel imme- diately under
the outlet valve of the jacketed beaker contai- fling
on the bottom the melted organic phase. The bottom
valve of this is slowly opened and the melted  liquid
is let drip in the liquid nitrogen phase. The opera-
tion is interrupted as soon as the upper level of the
melted  organic phase in the jacketed beaker
approaches the bottom  valve. The solidified PAP is
separated from the still liquid  nitrogen, taking the
solid with a round spatula, and transfer- ring it into
a small plastic tank resistant to low temperatu- res.
After having conditioned again the product at the room
temperature, the PAP granules are dried by drying
under va- -16 9 January 2007  WO 2004/007452
PCT/EP2003/007303 cuum, at about residual 10 mmHg, at
a temperature not higher  than 20C. The specimen,
weighing about 70 g of crystalline  PAP is
characterized by the X Ray Diffraction and Surface In-
frared Spectroscopy (IR/S) techniques. The obtained
spectra  identify the alpha form. X Rays: typical
peaks at 17.5 and 19.0 and typical quadruplet  at 24.2
- 25.0 (20]. IR/S:typical peak with maximum absorption
in the 1707-1712  



cm 1 zone (anhydrous crystals: absorption at 3450-3500
lower  than 5%). EXAMPLE 1B (comparative) PAP
preparation Of beta crystalline form (crystalline form
of  the prior art) by mass-crystallization By
initially operating according to the procedure of
Example 1A, the melted organic phase formed by the PAP
eutec- tic with water is fed to a beaker containing
water at the tem- perature of about 40C, and kept
under stirring with a magne- tic stirrer and a
magnetic anchor. Alfter the melt solidifica- tion, the
solid separation from the liquid, the granular pro-
duct is dried with the same method described to remove
the re- sidual water in Example 1A. Also this specimen
is characteri- zed by the X Ray Diffraction and the
Surface Infrared Spectro- scopy techniques. The
obtained spectra identify the beta form.  X Rays:
typical peaks at 18.0 and 18.7 and no typical quadru-
plet at 24.2 - 25.0 [2g]. IR/S: typical peak with
maximum absorption in the 1699-1704  cm 1 zone
(anhydrous crystals: absorption at 3450-3500 lower
than 5%). EXAMPLE 1C (comparative) Example 1B has been
repeated but by using water cooled  at 15C. The
results are equal to those obtained in Example  1B.
EXAMPLE 2A PAP preparation of beta microcrystalline
form starting from  PAP of alpha crystalline form -17
9 January 2007  WO 2004/007452 PCT/EP2003/007303 In a
beaker immersed in a thermostatic bath an aqueous
dispersion of alpha crystalline PAP in demineralized
water at  5% by weight of PAP is prepared, by adding
to 473.5 ml of de- mineralized water at the
temperature of 50C, kept under stir- ring with an
anchor and a magnetic stirrer, 500 ppm of antifo- am
DB 100 and 1,000 ppm of surfactant Hostapur(r) SAS and
26.50  



g of crystalline PAP in alpha form, of technical
degree (ti- tre: 94.3%) having average sizes higher
than 100 micron. After  10 minutes of stirring at 50C,
the beaker is removed from the  thermostatic bath and
the aqueous suspension is transferred in  a graduated
cylinder. It is let rest at room temperature in  the
graduated cylinder. In the suspension no thickenining
of  solid phase on the cylinder bottom is observed,
both after two  hours and after 48 hours, and a
separation of supernatant  clear liquid phase of no
more than 20% by volume even after 10  days is
noticed. One sample of said aqueous dispersion,
observed with op- tical microscope (50 and 500
magnifications) shows that the  PAP crystals dispersed
in the water have average sizes lower  than 10 micron,
in particular lower than 2 micron. These mi-
crocrystals, recovered and studied by means of the
analytical  techniques of Example 1, show the same
characteristics of beta  form crystals and no longer
those of the. starting alpha form  crystals. EXAMPLE
2B (comparative) Repetition of Example 2A but by
starting from crystalline PAP  in beta form. An
aqueous dispersion of crystalline PAP in deminerali-
zed water at 5% by weight of PAP is prepared, as
described in  Example 2A, by adding to 471.9 ml of
demineralized water 500  ppm of antifoam DB 100 and
1000 ppm of surfactant Hostapur(r)  SAS and 28.1 g of
crystalline PAP in beta form of technical  degree
(titre: 89 %), having average sizes higher than 100
mi- cron, in particular 80% of the particles being
comprised  between 100 and 200 micron. After 10
minutes of stirring at  50C, the beaker is removed and
the suspension is transferred  -18 9 January 2007  WO
2004/007452 PCT/EP2003/007303 into a graduated
cylinder, as in Example 2A. Already after 10  minutes
rest at room temperature in the graduated cylinder, it
is observed the clear separation of a supernatant
aqueous pha- 



se for 60% of the total volume and the sedimentation
of a  precipitate on the bottom. The separation of the
supernatant  aqueous phase increases after 2 hours to
more than 70% of the  total volume. A solid specimen,
examined by optical microscope and by  the techniques
mentioned in Example 1A, shows that the cry- stals
have unchanged sizes and properties with respect to
tho- se of the starting PAP crystals in beta form.
EXAMPLE 3 Dissolution rate of PAP crystals of beta
form, and of PAP mi- crocrystals of beta form obtained
from PAP crystals of alpha  form according to Example
2A A test is carried out for the determination of the
dis- solution time, by dispersing 100 mg of anhydrous
crystalline  PAP (base 100%), respectively of crystals
and microcrystals  (sizes lower than 10 micron) of PAP
in beta form, obtained as  from Examples 2B and 2A
respectively, in one litre of solution  prepared with
water having a 10F hardness and 1.70 g of stan- dard
detergent base, free from bleach aditives (detergent
IEC  type B, with phosphates - Publication IEC
60,456), kept under  stirring and thermostated at the
temperature of 40C. Successive samples of liquid
phase, carefully filtered  on filter of 0.45 micron,
are drawn and the PAP concentration  in solution is
determined by HPLC. The necessary times for the
dissolution of 90% of the  crystalline PAP initially
dispersed in the aqueous solution  are of 30 and 15
minutes respectively for the used crystals  and
microcrystals of PAP in beta form. Said times are
determined by drawing some curves report- ing in
ordinate the PAP concentration dissolved in the
aqueous  phase (determined by HPLC) and in abscissae
the sample drawing  time, taking as 100% the PAP
concentration asymptotically ob- tained at infinite
time. -19 9 January 2007  WO 2004/007452
PCTIEP2003/007303 



The previous test is repeated by dispersing 70 mg of
an- hydrous crystalline PAP (base 1000), respectively
of crystals  and microcrystals (sizes lower than 10
micron) of PAP in beta  form, obtained as from
Examples 2B and 2A respectively, in one  litre of
aqueous solution, prepared as above, stirred and
thermostated at the temperature of 25C. d  Successive
samples of liquid phase, carefully filtered on filter
of 0.45 micron, are drawn, and the PAP concentration
in solution is determined by HPLC. The necessary times
for the dissolution of 90% of the  crystalline PAP
initially dispersed in the aqueous solution  are of 60
and 14 minutes respectively for the used crystals  and
microcrystals of PAP in beta form. EXAMPLE 4A
(comparative) Preparation of a typical PAP composition
having an aqueous ba- sis and evaluation of the
respective bleach activity A typical composition
having an aqueous basis at 10% by  weight of active
PAP is prepared with crystalline PAP in beta  form,
milling it by a colloid mill and subsequently by a
high  flow rate mill with impact and cavitation and
adding then, un- der stirring for 30 minutes at the
temperature of 45C, the  following substances in the
indicated amounts, expressed in  percentages by weight
on the final composition: - non-ionic surfactant 2.5%,
- xanthan rubber 0.50%, - HEDP 0.1%. The obtained
dispersion is chemically and physically  stable even
after exposure at the temperature of 35C in a  stove
for 7 days. The initial viscosity of 670 mPa.s becomes
730 mPa.s after 7 days at 35C. The bleach activity of
said composition is evaulated ac- cording to a
laboratory test, by treatments in combination  with HD
detergent (Heavy Duty) at 40C for 30 minutes, or in
combination with LD detergent at 30C (Light Duty) for
30 mi- nutes, of a set of test cotton tissues dirtied
with the fol- lowing types of artificial dirt EMPA:
art. 114 (red wine),  -20 



9 January 2007  WO 2004/007452 PCT/EP2003/007303 art.
167 (tea) and art. 164 (grass), obtaining a white
degree  of 70, 67.5 and 63 (HD detergent), or of 72,
73 and 64.5 (LD  detergent) respectively. EXAMPLE 4B
Repetition of Example 4A using crystalline PAP in
alpha form  The same standard composition having an
aqueous basis at  10% by weight of active PAP is
prepared with crystalline PAP  in alpha form. Crystals
are milled for 5 minutes with Brown(r)  Minipimer mill
and, by maintaining under stirring for 30 minu- tes at
the temperature of 45C, the following substances are
added in the indicated amounts, expressed in
percentages by  weight on the final composition: - non
ionic surfactant 2.5%,  - xanthan rubber 0.10%, - HEDP
0.10%. The obtained dispersion is chemically and
physically  stable, even after exposure at the
temperature of 35C in a  stove for 7 days. The initial
viscosity of 570 mPa.s becomes  580 mPa.s after 7 days
at 35C. The bleach activity of this formulation is
evaluated by  using the same above mentioned
laboratory test, by treatments  in combination with HD
detergent at 40C for 30 minutes, or in  combination
with LD detergent at 30C for 30 minutes, of a set  of
test cotton tissues dirtied with the following types
of ar- tificial dirt EMPA: art. 114 (red wine), art.
167 (tea) and  art. 164 (grass), obtaining a bleach
degree of 71, 69.5 and 63  (HD detergent), or 73, 73.5
and 65.5 (LD detergent) respecti- vely. EXAMPLE 5
Dissolution rate of the crystalline PAP in beta form
present  in liquid compositions having an aqueous
basis Three compositions having an aqueous basis of
commercial  interest called respectively A, B, C,
containing in suspension  PAP crystals in beta form
are prepared and the PAP dissolution  



times thereof are determined by the methods described
in Exam- ple 3, by dispersing a sample of the single
composition to be  -21 9 January 2007  WO 2004/007452
PCT/EP2003/007303 tested in 1 litre of solution,
prepared with water having a  10F hardness, and 1.70 g
of standard detergent base of Exam- ple 3, at the
temperature of 25C. The three compositions A, B and C
subjected to the test  are respectively obtained as
follows:  Formulation A: - 60 g of PAP of alpha form
of technical degree,  - 1.50 g of xanthan rubber, - 10
g of non ionic surfactant,  - 0.6 g of antifoam DB100
are dispersed in 928 g of water at 50C and treated for
5 minutes by Silverson equipment, then with blade
mecha- nical stirrer for 30 minutes at 50C and
subsequently  for 30 minutes at room temperature. The
obtained composition A has a titre in active PAP of
5.02% and a viscosity at 25C of 120 mPa.s. The PAP
cry- stals dispersed in the aqueous phase have sizes
lower  than 10 micron. Formulation B: 60 g of PAP of
alpha form of technical degree,  1.0 g of xanthan
rubber, - 3.4 g of anionic surfactant Hostapur(r)SAS,
0.6 g of antifoam DB100 are dispersed in 935 g of
water at 50C and treated for  5 minutes with Silverson
equipment, then with blade me- chanical stirrer for 30
minutes at 50C and subsequently  for 30 minutes at
room temperature. The obtained composition B has a
titre in active PAP of  5.0% and a viscosity at 25C of
300 mPa.s. The PAP cry- stals dispersed in the aqueous
phase have sizes lower  than 2 micron. 



The composition C is the same comparative composition
described in Example 4A. With the test to determine
the dissolution times at 25C  of the crystalline PAP
contained in the three compositions A,  B and C, the
values reported in Table 2 are obtained, wherein  -22
9 January 2007  WO 2004/007452 PCT/EP2003/007303
T98.0, T99.0 and T99.8 show the necessary times for
the dissolu- tion respectively of 98.0%, 99.0% and
99.8% of the PAP initi- ally introduced in the test
solution. Said times and respective percentages are
determined as  described in Example 3. From the Table
it results that the time necessary for  the PAP
dissolution of the compositions A and B is undoubtedly
lower than the time requested by the composition C of
the  prior art. -23 9 January 2007  WO 2004/007452
PCT/EP2003/007303 Table 1 Examples 4A comp. and 4B:
comparison between the results  (white degree)
obtained in the washing tests using mixtures
containing HD detergent, or respectively LD, and
composi- tions formed by (% by weight): 2.5% of non
ionic surfactant,  0.10% HEDP, and respectively the %
of xanthan rubber and 10%  of PAP of the type as
indicated in the Table Ex. 4A Ex. 4B  Comp PAP and
xanthan rubber in the compo- sition - PAP beta alpha
- xanthan rubber (% by weight) 0.5 0.1  Washing tests
Composition + HD surfactant  White degree: 



- art. 114 (red wine) 70 71  - art. 167 (tea) 67.5
69.5  - art. 164 (grass) 53 63  Washing tests
Composition + LD surfactant  White degree: - art. 114
(red wine) 72 73  - art. 167 (tea) 73 73.5  - art. 164
(grass) 64.5 65.5  -24 9 January 2007  WO 2004/007452
PCT/EP2003/007303 Table 2 Example 5, dissolution rate
of the crystalline PAP present  in the liquid
compositions having an aqueous basis A, B and  C.
T98.0, T99.o and T99.8 show the times necessary for
the dissolu- tion respectively of 98.0%, 99.0% and
99.8% of the PAP ini- tially introduced in the test
solution. T98.0 T99.o T99.8  min min min  Compositions
A < 5 7 20  B << 5 < 5 10  C 5 15 65  -25 9 January
2007  WO 2004/007452 PCT/EP2003/007303 CLAIMS  1.
Imido-alkanpercarboxylic acids having formula (I):  in
-X-OOM 0 (I)  wherein A indicates a group selected
from the  following: R1 /2  



/2 CH-(CH2)n-CH- /C=C\  or R1  R2 N-X C-OOM  0
wherein:  n is an integer 0, 1 or 2, R1 has one of the
following meanings: hydrogen,  chlorine, bromine,
C1-C20 alkyl, C2-C20 alkenyl, aryl  or alkylaryl, -26
9 January 2007  WO 2004/007452 PCT/EP2003/007303 R2 is
hydrogen, chlorine, bromine or a group  selected from
the following: -S03M, -C02M, -C03M or  -OS03M, M has
the meaning of hydrogen, an ammonium alkaline  metal,
or an alkaline-earth metal equivalent, X indicates a
C1-C19 alkylene or an arylene; said
imido-alkanpercarboxylic acids being in a  crystalline
form, herein called alpha, stable at storage  at the
solid state, but when dispersed in water is
transformed into crystals of the known crystalline
form  of the prior art (herein called beta), stable in
aqueous  environment, said crystals of beta
crystalline form  having average sizes lower than 30
micron, preferably  lower than 10 micron, more
preferably lower than 8  micron, in particular lower
than or equal to 2 micron;  said alpha crystalline
form being characterized with  respect to the known
beta crystalline form of the prior  art due to the
fact that the respective spectra obtained  by the X
Ray Diffraction and Surface Infrared  Spectroscopy
(IR/S) techniques show, with respect to  those of the
beta form of the same peracid, a different  



spectral imagine at X rays and a typical absorption
shift in the 1697-1707 cm -1 zone by IR/S towards
higher  frequencies, of the order of 10 cm 1. 2. Acids
according to claim 1, wherein the acid is s-
phthalimido-peroxyhexanoic acid in alpha crystalline.
form, characterized by the following chemico-physical
pa- rameters: at X rays: peaks at 17.5 and 19.0 and
quadruplet at  24.2 - 25.0 [20], at IR/S spectrum:
peak with maximum absorption in  the 1707-1712 cm -1
zone, for anhydrous crytals, ha- ving a water
absorption at 3450-3500 cm -1 lower than  5%. 3.
Imido-alkanpercarboxylic acids of beta crystalline
form  obtainable by dispersing in water crystalline
particles  -27 9 January 2007  WO 2004/007452
PCT/EP2003/007303 of alpha form according to claims
1-2, said particles of  beta crystalline form having
average sizes lower than 30  micron, preferably lower
than 10 micron, more preferably  lower than 8 micron,
in particularr lower than or equal  to 2 micron. 4.
Solid compositions comprising imido-alkanpercarboxylic
acids in alpha crystalline form of claims 1-2,
preferably  in the form of granulates for their use in
the detergency  and disinfection field. 5.
Compositions comprising the imido-alkanpercarboxylic
acids of claim 3. 6. Compositions according to claim 5
in aqueous phase. 7. Compositions according to claims
5-6, wherein the con- tent of percarboxylic acids
ranges from 0.5% to 25% by  weight based on the total
of the composition. 8. Compositions according to
claims 5-7 comprising suspen- ding agents. 9.
Compositions according to claim 8, wherein the amount
of  



suspending agent, expressed in concentration by
weight,  is from 0.05% to 0.6%. 10. Compositions
according to claim 9, wherein the amount of
suspending agent is from 0.05% to 0.1%. 11.
Compositions according to claims 5-10 comprising
surfac- tants, preferably nonionic or anionic
surfactants. 12. Compositions according to claim 11
comprising hydrogen  peroxide at concentrations by
weight from 0 to 10% based  on the total of the
composition. 13. Process for the preparation of
imido-alkanperoxy- carboxylic acids of claim l
comprising the following  steps: I) peroxidation in
the presence of hydrogen peroxide  and of a strong
acid generally at a temperature  comprised between
5-50C of an imido- alkancarboxylic acid precursor
obtainable by reac- tion of: a) an anhydride of
formula:  -28 9 January 2007  WO 2004/007452
PCT/EP2003/007303 O  A YO  O or the corresponding
acids, A being as above,  with bl) an aminoacid of
formula:  0  H2N-X-C-OH X being as above,  or b2) a
lactam of general formula:  H  Y Y having the meanings
of X, preferably C3-C19  alkylene; 



c) water; at temperatures in the range 100C-250C,
under  pressure of an inert gas from 1 to 30 bar, for
re- action times from 2 to 20 hours; II) obtaining of
a melted phase of eutectic composition  of the
imido-alkanperoxycarboxylic acids of formula  (I) by
heating a suspension in water of said pera- cids until
the complete melting of the solid, said  eutectic
having a composition on a molar basis of no  more than
two moles of water/peracid mole; III) separation of
the melted organic phase of eutectic  composition from
the aqueous phase in balance and  recovery of the
melted organic phase containing the
imido-alkanpercarboxylic acid; -29 9 January 2007  WO
2004/007452 PCT/EP2003/007303 IV) quench of the melted
phase and obtaining of the  phase herein called alpha,
stable at the solid sta- te. 14. Process according to
claim 13, wherein in step IV) the  quench is carried
out by dripping the melted organic  phase of eutectic
composition in liquid nitrogen. 15. Process according
to claim 13, wherein in step IV) the  quench is
carried out by dripping in cold water, under
stirring, having a temperature lower than 15C. 16.
Process according to claim 13, wherein in step IV) the
quench is carried out by percolation of the melted
phase  on a metal surface, or on two metal surfaces,
coupled  and cooled at temperatures lower than 30C.
17. Process according to claims 13-16, wherein in step
I)  the ratio by moles between a/(bl or b2)/c is in
the ran-ge 1/0.8:1.2/0.5:3, preferably said ratio by
moles a/(bl  or b2)/c being comprised between
1/1.01:1.1/0.5:2.5, mo- re preferably between 1/1.05:
1.1/1-2. 18. Process according to claims 13-17,
wherein in step I)  the anhydride a), or the
corresponding acid is reacted  



with the lactam b2). 19. Process according to claims
13-18, wherein the compounds  of the class al) are
selected from the following an- hydrides or
corresponding acids: succinic, glutaric, ma- leic,
trimellitic, phthalic, pyromellitic and alkyl- or
alkenyl-succinic anhydrides, preferably phthalic an-
hydride of phthalic acid. 20. Process according to
claims 13-19, wherein the class bl)  compounds are
selected from the following: omega- aminobutyric,
omega-aminovalerianic, omega-aminocaproic  and
omega-aminolauric acid. 21. Process according to
claims 13-20, wherein the compounds  of the class b2)
are selected from the following: gamma- pyrrolidone,
delta-piperidone, epsilon-caprolactam, and
omega-laurolactam, epsilon-caprolactam (CPL) is
particu- larly preferred. -30 9 January 2007  WO
2004/007452 PCT/EP2003/007303 22. Process according to
claims 13-21, wherein in step I)  the temperature is
in the range 130C-180C and the  pressure in the range
4-8 bar. 23. Process according to claims 13-22,
wherein the imido- alkanpercarboxylicacids are
selected from phthalimido- peracetic acid,
8-phthalimido peroxyhexanoic acid, 3-
phthalimido-perpropionic acid,
4-phthalimido-perbutyric  acid,
2-phthalimido-diperglutaric acid, 2-phthalimido-
dipersuccinic acid, 3-phthalimido-perbutyric acid, 2-
phthalimido-perpropionic acid,
3-phthalimido-diperadipic  acid,
naphthalimido-peracetic acid, 2-phthalimido-
monopersuccinic acid. 24. Process according to claims
13-23, wherein in step II)  sequestrants are added in
the aqueous phase. 25. Process to obtain the
imido-alkanpercarboxylic acids ac- cording to claim 3,
wherein the peracid particles in the  alpha form
obtained according to the process of claims  



13-24 are suspended in a stirred aqueous phase and
main- tained at a temperature from 0C to 75C,
preferably  from 20C to 70C, more preferaly from 40C
to 60C for a  time ranging from 1 minute to 90
minutes, preferably from  10 minutes to 60 minutes,
more peferably from 20 minutes  to 45 minutes. 26. Use
of the imido-alkanpercarboxylic acids of claims 1-2
to obtain the corresponding acids in beta form of
claim  3. 27. Use of the imido-alkanpercarboxylic
acids of claims 1-2  and of claim 4 in the bleach or
in disinfection applica- tions. 28. Use of the
imido-alkanpercarboxylic acids of claim 3 and  of
claims 4-12 in bleach or in disinfection applica-
tions. -31 


