PRCCESS FOR HOMOGENEQUSLY DI SPERSI NG AT LEAST ONE REACG- TANT IN A%Flﬁﬁﬁlg Ims
MATRI X, AND PRODUCTS OBTAI NED. The present invention relates to a process

f or. honbgeneously dispersing in a fluid matrix at | east one 5 react ant
which is immscible with the matrix, as well as to the products obtained by
this process. The process of the present i-ndention applies nore
particularly to the production of conposite materials of the ink type, in
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other sigmnal. In such an application, the matrix is
polymerizable. These composite products must be able to
be used by all the conventional means, such as paint,
20 coating, printing in all its industrial f£forms, ink-
spraying or aerosol spraying. It is thus necessary for
the reactant(s) to be distributed very homogeneously in
the fluid matrix in order to prevent the presence of
agglomerates of reactant(s), which might have a negative
25 impact on the application, or to prevent the presence of
lacunae of reactant(s) in the layer applied, which would
lead to defects and irregularities in the control sigmnal
of the determined parameter,.

According to the present invention, a process is

30 proposed which allows, in a fluid matrix, very homogene-
ous distribution of reactant(s}) in particle form and
which thereby makes it possible to obtain a composite
material, which can be applied by all the conventional
means, forming very fine films which have no identifiable

35 lacunae of reactant(s). -

The subject of the present invention is thus a
process for homogeneously dispersing at least one reac-
tant in a fluid matrix, characterized in that capsules of
a first type containing the reactant(s) are prepared with



a first type containing the reactant(s) are prepared with -2- a first
encapsul ati on product and capsul es of a second type containing the fluid
matfi x are prepared with a second encapsul ati on product which is conpatible
with the first, these two types of capsul es,bearing electric 5 charges of
opposite polarity, the capsules of the two ?ypes are conbined by electric
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capsul es of the first type having an e ricec C eterm nea‘spoc’ari ty
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di ssolving the s Ii 2§° second encapsul ation product and which is
conpatible wth t S MO0 natri X, until matrix droplets of the desired size
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product, those drigRliedesotnbheoriduiP eMpsh have an el ectric charge of
opposite 30 polarity to,that of the cg%)su] e?@%)f the fjrst .type ohbtained
in step b) are sel ected, 3 hEPSaFRRFIHF L5 TR RFFRST (HFR 1%EsGt t he

second type i n wenchpskdationd prduct | andncappstiadaddyi,n withata ngifratmed
fromthe 15 solvent for the said first encapsulation product which is
compatible with the said reactant(s), so as to obtain a
pulverizable mixture,
b) the mixture obtained is -sprayed so as to
obtain capsules containing the reactant(s) and, among

20 these capsules, the capsules of the first type having an

electric charge of determined polarity are selected,
¢) the fluid matrix is emulsified in the second
encapsulation product, optionally in the presence of a
second solvent which is capable of dissolving the said

25 second encapsulation product and which is compatible with
the fluid matrix, until matrix droplets of the desired
size are formed in a continuous phase consisting of the
second encapsulation product, those droplets of the
emulsion which have an electric charge of oppos:fte

a0 polarity to that of the capsules of the first type
obtained in step b) are selected, the said droplets
constituting the capsules of the second type in which the
fluid matrix is encapsulated in a coating formed from the
second encapsulation product,

35 d} the walls of the capsules of at least one of
the two types obtained in steps b) and c) above are
softened using a third solvent which is compatible with
at least one of the two encapsulation products, and the
two types of capsules are mixed together so as to com-



second encapsul ati on product, 35 d) the walls of the capsul es of
at least one of the two types obtained in steps b) and c) above are
softened using a third solvent which is conpatible with at | east one of the
two encapsul ati on products, and the two types of capsules are m xed

t ogether so as to com -3- bine, by electrikc attraction, the capsul es of
reactant (s) and the capsules of fluid matrix in a continuous phase
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containing, in it sheafinst encapsulapdébhcoyedugt. Wit ¢ abgo (preferred
cycl oal i phatic gr@URise!dheéSsame encapsulation product for steps a) and
c).
1s Within the context of the present patent applica-
tion, the term "particles” will be understood to denote
both solid particles and droplets of a product in liquid
form. :

According to the invention, the term *®fluid

20 matrix® is understood to denote a matrix consisting of a
relatively viscous product capable of flowing when the
vessel in which it is contained is tipped over. The
matrix may consist mainly of a monomer or of a polymer of
low molecular weight.

25 The matrix may in particular contain at least one
fluid polymer; it advantageously consists, mainly, of at
least one polymer containing, in its repeating unit, a
cyclic group, which may be a cycloaliphatic group such as
cyclohexane, a cycloalkenyll group containing one or more

30 ethylenic-type bonds, such as pentene, or an aryl group,
for instance the phenyl, naphthyl and anthracenyl groups.
A polyester of an acid containing an aryl group in its
main chain and of an aliphatic polyol is preferably used.

According to a preferred embodiment, at least two

35 reactants are used, which are capable of reacting
together by means of a modification, such as a phase
change, of at least one of the reactants under the effect
of varying a determined parameter. It may be arranged
that at least one of the reactants is solid at room



-~

cycl ohexane, a cycl oal kenyl group containing one or nore 30

et hyl eni c-type bonds, such as pentene, or an aryl group, for instance the
phenyl, naphthyl and anthracenyl groups. A polyester of an acid containing
an aryl group in its main chain and of an-atiphatic polyol is preferably
used. According to a preferred_enbodi nent, at |east two 35 reactants are
used, which ar & B25a5REe 8pd LeacrPARleogst meltipddina Jfemperature
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which nelts at 1 C and 3 0-..20 XY, L.ani cid whj nelts
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a pH of 3.6, or sshompheiadiged wBeittlkd pH is changed. It is possible, in
particular, to use a solid organic acid; acids which may

be menticned, by way of example, are tartaric acid (or
dihydroxysuccinic acid) which melts at 170°C and 3-cyclo-
20 hexylpropionic acid which melts at 17°C. The pH-indicator
product may be, for example, the disodium salt of exy-
throsin, which has an orange colour at a pH of 2.2 and a
red colour at a pH of 3.6, or bromophenol blue which
changes colour at pH = 8.5. When the acid melts after an
25 increase in temperature, it becomes liquid and comes into
contact with the pH indicator such that the composite
material changes colour. When the composite material
returns to its initial temperature, the acid solidifies
and the composite material returns to its initial colour.
30 According to the invention, the composite material may be
colourless at the initial temperature or it may become
colourless by heating. It is also possible, in the course
of the heating and cooling process, to pass from a
transparent composition material to a cloudy or opaque
35 composite material, or vice wversa.

According to another embodiment, only one reac-
tant is used, preferably in aqueous solution form. This
product may be a UV marker, such as quinine trihydrate to
which is added dilute sulphuric acid, an emulsion which



ch\anghes colour at pH = 8.5. Wien the acid nelts after an 25 I ncrease in
tenperature, it becones liquid and cones into contact with the pH indicator
such that the conposite material changes col our. \Wen the conposite
material returns to its initial tenperature, the acid solidifies and the
conposite material returns to its initial colour. 30 According to the
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nol ecul ar wei ght, Qla_t are solid at roomtenperature. Anong the waxes which
may be nentioned are ‘ani mal waxes such as beeswax, |anolin wax, gumlac and
Chi nese wax; plant- waxes-sWaMess cehirdubansax prodrdtbi|ém mixtures of

15 products of high molecular weight, that are solid at room
temperature. Among the waxes which may be mentioned are
animal waxes such as beeswax, lanolin wax, gum lac and
Chinese wax; plant waxes such as carnauba wax, candelilla
wax, southern-wax-myrtle wax, sugarcane wax; waxes of

20 mineral origin such as ozockerite, ceresin, petroleum
waxes and synthetic waxes, such as Carbowaxes, chloro-
naphthalenes, waxes obtained by Fisher-Tropsch synthesis
and silicone waxes;

. - fatty acid esters such as glyceryl tristearate

25 or glyceryl tripalmitate, and

- polyesters, which are of low molecular weight.
Preferably, one (or more) encapsulation prod-
uct(s) having a very narrow pasty range, on passing from
the liquid range to the solid range by varying the

30 temperature, is (are) used.

. For step c¢) of the process according to the
invention, the capsules of the second type bearing an
electric charge of determined polarity may be selected by
placing all of the capsules of the emulsion in contact

35 with a surface bearing an electric charge of determined
polarity, to which the capsules of opposite polarity
become bound. The bound capsules can then be collected on
the said surface, these capsules all having the opposite
polarity to that of the said surface.



wax, . sout hern-wax-nyrtl e wax, sugarcane wax; waxes of 20 m neral origin
such as ozokerite, ceresin, petroleum waxes and synthetic waxes, such as
Car bowaxes, chl oro- napht hal enes, waxes obtai ned by Fisher-Tropsch
synthesis and silicone waxes; - fatty acid esters such as glyceryl
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In step a)} of the process according to the
invention, the mixing may be carried out by any conven--
tional means; it advantageously takes place in a machine
of blender or kneader type. When there are several

20 reactants, they are introduced successively into the
encapsulation product so as to obtain a homogenecus
mixture of each of the reactants, the particles of the
different reactants being well separated from each other
in a continuous phase consisting of the first

25 encapsulation agent. A small amount of solvent is
optionally added to adjust the viscosity, so as to obtain
a sprayable mixture. '

In step b) of the pzrocess according to the
invention, the mixture is sprayed, in a known manner,

30 using a sprayer in which the mixture is sprayed, for
examg;le, using a turbomixer or a nozzle, in the upper
part qf a tower and the droplets of the spray are
fractionated, while at the same time removing the sol-
vent, using at least one current of air crossing the

3s descending mobile bed of granules in the direction of the
mobile bed and/or in-the opposite direction to that of
the mobile bed and/or transversely relative to this
mobile bed. A simple-action sprayer or a multiple-action
sprayer which includes, downstream of the deacending



15 “under cold conditions with a disk mll. In step a) of the process
according to the invention, the mixing may be carried out by any conven-
tional means; it advantageously takes place in a machi ne of bl ender or
kneader type. Wen there are several 20 reactants, they are introduced
successively into the encapsul ati on produet 7se as to obtain a honbgeneous
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15 static electricity in order to avoid any risk of
explogion, on which device the capsules of opposite
polarity become bound, is advantageously used. Capsules
of the first type mainly having an electric charge of
polarity identical to that of the, positive oz megative,
20 polarized device are thus collected at the sprayer
outlet.

When at least two reactants are used, these
reactants have been dispersed homogeneocusly in the first
encapsulation product during step a) of the process, such

25 that, statistically, each capsule of the first type
contains at least one particle of each of the reactants.

In step c¢) of the process according to the
invention, the capsules of £luid matrix in the second
encapsulation product are prepared. In this step, the

30 fluid matzrix is mixed with the second encapsulation
prodtict, preferably in the presence of a solvent intended
to fluidify the second encapsulation product, so as to
obtain a homogeneous emulsion. The emulsion obtained,
which is electrically neutral overall, contains posit-

35 ively charged droplets and negatively charged droplets;
these droplets advantageously have sizes of the order of
a um. Droplets having a determined charge are preferably
selected by immersing into the emulsion a negatively or
positively charged electrically conductive plate, for



10 the negatively charged capsules. Wth this aim at |east one netal
plate which is, for exanple, negatively charged and on which the positively
charged particles beconme deposited is pllaced in the sprayer. A sprayer
fitted inits upper part with a polarized device intended to renove 15
static electricity in order to avoid™ any risk of explosion, on
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product are prepared. ?\?%“é‘t"eﬁﬁi, 8°551C (FRARFSalPAER SSHFSERF wicth t he
second encapsul atdzopletsdoft resiaf aoaitled iwitbheche enmmsl cfncarsniladiiion

intended to flui ¢idulcRe second encapsul ation product, so as to obtain a
honogeneous enul si on. The emnul si on _obtained, which is electrically neutral
overal |, corthins posit-=*35 SteR ey Phr §&¢ PEIFRIS AFFORSGRE V&P y WB%ar ged
dropl ets; these dnyeh&isnadthat angeapshlatior e tofofl theOlcdpisuliesaof
[err]m Droplets Vi ' r fera e

I mrersing into tﬁg%enﬁgﬁp%%{]e@%gfg@ %? %%% ﬁge% ? %rfag:gsg'%egto?ixcal |y
conductive pl at e *epgA. using 3 tondbehsrpeuley Rkainad |Br sEepPwRi ch

the droplets became getaurably tHieated,opitide athepcir§ BefibkaYEYmdke
[ogeLiuel S OSGpiLERREC! BUE| LaofedhB0cS07NEhR &5 LBLLATRVEL
step c¢) are then added and the mixture is stirred very
slowly so as to place the capsules in contact without
breaking or czushing them. On account 6f the fact that
the capsules of the first and second types bear opposite
20 charges, couples or pairs of capsules form, one capsule
containing reactants which become bound to a capsule -
containing the matrix and, consequently, homogeneocus
distribution of the two types of capsules is statistic-
ally obtained in the mixture. The mixture is then left to
25 stand in order to demix the encapsulation products. A
further amount of solvent may be added so as to demix all
of the encapsulation products <faster. As the
encapsulation products they are disappear, replaced by
the fluid matrix, such that a very homogeneous dispersion
30 of the contents of the capsules of the first type remains
in the matrix. :

In step e), the solvent({s) is{are) removed,
generally by distillation under wvacuum, and the encapsu-
lation' products are removed, genmerally by filtration,

35 since they form crusts in the absence of solvent. The
final product obtained is a composite material consisting
of the fluid matrix in which the particles or droplets of
reactant(s) are uniformly dispersed: according to the
invention, the particles or droplets of dispersed reac-
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5 |5I ate can then be extracted fromthe enulsion, electri- cally
di sconnected and scraped, so as to obtain capsul es of well-determ ned
el ectric charge which consist of droplets of resin coated with the second

encapsul ati on product. 10 In step d) of the process according
to the invention, the encapsul ati on produet %of the capsul es of the first
type obtained in ' sof - tene u3|ng a solvent. The

e ) is referabl _
capsul es obt ai necF’f”er‘seBeﬂ"B') ave 5?%?%r%5|"yb? r%%ﬁeé"d" sPnEaRPheyTar e
generally nore 15 r esi Shansubjaet cap sthee simfenitiions ésoalisd e auingiosed i n

step c) are then ﬂ@%t@%@a&%ﬂ%%ﬁ?ﬁ oEEAixE@&' b‘&ertﬁe %P%ﬁ 58 UM ded

pl ace the capsules I n contact I ng, or Crushi em On account
of the fact that 3FCaphpracterigrd fig th%LFld’-EeGGH'&a't"?ﬁe§ REACIRHTS t e-

20 char gﬁ; 5 ﬁognim anﬁﬂstSn@foEQpﬂl};ﬁ& hAtFix edRtadfsitgea Qﬁﬁio@;ﬁélg
reactants 1 C cO a ap ta| | ng L
consequent |y, hom?"gegglggg% %8 |o§nélo15'?ah% tvv% t rgggtg‘(&:apsuﬁ%s i§
statistic- ally domiscddlenwikb Hh-%t gpédd %érn*xtm%eugaqwaéﬂmt &hes
st?nd Itn or dgr t Guigct tlaet eé}f@d ps.ubalhwanpwfﬁm éoixﬂéé:?@é W:.a@.; t
SOl ven may e a 0 agm a e sul ati,on products
f ast er. ﬂg&déﬁc?gpggﬁgfr ot pf ttg‘ﬁ W@g‘f’ré?‘ecaFg% %aﬁ' %2888 by
the fluid ma?t&u X BmOngiert hat one mlwmmgeheuwlcﬁq@@nrswgngsa- E‘oefn moge

contents of the 'c%ia&fl L Nenll rSivdoti@d ef@llih%é ”té hg ﬁ&hhln | 3a%t ep
e), the solvent(s ar.e) rermved eral I d tillagron ger vacuum
and the encapsu- H”'BFO(TUC?%IE’P novRY: “ ?iﬁ by f 1 H‘F t ®G,” 35

Si nce the_y form (nu;:;.tes o tlaa;ahaelosb afesdh.qutsed'mcnlqgmieqmsd.d‘uctsuch
obtained is a co g?g?; ;aktﬁeai%étaweﬁn psrtﬁ%uaégg%f 'ﬁ&éjt'lc%lsc;h

the particles or eact ant are uni |sperse accordi ng
to the invertd on °ft h%t p&PEAE| é%"%rr%ﬁ‘b'iﬁ%‘f%' ofRei §fe h cypdergoes a

modification under the effect of vary:.ng' an extermal
parameter, such as the temperature. The invention thus
covers a printing ink containing a polymer matrix homo-
geneocusly containing aggregates of two reactants, which

20 are solid in the same temperature zone, one of the
reactants giving a colorimetric signal when the melting
point of the other reactant is reached.

One embodiment of the invention, which will allow
it to be better understood, will be given below purely by

25 way of illustration and with no limitationr being implied.

In this embodiment, two solid reactants, namely
3-cyclohexylpropionic acid, which has a melting point of
17°C, and the disodium salt of erythrosin, a pH indicator
which is orange at pH = 3.2 and red at pE = 3.6, are

30 dispersed in a polyester matrix of tetrahydrophthalic
acid and of propylene glycol. The polyester used is
Uradil SZ253 G3Z-50 marketed by the company DSM; this
polyester has the appearance of a milky liquid, a viscos-
ity at 23°C of 9 to 14 dPa-s, a boiling point of 171°C at

35 101.3 KPa and a pH of 7.5 to 8.5.

To start with, the 3-cyclohexylpropionic acid is
ground at a temperature below 17°C; at this grinding
temperature, the said acid is in the form of crystals of
about 1 mm. The grinding is carried out in a disk mill



-9- tant(s) may have sizes of the order of a nanonetre. The subject of the
I nvention is also the conpos- ite material which may be obtai ned by the
process defined above, characterized in that it contains a continuous 5
phase consisting of a fluid matrix containing a honogene- ous dispersion of
at | east one reactant which is inmscible woth the said matrix. Mire
particualrly, the subject of the invention is the conposite materi al
defined above, | mothtbhgtat #asperdcofit A0St Hevdtiinonentdl pmotdsdesor

OnF P0|YFEV of |Q?hﬂnieii%é”bﬁ&ﬂ&lhbrdﬁ¥eaf”Drﬁaﬂﬁﬁééﬁéﬂd¥é %bt%ﬁﬁeB”Vﬁgz'OE
relates to a printi i nk_cont al ni ng a pol yne innuus ase_|n ic

par- ticles of réﬁcf‘gﬁtf%‘)"%ﬁ%nﬂl é%‘t%r%’rﬁ)g;éﬁ@ siem, sa ﬁcﬁ aﬁ"‘?’ﬁk‘r?ray in
parti cul ar cont aBinagghigh atags tod qmaxnécbscdn&ercmalay waght at pareéateant s,

one of whi chsundggggegfalgggi% under the effect of varying an
external paraneter, such as e te erature. The invention thus covers a

printing ink containing % FASeCYatg el fInet f&fBForesgonthpnsrgund
aggregates of twaci@aprapased WAb6e’lls HilrstsSixkd,N drithers as®1ld cappdat ure

zone, one of th c Lypn Lr gpﬁ! \ﬁ{;ﬁ h Liing
poi nt of the ot hgrEggelaé't?ia%xtS ?gggr‘e%’c egg%# eané’glaéé of golg"née |on
which will allowPYt the BemparyeclMegéeastdbl, this| was gPoEaine| eacpavkty by
25  way of 1pl | ughkatd &B;aalldaﬂbﬁﬁitnﬁ |t'r'1‘chd.bk3€tb?l€iﬂelzm)|alda‘éd l:nefbtes

enbodi nent, two soI| c nely -C hex opi gn i ch
has a nelting poth g]f T?:[e f’] "éf)‘d? %’éﬁ #agfﬁﬁsgi’ nm@a pH
i ndi cat or which $%°'0rm’gedata=m-l =t3 Qoqmd teggexatpres 3v=6=h akpcgeasing

d: spelrse%]i n aI p%?%t‘.@roﬂUziquﬁng.eigag¥d§(§£Z\mS%@d cevki%g gh%ngfﬁ& PERPY| ene
DS thi s pol yoebEPern St s AedraniE Br3 -8 1] iFiY Sl § UFSHBS: ATy u
23[err] C of 19 t cadidunmiPn, sqi.mtl wag pdided eluch7thekr ]:EeatSz@Sl migguBe KPa
and a pHof 7.5 {Qe8ined TRaSt A E1 Wi 4D tuﬁzéncmhebsxwtpr&mw §pR&ydli s
ground at a terrperature bel ow 17[err C,y grln mg
ubsequently, wh:.ch corresponds td a viscoszity of about
25 drPa-s obtained with 0.6 g of solvent per gram of wax.
When this first mixing is complete, 0.1 g of
20 disodium salt of ezrythrosin is added and mixing is
continued until a mixture which appears homogeneous to
the naked eye is obtained.
To carry out step b) of the process, the mixture
obtained is introduced, at room temperature, into the
25 tank of a simple-action sprayer of the "MSD" type. The
sprayer is fed at an absolute pressure of 10° pascals by
a flow rate of the mixture obtained above of 5 kg/h. It
consiste of a ¢ylindrical tower 12 m in height and 2 m in
diameter approximately, which contains in the top part a
30 spray nozzle which generates droplets with an average
diameter of about 1 pm. A first flow of air at 10°C is
introduced downwards upstream of the spray nozzle. A
second flow of air is introduced transversely by nozzles
in the middle zone of the tower, at a temperature below
35 17°C, with a flow rate of 100 m*/h. A third flow of air
at 10°C is introduced upwards at the bottom of the tower
with a flow rate of 100 m’/h. The sprayer is fitted in
its upper part with a frustoconical plate of approxi-
mately 360 cm’, negatively charged to 5 kV and intended



tenperature, the said acid is in the formof crystals of about 1 mm The
grinding is carried out in a disk mll - 10 - rotating at a speed of
20,000 rev/mn, until particles with a size of the order of a nanonetre are
obtained. It is not necessary to grind the disodiumsalt of erythro- sin,
whi ch may be obtained commercially with a‘pénltlcle 5 size of less than a

S i rst mixe, uder eehad) s, FERRTRR" et I8l Bl o8 sraPafRe 85,270

is first m xed, 1 oNs A Max?sS
tradename "M rror EREgR: Bylt He QbneRPEulemgpfiathe” £irkts tawe. c B o% nef

carnauba 10 waxXwhicBMedde amag-ai::.eélirr l&m &£t hykanec 1 ssidar ta&ereaa as

| t. To do thij th t d
fgo\r/r??enpe(r)atare Iévlr? ?n%?e%%?h%% n?%p%‘f %%dlaa‘fﬁl?ﬂg??g\%é %a‘?h?a?gtgg

with the acid® thebewbuht#®f acid added is 0.3 g of acid per 1 g of wax. An
15 anount of solvent wags ri:USEdﬁ*'@i tihg bieNghe Modadi »OBb 2 B8 PaS @

fluidity which.allo to be s raye ubsequentl whi ch corresponds _to a
viscosity of about® g@”’%‘#—"aa% Stin T?ECFvﬁ’ htIEeGSif‘%fz%’bI%n’cnp%?e%r%}n%‘F dwax.
Wien this first nix?ng ¢% tooghlereetBylegecir@lintrbdiedd)masakt tehpera-
erythrosin is add n b opt tyuge [ ars
honogeneous to thg‘gﬂﬁ gg”l?/eé‘?ni%%g 3 hgygg EBLALLQ%”LéSEE 0%? SPV?!E‘&?

process, thetfi xt thES BHEFIEY 8 Pﬁ‘t‘?éﬂﬁté‘ﬂ far ?od‘t‘h t%rﬂa’é%ﬁﬂfr emtidk At he
25 tank of a sidghposicticm emeyerapﬁeatx’fbe hobbhehypss the awa;g-@ |§sfed

oo vk svove orSSSHRe! 1M oS Bt A LG HE
and 2 min dianet2rk ‘ép‘ﬁ’eﬁ@ nit'é?%ta?mmhl% emsas ndeserikasd p%ﬂt"'&e%
spray nozzl e whi ol fedserdd €5 g idfux "W Ltﬁmga&eaﬂﬁag@edhameﬂ ofvebes 1
Eﬁ;r ]s[)nr a? I\l)fz'ilt efé%&f)}ch%pte 3 EH)JSPIr rﬂt]/%a'r%glrg.tpgo%uagd 1% ernqsz.mBSt rec?m of
three times £for 5 seconds each into the emulsion
obtained. The positively charged droplets are drawn to
the plate and become deposited thereon with some of the
wax. Capsules of the second type which are all positively
20 charged, formed of wax surrounding droplets of fluid
matrix, are obtained by scraping the plate.
In step d), 2 g of capsules of the first type
obtained during step b) are introduced into a vessel
fitted with a slow (30 rev/min) rotary stirrer and 0.2 g
25 of trichloroethylene is added. After stirring for 2 to
3 minutes, the mixture is left to stand for about 20 min-
utes, so that the walls of the capsules becomé softened.
4 g of capsules of the second type obtained in step c¢)
are then added and the mixture is stirred very slowly
30 (30 rev/min) for 2 to 3 minutes, so as to place the two
typeé of capsules in contact without crushing them. The
softened capsules containing the reactants and the
capsules containing the matrix are electrically drawn to
each other and become further bound to each other by
35 means of the fact that the wax in the reactant capsules
is softened. The mixture is left to stand for about
3 hours: some of the wax demixes. An additional amount of
1.5 g of trichloroethylene is then added to dissolve the
wax and make it demix completely. After 36 hours, the wax



second fl.ow of air is introduced transversely by nozzles in the middle zone
of the tower, at a tenperature bel ow 35 17[err]C, with a flow rate of 100
nmMerr]/h. Athird flowof air at 10[err]C is introduced upwards at the
bottomof the tower with a flowrate of 10 gferr]/h. The sprayer is fitted
inits upper part with a frustoconical plate of approxi- mately 360
cnferr], negativehashadis)edrpletely aspatrateddmtt. to exclude the risk of
expl osion by el ectrostatiy dis-_charge ) apsul f jo I

type, 92 % of which ‘arel%egg?feelma' cﬁ%%gisd&vojeﬁtg @% I%getﬁe)drte%lsvmtih?y
sprayer outlet. THeldardopesodavevacpums | FrE SFystafare fopeed. MWhigh |m
To perform step Jan be rimdvied byr adiceenRaly eht6tghestfeshabeven 2 .wedh Of

t he sane wax &s i&zsteg a) dt%' %12%’ of trichl o%oecwyl ne are 'bntr due%ed,
at a tenpera-°ture®t 15[ art] Coi T xEProtatThg at 15.000%FeViTih; 10
this mxture i s caplacdededyf she2liquid mohymer matitiixaasohpodemives ntikeh
appears honbgenebingddilthe B¥CetiaObbBtREHedAckadistiselét FPt&bnPimidus
negatively chargeq to 5_kV ugi a ﬁolta e multi hl er as_.descrihed.in
"Tech- niques de PP3SfyeAPENF ?%ngf‘ Ber® chRrGEES], SRS ufaids phase

E3I 11/ chapter E33®ht4/iginggr aph 4d28persedhefiormnerselid hrpertidlmss dfor 5
seconds eacfy '@-%yél{&%ex?@kéb?ﬁﬁfgt alded. 2He BeS| hi¥shYuhhatded of

droplets are drawn t e plate and becone deposited thereon with sone of

t he wax. Capsul esergft%t"‘ﬁé"?eEGﬁHe‘?yb% IFFTIF2LSF al | positively 20 charged,
formed of wax surroundi nghenoghet 2omboklitedpratduck, iar dealted red abytem-
scrapi ng the pla I t , P f:i t.al ned
during step b) afpgeﬁar%f%dgg%ggilr?%(g'qaq\}gge@%ﬁ%eg‘é’lﬁ}?ﬁlghz%o%vg?gﬁe% m n)
rotary stirrer af®d. 22ge2shoragFeeItOr GodrPrdE PE Badker RFIBHCSHRYS ng
for 2 to 3 nmisut Evrmiekde cdmesuLatbScbthct owstRNEhé osobd ipaPlidlidks)utess, SO

that the valls OfuddicSaBtheS,PRPOUF 301LEDSShA todathetalothonad’ SR

second type obtained 1nh ste 03
aggregate. The composite then becomes a uniform orange

colour. When the temperature is lowered to below 17°C,
the 3-cyclohexylpropionic acid resolidifies and the
20 colour disappears.

When it is applied to an object, for example by
printing, the composite prepared thus makes it possible
to check visually whether this object has a temperature
above or below 17°C. . '



are then added and the mixture is stirred very slomy 30 (30 rev/nin) for

2 to 3 mlmﬂmum | ace the two types of capsules in contact w thout
crushi ng muam mgd capsul es containing the reactants and the
capsul es cdonfai ki the*matrix are electrically drawn to each other and

become further bound to each other by 35 ~ rfeans of the fact that the wax

In the reactant capsules is softened. The&éﬁére Is left to stand for
about 3 hours: sorile of the wax dem xes. A i onal ampunt of 1.5 g of
trichl oroet hyl eneti*s t hen® R00RRF foTohevagoRePREL 3L speFsinncat (Lapak gne

conpl etely. After r@@chents int he flmid matriz,- qHaaetiegiceapiet ehytsengtat ed
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consi sts of a conglpyoys e po r i X, e sai, ase
containing, in di g’%g#sgdsggg’%}? Ls%‘fa{‘%‘b%ﬁ%ﬂ e&%‘#“nc%o @'&cl‘(?h@mﬁ%g?'gni c
acid and of di sodFifRsdife ofizsti hkbesa powe ettybrsagdi eqmpesles\hbrarieg
conposi te product elecBess céhifyds t &1 osﬁeaiuéepakeayft%,? [esél gap%'lﬁ'fes of
3-cycl ohexyl REOPI EpLC aC|td r;el ts and Jn{g%{h gggre ate, a droplet of

mol t en product thuec15"7 JRST 25ReSoRhARe SCECRFER YRR pad FRee(s)
of the di sodi um sfirsbfand welerpdi encapswlateibn pricdecsaner agmgaid soThe

conposi te then beggneseaidnhf QbihokARYCRGRLAYLT M\bﬁgiwfnaé e@PeFQ%P?fu'i&
| onered to below 17[etr] C, .t he 3-cycl ohexyl proE)l oni c acid resolrdifies and
the 20  col our dPF& ﬁ{)’éa‘fi‘ft g £hpsTappFrRE (b i bogegerecrsr digmaPt e by

printing, the conpbemrtfopmepared thus makes it possible to check visually
whether thisighjegt has sl aldidtding to Claim 1, characterized in
that it includes the following steps:
a) the reactant(s) is(are) mixed with the first
encapsulation product and, optiomally, with a first

solvent for the said first encapsulation product which is
20 compatible with the said reactant(s), so as to obtain a
pulverizable mixture,

b) the mixture obtained is sprayed so as to
obtain capsules containing the reactant(s) and, among
these capsules, the capsules of the first type having an

25 electric charge of determined polarity are selected,

c¢) the fluid matrix is emulsified in the second
encapsulation product, optiocnally in the pre.sence of a
second solvent which is capable of dissolving the said
second encapsulation product and which is compatible with

30 the fluid matrix, until matrix droplets of the desired
size are formed in a continuous phase consisting of the
second encapsulation product, those droplets of the
emulsion which have an electric charge of opposite
polarity to that of the capsules of the first type

35 obtained in step b) are selected, the said droplets
constituting the capsules of the second type in which the
£luid matrix is encapsulated in a coating formed from the
sacond encapsulation product,

d) the walls of the capsules of at least one of



above or =13 - CLAI M 1. Process for honobgeneously
di sper si ngﬂ“mmgmﬂﬁm&uggmt ant in a fluid matrix, characterized in that
cap- sul es*0f ca containing the reactant(s) are 5 prepared with
a first encapsul ati on product and capsul es lof a second type containing the

fluid matrix are prepared with a second encapsul ati on product which is
conpatible wth tdife f twst £yb88SSbtEAnbYP &S ogtg%psgl)esa,{}pa&j NARBLEC et
char ges of opp05|J°e£tt)eoI of 1 the two types are

rity, the ul e . 3
conbi ned by el ectTtc &% 1o Pgnaaﬁgggaes?iYE?ta“’d‘%’%c%ﬁocmweaﬂ%
products are renmidedensstaoneoofbthientwocenpagstbattderpmddwmyisi sindighaf t he
fluid matrix contmicitigpelsh@ e Q@?ts@aggsgrgnmg%gggggggﬁﬁe i §gerah-s féop{éognqr m
c at i

15 2. {ro ess agcordin fo Cdaiml, aractérized int
i ncl udes t he ¥ ol I'0WHg %tee’p%‘%&éjc pRETpesiPANtRRY crEERLEF Af &Apahank (She
first encapsul at iamd hhedsapsadds ojft iflndkl yhataiibkh i fa redntiolusnt ghaset he
said first encapygnalisednlr C i S conpat ible with the said
reactant (s), so as t%hgg?gi gﬁg %ﬁ}l\’{\}ee(r;ig%ab?%gmoft u"[r’% 53 °t HEFRRE A on
obtained is spraPE@Gtas to obtain capsul es containing the reactant(s)
and, anong these capsul es} ttite capsi-dse () t hifs (ddedt RRVi2AVI RG4aN cBa

el ectric chgrge ] | 1 re.selected, c) the fluid matrix is
enul sified ?‘n t h%%g%@%ﬁ%%ﬁ%%p&ﬁﬁlogdlcotyn(sgr oéﬁg?,"e&pt?%ga’ﬁw n #’r‘?@‘ p %gence
of a second sol vBAKERRRcRPE3LRedabhe s§RPdidds0lsE e t e ehtadimesoddquid

encapsul ation prpdligheANdmakkic€R | LaCOoRRAtd| eeMbt hrdQceahBesf | Uisd (ABLS T X,
until matrix droalm%§egf ‘Esh%ad Si red(?# ze are fornmed in a continuous phase
consi sting of the se Sna &t p PSS ‘product, those droplets of the

emul si on which hdve an cPxeqesds adeonping toppemisther of Claims 1 and 2,

1s characterized in that the fluid matrix consists mainly of
at least one polymer containing, in its repeating unit,
a cycloaliphatic, cycloalkenyl or aryl group.
4. Process according to Claim 3, characterized in
that the fluid matrix consists of a polyester of an acid
20 containing an aryl group in its main chain and of an
aliphatic polyol.
5. Process according to one of Claims 1 to 4,
characterized in that at least two reactants are used
which are capable of reacting together by means of a
25 modification of at least one of the reactants under the
effect of varying a determined parameter.
6. Process according to Claim 5, characterized in
that two reactants are used which, in the same tempera-
ture zone, are in solid form and which come into
30 reactional contact with each other when one of the
reactants reaches its melting point.
7. Process according to Claim 6, characterized in
that one of the two reactants is an acidic or basic
compound and the other reactant is a pE-indicator product
35 whose appearance or colour changes when the pE is
changed. '
8. Process according to one of Claims 1 to 7,
characterized in that the first and second encapsulation
products are water-insoluble and identical.



poI arlty to that of the capsules of the first type 35 obtained in step b)

are sele oplets constituting the capsules of the second
type in m !U“ﬂ mmm trix is encapsulated in a coating fornmed fromthe
second e ct, d) the walls of the capsules of at |east one

of - 14 - the two types obtained in stlépz's5 b) and c) above are softened

using a third sol ent V\/m ‘(tjb"lﬁi ng%r&)ixggwttoh gﬁel egst PQfmé’f a_t hg t

encapsul ati on pro lct s, capsul 6s are m xe toget so
as to com 5 bi neChBya‘éF%%’é#% a-tﬂtra?@ﬁ’-'on t%e%ﬁ?ﬂ%%tmnrmm%ﬁ and

the capsul es of th'(QrSﬁthdﬁehnfﬁoﬁQfﬂé FRuP BBIHEd N WakesNOfHttytadid@ast
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renoved and the"10° enca atio pro%ifuct’fps]) I's~(are Separated from
the mxture oBtai #8ed in SR‘E‘IFQ’)S 36763055‘-199‘ St Fhaimg |9.qurhrgassprdzeddey | x

in which the reaaeame( %hcapaﬁi@iﬁan W&QGN%& diasmrsedeq% narrow
Process according_to_eith

of ¢l ]ﬁr ﬁ %1 ar act Zx:ﬁd | t,hat
the fluid matrix B%ﬁ?fsﬁaan?al ﬁl?/ %‘fl’%ﬁ B £58n cﬁb’r‘ﬁrﬁ?f‘g(?o Pt 77 J‘idn its
repeating unit, arangedsyipirting, tbectempeentykrer aryl group. 4.

consists of d'pé‘?l%é’t o s MRGERLLET Lo T 2"tk in

mai n chain aﬁa (}ﬁ%ﬁ 5 PESB G} olth%reactanbf cés’sfia\éﬁbr%’r'%%“{ (r§°6'ﬁ‘e of
Clains 1 to 4, chaoa%tmrtz:ed-q sickabfaleseathan o ymeact ants are used which

are capabl e of regsting tHGRINAG aB¥oRBEAg 5 81lber mctufaasat 1200 131,
| east one of t he reacg s under_the effect of vaﬁg ng eterm nea
par amet er . s SgYETRHi AAF52RFEi AFS e ﬁé‘a‘f&&rﬁ'ﬁe hdB two

reactants are usethati ¢h, sicept e, sde tmamyants are introduced succes-

15 sively into the encapsulation product.

13. Process according toc omne of Claims 2, 11 or 12,
characterized in that in step b} of the proceass, or
spraying is carried out by a sprayer fitted in its upper
part with an electro-statically charged member.

20 14. Process according to one of Claims 2 or 11 to 13,
characterized in that in step ¢), an electrically conduc-
tive plate bearing an electric charge having the same
polarity as the capsules cbtained in step b) is immersed
into the emulsion and the plate is scraped to collect the

25 capsules of polarity opposite to that of the plate.
1s. Process according to one of Claims 2 or 11 to 14,
characterized in that in step e), the first and second
encapsulation products are removed by filtrationm after

extraction of the smolvent(s).

30 1s. Composite material which may be obtained by the
prccéss of one of Claims 1 to 15, characterized in that
it contains a continuous phase consisting of a fluid
matrix containing a homogeneous dispersion of at least
one reactant which is immiscible with the said matrix.

35 17. Composite material according to Claim 16, charac-
terized in that the matrix contains at least one monomer
or one polymer of low molecular weight.

18. Printing ink comprising a material accoxrding to
Claim 17, characterized in that it contains a polymer



ture zone, are in solid formand which cone into 30 reactional contact
with emﬂ‘ﬁﬁ‘“ﬁ‘“@“ﬂl”ﬂ'e of the reactants reaches its nelting point. 7.
Proces &lai m 6, characterized in that one of the two
reactant's fs ‘an '&ci’di ¢ or basic conpound and the other reactant is a
‘pHi ndi cator product 35 whose appearance or colour changes when the pH
is changed. 8. Process according -t&%me of Clains 1 to 7,
characterized in that,  the first and second, encapsul ation prgduct are

wat er - i nsol ubMREHidc | BRFegeRgously copfaining aggrégatRs, 2 aéEorsitﬁar?d" to
one of C ai ns twd ardactitsct whiickdarse igadiid hin ethapsamat itamparatueis(S) S
(are) chosen from the group..forne xes. .f-atty i.d. S

pol yesters of ﬁroé{/vg'noqneegu?%rt%iﬁﬁggp%ng@lg?"ngs rggggg”%?g%rlgi %grl%?gla aim
9, charact eri »&en rrhehaelitiage pedpsubdt the ptbeacreartaas (savepchedary
narrow pasty range on passing fromthe liquid range to the solid range by

varying the tenperature. 11. Process according to Caim 2,
characterized in 10 that before step a), the reactant(s) is (are) ground
down to a particle size of less.than 1 [err]m 12. Process according to

either of Clainms 2 and 11, in which several reactants are used,
characterized in that in step a), the reactants are introduced succes- 15
sively into the encapsul ati on product. 13. Process according to one of
Clainms 2, 11 or 12, characterized in that in step b) of the process, or
spraying is carried out by a sprayer fitted in its upper part wth an

el ectrostatically charged nenber. 20 14. Process according to one of
Claims 2 or 11 to 13, characterized in that in step c), an electrically
conduc- tive plate bearing an electric charge having the sanme polarity as
the capsul es obtained in step b) is imrersed



info the emulsion and the plate is scraped to collect the 25 capsul es of

polarity opposite to that of the plate. 15. . Process according to one of

Claims 2 or 11 to 14, characterized in that in step e), the first and

second encapsul ation products are renoved by filtration after. extraction of

the solvent(s). 30 16. Conposite material which may be obtained by

the process of one of Cains 1 to 15, ngized in that it contains a
r1Xx

conti nuous phase consisting.of a flui cont.ai-ni ng_a _honogenequs

i sper si on of PROGRER (FaR HOMRERERUIHY (AL FRERSTNG CAS) BEASE ONFo REACa

matrix. 35  ¥FANT IN GO/RLUID MATHIX, admﬁmnbm tcm'ﬁlmzn.w char ac-
terized in that the rrq:(ﬁ?lx cont |ns at Least Q nqQIer Qne gol yer of

| ow ol ecul ar wei ght presﬁ nﬁnﬁﬁn R=c S a'i"-'asng a ?‘ra?g? A accordl ng
to Claim1l7, temogeredusdy dispexsing atnleaat eneateactant in B6Lfluddtri x

hormgeneous! y paaayg) it AN AOREE 25 BhakCRpdiad GE1 ANkSrgbhbghear e

solid in the sane terrperature Zzone, one o the“reactants giving
colorimetric SPgtainimeh Ehe mEActaPtISInt 258 MRERATRG WaSht aﬁlt fP-§5t

reached. encapsulation product and capsules of a second type
containing the £fluid matrix are prepared with a second
encapsulation product which is compatible with the firset,
these two types of capsules bearing electric charges of
opposite polarity, the capsules of the two types are
combined by electric attraction and the first and second
encapsulation products are removed so as to obtain a .
composite material consisting of the fluid matrix con-
taining the reactant(s) in homogeneocus dispersion form.
The present invention also relates to the products
obtained according to this process.



