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The invention relates to a process for microencapsulating hydrophobic 
oils with colour reactants of colour reaction systems dissol\'ed therein, 
a cationized melaJDine/formaldehyde precondensate being precipitated in 
ultra-fine suspension from its acid aqueous solution accompanied by 
vigorous stirring and by modifying the solubility conditions, said 
suspension is mixed under vigorous stirring with a hydrophobic oil 
containing the colour reactants in dissolved form, the oil-in-water 
dispersion obtained is acid-adjusted and an aqueous solution of a water-

~ soluble, non-ionic melamine/formaldehyde precondensate is added, accom­
panied by stirring, for forming the microcapsule envelope. 

Many different processes are known for the microencapsulation of hydro­
phobic oils, particularly with colour formers of colour reaction 
recording systems dissolved therein. The thus obtainable microcapsules, 
which as a rule contain an oily hydrophobic solution of the colour former 
(a homogeneous substance) are generally applied in conventional ~anner 
to the underside of a sheet of paper, the CB sheet. The latter can be 
brought into contact with a so-called CF sheet, in which the surface 
facing the CB ~heet is coated with a reactant which is acid for the colour 
former. The acid reactant can e.g. be an acid-treated clay, such as • 
montmorillonite clay, or also a low molecular weight phenolic resin, 

~· such as a phenol formaldehyde novolak resin. If the acid reactant is 
an acid compound soluble in oily hydrophobic liq~ids: then it can also 
be encapsulated. During the printing process, the said capsules are 
crushed by the printing types. Therefore the reactants come into contact 
with one another and supply a coloured character on the CF sheet. The 
two colour reactants can also be applied to the surface of a single sheet 
in order to obtain a so-called autogenic system. It is then recommended 
to encapsulate both reactants, if the acid reactant is soluble in the 
oil, in order to prevent an undesired premature reaction of the reactants. 

For the production of capsule envelopes of microcapsules provided for 
duplication purposes in colour reaction systems, numerous encapsulation 
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processes are known. They are e.g. based on the use of gelat~n coacervat'e~ 

1 1 d . 1 f \t'. d po yisocyanate, po yami e or aminop ast systems. The a oremen .1P~~ 

process is based on an aminoplast system, in which a water-solub 
,...,.._r'r'l 

ionic melamine/formaldehyde precondensate is reacted with a water-soluble 

polymer reactive therewith, accompanied by the formation of the capsule 

envelope. Increasing significance has been attached to this process 

of late. It can be relatively easily controlled and takes place under 

comparatively mild reaction conditions, so that even very sensitive colour 

formers remain undamaged during the reaction. 

EP-A-188 807 describes a process of the aforementioned type 

~ in detailed form. This process leads to a particularly ~table oil-in­

water dispersion, in that the aqueous solution of a cationic melamine/ 

formaldehyde precondensate and that of an organic polymer are mixed, 

accompanied by vigorous stirring, in order to bring about optimum· turb­

ulence and the exclusion of disturbing laminar conditions. As a result·, 

the originally dissolved, cationized melamine/formaldehyde precondensate 

is separated in ultra-fine suspension in the presence of a water-soluble 

polymer. These ultra-fine suspended particles leads to a particularly 

favourable stabilization of the oil-in-water dispersion, in which the 

capsule envelope is formed by condensation reactions with the water­

soluble non-ionic melamine/formaldehyde precondensate as the main reactant • 
• 

The process described in EP-A-188 807 - - is, as already stated, 

based on the use of a water-soluble polymer in t~e first process stage, 

which interacts with the cationized melamine/formaldehyde precondensate 

and thereby brings about the precipitation of said melamine/formaldehyde 

precondensate in ultra-fine suspension. It is to be assumed that this 

interaction is based on the presence of suitable and in particular 

Zerewitinoff-active hydrogen atom-carrying functional groups_ in the 

polymer. Such functional groups, which react with the melamine/formal­

dehyde precondensate, have long been known and,in particular,include 

acid,amide,amino,imino,ester, ether, hydroxyl,urethane,thiol or mercaptan 

groups. P·referred exam?les of such polymers are polyvinyl alcohol, 

gelatin and maleic anhydride copoly~ers, particularly ethylene/maleic 

pt a 
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anhydride copolymers or styrene/maleic anhydride copolymers. Particular 

preference is given to acrylamide/acrylic acid copolymers, starch, cellu­

lose derivatives such as carboxymethyl cellulose (CMC) or hydroxyethyl 

cellulose (HEC), alginates, such as sodium alginate, polyurethanes and 

polyethylene oxide. The acrylamide/acrylic acid copolymer has proved 

especially advantageous as a water-soluble organic polymer in this 

process, but constitutes a significant cost factor in the overall process 

of EP-A-168 807. 

According to _: EP-A-188 807 it is not possible to do without 

the aforementioned water-soluble organic polymer during the precipitation 

\......' of the previously cationized melamine/formaldehyde precondensate. 

However, it has surprisingly been found that the need for the water­

soluble polymer can be obviated by using a cationic or cationizable 

melamine/formaldehyde precondensate which is water-insoluble in the weak 

acid, neutral and alkaline range, which is only soluble by protonization 

in a significantly acidified aqueous medium and by raising the pH-value 

of this relatively acid aqueous medium by adding Bronsted bases, accom­

panied by vigorous stirring in which optimum turbulence is obtained 

whilst excluding disturbing laminar conditions, to the extent that this 

specific melamine/formaldehyde precondensate is precipitated in ultra­

fine suspension. • 

Therefore, the present invention relates to a process of the aforementioned 

type which is characterized in that1 for stabilizing·the oil-in-water 

dispersion, the pH-value of the acid aqueous solution of a cationized 

melamine/formaldehyde precondensate which, in the weak acid, neutral 

and alkaline aqueous use range is present in insoluble cationizable 

form, is raised in the absence of water-soluble organic polymers by 

the addition of Bronsted bases and accompanied by vigorous stirring to 

such an extent that the cationizable melamine/formaldehyde precondensate 

is precipitated in ultra-fine suspension as a result of the modified 

solubility conditions. 

Thus, the essence of the inventive process is based on the use of two 

different melamine/for~aldehyde precondensates, ~hereof one, namely the 
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~· water-insoluble cationizable melamine/formaldehyde precondensate is 
precipitated under the described conditions in ultra-fine suspension 
and whereby said suspended particles are the reason for the particular 
stabilization of the subsequent oil-in-water dispersion or emulsion. 
The further starting materials and process parameters are subject to 
very wide fluctuations within the scope of the known procedure based 
on the condensation reaction of melamine/formaldehyde precondensates 
and ,in particular, based on the process known from . EP-A-188 

807. Thus, the following description only covers a preferred procedure 
with respect to the generally known process quantities. 

~ Of importance for the inventive process or for the stabilization of the 
oil-in-water dispersion or emulsion, in which is formed the envelope 
of the microcapsules, is a cationizable melamine/formaldehyde precond­
ensate which cannot be dissolved in water in the use concentration range 
described hereinafter. Thus, it is a cationizable melamine/formaldehyde 
precondensate which is not soluble in the neutral pH-range and above, 
and in particular at a pH-value of approximately 5 and above in water, 
so that the ter::n "water-insoluble" can be used. This term 1\:ater­
insoluble11 is completely adequate to enable the Expert to realize the 
present invention. This or comparable terms are used in the relevant 
chemical reference works, i.e. not only "water-insoluble", but also 
"slightly water-soluble" and the like, as can be gathered e.g. from 
D'Ans Lax, "Taschenbuch fiir Chemiker und Physiker", vol. II, Org. 

\..,./ Verbindungen, 1964, pp.2-57. 

• 

In order to dissolve the water-insoluble cationizable melamine/formal­
dehyde precondensate to be used for the purposes of the invention and 
to thereby convert it into its cationized or protonized soluble form, 
it is preferably introduced into a relatively strong acid solution, e.g. 
a solution with a pH-value of approximately 3.5 or less. At this pH­
value and below, a solution can also be kept for a long time. If the 
pH-\·alue is raised to approximately 3.5 to 4.5, then the stability 
decreases, because the electrostatic repulsion is increasingly removed 
by the withdrawal of protons and a self-condensation occurs. If the 
pH-¥alue is raised to approximately 4.5 and in particular to apprcxi~ately 
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~"· 5.0 and above, this leads to a substantially quantitative 
of the ~ater-insoluble cationizable melamine/formaldehyde 
Within the scope of the present invention, the pH-value is appropri 
raised as rapidly as possible so that the originally dissolved cationized 
melamine/formaldehyde precondensate is precipitated without any self­
condensation, whilst making use of conventional Bronsted bases. 

It has surprisingly been found that, with the aid of an ageing process 
of the acid aqueous solution of. the cationized melamine/formaldehyde 
precondensate, an excellent control mechanism for the oil droplets or 
capsule diameter is provided. On using unaged freshly-prepared solutions 

l_., for forming the precipitate stabilizing the emulsion, then capsules with 
a relatively small diameter are obtained. Conversely,capsules with a 
much larger diameter are obtained if the precipitation process stabilizing 
the emulsion is carried out with a solution of the cationized melamine/ 
formaldehyde precondensate aged for several hours. 

When reference is made to 11Bronsted bases", this covers the standard 
term by definition. Thus, they are compounds which are able, through 
the addition of protons, to adequately raise the pH-value for precipit­
ating the melamine/formaldehyde precondensate. The Bronsted bases can 
be constituted by virtually all known bases, obviously excluding those 
which impair the capsule wall formation mechanisms. Of particular adir;an­
tage are the standard aqueous solutions of bases and,in particular, the 

\.....;- aqueous solution of sodium hydroxide or potassium hydroxide. _ 

The precipitation of the specific water-insoluble, previously cationized, 
melamine/formaldehyde precondensate is not in itself adequate for the 
purposes of the invention and instead said precipitation must be accom~ 
panied by vigorous stirring. An explanation of what is meant by "vigor­
our stirring" has already been given in the discussion of the prior art 
in _ EP~A~l88 807 • Detailed comments will be subsequently 
provided. Vigorous stirring ensures .that the cationizable melamine/ 
formaldehyde precondensate is precipitated in ultra-fine suspension. 
Only in this form is the precipitation product suitable for bringing 
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c_, about dispersion stabilization in the subsequent 
·'· -~ 

As a result of the described procedure, i.e. through the rapid raising 

of the pH-value accompanied by vigorous stirring, the melamine/formal­

dehyde precondensate originally dissolved in the acid medium is now 

precipitated neutral. In the case of optimum realization of the inventive 

process, its particle size is between approximately 0.1 and 1.5 micro­

meters. If the precipitated melamine/formaldehyde precondensate particles 

are in this size range,· then during the further process sequence they 

lead to a particularly marked stabilization of the emulsion obtained 

by adding the hydrophobic solution of the colour former or some other 

reactant. When performing the invention for achieving the sought emulsion. 

stabilization, the melamine/formaldehyde precondensate marketed under 

the trade name Madurit MW 150R has proved particularly advantageous. 

Various requirements are made on the nonionic melamine/formaldehyde pre­

condensate. It must firstly be water-soluble and must also have a reduced 

self-reactivity. The reduction of the reactivity can be brought about 

by an at least partial blocking of the acti~e methylol groups, suitable 

processes being known (cf. Kunststoffhandbuch, Vol. X, Duroplaste, p.li3). 

Thus, the desired reactivity of the nonionic (oligomeric) melamine/formal­

dehyde precondensate can be adjusted by partial methylation. European 

Patent 26 914 describes a product containing e.g. per mol of melamine, • 

5.25 mol of formaldeyhyde and 2.3 mol of methylether groups. These 

requirements are essentially satisfied by th~ commerc.ially available 
R . 

products Madurit MW 112 of Cassella AG (cf. "Kunstharze Hoechst, 

Technisches Merkblatt" September 1982 edition), BC 336R of BIP Chemicals 

Ltd and Resin 42 - 91R of Rousselot GmbH. 

Through reducing the reactivity of the nonionic melamine/formaldehyde 

precondensate, it is ensured that the encapsulation process does not 

take place too rapidly. This forces back or even avoids an undesired 

agglomerate formation or the floccu_lation of larger particles. During 

the subsequent printing process with the correspondingly produced printing 

paper, agglocerates or larger particles lead to disadvantageous phenorne:ia, 

such as unclear script or ~riting. ~onionic, methylated melamine/ 
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formaldehyde precondensates of the aforementioned degree of methJ' ·,..~1• /~."··;> 

generally have the desired reactivity and are therefore preferred ~'gJ:lltn-0.,-:-.. '.,'~:YY 
the scope of the invention. However, for the purposes of the invention, 
it is also possible to use varyingly reactive nonionic melamine/formal-
dehyde precondensates. It can be advantageous in individual cases to 
control the reactivity of the available nonionic melamine/formaldehyde 
precondensate, which can be brought about by adding formaldehyde. The 
use concentration of the aqueous solution of the nonionic melamine/formal­
dehyde precondensates is preferably at.the. high concentration of approx­
imately 20 to 40% by weight and in particular approximately 30% by weight. 

The special water-insoluble, cationic or cationizable melamine/formalde-
hyde precondensate used within the scope of the invention differs, as 
shown hereinbefore, from the nonionic melamine/formaldehyde precondensate 
with regards to function during the performance of the process. ·The 
water-insoluble, cationizable melamine/formaldehyde precondensate in 
the precipitated form mainly serves for emulsion stabilization, whilst 
the latter builds up the capsule wall. ~'hereas in the case of the non­
ionic melamine/formaldehyde precondensate the reactivity is reduced to 
an optimum value, e.g. by methylation, it is comparatively high in the 
case of the cationizable melamine/formaldehyde precondensate. The active 
methylol groups of the cationic melamine/formaldehyde precondensate 
consequently preferably have their full reactivity and are not blocked, 

• 

~ e.g. by methylation. It is therefore preferably substantially free from 
methylol ether groups, i.e. it is not partly methyl~ted, etc. 

The concentration of the cationizable melamine/formaldehyde precondensate 
in aqueous solution is, in the case of standard commercial products, 
generally in the range approximately 2 to 12% by weight, preference being 
given to a value of approximately 4 to 8% by weight and especially approx­
imately 8% by weight. As stated, the pH-value thereof is preferably 
approximately l.5 to 3.0. The solution e.g •. contains approximately 1 
to 10% of acids (such as e.g. formic, hydrochloric, sulphuric or phos­
phoric acid). 
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constitutes a hydrophobic material which is inert with respect 

i.e. it is substantially insoluble and not miscible with water. 

solubility can be ignored. Preferred examples of oils, which can be 

inventively used as solvents for the colour reactants are in particular 

partly hydrogenated terphenyls,chloroparaffins,alkylated diphenyls, 

alkylphthalins,diarylmethane derivatives,dibenzyl benzene derivatives, 

alkanes,cycloalkanes and esters, such as phthalates,adipates,trimell­

itates and phosphates. 

It is possible to use many different colour formers described in detail 

\,,,...-' in the literature for dissolving in the hydrophobic oils and for encap­

sulation, examples being lactone,phthalide,fluoran,diphenylamine,spiro­

pyran,auramine>phenothiazine,aminophenyl pyridine and amino diazaxanthene 

lactone derivative, particularly crystal violet lactone and N-benzoyl­

leucomethylene blue. 

When performing the invention, it has been found that particularly 

favourable capsules are obtained if a water-soluble macromolecular 

substance is added following the formation of the suspension of the 

precipitated cationic melamine/formaldehyde precondensate. This addition 

should be terminated at the latest as the wall material forms. The term 
• 

"water-soluble macromolecular substance" is based on the definition 

known to the Expert. This macromolecular substance can therefore be . . 

the water-soluble organic polymer described hereinbefore in conjunction 

with the discussion of EP-A-188 807. 

The function of the vater-soluble macro1:1olecular substance is that the 

undesired agglomeration of the microcapsules formed occurring in indiv­

idual cases is preventable. Water-soluble macromolecular substances 

fulfilling this function are,in particular, inorganic ~acromolecular 

compounds, such as e.g. water-soluble polyphosphates. On using the water-

soluble organic polymers described in .EP-A-188 807. · for prev-

enting agglomerate formation following the formation of the af orernentioned 
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stabilizing suspension, ~nly a comparatively small amount is required, 

which is economically very advantageous. Thus, there is e.g. preferably 

only approximately 0.5 parts by weight of said compound group for approx­

imately 0.05 to 1.5 parts by weight of water-insoluble cationizable 

melamine/for~aldehyde precondensate, which also applies with respect 

to the other ~acomolecular substances which can be considered. Thus, 

the quantity is much lower than that used in the process of EP~A~ 

188 807 tn the first process stage of forming the suspension of the 

precipitated, cationizable melamine/formaldehyde precondensate. The 

addition of the organic, macromolecular compounds is excluded in the 

first process stage (suspension formation) within the scope of the present 

\_,.; invention, because it is already referred to in EP-A-188 807 

although not in connection with agglomerate formation, but as a necessary 

measure for·precipitating the cationizable melamine/formaldehyde pre-

condensate. 

The aforementioned, but not absolutely necessary water-soluble, macro­

molecular substances are e.g. used in an approximately 2 to 15% by weight 

aqueous solution, particular preference being given to the range approx­

imately 5 to i% by weight. This can take place by normal stirring-in. 

The indicated concentrations are dependent on the type of material used 

and can consequently fluctuate correspondingly. 

The last-mentioned concentrations in particular apply to an acrylic acid­

acrylamide copolymer (comprising approximate~y 20 to.50% acrylic acid 

and approximately 80 to 50% acrylamide with a molecular weight of approx­

imately 200,000 to 800,000). Excellent results with regards to storage 

stability and migration resistance for the microcapsules obtained are 

obtained with a water-soluble copolymer of approximately 30% ac·rylic 

• 

acid and approximately 70% acrylamide groups with an average molecular 

weight of approximately 400, 000. Excessive concentrations of the wat.er­

soluble polymer are discouraged as a result of the associated viscosity 

problems. However, they can be reduced despite a relatively high concen­

tration if the particular polymer has a comparatively low molecular 

weight. Thus, *ith respect to the proven, water-soluble, organic polymers 
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the,in each case, optimum concentration should be determined with a view 

to the different requirements by simple preliminary tests. 

The weight ratios in which the two prescribed aqueous solutions of the 

two different melamine/formaldehyde pr~condensates are used when perf or­

ming the inventive process are not critical and can be subject to wide 

fluctuations. The Expert can establish the optimum ratios as a function 

of the nature of the materials used and their concentration in the part­

icular aqueous medium within the framework of suitable preliminary tests 

and without significant effort and. expenditure. The following examples 

provide ratios and conditions of an appropriate type, according to which 

preferably approximately 1 part by weight of an approxi~ately 16% by 

~ weight aqueous acid solution of the cationized mel8.!lline/formaldehyde 

precondensate is used for approximately 2 parts by weight of an approx­

i~ately 32% by weight aqueous solution of the nonionic mel~~ine/formal­

dehyde resin, the latter preferably additionally containing approximately 

6.5 parts by weight of an approximately 4.5% aqueous solution of the 

macromolecular substance. In the preferred realization of the inventive 

process, in which a water-soluble, macromolecular substance is used in 

the indicated process stages, the pref erred weight ratio of water-soluble 

macromolecular substance to nonionic melamine/formaldehyde precondensate 

is appropriately in the range approxi=ately 0.003:10 to 3:1. 

• 
The aforementioned explanations concerning the reaction sequence, on 

which the inventive process_ is based, are bas_ed _on the general teachings 

of aminoplast chemistry and which are well known to the Expert. 

For a successful performance of the inventive process, it is important 

that,during the precipitation of the cationized melamine/formaldehyde 

precondensate from the acid. aqueous starting solution by raising the 

pH-value and also during the mixing of said medium with the hydrophobic 

oil containing the colour reactants in dissolved form, working takes 

place with vigorous stirring. Thus, stirring or mixing must take place 

with a highly efficient dispersing apparatus in order to achieve optimum 

turbulence and whilst preventing laminar conditions. Appropriate inform­

ation on t~e turbulence is obtained through the Reynolds number, which 

:-. 
·, 
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is preferably over approximately 10,000. 

tion, the high performance dispersing equipment based on the stator/rotor 

system ~as proved to be particularly advantageous. This system has stator 

plates and rotor disks and acts in the same way as a centrifugal turbine. 

In one of the preferred dispersing means of the aforementioned type, the 

construction is as follows. The stator plates have circles of holes, 

through 1o7hich the mixing material flows in the axial direction. These 

holes are arranged in countersunk manner in ring-like channels arranged 

s1mmetrically on either side of the stator plate. The flanks of these 

channels are provided with a specially constructed tooth system. The 

shear pins of the rotor disks also arranged in ring-like manner run in 

the channels. The shear fields through which flow the mixing caterial 

are alternately formed by the toothed flanks of the stator channels with 

the longitudinal edges of the rotor pins and by the end face of the rotor 

pins with the edges of the holes of the stator channels. Acco~panied 

by the formation of high frequency, intense impingement, frictional and 

shearing effects, the mixing material is constantly broken up into a 

plurality of individual flows and then combined again. Such =ultifreq­

uency liquid mixtures have a high mixing capacity for short residence 

times and ensure the precise mixing in of small additions of substances • 
• wnilst avoiding prejudicial dead spaces, the internal volume is kept 

very small. High momentum values and a powerful mechanical ef!ect also 

leads to a fine dispersion of the material without excessive speeds. 

Large contact surfaces in the mixing chambers ensures the most intimate 

contact between the different components. 

Hovever, there are also high performance dispersing means which are 

suitable for batchwise operation and which are also based on the afore­

mentioned stator/rotor system. One medium to be mixed is inserted first, 

stirred with the high efficiency disperser,and the liquid component to 

be a~~ixed is fed into the liquid cone formed through the operation of 

said disperser. In a fraction of a second the mixing point is drawn 

into the turbulence zone within the high efficiency disperser as a result 

of the f lo~ conditions present and the sought dispersion is performed 

there. 
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~f The aforementioned high performance dispersers are only to be looked 

upon as preferre~ examples. For the purposes of the invention, it is 

also possible to use other high efficiency dispersers, which are based 

on a different principle, provided that they lead to the same sought 

dispersing result. Thus, it is important that dispersers are used which 

develop adequately high shear forces,in order to permit the necessary 

optimum turbulence, whilst substantially avoiding laminar flow conditions. 

This is also possible with recently developed dispersers, in which high 

pressure actions are used in conjunction with cavitation actions. 

When performing the inventive process using the aforementioned starting 

materials, preferably the following procedure is adopted. An approx­

imately 5 to 20 and preferably approximately 6% by weight acid (pH-value 

approximately 2.5) aqueous solu~ion of the cationized melamine/formal­

dehyde precondensate is mixed in a high efficiency disperser, under 

vigorous stirring,with such a quantity of an approximately 1~ aqueous 

sodium hydroxide solution. that the pH-value of the aqueous mixture 

obtained is raised to more than approximately 4.5 and in particular to 

approximately 5.0 to 7.0. Neutral (cationizable) raelamine/for~aldehyde 

precondensate is precipitated as ultra-fine particles with a size of 

approximately 0.1 to 1.5 micrometers. The complete mixing and precip-

• itation process takes place in a fraction of a second or is performed 

instantaneously. Precipitation is made apparent as cloudiness and this 

can be detected colloidally to microscopically, as a function of the 

particle diameter. Tilis can be directly followed, accompanied by vigorous 

stirring using a high efficiency disperser of the aforementioned type, 

by the admixing of the hydrophobic phase containing the colour reactants 

in dissolved form. 

The sought oil droplet diameter is between 2 and 10 and preferably between 

4 and 6 micrometers. This oil droplet diameter favours a uniform behav­

iour of the colour reaction systems produced by means of the microcapsules 

obtained and,in particular,the colour reaction recording papers. The 

particular chosen ratio of the oil phase to the solids fraction of the 

aqueous phase is not critical. Generally this weight ratio is approx­

imately 2:1 to 20:1, particularly approximately 5:1 to 10:1. 

~··· r··· 
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After or before admixing the oil phase, the mixture or the oil-in-water 
dispersion is aci.d,-adjusted with a view to the condensation reaction 
taking place during the subsequent formation of the capsule envelope 
and which is catalyzed by acids. It is possible to use organic or inor­
ganic acids, provided that they have an adequate acidity and lead to . 
no disturbing secondary effects, particularly having no disadvantageous 
influence on the colour formers dissolved in the hydrophobic oil. There­
fore, preference is given to the use of acetic, formic, citric, hydro­
chloric and sulphuric acids. The optimum pH-value for the condensation 
reaction is generally in the ~eak acid range, particularly between 3 
and 6. Particular preference is given to the range of 3.5 to 5. Exces­
sive pH-values extend the reaction time, whilst inadequate pH-values 
are disadvantageous from several standpoints, e.g. can lead to an at 
least slightly undesired dissolving of the precipitated, cationizable 
melamine/formaldehyde precondensate. An inadequate pH-value can _also 
lead to an undesired premature discolouration of the colour former in 
th.e microcapsule. The condensation reaction can also take place too 
fast, so that the disadvantageous agglomerate formation or the formation 
of larger particles occurs. 

In the mixture prepared in the aforementioned ·manner is now stirred the 
aqueous solution of the nonionic melamine/formaldehyde precondensate. 

• It is possible to use for this purpose conventional stirring means having 
no special stirring or turbulence effects. The previously-mentioned 
high efficiency dispersers should not be used_he~e,_Qecause they would 
disturb the formation of the capsule envelope through the condensation 
reaction of the nonionic melamine/formaldehyde precondensate, optionally 
also using a water-soluble, macromolecular substance. 

The aforementioned starting materials are ultimately in the form of a 
reactive oil-in-water dispersion or emulsion, in which the formation 
of the envelope of the microcapsules takes place under normal stirring 
for approximately l to 5 hours and,in particular,approximately 2 to 3 
hours. This oil-in~wate~ dispersion or emulsion is completely stable, 
which can be attributed to the cationic melamine/formaldehyde precond-
ensate of the described type and ~hich is present as an ultra-fine suspension. 
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As the aforementioned condensation reactions leading to the formation 

of the microcapsule ~all take place in accelerated manner accompanied 

by heat supply, it can be desirable :o control or regulate the temperature 

of the individual process stages, e.g. by heating. 

After the formation of the reaction oedium, its temperature is generally 

initially raised to approximately ss0c in order to optimize the conden­

sation reaction and therefore the :or~ation of the wall of the micro­

capsules. This process is generally approximately concluded after two 

hours reaction at approximately 55°C, in the case of the aforementioned 

preferred pH-value ranges. At a te~perature of less than approximately 

\.._.;· ss0 c, microcapsules of adequate quality are regularly obtained but, as 

stated, a longer reaction period is r.ecessary. It is also possible to 

operate at temperatures which are above or below ss0c. The particularly 

favourable reaction temperature for the individual case can be readily 

established by means of routine tests. 

It is also possible to add further additives to the reaction medium, 

e.g. an ammonium salt, such as ammoni~m chloride, which accelerates the 

condensation reaction in some cases. 

When the condensation reaction has taken place to the desired extent, 

the pH-value is adjusted neutral or ~eak alkaline by adding alkalis, • 
particularly sodium hydroxide, potassium hydroxide or an:..~onium hydroxide. 

(_,., This largely prevents any further reaction, which d~ring the storage 

of the microcapsules could lead to agglomerate formation. The corrosion 

influence of the acid medium on the reaction vessels is also removed. 

When using ammonium hydroxide, any free formaldehyde present is largely 

removed from the reaction system as an odourless addition compound. 

The inventive process can be perfor~ed batchwise, but also continuously. 

In the continuous procedure, the sus?ension obtained with a high effic­

iency disperser by mixing the acid aqueous solution of the water-insoluble 

cationic melamine/formaldehyde preco~densate and the aqueous solution 

of t~e Bronsted base. particularly aqueous caustic soda solution, is 

T
·-··-. 
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i:::nediately there·af ter mixed with the oil phase containin 

reactants by means of another high efficiency disperser and 

into a stirred vessel cascade in which the condensation reaction takes 

place. The aqueous solution of the nonionic melamine/formaldehyde pre­

condensate is dosed into the first stirred vessel. It is advantageous 

to initially introduce the reaction mixture into a larger stirred vessel. 

As soon as the latter is full, the fresh reaction medium is passed into 

a second stirred vessel, whilst the reaction is concluded in the first 

stirred vessel. The finished capsule-dispersion is removed. It is then 

possible to introduce further.fresh reaction medium, whilst the capsule 

formation reaction takes place in the second stirred vessel. This 

continuous process should only be looked upon as an example and numerous 

modifications are clearly possible. 

The particular advantages of the inventive process are that, apart from 

the extremely favourable stabilization of the reaction system, which 

can be attributed to the precipitated, water-insoluble, cationizable 

melamine/formaldehyde precondensates contained in the reaction medium 

in ultra-fine suspension, the desirable characteristics of the micro­

capsules are retained. They have a very satisfactory tightness, which 

can be proved by standard tests. It is not necessary for the advantageous 
• 

stabilization of the reaction medium to use expensive macromolecular 

substances and in particular expensive water-soluble, organic polymers. 

This is an important economic advantage. It is appropriate in individual 

cases to add a reduced quantity of water-sol~ble_ma~~omolecular substance 

in a suitable process stage (whilst excluding the addition of water­

soluble, organic polymers in the first process stage), in order to subst­

antially exclude a possible undesired agglomerate formation. As a result 

of the reduction of the quantity used of these additional substances 

as compared with the higher quantities needed in the process of 

EP-A-188 807, the inventive process is also here advantageous from 

the economic standpoint. The inventively obtained capsule dispersion 

can, as a result of its excellent characteristics, be directly applied 

to acid acceptor papers, without undesired discolourations occurring. 

The inventive process can be easily and reliably controlled. The 

dispersion-stabilizing or emulsion-stabilizing action takes place within 
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fractions of a second. 

The invention is explained in greater detail hereinafter 

exan:ples. 

Examole 1 

I:i:::nediately following preparation and accompanied by vigorous stirring 

by means of a high efficiency disperser based on the rotor/stator prin­

ciple~ 50 parts by weight of an acid aqueous solution containing 6 parts 

by ••eight of a cationized melamine/formaldehyde precondensate and 1.5 

parts by veight of formic acid and having a pH-value of 2.5 are mixed 

(_; with 200g of a 0.5 % caustic soda solution, whereby the pH-value is raised 

to 5.5, ...-hich leads to a quantitati\'e precipitation of the cationizable 

melamine/formaldehyde precondensate, so that a turbid suspension is 

formed. Accompanied by vigorous stirring by means of a high efficiency 

disperser, to it is added the solution of the colour former mixture in 

a ::Uxture of 90 parts by weight of chloroparaffin (chlorine content 42%, 

average carbon number 17) and 90 parts by weight of dodecylbenzene 

(ex~e!Jder). The colour former comprises 3.8 parts by weight of crystal 

violet lactone (primary colour former) and 1 part by weight of N-benzoyl­

leuco~ethylene blue (secondary colour former). This is followed, accom­

panied by normal stirring, by the addition of 26 parts by weight of a 
• 20% by weight aqueous solution of formic acid, in order to adjust the 

pH-value of the system to 4.2. Then, accompanied by normal stirring, 

\_,; the solution of 50 parts by weight of nonionic melamine/formaldehyde 

precondensate (Madurit MW 112R) is mixed into 50 parts by weight of water. 

The mixture, which is at room temperature, is now slowly heated to approx­

imately 55°c. This system is maintained in reaction for approximately 

3 hours and then cooling to room temperature takes place. The pH-value 

is then adjusted to approximately 9 by adding aqueous concentrated arn.~onia 

solution (25% by weight), so that simultaneously excess formaldehyde 

is combined. Capsules with an average particle size of approximately 

4 to 7 micrometers, with a high tightness and without agglomerate form­

ation, are obtained. When used in reaction recording papers, they lead 

to excellent ~ritten characters. 
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Examole 2 

Example 1 is repeated with the modification that, after forming the 
emulsion, 60g of a 20% solution of a water-soluble polymer of the acrylic 
acid-acrylamide cop.olymer type (comprising approximately 30% acrylic 
acid and approximately 17% acrylamide) are mixed in. As a result of 
this additional measure, it is always ensured that there is no agglo­
merate formation, which is disadvantageous in various reaction recording 
papers. 

Examt>le 3 

Example 1 is repeated with the modification that, after following the 
emulsion, 20g of a 20% solution of a water-soluble polymer of the acryl­
amide-sodium styrene sulphonate type are added. 

Examole 4 

50 parts by weight of an acid aqueous solution containing 3 parts by 

weight of cationized melamine/formaldehyde precondensate resin and 1 

part by weight of formic acid are stirred for 3 hours at room temperature 
and then further processed as described in Example 1. The average part1 
icle diameter of the capsules obtained is between 5 and 10 microns. 

:~.<~;~~-
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1. Process for microencapsulating hydrophobic oils with colour reactants 
of colour reaction systems dissolved therein, a cationized mela!lline/ 
formaldehyde precondensate being precipitated in ultra-fine suspen­
sicn from its acid aqueous solution, accompanied by vigorous stirring 
and by modifying the solubility conditions, said suspension is mixed 
under vigorous stirring with a hydrophobic oil containing the colour 
reactants in dissolved form, .the oil-in-water dispersion obtained 

2. 

is acid~adjusted and an aqueous solution of a water-soluble, non­
ionic melamine/formaldehyde precondensate is added, accompanied 
by stirring, for forming the mitrocapsule envelope, characterized 
in that,for stabilizing the oil-in-water dispersion, the pH-value 
of the acid aqueous solution of a cationized melamine/formaldehyde 
precondensate which, in the weak acid, neutral and alkaline . aqueous 
use range is present in insoluble cationizable form, is raised 
in the absence of water-soluble organic polymers by the addition 
of Bronsted bases and accompanied by vigorous stirring to such an 
extent that the cationizable melamine/formaldehyde precondensate 
is precipitated in ultra-fine suspension as a result of the modified 
solubility conditions. 

• Process according to claim 1, characterized in that an approximately 
2 to 12% by weight solution of the cationized melamine/formaldehyde 
precondensate with a pH-value of less than app:9ximately 3.5 and, 
ill particular,1.5 to 3.0 is used. 

3. Process according to claims 1 or 2, characterized in that the pH­
value of the acid aqueous solution of the cationized melamine/formal­
dehyde precondensate is raised to such an extent that it is precip­
itated in quantitative form. 

4. Process according to at least one of the claims 1 to 3, characterized 
in that the pH-value of the acid aqueous solution of the cationized 
melamine/formaldehyde precondensate is raised to more than approx­
i~ately 4.5 and, in particular, to approximately 5.0 to 7.0. 

· \ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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Process according to at least one of the claims 1 to 4, 

in that a product free from methylol~ther groups is 

water-insoluble, cationizable melamine/formaldehyde precondensate. 

6. Process according to at least one of the claims 1 to 5, characterized 

in that the acid aqueous solution of a cationized, low molecular 

weight melamine/formaldehyde precondensate, immediately following 

its preparation,is converted into a dispersion-stabilizing precipi­

tate for controlling the oil droplet diameter during the emulsi- · 

fication process. 

7. Process according to at least one of the claims 1 to 5, characterized 

in that the acid aqueous solution of the cationized melamine/formal­

dehyde. precondensate undergoes an ageing process lasting several 

hours before converting into the dispersion-stabilizing precipitate 

for controlling the oil droplet diameter during the emulsification 

process. 

8. Process according to at least one of the clai~s 1 to 7, characterized 

in that a partly methanol-etherified melamine/formaldehyde preconden-

sate is used as the nonionic melamine/formaldehyde precondensate. • 
9. Process according to at least one of the claims 1 to 8, characterized 

in that the vigorous stirring is obtained by using extremely high 

shear forces • 

10. Process according to claim 8, characterized in that the extremely 

high shear forces are brought about by a high efficiency disperser 

based ~n the rotor/stator principle. 

11. Process according to ae least one of the claims 1 to 10, character­

ized in that the oil-in-water dispersion stabilized by the precipi­

tated, cationizable melamine/formaldehyde precondensate, after its 

preparation, can be processed either immediately or after standing 

for several hours and accompanied by slight stirring. 
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~ 12. Process according to at least one of the claims 1 to 11, character-

\/ 

ized in ~hat a water~soluble macromolecular substance is added to 

the reaction medium following the formation of the suspension of 

the previously water-soluble cationized melamine/formaldehyde pre­

condensate and,at the latest,prior to the start of the wall formation 

reaction. 

13. Ptocess according to claim 12, characterized in that the macro­

molecular substance is added in a quantity such that for approx­

it:ately 0.05 to 1.5 parts by weight of water-insoluble, cationizable 

14. 

15. 

celamineiformaldehyde precondensate 

parts by ~eight of water-soluble macromolecular 

Process according to claims 12 or 13, characterized 

macromolecular substance is a water-soluble organic 

Process according to claims 12 or 13, characterized 

macromolecular substance is a water-soluble inorganic polymeric 

compound. 
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