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ABSTRACT 
 

     The presented study concerns with structuration of 

dispersed phase of polymer latexes during their freezing-

thawing. It is known that freezing might have disturbed the 

latexes aggregate stability. We have established  that under 

the fulfillment of a certain conditions the cryo-influence 

have resulted in the complete coagulation of latex with the 

formation of three-dimensional polymeric. Storage of the 

frozen latex with realized multiply coagulation contacts 

between polymeric particles at freezing temperature for a 

certain time results in these coagulation contacts develop 

into phase ones. Thus, the phase inversion in the 

noncrystallised regions of the frozen system is realized. We 

have elucidated the principal possibility of latex 

cryostructuration and studied the morphology of the 

structures. The morphology depends on the nature of 

polymer, latex concentration, temperature-time parameters, 

additives introduced into latex.  
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1 INTRODUCTION 
 

     Freezing is one of the factors assisting the coagulation of 

latexes. Depending on the latex properties and freezing 

conditions this result either in only the aggregation of 

particles, or is accomplished with the complete coagulation 

of the system. Usually, destabilization of latex during the 

cryo-influence has been considered as negative 

phenomenon accompanying transportation and storage of 

latexes. Investigations of a number of authors [1-3] are 

devoted to regularities of the coagulating processes 

occurring in latexes during freezing.  In these studies the 

factors contributing the retention of the aggregate stability 

of latexes as colloidal systems during their freezing-

thawing and the kinetics of latexes coagulation by freezing, 

are considered. However, in the majority of studies devoted 

to this problem the aspects related to latex as a liquid 

dispersed system are only accentuated. Complete 

destabilization of latex during the cryo-influence did not 

draw attention. 

      In the presented work complete coagulation of latex 

with the formation of unified three-dimensional polymeric 

structure was studied. We call this phenomenon the 

"cryostructuration" of latex, and the three-dimensional 

polymeric structures being formed – the “cryostructurates".    

There is no question that the elucidation of the 

interrelation between the composition of the latex system 

undergoing the cryo-influence, parameters of the cryo-

influence itself, and the ability of the formation of 

cryostructurates will enable one to detect in more detail the 

mechanism of cryo-destabilization of latex as dispersive 

system. This, in its turn, clarifies the mechanism of little-

studied processes, taking place in heterogeneous systems 

during the change of the aggregation state of the dispersive 

medium. Our study is devoted to solving this problem. 

 

2 EXPERIMENTAL RESULTS AND 

DISCUSSION  
 

      Phenomenologically, invoking the method of electron 

microscopy, we investigated the complete destabilization of 

various latexes: natural latex Qualitex, styrene-butadiene 

carboxylated butadiene acrylonitrile latexes, and their 

mixtures, under cryo-influence. 

      The experiment was carried out as follows. 50 ml of 

latex  were poured into the flat open glass container 

(50x40x30) and were placed into the refrigerator with 

temperature T1, where they were frozen for time time. 

Our observations showed that 0.5 h is a sufficient time for 

the complete freezing through the latex layer and the setting 

of constant T1 temperature within the frozen layer. This 

agrees with the time dependencies established in studies of 

V. Kusnetsov [3]. Frozen polymeric system was stored at 

T2 temperature for timeHere, depending on the 

composition of the system underwent freezing and 

temperature-time parameters of freezing, either liquid 

systems externally similar to the initial ones, or 

cryostructurates were obtained. The intermediate variations 

– fragmentary polymeric structures in thawed liquid latex 

were also observed (see Table 1). 

 Figure1-3 presents the electronic micro photos of cross 

sections, of cryostructurates obtained from latexes of the 

different nature and polymeric phase concentration. Though 

the presented latex cryostructurates morphologically differ, 

all of them are porous polymeric matter, in pores of which 

the dispersive medium of initial latexes occurred prior 

drying. Moisture removal from cryostructurates by drying  
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Table 1: Influence of temperature-time parameters of cryo-influence on properties of latex cryostructurates. 

  

results in obtaining the porous polymeric matters, whose          

properties depend on the composition of the initial system 

and temperature-time parameters of cryoinfluence. Analysis 

of the data given in the table shows that cryo-influence does 

not always  result in cryostructuration of latexes, but only 

under meeting several obligatory conditions. It is believed 

that as the latex is being frozen, the total concentrating of 

the polymeric dispersed phase initially occurs at the account 

of the partial freezing out of the dispersive medium . Then 

the formation of crystals of the dispersive medium in the 

whole bulk of latex and, correspondingly, local 

concentrating of the polymeric dispersed phase takes place. 

In so doing the particles in the region of noncrystallised 

dispersive medium between the growing ice crystals draw 

together and point coagulating contacts between the 

particles of the polymeric dispersed phase are formed. As a 

result, the chains may be formed out of the particles. The 

formation of the oriented chains of polymeric particles at 

the early stages of freezing was experimentally proved by 

Neiman [1]. Our electronic-microscopic investigations also 

confirm this. Figure 4 B exhibits the micro photo of the 

sample of thawed latex after 10-minutes cryo-influence. 

Achievement of such a concentration of polymeric particles 

in noncrystallised liquid, under which the formation of 

chains of polymeric particles, take place, is one of the 

conditions of the following formation of phase contacts, 

phase inversion, and the formation of the unified polymeric 

structure. If the relation between the volume of polymeric 

dispersed phase and noncrystallised dispersive medium is 

less than critical one, the point coagulating contacts may 

either not appear at all, or be local. Temperature, at which 

such a volume of dispersive medium freezes out that the 

discussed critical ratio is achieved, is indisputably the 

critical characteristics of the system T1cr. Small amounts of 

destabilizing additives (KCl or gelatin) were introduced 

into latex prior to freezing, T1cr (as compared to T1cr for 

analogous system without additives) increased. This fact is 

explained with invoking the Figure 4 C and D, from which 

it is seen that introduction of the additives into latex results 

in the formation of chin coagulating structural fragments 

even at an early stage. In this way, the freezing of latex 

under temperature equal to or below T1cr results in the 

formation of coherent dispersive system – the system with a 

high concentration of the dispersed phase whose particles 

are fixed in relation to each other. But if to thaw out the 

system immediately after the achievement of the critical 

value of this volume ratio, the liquid system similar to the 

initial one, in which the particles of the dispersed phase are 

virtually not bound with each other, is again obtained. 

Storage of the system with realized multiply coagulating 

contacts between polymeric particles at freezing 

temperature for a certain time 2  results in that coagulating 

contacts between the particles develop into phase ones. As 

this takes place in noncrystallised regions of the system the 

phase inversion is realized: dispersed phase of the initial 

latex is converted into continuous one and the dispersed 

phase pass into the discrete one. The cryostructurate, in 

micropores of which the noncrystallised liquid phase of the 

initial latex exists, and in macropores its crystals occur, is 

formed. In this way, for every system there is some critical 

Characteristics of 

cryostructurates  

Temperature-time parameters of 

cryoinfluence  

Concentration of 

dispersed 

phase  

Polymeric 

dispersed phase 

of latex storage freezing 

EM**, mm g/sm
3

2, h T2,
o
C 1, h T1,

o
C 

2.40+/-0.15 0.65+/-0.04 5.0 -15 0.5 -15 54 

 

Polyisoprene- 

Polymer of 

"Qualitex" 

Natural  latex 
3.80+/-0.2 0.66+/-0.05 10.5 -15 0.5 -15 54 

 

3.70+/-0.18 0.40+/-0.04 5.0 -60 0.5 -60 01 

 

4.10+/-0.10 0.42+/-0.03 5.0 -15 0.5 -60 01 

 

1.80+/-0.10 0.77+/-0.05 5.0 -40 0.5 -40 54 

 

Styrene- 

Polybutadiene 

Latex with 

A content of 

styrene 

monomeric units 

of 30% 

 

 

Fragments of structure 2.0 -60 0.5 -60 45 

2.9+/-0.02 0.36+/-0.02 6.0 -20 0.5 -60 10 

Fragments of structure 1.0 -20 0.5 -60 10 

3.5+/-0.02 0.37+/-0.02 10.5 -20 0.5 -60 10 
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Fig.1: Cross sections of the natural latex Qualitex  cryostructurates, Concentration of dispersed phase: 

A  - 24 mass %; B - 10 mass % and C – 1 mass % 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Cross sections of the cryostructurates obtained from: A – styrene-butadiene latex with dispersed phase concentration 45 

mass %; B – mixture of Qualitex with styrene-butadiene latex (1:1) with total dispersed phase conc. 10 mass % and C – 

carboxylated butadiene acrylonitrile latex with dispersed phase concentration 20 mass% 

 

 

 

 

 

 

 

 

 

 

 

Fig.3: Cross sections of  A - the synthetic  latex carboxylated butadiene acrylonitrile  latex cryostructurate (content of nitrile 

units of 40% and of carboxyl 4%) 40 mass %; B - mixture  of styrene-butadiene  latex with Qualitex (1:1) 10 mass %; 

C – mixture of natural latex Qualitex with gelatin (10:1)  10 mass % 

 

 

 

 

 

 

 

 

 

 

Fig.4. Changing in natural latex Qualitex at the initial stage of freezing. A – latex before freezing;  B, C and D  - latex after 

10-min freezing  and subsequent thawing : B –without additives;  C – with addition of gelatin; D – with addition of 

KCl solution   
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time of storage (at freezing temperature) 2 for developing 

of point coagulating contacts into phase ones (Table 1). 

This, obviously, takes place because of breakthrough of the 

hydrate and adsorptive layers on the particles during their 

compression between the ice crystals and subsequent 

autohesive (adhesive) interaction of the particles containing 

with each other. From this point of view, the principal 

requirement to the polymeric particles of the dispersed 

phase is their ability to autohesion (adhesion) at 

temperature of storage of the system in frozen state. 

Polystyrene latexes over the range of the studied 

temperature-time effects do not form cryostructurates, 

obviously, because the polystyrene particles do not possess 

such ability under these conditions. Phase contacts are not 

realized in this case, phase inversion does not take place – 

cryostructurate does not form. Profundity of autohesive 

(adhesive) contacts depends on the nature of polymeric 

phase and temperature-time parameters of storage of system 

in frozen state. Increase in 2 as compared to 2cr assists to 

more complete realization of phase contacts among the 

particles . This is somewhat proven by the examples from 

Table 1, in which cryostructurates obtained from the same 

latex remarkably differ in properties  depending on the time 

of storage of latex in frozen state. With the rise in 2 the 

strength of cryostructurates at almost identical apparent of 

the samples increases. 

      Latexes in the aspect of cryostructuration may be of 

interest both themselves and as model heterogeneous 

system with liquid dispersive medium. Regularities of 

cryostructuration, revealed for latexes, may also be applied 

for other polymeric dispersions with the account for the 

concrete peculiarities of these systems. In such a way, the 

term "cryostructuration" may be applied to all the polymer 

dispersions, whose response to cryo-influence is phase 

inversion in unfrozen regions.  

From the practical point of view cryostructuration of 

latexes and other polymer dispersions may be considered as 

a new method of manufacturing the porous polymeric 

products [4,5]. In so doing the range of technologically 

acceptable concentrations of polymeric dispersions , as 

compared to the traditional technologies, exceptionally 

expands and may vary from 0.1 to 56 mass % by polymer. 

Methods of industrial realization of the proposed 

technological specialization are not difficult  and allow one 

to manufacture the polymeric products of different 

thickness and shape with regulated micro- and 

macrostructure. Regulation of the structure of the material 

may be conducted both at the account of variation of the 

parameters of physical effect on the system, by combination 

of dispersed components and by introduction of different 

water-soluble additives. Cryostructuration of polymeric 

dispersions may prove to be the effective way of utilizing 

the wastes of polymeric industries.  

 

 

 

 

3 CONCLUSIONS 
 

     Principal conditions for the formation of         

cryostructurates are following: 

 

(1) Temperature of cryo-influence, at which such a 

relation between the dispersed phase and 

noncrystallised dispersive medium is provided that 

in the unfrozen regions of the system 

communicating with each other the uniform 

coagulating network of polymeric particles is 

formed. 

(2) Time of storage of the system in coherent 

dispersive state, is sufficient for the development 

of coagulating contacts and phase inversion. 

(3) Ability of the polymer dispersed phase to 

autohesion (adhesion) at the temperature of the 

storage of the system in frozen state.  
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