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Chlorocontaining Polymers 
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Abstract: In given work a scientific base compatibility of 
polymers, produced by industry have been studied by revealing of 
thermodynamically regularities of polymer mixtures.  

The most significant thermodynamic regularities of the 
mixtures of polyolefin , produced by industry and heterochained 
polymers have been revealed and on this base the scientific bases 
of their compatibility have been developed for creation of 
multicomponent compositional materials with given complex of 
operating properties.  
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polyethylene of low density (PELD), chlorcarboxylated 
polyethylene of low density (CCPE) chlorinated PELD (CPE), 
polyvinyl chloride (PVC), criteria of compatibility, chlorination, 
upper and lower critical temperature, specific holding of volume, 
Qibbs mixing energy, parameter of solubility, distribution of 
macromolecules, chlorine-chlorocontaining polymers, polar 
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I. INTRODUCTION 

Need of industry in new polymer materials, 
possessing by necessary properties for work in extremal 
conditions continuously increase. It is may be achieved by 
synthesis of the new types of polymers and creation of 
polymer compositions where properties of the separate 
components additively are the complement of one another 
[1-5]. Therefore development of different polymer 
compositions by simplification of technology its production 
and processing, shortening expenditures on production of 
materials with necessary complexes of properties is 
extremely actual. For production of the new types of 
polymer materials by use of polymer-polymer mixtures 
determination of its thermodynamically stability as one  of 
the factors, deterring a structure and properties of the final 
product acquire essential interest [6-8].  Use of 
chlorcontaining polymers in industry, stipulated by complex 
of enough good properties determine the desire to 
improvement of series them indices. From this point of view 
research of thermodynamical conduct of chlorpolymers 
mixtures with another chlorpolymers, having in their 
composition the polar groups of chlorpolymers present a 
special interest.  
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In the work [9]  thethermodynamicallycompatibility 
of chlorinated polyethylene (CPE) with different 
chlorination degree, shown that by dominant of dispersion 
forces compatibility is possible by proximity parameters of 
solubility and interaction. Analysis of compatible and 
incompatible pairs shown that: 

- by difference in chlorine content, reaching 
- 18 mas % ΔHm is relatively high (+0.519 Joul/g) 
Owing to big difference in thermal coefficients 

expansion - TΔSmis positive (+0.276 Joul/g). The total 
energy ΔGm is positive (+0.795Joul/g). From this it is 
conduced that a mixture must be inmixing (incompatible); 

- by approximately near content of chlorine (27 and 
35 mas%) the dispersion forces between molecule, owing to 
similarity  lead to little interaction degree.  By calculation, a 
big difference in thermal coefficients expansion gives a little 
negative value ΔHm(-0.108 Joul/g). But this difference 
causes a big positive - TΔSm (+0.761 Joul/g) and in result 
ΔGm (+0.653 Joul/g) doesn’t favoruable to mixing.  

II. METHOD 

It have been determined, that uniting criteria of 
compatibility ΔGm<0 [7, 8] in total case is carried out, 
although a structural compatibility is possible also by little 
positive values of ΔGm. In all cases the surplus energy ΔSm 
doesn’t favorable to mixing, but by proximity of percent 
content of chlorine and coefficient of thermal expansion the 
compatibility is possible.  

In the work [9] the system (CPE - PMMA) have been 
studied. It was shown that polymethylmetacrylate (PMMA) 
is compatible with chlorinated polyethylene by appointed 
chlorination degree of the last and only by appointed 
temperatures. It have been determined that a mixtures have 
an upper and lower critical temperatures of solubility. 

The present work devotes to study of thermodynamic 
interaction between components mixture of 
chlorocontaining polymers, one of which in its composition 
have a polar carboxylic groupings. By that the method of 
turned gas chromatography have been used, which  at the 
last time is widely applied for study of polymers 
compatibility.  

As initial raw materials the industrial samples of 
polymers: chlorocarboxylated polyethylene of low density 
PELD (CCPE) with contact of chlorine equal 27 mas % and 
carboxylic groups 1.2 mas. % correspondingly, chlorinated 
PELD (XPE) with chlorine content 35 mas. % and 
polyvinylchloride (PVC) by brand C-70 have been used, the 
characteristics of which are presented in the table 1 
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Table1Characteristic of investigated polymers 
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CCPE 2.7 1.2 - - 3.5 5.7 6.11 1.0713 8.64 239 
CPE 35 - - - 3.5 5.8 6.08 1.0713 5.80 263 
PVC 57 - -  15.0 47.0 3.19 1.3446 3.09 349 

packing 
products 

- - - 
4:3:1 3.0 10.2 2.95 1.2284 4.63 238 

SKEP - - 1.0 - 9.0 30.2 2.98 0.8723 8.59 2.11 
 

D:B:0* – 4.4 – diphenylmethanediisosianate; 
  1.4 – 

butadiol:oligoethylenebutyleneglycoladipinate 
For research the chromographycal columns with 

individual polymers and its mixtures by correlation of 
components 30:40, 50:50, 70:20  have been prepared/ In the 
work the chromatograph “Tsvet-100” with flame ionization 

detector have been used. As a gas-carrier the nitrogen and as 
sorbate ten solvents, relating to different classes (alcohols, 
ketons and chloroderivatives of aliphatic hydrocarbons) 
have been used.  

The temperatures of chramotographycal measuring 
were higher of temperatures Tc of investigated polymers and 
made up for all systems 353, 373 and 393 K. Method 
measuring is in detail stated in the work [10]. 

III. RESULTS 

In all investigated systems dependence of specific 
holding volume of sorbate 𝑉𝑔

𝑞 from value of sample within 
0.01-0.1 mol doesn’t observed. In case of dependence 𝑉𝑔

𝑞 
from rate of gas-carrier the extrapolation to zero rate of gas-
carrier have been conducted. Contribution of adsorption 
effects to value of holding volumes wasn’t taken into 
consideration because content of polymer phase on Teflon 
carrier was in all cases more than 6.5%. 

On base of experimental data by absolute specific 
holding volumes of sorbates 𝑉𝑔

0  and specific volumes of 
polymers the parameters interaction of sorbate with every 
polymer 𝑋12

∞ - 𝑋13
∞  and their mixtures 𝑋1

∞(23)  have been 
calculated. The parameters interaction 𝑋23

+  of polymer with 
one another have been determined. Calculation have been 
conducted by equations, offerendby Patterson with 
collaborators [11, 12]. 

 

𝑋12
∞ =  𝑙𝑛 [

273.2 ∙ (𝜔2𝜈2 + 𝜔3𝜈3)

𝑃1
0 ∙ 𝑉𝑔

0 ∙ 𝑉1

] − (1 −
𝑉1

𝑀2𝜈2

) −
𝑃1

0

𝑅𝑇

∙ (𝐵𝐼𝐼 ∙ 𝑉1) 

𝑋12
∞ =  𝑙𝑛 [

273.2 ∙ 𝑔𝑅 ∙ 𝜈2

𝑃1
0 ∙ 𝑉𝑔

0 ∙ 𝑉1

] − (1 −
𝑉1

𝑀2𝜈2

) −
𝑃1

0

𝑅𝑇

∙ (𝐵𝐼𝐼 ∙ 𝑉1)                                (1) 

 
Where R – is universal gas constant; ν2, ν3, V2·V3 – 

specific molar volumes of polymers and molecular mass of 
thermodynamicallysegments; 𝜔2, 𝜔3, 𝑌2,𝑌3 -  mass. volume 
parts of polymers; 𝑃1

0, 𝑉1, 𝐵𝐼𝐼 – pressure of saturated vapour, 
molar volume and the second variable coefficient of sorbet 
by temperature T. 

As sorbates it is recommended to use solvents, which 
minimally combine conduct of both polymers, that is close 
to ideal solvents of both polymers [10]. 

The received in that case values 𝑋1(23)
∞ − 𝑋23

∞  are 
correct and may be used for valuation of thermodynamical  
compatibility of polymers [11]. Thus from all spectrum of 
sorbate by compatibility two TQF and chloroform (CF) have 
been selected, which for investigated samples of polymers 
which by temperature of experiment turned out to be the 
most close to ideal solvents.  

On  Figure 1 change of the value 𝑋1(23)
∞  from 

composition of both systems is presented. As it is evident, in 
both cases values differ from additive, moreover for system 
CCPE-CPE value in the all sphere of investigated 
composition is lower of additive by increase of difference by 
rise of CCPE content. For system CCPE-PVC by correlation 
of components 50:50 value of  𝑋23

∞  coincide with additive, 
that is in presence of total solvent the thermodynamically 
interaction between components is getting worse.  

The received values have been used for calculation of 
parameters interaction with one another by equation  

                                                     𝑋23
∞

=
𝑋12

∞𝑌2 + 𝑋13
∞ 𝑌3 − 𝑥1(23)

𝑌2𝑌3

                                               (2) 

 
For both systems in investigate fields concentrations 

values 𝑋23
∞ >0 and strongly are changed by value with 

change of composition that indicate on change of conduct of 
composition mixture. 
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Figure  1. Change of value 1(23) with composition for systems 

CCPE-CPE-PVC 
 

By little content one of component in mixture the 
investigation wasn’t conducted, because as was indicated in 
[14] by division of numerator fraction of equation (2) on 
product Y2·Y3 by little values Y2 or Y3  the quotient is 
sharply increased, leading to inequivalent values.  

Taking into consideration that value of 𝑋23
𝑇  equal 0.3-

0.4 determine compatibility of the systems from the received 
experimental data it follows that systems CCPE-CPE and 
CCPE-PVC are  partly compatible.  

By experimental received values 𝑉𝑔
0 for sorbates on 

individual and mixed motionless phases the excess mol 
mixing energy 𝐺𝜀  of polymers, calculated by equation (3) 
have been determined.  

                                   𝐺𝜀 = 𝑅𝑇(𝑙𝑛𝑉𝑀1 − 𝑥2𝑙𝑛𝑉𝑀2 −
𝑥3𝑙𝑛𝑉𝑀3)                              (3) 

 
Where 𝑉𝑀1

, 𝑉𝑀2
, 𝑉𝑀3

 - a model holding volumes of 
sorbate by mixture and individual components; R, T – 
universal gas constant and absolute temperature. It is 
expected that for components of mixture with big molecular 
mass 𝛥𝐺𝜀 ideal – 0, the average Gibbs energy, related to 1 g 
of mixture may be determined by equation (4): 

 

                                                      ∆𝑔𝑥 =
𝐺𝜀

𝑀
(4) 

 
Where M – the average molecular mass of mixed 

phase.  

Having the temperature dependence of quantity Δgx, 
a values of enthalpy and entropy have been calculated by 
equations (5) 

               ∆ℎ𝑥 =
𝜕(𝑔𝑥/𝑇)

𝜕(1/𝑇)
                           ∆𝑆𝑥

=
∆ℎ𝑥 − ∆𝑔𝑥

𝑇
                         (5) 

 
On  Figure 2 the concentration dependences of 

received thermodynamical parameters are shown. As it is 
evident both investigated systems behave itself  in 
analogous may, but for system CCPE-PVC correlation 
Δhxand TΔSx is that Δgx is essentially less by value, than in 
case of system CCPE-CPE achieving in maximum +0.4 
Joul/g, at the same time as for second system +1.6 Joul/g, ie. 
a system CCPE-PVC is more thermodynamically stable than 
system CCPE-CPE.  

By increase of temperature correlation ∆hx and T∆Sx 
for different compositions undergo essential changes, 
moreover observed changings lead to changing of ∆gx mark. 
These data testify about that criterion of availability of lower 
and upper critical temperature (thermodynamical criterion 
LCTM - ∆hx<0, ∆S<0 and UCTM ∆hx>0, ∆S>0 are by 

appointed composition and temperature for both systems).  
Phase diagrams by investigated systems have been 

calculated by equation 
spinodaly: 
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(
𝜕𝑔2

𝜕2𝜔
⁄ ) 𝑝=0                                     (6) 

 
By help of the plant (Figure 3) analogous with [18] 

for determination of thermodynamical parameters of 
interaction sorbate-polymer or polymer-polymer by us the 

first derivatives ∆gx by composition, then – the second 
derivatives by composition have been calculated and 

graphical dependence (
𝜕𝑔2

𝜕2𝜔
⁄ ) 𝑝  p from temperature 

have been created.  
 

Figure 2.  Concentration dependences of thermodynamical parameters in systems CCPE-CPE and CCPE-
PVC. 

Figure  3. Scheme of plant for determination of thermodynamical parameters of interaction of polymer-
sorbent 
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1-container with gas-carrier; 2-regulator of gas-
carrier pressure; 3-microsyringe for introduction in gas line 
of sorbate microsamples; 4-evaporator of the block sorbate 
injection; 5- columns with polymer, piled on carrier, put in 
thermostate; 6-detector; 7-memory apparatus; 8-soap 
flowmeter 

 
By extrapolation of these dependences to 

(
𝜕𝑔2

𝜕2𝜔
⁄ ) 𝑝=0  the temperatures of phase division have 

been determined. The received diagrams are shown on  
Figure4. As it was expected, according to supposition both 
systems have two critical temperature dissolution – upper 
and lower. Moreover for system CCPE-PVC the LCTM 
more than (correspondingly 374 and 366 K). This system 
within critical points is compatible by all composition field. 

 

 Figure 4. Diagram of the phase division of temperatures 
 

Asymmetry of the phase diagram as was indicated 
for example in [13], is characteristic for mixture of polymers 
with considerable difference in values of molecular mass. 
Observed bipod stanceis characteristic by polymers with 
strong polydispersity [14]. 

IV. CONCLUSIONS 

Analysis of the phase diagram of CCPE-CPE system 
testify about more the worst compatibility, than in case of 
CCPE-PVC system . It is interesting to note, that for the first 
system the UCTM more than LCTM that lead to phase 
diagram “sand glass” (spinodales become one, giving 

isthmus) ie. by any temperature it is impossible to get a 
system being compatible by all field of 
composition.Compatibility is considerably better by little 
content of CCPE whereas for system CCPE-PVC 
compatibility improves by increase of content CPE.  

Thus, an experimental comparison of values 
parameters solubility of polymers, received by two methods: 
spectra-gas chromatography (SQC) and turbidimetric 
titration (TDT), characterizing by limit opposite state of 
polymer by relation to solvent shown the significance 
difference in parameters solubility for polymers with strong 
specific interaction between macromolecules, that require 
attention by use of theory of parameters solubility for 
supposition of compatibility of polymer pair to method, by 
which a used value us received. Apparently, that for 

crystallizing polymers also the same difference in 
parameters of solubility must observed.  
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