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ABSTRACT: 

 The increasing requirements for polymer materials pose the task of obtaining high-molecular 

compounds with new properties as one of the most important. There are different approaches to solving 

this problem, and modification in the process of synthesis of polymer molecules is a separate group of 

studies. The main task in this case is to change the conditions at the synthesis stage, which would lead 

to new properties, while preserving the complex of valuable properties of the polymer as much as 

possible. 

Keywords: copolymers, terpolymers, IR spectroscopy 

New copolymers synthesized in the presence of various initiators and with a commensurate ratio of 

components using the compensation method have low MM values and a compositionally homogeneous 

structure. This suggested that how 

 

Introduction 

And similar copolymers AMA with VAE, they can have good thickening properties in mineral and 

synthetic base oils. In this case, the homogeneity of their structure will manifest itself in resistance to 

destruction. To implement this assumption, a preliminary assessment of the solubility of copolymers 

(VBE-BA, BA-St, EGA-St and BMA-St, VBE-BA-St, VBE-EGA-St and VBE-BMA-St) in petroleum 

and synthetic bases of oils was carried out. The solubility of copolymers in oils was determined by 

studying the dissolution of copolymers at a concentration of 5 wt% in the mineral base of AMG-10 oil 

and the synthetic base of DOS upon heating and stirring, followed by cooling to room temperature. The 

results are shown in table. 12. As can be seen from the data table. 12, synthesized samples of copolymers 

(VBE-BA, VBE-EGA-St, VBE-BA-St) are of practical interest as thickeners, since dissolve in DOS 

and AMG-10 with the formation of stable solutions at 250C. It can be seen that all copolymers are 

readily soluble in DOS, and in AMG-10, the VBE-BA copolymers obtained on all types of initiators, as 

well as ternary copolymers VBE-EGA-St and VBE-BA-St, obtained by sequential dosing of active 

monomers. Unlike the VBE-BA-St copolymer (sequential dosing), the VBE-BA-St copolymer (joint 

dosing) did not dissolve in the mineral base. Based on the data on the composition of the copolymers, 

it can be assumed that the VBE content is close to 50 mol. % ensures the solubility of the copolymer in 

the AMG-10 oil base. 

 

Table 1. 
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Solubility of the synthesized copolymers in the mineral base of AMG-10 oil and the synthetic base of 

DOS. 

 

 

 

A type 

copolymer 

Initiator  Мn×10-3 Solubility in DOS at 

250С 

Solubility in    AMG-10  

at 250С 

 

 

BA-VBE  

 

 

DAK 15-20 + + 

TEB+О2 13 + + 

TNB +О2 18 + + 

TNB + DPS 28 + + 

BA-St 

 

 

 

 

 

 

 

 

ДАК 

9,1-21,1 + - 

EGA-St 21,2 + - 

BMA-St 18,1 + - 

VBE- 

BA-St 

9,7 + -** 

VBE- 

BA-St * 

6,3 + + 

VBE- 

EGA-St 

10,9 + + 

VBE- 

EGA-St 

9,3 + -** 

 

* Sequential dosing of BA for 30 min, then St for 30 min, DAK is evenly distributed in the monomers 

to be dosed, the composition of the copolymer VBE-BA-St (43-45) :( 38-40) :( 16-18) mol. % by IR. 

** when heated to 1000С they dissolve, and when the solution is cooled, the copolymer precipitates 

again. 

 Data on the thickening effect of solutions in DOS of copolymers of BA with VBE at positive 

temperatures, synthesized in the presence of organoelement initiators in comparison with AIBN. It can 

be seen that a slightly higher kinematic viscosity is observed in the case of using systems with TAB in 

the preparation of copolymers, which may be associated with the peculiarities of the formation of 

macromolecular chains in their presence. Tests of BA-VBE copolymers obtained using TAB as 

initiators as MW DOS did not reveal any noticeable difference in terms of the “Degree of destruction” 

(D,%) parameter from those synthesized in the presence of AIBN. In this regard, the use of boron-
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containing initiators, which are rather expensive, is not promising for the preparation of copolymers and 

was not carried out in further work. 

 Comparison of BA-VBE copolymers as a thickener with domestic and imported additives of a similar 

effect for a number of characteristics indicates a comparable effect in DOS. In terms of “Degree of 

destruction” (D,%), the new BA-VBE copolymers in DOS solution are superior to domestic acrylate 

additives PMA V-1 and PMA V-2, as well as the imported viscoplex 7-302 thickener. A small variation 

in the low-temperature viscosity of the copolymer solution during its preparation in the presence of 

AIBN by introducing the active monomer uniformly or in portions. Also, the values of kinematic 

viscosity are comparable at positive temperatures and noticeably less at temperatures of -400С. This is 

most likely due to the presence of a noticeably larger low molecular weight fraction in the copolymer 

during batch dosing when compared with that obtained by uniform dosing. This, in turn, leads to a larger 

value of the polydispersity coefficient of the samples.  

 

Table 2. 

Characteristics of 5% thickener solutions in DOS. 

 

№ 

Conditions for the synthesis of 

BA-VBE copolymers (initiator 

and its concentration) / 

analogs  

 

Kinematic viscosity 

at a temperature, оС 

 

Viscosity 

index 

 

D,% 

40 100 -40 

1 without additives - 3,20 - - - 

2 DAK (0,4 mol.%) - 4,35  211 5-7 

3  

DAK**** (0,03 mol.%) 

- 4,41  -  

 

 

 

 

 

≤10 

4 18,00 6,54* 4100 218 

5  12,28** (16-17)× 

103** 

 

6 ДАК 

(0,03 мол. %)*** 

 12,26** (13-14)× 

103** 

- 

7 TEB +О2 (0,16 mol %) 18,60 4,92 - 209 

8 TNB+О2 (0,32 mol %) - - - - 

 

9 

TNB + DPS 

(0.32 and 0.08 mol%, 

respectively) 

 

21,10 

 

5,48 

 

- 

 

222 

10 Viscoplex 0-101* 19,92 5,69 2800 258 2 

11 Viscoplex 7-302* 25,31 7,38 3200 285 23 

12 PMA V-1* - 5,71 - 212 60 

13 PMA V-2* - 12,41 - 219 80 
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* Concentration of thickener 10%, 

** Concentration of thickener 15% 

*** Batch dosing of BA with DAK 

**** [164]. 

Copolymers AMA with St are readily soluble in DOS, in contrast to insoluble copolymers of VBE with 

St and in comparison with imported analogous to close MM showed a similar thickening ability and 

high resistance to mechanical destruction. 

 

Table 3. 

Characteristics of solutions of copolymers AMA-St (5 wt.%) And their analogues. 

№ Copolymer Solution viscosity in DOS at 100 0С, mm2 /s  D, % 

1 - 3,2 - 

2 BА-St 4,7 2,6 

3 BМА-St 5,0 7,9 

4 EGA-St 4,1 1,0 

5 Viscoplex 12-310 4,7 6,8 

  

 

Table 4. 

Characteristics of solutions of terpolymers (5 wt%) and their analogues. 

№ Additive / Terpolymer The viscosity of the 

solution in DOS at 

100 0C, mm2/s 

DOS, D, 

% 

The viscosity of the 

solution in AMG-

10 at 50 0C, mm2/s 

AMG-10  

D, % 

1 PMA V-2* 12,4 61 - - 

2 Viscoplex 12-310 4,7 6,8 - - 

3 Vinipol WB -2** - - 10,4 41 

4 VBE-EGA-St 4,3 3,7 4,5 1,3 

5 VBE-BMA-St 4,7 5,8 n / a n/a 

6 VBE-BA-St 4,4 2,5 n / a n/a 

7 VBE-BA-St*** 4,3 2,8 3,2 2,2 

 

* The concentration of the additive in the oil is 7 wt. % four 

** The concentration of the additive in the oil is 10 wt. % four 

*** Sequential dosing of BA for 30 min, then St for 30 min, DAA is evenly distributed in the monomers 

to be dosed, the composition of the copolymer VBE-BA-St (43-45) :( 38-40) :( 16-18) mol. % by IR. 

Terpolymers including AMA, St and VBE in DOS solution exhibit comparable thickening ability and, 

at the same time, high resistance to destruction in comparison with domestic and imported analogues. 

In contrast to the synthetic base of DOS, not all copolymers exhibited solubility in the base of AMG-

10, which can probably be related to the structure of the copolymers. At the base of AMG-10, dissolved 
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terpolymers showed high resistance to mechanical destruction. Thus, studies of new copolymers in oil 

solutions as thickeners have shown a real prospect of using them as resistant to degradation of MB. At 

the same time, these data are additional confirmation of the compositional homogeneity of their 

structure: the sequential arrangement of monomer units of different nature in the polymer increases the 

stability of the molecule. It should be noted that when obtaining acrylate additives to oils to reduce MM, 

chain transmitters are introduced into the polymerizing mass. In this case, this is not necessary, which 

favorably distinguishes the proposed method for producing a copolymer as an additive. 

In the experimental part, we prepared the initial substances, organic solvents: chloroform, toluene, 

heptane, etc., used in the experiments, were preliminarily purified according to generally accepted 

methods. The physicochemical constants of the solvents used were in agreement with the literature data. 

Monomers 

 

 

Table 5. 

Some properties of vinyl monomers 

 

№ 

п/п 

 

 

Monomer 

 

 

ММ 

 

Boiling T, 

0С/ mmHg. 

 

T pl. 

0С 

 

 

 

 

 

 

 

 

Т flashes (in a 

closed cup), 

0С 

1 WBE 100,16 94/760 -92 0,774 1,400 15 

   101/760     

2 MMA 100,12 63/200 -48,2 0,943 1,4146 8 

   22/20     

3 BA 128,17 145/760 -64,6 0,889 - 39 

   163/760     

4 BMA 142,20 97/90 -76,0 0,895 1,4220 48 

   83,5/51     

6 EGA 184,28 215/760 -90 0,885 1,436 175 

6 St 104,15 142,5/760 -30,6 0,909 1,5439 31 

7 α-МS 170 164/760 -23 0,896 1,543 48 

 

 VBE was used without additional purification. Other monomers (MMA, BA, BMA, EHA, St - 

commercial products) were preliminarily purified from the stabilizer (hydroquinone) by repeated 

washing with a 10% alkali solution (NaOH) until the aqueous phase was discolored, and then water 

until neutral, dried over anhydrous CaCl2. For the synthesis, freshly distilled organic monomers were 

taken, which were purified by vacuum distillation. The physicochemical constants of the monomers 

corresponded to the literature data; some properties of the used vinyl monomers are presented in table. 

5. SCC was synthesized according to the method, stored in a glass bottle with a tightly ground-in lid in 

an argon atmosphere in a dark place under normal conditions. 
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 The initiators were: DAA, TAB (TEB and TNB), which were introduced into the reaction mixture in 

the form of an amine complex, which was destroyed by the introduction of MAA, in a composition with 

a co-initiator O2, as well as DPS. 

Table 6. 

DAK characteristics 

Initiator Eav, Temperature, оС for 1/2 

kJ / mol 0,1 h. 1 h. 10 h. 

DAK 

CH3   CH3 CH3    C N N C

 CH3 

CN CN 

 

130,23 

 

101 

 

82 

 

64 

  

 DAK is a commercial product, purified by recrystallization from ethanol. The physicochemical 

constants were consistent with the literature data. DAK was stored at a low temperature (-(10 -15) 0С). 

 Commercial boramine complexes were used without preliminary preparation; MAC was purified 

similarly to monomers (MMA, BA, BMA, EHA, St) immediately before the experiment. 

DPS was synthesized and stored under normal conditions.  

Determination of the relative activities of monomers in the presence of organic element initiators 

   To determine the relative activities of BA-VBE comonomers in the presence of organic element 

initiators, copolymers were synthesized from the monomer mixture in evacuated ampoules with 

sequential freezing of the introduced reagents in liquid nitrogen to prevent the uncontrolled course of 

the reaction. In the experiment, we used monomer mixtures with different component ratios. 

Copolymers were isolated at a conversion of 5-7%. The calculation of the relative activities was carried 

out using the Kehlen-Tudos method [254]. In this case, for the equation of the composition of the 

copolymer, a method of linearization of the equation of composition was proposed, taking into account 

the degree of scatter of the experimental data using the factor α. 

[m1 ]  [M1 ] r1[M1 ] [M 2 ] 

     [m2 ]     [M 2 ] [M1 ]  r2 [M 2 ] 

m1 and m2 - the content of monomers in the copolymer, mol%; 

M1 and M2 - the content of monomers in the monomer mixture, mol%. 

η = r1ξ −
r2

α
(1 − ξ),      где 

η =
([𝑀1] [𝑀2]⁄ ){([𝑚1] [𝑚2]⁄ ) − 1}

[𝑚1] [𝑚2]⁄
÷ (𝛼 +

([𝑀1] [𝑀2]⁄ )2

[𝑚1] [𝑚2]⁄
) 

ξ =
([𝑀1] [𝑀2]⁄ )2

[𝑚1] [𝑚2]⁄
÷ (𝛼 +

([𝑀1] [𝑀2]⁄ )2

[𝑚1] [𝑚2]⁄
) 

 

α = √{
([M1] [M2]⁄ )2

[m1] [m2]⁄
}

min

{
([M1] [M2]⁄ )2

[m1] [m2]⁄
}

max

 

min and max are extreme values of the ratios of quantities from a series of experimental data. 

The composition of the copolymers was determined using the method of IR spectroscopy, the method 

is described in the corresponding section. The data obtained as a result of calculations of ,  and  

are presented in table. 7. 

Table 7. 
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Data for calculating the relative activities of VBE-BA according to the Kehlen-Tudosh method. 

 

 

 

[M2] [M1] [m2] [m1] [M1]/[M2] [m1]/[m2] α ξ η 

1 2 3 4 5 6 7 8 9 

TEB+ O2 

20 80 86,1 13,9 4,00 6,19 
 

 

 

 

0,164 

0,94 1,22 

50 50 72,6 27,5 1,00 2,64 1,00 1,64 

60 40 65,6 34,4 0,67 1,91 0,59 0,80 

70 30 61,2 38,8 0,43 1,58 0,41 0,56 

80 20 61,0 39,0 0,25 1,56 0,20 0,44 

90 10 54,2 45,8 0,11 1,18 0,06 0,10 

TEB + DPS 

20 80 13,0 87,0 4,00 6,69 
 

 

 

0,165 

0,94 1,33 

60 40 31,3 68,7 0,67 2,19 0,55 0,99 

70 30 37,5 62,5 0,43 1,67 0,40 0,62 

80 20 42,1 57,9 0,25 1,38 0,22 0,32 

90 10 47,9 52,1 0,11 1,09 0,06 0,05 

DAK 

50 50 27,9 72,1 1,00 2,58 
 

 

 

0,066 

0,85 1,35 

60 40 34,0 66,0 0,67 1,94 0,78 1,10 

70 30 39,1 60,9 0,43 1,56 0,64 0,83 

80 20 44,6 55,4 0,25 1,24 0,43 0,42 

90 10 47,6 52,4 0,11 1,10 0,15 0,13 

[M2] [M1] [m2] [m1] [M1]/[M2] [m1]/[m2] α ξ η 

1 2 3 4 5 6 7 8 9 

 

 

 

 The determination of the values of the relative activities was carried out using the graphical 

dependences  and  (Fig. 27 a-c), from which the value , was determined, equal to the value  at 

=0, the value r1 corresponding to the value  at =1 and the value r2= - . 

 Thus, in the BA-VBE pair, the relative activities of BA in the presence of various initiators were: TEB 

+ O2 (rBA = 1.45 ± 0.07 and rVBE ~ 0); TEB + DPS (rBA = 1.51 ± 0.08 and rVBE ~ 0); DAK (rBA = 1.50 ± 

0.08 and rVBE ~ 0).  
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Fig. 1. Dependence of on for BA-VBE copolymers obtained in the presence of a- TEB + O2, b- 

TEB + DPS, and c – DAK. 

Synthesis procedure 

Synthesis of (co) polymers in ampoules in the presence of AIBN 

Samples were prepared for bulk polymerization of MMA and St monomers, as well as for BA-VBE 

copolymerization, as follows: exact amounts of monomers and initiator were placed in glass ampoules, 

were freed from oxygen by freezing the reaction mixture in liquid nitrogen and pumping it out to a 

residual pressure of <1.3 Pa in a vacuum unit (Fig. 28). 

Vacuum line 

  

 Trap  

 

 

                                      Vacuum gauge 

    

 Degasable ampoule  

                                           A liquid nitrogen Foreline                                                                   

pump 

Fig. 2. Scheme of a vacuum unit for degassing ampoules. 
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The ampoules were sealed and then polymerized at a strictly defined temperature. For this, the ampoule 

was placed in a thermostat for a specified time, after which the ampoule was removed and frozen in 

liquid nitrogen to interrupt the polymerization. 

In order to purify the synthesized copolymers from residues of monomers, the samples were transferred 

into weighed glasses and dried under reduced pressure to constant weight. The conversion of monomers 

was determined gravimetrically, the degree of conversion was calculated by the formula: 

P = ms × 100% / (∑mm)  

where ms – copolymer weight, g; ∑mm – sum of masses of monomers, g; 

 Synthesis of copolymers in ampoules in the presence of organic element initiators 

 It is carried out similarly to the synthesis in the presence of DAK, except for the stages of filling the 

ampoules and isolating the synthesized copolymers to prevent the uncontrolled course of the reaction 

due to the high activity of the initiators. 

The ampoules were filled as follows. We used exact weighed amounts of reagents. The boramine 

complex, dissolved in half of the monomer mixture, was introduced into an ampoule, frozen by placing 

in a vessel with liquid nitrogen. Then, without allowing defrosting, the second half of the monomer 

mixture with MAA (or, respectively, MAA + DPS) was introduced into the ampoule. Without allowing 

the reaction mixture to be thawed, excess oxygen was freed by pumping it out to a residual pressure of 

<1.3 Pa on a vacuum unit (Fig. 28) and the ampoules were sealed. The synthesis of the synthesized 

polymers was carried out directly in the ampoule. For this, the frozen ampoule was opened and, 

gradually heating, the excess of unreacted monomers was simultaneously evacuated. Upon termination 

of the drying process, the gravimeric determination of the conversion of monomers was carried out, and 

the polymer was extracted by dissolving in chloroform and transferring it to a storage container (vials), 

followed by repeated drying in a vacuum cabinet.  

Synthesis of copolymers by the compensation method 

The synthesis of copolymers was carried out in a four-necked flask, placed in a thermostat, equipped 

with a reflux condenser, paddle stirrer, thermocouple, and a branch for injecting reagents (Fig. 29). 

During a series of experiments to determine the composition and molecular mass of copolymers, the 

flask with the monomer mixture was immersed in a hot bath at a predetermined temperature.  

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

 

 

 

Fig. 3. Scheme of the installation for carrying out compensatory copolymerization in boiling monomer: 

1 - flask; 2 - paddle mixer; 3 - electric drive; 4 - reflux condenser; 5 - thermostat; 6 - heater; 7 - thermal 

relay; 8 - dosing device. 
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Determination of copolymer composition by IR spectroscopy 

The IR spectra of the synthesized copolymers were recorded on a Shimadzu FTIR-8400S IR Fourier 

spectrophotometer in KBr cuvettes with an optical path length of 0.26 mm in chloroform solution. The 

range of wavenumbers is 5500-550 cm-1, the determination error did not exceed ± 0.05 cm-1. The 

composition of the copolymer was determined using a calibration graph based on the area of the 

characteristic peak. The absorption spectra bands were chosen as the analytical band: the band at 1727 

cm-1 for the carbonyl group (AMA fraction); band at 1600 cm-1  for C = C vibrations of the aromatic ring 

St (fraction of St). The proportion of VBE was calculated as the residual, taking into account the 

proportions of AMA and St in the copolymer. 

 


