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5-Hydroxy-6-Methyluracil as a Polyvinyl Chloride Stabilizer 
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Abstract: Kinetic regularities of thermooxidative dehydrochlorination of rigid and plasticized PVC in the presence of 5-
hydroxy-6-methyluracil have been studied. The high antioxidant efficacy of 5-hydroxy-6-methyluracil in the process of 

polymer degradation has been revealed. It is shown that the studied uracil significantly slows down the process of 
accumulation of hydroperoxides in oxidation of dioctyl phthalate the plasticizer of PVC, which is the cause of a significant 
slowdown in the rate of decomposition of the plasticized polymer. 
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INTRODUCTION 

A number of derivatives of uracil is used as drugs in 

the practical medicine [1]. For some uracils, in 

particular, for 5-hydroxy-6-methyluracil and 5-amino-6-

methyluracil, antioxidant activity in reactions of radical-

chain oxidation of isopropanol and 1,4-dioxane [2, 3] 

has been revealed. In this regard, it is of great scientific 

and practical interest to study the inhibitory efficiency of 

5-hydroxy-6-methyluracil in thermooxidative 

degradation of rigid and plasticized polyvinyl chloride. 

EXPERIMENTAL 

The object of the study is uracil derivative 5-

hydroxy-6-metiluratsil: 

 

Thermooxidative dehydrochlorination of rigid and 

plasticized PVC was performed at 175ºC in a bubbling 

type reactor with a stream of oxygen (3.5 liters per 

hour). Duration of the thermal stability of PVC ( ) was 

determined by the color change of the indicator “Congo 

red” in the allocation of HCl during the degradation of 

the polymer (175ºC) in accordance with GOST 14041-

91. The rate of dehydrochlorination of PVC was 

determined by the same means as in [4]. The kinetics 

of accumulation of hydroperoxides was estimated by 

iodometric method [5]. 
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Polyvinyl chloride PVC S-7059M was purified by 

washing with ethanol in a Soxhlet apparatus. Ester 

plasticizer dioctyl phthalate (DOP) was purified by 

filtration through a column filled with alumina. 5-

hydroxy-6-methyluracil (99.0 % of main substance) was 

not subjected to further purification. 

RESULTS AND DISCUSSION 

The input of 5-hydroxy-6-methyluracil in rigid PVC in 

conditions of oxidative degradation leads to a 

noticeable decrease in the rate of dehydrochlorination 

of polymer (Figure 1). The maximum decrease in the 

rate of elimination of HCl was observed at 

concentration of uracil equal to 2 mmol per mol of PVC 

(critical concentration of antioxidant). Beyond the 

critical concentration of the antioxidant, an increase in 

the rate of degradation of the polymer is observed. 

The decrease in the rate of thermooxidative 

dehydrochlorination of polymer in the presence of uracil 

is observed up to values corresponding to the value of 

the speed of the thermal elimination of HCl from PVC in 

an inert atmosphere, which is typical for stabilizers-

antioxidants. The stabilizing efficacy of 5-hydroxy-6-

methyluracil by the level of reduction rate of 

thermooxidative dehydrochlorination of PVC is 

comparable to the industrial efficiency of antioxidant 

diphenylolpropane (Figure 1). 

The problem of stabilization of plasticized PVC is 

largely associated with the prevention of oxidative 

decomposition of the plasticizer, since plasticizers, in 

particular ester plasticizers, in the presence of oxygen 

become easily engaging in free-radical oxidation 

reactions, activating the process of elimination of HCl 

from the polymer. 
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Figure 1: The dependence of the rate of thermooxidative 
dehydrochlorination of PVC on the content of 
diphenylolpropane (1) and 5-hydroxy-6-methyluracil (2) (175º 
C, 2, 3.5 l/h). 

The process of thermooxidative dehydrochlorination 

of PVC plasticized with dioctyl phthalate is 

accompanied by autocatalysis. The input of 5-hydroxy-

6-methyluracil in the plasticized polymer leads to a 

sharp decrease in the rate of thermooxidative 

dehydrochlorination of polymer and to translation oh 

the process from autocatalytic to stationary mode 

(Figure 2). 

 

Figure 2: Kinetic curves of the process of 
dehydrochlorination of PVC plasticized with dioctyl phthalate 
(40 pbw/100 pbw PVC) in the presence of 5-hydroxy-6-
methyluracil ( ontent 5-hydroxy-6-methyluracil 1 – 0 mmol 
per mol of PVC, 2 - 2 mmol per mol of PVC), (175ºC, 2, 3.5 
l/h). 

The maximum decrease in elimination rate of HCl 

from the polymer containing 40 pbw/100 pbw of PVC 

dioctyl phthalate, as in the case of non-plasticized 

PVC, is observed at concentration of 5-hydroxy-6-

methyluracil equal to 2 mmol per mol of PVC. Higher 

concentration of uracil leads to accelerated degradation 

of the polymer (Figure 3). 

 

Figure 3: The dependence of the rate of oxidative 
dehydrochlorination of PVC plasticized by 40 pbw/100 pbw 
PVC dioctyl phthalate on the content of diphenylolpropane (1) 
and 5-hydroxy-6-methyluracil (2) (175ºC, 2, 3.5 l/h). 

The decrease in the rate of thermooxidative 

decomposition of plasticized PVC in the presence of 5-

hydroxy-6-methyluracil is observed up to values 

corresponding to the rate of the thermooxidative 

degradation of non-plasticized polymer. Evidently, 

uracil protects the plasticizer from oxidation, which, in 

its turn, due to solvation stabilization increases the 

thermal stability of polyvinyl chloride (a known effect of 

“echo”-stabilization) [6]. 

Evidently, as in the case of radical-chain reactions 

of oxidation of model organic substrate in the presence 

of uracils [7], an active center in position N1 (link N1- ) 

in 5-hydroxy-6-methyluracil is responsible for the 

elementary act of inhibiting oxidation of the ester. 

The stabilizing efficacy of uracil is also confirmed by 

duration of the thermal stability of PVC-compositions 

comprising metal-containing stabilizer. Additional 

insertion of 5-hydroxy-6-methyluracil to the plasticized 

polymer compositions increases the value of "time of 

thermal stability" by 1.4-1.6 times (Table 1). 
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Thermooxidative stability of PVC plasticized by 

ester is mainly determined by the plasticizer resistance 

to oxidation. In the process of thermooxidation of ester, 

the resulting hydroperoxides decompose into radicals 

that during the degradation of PVC-plasticate have an 

accelerating influence on the process of 

dehydrochlorinating of the polymer. In this regard, it is 

important to evaluate the effect of uracil on the process 

of accumulation of hydroperoxides during 

thermooxidation of ester. 

The regularities of the process of accumulation of 

hydroperoxides in thermooxidative decomposition of 

dioctyl phthalate, the ester plasticizer of polyvinyl 

chloride, in the presence of 5-hydroxy-6-methyluracil 

have been revealed. The high efficiency of 

antioxidative action of uracil comparable with the 

efficiency of diphenylolpropane is expressed in a 

significant reduction of rate of accumulation of 

hydroperoxides in the oxidation of ester plasticizer 

(Figure 4). 

CONCLUSIONS 

In conditions of thermooxidative dissolution of rigid 

and plasticized PVC, 5-hydroxy-6-methyluracil is an 

effective antioxidant-stabilizer and by stabilizing 

efficiency it is almost equal to industrial phenolic 

antioxidant diphenylolpropane. 

High antioxidant activity of 5-hydroxy-6-methyluracil 

in the process of destruction of plasticized PVC is 

explained by the ability of uracil to effectively slow 

down the process of accumulation of hydroperoxides in 

the oxidation of ester plasticizer. 

High antioxidant activity and low toxicity of 5-

hydroxy-6-methyluracil (hazard class 4 [8]) allows using 

it as an antioxidant-stabilizer in formulations of 

plasticized PVC materials for medical and food 

purposes. 
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Table 1: Time of Thermal Stability of PVC Compounds 

omposition, pbw 
omponents, Indicator 

1 2 3 4 5 

PVC 100 100 100 100 100 

Dioctyl phthalate 40 40 40 40 40 

Calcium stearate 2 2 2 2 2 

Diphenylolpropane - 0,05 0,1 - - 

5-hydroxy-6-methyluracil - - - 0,05 0,1 

, min 175  27 42 49 38 44 

 

Figure 4: Kinetic curves of accumulation of hydroperoxides 
in the process of oxidation of dioctyl phthalate in the 
presence of diphenylolpropane (2), 5-hydroxy-6-methyluracil 
(3) (concentration of additives is 2·10

-3 
mol per mol of DOF, 

the original DOF (1), 165ºC, 2, 3.0 l/h). 
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