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Abstract: Mixtures of methacrylic polymers are the most common materials for making composites 

to be used as resins for dental and cosmetic applications. Some of these mixtures are composed by 

poly (ethyl methacrylate) (PEMA) and poly (methyl methacrylate) (PMMA), which constitute a 

solid component to be mixed with a liquid component made out of methacrylate monomers. The 

reaction between the thermal initiator benzoyl peroxyde (BPO) present in the solid component and 

the activator of the polymerization process, N,N-dimethyl-p-toluidine (DMT) present in the liquid 

component, gives rise to thermoset materials. In the present study, different liquid formulations 

composed by a mixture of two methacrylic monomers, ethyl methacrylate (EMA) and triethylene 

glycol dimethacrylate (TEGDMA) for cosmetic applications, were prepared and characterized, 

using a commercial powder (POW) composed by PEMA and PMMA. With the aim of improving 

workability during final application of the material, it was necessary to slow down the 

polymerization rate of liquid formulations. Their thermal behaviour was investigated by DSC in 

order to check the polymerization rate. Thermal stability of final materials was determined by 

TGA. DMTA, microindentation hardness and impact tests were performed on final materials, to 

assess their performance with respect to standard formulation. The combination of thermal and 

mechanical properties allows choosing which formulations could be suitable for use in cosmetics. 

Keywords: methacrylate monomers, cosmetics, polymerization rate, thermal properties 

characterization, mechanical properties characterization. 

 

1. Introduction 

Acrylic and methacrylic monomers are known to be among the most reactive monomers which 

polymerize by a free-radical mechanism. The availability of a large group of monomeric materials 

offers the possibility of preparing materials with a wide range of physical properties adaptable to 

the requirements of many different applications. This feature, together with the remarkable 

chemical, optical and mechanical properties of the polymers obtained, explain the great commercial 

success for the resins of acrylic and methacrylic monomers based on thermal or photochemical 

curing process [1,2]. 

Polymers based on acrylic and methacrylic esters are widely used in the formulation of 

varnishes, paints, adhesives, coatings or composites [3]. Colored products of great beauty can be 
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produced by the incorporation of dyes and pigments into the mixture [4]. Among the properties 

that make acrylic and methacrylic polymers very important are their mechanical strength, optical 

properties and extremely good resistance to weathering. Methacrylate polymers, mainly 

represented by PMMA, have been produced industrially since 1930. The total acrylic glass market 

in Europe is about 53,000 tons per year. Over 50% of this amount is used for additional processes of 

the creation of acrylic glasses and molded PMMA components. The remaining quantity is 

distributed as paints, adhesives, additives, etc. [1,5] 

Other methacrylic polymers such as PEMA are produced in lower amounts, which have been 

used mainly in cosmetics and dental resins. In fact, PEMA could replace PMMA in many of these 

applications. Due to the fact that PMMA cannot be directly molded into a dental formula by 

thermal treatment, it is mixed with PEMA as a powder component and a liquid mixture composed 

by methacrylate monomers to make a processable material. During polymerization process of the 

mixture of liquid and powder components, the molded material is cured to get the final product 

[6-9]. 

In the case of cosmetic industry, the use of acrylic resins has been increasing in recent decades. 

These resins are mainly composed of polymers, oligomers, monomers, inorganic or organic 

pigments and also polymerization initiators (thermal or photochemical) [10]. In some cases, these 

resins are formed by two components (one liquid and the other solid in powder form), which are 

mixed at the time of application, getting a thermoset material. Originally, methyl methacrylate 

(MMA) was used; nevertheless, it is a strong sensitizer and can cause allergic dermatitis [11-13]. 

This fact led to the use of a mixture of reactive PMMA and PEMA as a powder component, instead 

of MMA [14]. 

In the present study, different liquid formulations for cosmetic applications were prepared and 

characterized. They were cured using the same powder component, constituted by PEMA, PMMA, 

and BPO, which acts as a thermal initiator [15,16]. The studied liquid formulations are mainly 

composed by a monofunctional monomer (EMA) and a difunctional monomer (TEGDMA). Their 

structures are shown in Figure 1. 

 

Figure 1. Structures of the main components of liquid formulations. 

 

In addition, liquid formulations also contain an activator of the polymerization process, which 

is DMT. By mixing these two components at room temperature, the activator reacts with the thermal 

inititator generating free radicals (Figure 2) [16,17].  
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Figure 2. Free radicals generated during the initiation of polymerization process. 

 

These radicals react with the double bonds of methacrylate groups of each monomer present in 

liquid formulations, giving rise to a random polymerization with more EMA and TEGDMA 

molecules, and finally lead to a crosslinked network (Figure 3). This final material may present 

different crosslinking degrees according to the monomer composition in the liquid formulation 

[17,18]. 

 
Figure 3. Scheme of the random polymerization process. 

The objective of this study is to improve the workability during the curing process of the final 

material for cosmetic applications, that is slowing down the curing process without significantly 

altering the performances of the final material. For this reason, first we determined the effect of 

different amounts of EMA, TEGDMA and DMT on the polymerization rate of experimental liquid 

formulations. A commercial liquid formulation was taken as the reference system, which was first 

reproduced. Polymerization rate of liquid formulations was investigated by thermal analysis and 

we found that it can be properly varied by changing the EMA/TEGDMA ratio. Afterwards, we 

analyzed by DMTA, microindentation hardness and impact tests the resulting materials. Results 

showed that the mechanical properties of materials obtained from slowed down formulations did 

not change significantly. The combination of thermal curing rate and resulting mechanical 

properties was proposed as a criterion to choose which liquid formulations could be suitable for use 

in cosmetics. 

 

2. Experimental section  

Crosslinked 3D 
structure
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2.1. Materials: 

The materials used in this research were prepared from the compounds listed as follows:   

EMA was supplied by Merck, TEGDMA was supplied by Esschem Europe, DMT and 

2-Hydroxy-4-methoxybenzophenone (B-3) were supplied by Sigma-Aldrich, BPO was supplied by 

Fluka and porcelain powder (POW), which contains a mixture of polymethyl methacrylate (in a 

range of 5-15%), polyethyl methacrylate (in a range of 85-95%), inorganic pigments and BPO (in a 

range of 0.5-1%), was supplied by the company Laboratorios Bel Cosmetic S.L. All of them were 

used as received, without further purification. Liquid formulations were magnetically blended at 

room temperature for two hours, and were stored without any exposure to light. Table 1 shows the 

different liquid formulations prepared and their compositions in mass %. 

 

 

Table 1. Liquid formulations prepared and their composition in mass %. 

 

Formulation EMA TEGDMA DMT B-3 

A 83.5 15 1 0.50 

B 88.5 10 1 0.50 

C 93.5 5 1 0.50 

D 83.63 15.13 0.75 0.50 

E 88.63 10.13 0.75 0.50 

F 93.63 5.13 0.75 0.50 

G 83.75 15.25 0.50 0.50 

H 88.75 10.25 0.50 0.50 

I 93.75 5.25 0.50 0.50 

 

2.2. Experimental procedures: 

2.2.1. Procedure for checking the curing process for liquid formulations: 

• In a vial about 200 mg of a liquid formulation + about 2 mg of BPO were weighted and quickly 

dissolved at room temperature. 

• When the solution was complete, the curing process started, so this vial needed to be kept in an 

ice/salt bath at -15°C in order to stop this polymerization process. 

• While the DSC device was equilibrated at -50°C, a sample of the solution was prepared in the 

crucible, in order to introduce it quickly into the DSC oven. 

• Finally, after sample introduction into the DSC oven, it was equilibrated at -50°C a few minutes 

more and then a dynamic experiment was performed up to 200°C, in order to check the curing 

process of the liquid mixture. 
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2.2.2. Procedure for preparing samples of final materials for mechanical testing: 

• In a vial around 10 ml of each liquid formulation was dropped + around 6 grams of POW. 

• This mixture was stirred quickly at room temperature with a glass bar. 

• When the solution achieved the dough state, the mixture was poured over the silicone mold in 

order to fill it completely.  

• The mixture was kept at room temperature overnight into the silicone mold, in order to 

complete the curing process of the materials. 

 

2.3. Measurement techniques: 

The thermal curing process of each formulation was studied by differential scanning 

calorimetric (DSC) technique. Both dynamic and isothermal DSC experiments were run under 

nitrogen flow (100 ml/min) with a Mettler Toledo DSC-822e instrument. For dynamic experiments, 

the temperature range was between -50 °C and 200 °C, at a heating rate of 10 °C/min. For isothermal 

experiments, the temperature was 25 °C during a total time of 90 minutes. Each experiment was 

analyzed three times with standards crucibles in a mass range between 5 and 10 mg. 

 Thermal stability of the cured materials was checked with a Mettler TGA/SDTA851e/LF/1100 

device, in the temperature range between 30 °C and 600 °C, at a heating rate of 10 °C/min using 

around 10 mg of sample in a nitrogen atmosphere (100 mL/min). The percentage assumed as 

starting of material degradation was 5% of mass loss. 

  

 Dynamic mechanical thermal analysis (DMTA) were carried out with a TA instruments DMA 

Q800 analyzer. Samples were prepared in a silicon mold as explained above to obtain prismatic 

rectangular samples of about 35 mm (length) x 7.3 mm (width) x 1.5 mm (thickness). Three point 

bending clamp (15 mm span length) was used to operate dynamically at 3°C/min from 30°C to 

160°C at a frequency of 1 Hz and an oscillation amplitude of 10 m. Tg was determined as the 

maximum of tan . 

Young’s modulus (E) was determined under flexural conditions at 35°C, with the same clamp 

and geometry samples, applying a force ramp at constant load rate of 3 N/min, from 0.001 N to 3 N. 

E was calculated using the slope of the load deflection curve in accordance with the following 

equation: 

𝐸 =
𝐿3 · 𝑚

4 · 𝑏 · 𝑡3
 

 

where E is the elastic modulus of the sample (MPa), L is the support span (mm), b and t are the 

width and the thickness of test sample (mm) and m is the gradient of the slope for the load 

deflection curve (∆F/∆l, N/mm). Three samples of each material were analyzed and the results were 

averaged. 

 Microindentation hardness was measured with a Wilson Wolpert 401MAV device with a 

micro-Vickers indenter following the ASTM E384-16 standard procedure. 25 g or 10 g load was 

applied depending on the tested sample. In order to obtain the microindentation hardness, 15-20 
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micro-Vickers indentations were performed on each specimen (three specimens per formulation 

were analyzed). A statistical calculation with a 95% confidence level was then carried out to 

determine the upper and lower limits. The Vickers hardness number (HV) was calculated from the 

following equation: 

𝐻𝑉 =
1.8544 · 𝐹

𝑑2
 

 

where F is the load applied to the indenter in kgf and d is the arithmetic mean of the length of the 

two diagonals of the surface area of the indentation measured after load removal in mm. 

Aging tests were carried out into a CLIMACELL chamber with temperature and humidity 

control. A set of mercury-vapor fluorescent tubes was also coupled to the chamber, in order to emit 

UV-visible irradiation (around 365 nm); using rectangular samples about 25 mm (lenght) x 12 mm 

(width) x 2.3 mm (thickness), cured in the same way as it was described in section 2.2.2. The 

distance between the lamp and the samples was adjusted to 10 cm. The selected aging conditions 

were 25 °C as a constant temperature, 90% of relative humidity and the lamp was switched on 

during a total time of one week. According to ASTM D 4508-05, impact tests on pre-aged and 

post-aged samples were performed at room temperature by means of a Zwick 5110 impact tester. 

The impact strength (IS) was calculated from the energy absorbed by the sample upon fracture as: 

 

𝐼𝑆 =
𝐸 − 𝐸0

𝑆
 

 

where E and E0 are the energy loss of the pendulum with and without sample respectively, and S is 

the cross-section of the samples. For each material, 8 determinations for pre-aged and post-aged 

samples were made and the results were averaged with a confidence level of 95%. 

 

 

3. Results and discussion 

3.1. Dynamic DSC study of the thermal curing process for liquid formulations: 

In order to understand and improve the behavior of this kind of systems to be used for cosmetic 

applications, we chose a commercial formulation as a reference system. Therefore, first we tried to 

reproduce the composition of the commercial formulation. In this way, we could establish the 

reference composition to be modified and prepare fresh samples for our analyses, which behavior 

was not altered by storage conditions and time. Afterwards, we decided to improve the curing 

behavior by properly varying the proportion of the two employed monomers (EMA and TEGDMA) 

and the activator of the polymerization process (DMT). 

For checking the thermal behavior of the two methacrylate monomers present in the commercial 

formulation, we performed the procedure described in Section 2.2.1 for commercial liquid 

formulation. The same procedure was applied to formulation A; that is, to the formulation that was 

reproduced with the same composition of commercial formulation. Figure 4 shows the dynamic 

DSC curves for curing process of commercial and A formulations. In these curves, two exothermic 

peaks can be clearly observed, which correspond to the curing process of the two monomers present 

in the formulation (EMA + TEGDMA). The endothermic peak observed between 75° and 100°C 

correspond to the partial evaporation of the monomer EMA. 
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Figure 4. Dynamic DSC curves for curing process of (a) commercial and (b) A formulations. 

For slowing down the curing process of liquid formulations, it was necessary to know which 

monomer has the slowest polymerization rate, in order to select how the monomers’ amount could 

be properly varied to improve the workability of commercial formulation. For this reason, we 

prepared two additional formulations which contained each monomer separately, that is:  EMA 

formulation: 98.5% EMA, 1% DMT, 0.5% B-3; TEGDMA formulation: 98.5% TEGDMA, 1% DMT, 

0.5% B-3. The curing process of these new formulations was studied with the same procedure 

described in Section 2.2.1.  In this way, we could determine which monomer corresponds to each of 

the exothermic peaks observed in Figure 4 curves. In the case of TEGDMA formulation the rate of 

polymerization was so high that it was impossible to observe any peak in the dynamic DSC curve. 

Figure 5 shows the curing process for commercial, A and EMA formulations. 
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Figure 5. Dynamic DSC curves for curing process of (a) commercial, (b) A and (c) EMA formulations. 

In the dynamic DSC curve for EMA formulation, a small exothermic peak could be observed, 

which seems to correspond to the curing process of EMA monomer. In this case, EMA evaporation 

was more evident due to lower boiling point of this monomer (about 120°C) with respect to 

TEGDMA (higher than 200°C). From the comparison of the above curves, one can guess that EMA 

has the slowest polymerization rate. Therefore, for slowing down the curing process of commercial 

formulation, B and C formulations were prepared by increasing EMA amount respect to TEGDMA. 

DMT amount was also reduced in D, E, F, and G, H, I formulations in order to check if the curing 

process could be further slowed down on decreasing the amount of activator in the mixture (see 

Table 1). The change in the polymerization rate of formulations from A to I was checked by 

isothermal DSC studies. 

3.2. Isothermal DSC study of the thermal curing process for liquid formulations:  

For these experiments, the samples preparation was similar to the procedure described in 

section 2.2.1, but in this case a slightly different DSC method was used: after equilibrating the DSC at 

-50°C, the second step was a dynamic scan from -50°C to 25°C at a heating rate of 10°C/min, 

followed by an isothermal step during 60 minutes (for commercial, A, B, D, E and G formulations), 

and during 90 minutes for C, F, H and I formulations; that is, for the formulations with the slowest 

polymerization rate observed during the develop of experiments. Table 2 shows the polymerization 

and residual heat generated in each isothermal process. It should be underlined that the 

polymerization enthalpies reported just represent an estimation, since the reaction occurs very fast 

and, despite careful preparation conditions, starts during mixing of components and before sample 

insertion into the DSC cell: actually, the faster the reaction, the more amount of heat could not be 

determined by DSC. The residual heat was determined from a second dynamic scan from 25°C to 

200°C at a heating rate of 10°C/min after each experiment. In addition, the time corresponding to 

95% of the polymerization degree is also displayed for each isothermal process (t at α95).  

First, we checked the isothermal process of commercial and A formulations, which isothermal 

DSC curves are shown in Figure 6. Figure 7, figure 8 and figure 9 show the isothermal DSC curves 

comparison of formulations from A to I. Polymerization heat, residual heat and t at α95 of these 

samples are displayed in Table 2. 
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Figure 6. Isothermal DSC curves for (a) commercial and (b) A formulations. 

 

 

Figure 7. Isothermal DSC curves of (a) A, (b) B and (c) C formulations with 1% DMT. 

 

 

 

Figure 8. Isothermal DSC curves of (a) D, (b) E and (c) F formulations with 0.75% DMT. 
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Figure 9. Isothermal DSC curves of (a) G, (b) H and (c) I formulations with 0.50% DMT. 

 

 

 

Table 2. Polymerization heat, residual heat and t at α95 determined by isothermal DSC studies from 

commercial to I formulations.  

 

Formulation 
Polymerization ΔH at 

25°C (·10-2) (J/g) 
Residual ΔH (·10-2) (J/g) t at α95 (min) 

Commercial  2.4 ± 0.1 0.21 ± 0.01 31 ± 1 

A 2.3 ± 0.1 0.23 ± 0.01 32 ± 1 

B 2.2 ± 0.2 0.24 ± 0.02 43 ± 2 

C 2.3 ± 0.1 0.26 ± 0.05 66 ± 2 

D 2.3 ± 0.1 0.27 ± 0.02 34 ± 1 

E 2.2 ± 0.1 0.28 ± 0.02 46 ± 1 

F 2.0 ± 0.3 0.22 ± 0.02 73 ± 1 

G 2.4 ± 0.1 0.30 ± 0.01 37 ± 1 

H 2.3 ± 0.1 0.25 ± 0.02 54 ± 1 

I 1.7 ± 0.3 0.24 ± 0.01 80 ± 1 

 

ex
o

 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0,0

0,2

0,4

0,6

0,8

1,0

1,2

1,4

H
e

a
t 
fl
o

w
 (

W
g

^
-1

)

Time (s)

 

 

(a) 

(b) 

(c) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 January 2018                   doi:10.20944/preprints201801.0163.v1

Peer-reviewed version available at Polymers 2018, 10, 256; doi:10.3390/polym10030256

http://dx.doi.org/10.20944/preprints201801.0163.v1
http://dx.doi.org/10.3390/polym10030256


 11 of 17 

 

 

 As it is evident from Figure 6 and Table 2, the two formulations show similar values, with a 

residual heat below 10% of the total polymerization heat. Therefore, we can conclude that A 

formulation exhibited similar behaviour to commercial formulation and can be used as a reference in 

our following studies. 

As it can be observed, polymerization rate decreases with increasing EMA amount, and when 

DMT amount is reduced. In all studies we observed that the residual heat was around 10% of the 

total polymerization heat. According to these results, when EMA amount was kept constant but the 

amount of DMT was modified (e.g. A, D, G or B, E, H or C, F, I formulations), no significant variation 

in polymerization time was observed. On the other hand, when EMA amount was increased while 

DMT amount was kept constant (e.g. A, C or D, F or G, I formulations), a remarkable increase of 

polymerization time was observed. For instance, on increasing EMA amount by only 10%, 

polymerization time was practically doubled. These data confirmed that increasing EMA amount in 

formulations, had a strong influence in slowing down the curing reaction and therefore, could 

improve the workability for preparing final materials with these liquid formulations. 

3.3. Thermal and mechanical characterization of materials prepared with each liquid formulation: 

In order to check if slowing down of curing process of liquid formulations, by altering their 

composition, could be detrimental to the features of final materials, their mechanical properties were 

determined. As an initiator, in this case we used POW, constituted by PEMA, PMMA, and BPO in 

order to reproduce the working conditions of cosmetic application as faithfully as possible. In this 

mixture, the proportion of BPO was comparable to the proportion used for performing isothermal 

DSC experiments of liquid formulations. Therefore, for each final material (cured as needed for final 

application) it was necessary to determine previously the total time that a mixture of POW and a 

liquid formulation need for curing completely at room temperature: that is, the time necessary for no 

appreciable residual heat to be detected. When this condition occurred, it was considered that the 

material was suitable for mechanical testing.  

First, a small amount of the reference system (formulation A + POW), was cured at room 

temperature for different times. Afterwards, it was checked by dynamic DSC scans whether residual 

curing heat could be detected for each curing time. Figure S1 shows the DSC curves related to the 

evolution at different times of the residual heat for the curing process of A formulation. Table 3 

shows the residual heat determined at different times for A formulation. From these results, it was 

concluded that the material needs more than 5 hours to be completely cured. For the rest of 

formulations, residual curing heat was evaluated after curing a small amount of each formulation + 

POW during overnight, with the purpose of checking if incomplete curing could negatively affect 

mechanical properties of the cured materials. Figure S2 shows the DSC curves related of the residual 

heat observed from A to F formulations, after overnight curing process. From these results, it is 

evident that the materials from D to F formulations need more time for curing completely, as 

expected on the basis of lower activator amount used; in fact, their residual heat determined 

(between 10-30 J/g) was around 10% of the total polymerization heat. Therefore, these results 

suggested that mixtures D-F could exhibit different mechanical properties due to incomplete curing. 

For materials prepared from formulations G, H and I (which contained 0.50% DMT), it was 

observed that, after curing overnight, the samples remained still so soft that it was impossible to use 

them for checking mechanical properties. For this reason, it was decided to discard these liquid 

formulations because they were not suitable for practical purposes.  
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Table 3. Residual curing heat determined at different times for curing process of A formulation.  

 

Curing time at 25°C (min) Residual ΔH (J/g) 

30 11 ± 1 

60  9 ± 1 

90 6 ± 2 

180 2 ± 1 

300 0.5 ± 0.2 

 

 

3.3.1. Thermal stability studies of the cured materials by TGA: 

Before checking mechanical properties by DMTA, it was checked thermal stability by TGA of 

A-F cured samples. Figure S3 and figure S4 show TGA curves of weight loss and weight loss 

derivative of each cured material, respectively. Table 4 shows the results obtained from TGA 

analysis, as the onset temperature of thermal decomposition (corresponding to 5% weight loss) and 

the maximum temperature of degradation rate for each material. 

 

Table 4. TGA results for each cured material. 

Formulation Onset TGA curve (5% mass loss) (°C) Tmax (°C) 

A 273 390 

B 251 389 

C 256 389 

D 267 388 

E 236 388 

F 245 386 

 

According to these results, temperature range of 5% mass loss was approximately in the range 

240-280 (°C) for all final materials. Therefore, the maximum temperature selected for DMTA analysis 

was below 200°C, in order to ensure the thermal stability of each material during characterization of 

their mechanical properties. 

 

3.3.2. Thermo-mechanical characterization of the cured materials by DMTA: 
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The glass transition temperature (Tg) and Young’s modulus (E) were determined for each cured 

material. Sample preparation was according to the procedure described in section 2.2.2. Figure S5 

and figure S6 show tan delta and storage modulus comparison for cured materials prepared from 

liquid formulations with 1% and 0.75% DMT, respectively. Table 5 shows the results of DMTA 

analyses for each cured material.  

 

Table 5. Tg and E values for A-F materials as determined by DMTA. 

 

Formulation Tg (°C)  E (MPa) 

A 95 ± 1 900 ± 34 

B 95 ± 1 743 ± 37 

C 94 ± 1 564 ± 29 

D 91 ± 1 436 ± 27 

E 91 ± 1 329 ± 22 

F 90 ± 1 259 ± 21 

  

As it can be seen in Table 6, Tg values are similar for the different materials; nevertheless, 

significant differences in Young’s modulus are observed. It seems that, on increasing the amount of 

EMA, the Young’s modulus progressively decreases; that is, the material turns less stiff. This is not 

unexpected since the more EMA was added to liquid formulations, the more linear structure should 

be obtained, with lower crosslinking density.  

The amount of DMT activator has also influence on the value of Young’s modulus (i.e. 

comparison of A, B, C and D, E, F samples). Indeed, lowering the amount of DMT from 1 to 0.75%, 

resulted in halvening the E value of the final materials. This suggests that, due to lower DMT 

amount, the structure of the final materials comprises shorter polymer chains, because BPO initiator 

does not react completely with DMT activator and therefore generates a lower amount of free 

radicals. As a result, less rigid materials were obtained. On the other hand, Tg values were slightly 

affected by both EMA and DMT quantities, due to the higher amount of POW, which has a 

predominant role in determining the Tg of the final materials, with respect to the liquid 

formulations. Figure S7 shows a DSC scan of a POW sample, which shows a Tg around 80-85 °C. 

 

3.3.4. Microindentation hardness characterization of the cured materials: 

 In order to check whether the change in the composition can be detrimental to the performance 

of the final material, it was convenient to analyze another mechanical property such as 

microindentation hardness; that is, the strength that a material offers against penetration. Figure 10 

and figure 11 show microindentation hardness results observed for each cured material with 1% and 

0.75% DMT, respectively. 
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Figure 10. Microindentation hardness (HV) of cured materials prepared from liquid 

formulations with 1% of DMT amount. 

. 

Figure 11. Microindentation hardness (HV) of cured materials prepared from liquid formulations with 0.75% 

of DMT amount.  

According to these results, the trend observed in the graph is in agreement with the decreasing 

values of Young’s modulus, that is, the materials turn less stiff with lower amount of EMA and DMT 

due to their internal structure. This leads us to presume that higher amount of EMA and lower 

amount of DMT in liquid formulations, gives rise to a very soft material. Nevertheless, the final 

microindentation hardness can be still considered acceptable as far as final applications in cosmetic 

field are concerned.  

3.3.5. Impact strength characterization of the cured material: 
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 Toughness characteristics of cured materials were evaluated by impact test. Previously, 16 

samples of cured materials from A formulation were prepared, and 8 of them were aged inside the 

UV chamber. Figure 12 shows impact strength values determined for each material, in order to 

check if the selected aging conditions had an influence on the material performance.  

  

Figure 12. Impact strength values of pre-aged and post-aged materials prepared from A formulation. 

As it can be seen, aging conditions did not affect to the material performance, as evident from 

the similar values observed. Only surface material changes were observed: that is, aging conditions 

produced a yellowing phenomenon of the pigments that POW contains (see Figure S8). Therefore, 

we decided to evaluate only the impact strength of materials cured from the formulations with the 

slowest curing rate (C and F) without aging, in order to check if they had a different behaviour with 

respect to the reference system (A formulation). Figure 13 shows these results. 

 

Figure 13. Impact strength values of materials prepared from A, C and F formulations. 

 According to these results, similar values of impact strength between formulations with 

different DMT amount (C and F) were obtained, but they are higher than materials prepared from 

A formulation. These results are in agreement with their progressively lower crosslinking densities, 
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which make them more tough. That is, the lower the crosslinking density, the higher amount of 

energy they are capable to dissipate. Therefore, impact strength results make formulations C and F 

even more suitable for final cosmetic applications.  

 

4. Conclusions 

Different formulations for cosmetic application, containing EMA and TEGDMA, as well as 

DMT as activator of the polymerization process, were investigated. First, by the aid of calorimetric 

analysis, a commercial mixture was reproduced in order to use it as a reference. Then, we focused 

our attention on improving the workability of this material, by slowing down the curing process, 

without remarkably altering the characteristics of the final product. It was found that, on increasing 

the EMA amount, the time for workability at room temperature could be usefully improved; on the 

other hand, the variation of DMT amount did not significantly alter the curing time. As far as the 

features of the final products are concerned, samples containing the different liquid formulations 

and commercial POW, constituted by PEMA, PMMA, and BPO, were prepared and cured at room 

temperature overnight, in order to minimize residual curing. These samples were subsequently 

tested by DMTA and microindentation hardness tester. It was found that Tg is mainly affected by 

the presence of POW component; therefore, did not exhibit noticeable variations on changing EMA 

amount; on the other hand, Young’s modulus was remarkably altered on both increasing EMA and 

decreasing DMT amounts, as expected on the basis of more linear, shorter chains obtained in these 

cases. Materials obtained out of both increasing EMA and decreasing DMT amounts, exhibit lower 

microindentation hardness, though still in suitable range for final application. Experiments on aged 

samples showed a yellowing phenomenon on the samples surface, due to the degradation of 

pigments. Impact strength values confirmed that materials with low curing rate exhibit higher 

toughness. Therefore, the mechanical properties evaluated are acceptable for cosmetic applications. 
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