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Chapter

Thermal Behavior of Waxes  
and Its Correlation with Mascara 
Stability Tests: A DSC Study
Ricardo Alejandro Pineda Beltrán and Johnbrynner García

Abstract

In this work, eight commercial eyelashes mascaras were stored during 15 days at 
50°C and a correlation between visually perceived separations over time and the  
thermal behavior of the waxes present within each product was observed. It was 
found that 3 of the 8 studied mascaras, displayed noticeable separations which agreed 
with both changes in their DSC curves and the presence of 2 heat-sensitive waxes in 
their formula. Finally, it is suggested that the addition of heat-sensitive wax mixtures 
into a formula should be discarded in order to avoid visual phase-separations and pro-
duce thermally stable mascaras that offer the product experience designed for users.

Keywords: cosmetics, differential scanning calorimetry, heat-sensitive materials, 
mascaras, thermal stability, waxes

1. Introduction

Despite waxes are among the oldest materials known by humans, the word wax 
covers a wide number of compounds and there is not a generally accepted definition 
nowadays for that term. According to Krendlinger et al., waxes are substances that are 
kneadable and not glassy at 20°C, have a drop point >40°C, their melt viscosity does 
not exceed the 10,000 mPa s at 10°C above the drop point, and usually melt between 
50 and 90°C without decomposition [1].

Waxes are extensively used in ceramics, adsorbents, adhesives, paints, medicines 
and mainly in cosmetics, defining binding and surface properties [1]. Therefore, 
having a characterization technique for those materials is necessary.

Due to their thermal properties, with the aim of differentiate and identify waxes, 
Differential Scanning Calorimetry (DSC) is preferred over physical properties or 
techniques as gas chromatography or infrared spectroscopy [2, 3]. DSC has been also 
employed in the quantification of wax blends [4] and the thermal stability evaluation 
after repeated heating cycles [5, 6].

Several studies have found that oil viscosities and wax ratios have great influence 
on the sensory and mechanical characteristics of cosmetic formulations [7, 8]. Among 
the skin cosmetics, the ones with a major amount of waxes are lipsticks [9]. Recently, 
commercially available benchmark lipstick prototypes were characterized using DSC 
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and prototype-dependent fingerprinting was evaluated, mainly in terms of heat 
stability as well as spreading [10].

Mascaras are products used by 59% of female internet consumers (18+), that 
make eyelashes appear thicker, longer, darker and with an enhanced curl [11]. 
Using different techniques among which DSC is reported [12], mascaras are one of 
the most studied cosmetics since they have some of the highest consumer expecta-
tions to meet [11]. As used in lipsticks, a mascara formula contains wax blends to 
achieve the desired texture [13]; however, to our knowledge, there is not a published 
research linking the thermal properties of waxes and a key attribute for consumers 
as the perceived visual appearance [14] (affected by the thermal stability of the 
product).

The aim of this chapter was to study the relation between the thermal behavior of 
waxes by means of DSC and the thermal stability screening test of eight commercial 
mascaras showing the advantages of the continuous development of calorimetry 
applications in the cosmetic industry focused in efficacy and quality.

2. Materials and methods

2.1 Sample source

The eight commercial eyelashes mascaras were used only for research purposes. 
Due to the company’s policies, the name of each product, the proportions of the 
individual ingredients in the formula as well as the supplier for each wax are outside 
the scope of the current study.

The studied waxes were Carnauba wax (Wax-1), Microcrystalline wax (Wax-2), 
Ozokerite (Wax-3), Paraffin wax (Wax-4), Polyethylene wax (Wax-5) and Synthetic 
Beeswax (Wax-6).

2.2 Thermal stability screening test

Following a preliminary stability test (also known as screening test), mascara 
samples were heated at 50°C for 15 days to accelerate the instability processes that 
could occur, obtaining preliminary information on stable formulations [15]. After 
0, 8 and 15 days of thermal stress, each product was carefully observed for phase-
separation recording and enough amount of each sample was used to perform 
DSC measurements. Control samples (day 0) were measured as received from the 
supplier.

2.3 Differential scanning calorimetry measurements

The DSC curves were obtained using a NETZSCH DSC 204 F1 Phoenix differen-
tial scanning calorimeter (NETZSCH-Geratebau GmbH, Selb, Germany) calibrated 
with Indium, Tin and Bismuth. For each measurement an empty aluminum pan—
previously weighted—was used as reference. Mascara and wax samples were weighed 
(5.5 ± 0.1 mg) and sealed in a 25 μl-aluminum pan and before each analysis, a small 
hole was opened in the top of the lid. The results were processed using the Proteus 
software version 7.2.0. The melting temperature (°C), and the transition enthalpy 
(ΔH, J/g) were estimated.
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For waxes a constant rate of 10°C/min in the temperature range of −60 to 180°C 
was used and three successive heating cycles were recorded under dynamic N2 atmo-
sphere (20 mL/min) ensuring reliable and reproducible data [10].

Regarding the mascara samples, two heating cycles were used: the first from −20 
to 120°C at 10°C/min, and from 0 to 120°C at 5°C/min for the second cycle [16]. All 
these experiments were made at least by duplicate.

3. Results and discussion

3.1 Wax characteristics

The curves reported on Figure 1 allow to see the thermal behavior of 6 waxes pres-
ent within the composition of the mascaras.

DSC curves of waxes 1, 2, 3 and 4 remained unchanged upon followed heating, 
which can be a stability indicator [17]. On the other hand, DSC curves of waxes 5 
(polyethylene wax) and 6 (beeswax) did change.

Although beeswax samples can present DSC differences depending on the origin of 
the wax [18], they have a single endothermic peak with melting point above 50°C [19, 20] 
and there are no modifications in the DSC curve after 50 heating cycles [21]. However, the 

Figure 1. 
DSC curves of waxes: Wax-1 (a), Wax-2 (b), Wax-3 (c), Wax-4 (d), Wax-5 (e), Wax-6 (f). In each case the red 
line (−) and the black line (−) correspond to different heating cycles.
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so-called synthetic beeswax (wax-6) sample herein reported is different, since it has two 
melting endothermic peaks below 50°C and its DSC curve changes between heating cycles.

Figure 2 
DSC curves of the mascaras M-1 (a), M-2 (b), M-3 (c), M-4 (d). In each case the black line (−) corresponds 
to day 0, the blue line (−) to 8 days and the red line (−) to 15 days.
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A change in the thermal behavior of waxes after subsequent remelting cycles is 
unusual and has been taken as an indicator of variations in the wax structure [22]. For 
that reason, waxes 5 and 6 were considered as heat-sensitive.

3.2 Correlation with mascaras

Figures 2 and 3 shows the DSC curves for each mascara, while Table 1 shows the 
composition of each one in terms of waxes.

Curves without signals (Figures 2 and 3) belong to the mascaras that did not have 
waxes in their composition M-1 and M-8, whereas the mascaras M-2, M-3, M-4, M-5, 
M-6 and M-7 did show DSC signals in the range between 5 and 95°C and were made 
of waxes. Also, since mascaras are made of water, pigments, waxes, film formers, 
emulsifiers, humectants, viscosity agents, preservatives and fibers [11] and waxes 

Figure 3. 
DSC curves of the mascaras M-5 (e), M-6 (f), M-7 (g) and M-8 (h). In each case the black line (−) corresponds 
to day 0, the blue line (−) to 8 days and the red line (−) to 15 days.
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have a melting range between 8 and 100°C [2], the DSC signals are produced by the 
waxes within the mascara composition.

Although Wax-5 and Wax-6 were labeled as heat-sensitive waxes, mascaras 
containing one or another (M-4, M-5 and M-7) did not undergo significant changes 
in their thermal properties in function of time. Likewise, according to Table 2 (which 
differentiates the mascaras that presented a noticeable phase-separation from those 
that did not after being subjected to 50°C for 15 days) M-4, M-5 and M-7 did not show 
visual separation.

Due to signals on the mascara DSC curve are generated by waxes, it was hypoth-
esized that alterations in the curves of some mascaras could be a consequence of 
physicochemical changes in the constituent waxes, which is in agreement with 
evident alterations for mascaras which contained the blend of both heat sensitive 
waxes (M-2, M-3 and M-6). When comparing the stress at 50°C for 15 days with the 
other two control times (0 and 8 days at 50°C), an increase in peak enthalpies in 
more than 20% and separation phenomena were observed. Then, it is possible to say 
that the mixture of heat-sensitive waxes is one source of incompatibility that yields 
unstable mascaras.

Given that, it is recommended to check whether the waxes used for mascara 
manufacture are heat-sensitive. It is necessary to study the specific physicochemical 
interaction of waxes as well as their ratios, in order to continue the development of 
meaningful information to predict the stability of mascaras.

Wax M-1 M-2 M-3 M-4 M-5 M-6 M-7 M-8 Heat-sensitive?

Wax-1 X No

Wax-2 X X No

Wax-3 X No

Wax-4 X X No

Wax-5 X X X X X Yes

Wax-6 X X X X Yes

Table 1. 
Waxes present in each mascara and their change in DSC curves between heating cycles.

Mascara code Visual changes? Peak enthalpy variation (%)*

M-1 No N.A

M-2 Yes 26.6

M-3 Yes 38.8

M-4 No 4.7

M-5 No 1.4

M-6 Yes 21.5

M-7 No −3.5

M-8 No N.A

*Respect to day 0.

Table 2. 
Peak enthalpy variation and visual changes after 15 days at 50°C of the analyzed mascaras.
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4. Conclusions

Changes in DSC curves of Wax-5 and Wax-6 when applying successive heating 
cycles were observed, indicating their heat-sensitive nature. Signals between 5 and 
95°C on the DSC curve of the studied mascaras are related with the presence of waxes 
in their composition. Mascaras M-2, M-3 and M-6 displayed changes in their curves 
after 15 days at 50°C that were related with noticeable phase-separation, such separa-
tion could be a consequence of destabilization phenomena after blending at least two 
heat-sensitive waxes.

Acknowledgements

The authors acknowledge to all the Laboratory team from the Research, 
Development & Innovation Area of Belcorp for the help performing some measure-
ments, getting all the mascara compositions and the fruitful academic discussions.

Conflicts of interest

The authors declare that they have no conflict of interest.

Funding source

The current work was supported by Belcorp Company.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Cosmetic Products and Industry - New Advances and Applications

8

References

[1] Krendlinger E, Wolfmeier U, 
Schmidt H, Heinrichs F-L, Michalczyk G, 
Payer W, et al. Waxes. In: Ullmann’s 
Encycl. Ind. Chem. American 
Cancer Society; 2015. pp. 1-63. 
DOI: 10.1002/14356007.a28_103.pub2

[2] Flaherty B. Characterisation of waxes 
by differential scanning calorimetry. 
Journal of Applied Chemistry and 
Biotechnology. 1971;21:144-148. 
DOI: 10.1002/jctb.5020210507

[3] Miller R, Dawson G. Characterization 
of hydrocarbon waxes and polyethylenes 
by DSC. Thermochimica Acta. 
1980;41:93-105. DOI: 10.1016/0040-
6031(80)80098-0. Available from: 
https://www.sciencedirect.com/science/
article/abs/pii/0040603180800980

[4] Stank J, Mullay J. Analysis of wax/
oil mixtures using DSC. Thermochimica 
Acta. 1986;105:9-17. DOI: 10.1016/0040-
6031(86)85218-2. Available from: https://
www.sciencedirect.com/science/article/
abs/pii/0040603186852182

[5] Al-Sammerrai D. Evaluation of 
the thermal stabilities of paraffin 
and microcrystalline wax melts. 
Thermochimica Acta. 1985;86:369-373. 
DOI: 10.1016/0040-6031(85)87067-2.  
Available from: https://www.
sciencedirect.com/science/article/abs/
pii/0040603185870672

[6] Kotsiomiti E, McCabe JF. Stability 
of dental waxes following repeated 
heatings. Journal of Oral Rehabilitation. 
1995;22:135-143. DOI: 10.1111/j.1365-
2842.1995.tb00247.x

[7] Clermont-Gallerande D et al. 
Relations between the sensory properties 
and fat ingredients of lipsticks. OCL. 
2018;25:D502. DOI: 10.1051/ocl/2018053. 

Available from: https://www.ocl-journal.
org/articles/ocl/full_html/2018/05/
ocl180017/ocl180017.html

[8] De Clermont-Gallerande H, 
Chavardes V, Zastrow L. Crystal clear 
transparent lipstick formulation based 
on solidified oils. International Journal 
of Cosmetic Science. 1999;21:413-424. 
DOI: 10.1046/j.1467-2494.1999.211909.x

[9] Schneider G, Gohla S, Schreiber J, 
Kaden W, Schönrock U, 
Schmidt-Lewerkühne H, et al. Skin 
cosmetics. In: Ullmann’s Encycl. Ind. 
Chem. American Cancer Society; 2001. 
DOI: 10.1002/14356007.a24_219

[10] Pan S, Germann N. Thermal and 
mechanical properties of industrial 
benchmark lipstick prototypes. 
Thermochimica Acta. 2019;679:178332. 
DOI: 10.1016/j.tca.2019.178332

[11] De Roeck A. Elevating mascaras: 
Formulating must- have lash effects 
with the Flick of a wand oil /wax phase. 
Cosmetics & Toiletries. 2019;134:1-4

[12] Ferrari V, Alfort P, et al. Method 
of making a mascara composition 
comprising a polyamide polymer and at 
least one inert filler. 2004

[13] Barel AO, Paye M, Maibach HI. 
Handbook of cosmetic science 
and technology. Dermatologic 
Surgery. 2010;36:664-667. 
DOI: 10.1111/j.1524-4725.2009.01444.x

[14] Crilly N, Moultrie J, Clarkson PJ. 
Seeing things: Consumer response to the 
visual domain in product design. Design 
Studies. 2004;25:547-577. DOI: 10.1016/j.
destud.2004.03.001

[15] Baertschi SW, Hetrick EM, Hoaglund 
Hyzer CS, Pack BW, Roberts JC, 



Thermal Behavior of Waxes and Its Correlation with Mascara Stability Tests: A DSC Study
DOI: http://dx.doi.org/10.5772/intechopen.110606

9

Wolfe CN. Chapter 11—Implementing 
an accelerated predictive stability 
program. In: Qiu F, Scrivens G, editors. 
Accel. Predict. Stab. Boston: Academic 
Press; 2018. pp. 253-283. DOI: 10.1016/
B978-0-12-802786-8.00011-5

[16] Narebski S. Mascara composition 
comprising an ethylene/vinyl acetate 
copolymer, US8211416B2. 2012

[17] Pandey RK, Singh AK, Prakash R. 
Directed self-assembly of poly(3,3‴-
dialkylquarterthiophene) polymer thin 
film: Effect of annealing temperature. 
Journal of Physical Chemistry C. 
2014;118:22943-22951. DOI: 10.1021/
jp507321z

[18] Buchwald R, Breed MD, 
Greenberg AR. The thermal properties of 
beeswaxes: Unexpected findings. Journal 
of Experimental Biology. 2008;211:121. 
DOI: 10.1242/jeb.007583

[19] Ihsan N, Teo Y, Najeeb Nellikkal M, 
Ahmad Z, Hasan A, Shah Z. Synthesis 
and characterization of magnetic 
nanostructured lipid carriers (mNLCs) 
for drug delivery. International Journal of 
Electrochemical Science. 2018;13:12045-
12046. DOI: 10.20964/2018.12.02

[20] Galvão JG, Trindade GGG, 
Santos AJ, Santos RL, Chaves Filho AB, 
Lira AAM, et al. Effect of Ouratea sp. 
butter in the crystallinity of solid lipids 
used in nanostructured lipid carriers 
(NLCs). Journal of Thermal Analytical 
Calorimetry. 2016;123:941-948. 
DOI: 10.1007/s10973-015-4890-8

[21] Dinker A, Agarwal M, Agarwal GD. 
Experimental assessment on thermal 
storage performance of beeswax 
in a helical tube embedded storage 
unit. Applied Thermal Engineering. 
2017;111:358-368. DOI: 10.1016/j.
applthermaleng.2016.09.128

[22] Grzeskowiak K, Czarnecka- 
Komorowska D. Influence of waxes 
remelting used in investment casting 
on their thermal properties and linear 
shrinkage. Metalurgija. 2015;54:350-352


