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Abstract

This work aims to develop polymer surfaces with improved hydrophobic properties. Films containing
various contents of commercial Polystyrene (PS) and own-synthetized tailored Fluorinated Additives
(FA) were elaborated by the solvent casting method. The influence of the fluorinated additives on the
wettability properties of PS/FA blends, via the measurement of the dynamic contact angle with water,
was evaluated. It was shown that the use of these synthetized tailored additives significantly improves
the hydrophobicity of polystyrene, even at low percentages, variations which can be predicted by the
proposed law.
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Introduction

Improving the hydrophobicity of commercial polymers is of a strategic interest in many
industrial sectors, such as energy [1], biomedical [2] or food [3]. In this context, a study has
been carried out to improve the hydrophobicity of polystyrene, following two guidelines
of research: (i) the first one consists in synthetizing custom-made additives [4,5] and then
mixing them to the polymer matrix at different contents, (ii) the second way consists in
structuring the surface of the polymer parts, using (nano)particles [6] or by plasma treatment
[7] or by reproducing the texture of an insert on a polymer surface [8,9]. In this work, the
first route will be explored by incorporating random copolymers of fluorinated polystyrene
[5] in a polystyrene matrix. We have previously shown that the latter improve the texture
replication rates on the surface polymers [8]. The aim of this study is therefore to show not
only the influence of additives on the dynamic wetting properties of blends but also to be able
to predict their effect.

Materials and Methods
Materials

The polymer matrix chosen for this study is a polystyrene commercialized by Total Energies
Refining & Chemicals under the trade name “Crystal polystyrene grade 1160” (M =250kg/
mol, M =125kg/mol). Three additives, named POISE-a-4, POISE-a-20 and POISE-a-37, were
synthetized in a previous work [5], based on a random copolymer architecture with different

Polymer Science: Peer Review Journal


http://dx.doi.org/10.31031/PSPRJ.2022.04.000584
https://crimsonpublishers.com/psprj/

PSPR].000584. 4(2).2022

molar percentages of perfluorinated styrene comonomer: 4 mol.%,
20 mol.% and 37 mol.% (corresponding to 11 wt.%, 34 wt.% and
44 wt.% of fluorine, respectively). The polymers blends were then
elaborated via a solvent route.

Method

Wettability measurements were performed using the DSA25
drop shape analyzer (Kriiss®, Hamburg, Germany). To improve
the visibility of the contact line, the camera was tilted from the
horizontal plane with an angle of 2°. The surface wettability was
measured using demineralized water (resistivity of 18 MQ.cm).
The Dynamic Advancing Contact Angles with Water (dACAW) were
obtained according to the proposed protocol of Huhtamaki et al.
[10]. Five measurements were made per sample.
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Results and Discussion

The evolution of the dynamic angle of contact with water
(called “dACAW”) as a function of the fluorine content is presented
in Figure 1 for the three blends analysed (PS/POISE-a-4, PS/
POISE-a-20 and PS/POISE-a-37). It can be seen that whatever the
blend considered the dACAWs increase progressively with the
fluorine content, from a minimum value (called dACAWmin) close
to 93° corresponding to PS, to a maximum value (named dACAW )
close to 123°, corresponding to a surface made up exclusively of
-CF, groups [11]. To predict the evolution of the dACAW with the
fluorine content, the following law was then used:
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Figure 1: Evolution of the experimental dynamic advanced contact angle with water as a function of fluorine content

(symbols) and predicted values using equation 1 (solid line).

With dACAW , and dACAW __ correspond to the extremum
values of dACAW, n the slope of the dACAW rise and wtF50 the

fluorine content at 50% of the dACAW rise. The superposition of

the experimental and predicted results confirms the relevance
of the proposed approach. The analysis of the parameter values
reported in Table 1 shows that the blend including POISE-a-20
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additive stands out from the others with an increase in dACAW at

lower fluorine contents. This result may be related to the singular

morphology of this blend, where an interdigitated structure of the

fluorinated side chains has been shown previously [5].

Table 1: Optimised values of parameters from equation 1 (*: fixed values).

Blend dACAW, ., © dACAW i, () n (°/wt.%) wtF'50 (wt.%) R? adjusted
PS/POISE-a-4 12325 95* 1.1+£0.7 1.4x10° 0.79
PS/POISE-a-20 12343 93#1 0.4+0.1 9.2x1073 0.99
PS/POISE-a-37 118+10 95* 0.9+0.5 3.1xx10! 0.87

Conclusion

Theinfluence ofthe presence and content of the own synthetized
additives POISE-a on the hydrophobicity of polystyrene-based
mixtures was studied using dynamic measurements of the contact
angle with water. The sigmoidal variation of the dACAWSs observed
experimentally as a function of the fluorine content was predicted
using a unique law composed of four parameters, which confirmed
the singular behaviour of the blend containing the POISE-a-20,
showing a much lower threshold value than the other blends.

Acknowledgment

The authors would like to thank the Auvergne Rhone Alpes
region for the financial support (grant N°20-009580-01) given
in the framework of the Pack Ambition Recherche 2020-Projet
EFFISURE. The ANRT (Association Nationale de la Recherche et
de la Technologie) is also acknowledged for its contribution to the
funding of a PhD thesis. Mrs. Sandrine LEBIGRE (CT-IPC, Bellignat)
is particularly acknowledged for her advice.

References

1. Mehmood U, Al-Sulaiman FA, Yilbas BS, Salhi B, Ahmed SHA, et al. (2016)
Superhydrophobic surfaces with antireflection properties for solar
applications: A critical review. Solar Energy Materials and Solar Cells
157: 604-623.

2. Liu S, Han Y, Qie J, Chen S, Liu D, et al. (2022) Environment friendly
superhydrophobic and transparent surface coating via layer-by-layer
self-assembly for antifogging of optical lenses. Journal of Biomaterials
Science 33(7): 847-857.

3. Guzman-Puyol S, Tedeschi G, Goldoni L, Benitez ]], Ceseracciu L, et al.
(2022) Greaseproof, hydrophobic, and biodegradable food packaging
bioplastics from Cé6-fluorinated cellulose esters. Food Hydrocolloids
128:107562.

4. De Bruycker K, Delahaye M, Cools P, Winne |, Prez FED (2017) Covalent
fluorination strategies for the surface modification of polydienes.
Macromol Rapid Commun 38(11): 1700122.

5. Nourdine A, Giboz ], Le Brouster R, Dubelley F, Carrier S, et al. (2021)
Tailored fluorinated oligo-polystyrene as efficient additive for the
hydrophobicity/oleophobicity improvement of styrenic polymers.
European Polymer Journal 159: 110712.

6. Pawar PG, Xing R, Kambale RC, Kumar AM, Liu §, et al. (2017) Polystyrene
assisted superhydrophobic silica coatings with surface protection and
self-cleaning approach. Progress in Organic Coatings 105: 235-244.

7. Smirnov AV, Atkin VS, Gorbachev IA, Grebennikov Al, Sinev IV, et al.
(2017) Surface modification of polystyrene thin films by RF plasma
treatment. BioNanoSci 7: 680-685.

8. Le Brouster R, Giboz ], Nourdine A, Tenchine L, Dubelley F, et al. (2022)
Complementary approaches for enhancing polystyrene hydrophobicity:
additives development and replication of micro/nanotextures.
Micromachines 13(3): 467.

9. Hong D, Ryu I, Kwon H, Lee JJ, Yim S (2013) Preparation of
superhydrophobic, long-neck vase-like polymer surfaces. Phys Chem
Chem Phys 15: 11862.

10. Huhtamaki T, Tian X, Korhonen JT, Ras RHA (2018) Surface-wetting
characterization using contact-angle measurements. Nat Protoc 13:
1521-1538.

11. Nishino T, Meguro M, Nakamae K, Matsushita M, Ueda Y (1999) The
lowest surface free energy based on-CF, alignment. Langmuir 15(13):
4321-4323.

For possible submissions Click below:

Submit Article

Polymer Sci Peer Rev ]

Copyright © Patrice Mele


https://crimsonpublishersresearch.com/online-submission.php
https://www.sciencedirect.com/science/article/abs/pii/S0927024816302677
https://www.sciencedirect.com/science/article/abs/pii/S0927024816302677
https://www.sciencedirect.com/science/article/abs/pii/S0927024816302677
https://www.sciencedirect.com/science/article/abs/pii/S0927024816302677
https://pubmed.ncbi.nlm.nih.gov/34935596/
https://pubmed.ncbi.nlm.nih.gov/34935596/
https://pubmed.ncbi.nlm.nih.gov/34935596/
https://pubmed.ncbi.nlm.nih.gov/34935596/
https://www.sciencedirect.com/science/article/pii/S0268005X22000820
https://www.sciencedirect.com/science/article/pii/S0268005X22000820
https://www.sciencedirect.com/science/article/pii/S0268005X22000820
https://www.sciencedirect.com/science/article/pii/S0268005X22000820
https://onlinelibrary.wiley.com/doi/10.1002/marc.201700122
https://onlinelibrary.wiley.com/doi/10.1002/marc.201700122
https://onlinelibrary.wiley.com/doi/10.1002/marc.201700122
https://www.sciencedirect.com/science/article/abs/pii/S0014305721004468
https://www.sciencedirect.com/science/article/abs/pii/S0014305721004468
https://www.sciencedirect.com/science/article/abs/pii/S0014305721004468
https://www.sciencedirect.com/science/article/abs/pii/S0014305721004468
https://www.sciencedirect.com/science/article/pii/S0300944016307883
https://www.sciencedirect.com/science/article/pii/S0300944016307883
https://www.sciencedirect.com/science/article/pii/S0300944016307883
https://link.springer.com/article/10.1007/s12668-017-0407-1
https://link.springer.com/article/10.1007/s12668-017-0407-1
https://link.springer.com/article/10.1007/s12668-017-0407-1
https://pubmed.ncbi.nlm.nih.gov/35334759/
https://pubmed.ncbi.nlm.nih.gov/35334759/
https://pubmed.ncbi.nlm.nih.gov/35334759/
https://pubmed.ncbi.nlm.nih.gov/35334759/
https://pubs.rsc.org/en/content/articlelanding/2013/CP/c3cp51833g
https://pubs.rsc.org/en/content/articlelanding/2013/CP/c3cp51833g
https://pubs.rsc.org/en/content/articlelanding/2013/CP/c3cp51833g
https://www.nature.com/articles/s41596-018-0003-z
https://www.nature.com/articles/s41596-018-0003-z
https://www.nature.com/articles/s41596-018-0003-z
https://pubs.acs.org/doi/10.1021/la981727s
https://pubs.acs.org/doi/10.1021/la981727s
https://pubs.acs.org/doi/10.1021/la981727s

	Correlation Between Swelling and Elasticity of Graphene Oxide-Polyacrylamide Composites 
	Abstract
	Introduction
	References

