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H I G H L I G H T S

• Curing temperature strongly influences Siliglass’ mechanical behavior.

• Higher curing temperatures reduce elongation and increase stiffness.

• Stress–relaxation depends on both curing conditions and loading parameters.

• Finite element modeling accurately predicts viscoelastic response.

• This work supports the tunability of Siliglass for biomedical and flexible electronics applications.
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A B S T R A C T

Applications in flexible wearable devices and wearable electronics for health monitoring purposes often rely on 

soft materials whose mechanical and viscoelastic properties can be precisely tuned and controlled. Siliglass, a 

platinum-cured silicone, is a promising candidate due to its flexible characteristics, biocompatibility, and tunable 

performance. This study investigates the effect of curing temperature (25 ◦C, 50 ◦C, 75 ◦C) on the mechan­

ical behavior and stress–relaxation of Siliglass. Uniaxial tensile tests revealed a strong dependence on curing 

conditions: elongation at break decreased from 97% to 34% as temperature increased, while Young’s modulus 

rose by over 60%. Poisson’s ratio remained close to 0.5, confirming the near incompressibility of the material. 

Stress–relaxation tests showed that both initial strain and strain rate significantly influence relaxation dynamics, 

with faster stress decay observed at higher curing temperatures. Finite element simulations help in evaluating 

the experimental results, confirming the consistency of the outcomes. The findings highlight the capacity for 

adjustment of Siliglass properties via curing temperature, suggesting the optimal one for flexible and wearable 

device applications.

1 . Introduction

In recent years, wearable sensing devices have seen significant 

growth in biomedical engineering, particularly for monitoring elderly 

individuals, patients with chronic conditions, and athletes’ performance 

[1,2]. The increasing demand for flexible, lightweight, and comfortable 

wearable sensors has driven research toward materials and designs that 

achieve a balance between measurement accuracy, mechanical robust­

ness, and biocompatibility. At the same time, flexible electronics mark a 

shift in paradigm from rigid, silicon-based hardware to systems that can 

adapt to the complex geometry (e.g., human skin). These devices can 

withstand significant stretching without compromising their electrical 

properties benefiting from the integration of carbon-based nanomate­

rials, piezoelectrics or liquid metals into elastomeric substrates [3]. 

The synergy between flexible circuitry and soft sensing elements conse­

quently allows for long-term monitoring capabilities with minimal user 

discomfort [4].

Wearable devices fabricated from soft, deformable materials can 

transduce mechanical stimuli into measurable signals [5]. These de­

vices have been applied widely, including joint motion monitoring (e.g., 

elbow, knee, and ankle) [6,7] and physiological parameter detection 

(e.g., breathing) [8]. To accommodate deformation, various types of 

wearable sensors have been developed, including strain sensors based 
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on conductive fabrics [9], conductive polymer composites [10], and 

fiber-optic-based wearable strain sensors [11,12].

Fiber Bragg Grating (FBG) optical sensors are particularly promis­

ing for wearable applications. They are immune to electromagnetic 

interference, highly sensitive to strain and temperature, and allow 

multiplexing along a single fiber, enabling high-resolution and multi-

parameter monitoring systems [13]. However, integrating FBG sensors 

into wearable devices remains challenging. Optical fibers are inherently 

fragile and poorly suited for high-deformation environments, neces­

sitating encapsulation materials (e.g., polymeric or elastomeric) that 

provide mechanical protection without compromising sensitivity. Such 

encapsulation must also be soft, thin, and durable to ensure user com­

fort and reliable performance under dynamic and complex movements 

[14]. Previous studies have indeed demonstrated the encapsulation of 

FBGs within silicone-based elastomeric matrices, showing that such 

packaging improves mechanical robustness and flexibility while en­

abling effective strain transfer from soft substrates to the embedded

gratings [15].

Among silicone elastomers, platinum-cured systems have gained 

prominence due to their high purity, lack of toxicity, biocompatibil­

ity, and potential for modification of mechanical properties via curing 

conditions [16]. Siliglass platinum silicone is an innovative example of 

this class, designed to provide optimized mechanical performance for 

wearable applications.

Curing temperature is a critical factor in the fabrication of these ma­

terials, as it directly affects cross-link density, thereby modifying the 

microstructure of the polymer matrix and influencing key properties 

such as elastic modulus, recovery after deformation, and viscoelas­

tic behavior [17,18]. It was highlighted, in previous works, that, on 

other silicone systems, moderate changes in polymerization tempera­

ture can result in significant differences in mechanical strength, cyclic 

load response, and stress–relaxation [19]. These aspects are particularly 

relevant for wearable devices, which must maintain functional stability 

under repeated and prolonged deformation [20].

Despite growing interest, systematic studies on the relationship be­

tween curing temperature and the final properties of Siliglass platinum 

silicone remain limited. In particular, in-depth analyses associating 

cross-linking conditions with mechanical behavior and stress–relaxation 

are lacking, yet these parameters are essential for assessing suitability 

of the material for advanced applications.

Accurate characterization of the mechanical properties is indeed es­

sential to evaluate the suitability of Siliglass as a substrate for wearable 

strain sensors. Traditional characterization methods, such as cross-head 

displacement, provide only coarse measurements, as they are affected 

by the motion of the entire specimen [21]. Contact strain gauges of­

fer improved accuracy [22], but may introduce slippage or surface 

damage. In contrast, non-contact optical techniques, particularly sur­

face marker tracking, enable full-field measurement of displacement 

and deformation, and are increasingly recommended for the mechanical 

characterization of elastomeric materials [23,24].

Understanding the stability of mechanical properties under constant 

deformation is also crucial for wearable sensors. Stress–relaxation, a 

common phenomenon in viscoelastic substrates such as silicones, can 

lead to unstable sensor signals if not properly accounted for [25]. 

Therefore, an ideal substrate must exhibit high flexibility, strong recov­

ery, and minimal stress–relaxation. Siliglass is a promising material that 

could meet these requirements in future applications.

The core objective of this work is to systematically characterize the 

influence of curing temperature on the mechanical response of Siliglass 

platinum silicone. The novelty of this study lies in the establishment 

of a direct link between a manufacturing variable (i.e., curing temper­

ature) and material stress–strain behavior, examined through uniaxial 

tensile and relaxation tests, and able to provide rigorous framework for 

optimizing Siliglass. Ultimately, these findings offer critical guidelines 

for enhancing the precision and durability of flexible wearable device 

applications.

2 . Materials and methods

This section presents the materials employed and the main method­

ology adopted in the study. It details the preparation of the specimens 

and the experimental setup used for the tests. The protocols for both ten­

sile and relaxation experiments are described, along with the procedures 

for determining the corresponding material properties. Furthermore, the 

finite element model implemented to simulate the material behavior is 

also presented.

2.1 . Specimens preparation

The PlatSil® (i.e., Platinum Silicone1) Siliglass silicone rubbers kit 

used in this work is constituted by two parts which are the Silicone 

Elastomeric Base (Part A) and Silicone Elastomeric Curing Agent (Part 

B). The Siliglass base and curing agent were mixed in a 1:1 wt ratio, 

as recommended by the producer in the technical bulletin [26]. Before 

mixing the two parts together and pouring their mixture into the mold, 

both are degassed in a vacuum chamber for 10 minutes to remove all 

the air bubbles (Fig. 1(a). This step is fundamental to ensure a correct 

polymer solidification and to avoid structural defects; indeed, bubbles 

weaken the material, make its structure uneven, and compromise its 

strength and final mechanical behavior. The pouring mold is designed, 

for both the following described tension tests, according to the ASTM 

D412 Standard Test Method for Dumbbell - Type C specimens [27], as 

illustrated in Fig. 1(b).

In accordance with the aim of the work, the polymer mixture poured 

into the mold was cured at three distinct, pre-established, and con­

trolled temperatures (i.e., 25 ◦C, 50 ◦C, and 75 ◦C), taking into account 

varying solidification time intervals based on the chosen temperature. 

Specifically, at T = 25 ◦C the mixture was cured for 120 minutes, at T = 

50 ◦C for 80 minutes and, ultimately, at T = 75 ◦C for 40 minutes. The 

curing period was established based on a series of preliminary trials, in 

accordance with the guidelines provided by the manufacturer; this ap­

proach was adopted to ensure that the specimens attained suitable and 

reliable conditions for the subsequent experimental testing. Moreover, 

during the curing process, the temperature was monitored through a 

thermocouple, in order to ensure that it remained constant throughout 

the period. The solidified specimens obtained (Fig. 1(c) can be used for 

testing after airing for 24 hours prior to mechanical characterization, to 

avoid any potential ageing effects [28].

Once the specimens had been produced, a further analysis was car­

ried out on them to ensure that all reactive groups of the two-component 

platinum-based silicone material are fully consumed once the cur­

ing time has elapsed, as suggested by the manufacturer’s guidelines. 

For this, a medium wavelength infrared (MWIR, operational spectral 

range: 2700–5200 nm) hyperspectral imaging (HSI) system based on 

the Fourier Transform Infrared (FTIR) principle (Specim FX50; Specim 

Spectral Imaging Oy Ltd) was used.

Two different conditions were analyzed for each curing temperature 

(i.e., 25 ◦C, 50 ◦C and 75 ◦C): the first, without post-curing (i.e., after 

the specified curing time, which allows the material to solidify); the sec­

ond, applying a post-curing phase (120 minutes at 75 ◦C), typically used 

for materials such as the one under examination, in order to remove 

residual silicon hydride (Si-H) groups [29]. The post-curing time and 

temperature were selected to balance the efficiency of this process with 

the dimensional integrity of the samples, as temperatures exceeding the 

glass transition temperature of any substrates (or close to the thermal ex­

pansion limit) can introduce residual stresses or anisotropic distortions, 

which are problematic for subsequent mechanical characterization [30].

From a data analysis perspective, reflectance spectra were extracted 

and normalized with respect to references. L1-normalization was ap­

plied to remove intensity scaling effects and emphasise the spectral 

shape; finally, the first spectral derivative was computed to enhance 

1 Registered trademark.
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Fig. 1. Specimens’ fabrication. a) Different steps for material preparation and specimens’ realization: 1) Mixing Part A/Part B and degassing. 2) Pouring the mixture 

into the mold. 3) Curing at different temperatures. b) Dumbbell Type C specimen’s dimensions according to ASTM D412. c) An example of specimen obtained after 

curing (T = 50 ◦C, in this case).

spectral variations and facilitate the analysis of residual polymerization 

effects, together with the extraction of the peak-to-peak amplitude in the 

spectral region around 2360 cm−1 (i.e., 4200 nm). This spectral region 

does not correspond to a direct absorption of the reactive Si–H or C=C 

groups, but rather to overtone and combination bands primarily asso­

ciated with C–H vibrations. The observed changes in this region were 

therefore interpreted as indirect indicators of polymerization, reflect­

ing modifications in the molecular environment and network structure 

resulting from the consumption of reactive groups [31].

2.2 . Experimental setup

The testing activity performed under tension loading was carried out 

using a custom-made testing machine, presented in Fig. 2(a), and con­

sisting specifically of a NEMA 23 SF16-04 stepper servomotor, equipped 

with a worm screw slide with 4 mm pitch, which ensures the imposed 

linear motion. A load cell with 200 N capacity was connected to an 

HX711 device (i.e., precision 24-bit analog-to-digital converter designed 

for scales to interface directly with a bridge sensor, based on Avia 

Semiconductor) and a UNO R3 board (Arduino UNO; Arduino), detailed 

in Fig. 2(b), which was selected based on the range of required force and 

sensitivity.

The different specimens are mounted on the machine via two 

Polylactic Acid (PLA) 3D-printed tensile grips (i.e., one fixed to the op­

tical table and serving as base, the other to the moving table of the 

stepper motor and cohesive with the load cell), using screws to ensure 

constant contact pressure between gripper surface and specimen surface 

(Fig. 2(a), since cross-section of the specimen reduces during the test.

For strain measurements, a non-contact approach was adopted us­

ing a 2-D vision system (Fig. 2(c), equipped with a main camera (12 

megapixels, 26 mm focal length, 𝑓/1.5 aperture, sensor-shift optical im­

age stabilization). The sampling rate was set equal to 30 fps (i.e., frames 

per second), and the various frames acquired by the system were ana­

lyzed using a MATLAB code (MATLAB® 2024b; MathWorks) to obtain 

the actual strain in the axial and transversal directions, aided by special 

markers applied on the specimen itself, identifying the area of interest 

(i.e., useful zone), as shown in Fig. 2(d). 

2.3 . Mechanical characterization

In this study, the material behavior of Siliglass silicone rubber un­

der two different tensile load conditions was fully characterized through 

Fig. 2. Mechanical tests setup. a) Tensile testing machine used for characteri­

zation: 1) Specimen; 2) load Cell; 3) PLA 3D-printed grips; 4) Servomotor. b) 

Detailed view of Arduino UNO R3 board and HX711. c) Detailed view of the 2D 

vision system used for strain measurement. d) Zoom on the useful zone with the 

highlighted markers used for measuring axial (i.e., white) and transversal (i.e, 

red) strain. (For interpretation of the references to colour in this figure legend, 

the reader is referred to the web version of this article).

standardized testing procedures. Uniaxial loading test and uniaxial re­

laxation test were performed under quasi-static loading at room ambient 

conditions (i.e., Tamb = 25 ◦C, RH ≈ 42%), monitoring no significant 

temperature variations during the testing activities. A preload in terms 

of displacement equal to 0.5 mm was applied before each test.

2.3.1 . Uniaxial loading test

Tension testing is one of the most common and widespread ex­

perimental typologies to assess mechanical behavior of elastomers. 

According to the ASTM D412, the stress/strain behavior of Siliglass ma­

terial was obtained by performing uniaxial tensile loading tests [32]. 

In detail, all the specimens produced at different curing temperatures 
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were stretched up to failure under quasi-static testing speed equal to 

5 mm/min.

Load values and the resulting stress data were acquired using a load 

cell at a sampling frequency of 10 Hz. Simultaneously, longitudinal and 

transverse strain data were collected via the previously described non-

contact vision measurement system, with a sampling rate of 30 fps; the 

markers applied to the specimens facilitated the precise evaluation of 

strains.

This setup configuration enables the assessment of fundamental me­

chanical behavior parameters, including the elongation at break, which 

represents the maximum elongation the specimen withstands before fail­

ure and is expressed as a percentage of the original length of the test 

section (i.e., 25 mm), and the Ultimate Tensile Strength (UTS), which 

is the stress value recorded at the point of breakage. Hence, the elastic 

(or Young’s) modulus and the Poisson’s ratio are extracted by combining 

both stress and strain data. Elastic modulus was obtained by looking at 

the slope of the stress–strain curve (i.e., angular coefficient of the first-

degree polynomial fitting) instead, Poisson’s ratio was obtained through 

the common definition coming from theory: 

𝜈 = −
𝜀𝑡
𝜀𝑎

(1)

and according to the procedure described by ASTM E132 [33] and in 

[34,35], where 𝜀𝑎 and 𝜀𝑡 are, respectively, the longitudinal and transver­

sal measured strain. The minus sign appears because Poisson’s ratio is 

often positive while the transversal strain is conventionally negative 

(i.e., section reduction/compression). In order to assess repeatability of 

the data, this procedure was repeated three times (i.e., 9 tests performed 

in total) for each chosen curing temperature.

2.3.2 . Uniaxial relaxation test

Since many elastomers exhibit viscoelastic behavior when they are 

normally stretched and held under a constant load in different applica­

tions, it is also important to evaluate this phenomenon for the Siliglass 

material, particularly when assessing the impact of curing temperature 

as done in this work [36]. The associated behavior could be investigated 

through a commonly known stress–relaxation test, where percentage 

stress–loss with respect to maximum stress and stress reduction over 

time under a constant imposed initial elongation are measured [37]. The 

uniaxial relaxation test was performed according to ASTM E328 [38] to 

evaluate both how initial imposed strain and strain speed influence the 

performance of the material. Siliglass specimens prepared at various cur­

ing temperatures were stretched to three different initial displacements 

(i.e., 2.5 mm, 5 mm, and 7.5 mm) under a constant speed of 1.5 mm/s 

and to an initial displacement of 1.5 mm under three different speeds 

(i.e., 0.5 mm/s, 1.5 mm/s, and 2.5 mm/s) and held for 600 s, as was 

done in a prior study [39]. Values of stress were recorded by using pre­

vious described load cell and a sample frequency of 10 Hz. Particularly, 

stress–loss is evaluated by computing first the Relaxation Ratio (RR) as 

[40]: 

RR =
𝜎(𝑡)
𝜎𝑚𝑎𝑥

(2)

where 𝜎(𝑡) is the time history of the stress recorded by the load cell, in­

stead 𝜎𝑚𝑎𝑥 is the maximum value of stress recorded during the respective 

test, and after as: 

Loss = (1 − RR𝑒𝑛𝑑 ) × 100 (3)

taking the RR value at the end of the test (i.e., RR𝑒𝑛𝑑). In addition, by an­

alyzing the stress reduction over time, it is possible to estimate the time 

constant 𝜏 (also known as relaxing time), which characterizes the vis­

coelastic behavior inherent to elastomeric materials. In practice, in this 

type of materials the elastic component cannot respond immediately to 

deformations because the viscous component slows it down. Therefore, 

the deformation takes place over a period, increasing exponentially until 

a maximum strain [41]. The same occurs in relaxation, where the ma­

terial does not maintain the imposed load (or the imposed elongation) 

precisely, due to the same intrinsic characteristic described above [42]. 

The time constant of the system was estimated by applying an expo­

nential fitting procedure to the experimental response. Specifically, the 

transient data were fitted with a single exponential function of the form:

𝑦(𝑡) = a 𝑒−𝑏𝑡 (4)

from which the time constant 𝜏 is obtained as:

𝜏 = −1
𝑏

(5)

2.4 . Finite element model

A finite element model (FEM) was developed in 

Abaqus®2025/Standard software as a tool to better interpret and 

verify the accuracy of experimentally obtained mechanical properties. 

This model was introduced solely for comparison purposes and, subse­

quently, to enable the use of the mechanical and viscoelastic properties 

in future work on the development of new devices [43]. Some pa­

rameters measured through uniaxial tensile and stress–relaxation tests 

were implemented in the numerical model, and the simulated response 

was compared with the experimental one. If the FEM successfully 

reproduces the observed behavior, this may confirm the validity of the 

simulation.

Discretization of the domain was performed by means of a 3-

dimensional mesh composed of 3D solid elements of type C3D20R 

(i.e., 3D solid 20-node quadratic elements with reduced integration and 

distortion control) with an average size of 1 mm (Fig. 3(a). A mesh 

size sensitivity analysis was performed, until a stable, discretization-

independent solution was obtained. The final mesh adopted has a higher 

refinement (i.e., average size of 0.5 mm) in the central area of the speci­

men (Fig. 3(b), where the largest strain gradients are located and where 

the onset of failure is observed.

For the uniaxial tensile test simulations, the boundary conditions 

shown in Fig. 3(c) were applied, constraining the top and bottom sur­

faces at both specimen side-ends. The material was assumed to be 

homogeneous and isotropic and was modeled using a linear elastic con­

stitutive law. The Young’s modulus and Poisson’s ratio were imposed 

according to the experimental values obtained for each curing tem­

perature. A time-dependent displacement control corresponding to a 

cross-head speed of 5 mm/min was applied in order to reproduce the ex­

perimental loading strain. The maximum elongation at break (expressed 

as a percentage) and UTS were extracted from the numerical simulations 

and compared with the corresponding experimental results.

Stress–relaxation simulations were performed using the same bound­

ary conditions shown in Fig. 3(c). In this case, the material response was 

described using a Maxwell viscoelastic model, most suitable for describ­

ing viscoelastic behavior during stress–relaxation tests, with respect to 

other models [44]: 

𝜀̇𝑡𝑜𝑡 = 𝜀̇1 + 𝜀̇2 =
𝜎
𝜂
+ 𝜎̇

𝐸
(6)

where the stress–strain behavior of the material is represented as a lin­

ear elastic spring and a viscous damper connected in series. Here, 𝜀̇1
represents the strain associated with the viscous contribution, while 𝜀̇2
corresponds to the one associated with the elastic contribution. This for­

mulation captures the time-dependent stress decay under constant strain 

conditions and is characterized by a relaxation time constant 𝜏 = 𝜂𝐸, 

where 𝐸 is the elastic modulus and 𝜂 is the viscosity of the material. In 

the present work, the time constant 𝜏 was imposed a priori, based on 

experimental data results (computed as presented in Section 2.3.2).

Different initial strain levels and strain rates were imposed to re­

produce the experimental loading phase. After reaching the target 

deformation, the strain was held constant for the entire duration of the 
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Fig. 3. Finite element model. a) Isometric view of FE model of the Dumbbell Type C specimen with 3-dimensional mesh applied. b) Zoom of the mesh on the useful 

zone. c) Side view of the specimen with the boundary and loading conditions applied (valid both for uniaxial and relaxation test).

simulation, in accordance with the experimental protocol. The stress–

loss occurring during the holding phase was quantified from the Maxwell 

model response and compared with the experimentally measured relax­

ation behavior in order to validate the viscoelastic dissipation observed 

in the material.

In accordance with the experimental protocol, all simulations were 

performed under constant temperature conditions [45]. It is impor­

tant to highlight that temperature variations associated with the curing 

process were not considered during the simulations, as curing was 

completed prior to mechanical testing. The curing temperature was im­

posed during specimen manufacturing and resulted in samples with 

different material properties, which were subsequently characterized 

experimentally and reproduced in the numerical simulations.

As a comparison metric, the mean absolute percentage error (i.e., 

MAPE) between model results and experimental test results was used 

as: 

MAPE = 100 × |

𝑦exp − 𝑦FEM

𝑦exp | (7)

where 𝑦exp represents the quantity obtained from the experimental tests 

(i.e., elongation, UTS or stress–loss), and 𝑦FEM denotes the correspond­

ing value predicted by the numerical model. For the uniaxial tensile 

tests, 𝑦exp corresponds to the average value computed over the three 

experimental repetitions, whereas for the relaxation tests the single 

experimental value associated with each imposed strain level is used.

3 . Results and discussion

This section presents the results obtained from experimental tensile 

and relaxation tests. Specifically, it discusses the mechanical proper­

ties derived from these tests, the parameters defining the material’s 

relaxation behavior, and a comparison with the outcomes of the finite 

element model.

3.1 . Specimens preparation: HSI analysis outcomes

The results of the HSI analysis for the presence of unconsumed reac­

tive groups are presented in Fig. 4. Analysis of the amplitude of the first 

derivative of the spectrum provides direct information on the concentra­

tion of unreacted functional groups within the polymer matrix. Higher 

amplitude values are associated with a greater presence of unreacted 

groups, whereas lower values signify a greater extent of reagent con­

sumption. Furthermore, the percentage conversion of reagents is also 

reported, using the first derivative of the liquid material spectrum as 

a reference [46]. Compared to liquid material (i.e., after being mixed 

and poured into the mold), those cured at 25 ◦C exhibit a localised in­

crease in derivative amplitude. This suggests that, although the reaction 

Fig. 4. Analysis of Si-H/C-H group conversion using MWIR hyperspectral imag­

ing. The graph illustrates the first derivative of the spectrum (blue line with 

squares) and the percentage of conversion (orange line with circles) for each 

curing temperature (25◦C, 50 ◦C and 75 ◦C) and condition (with and with­

out post-curing) analyzed. (For interpretation of the references to colour in this 

figure legend, the reader is referred to the web version of this article).

is initiated successfully, a significant proportion of the reactive groups 

remain unconsumed, meaning the post-curing effect is only significant 

at this lower temperature. Indeed, conversion increases from 47% to 

approximately 70% after post-curing [47].

As the curing temperature increases to 50 ◦C and 75 ◦C, the peak-

to-peak amplitude progressively decreases, indicating a more advanced 

reaction state and a corresponding reduction in residual Si–H group 

concentration. It is noteworthy that, although mathematics of the first 

derivative might suggest a broader range, the conversion curve is phys­

ically constrained to a 100% limit. This plateau indicates that the initial 

curing time is sufficient to reach full chemical maturity. Consequently, 

at 75 ◦C, the reaction completes within primary curing, taking less 

than 40 minutes and rendering any subsequent post-curing treatment 

unnecessary for further micro-structural stabilization [47,48].

3.2 . Uniaxial loading tests outcomes: experimental results

The stress–strain behavior of Siliglass was assessed through uniax­

ial tensile loading testing, whose results revealed a profound influence 

of curing temperature on the mechanical properties and failure behav­

ior of the material, as illustrated in the stress/strain curves of Fig. 5. 

The results (Appendix A, Table A.1), presented in Fig. 6, are reported in 
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Fig. 5. Stress vs. strain curves, obtained from the experimental uniaxial loading tests, for the different curing temperatures: a) T = 25 ◦C. b) T = 50 ◦C. c) T = 75 
◦C. Black cross highlights the failure/rupture of the specimen. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 

version of this article).

Fig. 6. Mechanical properties of Siliglass specimens obtained through uniaxial loading tests and reported for the different curing temperatures. a) elongation at break. 

b) UTS (i.e., Ultimate Tensile Strength). c) Young’s modulus. d) Poisson’s Ratio. Data are reported as mean ± standard deviation (SD, red error-bars) (n = 3). Pairwise 

two-sided t-tests were performed. Significance: 𝑝 < 0.05 (*), 𝑝 < 0.01 (**), 𝑝 < 0.001 (***), 𝑛𝑠 = not significant. (For interpretation of the references to colour in this 

figure legend, the reader is referred to the web version of this article).

terms of mean value (across the three tests performed) with the standard 

deviation highlighted (i.e., red error bars) [49].

The most impressive remark is the drastic reduction in the mate­

rial’s ductility, quantified by elongation at break (Fig. 6)(a). Specimens 

cured at 25 ◦C exhibit pronounced ductile characteristics and can sus­

tain large deformations, with an average elongation of 97 ± 2% before 

failure. This high degree of stretchability points to an elastic, network-

like structure that can undergo extensive molecular rearrangement and 

chain alignment under load [50]. This behavior is similar to that of 

Sylgard 184, when tested under the same conditions, as provided in 

[51]. Curing at 50 ◦C, conversely, reduces this stretching capacity by 

half (56 ± 6%), indicating a significant reduction in molecular mobility. 

This trend culminates at a curing temperature of 75 ◦C, where elongation 

reaches 34 ± 4%, indicative of a predominantly brittle solid structure.

Fig. 6 thus confirms what is presented in Fig. 5: the curves for the 25 
◦C specimens (Fig. 6)(a) span a far greater strain axis, while the curves 

for 50 ◦C and especially 75 ◦C reach failure earlier than the others, 

recording a much smaller strain [5].

Along with the loss of ductility, a diminution in the material strength 

occurs as well (Fig. 6)(b). Ultimate tensile strength (UTS) decreases from 

0.39 ± 0.09 MPa at 25 ◦C, to 0.27 ± 0.09 MPa at 50 ◦C, and ultimately to 

0.23 ± 0.07 MPa at 75 ◦C. The primary mechanism driving these macro­

scopic changes is the degree of reagent conversion and the resulting 

cross-link density within the polymer matrix. This inverse relationship 
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Fig. 7. Tensile fracture of specimens cured at the different temperatures: a) 25 ◦C. b) 50 ◦C. c) 75 ◦C. The fracture regions are marked with coloured boxes and shown 

in detail in the magnified insets.

between UTS and curing temperature suggests that, as the network stiff­

ens, it also becomes more sensitive to flaws. Higher curing temperatures 

are likely to increase cross-link density, but the nature of these cross-

links or the polymerization kinetics may result in a more heterogeneous 

microstructure with stress concentrators, such as microvoids or regions 

of uneven cross-linking [52]. Consequently, while a higher cross-link 

density restricts molecular slipping, thereby increasing the elastic mod­

ulus, the concurrent development of microstructural defects causes the 

material to fail at lower ultimate stress levels [53]. The high uncertainty 

values for UTS across all temperatures reflect the challenge of achieving 

perfect specimen homogeneity and the sensitivity of strength properties 

to microscopic defects [54,55].

On the other side, in contrast to the trends observed for ductility and 

strength, Young’s modulus substantially and monotonically increases 

with curing temperature (Fig. 6)(c), rising from 0.45 ± 0.08 MPa at 25 
◦C to 0.51 ± 0.09 MPa at 50 ◦C and reaching 0.74 ± 0.07 MPa at 75 ◦C, 

representing an increase of over 64%. This stiffening is a classic indicator 

of increased cross-link density, observed also in two other elastomeric 

materials tested under the same conditions, namely Dragon Skin 10 and 

Sylgard 186 [51]: a higher curing temperature typically accelerates the 

curing reaction, promotes a more complete conversion, and potentially 

leads to a different type of cross-link (e.g., shorter and more numerous 

chains). All these factors contribute to a tighter, more constrained poly­

mer network that offers greater resistance to initial elastic deformation, 

which aligns with the steeper initial slopes visible in the curves for the 

75 ◦C specimens (Fig. 5)(c) [56].

Finally, the Poisson’s ratio remains remarkably stable across the en­

tire temperature range (Fig. 6)(d), in agreement with values obtained in 

previous studies [57]. These values are nearly 0.5 at small axial strains, 

which corresponds to a perfectly incompressible material, typical of rub­

bers and elastomers. In addition, it is possible to highlight how values of 

Poisson’s ratio decrease as the axial strain increases (i.e., at 25 ◦C curing 

temperature elongation is the highest and Poisson’s ratio the smallest), 

a similar trend that has also been found in [58]. The measured Poisson’s 

ratio confirms that the Siliglass substrate cannot be considered as a vol­

ume invariant under deformation, and the accurate measurements of 

this parameter can help predict the performance of wearable sensor de­

vices for human motion detection. This very similar behavior between 

curing temperatures in terms of Poisson’s ratio also leads to an analysis 

of the material necking.

Fig. 7 highlights how the specimens exhibit relatively similar frac­

ture features across all three temperatures, with sharp breaks and limited 

plastic deformation. This indicates a predominantly brittle failure mode. 

Despite the variations in stiffness and elongation at break observed 

in mechanical testing, the fracture morphology remains comparable, 

with no substantial differences in how the material ultimately fails. 

Particularly, at 25 ◦C (Fig. 7)(a), the specimen exhibits ductile fail­

ure, with significant elongation prior to rupture and smooth fracture 

surfaces, indicating substantial plastic deformation. When the curing 

temperature is increased to 50 ◦C (Fig. 7)(b), the material shows re­

duced elongation at break, accompanied by a more irregular and sharper 

fracture profile, characteristic of a transition from ductile to brittle-like 

behavior. At the highest curing temperature of 75 ◦C (Fig. 7)(c), the 

specimen fractures in a highly brittle manner, with minimal elongation 

and rough fracture surfaces.

These observations suggest that increasing the curing temperature 

enhances cross-link density or internal stresses within the polymer, 

thereby reducing chain mobility and leading to lower deformability 

[59]. Moreover, taken together, these results suggest that although an 

increased curing temperature can improve stiffness, as indicated by the 

elastic modulus, it reduces ductility, as demonstrated by the decreased 

elongation at break. The Poisson’s ratio appears to be less sensitive to 

curing conditions, as also confirmed by small necking and fracture final 

shape.

3.3 . Uniaxial relaxation tests outcomes: experimental results

The stress–relaxation behavior of Siliglass was studied through uni­

axial relaxation tests, firstly by imposing different initial strains, in terms 

of displacement (i.e., mm). Fig. 8 shows the temporal evolution of the 

relaxation ratio (RR) for the three different curing temperatures and for 

three different displacement levels (i.e., 2.5 mm, 5 mm, and 7.5 mm). In 

all cases, the RR exhibits rapid decrease at the beginning of the holding 

phase and declines gradually as the holding time progresses. Generally, 

Siliglass does not show significant relaxation, like other elastomeric ma­

terials (e.g., natural rubber) [60] and polymeric ones [61]. However, 

both the rate and the extent of this decrease are strongly affected by 

temperature and initial strain.

The influence of imposed displacement is evident across all the three 

graphs. For a given temperature, higher imposed displacements (5 mm 

and 7.5 mm) generally result in consistently lower RR values through­

out the test. This suggests that larger initial deformations induce higher 

internal stresses, which in turn promote greater relaxation. An exception 

is observed at the curing temperature of 50 ◦C, where all the RR values 

exhibit similar behavior over time. It can be seen, in addition, that most 

of the relaxation happens at the beginning (less than 200 s) of the hold­

ing phase, and the specimens under higher imposed strain take more 

time to reach steady state condition: an example can be appreciated in 

Fig. 8(a), where the specimen stretched at 7.5 mm does not fully reach 

this condition [62].

As another factor affecting the relaxation of Siliglass cured at dif­

ferent temperatures, the impact of strain speed is also investigated by 

stretching the specimens at different initial imposed strain speeds, in 

terms of displacement per unit time (i.e., mm/s). In Fig. 9 temporal evo­

lutions of relaxation ratio for the three different curing temperatures 

are presented for the three different values of strain speed applied (i.e., 

0.5 mm, 1.5 mm, and 2.5 mm), showing very similar relaxation trends 

and behavior with respect to tensioning the specimens with different 

initial displacements. By comparing the RR, it is observed that more 
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Fig. 8. Relaxation ratio (RR) obtained from the experimental uniaxial relaxation tests, for the different curing temperatures: a) T = 25 ◦C. b) T = 50 ◦C. c) T = 75 
◦C and for different initial imposed strain (in mm, according to the legend).

Fig. 9. Relaxation ratio (RR) obtained from the experimental uniaxial relaxation tests, for the different curing temperatures: a) T = 25 ◦C. b) T = 50 ◦C. c) T = 75 
◦C and for different initial imposed strain speed (in mm/s, according to the legend).

relaxation occurs with increasing the strain speed (i.e., increasing stress–

loss as speed increases), which can be explained by unevenly distributed 

stress in deforming the specimens under different and rising strain rates. 

Most of the relaxation occurs, also here, in the beginning (first 200 s), 

reaching a fully steady state at 25 ◦C for all three imposed strain speeds 

(Fig. 9)(a). Such behavior is very similar in terms of RR for all strain 

rates when curing is performed at 75 ◦C (Fig. 9)(c). The behavior at 50 
◦C remains unchanged in terms of relaxation obtained (i.e., stress–loss) 

between the two testing conditions (Figs. 8)(b) and 9(b).

These initial results are further confirmed by the loss values, calcu­

lated as described above and shown in Figs. 10(a) and Fig. 11(a).

When an initial strain is imposed (Fig. 11)(a), it can be observed 

that the stress–loss values at curing temperatures of 25 ◦C and 75 ◦C are 

higher than those of specimens cured at 50 ◦C. Moreover, the specimen 

cured at 25 ◦C shows an increasing trend in stress–loss, reaching a max­

imum of 4% as the initially imposed strain increases. This pronounced 

viscoelastic response is directly governed by the lower cross-link den­

sity achieved at 25 ◦C, which preserves a higher segmental mobility of 

the polymer chains. Under rising initial strains, these unconstrained seg­

ments can undergo extensive physical rearrangement, translating into a 

greater capacity for energy dissipation and stress–loss [63]. This behav­

ior is not observed for specimens cured at 50 ◦C and 75 ◦C where the 

tightly cross-linked network structurally restricts such long-range seg­

mental motions, and it is consistent with the relaxation ratio (RR) trends 

shown in Figs. 8 and 9.

The increasing trend in stress–loss for the sample cured at 25 ◦C is 

also visible in Fig. 10(a), when the strain rate is increased, although 

in this case the maximum stress–loss is slightly lower (around 3%). A 

similar trend can be noted for the specimen cured at 50 ◦C, but it is less 

pronounced, as indicated by the gentler slope of the curve. In contrast, 

for the specimen cured at 75 ◦C, the stress–loss remains approximately 

constant (Fig. 9)(c).

Finally, the overlap of curves (Fig. 8)(b) and the similarity in stress–

loss values (Fig. 9)(a) for the 50 ◦C curing temperature suggest the 

existence of a transition region between temperature-dominated and 

strain-dominated regimes. Overall, the observed stress–loss values are 

comparable to those previously reported for thermoplastic polymers and 

elastomers [64].

To fully evaluate the relaxation behavior of the material, the time 

constant values were computed and are reported in Figs. 10(b) and 

Fig. 11(b). Considering the different initial strains (Fig. 11)(b), a gen­

eral increasing trend of the time constant with increasing imposed 

strain is observed for all curing temperatures. This behavior, visible 

from the slope of each individual curve, is more pronounced for the 

specimen cured at 25 ◦C and gradually decreases as the curing tem­

perature increases. This indicates a stronger viscoelastic effect when 

the material is cured near room temperature and, in general, under 

higher initial deformations. The highest time constant values for this 

case are 60.89 s and 61.42 s (for T = 25 ◦C and T = 50 ◦C, re­

spectively, see Appendix A), both corresponding to an initial strain of

7.5 mm.

On the other hand, when different initial strain rates are applied, 

Fig. 11(b) shows a clear decrease in the time constant as the strain rate 

increases. This trend, also reported in [65], indicates that the material 

relaxes faster under higher deformation rates. A plausible explanation 

is that at higher strain speeds, the microstructural rearrangements re­

sponsible for stress–relaxation are more easily activated, resulting in a 

shorter characteristic relaxation time.
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Fig. 10. Stress–loss (a) and time constant (b) resulting from uniaxial relaxation 

tests, for different initial imposed strains (in mm) and for the different cur­

ing temperatures (according to the legend). Numerical values are reported in 

Appendix A, Table A.2.

Additionally, the systematic offset between the curves suggests that 

intrinsic material parameters, such as composition, cross-link density, 

or molecular mobility, significantly influence the absolute magnitude 

of the time constant [66]. At 75 ◦C, the higher degree of reagent con­

version promotes a tighter network with short, highly dense cross-links. 

This configuration drastically bounds the segmental mobility, forcing 

the relaxation to rely on highly-constrained, local molecular cooperative 

movements that demand higher activation energy and result in higher 

time constants at low strain rates. In this case, contrary to the previ­

ous scenario, the highest time constant is observed at a strain rate of 

0.5 mm/s for the specimen cured at 75 ◦C. Conversely, the open and 

flexible matrix of the 25 ◦C cured specimens alters this relaxation spec­

trum due to the free chain dynamics. Overall, the analysis confirms the 

trends observed in the relaxation ratio (Fig. 9), providing a consistent 

picture of the material’s viscoelastic behavior.

3.4 . Uniaxial and relaxation loading tests outcomes: comparison with FEM

As anticipated, a comprehensive numerical analysis was carried out 

through the development of a dedicated finite element (FEM) model to 

support the interpretation of the experimental uniaxial tensile and relax­

ation tests. The objective was to evaluate the capability of the model to 

reproduce the mechanical response of the material and to quantify the 

agreement between numerical results and experimental measurements 

across the three curing temperatures investigated.

The comparative results for the tensile tests are reported in Fig. 12, 

which show the evolution of elongation at break and UTS with curing 

temperature for both experiments and FEM simulations. 

Fig. 12(a) presents the elongation at break. Both datasets show a clear 

decrease in ductility as the curing temperature increases, in agreement 

with the trend previously highlighted in Fig. 6. The FEM model success­

fully captures this behavior, reproducing the experimental curves with 

good overall accuracy. As expected, the mean absolute percentage error 

(MAPE) increases with curing temperature, reflecting the greater dif­

ficulty in replicating the more brittle response associated with higher 

cross-link densities. Nevertheless, MAPE values remain below 12% for 

Fig. 11. Stress–loss (a) and time constant (b) resulting from uniaxial relaxation 

tests, for different initial imposed strain speeds (in mm/s) and for the different 

curing temperatures (according to the legend). Numerical values are reported in 

Appendix A, Table A.3.

Fig. 12. Comparison between experimental results of uniaxial tensile tests (blue 

bars) and FEM analysis (orange bars) for specimens cured at 25 ◦C, 50 ◦C, and 

75 ◦C. a) Elongation at break (%). b) Ultimate tensile strength (i.e., UTS, MPa). 

Experimental data are reported as mean ± standard deviation (SD, red error-

bars) (n = 3). Mean absolute percentage error (MAPE, %) is reported for both 

the outputs (i.e., blue dashed line). (For interpretation of the references to colour 

in this figure legend, the reader is referred to the web version of this article).

all cases, with only slightly larger discrepancies observed for specimens 

cured at 75 ◦C. These results demonstrate the reliability of the numer­

ical approach in predicting the experimentally observed reduction in 

ductility.

Fig. 12(b) shows the evolution of the UTS with curing temperature. A 

moderate decrease in strength is observed as the curing temperature in­

creases, which can be attributed to reduced polymer-chain mobility and 

the corresponding decrease in fracture toughness due to higher cross-

linking. The FEM predictions capture the experimental trend well, with 

MAPE values slightly above 10% for specimens cured at 25 ◦C and 75 
◦C. Despite these minor deviations, the strong agreement between sim­

ulations and experiments demonstrates the robustness of the model in 

predicting the temperature-dependent reduction in strength.

Fig. 13 enhances the tensile-test analysis by comparing the ex­

perimental and FEM-predicted stress–loss (%) during relaxation tests 

at the three curing temperatures. For each curing condition, the left 
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Fig. 13. Comparison between experimental results (blue bars) and FEM analysis 

(orange bars) of stress–loss (%), occurring during relaxation tests, for the three 

curing temperatures: a) T = 25 ◦C. b) T = 50 ◦C. c) T = 75 ◦C. For each 

curing condition: (left) stress–loss as a function of the imposed initial strain. 

(right) stress–loss as a function of the initial strain rate. The superimposed line 

(i.e, blue dashed) represents the mean absolute percentage error (MAPE, %). 

(For interpretation of the references to colour in this figure legend, the reader is 

referred to the web version of this article).

panels show stress–loss as a function of the imposed initial strain, 

while the right panels show stress–loss as a function of the initial 

strain rate. The superimposed dashed line indicates the corresponding

MAPE.

Across all curing temperatures, FEM simulations reproduce the ex­

perimental stress–relaxation behavior with good accuracy. At T = 25 
◦C (Fig. 13)(a), both strain-dependent and rate-dependent trends are 

well captured, with MAPE values consistently below 10%. At T = 50 
◦C (Fig. 13)(b), numerical results remain in close agreement with exper­

iments, even as the stress–loss response becomes slightly less sensitive 

to initial strain. MAPE remains low and shows only modest variation 

with strain or strain rate. For specimens cured at T = 75 ◦C (Fig. 13)(c), 

higher stress–loss is observed experimentally, consistent with increased 

brittleness and reduced molecular mobility due to a higher degree of 

cure. The FEM model successfully reproduces this behavior, although 

MAPE values show a slight increase, similar to what was observed for the 

tensile properties at the same curing temperature. Nevertheless, the nu­

merical predictions closely follow the experimental trends, confirming 

the robustness of the viscoelastic model.

Overall, the comparison between experimental measurements and 

FEM simulations demonstrates that the proposed numerical framework 

accurately supports the experimental results, both for the tensile re­

sponse and the time-dependent relaxation behavior of the material 

across all curing temperatures. The consistently low MAPE, which re­

mains below approximately 12%, further confirms the reliability of 

the modeling approach and reinforces the validity of the experimental 

observations.

It is important to note that the viscoelastic behavior of Siliglass 

platinum-cured silicone after cross-linking can be effectively described 

in terms of an effective viscosity, calculated as the product of the ma­

terial’s elastic modulus and its characteristic relaxation time [67]. In 

our study, with an average modulus of approximately 0.45 MPa and 

a relaxation time of 27.5 s across the curing temperatures, the result­

ing effective viscosity is on the order of 107 Pa⋅s. This represents an 

increase of several orders of magnitude compared to the pre-cure liq­

uid state (0.2 Pa⋅s), reflecting the transition from a low-viscosity fluid 

to a cross-linked elastomer [67,68]. While the material behaves essen­

tially as a solid over typical observation times, the finite relaxation time 

highlights its viscoelastic nature, allowing for stress–relaxation under 

long-term loading [69].

4 . Conclusion

The influence of curing temperature on the mechanical and stress–

relaxation properties of Siliglass platinum silicone was analyzed in this 

work, with the aim of evaluating its suitability for wearable strain 

sensors and optical phantoms. The results showed that the curing tem­

perature significantly impacts ductility, tensile strength, and stiffness. 

Specimens cured at 25 ◦C exhibited high stretchability, making this 

combination of temperature and time of curing an eligible protocol to 

create tissue-like viscoelastic phantoms, while those cured at 75 ◦C dis­

played brittle behavior and a higher modulus. Although Poisson’s ratio 

remained nearly constant, confirming the incompressibility of such ma­

terial, slight variations with strain highlight the need for an accurate 

characterization.

In comparison with state-of-the-art research on flexible elastomers, 

this study demonstrates that Siliglass offers superior tunability; while 

many standard silicones exhibit fixed mechanical profiles, the curing 

protocols identified here allow for a modulation of properties to match 

specific requirements. These findings provide a comprehensive under­

standing of how curing temperature regulates the macro-scale response 

of the polymer. Stress–relaxation tests demonstrated that curing tem­

perature and loading conditions impact the viscoelastic response; faster 

relaxation was observed at higher strain rates. A finite element model 

was implemented to better interpret the experimental data, effectively 

supporting the reliability of the approach adopted, and represents a tool 

for the design and optimization of smart wearable monitoring systems.

Overall, Siliglass exhibits tunable properties through curing con­

ditions, making it versatile for different applications. This work con­

tributes by bridging the gap between polymer processing parameters 

and functional performance in soft electronics. These insights provide 

valuable guidelines for optimizing Siliglass for use in advanced flexible 

and wearable technologies, highlighting its potential as a benchmark 

material for these applications.

Future developments will focus on complementary tests, such as 

compression and cyclic loading, as well as integrating embedded sen­

sors to enable in situ monitoring and enhance functional performance. 

Additional directions include the realization of optical phantoms and 

the measurement of optical properties at different curing temperatures. 

Moreover, the adoption of alternative and more detailed viscoelastic 

models will be explored, integrating the effects of environmental fac­

tors and ageing, particularly in cases where a deeper understanding of 

the material behavior is of interest for the specific application.
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Appendix A . Numerical results of experimental tests

Table A.1 

Mechanical properties at different curing temperatures (mean ± stan­

dard deviation).

Curing temperature (◦C)

25 50 75

Elongation at break (%) 97 ± 2 56 ± 6 34 ± 4

UTS (MPa) 0.39 ± 0.09 0.27 ± 0.09 0.23 ± 0.07

Young’s modulus (MPa) 0.45 ± 0.08 0.51 ± 0.05 0.74 ± 0.07

Poisson ratio 𝜈 0.47 ± 0.05 0.49 ± 0.06 0.50 ± 0.03

Table A.2 

Stress–loss (%) values obtained from the uniaxial relaxation tests.

Curing temperature (◦C)

Initial imposed strain (mm) 25 50 75

2.5 1.30 2.30 4.00

5.0 1.50 1.30 1.40

7.5 3.20 4.20 4.00

Initial imposed strain speed (mm/s) 25 50 75

0.5 0.80 2.30 3.00

1.5 0.90 1.40 1.70

2.5 2.70 2.50 2.50

Table A.3 

Time constant 𝜏 (s) values obtained from the uniaxial relaxation tests.

Curing temperature (◦C)

Initial imposed strain (mm) 25 50 75

2.5 18.55 27.68 60.89

5.0 25.43 27.59 61.42

7.5 38.56 50.78 52.70

Initial imposed strain speed (mm/s) 25 50 75

0.5 32.10 27.68 26.74

1.5 44.90 41.42 36.25

2.5 44.72 45.15 42.40

Data availability

Data will be made available on request.
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