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ABSTRACT 
Dynamic system applications such as soft robotics, energy 

harvesters, smart skin, and wearable sensors, require highly 

stretchable elastomer materials. Ecoflex is a silicone elastomer 

that is increasing in demand but, the mechanical properties at 

the micro-scale for Micro Electronic Mechanical Systems 

(MEMS) are not fully understood. Ecoflex also has different 

formulations which have varying properties, and the material 

can be mixed with composites or varying Ecoflex formulations 

to alter the mechanical properties. In this work, we illustrate the 

comparison of mechanical properties of micro and macro-sized 

samples of Ecoflex 0030 and 0031 under uniaxial tensile test. 

Additionally, the mechanical response of the micro-sized 

specimens is studied by varying mixing ratios of two different 

formulations of Ecoflex (0030 and 0031). Material properties of 

produced samples are investigated by subjecting samples to 

batch-to-batch repeatability test, cyclic loading, Mullins effect, 

and stress recovery test. Results demonstrate that the micro-sized 

samples exhibit higher stiffness in comparison to macro-sized 

samples. Blending Ecoflex 0030 with higher a concentration of 

0031 enhanced the ultimate strength and stretchability of the 

micro-sized sample in case of 1:3 and 2:3 (0030:0031) 

 

Keywords: Ecoflex, Silicone elastomers, Artificial skin, 

Elastic modulus, Macro and Micro-scale mechanics. 

 

1. INTRODUCTION 
 Ecoflex, a silicone elastomer,  is gaining popularity as a base 

material in the development of advanced technology devices for 

smart material applications [1]. Recently, self-powered soft 

energy harvesting devices are created using Ecoflex that can be 

operated under cyclic loading and dynamic operating conditions 

[2-4]. Biomedical devices have seen significant utilization of 

Ecoflex to develop artificial skins such as prosthetics, vascular 

conduits, and arterial phantoms [5, 6]. Ecoflex has also been 

integrated with liquid metal to create tunable antennas and phase 

shifters [7-9]. These applications involve materials to be soft, 

highly flexible/stretchable, thermally stable, adaptable to  

diverse conditions, and bio-compatible [10-12]. Other 

applications involve the futuristic development of flexible and 

stretchable microfluidic devices for the Lab-on-a-chip (LOC) 

technology for cell separation [13, 14]. Ecoflex is the potentially 

growing deformable support material in the field of wearable 

sensors and soft robotics actuators such as stretchable strain 

sensors for health monitoring [15], dielectric elastomers 

mimicking artificial muscle [16], and artificial robot skin for 

tactile sensing [17].  

The mechanical behavior of the Ecoflex varies with respect 

to shore hardness [11, 18], and the selection of the Ecoflex 

depends on the device application criteria. Soft energy harvesters 

are intended to sustain dynamic loading and adaptability to 

environmental conditions [3]. Vascular grafts are designed to 

have thin, soft material with viscoelastic behavior, large 

elongation, and biocompatible, so that they mimic functional 

arteries [5, 19]. Artificial skin sensors and electronic wearable 

strain sensors require highly soft, elastic (stiffness ranging from 

102 to 107 Pa), durable, and deformable materials which can 

withstand higher strain rate (> 500%) [17, 20-23]. These 

transparent epidermal (electronic-skin) are functional to be ultra-

stretchable, conformal to skin shape, adhering to the skin’s 

elastic modulus, and ability to withstand a significant stretch 

over a long period of time [20, 24] in real-world applications.  

On the other hand, the miniaturization of smart material 

devices greatly influences the mechanical properties of the 

material compared to the macro-scale [25, 26]. Additionally, 

previous research observed the inconsistency in the material 

properties during batch-to-batch fabrication of smart devices 

[22, 25]. In this regard, we explored the mechanical behavior of 

the micro and macro-sized Ecoflex 0030 and 0031. To the best 

of the authors’ knowledge, the comparison of material 

characteristics of micro and macro-sized Ecoflex samples is 

limited in the literature. In this current study, Ecoflex shore 

hardness 0030 (Smooth-On Inc., USA) was chosen because it is 

widely used in SMART material devices [1, 10, 22, 23, 27] and 

Ecoflex shore hardness 0031 which was ‘Near Clear’ 

(transparent) compared to other Ecoflex (Smooth-On, USA). 

Initially, the paper compares the stress-strain properties of micro   

and macro-sized Ecoflex samples 0030 and 0031 subjecting 

them to uniaxial tension. Then characteristics of the fabricated 

sample were compared under cyclic loading, Mullins effect, 
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stress recovery test, and batch-to-batch repeatability test. 

Further, the ultimate strength of the blended micro-sized samples 

(0030:0031) was examined. This work creates the database for 

the mechanical behavior of Ecoflex shore hardness 0030 and 

0031 which guides the type of mixing ratio of Ecoflex to be used 

for appropriate smart material applications.  

 

2. MATERIALS AND METHODS 
 

2.1 Sample Preparation 
The sample preparation procedure was represented in 

schematic Fig. 1. Initially, two coats of release agent (Ease 

Release 200) were applied to the 3D printed mold 30 minutes 

before molding. Part A and B of Ecoflex were weighed in a 

plastic container in a weight ratio 1:1 (unless specified) using an 

analytical balance (MTI Corporation, USA). The solution was 

blended in a speed mixer (FlackTek, Inc.) at a speed of 3000 rpm 

for 1 minute. Then, the blended solution was slowly poured into 

the 3D printed mold and smoothed using a doctor blade 

technique [22]. All the samples were prepared at room 

temperature. Dimensions of the fabricated macro dogbone shape 

(in accordance with ASTM-D412-C) and micro dogbone shape 

were represented in Fig. 2.  

The aforementioned procedure was used to prepare different 

mixing ratios of solution from Ecoflex 0030 and 0031. Mixing 

ratios were tabulated in Table 1 based on the concentration: 25%, 

50%, 75%, and 100%. The entire mixing process cycle consists 

of primarily mixing Ecoflex 0030 followed by 0031. The effects 

of mixing Ecoflex formulation in the reverse order were not 

investigated in this study. Both micro and macro-sized samples 

were fabricated from the same batch to maintain consistency in 

the experimental testing. 

 
FIGURE 1: SAMPLE PREPARATION SCHEMATIC 

 

 
FIGURE 2: DIMENSIONS OF MICRO AND MACRO-SIZED 

DOGBONE 
 

TABLE 1. ECOFLEX MIXING RATIO. 

Ecoflex 
Weight 

ratio 
Ecoflex 

Weight 

ratio 

0030:0031 

1:0 

0030:0031 

4:3 

0:1 2:3 

1:1 1:3 

3:4 3:2 

1:2 4:1 

1:4 3:1 

  2:1 

 

2.2 Characterization Techniques 
2.2.1 Mechanical Test: 

The mechanical response of the prepared samples was tested 

and recorded using a Stable Micro Systems texture analysis test 

frame (TA.XT Plus 100C). The specimens were subjected to 

uniaxial tensile tests to evaluate the characteristics such as strain 

softening, cyclic test, and deformation. Stress relaxation of the 

samples was analyzed by pulling samples up to 600% strain and 

holding the samples for one hour at strain of 600%.  Batch-to-

batch samples were tested to examine the feasibility of the 

manufacturing process. Multiple samples were tested, and 

average values were obtained at ambient temperature at a speed 

of 3 mm/s unless specified. Various types of end strips such as 

different grits of sandpaper, thick paper, and scour pads (Scotch-

Brite) were analyzed to prevent slippage of macro-samples from 

metallic grip during stretching. However, scour pads were 

effectively bonded between samples and the metallic grip, which 

avoided the slippage of samples. 

 

3. RESULTS AND DISCUSSION 
 

3.1 Micro and Macro-Sized Ecoflex 0030 and 0031 
3.1.1 Young’s modulus: 

Micro-sized Ecoflex 0030 was subjected to a cyclic test at 

the strain of 100% under tension with a speed of 3 mm/s. Stress-

strain curve from Fig. 3(a) shows that micro-sized 0030 material 

retains its original and linear shape after five cycles of loading-

unloading tests. Therefore, Young’s modulus was calculated 

within 50% of the initial strain considering the linear region of 
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the curve [24]. The estimated Young’s modulus was found to be 

identical under cyclic loading-unloading as represented in Fig. 

3(b). Hereafter, Young’s modulus term is used in the context, it 

would be calculated within 50% of the initial strain. 

 

 
FIGURE 3: (A) STRESS-STRAIN CURVE (B) YOUNG’S 

MODULU AT 50% OF INITIAL STRAIN FOR MICRO-SIZED 

ECOFLEX 0030. 
 

3.1.2 Deformation: 

      Tensile testing was conducted on both micro and macro-

sized Ecoflex 0030 and 0031 until fracture. It was observed that 

micro-sized Ecoflex breaks earlier compared to macro-sized 

samples as shown in Figs. 4(a) and 4(b). However, micro-sized 

samples exhibited higher resistance to elongation. Ecoflex 0030 

displays higher stretchability in comparison to 0031 in both cases 

of micro and macro-sized samples depending on the material 

shore hardness [11]. Furthermore, to investigate the 

reproducibility of the results, a tensile test was performed by 

considering 8-10 samples for each case. Based on the results 

depicted in Fig 4(d), it indicates that the micro-sized samples 

exhibited larger stiffness compared to the macro-sized samples. 

The macro-sized samples had a lower Young's modulus range, 

indicating consistency in the result (Fig 4(d)). In contrast, micro-

sized samples had a larger deviation of the stiffness which could 

be due to the position of samples, slippage from the gripper, 

variation in the microstructure of the sample, contamination, pre-

stress during the demolding process, etc [11]. While these 

variations in the results were small at the start of the stretch, it 

increased after a 300% strain as displayed in Fig. 4(c).  

 

 
FIGURE 4: (A) COMPARISON OF STRESS-STRAIN 

CURVE FOR MICRO AND MACRO-SIZED SAMPLES UNTIL 

FRACTURE; (B) FRACTURE OF MICRO AND MACRO-SIZED 

SAMPLE 0031; (C) MEAN STRESS-STRAIN CURVE FOR MICRO-

SIZED SAMPLE 0030 AND 0031; AND (D) COMPARISON OF 

YOUNG’S MODULUS OF MICRO AND MACRO-SIZED SAMPLE 

 

3.1.3 Mullins Effect: 

 

 
FIGURE 5: (A) STRESS SOFTENING CURVE FOR MICRO-

SIZED SAMPLES 0030 AND 0031; (B) AND (C) COMPARISON OF 

ENERGY DENSITY FOR 0030 AND 0031 SAMPLES 

RESPECTIVELY; AND (D) YOUNG’S MODULUS UNDER THE 

MULLINS EFFECT. 

Crosslinked silicone elastomers exhibit stress softening or 

Mullins effect, and these characteristics were analyzed by 

comparing micro and macro-sized samples by increasing the 

elongation of the material at different strain rates. Micro-sized 

specimens showed the Mullins effects similar to the macro scale 

under the influence of strain increment as illustrated in Fig. 5(a). 

Three components of energy density: Dissipated, Stored, and 

      

   

      

   

   

      

   



 4  

Total energy, increase with stretching of the sample and found 

hysteretic area highest for the micro-sized sample in comparison 

to the macro-sized which was obtained under stress-strain curve 

diagram and represented in Figs. 5(b) and 5(c). It was evident 

from Fig. 5(a) and 5(d) that the micro-sized sample loses its 

stiffness significantly under the influence of stretching after a 

strain of 100%. However, the strain loading-unloading to 500% 

had less effect on the macro-samples due to its stretchability. 

 

3.1.4 Cyclic: 

 
FIGURE 6: COMPARISON OF (A) CYCLIC LOADING 

CURVE; (B) AND (C) ENERGY DENSITY; AND (D) YOUNG’S 

MODULUS FOR MICRO AND MACRO-SIZED SAMPLES 0030 

AND 0031 UNDER CYCLIC LOADING 

Prepared Ecoflex samples were analyzed by applying five 

cyclic loads at the strain of 600%, since various samples 

underwent breaking after 600% strain. Each sample displayed an 

increase in the stress after the first cycle of loading-unloading as 

illustrated in Fig. 6(a).  According to Figs. 6(b) and 6(c), this rise 

in peak stress at 600% strain was attributed towards the 

increment in the dissipative energy of the samples. Micro and 

macro-sized samples show identical cyclic behavior with a 

decrease in the stored and total energy density. However, the 

energy density of the macro-sized Ecoflex 0030 remains 

constant after the second cycle of loading-unloading due to the 

higher stretchability property. Similarly, insignificant variation 

in Young’s modulus was observed in the case of the macro-sized 

sample as represented in Fig. 6(d).   
 

3.1.5 Stress Relaxation: 

       Samples were exposed to stretch at a strain of 600% to 

understand the material response over a period of one hour. The 

test was conducted at a strain of 800% and 1000%, however, 

materials fractured in the case of micro-sized samples. From Fig. 

7(a), it was observed that stress reduces at a larger rate for micro-

sized samples in comparison to macro-sized samples. These 

values were tabulated as relaxation ratio in Table 2 by evaluating 

the maximal stress at zero seconds (600% strain) and final stress 

after one hour. The relaxation ratio of micro-sized samples 

depends on the pulling speed of the specimens as it decreases 

with speed (Table 2).  

 

 
FIGURE 7: COMPARISON OF (A) STRESS RELAXATION 

 

3.2 Mixture of Micro-Sized Ecoflex 0030 and 0031 
Different ratios of blended micro-sized Ecoflex were pulled 

at the strain rate of 3 mm/s and results were presented in a series 

of plots. Young’s modulus was found to be maximum for the 

Ecoflex ratio 0:1 (0030:0031) (i.e. for 0031 with an average of 

51 kPa) and minimum for 1:0 (i.e. for 0030 with an average of 

30 kPa) as depicted in Fig. 8(a).  

 

 
FIGURE 8: COMPARISON OF (A) INITIAL YOUNG’S 

MODULUS; AND (B) PEAK STRESS AND STRAIN FOR MIXED 

RATIO SOLUTION. 

 

The Young’s modulus falls between 0030 and 0031 for other 

mixing ratios of 0030:0031. Adding every part of 0031 

contributes towards increasing the initial stiffness of the blended 

solution for ratios 1:1, 1:2, 1:3, and 1:4. On contrast higher 

concentrations of 0030 decrease the initial stiffness as seen for 

ratios 2:1, 3:2, and 4:1. However, outcomes of breaking stress 

from Fig. 8(b) shows that the initial Young’s modulus property 

had an insignificant impact on the ultimate strength of the 

blended solution. Larger peak stress (> 1.25 MPa) and higher 

stretchability (> 1000%) were observed for 1:3, 2:3, and 3:4 

ratios. Nevertheless, the ultimate strength and stretchability of 

the blended solution were increased by the addition of 0031 up 

to certain concentrations. 
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Figure 9 displays the stress-strain diagram for the blended 

solution of 0030:0031 up to a strain of 500%. The upper and 

lower boundaries of the resultant spectrum (Fig. 9) were 

bounded by Ecoflex 0031 and 0030 respectively. Mixture ratio 

1:1 divides the portion of the outcomes at the center, where 

adding concentration 0031 falls above ratio 1:1 (shown by ‘--’) 

and adding concentration 0030 below ratio 1:1 (shown by ‘-.’).  

The behavior of the blended ratios 1:1 and 4:3 was identical to 

each other up to 400% strain, however material characteristics 

for 4:3 deviate after 400% strain. It may be worth noting that in 

this section the results were analyzed by considering 7-8 samples 

for each mixture ratio. 

 

 
FIGURE 9: MEAN STRESS-STRAIN CURVE FOR 

BLENDED SOLUTION UP TO 500% STRAIN 

 
3.3 Batch Fabrication 

The manufacturing feasibility of micro-sized samples was 

investigated by fabricating the Phase 2 samples after twenty days 

from Phase 1. Phase 2 mixture samples were randomly selected. 

Figure 10 indicates the experiment findings of Phase 1(‘-’, solid 

line) and Phase 2 (‘--’, dash line) samples through a stress-strain 

diagram. Results suggest that the behavior of samples prepared 

from Phase 1 and Phase 2 were similar in the case of 0030 (1:0) 

and 0031 (0:1). However, materials characteristics were 

significantly impacted for the blended solution as shown in Fig. 

10 and Table 3. Factors affecting this deviation may include 

minor variations in the concentration of the mixing solution, 

differences in the amount of time to complete the fabrication 

process and demolding process. 
 

4. CONCLUSION 
The results illustrate that micro-scale Ecoflex are stiffer and 

have less elongation to break than macro-scale using the same 

manufacturing process. Mixing the Ecoflex 0030 and 0031 

improved the stretchability and ultimate strength of the material. 

Batch-to-batch test results showed the deviation in the outcomes 

of Phase 1 and Phase 2 findings for the blended solution. Hence, 

the method of manufacturing the materials has a significant 

influence on the mechanical properties, such as mixing 

procedures and concentration over the micro-sized samples. The 

results presented in this paper will aid researchers in designing 

MEMS devices using Ecoflex and demonstrate how mixing 

multiple formulations of Ecoflex can be used to fine-tune 

mechanical properties to meet specifications. 

 

 
FIGURE 10: BATCH-TO-BATCH TESTING OF THE 

MICRO-SIZED BLENDED SOLUTION 
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