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BACKGROUND 
 

MEMBRANE PROPERTY 

 

 

Nowadays, automotive has been very sophisticated such that it was equipped with sensors which are capable of 

giving precaution warnings when one of the spare parts does not function well; as such, modern vehicles are 

having less occurrence of an immediate breakdown. Analogously, “Why cannot we apply a similar concept to 

our bodies?”. Rather than letting health problems go undetected and could lead to a detrimental condition, it is 

essential for an athlete to actually know their physical limit and adjust their workout methods                             

accordingly.  

 

 

 

 

 

Over these years, wearable biosensors development has been rising as a promising technology which revolu-

tionalizes the conventional health monitoring methods. However, the current existing product is still too bulky 

which makes it hard to conform onto the skin. Specifically in Hong Kong, the fatigue detection for athletes is 

done through invasive method by using a finger prick which further be analyzed in the laboratory. These meth-

ods have two flaws in practise: first, invasive method has been proven not quite favourable for most athletes es-

pecially when they have to do it regularly; secondly, the limitation of time efficiency and accessibility. Through 

the developed Ultra-High-Molecular-Weight PolyEthylene (UHMWPE) membrane, solutions to  solve those 

problems are proposed. 

Accessible 

After collecting the blood samples, it took around 1 hour to analyze its 

composition and get the results. A more crucial case is when the ath-

letes are having practices or competition abroad, the test could not be 

performed at all since the blood-analysis machine cannot be carried 

easily. However, a faster analysis of our membrane is feasible through 

using portable Raman devices and is not limited to any locations.  

LITERATURE REVIEW 

 
Experiment 

Three different types of experiments were performed: 

1.Conformability test: to observe and measure the conformability of 

membranes with different thickness. It is performed by having mem-

brane with 1-layer to 4-layers of thickness applied for 14 hours, in-

cluding working out and showering. As the result, all membranes are 

able to stay conformable. 

2.Durability test: to measure the longest time the membrane still 

conform to the skin. It is performed by having membrane with 1-

layer to 3-layers of thickness applied while monitoring the conditions 

continuously. 1-layer membrane is able to stay conformable for 16 

(lower forearm) to 27 (upper side of wrist) hours including sleeping, 

working out, and showering. 

3.Performance test: to observe the membrane ability to collect corti-

sol and different component from the sweat. It is performed by hav-

ing 1-layer of membrane applied while doing working out on static bi-

cycle until fatigue experience.  

Conformability & Breathability  

The developed UHMWPE membrane is the first ever membrane 

having the thickness below 100 nanometer. Such low thickness re-

sults in well conformability with skin in the absence of additional 

adhesive which ease the membrane application on any part of the 

skin including the actively bending part of the skin. Not only that, 

our porous membrane has also been proven breathable and hydro-

phobic. This property allows water contained in sweat to evapo-

rate so that the membrane is not easy to be detached while exer-

cising. The breathability property also does not hinder the move-

ment of athletes and providing the best convenience since the 

membrane is very light and flexible.  

Non-Invasive 

According to Frankie Su from HKSI Sports Nutrition Monitoring Center, the inva-

sive usage of finger prick has been proven not giving any convenience to majority 

of athletes. Since our membrane just needs to be patched onto the skin, it can 

provide the cortisol checking through a non-invasive method and definitely, a 

much more convenient option for all athletes. 

1. Thickness 

The thickness of the membrane is one of 
the crucial properties, since it affects its 
conformability on the skin surface. Thin-
ner membrane is preferred to increase 
its elasticity and thus improve the con-
formability. The thickness property can 

be accurately calculated using the density, weight, and ar-
ea of the membrane. The UHMWPE membrane consists 
of 30% of amorphous and 70% of crystalline structure, 
which makes the density of 0.95 g/cm3. However, the 
membrane has 30% porosity, and thus reducing the den-
sity to 0.665 g/cm3. With the identification of the men-
tioned membrane properties, the value of membrane 
thickness can be obtained by dividing the membrane 
mass by the multiplication of its density and surface area. 
 
In general, the experiment was divided into two catego-
ries, including exercising and non-exercising tests. In the 
exercising test, the membrane was worn during rigorous 
exercises, while in the other test, the membrane was 
used when the exercise is not required. Based on these 
several experiments, it was concluded that membrane 
with a thickness around 150-300 nm is desirable, since it 
can perfectly conform onto the skin surface in any condi-
tions and also retain enough biomarkers for analysis. 
However, there should be a balance between the thick-
ness and the membrane ability to collect the desired bi-
omarkers. Even though thinner membrane can conform 
better on the skin surface, it might not be able to collect 
adequate amount of sweat to do sample analysis. 

OBJECTIVES 
The main objective of this project is to develop non-invasive, fully conformable and breathable membrane  which 

optimizes the convenience of the users. The membrane derived from porous polymer nano-film that capable to 

sense cortisol which acts as a key biomarker for sports fatigue detection.  

 

METHODOLOGY 
Device Application on Skin 

The membrane preparation and application to the skin 

involve several steps: 

 Paper consisting of 10 frames with gap size of 10x15 

mm are stuck on the membrane using double-sided 

tape 

 The membrane Is cut into 10 pieces, and sacrificial 

membrane (25 micrometers) is stuck on the other side 

of membrane using ethanol (Figure 1, step 1) 

 Then the paper frames is cut altogether with the mem-

brane and sacrificial membrane to produce 10x15mm 

membrane 

 Membrane with sacrificial membrane is applied to the 

skin using ethanol (Figure 1, step 2)  

 After the ethanol had dried off, the sacrificial mem-

brane can be peeled off of the membrane (Figure 1, 

step 3) 

 Smaller paper frames with double-sided tape is used to 

remove the membrane from the skin 

SOLUTION  

Figure 1. Device  application on skin  
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Figure 3. Device structure 

Skin consists different layers, each 

with its own characteristic and func-

tions. The most outer part, epider-

mis, is responsible for distributing 

melanin pigment to give color to the 

skin, but it consists of a lot dead skin 

cells. Dermis, located right behind 

the epidermis, are linked to its re-

markable capacity for retaining wa-

ter as well as containing sweat 

glands. The eccrine gland is respon-

sible for thermoregulatory sweating, 

that its secretory coil located in low-

er dermis extends through its duct 

onto the skin surface [1].Biomarkers 

plays an objective and quantifiable 

indications of medical / physical 

state observed from outside the 

subject [2]. Cortisol, as a product of 

adrenal glands, represents the stress 

level of an individual, be it for men-

tal or physical stress [3]. Cortisol 

plays an important role as a key bi-

omarker as it provides an objective 

measurement of the fatigue level in 

human body [3]. 

2. Tensile Strength 

The tensile test of UHMWPE thin film was con-
ducted after measuring the thickness for obtain-
ing the membrane’s Young’s Modulus value. The 
result of membrane’s thickness and Young’s Mod-
ulus determine its Bending Modulus value.   

The tensile test produced stress vs strain curve, 
and the Young’s Modulus value was acquired us-

ing the maximum slope of the first 2% of the obtained data in the 
curve. The test was repeated for three times using three small 
pieces of the membrane from the same production. The mechani-
cal properties of the membrane including the average Young’s 
Modulus value are shown in Table 1, and the complete stress vs 
strain graph is shown in Figure 1. In this case, the yield strength 
and tensile strength of the UHMWPE membrane are the same, 
since the membrane breaks at the maximum applied stress with-
out going through a lot of permanent deformation. 

 

  

 

Figure 2. Cortisol 



Sweat Characterization 

DISCUSSION 

Selective Electron Microscopy (SEM)  

and Energy Dispersive Spectroscopy (EDS)  

 
Raman Spectrometry 

  

Raman spectrometry is a technique used to identify different molecules 
through vibrational, rotational, and other low-frequency modes from a 
sample [4]. Monochromatic light from laser is used to interact with the 
molecular vibrations and other excitations on the sample which causes 
the laser energy being shifted. This Raman shift contains information 
about vibrational modes in the sample; thus, different molecules could 
be detected [4]. According to Virkler [5], sweat is mainly consist of wa-
ter, lactate and urea. Under Raman spectroscopy, urea can be found at 
Raman shift 3300-3500 cm-1, whereas cortisol can be found in the 
range of 1600-1600 cm-1 [6]. Raman analysis were set up to 20x accu-
mulation which enable the observation of different peaks clearly. Then, 
the data was treated with baseline correction by 12th polynomial de-
gree on the curve fitting and 2 unit of noise reduction as well as peaks 
smoothing. Finally, the samples were compared with the blank. 

CONCLUSION 

FURTHER IMPROVEMENT WITH HKSI 
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Sports Fatigue Determination Analysis 

Using Raman spectroscopy, the essential biomarkers especially cortisol has been analyzed, even though 

some improvements such as noise removal and quantitative analysis of cortisol are necessary to be 

done in the future. In addition, the integration of ZnO with the membrane is also proven enhancing the 

cortisol intensity in the Raman spectrum which also adding the advantage of this device. 

Fitness Level Detection 

Cortisol can also be triggered by other non-physical reasons such as stress or sicknesses. One of our ex-

periments has shown the presence of cortisol when the subject was having sickness. Then, the analysis 

results indicated the same intensity of cortisol despite of not having workout as intense as a healthy sub-

ject. This advantage shows that the preliminary condition of the user is put as a consideration for deter-

mining their maximum physical condition. Subsequently, portable Raman is used and available for in-situ 

testing to provide almost a real-time analysis method. 

SEM and EDS were performed in addition to Raman spectrometry 
to identify components that is not detected by Raman spectrome-
try, such as salt ions. The sample membranes were scanned with 
electron beam to observe the structure of the membranes. After 
observing its surface structure, X-ray was utilized to detect the 
components collected by the membranes. 
It can be observed that the addition of ZnO and sweat changes the 
structure of pure PE membrane as the pores were filled. The inte-
gration of ZnO with the membrane changed the PE strain as some 
of the pores were filled up with nanoparticles. Comparing the sam-
ples with each control, it can be observed clearly that less empty 
pores were available. 

 

In this project, fully conformable sweat sensor from porous polymer nanofilm with nanometer thickness 

has been proposed. It is discovered that the sensor is capable of detecting cortisol - a hormone secreted by 

adrenal gland which is used as a key biomarker for sports fatigue detection. The existing technology, partic-

ularly used by Hong Kong Sports Institute, measures cortisol level where invasive blood testing is compul-

sory to be performed both before and after training sessions; this method is found to be very inconvenient 

for the athletes. In addition, state-of-the-art non-invasive sweat sensors capable of sensing cortisol and 

monitoring fatigue [1,2,3] are both too bulky and non-breathable which interferes the sports activities. The 

proposed fully conformable and breathable nanofilm device is the first of its kind worldwide and will revo-

lutionize athlete’s future training programs. 
 

Figure 4. Raman spectrum of four 
samples: Pure PE (Control Sensor-
P), PE + ZnO (Control Sensor-C), 
Sweated PE (Sample Sensor-P) and 
Sweated PE + ZnO (Sample Sensor-
C) at a) 1000-2000 cm-1 and at b) 
1600-1700 cm-1 that shows the 
presence of cortisol in Raman spec-
trum at 1653 cm-1  

Membrane Characterization 

Figure 5. SEM micrographs:  a) Sensor-P. b) Sensor-C. c) Sweated Sensor-P. d) 
Sweated Sensor-C 

Table 6.  Molecular distribution of chemical found in the control 
Sensor-C and the sweated Sensor-C using EDS.  

Figure 8. Summary of UHMWPE membrane mechanical properties.  

Figure 7. The complete stress vs strain curve of three different 
membranes (‘x’ marks the break point) 

 

RESULTS 

Real Time Analysis 
Device 

Personalized Device 
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