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Problems of the Heat
(Future World Problems / Authentic Problems)

1. Scientific Investigations on a problem related to Heat/ Temperature

Identify a problem related to heat or temperature in this world. Suggest in your proposal how to 
tackle the problem.  The suggestion(s) in your proposal should be practical, cost-effective, scientific 
and evidence-based. The marking criteria of the proposal also include creativity. Please also 
suggest a Title for your Investigation(s).

2. Marine Pollution in Hong Kong

From time to time news about marine pollution in Hong Kong concern Hong Kong people. The 
natural resources in Hong Kong are limited and the Hong Kong Government should strive to avoid 
its environment from any marine pollution.

Suggest in your proposal how to tackle one kind of marine pollution in Hong Kong. The suggestion(s)
in your proposal should be practical, cost-effective, scientific and evidence-based. The marking 
criteria of the proposal also include creativity. Please also suggest a Title for your Investigation(s).

3. Others
Describe a science related future world problem or important real-life problem in which your school
team has interest.

Suggest in your proposal how to tackle the problem.  The suggestion(s) in your proposal should be 
practical, cost-effective, scientific and evidence-based. The marking criteria of the proposal also 
include creativity. Please also suggest a Title for your Investigation(s).
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Budding Scientist Report

Do electric fans help cool down a room 
faster when work alongside air 

conditioners? 

Chan Sin Yu

Ng Hey

Valerie Choi

Evelyn Cheng

Diocesan Girls’ Junior School



Introduction 

To combat the ever increasing temperature caused by global warming, air conditioners are 
being used more often. However, use of air conditioners will only worsen the effect of global 
warming.  The more electricity you use, more greenhouse gases are produced and the Earth 
gets hotter, and this cycle repeats. In fact, of all household electricity consumption, most is 
spent for cooling purposes. Energy consumption remains a big problem as we still rely on non-
sustainable methods to produce electricity. 

On the other hand, many people are becoming aware of these issues, and suggest different 
ways to reduce electricity use when cooling a room. Specifically, many claim that the use of 
fans can help cool down a room faster. The purpose of our experiment is to find out whether 
fans do help cool down the room faster when work alongside air conditioners. Since electric 
fans use significantly less energy than air conditioners, we hope that our findings would reduce 
the usage as well as duration of air conditioner use, so that less electricity is used for cooling. 

Background research 

An air conditioner contains three parts: the compressor, the condenser and the evaporator. 
When air moves across the evaporator, the coolants in the coil absorb heat from air. A fan next 
to the evaporator then blows out the chilled air (See Appendix 1).  

An electric fan works by pulling air in and making it move faster. It creates a flow within air that 
is high volume and low pressure (See Appendix 1).  

We tested three fan settings which many claim effective in cooling down a room faster because 
of its ability to improve air circulation within a room and draw air from an open window.  

1) The use of a ceiling fan
2) Placing a fan by the open window facing outward
3) Placing a fan by the open window facing into the room

Materials 

- Fans (Desk fan and ceiling fan)
- Air conditioner
- Data logger with temperature probe



Procedures 

1. Set thermometer probe to position in all 4 parallel rooms.
2. Set up desk fans in two rooms with the window, closest to the fan, opened.
3. Turn on data logger as soon as the air conditioner and fans are turned on at their

settings, as follows:
Room Air-con setting Fan Setting 

A 
Turn on air-con #1 

and #3 only, setting 
the temperature 

goal to 16°C 

Turn on Ceiling fan #5 at level 2 

B 
Desk fan is facing inside the room with window 
behind it opened. Set at level 3. 

C Desk fan is facing the open window. Set at level 3. 
D (Control) No fan 

4. Collect data every minute for 20 minutes.

Experiment design 

The ceiling fan’s type and model is different from the desk fan. We made sure the same wind 
force was generated from both types of fans by using a motor that was attached to a volt 
meter. By comparing the reading, we found that the wind speed of the ceiling fan set at level 2 
is equivalent to the wind speed of the desk fan set at level 3. 

We also realized that there is a temperature difference in different locations of the room so we 
measured the temperature at different positions of the room in different trials for comparison: 

Trials 1-3: temperature probe set at center of room 
Trials 4-6: temperature probe set close to the window 
Trials 7-9: temperature probe set away from the window 

Results (See Appendix 2 to 5)  

Room temperature decreased the least when the fan is facing the open window, regardless of 
the position of the temperature probe (Trial 1 to 9). 

Room temperature decreased the most when the ceiling fan is on, if the probe is at the center 
of the room (Trial 1 to 3). On the other hand, it decreased the most when no fan is turned on, if 
the probe is set close to or away from the window (Trial 4 to 9). When the probe is at these 
positions, the performance of the ceiling fan and fan facing inside with the window open is very 
similar. 



Room temperature did not drop when the air conditioner is not turned on, regardless of the fan 
settings. (Trial 10)  

Conclusion and recommendation 

To increase the efficiency of air conditioners with the use of fans, turning on the fan facing an 
open window is not recommended, possibly because when the fan is facing out, it is drawing 
cool air out of the room while letting the hotter air outside enter through the open window.  

Our experiment proved that ceiling fan is effective in bringing the air-conditioned cool air from 
the top of the room in a short period of time directly below to where we sit, but its effect is 
localized. Therefore, a ceiling fan might only be effective in a smaller room. Having one ceiling 
fan on will not help the rest of the room to cool down as immediately.  

While the fan facing into the room is supposed to bring in air and increase air circulation in the 
room, it might not work cooling down the room because cool air from inside could escape 
through the open window.  

Limitation of our experiment 

While we try to keep all the factors as controlled as possible, one factor we cannot control is 
the weather condition: outside air temperature, wind speed as well as the presence of the Sun. 
While we try to minimize its effect by running each trial in rooms facing the same direction at 
the same time, these conditions will affect the initial temperature of the room, which might 
affect how much the room temperature drops when the air conditioner is turned on. It will also 
affect the effectiveness of the cooling of the rooms which has window open.  

Another limitation is that the ceiling fan is already in fixed position, which also limited the 
distance between the ceiling fan and the temperature probe.   

To set up the experiment, we had to run it in the classroom when it is vacant. However, the 
results might be different if the room is occupied with people.  

Improvement and further investigation 

If we have more time, we would like to find out if the closed window is what caused the control 
room most effective in different areas of the room, by opening the window in all the rooms. We 
would like to further investigate whether turning on more ceiling fans will help the efficiency of 
the air conditioner by bringing down cool air faster across the whole room. We also want to 
find out whether the fans are oscillating will make a difference. We would also like to 
investigate further on the factor of the air conditioner, such as the fans position in respect to 
the position of the air conditioner, and if there is a difference if the temperature setting of the 
air conditioner is set at a higher or lower temperature.  
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Appendix 4 – Graph comparing the average temperature drop on different settings 

Appendix 5 – Graph comparing the average temperature drop on different setting 
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Abstract
Microbeads are non-biodegradable. They are often added to care products to enhance the 

cleaning effect. However, they are not filtered in water treatment process and are disposed to the 

ocean. It harms aquatic life. In our investigation, we replace microbeads with different 

biodegradable substitutes. Salt, oat powders and coffee grounds are the most effective substitutes 

to replace microbeads, with percentages dropped of 40.1%, 40.5% and 38.2% in their colour 

values respectively. However, salt substitute is not strongly suggested. Neutralization occurs 

when salt comes in contact with soap. Extra water was formed and affect the fairness in the 

experiment. Oats and coffee grounds substitutes are both fine solids. They can work as 

mechanical exfoliants, same as microbeads before replacing, by scrubbing the surface to remove 

dirt. They are cheap and environmental-friendly, and thus are strongly recommended to be used 

to replace microbeads. 

1. Introduction
1.1 Problems caused by microbeads 

Microbeads are synthetic insoluble organic solids less than 1mm in diameter with 50% or above 

polymers content (Fig. 1.1), such as polyethylene and polypropylene. Most of them are non-

biodegradable [1]. Microbeads are commonly disposed to the ocean. In 2014, the number of 

microbeads owing to personal care products was estimated as 40 tonnes a year [2]. Microbeads 

are used as exfoliants in many personal care products, such as hand cleaners, facial cleaners and 

toothpaste (Fig. 1.1). They are added to enhance the cleaning effect of the products [3]. 

Microbeads particles are small in size and cannot be filtered in sewage systems. They will enter 

the sea. Thereby, they are eaten by aquatic life and accumulated in the food chain (Fig. 1.2). 

Fig 1.1 Microbeads in toothpaste (https://news.vice.com ) 
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Fig. 1.2 Microbeads in fish (https://www.theguardian.com) 

1.2 Possible solution to the problem 

Some common ways to remove microbeads, such as screening and substitution, are compared 

in Table 1.1. 

Table 1.1 Common ways to remove microbeads 

Possible 

solution 
Screening Substitution 

Advantage 

Method of cleaning by microbeads 

can be remained. Cleaning effect will 

be guaranteed.  

It can solve the problem from the root 

by not producing them. 

Disadvantage

The screening layer have to be 

replaced from time to time. 

Very tiny microbeads may not be 

precisely screened by the layer. 

Cleaning effect varies with material 

of substitutes used.  

1.3 Theory 

Since microbeads are working as a mechanical exfoliants by scrubbing the skin or surface to 

remove the dirt. Therefore, replacing microbeads by a substitute can get rid of the problem form 

its source, compared to screening after consuming microplastics. In this investigation, we try to 

compare a number of possible substitutes that can be commonly found in daily life.  
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2. Materials and methods
2.1 Different microbeads substitutes

Different substitutes of microbeads, including grinded almond, salt, sugar, oat powder and coffee 

grounds, were prepared as shown in Table 2.1. 1g of substitutes were mixed with 19g of 

detergents as the cleaning reagent with microbeads substitutes. Detergent and Biore facewash 

were used as control for detergent only and commercial microbeads products respectively. 

Table 2.1 Different substitutes of microbeads 

Salt Sugar Coffee grounds Oat powder Grinded almond

Table 2.2 Detergent and Biore facewash 

Detergent Biore 

2.2  Cleaning effect of different substitutes on dissection board 

White chalk was drawn onto dissection board so as to demonstrate how the dirt was removed. 3g 

of detergent with different microbeads substitutes were added to the scouring cloths respectively. 

The dissection boards were cleaned by using each of the scouring cloth, which was being pulled 

by hand (Fig. 2.1). A 1kg weight was placed on top of the scouring cloth. The effectiveness was 

observed by eyes. 
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2.3 Cleaning effect of different substitutes on smoke darken white tile  

Darken white tiles were prepared by burning it under yellow Bunsen flame. 3g of detergent with 

different microbeads substitutes was added to the scouring cloths. Next, each white tile was 

washed once again by a wet scouring cloth without microbeads substitutes. Cleaning effects on 

both side of white tile (smooth and rough) were studied with the setup shown in Fig. 2.2. A RGB 

web-based software (https://www.rapidtables.com/web/color/color-tester.html ) was used to read 

the colour of white tile and thus calculate the cleaning efficiency (Fig. 2.3). 

1kg weight

Dissection board

chalk

Scouring cloth

Dissection board

White tile

Scouring cloth1kg weightSmooth 
side

Rough 
side
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Fig. 2.3 RGB web-based software

(https://www.rapidtables.com/web/color/color-tester.html ) 

3. Results and Findings
3.1 Cleaning effect of different substitutes on dissection board 

Coffee substitute had the highest rating and control came to the second. No significant chalk dirt 

was found on both dissection board. Almond substitute got the lowest rating. 

Table 3.1 Effect of different substitutes on dissection board 

Different 

substitutes 
Control 

Grinded 

Almond
Biore 

Coffee 

grounds

Oat 

powder 
Salt Sugar 

Rating* + + + + + + + + + + + + + + + + + + + 

*( ‘+ + + + +’: Most effective and ‘+’ : Least effective) 
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3.2 Cleaning effect of different substitutes on smoke darken white tile (smooth side) 

The higher the colour code value, the cleaner and whiter the white tile is, vice versa. For the 

experiment of cleaning the smoke on smooth surface of white tile, all of the substitutes showed 

similar cleaning effect (Table 3.2), with RGB colour values more than 735 (Fig. 3.1). They also 

show similar percentages dropped of  >95% (Fig. 3.2) as well. 

Table 3.2 Smooth side of the white tile after cleaning and washing 

Substitutes Before cleaning After cleaning After washing 

Control 

   

Grinded 

Almond 

   

Biore 

   

Coffee 

grounds 

   

Oat 

powder 

  

Salt 

   

Sugar 
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Fig. 3.1 Cleaning effect of different substitutes on smooth side of white tile 

Fig. 3.2 Percentage drop in the colour value after washing 
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3.3 Cleaning effect of different substitutes on smoke darken white tile (rough side) 

Table 3.3 Back of the white tile after cleaning and washing 

Substitutes Before cleaning After cleaning After washing 

Control 

Grinded 

Almond 

Biore 

Coffee 

grounds 

Oat 

powder 

Salt 

Sugar 
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Figure 3.3 Cleaning effect of different substitutes on back of white tile 

Fig. 3.4 Percentage drop in the colour value after washing 

Oat powder and salt substitutes still showed the best cleaning effect, which showed a drop of 

around 40% in the colour value. Coffee grounds substitute showed the second-best cleaning 

effect, which showed a drop of 38.2% in the colour value. Control showed the worst cleaning 

effect with only 27.2% drop in its colour value. 
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3.4 Findings 

In the experiment on dissection board, only ratings could be given by bare eyes to determine the 

effectiveness. It is too subjective. In the experiment on the smooth side of the white tile, some 

colour values were obtained, but no significant results could be shown. In the experiment on the 

rough side of the white tile, significant results were shown. Salt and oat powder substitutes 

showed the best cleaning effect with the highest percentage dropped in the colour value and 

coffee grounds was the second.  

4. Discussion

Detergent with different microbeads substitutes added were used to clean dissection boards 

painted with chalk, rough smooth surfaces of darken white tiles respectively. For the experiment 

with dissection boards, it was difficult to control the amount of chalk painted, and the effect could 

only be determined by bare eyes. Therefore, the setup was modified to clean smoke-darken white 

tile instead, together with the web-based RBG detection program. 

Overall, for both rough and smooth surfaces of the white tile, salt showed a good effect on 

cleaning (Fig. 3.2 & 3.4), as it thinners the detergent to have a better solubility [4]. This helps to 

clean the surface of the white tile with more amount of water. In terms of mechanical scrubbing, 

oat powders was the best (40%) and coffee grounds came the second (38%). This means that oat 

powders and coffee grounds contain suitable micro-particles as substitutes of microbeads to 

provide cleaning effect mechanically. 

Limitations 

It was difficult to provide an evenly distributed amount of smoke on darken white tiles. Although 

16 points were picked from each photo in this study and taken average, the accuracy can be 

improved by including more points in the colour value calculations. In the experiment, though 

the substitutes are biodegradable, they are food as well. This may affect the food supply if it is 

widely used over the world. However, coffee grounds is a kind of food waste from coffee shops. 

If the cleaning efficiency can be enhanced, it may be a suitable choice. 

Further Studies 

The effect of cleaning may be affected by a number of factors, such as amount of microbeads 

substitutes and water added, sizes of the substitutes, force applied during cleaning. Therefore, 
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these factors can be further studied in order to enhance the efficiency of cleaning. For example, 

there are many small gaps on the rough surface. Therefore, we may measure the size of different 

substitutes under microscope and try to reduce the size to optimum.  

Applications 

Since microbeads substitutes are biodegradable, it can be applied in different household cleaners. 

By adding a small amount of substitutes in detergent, it will be effective in cleaning without 

bringing harms to marine ecosystem. Furthermore, if the surface of the substitutes is smooth, it 

can be added to some personal care products, like toothpaste or skin scrubber, as well.  

5. Conclusion
All in all, microbeads using nowadays are harmful to our oceans. They will be eaten by aquatic 

lives and accumulate in food chains. In our study, we provide a non-toxic and environmental 

friendly way to replace by oat powders and coffee grounds with a lower cost. We hope that it can 

improve the water quality and even all over the world. 
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Introduction to the problem

Since the industrial revolution, plastics has become an essential part of our lives, from furniture to

accessories to food containers. As our living standards rise rapidly, so does the demand for plastics.

Plastics are waterproof, sturdy and flexible, perfect for pretty much everything we want. They have been

known for their versatile usage and its cheap cost.

However, there is a serious threat of plastic due to its inability to be degraded in a short period of time. As

, and are toxic, plastic pollution has adverse effects on wildlife, animals’ habitats and humans. Currently, it

accounts for approximately 25% of the total volume of global landfill. The problem would remain severe

and unsolved if it remains untouched. Moreover, its source of raw material, oil, is becoming more and more

expensive due to inflation. This makes the usage of plastic unsustainable as it does not make the

environment decent enough for the future generations.

But due to the rapid increase in human’s living standard, the usage of plastic cannot be reduced. So, is

there a method which satisfies both the human demand and the environmental issues?
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On the other hand, food waste is also a serious problem in the world. In Hong Kong, the region’s landfill

sites will be full by 2020, and by 2025 globally, according to the World Bank. Clearly, the globe needs a

more sustainable way to deal with food waste.

A portion of the food waste is non-edible food waste, which are the parts of food that people will not

consume because they are unable to. This mainly includes peels of fruits and bones of meat/ fish.

After watching some videos online, we realized that making bioplastics by organic waste could potentially

solve this problem. We aim to find out the best chemical formula for our bioplastic and wish it can be used

in the future world to solve combat the problems of non-biodegradable plastic nowadays.

By reducing the amount of plastic waste and inedible food waste in the global landfill share, we hope that

this project will be efficient in tackling the world’s future waste issue and promote the idea of

environmental-friendliness. Let’s go bioplastics!
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Objective

Our objective is to investigate the best bioplastic with the best properties with five different parameters:

raw material, chemicals added, strength, durability and biodegradability.

We have decided to investigate the plastic that has been made on renewable sources, targeting on biomass

that are inedible. In other words, food waste. On the other hand, It is not worthy and cost-effective to use

edible food, nor it is morally ethical to use edible food to make plastic as people could be saved from this.

To sum up, this investigation aims at finding the best recipe for making bioplastic.

Concepts of Certain Keywords

Biodegradable

Biodegradable refers to the ability for certain substances to break down safely into raw materials of nature

or disappear into the environment (i.e. Some solids biodegrading into soil)

Bioplastic

Bioplastic refers to ‘Biodegradable plastic’, that means a kind of plastic like substances made renewable

biomass sources (biological substances), for example, vegetable fats and oils, cornstarch, or microbiota.

Compared to the current plastics derived and manufactured from petroleum, bioplastic would not take

million years of natural decay.
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Bioplastic is a potential substitute for plastic due to its similar feature with plastic. Moreover, it is also

environmental friendly due to the fact that it is made up of useless, inedible biomass. As it is easily

biodegradable, they will occupy less space in landfills.

Experimental Design: Overview

In phase 1, we aim to determine which of the following is the best raw material for the bioplastic. We have

used waste fruit masses to make the bioplastic. The fruit masses are peanut shells, mango seed, banana

peels, and orange peels. They are pre-listed since research claimed that they are high in starch content.

In phase 2, we will test whether boiling the biomasses before blending will make the results better.

In phase 3, we aim to use different kinds of preservative and test their shelf life. The different preservatives are

namely sodium metabisulfite, sodium hydrogen carbonate, citric  acid , and ascorbic acid, ie Vitamin C.

In phase 4 we will test  the ideal molarity of the Hydrochloric acid to be added to the paste.

In phase 5 we will test the ideal amount of glycerol to be added to the mixture.

By combining the finding of the above, we would then obtain the best bioplastic recipe.
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How we make our bioplastic

1. Put the biomasses into a blender and blend them into a fine paste

2. Pour the paste into a filter net and hold it above a 500 mL  beaker

3. Squeeze the net and remove the water content of the paste

4. Measure 50g of the paste in a beaker with the help of electronic balance

5. Add the following chemicals in order: 6 mL 0.5M Hydrochloric acid, 6 mL Glycerol, 6 mL 0.5M

Sodium hydroxide. Mix thoroughly before adding the next chemical

6. Put the mixture on a petri dish and bake it in the lab oven.
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Phase 1: Finding the raw materials of the bioplastic

Before we investigate on the different proportions of chemicals added to the biomass, we have to decide

and fix the biomass. For this, we gathered several types of inedible parts of food, in which they are likely to

be disposed by us after consumption.

Peanut Shells Orange Peels Shrimp Shells Corn Core

Mango Seeds Mango Peels Banana Peels Fish Bones

In order to determine whether the biomass is suitable and desirable to be the raw material for making

bioplastic, a ‘sheet’ must be formed after baking the paste mixed with chemicals. It’s obvious that a sheet

of plastic should be made before we make it into other shapes.

Independent Variable
(Things to be tested)

Inedible Biomasses to be used in order to make bioplastic

Dependent Variable
(Things to be measured)

The appearance of biomass paste after being baked

Controlled Variables
(Variables kept constant)

Volume and molarity of HCl and NaOH added, Volume of Glycerol added,
Weight of the biomass paste, Temperature of Oven, Order of adding chemicals
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Here are the results after baking:

Peanut Shells Orange Peels Shrimp Shells Corn Core

Mango Seeds Mango Peels Banana Peels Fish Bones

For the above samples, we have also decided to fix their amount of biomasses used to be at 50 g, the

volume and molarity of HCL used to be 6mL at 0.5 mole, with 6 mL of glycerol added and also with 6 mL of

0.5 mole NaOH.
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Biomass Peanut Shells Orange Peels Shrimp Shells Corn Core

Appearance Rating 1 2 2 2

Ability to form sheets

Biomass Mango Seeds Mango Peels Banana Peels Fish Bones

Appearance Rating 2 1 5 2

Ability to form sheets

From the above, we can clearly see that the orange paste cannot form a sheet like structure. For the

peanuts and the mango seed, the two biomasses form powder and cannot be spread even through the petri

dish. Whereas the banana peel could form a sheet and evenly spread on the petri dish, although its surface

is still not very smooth.

Explaining why banana peels work but not other biomasses- Theory Behind

The basic unit of plastic is polymer chains.
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Banana peels are rich in starch, with a content of 70-80%. It is a lot more than the other types of biomasses

tested. The two types of starch present in bananas are amylose (~30%) and amylopectin (~70%).

Amylose is a straight chain of polymer, its basic unit is α-D-glucose unit, they are bonded to each other

through α 1,4 glycosidic bonds. It is insoluble in water.

Amylopectin is a highly branched polymer, in the main chain, they are bonded by α 1,4 glycosidic bonds.

The branch and the main chain are linked in a linear way by α 1,6 glycosidic bonds. Unlike amylose, it is

soluble in water.

To make a sheet of plastic, we want a straight but soft chain of polymer. That implies that we will have to

get rid of most of the Amylopectin.
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By adding Hydrochloric Acid, the process of hydrolysis can be carried out. The α 1,6 glycosidic bonds in

amylopectin between the main chain and the branches can be broken. This makes most of the branches

away from the main chains. The more decent you mixed, the more bonds can be hydrolysed. After this

step, ideally, it should be a straight amylose chain.

By then adding a certain amount of Glycerol, glycerol can seep into the gaps between the

monosaccharides. This process makes the Amylose chain less rigid and more flexible.

By adding 6 mL  0.5M Sodium Hydroxide, the paste is neutralized as acid is added previously.

Banana peels can be formed into sheets as it is richest in amylose (~80%) among all the options listed.

Corn is also rich in amylose (~62%),  but they are mostly present in the kernel, not the core.
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Other biomasses rich in starch (Amylose): Bread, Rice, Potatoes, Oats, Barley and Nuts. However, these

are all edible and thus, does not match with our targeted food waste. Therefore, we have decided to use

banana peels as the raw material for bioplastic investigation.

Phase 2: Boiling the peels first before blending

As mentioned previously, we have to get rid of most of the amylopectin as they are highly branched due to

the fact that it will resist the formation of the sheet formation of the bioplastic.

Amylopectin is water soluble. Therefore, to make the plastic sheet’s surface smoother, we have decided to

boil the peels in water for 30 minutes on a hot plate before putting them into the blender. This removes

most of the amylopectin as they will be dissolved in water and evaporated together with them.
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We found out that the bioplastic made is not as rough as the previous ones, so we have decided to add this

step for all the upcoming samples.

Phase 3: Adding Preservatives to increase its shelf life

To increase the shelf life bioplastic samples, it’s important to add preservatives to the samples before we

blend and add chemicals. In this phrase, our aim is to find out which preservative would be the best for us

to make the bioplastic.

We tested the following 4 types of preservatives: Sodium Metabisulfite, Sodium Hydrogen Carbonate

(Baking powder), Citric Acid, Ascorbic acid (Vitamin C).

Sodium Metabisulfite Sodium Hydrogen Carbonate Citric Acid Ascorbic Acid

The following table shows the each of the dependent, independent and controlled variables:

Independent Variable
(Things to be tested)

Different kinds of preservatives used

Dependent Variable
(Things to be measured)

The plastic’s rate of decay after adding preservatives

Controlled Variables
(Variables kept constant)

Volume and molarity of HCl and NaOH added, Volume of Glycerol added,
Weight of the banana paste, Temperature of Oven, Order of adding chemicals,
Time of banana peels dipping into the preservatives,
Duration of banana peels boiled in water
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All of the samples were dipped into the respective preservatives for 30 minutes right before boiling them.

For the controlled variables, we have also decided to fix their amount of banana paste used to be at 50 g,

the amount and molarity of HCl used to be 6 mL at 0.5 mole, with 6 mL of glycerol added and also with 6 mL

of 0.5 mole NaOH.

All the samples showed no difference in appearance after being left alone for a week. Therefore, we have

decided putting them into garden soil and let them decay.

Process of this experiment: Putting the samples into the garden soil and let them decay

1. Cut a 1cm * 1cm sample of each of the 5 bioplastic samples

2. Measure its weight and record them

3. Put them in soil for duration of a week

4. Record their change in mass, also calculate its percentage change in mass

The results of the test are shown in the graph below:
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Under the 11 day period, all of the 4 kinds of samples have shown different variation of their amount of

variation. For citric acid, it has shown the most decay, being more that 70%. For the vitamin C it has also

shown a decay of mass near to 70%. For sodium hydrogen carbonate, it ha s showed a decrease of slightly

less than 50%, whereas the sodium metabisulfite has only showed a 36% decrease, and hence being the

most capable preservative. Therefore, we have decided to use sodium metabisulfite as the preservative for

the preservative to-be-used in this investigation.

More explanations about the process of degrading

Normally, in school laboratories, we break the amylose chain by hydrolysis chemically with the help of

amylase, an enzyme as a catalyst to speed up reactions.

However, our bioplastic breaks down and degrades naturally from a polymer chain to monosaccharides,

absorbing a water molecule from the surroundings hydrolyze by themselves.
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Phase 4: The ideal molarity of hydrochloric acid of the banana paste

In this experiment we have decided to find out how many moles of Hydrochloric Acid we should add to the

banana paste in order to obtain the best piece of bioplastic.

Independent Variable
(Things to be tested)

Molarity of HCl added to the banana paste

Dependent Variable
(Things to be measured)

Strength of the bioplastic
Waterproofness of the bioplastic

Controlled Variables
(Variables kept constant)

Volume and molarity of NaOH added, Volume of HCl and Glycerol added,
Weight of the banana paste, Temperature of Oven, Order of adding chemicals,
Time of banana peels dipping into Na2S2O5, 
Duration of banana peels boiling in water

As for the controlled variables, we have decided to fix their amount of banana paste used to be at 50 g, the

preservative to be use as sodium metabisulfite, with 6 mL of glycerol and also with 6 mL of 0.5 mole NaOH.

As mentioned before, the hydrochloric acid is used to hydrolyse the amylopectin into small saccharide

chains. However, if too much hydrochloric acid are added, the amylopectin will be hydrolysed into

saccharide that are too small to form plastic. On the other hand, the amylopectin would still be in long

chains and hence would not form plastic properly. Therefore a suitable molarity of Hydrochloric acid must

be added in order to find out the best recipe of the bioplastic.

We have decided to use the following molarities of HCl:

● 0M of HCl

● 0.1M of HCl

● 0.2M of HCl,

● 0.4M of HCl,

● 0.5M of HCl,

● 0.6M of HCl,

● 0.8M of HCl

● 1M of HCl
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In order to determine which concentration (Molarity) of HCl is the best, several tests were being conducted.

The right picture shows the appearance of the samples baked, starting from lower left corner is 0M, ending

in upper right corner is 1M. (Note: 0.6M and 0.8M are placed together in the second-last dish)

First test: Waterproofness

1. The samples of bioplastic are cut into pieces of 1cm * 1cm

2. Weigh the Samples cut

3. Put the samples into water for 5 minutes

4. Measure their weight and calculate their change in weight

This test could measure their change in weight, meaning that the change in weight is due to the water they

have absorbed when they were in the water. If the bioplastic were waterproof, they would have absorbed

less amount of water, the following table shows the change in mass after they were soaked in water.
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The above graph shows that the waterproofness test. From it we can simply deduce that the higher

molarity of HCl added the less water it would absorb and hence, will be more waterproof, which shows a

greater potential of making them into plastic.

Analysis of the experimental results:

In the banana peel, the the banana peels has both amylopectin and the amylose. The banana consists

mainly of amylose and amylopectin. However, the the amylopectin resist the structure and allows spaces

between. It also decreases the bonding between the chain shaped amylose. By adding the HCl, it will be

able to perform hydrolysis to the amylopectin. The higher concentration of the HCl is, the higher the

capability it will have to hydrolysis the amylopectin. The less amylopectin there is, the more ‘chain like’ the

structure there will be, which contains fewer spaces between the monosaccharides. Therefore, it will able

to absorb less water and therefore, be more waterproof.

Second test: Strength

1. Cut the bioplastic into a sample of 1 cm * 3 cm

2. Stabilize the sample of the bioplastic onto the stand and clamp, with the other side tied to a string

3. Add 50 gram of weight each time to the string, and record the weight that the bioplastic was able to

withstand without breaking

20 



HongKong_BuddingScientistAward_2017-18_Others_FutureWorldProblem_ImportantReal-lifeProblem 

The following graph shows the result of the strength test of the HCl variation series samples:

From the above graph, we can see that at 0M of HCl, it would be able to withstand a weight of 900 grams.

For the 0.2M and 0.4M they both show an ability to withstand a weight of 700 grams. For the 0.5M and 0.6M,

they have been able to withstand a force of 500 grams. However for the 0.8M and 1M sample, they were

only able to withstand a force of 200 grams and 300 grams respectively. Therefore, we can deduce that the

higher molarity of HCl added, the less weight it would be able to withstand, in other words, weaker.

Analysis of the experimental results:

The hydrochloric acid is able to break the hydrogen bonds. In despite of being able to perform hydrolysis

on the amylopectin, it is also able to weaken the linkages between amylose and amylose, and also between

the simple monosaccharide molecules inside the amylose chains. Therefore, by adding a higher molarity of

HCL, the bonds will be weakened. Therefore, the bioplastic will have less attractive force by the bonds to

withstand the force and therefore, will break under less tension.
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Phase 5: Volume of Glycerol to be added

In this experiment we have decided to find out the volume of glycerol added to the paste to obtain the best

bioplastic.

Independent Variable
(Things to be tested)

Volume of Glycerol added to the banana paste

Dependent Variable
(Things to be measured)

Appearance of the bioplastic
Strength of the bioplastic
Waterproofness of the bioplastic

Controlled Variables
(Variables kept constant)

Volume and molarity of HCl and NaOH added, Weight of the banana paste,
Temperature of Oven, Order of adding chemicals,
Time of banana peels dipping into Na2S2O5, 
Duration of banana peels boiling in water

For the controlled variables, we have decided to fix their amount of banana paste used to be at 50g, the

preservative to be use as sodium metabisulfite,  with 6 mL of 0.5M HCl and 6 mL of 0.5M NaOH.

The usage of glycerol will be as plasticizers, meaning that it would be providing a plastic like structure to

the saccharides. However, if too little glycerol is added, the saccharides would have very less space

between one another and they would be very hard. But if there were too much glycerol added there would

be too much space between the saccharides, and they would therefore be too soft or even unable to be

formed. Therefore a suitable amount of hydrochloric acid has to be added into the plastic so as to stabilize

its structure and as to make it plastic like. In other words, the two chemicals co-exist.

Therefore, we have decided to test the following volumes of Glycerol added:

● 0 mL of glycerol

● 2 mL of glycerol

● 4 mL of glycerol

● 5 mL of glycerol

● 6 mL of glycerol

● 8 mL of glycerol

● 10 mL of glycerol
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Firstly we have decided to see the appearance of the glycerol variation set respectively.

(Picture-glycerol variation set. Starting from left is the 0 mL, 2 mL , 4 mL, 6 mL, 8 mL and 10 mL)

First Test: Test for appearance

Amount of glycerol added 0mL 2mL 4mL

Brief description of their
physical appearance

Very dry, hard in shape,
with some holes within,
crispy

Not as hard as the 0mL
one, still retains hard in
shape, crispy

Normal in hardness

Amount of glycerol added 6mL 8mL 10mL

Brief description of their
physical appearance

Normal in hardness, gains
some flexibility

Soft, very flexible Very soft, high in
flexibility yet very easily
broken

From the picture above, we can see the visual appearance of the glycerol variation set. From the set 1 and

set 2, they are 0 mL of glycerol and 2 mL glycerol respectively. The two are very dry and they show little

flexibility. They also are very crispy and easily broken. For the 4 mL and 6 mL, the three show moderate

flexibility. For the 8 mL and 10 mL, they show extreme flexibility, they also have a purer colour.

In terms of physical appearance, the adding of moderate amount of glycerol seems to achieve a better

result, they are neither too soft nor too rigid.
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Second Test: Test  for strength

1. Cut the bioplastic into a sample of 1 cm * 3 cm

2. Stabilize the sample of the bioplastic onto the stand and clamp, with the other side tied to a string

3. Add 50 gram of weight each time to the string and record the weight that the bioplastic was able to

withstand without breaking.

From the above graph we can see that the weight the bioplastic could withstand decreases as the amount

of glycerol increases. When no glycerol is added, the the of it could stand per cm in nearly to 800g.

However, for the 2 mL and 4 mL sample, they have decrease to slightly more than 500 and 400 respectively,

for the 6 mL sample, it has already decreased to slightly more than 200g and lastly, for the 8 mL and 10 mL

series, the two both cannot withstand great force, being almost less than or equal to 100g. We can hence

deduce that the more glycerol added , the less strength that i would withstand.

Analysis of the above results:

Glycerol here serves its role as a plasticizer, meaning that it will be the one to separate the distance of the

saccharide chains. The saccharide will be separated and there will be no hydrogen bonds to link them up.

Therefore, for the more amount of glycerol added, the more the distance between the saccharide chains,

making them not be able to form strong chains in order to resist the force. Therefore, we can conclude that

the less glycerol added, the more stronger it will be. However, they would also be very hard. On the other
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hand, if we add more glycerol, they will be more soft in texture, but they will be unable to withstand great

force.

Third Test: Test for Waterproofness

We would also repeat the test for waterproofness in order to find out if there are any relationships between

the volume of glycerol and the waterproofness of them.

1. The samples of bioplastic are cut into pieces of 1cm *1cm.

2. Weigh the samples.

3. Put the samples into water.

4. Measure their weight and calculate their change in weight.

From the above we can simply deduce that the higher the volume of glycerol added they will have a larger

change in mass and will hence be less waterproof.

Analysis of the results:

As mentioned before, the glycerol is a plasticizer. It is able to give spacing between the amylose chains.

However, by doing so the bond linkages between the amylose will be decrease. The amylose will hence

form a less rigid structure and allow more water to enter. Due to the fact that a higher molarity of HCL will

have higher capacity to weaken the linkages, it will hence absorb more water and be less waterproof.
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Conclusions

By the various experiments of the carried as mentioned, we have the following recommendations:

Firstly, in the above kinds of preservatives, we recommend to use sodium metabisulfite, whereas it retains in

good shape after even being buried under soil for more than a week, it also retains its capability to be

biodegraded and hence will not much less environmental impacts to the earth.

Secondly, we also want to recommend to boil the banana peels, so that the amylopectin can be dissolved, so

as to make better bioplastic in terms of  structure, so as to increase its strength and waterproofness.

Thirdly, for the molarity of HCl, we have deduced that the concentration of HCL will affect its waterproofness

and its strength in 2 totally different ways. The more amount of HCL added, the more waterproof it would be,

the weaker it will be. Therefore, we suggest to have a balance between the two aspects, and believe that 0.5M

should be the best molarity.
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Fourthly, for the volume of glycerol, we have also deduced that it would be more flexible in shape and softer in

texture, if more glycerol are to be added. But if more glycerol are added, it will also be less waterproof and will

not be able to withstand much strength. However, having a flexible shape is more important than being

waterproof and strong, so we suggest 6 mL should be good.

FINALIZED PROCEDURES FOR BANANA BIOPLASTIC:

1. Cut the banana peels into small pieces

2. Dip the cut pieces into Sodium Metabisulfite for 30 minutes

3. Pour the Sodium Metabisulfite away and fill the beaker with water

4. Boil the banana peels with water on a hot plate for 30 minutes. Pour the water away afterwards

5. Put the banana peels into a blender and blend it to a fine paste, add water when necessary

6. Pour the banana paste into a filtration net and squeeze away as much liquid as possible

7. Measure 50g of fine banana paste in a beaker using an electronic balance

8. Add 6 mL 0.5M Hydrochloric Acid to the paste

9. Add 6 mL Glycerol to the paste

10. Add 6 mL 0.5M Sodium Hydroxide to the paste

11. Put the paste on a petri dish

12. Bake the banana paste in the oven under 100 degrees Celsius
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Aspirations and future hopes

After this project, we have been able to do a minor investigation of the properties of the bioplastic. We have

make some simple deductions of how to make the bioplastic, and also how would the variations of different

chemicals affect each other.

However, we know that this way of making plastic could not meet the actual demands of the public. We

sincerely hope that more and more professionals could take up this little thought. And by their professional

knowledge, we think that they could all reach a stage where this bioplastic could be mass produced, and

make it to be used real life in the hands of the public, or even substitute the non-renewable plastic sources

in the current market. Together, we can create a better world and save the Earth by reducing plastic waste

and inedible food waste.

Also, with the interview with a scientist, we knew a lot more about the spirit and personal qualities of

becoming a scientist: you have to continue to investigate every time and not afraid of failure. Back to this

project, we are interested and will continue to investigate on bioplastics in the future.

We would also like to thank all the teachers and lab technicians that have help us in different ways through

the process, especially Mr Tse, our guiding teacher, Mr Cheung, Ms Lau and Ms Tsang for guidings and

giving advice throughout the investigation process.
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Introduction

Problems Arising from the Textile Industry

According to The 2015 United Nations Climate Change Conference, textile 

industry is the second-largest polluter globally. Different stages of textile production 

produce different kinds of environmentally unfriendly pollutant. According to World 

Wildlife Fund, it takes about 2,700 liters of water just to produce a single cotton-made 

t-shirt! Besides, textile manufacturers discharge excessive wastewater mixed with

harmful chemicals (e.g. bleaches, solvents, acids, alkalis, dyes and resins). Nowadays, 

cotton is the world’s single largest pesticide-consuming crop and so adversely affect 

the soil and water.

Our clothing is always contained with polyester fiber, which used 70 million 

barrels of oil each year. Also, polyester fiber requires more than 200 years to be 

decomposed. It is really not environmentally friendly at all. 

Conventional leather also cause pollution. Leather causes pollution due to the 

harmful chemicals used in the tanning progress like chromium and formic acid. These 

harmful chemicals causes tannery workers suffer from different serious diseases (e.g. 

cancer and blindness) and even affect their sub-generation. 

Is there anything we could do to relief the environmental problem from textile 

industry? Are there any eco-friendly fashionable materials? Recently, QUT fashion 

academic Dean Brough and few fashion designers propose to use kombucha SCOBY 

as a textile material. 



What is Kombucha SCOBY?

Kombucha is a lightly fizzy drink which are believed to assist in digestive health 

and liver detoxification. Kombucha is made by adding acetic acid bacteria and yeast to 

sweetened tea. Yeasts and bacteria in kombucha are involved in metabolic activities that 

assists each other in complementary ways. Yeasts hydrolyze sucrose into glucose and 

fructose by invertase and produce ethanol in the process, with fructose as a preferred 

substrate. Acetic acid bacteria use glucose to produce gluconic acid and ethanol to 

produce acetic acid. Then the Acetic acid bacteria will form a fast growing pellicle on 

the surface of the tea. This is what we called a SCOBY. It is 100% cellulose. With 

enough thickness, the SCOBY’s texture will look like leather. Hence, few groups 

studied some factors for better growth of “SCOBY”. However, to our knowledge, it 

seems no research to study its “textile” properties such as the surface morphology, 

tensile strength and heat retention. Hence, our project is to investigate these properties. 

In our project, we use different sweetened tea to grow the SCOBY and find out which 

one is much better to grow the SCOBY. Then, we compare the surface morphology, 

tensile strength and heat retention of these SCOBYs with commercial available natural 

cotton and synthetic polyester. All this enables us to study the feasibility of using 

SCOBY as alternative to textile material.



Experimental details

Section 1

Growing SCOBY using different tea types

Objective

To grow the SCOBY using different tea types (Red tea, Oolong and Green tea).

Safety Precaution

1. Wear safety goggles and gloves

Procedure 

1. Weigh 20 g sugar using electronic balance.

2. Mix 20 g sugar, 600 mL water and 2 tea bags, and boil the sugar/tea mixture using 

electric kettle.

3. Pour it into a 1000 mL beaker and cool it down.



4. Measure 200 mL Kubomcha using measuring cylinder and mix it with the

sugar/tea mixture.

5. Pour the mixture into three 250 mL beaker evenly.

6. Cover the mixture and grow the “SCOBY”.

7. After few days, the SCOBY will be harvested and air-dried overnight.



Section 2

Compare “textile” properties of SCOBYs with commercially available textile materials 

Objective

To find out the best tea type for SCOBY growth, and study the feasibility of using 

microbes to grow “textile” by comparing their properties (surface morphology, tensile 

strength and heat retention) with commercial textile materials (Cotton and Polyester)

Safety Precaution

1. Wear safety goggles and gloves

Part A Surface Morphology Study

Procedure 

1. Clean the Scanning Electron Microscope (SEM) platform,

used for support sample with pure ethanol.

2. Cut the Oolong Tea SCOBY sample into a rectangle

shape.

3. Fix the SCOBY sample on the platform using conductive

adhesive tape.

4. Use Gold Sputter Coater to coat a layer of gold to the

sample for SEM analysis



5. Place the sample in the Hitachi Benchtop SEM

and focus the sample for sharp image.

6. For each sample, magnify it by 500X, 1500X,

3000X and 10000X (for SCOBYs only)

respectively to scan the surface morphology of

the sample.

7. Save the images.

8. Repeat steps 1-7 with Red Tea SCOBY, Green Tea SCOBY, Cotton and Polyester

in turn.



Part B Tensile Strength Test

1. Air-dry SCOBY samples grown in SECTION 1 overnight to ensure they are

completely dry.

2. Prepare the SCOBY cutting with the following dimensions for tensile strength test.

3. Measure the thickness of the middle part of SCOBY cutting by Vernier caliper.

4. Clamp one end of SCOBY cutting by the fixer of dual-

range force sensor.

5. Pull the opposite end of SCOBY cutting vertically until

its middle part is tear-off and record the maximum load.

6. Calculate the tensile strength using following equation:

Tensile strength =



Part C Heat Retention Test

Procedure 

1. Wrap each 100 mL beaker with different samples (Red Tea SCOBY, Oolong Tea

SCOBY, Cotton and Polyester).

2. Add 60 mL hot water into each beaker and insert a thermometer into it.

3. Cover the beaker with a plastic cover to minimize the heat loss.

4. Measure the temperature of the hot water at regular time interval (1 min).



Results and Discussion

Section 2

Part A Surface Morphology Study

Comparing the Surface Morphology of Different Tea SCOBYs

Magnification Red Tea SCOBY Oolong Tea SCOBY Green Tea SCOBY

500X

1500X

3000X

These SEM scans show that both Red Tea SCOBY and Oolong Tea SCOBY has very 

smooth surface while Green Tea SCOBY not. It is also worthy to note that the Green 

Tea SCOBY has many “unexpected thing” stuck on it while the other without. 
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These scans show cotton and polyester are made of relatively thicker fibers (with 

diameters of ~12 micrometers and ~15 m respectively) while the SCOBYs are made 

of very fine fibers (its diameter is ~0.1 m). Hence, cotton and polyester has a lot of 

“porous” in between the fibers while SCOBYs don’t. It is also obvious that natural 

cotton is weaved by irregular fibers, but synthetic polyester by regular fibers. 



Part B Tensile strength Test

Effect of Different Tea Types on Tensile Strength of SCOBY (grown for 21 days)

Based on the results above, it is found that the Red Tea SCOBY (3.3 Nmm-2) has higher 

tensile strength than Oolong Tea SCOBY (2.0 Nmm-2). It is also worth to note that the 

Red Tea SCOBY is only 70% thickness of the Oolong Tea SCOBY. Hence, we further 

study the thickness effect on the tensile strength of these two SCOBYs.
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Thickness Effect on Tensile Strength of SCOBY (grown for 21 days)



This figure shows that, for the Red Tea SCOBY and Oolong Tea SCOBY, the tensile 

strength increases with the thickness. It may be because, for thicker SOCPY, the fibers 

will be intertwined much more. This makes the SCOBY much stiffer.

It is also worth to point out that the curve for Red Tea SCOBY is much steeper than 

Oolong Tea SCOBY. This indicates, with the same thickness, Red Tea SCOBY has 

stronger tensile strength than Oolong Tea SCOBY.
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Comparing the tensile strength of SCOBYs with commercial textile materials

From this chart, the polyester (9.7 Nmm-2) has the strongest tensile strength, and 

followed by Cotton (5.2 Nmm-2), Red Tea SCOBY (3.3 Nmm-2) and Oolong Tea 

SCOBY (2.0 Nmm-2). Though the two SCOBYs show weaker tensile strength than the 

others, the thickness of Oolong Tea SCOBY is only ~45% of that of the Cotton and 

Polyester while Red Tea SCOBY is even only ~25%. 
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As mentioned before, the tensile strength of SCOBY depends on its thickness. We have 

conservative assumption that the tensile strength is directly proportional to its thickness. 

Then, we can estimate the tensile strength at specific thickness using the following 

equations.  

Assume the SCOBYs, polyester and cotton have same thickness of 1 mm, and then 

their relative tensile strengths will be calculated as below:

y = 33.077x

y = 81.714x
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With the same thickness, it is surprising that the tensile strength of Red Tea SCOBY 

nearly doubles that of Polyester, doubles Oolong Tea SCOBY and is even much stiff 

than cotton by ~3.7 times. This indicates Red Tea SCOBY has the best performance in 

tensile strength among the two SCOBYs, Cotton and Polyester. 
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Part C Heat Retention Test



In this test, hot water stored in the beaker wrapped with Red Tea SCOBY takes the 

longest time (35 mins) to decrease the temperature from 49oC to 30oC and followed by 

Polyester (30 mins), Cotton (23 mins), Oolong Tea SCOBY (18 mins). This shows that 

the Red Tea SCOBY has the best heat retention while Oolong Tea SCOBY have 

comparable heat retention to Cotton. It is quite surprised that Red Tea SCOBY is the 

thinnest among these four materials, but can perform the best in heat retention.
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Conclusion

In our experiments, our SEM scans shows that all the SCOBYs are made of very 

fine fibers. It is obviously found that Red Tea SCOBY and Oolong Tea SCOBY are 

weaved continuously by many long and thinner “fiber” while only some parts of Green 

Tea SCOBY is. Other part of Green Tea SCOBY is weaved discontinuously by many 

short and thicker “fiber”. Though all these SCOBYs are made of cellulose, they shows 

different “weaving patterns” and so affect their texture. We believe that different tea 

types provides different nutrients for the microbes to grow and so affect their ability to 

“weave” the SCOBY and so the SCOBY texture. 

In the tensile strength test, it shows that the tensile strength of SCOBY increases 

with thickness. It may be because, for thicker SCOBY, the fibers will be intertwined 

much more. This makes the SCOBY much stiffer. In addition, we compare the tensile 

strength of SCOBYs with polyester and cotton. It is surprising that, with same thickness, 

Red Tea SCOBY is estimated to be the stiffest material. It may due to better intertwining 

between fibers if its thickness of SCOBY is increased.

In the heat retention test, it is quite surprising that Red Tea SCOBY shows the best 

performance among SCOBYs, polyester and cotton. It is also worth to note that Red 

Tea SCOBY used in this test are very thin. It have such good performance in this test 

maybe because, in the SEM study, Cotton and Polyester have a lot of “porous” while 

the SCOBYs do not. Hence, SCOBYs may conserve heat energy much better than 

Cotton and Polyester. We deeply believe that the two SCOBYs can have much better 

heat retention if their thickness is increased.



Compared with the commercial textile materials (cotton and polyester), Red Tea 

SCOBY shows the highest heat retention and, with same thickness, even shows the 

stiffest. Hence, Red Tea SCOBY is a promising candidate for textile material. We 

deeply believe that if its thickness can be increased, it would provide much better 

performance in tensile strength and heat retention.
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:

Container A 

Sample Batch A1 Batch A2 Batch A3

Students A B A B A B

By Hand 1 118 237 175

By Hand 2 113 201 155

Mean (by hand) 115 219 165

Overall Mean 166.3

Container B 

Sample Batch B1 Batch B2 Batch B3

Students A B C A B C A B C

By Hand 1 192 149 144

By Hand 2 189 168 142

By Hand 3 202 146 150

Mean (by hand) 193 152 148

Overall Mean 164.3



Container C 

Sample Batch B1 Batch B2 Batch B3

Students A B C A B C A B C

By Hand 1 87 131 152

By Hand 2 88 139 153

By Hand 3 86 128 154

Mean (by hand) 86 133 153

Overall Mean 124.3

Container A 

Sample Batch B1 Batch B2 Batch B3

Students A B C A B C A B C

By Hand 1 110 105 104

By Hand 2 113 105 105

By Hand 3 108 112 112

Mean (by hand) 110 107 107

Overall Mean 108



Container B 

Sample Batch B1 Batch B2 Batch B3

Students A B C A B C A B C

By Hand 1 84 81 83

By Hand 2 82 77 75

By Hand 3 86 84 75

Mean (by hand) 84 81 78

Overall Mean 81

Container C 

Sample Batch C1 Batch C2 Batch C3

Students A B C A B C A B C

By Hand 1 84 82 79

By Hand 2 75 93 80

By Hand 3 76 90 81

Mean (by hand) 78 88 80

Overall Mean 82

Container D 

Sample Batch D1 Batch D2 Batch D3

Students A B A B A B

By Hand 1 92 86 92

By Hand 2 92 59 85

Mean (by hand) 92 73 89

Overall Mean 84.7



Container E 

Sample Batch E1 Batch E2 Batch E3

Students A B A B A B

By Hand 1 73 85 91

By Hand 2 68 65 81

Mean (by hand) 71 75 86

Overall Mean 78

Container F 

Sample Batch F1 Batch F2 Batch F3

Students A B C A B C A B C

By Hand 1 0 0 0

By Hand 2 0 0 0

By Hand 3 0 0 0

Mean (by hand) 0 0 0

Overall Mean 0

Container D 

Sample Batch D1 Batch D2 Batch D3

Students A B C A B C A B C

By Hand 1 100 106 105

By Hand 2 106 99 101

By Hand 3 107 104 106

Mean (by hand) 104 103 104

Overall Mean 104



Container E 

Sample Batch E1 Batch E2 Batch E3

Students A B C A B C A B C

By Hand 1 146 87 110

By Hand 2 140 84 114

By Hand 3 153 89 104

Mean (by hand) 146 87 109

Overall Mean 114

Container F 

Sample Batch F1 Batch F2 Batch F3

Students A B C A B C A B C

By Hand 1 101 79 77

By Hand 2 92 78 79

By Hand 3 88 71 64

Mean (by hand) 93 76 73

Overall Mean 81

Container G 

Sample Batch D1 Batch D2 Batch D3

Students A B C

Mean (by hand) 104 103 104

Overall Mean 104



Container H 

Sample Batch D1 Batch D2 Batch D3

Students A B C

Mean (by hand) 146 140 153

Overall Mean 146.3

Container  J 

Sample Batch D1 Batch D2 Batch D3

Students A B C

Mean (by hand) 93 76 73

Overall Mean 82

Container L 

Sample Batch L1 Batch L2 Batch L3

Students A B C A B C A B C

By Hand 1 227 244 262

By Hand 2 240 238 253

By Hand 3 243 226 252

Mean (by hand) 237 236 256

Overall Mean 243



Container M 

Sample Batch M1 Batch M2 Batch M3

Students A B C A B C A B C

By Hand 1 225 245 236

By Hand 2 228 232 229

By Hand 3 177 222 194

Mean (by hand) 210 233 220

Overall Mean 221

Container N

Sample Batch N1 Batch N2 Batch N3

Students A B C A B C A B C

By Hand 1 226 230 224

By Hand 2 218 217 229

By Hand 3 263 229 244

Mean (by hand) 236 225 232

Overall Mean 231



(Container L, M, N Post-test)

Container L’ 

Sample Batch L’1 Batch L’2 Batch L’3

Students A B C A B C A B C

By Hand 1 40 72 73

By Hand 2 51 82 81

By Hand 3 48 83 75

Mean (by hand) 46 79 76

Overall Mean 67

Sample Batch L’4 Batch L’5 Batch L’6

Students A
B

C A B C A B C

By Hand 1 77 94 77

By Hand 2 83 93 78

By Hand 3 86 88 74

Mean (by hand) 82 92 76

Overall Mean 83



Container M’ 

Sample Batch M’1 Batch M’2 Batch M’3

Students A B C A B C A B C

By Hand 1 134 107 146

By Hand 2 115 101 142

` cc 110 112 145

Mean (by hand) 120 107 144

Overall Mean 124

Container N’

Sample Batch N’1 Batch N’2 Batch N’3

Students A B C A B C A B C

By Hand 1 153 136 159

By Hand 2 140 145 155

By Hand 3 157 155 153

Mean (by hand) 150 145 156

Overall Mean 150



(Container O, P, Q Pre-test)

Container O 

Sample Batch O1 Batch O2 Batch O3

Students A B C A B C A B C

By Hand 1 221 215 222

By Hand 2 237 209 215

By Hand 3 195 185 189

Mean (by hand) 217 203 208

Overall Mean 209

Container P 

Sample Batch P1 Batch P2 Batch P3

Students A B C A B C A B C

By Hand 1 229 232 222

By Hand 2 225 214 202

By Hand 3 212 215 195

Mean (by hand) 222 220 206

Overall Mean 216



Container Q 

Sample Batch Q1 Batch Q2 Batch Q3

Students A B C A B C A B C

By Hand 1 214 211 215

By Hand 2 194 162 196

By Hand 3 171 142 153

Mean (by hand) 193 171 188

Overall Mean 184

(Container O, P, Q POST-test)

Container O’ 

Sample Batch O’1 Batch O’2 Batch O’3

Students A B C A B C A B C

By Hand 1 96 94 127

By Hand 2 90 86 129

By Hand 3 78 109 126

Mean (by hand) 88 96 127

Overall Mean 103



Container P’ 

Sample Batch P’1 Batch P’2 Batch P’3

Students A B C A B C A B C

By Hand 1 92 183 185

By Hand 2 96 187 183

By Hand 3 84 161 207

Mean (by hand) 90 177 191

Overall Mean 152

Container Q’

Sample Batch Q’1 Batch Q’2 Batch Q’3

Students A B C A B C A B C

By Hand 1 191 155 136

By Hand 2 182 169 129

By Hand 3 181 179 137

Mean (by hand) 184 167 134

Overall Mean 161
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Introduction 
According to a recent research1, people check their phone 80 times a day on average. Most people carry 
their phone everywhere, including the washroom. But one thing is that people seldom wash their hands, 
which is the largest source of filth to the phone. Another research2 showed that cell phone is much dirtier 
than a toilet seat. Without a regular cleaning, our phone becomes a perfect breeding ground for the 
pathogens like MRSA and E. coli. These germs caused so many illness, we believe that we can help ease 
the problem caused by these diseases with a simple method, making a phone case or screen protector 
which can sterilize the bacteria on the phone. 
In order to solve the above problem, we tried to make the screen protector embedded with silver 
nanoparticles (AgNPs) that have the ability to sterilize the germs on the surface of the phone. Our ultimate 
goal is to lower the number of people who suffer from contagious virus. 
Firstly, we proved that the AgNPs can reduce the concentration of bacteria by doing an experiment. After 
proving the bacterial killing properties of AgNPs, we see if this property retains after fusing it into a polymer 
would be feasible to apply AgNPs to the screen protector. We found that the AgNPs in polymer still show 
bacterial-killing properties. Therefore, it is feasible to make a self-sterilizing screen protector with AgNPs. 

Background 
AgNPs are nanoparticles of silver of between 1 nm and 100 nm in size. They are colloids, which is a
homogeneous non-crystalline substance consisting of large molecules or ultramicroscopic particles of one 
substance dispersed through a second substance. Colloids include gels, sols, and emulsions; the particles 
do not settle, and cannot be separated out by ordinary filtering or centrifuging like those in a suspension.
They are often made by reducing AgNO3 or AgClO by various different methods, and the method we chose was 
by mixing silver sodium borohydride. Sodium borohydride reduce the Ag+ ions into silver metal. AgNPs are 
formed first.  They are then surrounded by borohydride ion and further growing to particles with bulk size is 
suppressed by the repulsion between negatively charged borohydride ions. AgNPs have a special optical 
property which allows it to absorb and scatter light efficiently, producing a visible line when a laser points 
towards the solution3(see Fig. 1).

Fig.1: Scattering of laser beam by AgNPs

1 https://nypost.com/2017/11/08/americans-check-their-phones-80-times-a-day-study/ 
2 http://time.com/4908654/cell-phone-bacteria/ 
3 https://www.sigmaaldrich.com/technical-documents/articles/materials-science/nanomaterials/silver-
nanoparticles.html#optical 



3 

There are quite a few uses for silver, and the most important one is that it kills bacteria4. As the AgNPs come in 
contact with the bacteria, they adhere to the cell wall and cell membrane. Some pass into the cell, and interferes 
with the DNA and RNA of the cell, inhibiting its functions. The cell then dies as a result of the loss of its 
functions, making it an effective way to kill bacteria.

Methodology 
Making a solution with AgNPs 
A solution of AgNPs was prepared by drop-wise addition of 0.001 M AgNO3 with excess cold NaBH4

5. (See
Fig. 2) 

Fig. 2: Preparing AgNPs solution 

Testing the AgNPs solution 
The bacterial killing property of AgNPs solution was tested with some digestive bacteria growing on an agar 
plate. 
An agar plate was rinsed with digestive bacteria solution, followed by AgNPs solution. Another agar plate 
was rinsed with digestive bacteria solution, followed by distilled water, which act as a control. 

Making and testing the AgNPs polymer 
We also mixed the AgNPs solution with paper glue in various volume ratios and spread it over a white tile 
and let it dry. After drying, thin films of polymer with AgNPs embedded is formed (see Fig. 3). The bacterial 
killing property of films formed from AgNPs to glue volume ratio in 1:4, 2:3, 1:1 were compared to see 
which one is the most effective. 1cm x 1cm films were place in agar plates rinsed with digestive bacteria 
solution; while an agar plate with film formed by paper glue without AgNPs act as control. 

4 https://phys.org/news/2008-03-silver-nanoparticles-deadly-bacteria.html 
5

http://cuhk.edu.hk/proj/science_resource/CHEM04/internal/manual%20version%204/Preparation%20of%20Nitrogen%
20Monoxide%20and%20Study%20of%20Its%20Chemical%20Properties%20(Student%20Version,%20Eng).docx 
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Fig. 3: Detaching a polymer film made from glue for further testing 

Results and analyses 
Stability of AgNPs 
We found that the AgNPs solution is unstable in room conditions. It darkens after a 2 hours (see Fig. 4 & 5). 

Fig. 4: Left beaker: AgNPs without mixing with glue  Fig. 5: AgNPs solution sat for one day. 
Right beaker: AgNPs mixed with glue 

This is due to the aggregation of AgNPs to larger particles, which means its properties (including bacterial-
killing) will be lost. However, we found that after mixing the AgNPs solution with paper glue, the yellow 
colour of the solution remains. The less AgNPs to glue ratio it was mixed, the more stable the AgNPs would 
be (see Fig. 6). So even remain yellow for more than a week. It is highly possible that the polymer 
stabilized the AgNPs and prevents aggregation of it. From this observation, it is highly possible that other 
kinds of polymer would also help to prevent aggregation of the AgNPs. 

Fig. 6: AgNPs to glue ratio (from left to right): 4:1, 3:2, 1:1, 2:3, And 1:4.
It was found that 4:1 darkens quickly due to inadequate amount of glue. 
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Bacterial killing properties of AgNPs solution 
Refer to Fig. 7, for the agar plate on the left hand side, we have rinsed the surface with digestive bacteria 
solution, followed by AgNPs solution. For the agar plate on the right hand side, we have first rinsed the 
surface with digestive bacteria solution, followed by distilled water. Both agar plates were incubated for 1 
day with 50 degrees Celsius. The agar plate on the left hand side (which we have rinsed with AgNPs) is 
much clearer than the agar plate on the right hand side (without AgNPs), representing that most of the 
bacteria in the plate were killed. It proves that the AgNPs can sterilize the bacteria by interacting with the
outer membrane of bacteria, causing structural changes which leads to degradation of the bacteria. 

Fig. 7: Testing results of the bacterial killing effect of the AgNPs solution 
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Bacterial killing properties of polymer with AgNPs 
Fig. 8 shows the result of bacterial killing ability of AgNPs polymer films form various ratios. The clarity of 
the agar plates increase with the amount of AgNPs mixed with glue. It was found that the 1:1 ratio is the 
most effective for killing bacteria as most of the area on the agar plate remains clear. 

Fig. 8: Testing results of the bacterial killing effect of the polymer made with AgNPs 

Conclusion 
After analysing the results in our experiments, our hypothesis was true, we successfully proven that and
other bacteria can be destroyed by coating the filth with a phone case or a screen protector which contains 
AgNPs. This bacteria killing screen protector can eventually help lower the spreading rate of pathogens. 

Base on the results from several experiments, 1:1 is the best portion of AgNPs to glue in terms of the 
stabilization of AgNPs and bacterial killing effect. It is most effective against pathogens. 

Limitations and evaluations 
1. It was found that the AgNPs polymer film made from glue dissolves in water. It is worthwhile to

repeat our investigation with some water-resistant polymer (e.g. polystyrene / polypropene).
2. To monitor the real situation, the digestive bacteria should be replaced with E. coli or

staphylococcus which is commonly found on cell phone screen.
3. It is worthwhile to test the sterilizing ability of other kinds of nanoparticles, such as copper or gold.
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A. Background

Professor Tsui Lap Chee was the Founding President of the Academy of Sciences of 
Hong Kong, and is currently the Director of Zhejiang University’s Qiushi Academy for 
Advanced Studies, and a professor in University of Toronto’s Emeritus1. Having great 
interest and talents in biology, professor Tsui has been observative and been curious 
about the nature since young. Not only did he examine the structure of plants and 
butterflies, but he also designed a lot of experiments himself during biology classes. His 
passion continued in his university years and until now. Despite his prominent roles in the 
biological fields, he upholds humbleness and never forgets his roles to inspire young 
people on the discovery of science. He deeply believes that curiosity and determination 
are the key to success in science and in life, and he hopes that with the help provided by 
his foundations, youths who have great passion in science will be able to achieve their full 
potential and contribute to the science field. 

B. Significant Achievements

Over the years, professor Tsui has received numerous awards, honours and titles for his 
outstanding work in the field of human genetics, in which the identification of the 
defective gene, namely Cystic fibrosis transmembrane conductance regulator (CFTR), is 
the most significant one. His honours include the titles of Distinguished Scientist of the 
Medical Research Council of Canada, Foreign Associate of the National Academy of 
Sciences (US), Honorary Fellow of Royal College of Physicians (UK) and Honorary 
Fellow of World Innovation Foundation. After years of hard work, he was appointed the 
vice chancellor of the University of Hong Kong. In addition to the international prizes, he 
was awarded honorary doctoral degrees by prestigious universities all over the world2. To 
commemorate Professor Tsui’s great contributions to the study of the human genome, the 
fifth floor of the University of Toronto's Donnelly CCBR building was named after him. 

1 https://www.ourhkfoundation.org.hk/en/node/784 
2 https://en.wikipedia.org/wiki/Lap-Chee_Tsui 



C. Contribution to the Society

Professor Tsui is world-renowned for his research work in human genetics and genomics. 
In 1989, he and his team identified the defective gene, namely Cystic fibrosis 
transmembrane conductance regulator3. He has also made significant contributions to the 
study of the human genome. Using various genetic techniques, Tsui and his colleagues 
were able to pinpoint a specific mutation that accounted for seventy percent of cystic 
fibrosis cases. They explained that the majority of CF cases are attributable to a 3-base 
pair deletion from a certain gene, which helps produce the Cystic Fibrosis 
Transmembrane Conductance Regulator (CFTR) protein. The discovery was confirmed 
by comparing DNA segments from the patients with those from healthy patients. To 
pinpoint the exact location, Tsui conducted further experiments to change bacterial gene 
expression by inserting the region of DNA that they suspected to contain the gene into 
bacterial cells. A series of experiments enabled them to narrow down the possible 
locations for the CFTR gene. Using these techniques, they isolated the gene on 
chromosome 74.

D. A ‘Secret’ Success of An Outstanding Scientist

“Believe in Your Own Beliefs”

Most people believe that being a scientist is not the best occupation one can opt for in a 
place with living costs as high as that of Hong Kong. Professor Tsui chose to become a 
scientist in the first place due to his burning passion for science, especially when it comes 
to designing and conducting experiments. He shared with us that he was always the first 
one to finish designing experiments in his class and that his group is always awarded the 
highest score in his secondary school life. Although he might not be one of the top 
students in his level at university, he is not the least disheartened by that. Instead, he 
realised that his strength and passion lied in doing research, ultimately leading him to the 
identification of the defective gene, namely Cystic fibrosis transmembrane conductance 
regulator. Professor Tsui’s experience proves to us that we should always believe in 
ourselves and follow what the heart says as passion is always the forcing drive that 
motivates us to reach greater heights.  

3 https://en.wikipedia.org/wiki/Lap-Chee_Tsui 
4 https://embryo.asu.edu/pages/lap-chee-tsui-1950 



“Maximise your Strengths and Minimise your Weaknesses”

As a renowned scientist, it is no surprise that he possesses excellent analytical skills. 
During the interview, he shared with us that back in his school days, he already finished 
designing experiments before the teacher had asked him to do them. He maximizes his 
strength by pursuing his career in the field of science and he succeeded in the end. No one 
is flawless. It is known that presenting ideas and new inventions to the public and the 
media are inevitable parts of the job of a scientist. Despite Professor Tsui’s fluency, 
confidence and ease when delivering his speech in occasions like seminars and 
interviews, he admits that he is not much of a talented speaker and he would still feel 
nervous when sharing his speech. In order to compensate for his weakness, he practises 
his speech for at least twenty times before delivering it in public. He believes that we 
should not be ashamed of our shortcomings as they can be made up as long as we are 
determined enough. 

“Curiosity is the Drive!”

Needless to say, curiosity is the main motivation that drives people to gain knowledge 
especially for scientists. Curiosity and an inquisitive mind are fundamental requirements 
for one to look into details, make discoveries and achieve more. Professor Tsui told us 
about his interest in observing organisms, including small insects. He would look at them 
closely and investigate their structures during his childhood, finding out small details that 
kids his age would not notice and have no interest in at all. During his biology exam, he 
was asked to describe the growth process of a butterfly. Others wrote thousands of words, 
whereas Professor Tsui simply drew four pictures illustrating its metamorphosis and got 
the highest mark. The drawings indicates that Professor Tsui has actually observed a 
butterfly’s metamorphosis before and highlights in his passion in biology. Curiosity gives 
us an urge to look for more, allowing us to indulge in our interests. Professor Tsui’s 
curiosity is one of the crucial attributes that leads to his success today.   



E. Reflections

“No great discovery was ever made without a bold guess.”
– Sir Isaac Newton

To many, Professor Tsui is a world-renowned scientist. However, to the five of us, not 
only is he a scientist, but he is also a role model and a mentor which inspires us to pursue 
our dreams in the field of science. Although we might not have met Prof Tsui for a very 
long period of time, the life lessons that he has taught us have deeply engraved in our 
minds and they shall never be forgotten.  

For a start, Prof Tsui reminded us that learning is a progress, just like steps of a staircase. 
We cannot learn Calculus when we have not mastered basic algebra. Similarly, we can 
never jump steps when doing experiments. Hypothesis are useful, but we cannot come to 
a conclusion without any proof or evidence. It is only with patience and determination 
can we succeed.  

Living in this contemporary society and under the competitive education system, it is not 
far from the truth that students are constantly under stress. Professor Tsui shared with us 
that scientists have to endure a lot of stress as well, both mentally and physically. He 
thinks that the source of stress comes from failure. Just as students fail in tests and exams 
and are under pressure, scientists also face failures when coming to finding fundings for 
their experiments since not every proposal will be supported. Worst still, sometimes their 
ideas will be nipped in a bud. For every ten proposals they submit, there may be only one 
which is successful and approved of. This proves to us all that failure is an indispensable 
part in every stage of life. Similar to the beliefs of scientists, even though the amount of 
time and energy we invest might not be equal to the rewards we reap, we should never 
give up and keep on trying as if we do not give it a try, we will never succeed.  

In addition, Prof Tsui has put great emphasis on teamwork. Scientists often work as a 
team, from conducting experiments to doing research. Even though different people have 
different opinions which results in conflicts, he reminds us to be open-minded to others’ 
ideas and perceptions as science is always subject to change. The more thoughts gathered, 
the better the outcome. Moreover, working in a team also has another advantage that is 
people can gain support from one and other. For example, counterparts of Prof Tsui’s 
research institute appear to have a better progress than them and are close to finding the 
results. The pressure is on for Prof Tsui’s team. Prof Tsui shared with us that his team 
gathered together and discussed whether or not to continue with their research.   



Eventually, they reached a consensus that they should proceed with their research as there 
is not concrete proof for the success of that institute. Fortunately, the mentioned institute 
did not obtain the results desired. Prof Tsui was glad that with the power of teamwork, 
they chose to persist in their research or else they would not have succeeded.  

Commenting on the ‘phenomenon’ that most of the outstanding students in Hong Kong 
opt to study medicine or faculties on biological fields just for better future or even higher 
wages, he suggested that we should make our decisions based on our interests but not the 
renown of certain subjects. We realised that when it comes down to choosing our 
electives in secondary 3, we should choose the ones that are really suitable for us but not 
considering whether the subject provides a better path or not.
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Introduction

Team Members ( from left to right ) 

Chan Chun Lai Billy 

Leung Cheuk Fung Alvin 

Kwong Hoi Wa Tomy 

Chu Nicholas 

Prof. Kwong Fuk Yee 

Moderator: Mr. Fung Hong Sang (not in photo)

BIOGRAPHY
 Local scientist - Professor Fuk Yee Kwong has been showing a great 

interest in organic chemistry since his secondary school years. Feeling 

interested after seeing the reactions of organic substances, he decided to 

study organic chemistry in the Hong Kong Polytechnic University. After 

graduating from the Chinese University of Hong Kong as a PhD in 2000, he 

won the Croucher Postdoctoral Fellowship and finished his postdoctoral 

degree at Massachusetts Institute of Technology (MIT) in 2003 studying 

under Prof. Stephen L. Buchwald. 

  After returning to Hong Kong in 2003, he could not get a job until 2004 

when PolyU hired him as an assistant professor. During this period, he 

invented different kinds of catalysts that could speed up the development 

process and cost of new medicines. This invention earned him the Croucher 

Senior Research Fellowship Award in 2013. He was then promoted to be an 

associate professor and a professor in 2010 and 2014 respectively. He 

worked at PolyU until 2017 as the head of the Department of Chemistry, 

after which he started his professorship in CUHK till now. 
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How it all started 
Prof. Kwong became interested in becoming a scientist when he was in secondary 

school. At that time, he watched the cartoon series of Dr Slump on television. Dr 

Slump always mixed the chemicals leading to explosion. Seeing those chemicals 

explosion because of some reactions was very funny for Prof. Kwong. Therefore, 

his interest in science started to bloom.  

Another reason was video games. When he was playing games at teenage, he saw 

something called TNT and wondered what it was. He, therefore, did some research 

about TNT. This enhanced his interest in science. The reactions of organic 

substances are observable. It was funny when he first saw them in the cartoon and 

has developed an interest in organic chemistry since then. 

I N T E R V I E W  W I T H  P R O F .  K W O N G  F U K  Y E E



Marvellous Achievements
Prof. Kwong mentioned his remarkable invention of some new types of 

catalysts that can be used in medicine and raw materials. Having a 

typically high activity rate, the catalysts can be crafted easily and have a 

wide range of combinations. They were invented in the hope of 

accelerating the development of new types of medicines and lowering the 

production. Some of them have been patented and widely used by 

different pharmaceutical companies in producing new medicines. Thanks 

to this invention, he was awarded the Croucher Senior Research 

Fellowship in 2013. 

I N T E R V I E W  W I T H  P R O F .  K W O N G  F U K  Y E E
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The rock bottom of his career
Nothing is easy when it is in the initial phase, 

and so is Prof. Kwong’s career. His performance 

was remarkable when he was studying for his 

doctoral degree. He, therefore, won a 

scholarship to do his postgraduate program at 

the MIT. He worked hard and managed to 

complete the program. However, when he 

returned to Hong Kong in 2002, he failed to find 

a job owing to the outbreak of the SARS disease 

in 2003. He didn’t even get a chance for an 

interview despite applying for a diverse range of 

jobs, including teaching at a secondary school, 

or even a primary school. He then became a 

tutor before being recruited by the PolyU as an 

assistant professor. Being in such a low position 

despite having a post-doctoral degree, his 

career hit the rock bottom at this point. 

However, he did not give up since he was very 

optimistic. He had a strong belief in himself 

that he was going to get a better job. He, 

therefore, continued doing different 

researches and eventually got promoted to be a 

professor at the same university.  

I N T E R V I E W  W I T H  P R O F .  K W O N G  F U K  Y E E



Combating Pressure
Speaking about the pressure he experienced during 

his science journey, it depends on how one 

evaluating oneself during exploration in the science 

field. “If your focus is correct, say in the 

experimenting process when doing scientific 

research, you will have the sense of content in the 

process of scientific research. You will, therefore, let 

the motivational force keeping you on the track of 

scientific research.”  

Prof. Kwong has strong contentment as a 

scientist. This was not only his teenage 

dream. The satisfaction from doing 

researches that kept him on the track of 

scientific investigation. His advice for 

budding scientists was that the young 

people should know about themselves. “They 

should find where their genuine interest lies: 

Are you interested in science itself? Or are 

you simply interested in learning science?” It 

is utmost important for the young people to 

be adventurous. Also, they should propose a 

brave hypothesis while carrying out 

experiments carefully. In this way, they can 

learn from their own experience and can 

improve themselves for being a better 

scientist. 

I N T E R V I E W  W I T H  P R O F .  K W O N G  F U K  Y E E
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Epilogue
After interviewing Prof. Kwong, we find that he is not only optimistic and strong- 

willed, but also very hard-working and knowledgeable.

  During his period of being unemployed, repeated rejection of job application, his belief 

in himself went on. He believed that he would eventually get a job one day. He did not 

think pessimistically that he would never get a job regardless of the repeated failures. 

Instead, he kept on sending his curriculum vitae to different companies and institutes, and 

ultimately got a job at the PolyU. Despite his low position for a scholar with a postdoctoral 

degree at the beginning, he believed that he would eventually be offered a higher 

position. Therefore, he worked hard, did lots of research and invented the catalysts 

that gained him a promotion. His effort and talent were being recognized. 

  Besides, he is a very hard-working person. Ever since embarking on his doctoral 

program, he has worked very hard as he wanted to earn experience and would be proud of 

his research achievements. His attitude remained the same during his unemployed period. 

Even though he was working at a lower position, he did not slack off. Instead, he kept on 

working hard to prove to his heads that he was worth a senior position. This allowed him 

to make some remarkable achievements like inventing the new types of catalysts, bringing 

him the honour of professorship as a result. He is a good example proving the wisdom in 

the saying ‘As you sow, so you reap’. Diligence will always pay off. 

  Last but not least, Prof. Kwong is very knowledgeable. We gained a lot through the 

interview. Examples include how to complete multiple tasks simultaneously yet 

effectively, how good time management related to completion of different tasks 

efficiently, and so on. Short rests after working for a while can also increase our efficiency, 

allowing us to check multiple tasks off on our checklist.  

I N T E R V I E W  W I T H  P R O F .  K W O N G  F U K  Y E E

 Prof. Kwong has set a good model for us to learn from. 
We will start to explore our own interest and 

be adventurous to make out dreams come true! 
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Introduction

We carried out an interview with Professor Cheah on the 3rd March in his 
workplace in The Hong Kong Baptist University. Professor Cheah shared his 
stories and experiences and also his views on being a scientist. 

Let's have a look at Professor Cheah’s story.

Background

Professor Cheah is currently a professor in the 
Hong Kong Baptist University, the Former Head 
and Chair Professor in Department of Physics of 
Hong Kong Baptist University. 

He obtained his Bachelor of Science (Honour) 
degree in Physics, then Master of Science 
degree in Science of Materials, and Doctor of 
Philosophy degree in Electrical and Electronic 
Engineering at Imperial College, London. He is 
also rewarded with the title Chartered Physicist, 
ARCS, Fellow of the Institute of Physics. 

He has won the Grand Prix Award in 2016 at the 44th International Exhibition 
of Inventions of Geneva, and he has about 30 patients. 

Childhood curiosity

In Professor Cheah’s childhood, watching science fiction films and television 
series had always been his interests, which allowed his imagination to run free 
and gradually developed his curiosity towards many different things, including 
science. Moreover, testing and games he played when he was a child also 
contributed to his curious mind and eventually leaded him onto the path of 
becoming a scientist. 



Why Physics?

In the time when Professor Cheah was studying A-level, he faced the first 
bifurcation point in his life that troubles many--choosing electives. He had 
made up his mind to study in the field of Science and he chose Physics. The 
reasons, he said, were that his interests were deeply related to Physics and he 
enjoyed dealing with the real world, whereas Mathematics cannot. 

Another contributing factor is that during that time in 1969, NASA had sent the 
first man to the moon and it was deeply related Physics, like the principles 
behind of the launch of rockets, the orbit around the earth, planets circling the 
sun……

“Also, the most significant thing is that in A-level, my best teacher is the 
Physics teacher.” He added, then we all burst into laughers. 

The ‘charisma’ of science

When asked about why he became a scientist, he responded that science 
really interests him and he was intrigued by science’s ‘charisma’. What attracts 
him the most is that there is something we as human beings don’t understand 
and it drives us to attempt to investigate on it. There are a lot of questions that 
he wants to know: How are planets formed? How the stars formed? 

After understanding the fundamental things, Professor Cheah would ask 
another question: Can we make use of it? For example, suppose organic 
substances don’t conduct electricity, but through our understanding we can 
make it to conduct electricity because we understand the fundamentals of 
Physics. Uncovering the mystery of science and the application of it drives him 
into the career of a professor and starting to conduct researches. 



The nature of science

Why science is interesting is that it is always far beyond your predictions. 
Serendipity is an accidental discovery of science and this has occurred to 
Professor Cheah. After he and his students discovered a new type of 
material--porous silicon, which they have investigated for 2 to 3 years, they 
made their last attempt and accidentally made a discovery due to an accident.
They got their first patient for the university, which is serendipity. 

To conclude, the nature of science is full of mystery waiting for us to discover 
and with lots of surprises.  

Obstacles encountered when conducting researches 

1. Failures 

Professor Cheah pointed out that when conducting researches, one of the 
difficulties is that we may face failures. He reckoned that the worst thing is that 
you have failed for many times, but you don’t want to quit as you have spent a 
lot of time and effort on it. 

When he is studying a doctoral degree, he has spent a week to make a 
‘electrical box’ which can adjust the resistance of the electric current easily. 
Then, he found something that he thought was a new discovery. But in fact, it 
is the ‘electric box’ itself that is the source of the problem. So he was really 
mad about it and said, “I really wanted to throw the box out of the window, after 
thinking that it may not be a good idea to do it as it may hurt someone with 
such height that it is thrown out, so I kept calm and had some tea.”

From his experience, we can see that having the ability to accept failure is 
quite crucial. 



2. Limited space

Another problem that Professor Cheah has 
pointed out is that rooms in Hong Kong are not big 
enough for conducting different researches. When 
we entered Professor Cheah’s laboratory, it was 
so crowded that we need to squeeze ourselves 
into it. Professor Cheah joked that researches 
needed to be thin enough to work in his lab. 

Comparing to other countries, the workplace 
space in Hong Kong is extremely limited, while the 
workplace is a lot bigger in other countries, or at 
least we don’t have to be thin.

Professor Cheah’s most notable invention: The ArmoGlass

ArmoGlass is Professor Cheah’s most notable invention, in 2016 at the 44th 
International Exhibition of Inventions of Geneva, ArmoGlass stood out from 
1,000 projects from 40 countries and won the Grand Prix Award. 

ArmoGlass is a glass screen protector made with man-made aluminium oxide 
( the second hardest materials in the world ) which prevents scratches and is 
hard to break. 

Professor Cheah pointed out that as mobile phones are becoming thinner 
nowadays, the glass screen protector needs to be thin too. However, the 
thinner it is, the more brittle it is, it will easily break. Hence, we need to make 
the glass screen protector softer such that it could be bent easily. But then, the 
glass screen protector will have less resistance to scratches. The ArmorGlass 
solves this problem and this technology will be applied to our glass screen 
protectors soon.  



Qualities of being a scientist

When asked about the qualities of being a scientist Professor Cheah proposed 
the following points: 

1. Be curious

Albert Einstein had said, “The important thing is to not to stop questioning. 
Curiosity has its own reason for existing… Never lose a holy curiosity.” Same 
as what Professor Cheah has emphasized, curiosity is really important. 

2. Have perseverance

We need to have perseverance, Professor Cheah said that even though we fail 
or didn’t success, we need to keep going on.

3. Be Humble

Albert Einstein had said, “One thing I have learned in a long life that all our 
science, measured against reality, is primitive and childlike, and yet it is most 
precious thing we have.” Knowing how ‘big’ the universe is, knowing how little 
you know about the world, and hence be humble.  

Reflection 

After a thought-provoking interview, it really leaves us to ponder on the fact 
that being a scientist is definitely not an easy job as you would more or less 
encounter some discouraging failures on the road. Therefore, perseverance is 
needed. However, there are still a lot of uncertainties faced during the 
research process, as professor Cheah mentioned that there is no guarantee 
that you are heading towards the right research direction. Yet, despite the fact 
that hard work may not come with success, but without the endeavor to 
attempt, there must not be any chance to succeed. 

Moreover, whether you can become a great scientist is not all about your skills 
and knowledge, but instead your personalities. Among those that professor 
Cheah has mentioned, having a humble attitude is what most people cannot 
do and we admire him for being able to achieve this, especially for people like 



him, who considered as knowledgeable and with high reputation among the 
industry. Through his words, we truly understand that human do not know very 
much of this world, not to include the universe and we are still learning bit by 
bit through experiments and researches done by our scientists. Because of 
that, we think that scientists are actually pioneers which helps us to 
understand the world better and satisfy our unlimited curiosity. 
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